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The effect of hip abductor
fatigue on knee kinematics and
kinetics during normal gait

Yuting Tang?, Yanfeng Lit, Maosha Yang?, Xiao Zheng'*,
Bingchen An3* and Jiejiao Zheng3*

!Department of Rehabilitation, Municipal Hospital of Traditional Chinese Medicine Affiliated
to Shanghai University of Traditional Chinese Medicine, Shanghai, China, 2Department

of Rehabilitation, The Second Rehabilitation Hospital, Shanghai, China, *Department

of Rehabilitation, HuaDong Hospital, FuDan University, Shanghai, China

Objective: To investigate the effect of hip abductor fatigue on the kinematics
and kinetics of the knee joint during walking in healthy people to provide a
new approach for the prevention and treatment of knee-related injuries and
diseases.

Methods: Twenty healthy participants, ten females, and ten males, with a
mean age of 25.10 £ 1.2 years, were recruited. Isometric muscle strength
testing equipment was used to measure the changes in muscle strength
before and after fatigue, and the surface electromyography (SEMG) data
during fatigue were recorded synchronously. The Vicon system and an AMTIO
force platform were used to record the kinematic parameters and ground
reaction force (GRF) of twenty participants walking at a self-selected speed
before and after fatigue. Visual 3D software was used to calculate the angles
and torques of the hip and knee joints.

Results: After fatigue, the muscle strength, median frequency (MF) and mean
frequency (MNF) of participants decreased significantly (P < 0.001). The
sagittal plane range of motion (ROM) of the knee (P < 0.0001) and hip joint
(P < 0.01) on the fatigue side was significantly smaller than before fatigue. After
fatigue, the first and second peaks of the external knee adduction moment
(EKAM) in participants were greater than before fatigue (P < 0.0001), and
the peak values of the knee abduction moment were also higher than those
before fatigue (P < 0.05). On the horizontal plane, there is also a larger peak
of internal moment during walking after fatigue (P < 0.01).

Conclusion: Hip abductor fatigue affects knee kinematics and kinetics during
normal gait. Therefore, evaluating hip abductor strength and providing
intensive training for patients with muscle weakness may be an important part
of preventing knee-related injuries.

hip abductor, fatigue, knee joint, kinematics, kinetics
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Introduction

Knee injuries, such as anterior cruciate ligament (ACL)
injuries and patellofemoral pain syndrome (PFPS) (Hutchinson
and Ireland, 1995; Laprade et al., 2019), are the most common
sports-related injuries. Knee osteoarthritis (KOA) is the most
common knee disease in persons 60 years of age or older,
seriously affecting the mobility of the elderly (Sharma, 2021).
During weight-bearing activities, the knee joint carries the
greatest load and therefore has the potential for injury to
the joint (Kumar et al, 2013). Although the occurrence and
development of ACL injury, PFPS, and KOA are caused by a
combination of multiple, abnormal knee biomechanics in the
coronal plane appears to be a common risk factor for disease
factors (Moyer et al., 2014; Montalvo et al., 2019; Neal et al,,
2019). The focus of the current studies was on the external
knee adduction moment (EKAM), which is determinative of
medial knee joint loads (Landry et al.,, 2007; Foroughi et al,
2009; Duffell et al., 2014). Previous studies have shown that
the higher EKAM seen in females compared to males may
suggest an increased risk for the development of KOA in females
with ACL-reconstruction (Webster et al., 2012). Patients with
medial compartment knee osteoarthritis (MC-KOA) or PFPS
usually have a higher EKAM (Bolgla et al.,, 2008; O’Connell
et al,, 2016), and the peak EKAM is positively correlated with
disease progression and increased pain (Birmingham etal., 2019;
Rees et al., 2019). However, recent studies have shown that hip
abductor also play an important role in those diseases (Willy and
Davis, 2011; Bell et al., 2016).

As the proximal joint of the lower limbs, the hip joint
plays an integral role in maintaining balance and providing
stability (Pel et al., 2008). However, this function depends on
the hip muscles providing dynamic stability during exercise
(Williams et al., 2001). As a result, hip muscle weakness may
lead to certain movement dysfunctions, putting certain muscles
and joints, especially the knee joint, at high risk of injury. In
recent years, some scholars have reported that the weakness of
hip abductor (such as gluteus medius) may be an important
reason for the increase in EKAM (Kean et al.,, 2015; Bennett
et al, 2018). The hip abductor mainly stabilize the femur
in the frontal plane of the lower limb movement (Mcleish
and Charnley, 1970). The weakness of hip abductor makes
the hip more prone to adduction or rotation during weight-
bearing activities (such as jumping or landing). Abnormal hip
movements increase the abduction angles and moments of the

Abbreviations: ACL Injuries, anterior cruciate ligament injuries; CV,
conduction velocity; EHAM, external Hip adduction moment; EKAM,
external Knee adduction moment; GM, gluteus medius; GRF, ground
reaction force; KOA, knee osteoarthritis; MC-KOA, medial compartment
knee osteoarthritis; MF, median frequency; MNF, mean frequency; MVIC,
maximum voluntary isometric contraction; PFPS, patellofemoral pain
syndrome; ROM, range of motion; sEMG, surface electromyography;
WA, weight acceptance.
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knee joint and affect the muscle activation of the hip abductor
and quadriceps femoris. The shearing force exerted on the tibia
by the quadriceps during jumping or landing can increase the
abduction angle of the knee or abduction moment of the knee
and abnormal muscle activation, which further increases the
tension of the ACL and increases the risk of ACL injury (Hewett
et al., 2005). Studies have shown that most patients with PFPS
have decreased strength in the hip abductor muscles (gluteus
maximus and gluteus medius) (Magalhaes et al., 2013; Rathleff
et al., 2014; Neal et al, 2019). Contralateral pelvic drop and
internal rotation of the femur are the most common methods
for improving defects in the abductor muscle of the hip, which
presumably would result in higher peak EKAM to further affect
the occurrence and generation of PFPS (Bolgla et al., 2008;
Baldon et al., 2009; Powers, 2010).

Patellofemoral pain syndrome patients experience decreased
activity and delayed start time in the hip abductor muscles
(Gluteus medius, gluteus maximus) when performing tasks such
as standing on one leg, squatting, or running (Willson et al,,
2011, 2012; Mirzaie et al.,, 2019). Fukuda et al. (2010) and
Lack et al. (2015) demonstrated that hip abductor strength
training can relieve pain and improve the function of patients
with PFPS, supporting the theory that hip abductor have an
effect on PFPS to some extent. Deasy et al. (2016) showed that
the strength of hip abductor muscles in symptomatic KOA
patients was significantly weaker than that in healthy controls.
Greater external hip abduction moments while walking have
been shown to reduce the risk of KOA progression (Chang
et al, 2005). Therefore, we hypothesized that decreased hip
abductor strength may lead to an increased load in the medial
compartment of the knee joint.

However, it leaves doubt whether the weakness, insufficiency
and activation pattern changes of the hip abductor existed
before injury or became evident secondary to the injury.
Previous studies used fatigue protocols to simulate hip abductor
deficiency and then measured the effects of knee kinematics and
kinetics to identify a cause-and-effect relationship. However,
because the fatigue degree of patients has not been strictly
quantified and the effect of fatigue recovery has not been
considered, the conclusion of the study on the effect of
hip abductor fatigue on the knee joint is disunified. Patrek
et al. (2011) studied the influence of hip abductor fatigue
on the single-leg landing biomechanics of female athletes
but found no change in the kinematics and kinetics of the
knee joint. However, Geiser et al. (2010) found that hip
abductor fatigue increased peak EKAM during cutting, jumping,
and running. Based on this, we made three attempts to
quantify the level of fatigue over the fatigue protocol. (1)
Ratings of the Borg perceived exertion scale (on a 6-20 scale)
were recorded every 10 s during the exertion protocol; (2)
peak hip-abductor strength immediately after the exertion
protocol was compared with hip-abductor strength values
before the protocol; and (3) muscle activity patterns were
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FIGURE 1
Experimental protocol.

measured by surface electromyography (SEMG) over the fatigue
protocol.

The purpose of this study was to determine the effects of
weakness induced by isolated hip abductor fatigue on lower limb
kinematics and kinetics in healthy participants. Specifically, we
hypothesized that knee kinematics and kinetics would change
after an isolated hip abductor fatigue protocol.

Materials and methods

Participants

Twenty healthy participants, 10 females and 10 males,
21-35 years old, were recruited. The sample size was
based on previous studies (Geiser et al, 2010; Patrek
et al, 2011). Participants were free from any lower limb
joint or muscle pain or injury that limited activity in
the past 6 months, any neuromuscular condition that
precluded exercise training, and any past injury requiring

FIGURE 2
Participant positioning for the hip abductor fatigue protocol.

Frontiers in Neuroscience

surgery to the lower extremity. All participants provided
written informed consent, and the study was reviewed and
approved by the ethics committee of Huadong Hospital (No.
2020K079).

Instrumentation

The kinematics of the hip and knee joints were recorded
at a sampling rate of 100 Hz using an 8-camera motion
capture system (Vicon® T40, Oxford Metrics, Oxford, UK).
One force platform (model OR6-7; Advanced Mechanical
Technology, Inc., Watertown, MA, USA) embedded on the
laboratory floor captured the ground reaction force (GRF)
at 1,000 Hz. A wireless EMG recording system (Telemyo
2400T G2, Noraxon, Scottsdale, AZ, USA) operated at
2,000 Hz was used to synchronously record the EMG of
the gluteus medius (GM) muscle. A HYGJTL-002 handheld
dynamometer was used to test the maximum isometric strength
of the hip abductor.

Experimental protocol

The study protocol is illustrated in Figure 1. The first
thing is to familiarize participants with the experimental
procedure. Before the test, the dominant leg (leg to be
fatigued) was selected for each participant by asking which leg
was preferred for kicking the ball. Participants underwent
hip abductor strength testing and biomechanical gait
analysis before and after unilateral hip abductor fatigue
(prefatigue and postfatigue, respectively). Hip abductor
strength tests were conducted before gait analysis in the
pre-fatigue and post-fatigue condition. After the postfatigue
gait, hip abductor strength was collected immediately to
determine the level of recovery from fatigue during the gait

test.
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confidence interval

confidence interval

0.040*

5.58 (0.182,0.267) 0.047*

0.000****

0.328 £ 0.038

2.908 (0.182,0.267) 0.573 £ 0.049

0.000%***

0.255 £ 0.065

0.480 £ 0.088

Maximum Voluntary Isometric

Contractions (%BW)

0.502

0.594

1.076 (4.840,31.090)

0.019*

97.656 £ 12.009 84.750 4= 11.985

0.985 (7.619,17.067)

97.093 £ 13.047 84.750 £ 11.985  0.000****

mean frequency,

(Hz)

0.619

0.2541

1.035 (1.540,25.260)

0.035*

53.600 £ 8.837

67.000 £ 16.045

0.001*** 1.404 (7.955,22.885)

71.880 £ 11.136 56.460 + 10.834

median frequency,

(Hz)

BW, Body weight. Effect size (d) is based on standardized differences; P > 0.05, *P < 0.05, ***P < 0.001, ***P < 0.0001.

10.3389/fnins.2022.1003023

Strength testing

The participants completed three series of maximum
voluntary isometric contractions (MVIC) of the study limbs
on the handheld dynamometer (HYGJTL-002). The position
of each participant was as follows: they lie on the side of
the non-dominant leg, the dominant leg knee was straight,
and the dominant hip flexion, abduction and rotation were
0°. To maintain the consistent placement of the hand-held
dynamometer in all strength tests, a marker was placed on
the skin near 2.5 cm of the lateral femoral epicondyle of
the dominant leg. The handheld dynamometer was placed
on this mark in all strength tests. Participants first warmed
up with a perceptual maximum of approximately 50% and
then performed three maximal effort contractions. Each
MVIC trial lasted for 5 s, with a 2-min break between
the tests. In each MVIC trial, participants were told not to
flex their knees and to keep the toes at the top of their
thighs pointing forward to help prevent changes in muscle
recruitment and compensation during the test. After the
fatigue protocol, the MVIC trial was measured repeatedly using
the same scheme, and the MVIC was measured after post-
fatigue gait analysis, but only one maximum effort contraction
was carried out.

Surface electromyography

Electromyography activity of the GM muscle was recorded
during the first and last 30 s of the fatigue protocol. The skin was
wiped and cleaned with 70% alcohol before placing the sensor.
Wireless bipolar EMG sensors (Delsys Inc, Natick, MA, USA)
were placed on the midpoint of the line between the most cranial
and lateral point of the iliac crest and the greater trochantor. We
chose the GM to place the sensor because although most studies
measure the overall strength of the abductor muscle of the hip
joint, reduced strength is usually interpreted as weakness of the
GM (Sogaard et al., 2006; Decorte et al., 2012). In addition, the
lower limb kinematics related to hip abductor weakness, such
as the weight acceptance (WA) portion of the stance phase, hip
adduction, internal rotation and knee abduction (Kluger et al,,
2013), are consistent with the decrease in activity of the posterior
GM muscle (Sogaard et al., 2006; Muotri et al., 2107). Signals use
a Trigno TM wireless system with analog-to-digital conversion
at 2000 Hz.

Gait biomechanics procedures

Kinematic data were collected using an 8-camera motion
capture system (Vicon® T40, Oxford Metrics, Oxford, UK)
sampling at 100 Hz. GRF data were collected at 1000 Hz
from one force platform (model OR6-7; Advanced Mechanical
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oblique line). *P < 0.05, ***P < 0.001, and ****P < 0.0001.

Technology, Inc., Watertown, MA, USA) along a 10 m walkway.
To monitor joint and segment motion over the ground, 22
reflective markers (14 mm in diameter) were placed on the
participant’s anatomical landmarks: the anterior-superior iliac
spine (ASIS), posterior-superior iliac spine (PSIS), greater
trochanter, lateral and medial femoral condyles, lateral and
medial malleoli, posterior portion of the calcaneus, and head
of the first, second, and fifth metatarsals. The four anatomical
frames were rigid clusters of four on orthogonal markers and
were placed on the lateral sides of the bilateral thighs and shank.
A static trial was conducted as a reference to determine the
body mass and the positions of the joint centers. After the static
neutral standing test, the kinematic and kinetic gait data of five
lower limb ground and barefoot walking trials were collected.
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Previous studies have shown that the average fatigue time of
abduction fatigue tests is approximately 2~3 min, so the five
walking trials after fatigue were completed within 3 min (Patrek
et al, 2011). Walking velocity was monitored using the TC
Timing System (Brower Timing System, Salt Lake City, UT,
USA) and was maintained within & 5% of the self-selected speed
of the participant.

Fatigue protocol
The hip abductor fatigue protocol used in this study is based

on previous studies (Patrek et al., 2011; Soriano-Maldonado
et al,, 2014). Participants were positioned side-lying on the
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floor in a starting position of full knee extension and neutral
hip position. Participants slowly abducted the hip of the top
(dominant) limb while keeping the knee in extension, the
tibia and femur in a neutral transverse plane position, with
the bottom limb stationary. Participants stopped at 30° of hip
abduction and returned to the starting position (the side-lying
hip abduction exercises led to the greatest activation of the
GM; Distefano et al,, 2009). The height of the participants’ hip
abduction was marked by a plastic bar at the height of 30° of
hip abduction, and the hip abduction angle was measured by a
standard goniometer. The bar provided the participant with a
fixed goal of hip abduction of 30° and provided tactile feedback
for achieving the goal (Figure 2). Each participant was asked
to perform hip abductions at a rate of 60 beats per minute
(provided by a digital metronome) until she reported a Borg
perceived exertion scale rating of 19 or greater (on a 6-20 scale)
and failed to reach the plastic bar at the required tempo on two
consecutive days. The hip-abduction strength was tested again
when the two fatigue criteria were met.

Our study used three methods to quantify fatigue. First,
ratings of the Borg perceived exertion scale (on a 6-20 scale) are
recorded every 10 s in the fatigue protocol. RPE scores correlate
well with both physiological measures of stress and arousal
threshold (e.g., HR, ventilatory, blood lactate and creatinine
concentration) as well as psychological measures of exhaustion
(Soriano-Maldonado et al., 2014). Second, the peak hip abductor
strength before and after the exertion protocol was compared
because fatigue was defined as a decrease in the ability of
the neuromuscular system to produce force during continuous
activity. Previous studies have reported that there is a 33-55%
decrease in muscle strength in MVIC during fatigue, and a 33%
reduction in muscle strength as the fatigue criterion of muscle
strength (Thomas et al., 2015). Third, the mean frequency
(MNF) and median frequency (MF) of the first and last 30 s
of the hip abduction fatigue protocol were calculated to ensure
fatigue. Previous authors have reported that the decrease in
MNF and MF during fatigue are related to isotonic and dynamic
muscle contraction. The MFs of different muscles decreased by 4
and 20% in different fatigue tasks (Gayda et al., 2005; Mcmullen
et al, 2011; Zaman et al., 2011). The last 30 s MF of the fatigue
scheme reduced the MF by more than 4% compared with the
first 30 s as the fatigue criterion in our study.

Data analysis

Electromyography data during the fatigue protocol
were processed using custom MATLABTM programs (The
Mathworks Inc, Natick, MA, USA). We calculated the MF
and MNF during the first and last 30 s of the hip-abduction
fatigue protocol to examine this isolated fatigue protocol. First,
all signals were filtered using a 20 Hz high-pass and 450 Hz
low-pass Butterworth filter design. The 30-s filtered EMG
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TABLE 2 Study limb mean (SD) peak kinematic and joint kinetic outcomes from the before and after fatigue gait analyses.

P-value (Group)

=5)

Men (n

Women (1 = 10)

Variable

Pre-fatigue Post-fatigue

Effect size, 95% Pre-fatigue Post-fatigue P-value Effect size, 95%
confidence interval

confidence interval

Pre-fatigue Post-fatigue P-value

0.001**

0.000***

0.803 (0.344,4.980)
~0.656 (~0.416,0.178)

0.033*

27.894 £ 2.751
0.934 £ 0.238

30.556 £ 3.798
0.815 £ 0.096

1.033 (0.151,5.482)
0.381, (0.029,0.128)

35418 £3.115 0.041**

0.977 £0.199

38.235£2.273
1.056 +0.215

The sagittal plane ROM of hip (°)

10.3389/fnins.2022.1003023

0.716

0.035*

0.328

0.006**

Hip adduction moments

(N-mkg™!)

ROM, Range of motion. Effect size (d) is based on standardized differences; P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001.
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Ensemble average hip kinematics and kinetics for the dominant limb for all male and female participants. Changes in hip flexion angles (A) and
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data were divided into six 5-s sections. The power spectra of
each section were calculated using a fast Fourier transform
(Wang et al.,, 2019), and then the MF and MNF for the spectrum
were identified.

All kinematic and kinetic data of the hip and knee
joint were processed using Visual3D software (Visual 3D,
C-motion Inc., Germantown, MD, USA). Ankle, knee and
hip joint centers were calculated using the coordinates of
the static neutral standing trial. The midpoints between
the medial and lateral joint markers were defined as the
ankle and knee joint centers. The hip joint center was
calculated from the ASIS and PSIS markers, which was defined
according to a previous study (Bell et al, 1990). All 3D
joint angles were referenced as the distal segment relative to
the proximal segment with the Cardan sequence of rotations
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using an X-Y-Z (Greuel etal,2017) (x = flexion/extension,
y = abduction/adduction, z = internal/external rotation). An
inverse dynamics approach was used to calculate the joint
kinetic data of the hip and knee joint from the GRF and
kinematic data (Kadaba et al,, 1990). The joint moments were
normalized to body mass. We analyzed joint kinematics and
moments for the stance phase and normalized them to 101 data
points.

Statistical analyses were performed with SPSS Statistics
22.0 to analyze the intergroup and intragroup differences in
gait parameters and surface EMG. Demographic data were
collected for descriptive statistics and are described as the
mean =+ standard deviation (SD). The Shapiro-Wilks test was
used to check whether the gait parameters and surface EMG
data in the non-fatigue and fatigue states were in accordance
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confidence interval

confidence interval

0.580
0.925

0.044*

0.455, (~10.839,5.605)
0.426, (~0.382,1.644)

0.427

42.029 £ 7.305
4592 £1.177
36.522 £ 6.060

39.412 + 3.586
5223 £1.733
39.516 £ 5.009

0.318, (~0.930,4.526)

0.140, (-0.467,1.551)
0.618, (0.939,4.885)

0.170
0.255

43.944 £ 5.567

45.742 +5.748
4.952 4 3.624
38.963 £ 4.886

Peak knee flexion angle (°)

0.878
0.841

0.159
0.037*

4.410 £ 4.109
36.051 £ 4.530

Peak knee adduction angle (°)

0.868

0.539, (0.305,5.683)

0.009**

The sagittal plane ROM of knee

0.003**

0.333, (-0.109,0.634) 0.002**

0.121

4.103 £ 0.875

4.365 £ 0.690

0.090, (Wilcoxon signed rank

0.959

8.696 £ 2.688

8.935 £2.617

The frontal plane ROM of knee

@)

test)

ROM, Range of motion. Effect size (d) is based on standardized differences; P > 0.05, *P < 0.05, **P < 0.01.
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with the normal distribution. If the differences were normally
distributed, we used a paired t test to determine whether
hip abductor fatigue significantly affected knee kinematics
and kinetics. The Wilcoxon signed rank test was used for
the resulting variables whose differences were not normally
distributed. We also used an independent sample t test to
compare gender differences in all data before and after fatigue.
The Mann-Whitney U test was used if the difference values did
not conform to homogeneity of variance. The significance level
for each test was set a priori at 0.05.

Results

In this study, only 15 people met our standard of hip
abductor fatigue (10 females, 5 males; age = 24.80 £ 0.79 years,
25.40 £ 1.67 years; height = 161.70 £ 5.85 cm, 172.20 4 2.39 cmy
body mass = 51.20 + 4.21 kg, 62.60 £+ 3.71 kg; body mass
index = 19.57 & 1.06 kg/m?, 21.13 £ 1.43 kg/m?), providing
data for analysis (Supplementary Table 1). All participants
were right leg dominant. At the end of fatigue protocols, all
participants reported a score of 19 or higher on the Borg RPE 6-
20 scale.

Hip fatigue

The average time for participants to fatigue was
684.867 £ 382.422 (s), compared to 689.9 =+ 372.453 (s)
for men and 684.8 £ 446.922 (s) for women. There was no
significant difference between the two groups (P > 0.05). Peak
isometric hip-abduction strength and median muscle frequency
and mean muscle frequency data before and after the strength
testing are summarized in Table 1. At the end of the fatigue
test, the muscle strength of the participants decreased (95%
CL: 10.93-14.57; P = 0.000). Peak isometric hip abduction
strength decreased by 43% (95% CI: 38.50-47.11; P = 0.000)
in men and 46% (95% CI: 39.96-54.21; P = 0.000) in women.
After weight normalization, the hip abductor strength of
male participants was significantly higher than that of female
participants either before or after fatigue (P < 0.05, Figure 3).
SEMG data demonstrated that over the course of the fatigue
protocol, MF decreased by 21% (95% CI: 9.29-20.20; P = 0.000,
Figure 4), and MNF (95% CI: 9.67-18.77; P = 0.000, Figure 4)
decreased by 15%. However, SEMG data of the GM muscle were
not different for men or women (P > 0.05, Table 1).

Changes at the hip
The post hoc analysis showed that after fatigue, the hip range

of motion (ROM) of participants (P < 0.01, Table 2) decreased
from flexion to extension (Figure 5). There were significant
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differences in hip flexion and extension between the sexes before
(95% CI: 4.329-11.029; P = 0.000, Table 2) and after fatigue (95%
CI: 3.965-11.083; P = 0.001, Table 2).

Figure 5 shows the external hip adduction moments
(EHAM) during the stance phase. The EHAM had two peaks
at the early and late stance phases. There was no significant
difference in the peak value of EHAM before and after fatigue.
In female participants, the peak value of EHAM was smaller than
that before fatigue (95% CI: 0.029-0.128; P = 0.006, Table 2), but
no significant difference was found in male participants. This
may be due to the small sample size of male participants affecting
the test results. There were no significant differences in the peak
EHAM between the sexes after fatigue.

Knee kinematics

Post hoc analysis showed that the range of flexion and
extension of the knee joint decreased significantly after fatigue
(P < 0.0001). The average decrease after fatigue was 2.912° (95%
CI: 0.939-4.885; P = 0.009, Figure 6) for women and 2.994°
(95% CI: 0.305-5.683; P = 0.037, Figure 6) for men. The peak
knee flexion angles were similar during the pre-fatigue and post-
fatigue walking conditions (P > 0.05, Table 3 and Figure 7).
There were significant differences in the peak knee flexion
angle between the sexes before fatigue. The peak flexion angle
before fatigue of female participants was significantly greater
than that of male participants (95% CI: 1.332-15.530; P = 0.044,
Table 3).

After the hip abductor fatigue protocol, no significant
difference was found in the frontal plane knee ROM
(P > 0.05, Table 3 and Figure 7). There were significant
differences in the frontal plane ROM between the sexes
before fatigue (95% CIL: 1.954-7.187; P = 0.002, Table 3)
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and after fatigue (95% CI: 1.884-7.302; P = 0.003, Table 3).
Both before and after fatigue, the frontal plane ROM of
female participants was significantly greater than that of
male participants. Participants displayed no differences in
the peak knee adduction angle before and after fatigue,
and there was no difference between the sexes (P > 0.05,
Table 3).

Knee kinetics

Both male and female participants displayed no differences
in the peak external knee extension moment after fatigue.
However, there was a significant difference between the sexes
before (P = 0.043, Table 3) and after fatigue (P = 0.037,
Table 3). Regardless of before or after fatigue, the peak
knee extension moment of female participants was higher
than that of male participants. Figure 8 shows the external
knee adduction and extension moments during the stance
phase. The EKAM had two peaks at the early and late
stance phases, and the maximum EKAM was observed
at the early stance phase. On the coronal plane, the peak
values of the first (95% CI:-0.165,-0.077; P = 0.000) and
second (95% CI: -0.114, -0.043; P = 0.000) adduction
moments of the knee were significantly increased after fatigue.
Female participants demonstrated 22.7% (0.101 N-m/kg)
greater first knee-adduction moments peak (95% CI: -
0.134, -0.067; P = 0.000, Table 4 and Figure 9) and 21.1%
(0.056 N-m/kg) greater second knee-adduction moments
peak (95% CI: -0.086, -0.028; P = 0.002, Table 4 and
Figure 9) in the post-fatigue condition. Male participants
demonstrated 47.4% (0.161 N-m/kg) greater first knee-
adduction moments peak (95% CI: -0.308, -0.014; P = 0.039,
Table 4 and Figure 9) and 53.0% (0.123 N-m/kg) greater
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second knee-adduction moments peak (95% CIL: -0.226, -
0.019; P = 0.030, Table 4 and Figure 9) in the post-fatigue
condition.

The peak value of the knee abduction moment after fatigue
was also higher than that before fatigue (P < 0.05). Peak
external knee abduction moments were 26.3% (0.035 N-m/kg)
greater in male participants after the fatigue protocol (P = 0.017,
Table 4 and Figure 9). Female participants demonstrated 36.0%
(0.073 N-m/kg) greater peak knee-abduction moments in the
post-fatigue condition (P = 0.043, Table 4 and Figure 9). On the
horizontal plane, the peak value of the internal rotation moment
is also larger while walking after fatigue (P < 0.001, Figure 9).

Discussion

Hip-muscle weakness has been implicated as a risk factor
for ACL injuries, PFPS, and KOA (Hewett et al., 2005; Baldon
et al,, 2009). There is a growing amount of evidence supporting
the influence of hip muscle weakness, as well as changes in
lower limb mechanics on the knee joint, which may lead to
injuries. The aim of our study was to induce hip abductor
weakness through prolonged exertion and then to test injury-
related changes in knee kinematics and kinetics. After the fatigue
protocol, the peak hip abduction strength of healthy male and
female participants decreased by 43 and 46%, respectively. The
effect size for the change in strength after the protocol suggests
the validity of the isolated fatigue protocol for this study. We
observed that after the fatigue protocol of the hip abductor, the
decreased hip abductor strength led to a decrease in the sagittal
plane ROM of the knee and hip joint and an increase in the
external adduction moment at the knee.

Hip abductor fatigue

The simplest way to determine muscle fatigue is to measure
individual load changes during the completion of an exercise
task, such as the maximum level of voluntary isometric
contraction. This is a visual manifestation of muscle fatigue,
the "failure to maintain required or expected force" (Edwards,
1981). Previous studies have reported a 46% (Pohl et al., 2015)
and 43% (Patrek et al., 2011) decrease in hip abductor strength,
respectively, after the hip abductor fatigue protocol. We
observed that the peak hip abduction strength of participants
decreased by 44%. After body weight standardization, the hip
abductor strength of male participants was significantly higher
than that of female participants before and after fatigue. The
risk of KOA, PFPS, and ACL injuries in women is significantly
higher than that in men (Boling et al, 2010; Frank et al,
2017). Previous studies have shown that the weaker abductor
muscles in females may be related to the increase in knee coronal
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movement and the risk of knee joint injury (Ro et al., 2017). Our
research may prove this point to some extent.

Gluteal medius EMG data were recorded during the first 30
and 30 s after the fatigue protocol, providing further objective
evidence for hip abductor fatigue caused by the protocol. Most
of the literature on the objective performance of muscle fatigue
has reported that the variation in muscle fiber propagation
velocity will affect the power spectrum of EMG signals (Molinari
etal., 2006). During fatiguing isometric contractions, MF mainly
reflects the change in conduction velocity (CV) of the active
motor units (Mus). From the beginning to the end of muscle
fatigue, the high-frequency components of CV are reduced due
to the tissue low-pass filtering effect causing the SEMG spectrum
to shift to lower frequencies (Zhang et al., 2018). Decreases
in MNF and MF are reliable electromyographic indications
of local muscle fatigue (Molinari et al,, 2006; Zhang et al,
2018). In previous studies, the same hip abduction fatigue
protocol recorded 8.6% (Patrek et al., 2011) and 10% (Kogi and
Hakamada, 1962) decreases in MF. In our study, we recorded
a decrease of 13.4% (female) and 18% (male) in MNF and
21% (female) and 20% (male) decreases in MF. We believe that
these EMG changes, coupled with a 43% reduction in peak hip
abductor strength and a Borg rating of perceived exertion values
0f 19/20 for the last 30 s of the fatigue protocol, provide sufficient
evidence of hip abductor fatigue.

Kinematic and kinetic data

Studies have shown that hip abductor weakness is associated
with increased hip adduction during dynamic weight-bearing
activities in female athletes (Dierks et al., 2008; Willson and
Davis, 2008). However, we did not find a difference between
the peak hip abduction angle and coronal plane hip ROM. This
may be because a decrease in hip abductor strength appears
to have little effect on lower limb kinematics: GM has only
20-70% activation during the stand phase of normal walking
(Zacharias et al., 2019). Therefore, the requirements of this task
may not be sufficient to cause changes in the kinematics of the
coronal plane. Tasks that place greater demands on hip abductor
may yield greater GM activation and larger kinematic effects
than those shown in this investigation. Henriksen et al. (2009)
reported that reduced function of the hip abductor resulted in a
decrease in peak hip and knee extension angles during gait. In
our study, there was no significant difference in the peak flexion
angle of the hip and knee joint during walking after fatigue. We
observed that the sagittal plane ROM of the hip and knee joint
was smaller than that before fatigue.

In our study, there were no associated changes in EHAM
after experimentally reducing hip abductor strength. This
result is consistent with the results of regression analyses
by Rutherford and Hubley-Kozey (2009), who found that
posterior abductor strength did not explain variability in
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EHAM. In contrast to our results, Henriksen (Gayda et al,
2005) observed that after intramuscular injection of hypertonic
saline, reduced hip-abductor function was accompanied by a
decrease in EHAM during walking. The difference in results
may be attributed to the type of intervention. The biomechanical
changes they observed after injection could stem from analgesic
gait adaptation. Chang et al.’s (2005) study found that a greater
baseline hip adduction moment protected against ipsilateral
medial OA progression from baseline to 18 months. Chang et al.
(2005) postulated that the lower EHAM was due to the decrease
in hip abductor strength, resulting in greater contralateral
pelvic drop and EKAM. In our study, there was no significant
difference in EHAM after fatigue. However, the reduction in
hip-abductor strength results in greater EKAM.

One previous study adopted a probabilistic modeling
approach to explore the effect of hip abductor weakness on
normal gait (Valente et al, 2013). This model demonstrated
that weakness of the hip abductor muscles mainly affected
hip and knee contact forces during normal walking. There
were greater increases in the peak knee joint loads than
in loads at the hip. One possible explanation for the lack
of changes in hip kinematics is that the magnitude of the
induced hip-abductor weakness in our study was insufficient
to evoke changes. According to the authors, the greater
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increase in peak knee load is due to compensation for
the hip abductor by the muscular system. Unfortunately,
we did not measure the EMG activity in the knee-
spanning muscle (rectus femoris and biceps femoris) to
support or oppose this. This is a limitation of our study
design.

The EKAM based on inverse dynamics analysis is the most
commonly used dynamic parameter to reflect the medial load
of the knee joint. There is evidence that the peak EKAM is
positively correlated with disease progression and knee joint
pain (Rutherford and Hubley-Kozey, 2009; O’Connell et al,
2016), and a higher peak EKAM is related to radiographic
changes in the knee joint structure and cartilage degeneration
(Chehab et al., 2014). In asymptomatic people, the presence and
severity of medial meniscus tears were also positively correlated
with the peak EKAM (Davies-Tuck et al., 2008). The results of
our study indicate that hip abductor fatigue leads to an increase
in EKAM, which is consistent with the observations of Geiser
et al. (2010). However, some studies have come to different
conclusions. Pohl et al. (2015) showed that a reduction in the
force output of the hip abductor muscles by superior gluteal
nerve block injection did not result in a subsequent increase
in EKAM. They reduced hip-abductor function via superior
gluteal nerve block injection. Nevertheless, the proximity of the
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TABLE 4 Study limb mean (SD) knee joint kinetics outcomes from the before and after fatigue gait analyses.
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Frontiers in Neuroscience

0.612

0.302

-1.024, (-0.308, -0.014)
-1.079, (-0.226, -0.019)
-0.146, (-0.317,0.271)

0.039*
0.030*

0.501 £ 0.148
0.355 £ 0.103
0.542 £ 0.115

0.340 £ 0.166
0.232 £0.124
0.519 £ 0.190

-0.594, (-0.134, -0.067)
-0.511, (-0.086, -0.028)

0.000%*

0.545 £ 0.157
0.321 £ 0.106
0.800 £ 0.232

0.444 £0.182
0.265 £0.113
0.779 £ 0.221

The first KAM peak (N-m-kg™ D)

0.567
0.037*

0.620

0.002**

The second KAM peak (N-m-kg~!)

0.043*

0.838

-0.092, (-0.160,0.117)

0.733

Peak external knee extension

moment (N-m-kg™ D)

0.528

-0.525, (Wilcoxon signed 0.221

0.043*

-0.403, (Wilcoxon signed -0.203 +£0.145 -0.130 £0.133

0.017*

-0.098 £ 0.062

-0.133 +0.106

Peak external knee abduction

rank test)
~0.870, (~0.252,0.098)

rank test)
~0.948, (~0.140,-0.026)

moment (N-m-kg™ 1y

0.136

0.178

0.288

0.213 £ 0.079

0.136 £ 0.097

0.010*

0.288 £ 0.089

0.205 £ 0.086

Peak external knee internal rotation

moment

(N-mkg™1)

ROM, range of motion. Effect size (d) is based on standardized differences; P > 0.05, *P < 0.05, **P < 0.01, ****P < 0.0001.

17

10.3389/fnins.2022.1003023

injection to the superior gluteal nerve and the duration of the
drug effect are difficult to control. This may have contributed
to the difference in results. Henriksen et al. (2009) observed a
decrease in the EKAM peak after a pain-induced decrease in
hip abductor function. It is important that Henriksen’s study
reduced hip abductor function by inducing a pain response. It is
unclear whether the gait adaptation they observed after injection
stems from the analgesic gait pattern.

Inevitably, our study has several limitations. First, these
results should be viewed with respect to the characteristics
of the participants. As this study was conducted on healthy
participants, the current results cannot be directly translated to
joint dynamics in patients with knee joint diseases. Therefore,
we will further expand the sample size and enrich the sample
composition in future studies. Second, the reduction in strength
associated with fatigue in this study was used to represent hip
abductor muscle weakness. It is important that the kinematic
and kinetic changes caused by muscle fatigue may be different
from those caused by muscle weakness. Muscle weakness occurs
over a long period of time, and compensation patterns can be
developed to address this weakness. This adaptive gait change
cannot be detected in our study design. It is necessary to
further study the effect of hip abductor weakness on knee joint
mechanics. Third, we should record EMG activity in more knee
and hip muscles to confirm the fatigue compensation strategy.

Conclusion

We examined knee kinematics and kinetics and hip
abductor EMG response to a hip-abduction fatigue protocol
in healthy people. Our results revealed that after the fatigue
protocol, the sagittal plane knee ROM decreased, and the EKAM
increased. From a clinical perspective, significant weakness of
the hip abductor muscles exists in people with KOA, PFPS, and
ACL injury. The hip abductor muscle plays an important role
in gait control and step-to-step symmetry in normal people.
Therefore, evaluating hip abductor strength and providing
intensive training for patients with muscle weakness is an
important part of preventing knee-related injuries.
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Previous studies have proved and investigated the mechanism of the analgesic
effect of tuina treatment on neuropathic pain. The purpose of this study was to
analyze changes in gene expression in the dorsal root ganglia (DRG) and spinal
dorsal horn (SDH) after 1-time tuina intervention to investigate the immediate
analgesic mechanism by tuina. An improvement in nociceptive behavior in
minor chronic constriction injury (CCI) rats after 1-time tuina was observed.
1-time tuina was more effective in the amelioration of thermal hyperalgesia,
but no changes were found in the ultrastructure of DRG and SDH. Sixty-five
differentially expressed genes (DEGs) modulated by tuina were detected in the
DRG and 123 DEGs were detected in the SDH. Potential immediate analgesic
mechanisms of tuina were analyzed by the Kyoto Encyclopedia of Genes and
Genomes. DEGs were enriched in 75 pathways in DRG, and 107 pathways in
SDH. The immediate analgesic mechanism of tuina is related to the calcium
signaling pathway, thermogenesis, and regulation of lipolysis in adipocytes.

neuropathic pain, tuina, RNA sequencing, dorsal root ganglia, spinal dorsal horn,
analgesia

Introduction

Neuropathic pain (NP) is a syndrome caused by injury or disease of the
somatosensory nervous system, either in the periphery or central, and is characterized
by spontaneous pain, hyperalgesia, allodynia, and paresthesia (Baron et al., 2010). NP
has a significant influence on the physical and psychological health of patients, and the
prevalence in the whole population is approximately 10%, which varies by disease. Due
to the complicated pathogenesis, current treatments such as medication did not show
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obvious effects (Schaefer et al., 2014; Fayaz et al.,, 2016; Scholz
et al,, 2019; Zheng et al., 2020).

Tuina is an alternative medical therapy which is safe and
has virtually no side effects (Field, 2016). Clinical studies have
proved that tuina has either immediate or cumulative analgesic
effects, which can ameliorate the symptoms of NP (Gok
Metin et al,, 2017; Izgu et al,, 2019). Its cumulative analgesic
mechanism is based on the down-regulation of inflammatory
cytokines (such as tumor necrosis factor-a, interleukin-1, and
interleukin-1p) and the inhibition of microglial activation (Liu
et al,, 2021). Our previous studies confirmed the effectiveness
of tuina analgesia, and found differentially expressed genes
(DEGs) in DRG and SDH of rats with sciatic nerve injury
after 20-time tuina treatment, which were mainly related to
regulation of protein binding, response to pressure, and neuron
projection (Lv, 2020; Lv et al., 2020a). However, the immediate
analgesic mechanism of tuina is unknown. Clinically, 1 or 2 time
tuina treatment can effectively relieve pain, achieve immediate
analgesia and prevent disease progression in patients (Li et al.,
2004; Qing et al, 2022). Therefore, searching for immediate
effective targets and exploring mechanisms of tuina analgesia
can provide new evidence and methods for the therapeutic
targets of NP, as well as help tuina to be accepted and applied
in more countries and regions.

As the sensory neurons of the first and second levels, the
dorsal root ganglia (DRG) and the spinal dorsal horn (SDH)
are the primary portals for nerve afferents and integration
of pain information. They are important for both inducing
central sensitization and processing NP development (Simeoli
et al, 2017; Inoue and Tsuda, 2018; Shepherd et al., 2018).
Here, we investigate the immediate analgesic mechanism of
1-time tuina and changes in RNA expression in DRG and
SDH using the minor chronic constriction injury (CCI) model,
which is a recognized model for simulating clinical peripheral
neuropathic pain (Jaggi et al., 2011). To this end, we behaviorally
assessed mechanical and thermal allodynia changes after the
tuina treatment and non-treatment conditions in the CCI rat
model. We also analyzed the gene expression differences and
functions before and after intervention in the DRG and SDH
of the surgical side by RNA-Seq.

Results

Changes in symptoms of hyperalgesia
and allodynia in minor chronic
constriction injury rats

The rats were in good condition and recovered well from
the surgical incision. The posture of rats in the sham group
was normal when walking and resting. Rats in the model and
tuina group had curled hind paws on the surgical side, limping
when walking, and mostly lying on the left side when resting.
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There was no statistical difference in behavior tests between
groups before modeling, and before intervention. Mechanical
withdrawal threshold (MWT) and thermal withdrawal latency
(TWL) were decreased in both the model (P = 0.00, P = 0.00) and
tuina groups (P = 0.00, P = 0.00) compared with the sham group.
After a 1-time tuina intervention, MWT and TWL increased in
the tuina group (P = 0.014, P = 0.00) compared with the model
group (Figure 1 and Table 1).

Changes in the ultrastructure of dorsal
root ganglia and spinal dorsal horn

The electron microscopy results of DRG in the sham group
showed that the mitochondrial morphology was intact, and
the mitochondrial matrix was homogeneous (Figure 2A). The
results of the model and tuina groups showed mitochondrial
swelling, disorganized mitochondrial cristae arrangement with
matrix dissolution and dilated mitochondria with occasional
vacuolization (Figures 2B,C). The electron microscopic results
of SDH in the sham group showed the nuclear membrane was
smooth and intact, the perinuclear gap was not significantly
widened, and the chromatin was sparse (Figure 2D). The images
of the model and tuina groups showed that the nucleus was
irregular in shape, the double-layered nuclear membrane was
intact, the perinuclear gap was not significantly widened, and
the chromatin was aggregated (Figures 2E,F).

Bioinformatic analysis of dorsal root
ganglia and spinal dorsal horn on the
surgical side of rats

Results of the sample quality control

The results of performing quality control on the raw data
indicated that the data were qualified and ready for subsequent
analysis. We obtained a total of 920 million reads, including
an average of 49.84 million reads per DRG sample and 53.32
million reads per SDH sample. The results of the error rate, Q20
and Q30 met the quality control standards, which showed that
the sequencing results were reliable and credible (Table 2).

Changes of differentially expressed genes after
tuina intervention

The results of principal component analysis (PCA) showed
good intragroup aggregation in each group, indicating a high
degree of similarity between the samples within the group. It
also showed that there was good intergroup dispersion, which
indicated significant differences between all groups. The results
confirmed that the model was established successfully and tuina
treatment was effective (Figure 3). Changes of DEGs in DRG
and SDH on the surgical side were detected by RNA sequencing.
A total of 964 DEGs were detected in the DRG of the three
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Results of behavioral tests of rats in each group. (A) MWT; (B) TWL. Sham group (n = 6); model group (n = 6); tuina group (n = 6). **P < 0.01, vs.

the sham group; #P < 0.05, ##P < 0.01, vs. the model group.

TABLE 1 Results of behavioral tests of rats in each group.

MWT TWL
Baseline Pre-intervention Post-intervention Baseline Pre-intervention Post-intervention
Sham group 7236 + 12.7 71.61 + 4.95 72.83 £12.7 14 +2.81 14.39 4 3.33 15.68 £ 4.24
Model group 70.33 + 10.17 20.56 + 2.84 20.64 + 4.56 12.37 £2.79 533 4 1.49 553+ 1.6
Tuina group 66.18 £ 7.19 18.91£5.78 36.53 & 12.78 13.61 & 1.98 5224 1.68 12.58 £2.78

groups. There were 65 up-regulated DEGs and 277 down-
regulated DEGs in the model vs. sham (Figure 4A), and 106
up-regulated DEGs and 129 down-regulated DEGs in the model
vs. tuina (Figure 4B). Venn analysis showed a total of 122
DEGs between the model vs. sham and the model vs. tuina
(Figure 5A). A total of 65 DEGs showed opposite expression
trends between the model group and the tuina group. A total of
674 DEGs were detected in the SDH of the three groups. There
were 80 up-regulated DEGs and 308 down-regulated DEGs in
the model vs. sham (Figure 4C), and 52 up-regulated DEGs and
198 down-regulated DEGs in the model vs. tuina (Figure 4D).
Venn analysis showed a total of 127 DEG between the model vs.
sham and the model vs. tuina (Figure 5B). 123 DEGs showed
opposite expression trends between the model and tuina group.

Pathways analysis of differentially expressed
genes regulated by tuina in dorsal root ganglia
and spinal dorsal horn

To understand the function and role of DEGs
detail, we performed Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses (Figure 6). DEGs in DRG were
enriched in 75 pathways, including the calcium signaling

in

pathway, vascular smooth muscle contraction, leukocyte
transendothelial migration, regulation of lipolysis in adipocytes,
gonadotropin-releasing hormone (GnRH) secretion, cGMP-
protein kinase G (cGMP-PKG) signaling pathway, apelin
signaling pathway, and thermogenesis pathways. DEGs in
SDH were enriched in 107 pathways, including the hypoxia-
inducible factor (HIF) -1 signaling pathway, interleukin-17
signaling pathway, Toll-like receptor signaling pathway, GnRH
signaling pathway, mitogen-activated protein kinase (MAPK)
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signaling pathway, and T helper (Th) 17 cell differentiation
pathways.

Discussion

Tuina analgesia is effective and rapid, with practically
no side effects (Wang et al, 2020; Rivaz et al,, 2021; Liu
et al,, 2022). The goal of this study was to investigate the
potential mechanisms in the induction of immediate analgesia
by tuina. We assessed the immediate analgesic effect of tuina
treatment by evaluating the changes in MWT and TWL
before and after the treatment and screened DEGs using
RNA-Seq. KEGG analysis was used to further explore the
mechanisms.

Minor CCI model was used for simulating clinical NP.
The minor CCI model causes nerve edema through ligation,
producing chronic constriction and compression resulting in
degeneration and necrosis of some nerve fibers which manifests
as neuropathic pain with inflammatory pain after modeling,
forming stable chronic pain in 3-5 days (Grace et al, 2011;
MacDonald et al., 2021). In our preliminary study, consistent
with the literature, we found that the model was stable at day
7 after modeling, so we chose that time point to give tuina
intervention. The “Three-Manipulation and Three-Acupoint”
is a combination of manipulations and acupoints that we have
studied and proven to be effective (Li et al., 2019; Lv et al,
2020a). We found that after 20-time intervention, the MWT
and TWL of rats with sciatic nerve injury were significantly
improved, and demonstrated significant cumulative analgesic
effects of the “Three-Manipulation and Three-Acupoint”.
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FIGURE 2

group; (C,F) Tuina group.

Electron microscopy results of DRG and SDH. Sham group (n = 3); model group (n = 3); tuina group (n = 3). Panels (A—C) were DRG; the arrow
showed the mitochondrial vacuoles; panels (D—F) were SDH; the arrow shows the chromatin aggregation. (A,D) Sham group; (B,E) Model

TABLE 2 Sample sequencing information and quality control results.

Sample Raw reads Clean reads Error rate (%) Q20 (%) Q30 (%)
DRG_Sham_1 48158012 47760586 0.0243 98.31 94.9
DRG_Sham_2 56223240 55863814 0.0237 98.52 95.44
DRG_Sham_3 46544026 46183596 0.0241 98.36 95.02
DRG_Model_1 47859852 47517974 0.0236 98.56 95.58
DRG_Model_2 45210228 44920418 0.0238 98.51 95.42
DRG_Model_3 54200106 53876928 0.0236 98.56 95.57
DRG_Tuina_1 49908500 49592802 0.024 98.44 9521
DRG_Tuina_2 57265050 56877106 0.0239 98.47 95.32
DRG_Tuina_3 43214794 42957848 0.0235 98.59 95.66
SDH_Sham_1 52341804 51731738 0.0261 975 93.17
SDH_Sham_2 51960712 51356472 0.026 97.53 93.26
SDH_Sham_3 50816528 50241342 0.0262 97.48 93.11
SDH_Model_1 50957220 50388816 0.0259 97.6 93.36
SDH_Model_2 53375656 52715726 0.0261 97.5 93.19
SDH_Model_3 53827014 53217702 0.026 97.57 933
SDH_Tuina_1 45437160 44443632 0.0282 96.68 91.41
SDH_Tuina_2 61969304 61269358 0.026 97.57 93.32
SDH_Tuina_3 59304792 58595522 0.0263 97.44 93.03

(1) Sample: sample name, 18 Cdna libraries are sham group, model group, tuina group. (2) Raw reads and clean reads: the number of original sequence data and the data after filtering.
(3) Error rate: average error rate of the sequencing base, generally below 0.1%. (4) Q20 and Q30: percentage of bases with sequencing quality above 99 and 99.9% of total bases, generally

above 85 and 80%.

In this experiment, we found that rats in the model and
tuina groups showed significant allodynia, thermal hyperalgesia,
and limp positions after modeling. The electron microscopy
results of DRG and SDH in the model group also confirmed
the difference in ultrastructure from the sham group. This
suggests that the model replication was successful and consistent
with the literature (Grace et al., 2010). While in previous
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experiments, we tested the therapeutic effect after a 20-time
tuina intervention, the present study focuses on the immediate
analgesic effect of tuina (Lv et al., 2020b). Behavioral tests
were performed immediately after 1-time tuina treatment.
Compared to the model group, the results of MWT and TWL
in the tuina group were statistically significant. This result
showed that 1-time tuina treatment can effectively alleviate
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PCA analysis of DRG and SDH samples. Sham group (n = 3); model group (n = 3); tuina group (n = 3). PC1 = 75.83%, PC2 = 5.07%, a higher
percentage means that this principal component is more capable of differentiating the samples. The distance between graphs represents how
far the results of samples showed, and the farther distance indicates the lower similarity between samples.

hyperalgesia. Compared with mechanical hyperalgesia, the
improvement in thermal hyperalgesia was more noticeable. The
electron microscopic results of DRG and SDH revealed no
difference in ultrastructure between the model and tuina groups,
implying that short-term tuina intervention did not restore the
morphology.

The calcium signaling pathway of DRG is a key factor
in the immediate analgesic effect of tuina. Many of the
pathways enriched in this study were associated with cascade
activation of the calcium signaling pathway, which is critical to
initiate and maintain peripheral sensitization of NP (Cui et al,,
2021). Peripheral injurious stimuli increase intracellular Ca2™
through calcium signaling pathways, N-methyl-D-aspartic acid
receptors, and other metabolic-like receptors in response to each
other, and it can further activate calcium/calmodulin-dependent
protein kinase II, and protein kinase A, which enhances
postsynaptic excitability and triggers NP, resulting in peripheral
and central sensitization (Yang et al., 2004; Latremoliere and
Woolf, 2009; Incontro et al., 2018; Liu et al., 2018). The
study proved that the mechanical stimulation administered to
the body by tuina could initiate the skeletal muscle calcium
signaling pathway, regulate the uptake and release of Ca2*, and
adjust the intracellular Ca2* concentration, thus repairing the
damaged cells (Lin et al,, 2013). The 1-time tuina intervention
was able to modulate the calcium signaling pathway, which
was beneficial in reducing nerve damage, local inflammatory
microenvironment-induced nociceptive hypersensitivity, and
reducing the hyperexcitability of injury-sensing neurons (Luo
et al., 2008; Chen et al., 2009).
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Thermogenesis/regulation of lipolysis in adipocytes in DRG
and SDH is associated with the immediate analgesic mechanism
of tuina. The results of behavioral tests indicated that tuina
was more effective for thermal nociceptive sensitization.
Tuina is considered to have a warming effect in Chinese
medical theory. In the KEGG enriched pathways, we have
found that the expression of thermogenesis/regulation of
lipolysis in adipocytes, and uncoupling of protein-1 mediates
the dissipation of energetic chemicals then induces adaptive
thermogenesis through brown fat tissue. The binding to beta-
adrenergic receptors increases lipolysis and regulates local
energy metabolism of nerve injury at the genetic level,
thereby increasing TWL (Kissig et al, 2016; Mills et al,
2018). The immediate mechanism of tuina analgesia will
continue to be validated in future research. Furthermore,
the KEGG enrichment results revealed that the 1-time
tuina intervention was able to activate the apelin signaling
pathway. Apelin is expressed in fat tissue and skeletal
muscle. It can induce skeletal muscle cell proliferation
and inhibit skeletal muscle atrophy, suggesting that tuina
exerts immediate analgesic effects while preventing possible
motor dysfunction of NP in the long term (Vinel et al,
2018).

The main limitation of this study is the lack of verification
for the target genes and pathways to further confirm that the
results were reliable. We will further verify the calcium signaling
pathway and differential genes, focus on the gene expression
changes of DRG after different times of tuina (1, 2, 3 times) in the
future, and explore gene expression patterns through different
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Volcano map results, the abscissa is the Log, FC and the ordinate is the -LOGq, P-adjust <0.05. Results of DRG sequencing, (A) model vs.
sham; (B) model vs. tuina; Results of SDH sequencing, (C) model vs. sham; (D) model vs. tuina. Gray are genes with no differential expression,
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therapeutic styles combined with multiple omics approaches to
clarify the unique mechanism of tuina analgesia.

Materials and methods
Animals and ethical approval

Eighteen male Sprague-Dawley (SD) rats of 8-week-old,
weighing 200 £ 10 g, were obtained from SPF Biotechnology
Co., LTD. (Beijing, China), and the certificate number is SCXK
(JING) 2019-0010. Rats can drink and feed freely and are
cultured in an environment with the appropriate temperature
(25 £ 0.5°C), humidity (45 & 5%), and light cycle (12/12 h).
All animal experimental procedures followed the local principles
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of the Animal Ethics Committee of the Beijing University of
Chinese Medicine (BUCM-4-2020111103-4087). We strive to
reduce the number of animals used and ensure their welfare in
the design of our experiments.

Modeling methods and study design

Pathological modeling started after 7 days of
acclimatization. The method of modeling the minor CCI was
as described in previous studies (Bennett and Xie, 1988; Grace
et al,, 2010). Briefly, rats were anesthetized with pentobarbital
(1%, Sigma-Aldrich LLC., Germany). The sciatic nerve of the
right side was exposed in front of the nerve branch by blunt

dissection. A chromic intestinal suture (4-0, Shandong Boda
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Model vs. Tuina Model vs. Sham Model vs. Tuina

Model vs. Sham

Sham vs. Tuina Sham vs. Tuina

FIGURE 5
Results of the Venn analysis, the abscissa is the group, and the ordinate is the number of DEGs. (A) DRG sequencing; (B) SDH sequencing. The
overlapping regions are identically expressed genes, and genes in the overlapping regions of model vs. sham and model vs. tuina are associated

with the therapeutic effects of tuina.
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FIGURE 6

KEGG analysis results of DRG samples. SDH on the left and DRG on the right, the abscissa is the KEGG pathway, and the ordinate is the rich
factor. The higher the rich factor, the greater the degree of enrichment, and the size of the dots indicates the number of genes in the pathway,
while the color of the dots corresponds to the different P-adjust ranges.

Medical Products Co., Ltd., Shandong, China) was loosely tied sewn together with two sutures. Seven days of acclimatization
around the nerve and did not interrupt the blood circulation after operation, the 18 rats, which had similar levels of pain
of the epineural vasculature. The sciatic nerve was exposed for sensation, were randomly divided into the sham group (n = 6),
3 min without any ligation in the sham group. The skin was then model group (n = 6), and tuina group (n = 6).

Frontiers in Neuroscience frontiersin.org

27


https://doi.org/10.3389/fnins.2022.1007432
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Wang et al.

Intervention methods

The intervention was performed after the model was
stably established (7th day after modeling) according to the
literature and previous studies (Ma et al.,, 2017; Lv et al., 2020b;
Talaei et al,, 2022). The tuina group received a 1-time tuina
intervention. The procedure for the “Three-Manipulation and
Three-Acupoint” treatment was performed as follows: Firstly, a
rat was fixed on the message platform of the Tuina Manipulation
Simulator (Self-developed machine, China invention patent
number Z1200710187403.1). Secondly, the machine parameters
were set to stimulate with a force of 4 N, 60 times per minute.
Third, the stimulus rod was placed on BL 37, GB 34, and BL 57
of the surgical side, then finger pressing, plucking, and kneading
manipulation were stimulated, respectively. Each acupoint and
manipulation were operated for 1 min consecutively for 9 min
in total (Lv et al,, 2020a). The grip restraint intervention was
performed in the sham and model groups.

Behavior tests

Behavioral tests were performed three times—baseline
(before modeling), pre-intervention, and post-intervention.
MWT and TWL were operated on the right hind paw as in the
previous description (Bennett and Xie, 1988). The measurement
was repeated three times with a 10-min interval between each
measurement.

MWT: Measurement started when exploratory and
grooming behaviors stopped, and the rats were motionless and
relaxed. An electronic Von Frey instrument (BIO-EVF5; Bioseb,
USA) was used, avoiding the metal grid, and the same position
on the plantar surface of the hind paws was stimulated with the
disposable measurement tip. The intensity of the applied force
was adapted, recording the animal’s response (e.g., curling hind
paws, licking hind paws) and the maximum value automatically
was recorded by the system.

TWL: Using a thermal analgesia device (PL-200; Chengdu
Techman Software Co., Ltd., China), the heat intensity was
set to 50%, and the latency was cut off at 30 seconds to
prevent skin damage. The infrared source beneath the plantar
surface of the hind paws was put in the right position. The
recording of the animal’s response and the time was taken
automatically by the system.

Electron microscopy

After the last behavioral test, three rats in each group were
randomly selected and deeply anesthetized with pentobarbital
(1%), then fixed with 4% paraformaldehyde. The DRGs and
SDHs of the fourth to sixth lumbar (L4—¢) on the right side were
removed and fixed for 2 h in 0.1 M PB with 1% osmic acid. The
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SDH was then subjected to gradient dehydration in ethyl alcohol
and acetone, with concentrations of 30, 50, 70, 80, 95, 100,
100, 100 (acetone), 100 (acetone), for 15~20 min each. After
being embedded overnight in the resin, the spinal dorsal horn
was sectioned at a thickness of approximately 70 nm. Ultrathin
sections were stained for 8 min with 2% uranyl acetate followed
by 2.6% lead citrate for 8 min, and dehydrated overnight at room
temperature. Transmission electron microscopy (Hitachi TEM
system, Japan) was used for observation.

RNA-seq

Three rats were rapidly sacrificed using the same anesthetic
method. The RNA-Seq experimental procedure consists of 5
parts: (1) RNA extraction, (2) transcriptome library preparation
and sequencing, (3) read mapping of raw data, (4) differential
expression analysis and (5) analysis of functional enrichment
and alternative splice events identification. The DRG and SDH
of L4-6 segments on the right side were removed and separated
from the cauda equina (stored at —-80°C). Total RNA was
extracted from DRG and SDH with TRIzol reagent according
to the manufacturer’s protocol (Invitrogen, CA, USA), then
RNA was determined in quality and quantity. Only high-quality
RNA samples were selected for the next experiment. The cDNA
transcriptome library was constructed following a TruSeq RNA
sample preparation kit (Illumina, CA, USA) according to the
protocol of the manufacturer (Chomczynski and Sacchi, 2006).
The final double-stranded cDNA samples were synthesized with
a SuperScript double-stranded cDNA synthesis kit (Invitrogen,
CA, USA). After end-repair, phosphorylation, A’ base addition,
and amplification, sequencing was performed on an HiSeq X
Ten platform (Illumina, CA, USA). The raw paired-end reads
were trimmed, and quality controlled using SeqPrep and Sickle.
The differential expression genes (DEGs) can be identified and
considered statistically significant with the P-adjust <0.05 and
fold change >2.0. Finally, all the alternative splice events that
occurred in the samples were identified using rMATS (Shen
etal., 2014).

Statistical analysis

Data analysis was performed with SPSS Statistics software
(version 26.0). MWT and TWL results were presented as
mean + SD. One-way ANOVA was used for comparisons
between groups, and the LSD multiple comparison test was
used for multiple comparisons. P < 0.05 was treated as
statistically significant. The KEGG enrichment analysis of DEGs
was performed with KOBAS.!

1 http://kobas.cbi.pku.edu.cn/home.do

frontiersin.org


https://doi.org/10.3389/fnins.2022.1007432
http://kobas.cbi.pku.edu.cn/home.do
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Wang et al.

Conclusion

In this study, we found that 1-time tuina intervention could
alleviate the hyperalgesia of minor CCI rats, and especially
ease thermal hyperalgesia more effectively. However, 1-time
tuina treatment did not change the ultrastructure in DRG and
SDH when observed using electron microscopy technology. The
immediate analgesic mechanism of tuina is mainly related to
the calcium signaling pathway, thermogenesis, and regulation
of lipolysis in adipocytes.
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Optimal modes of mind-body
exercise for treating chronic
non-specific low back pain:
Systematic review and network
meta-analysis
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Yang-Yang Lin?, Hao-Zhi Zhao'?, You-Tian Lin®>* and
Yu-Ling Wang®*

!College of Kinesiology, Shenyang Sport University, Shenyang, China, >Rehabilitation Medicine
Center, The Sixth Affiliated Hospital, Sun Yat-sen University, Guangzhou, China, *Department of

Sport Rehabilitation, Shanghai University of Sport, Shanghai, China, “Postgraduate Research
Institute, Guangzhou Sport University, Guangzhou, China

Background: There were limited studies that directly compare the outcomes
of various mind-body exercise (MBE) therapies on chronic non-specific low
back pain (CNLBP).

Objectives: To compare the efficacy of the four most popular MBE modes
[Pilates, Yoga, Tai Chi (TC), and Qigong] in clinically CNLBP patients, we
conducted a systematic review and network meta-analysis (NMA).

Methods: We searched databases for eligible randomized controlled trials
(RCTs) (from origin to July 2022). RCTs were eligible if they included adults with
CNLBP, and implemented one or more MBE intervention arms using Pilates,
yoga, TC, and gigong. In addition, pain intensity and physical function were
evaluated using validated questionnaires.

Results: NMA was carried out on 36 eligible RCTs involving 3,050 participants.
The effect of exercise therapy on pain was in the following rankings: Pilates
[Surface under cumulative ranking (SUCRA) = 86.6%], TC (SUCRA = 77.2%),
yoga (SUCRA = 67.6%), and gigong (SUCRA = 64.6%). The effect of exercise
therapy on function: Pilates (SUCRA = 98.4%), gigong (SUCRA = 61.6%,), TC
(SUCRA = 59.5%) and yoga (SUCRA = 59.0%).

Conclusion: Our NMA shows that Pilates might be the best MBE therapy for
CNLBP in pain intensity and physical function. TC is second only to Pilates in
improving pain in patients with CNLBP and has the value of promotion. In the
future, we need more high-quality, long-term follow-up RCTs to confirm our
findings.

Systematic review registration:  https://www.crd.york.ac.uk/PROSPERO/
display_record.php?RecordID=306905, identifier: CRD42022306905.

KEYWORDS

tai chi, yoga, qigong, Pilates, mind-body exercise, chronic low back pain, network
meta-analysis
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Introduction

Low back pain (LBP), which occurs below the costal border
and above the buttock folds, is one of the most prevalent
public health issues worldwide (Van Tulder et al., 2006). Non-
specific LBP (NLBP) refers to LBP for which no clear cause
has been found and accounts for approximately 80-90% of
all cases of LBP (Casazza, 2012), and a significant proportion
of patients (10-20%) develop chronic NLBP (CNLBP) lasting
at least 12 weeks (Maher et al., 2017). LBP is a major risk
factor for physical disability globally, thus affecting nearly 20-
25% of the global population over the age of 65 (Vadala et al.,
2020). In the United States, the total annual fiscal effect of
low back and neck pain is the third-highest proportion of
health care expenditures (Dieleman et al., 2016) and it affects
approximately 13.1% of adults from 20 to 69 years old (Shmagel
et al., 2016). However, satisfice with treatment is low for CNLBP
patients (Patrick et al,, 2014). In addition, CNLBP patients
usually have a high recurrence rate (Taylor et al, 2014) and
were associated with an increased risk of comorbidities such
as depression and anxiety (Taylor et al., 2014). Conventional
drug therapy appears to provide a short-term benefit to the
symptoms of patients with CNLBP; however, recent studies have
questioned the effectiveness and safety of these interventions
(Deyo et al., 2015b; Al-Qurain et al., 2020; Cashin et al.,
2021). Meanwhile, long-term use of analgesics is associated
with psychopathy-like depression (Maher et al., 2017) and may
decrease bone mass and induce sexual dysfunction (Bishop
and Wing, 2003). Pharmacotherapy is insufficient to resolve
chronic pain symptoms and improve physical function for
this population. Therefore, recently, various clinical guidelines
have recommended that the treatment of CNLBP should focus
on non-pharmacological interventions (Bernstein et al., 2017;
Qaseem et al., 2017; Stochkendahl et al., 2018).

Over the past decades, the advantages of exercise therapy
have been discovered in the literature (Miyamoto et al., 2019;
Hayden et al, 2020, 2021a; Owen et al., 2020), and it has
been used as a first-line option to treat CNLBP (Chiarotto and
Koes, 2022). Mind-body exercise (MBE), is a mild to moderate
intensity physical activity, such as tai chi (TC) (Qin et al,
2019), yoga (Zhu et al., 2020), qigong (Li et al.,, 2019) (e.g.,
Baduanjin and Wuqinxi), and Pilates (Miyamoto et al., 2013),
has attracted researchers’ wide attention (Zou et al., 2019; Wen
et al,, 2022). MBE underlines mind-body integration and has
the advantages of both mind-body therapy and exercise therapy.
It involves various slow body movements synchronized with
musculoskeletal relaxation, breathing control, and a meditative
state of mind (Bower and Irwin, 2016; Zou et al., 2018).
In recent years, it has been successfully used worldwide for
the treatment of CNLBP (Teut et al., 2016; Cruz-Diaz et al,,
2018; Liu et al., 2019; Yao et al., 2020) and is recommended
as a complementary and alternative medicine therapeutic
intervention based on the guidelines of the American College of
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Physicians (Qaseem et al., 2017). Moreover, some meta-analyses
indicated that MBE is beneficial for pain intensity and back-
specific disability of patients with CNLBP (Li et al., 2019; Qin
et al,, 2019; Zou et al., 2019; Anheyer et al., 2022). Evidence for
these results was also supplied in our previous study (Wen et al.,
2022).

Although there is some evidence that MBE intervention is
effective in treating the symptoms of patients with CNLBP, there
are varying modes. The low efficacy of MBE intervention not
only delays the CNLBP patients’ condition but also increases
unnecessary medical costs. It has become a critical task to
further rank the efficacy of different forms of MBE to obtain
more comprehensive evidence in terms of MBE for improving
symptoms of CNLBP. However, there has been little effort to
compare the curative effect of different MBE modes to obtain
a deeper awareness. Most randomized controlled trials (RCTs)
compare MBE interventions with no treatment or usual care
groups, and direct comparisons between different MBE modes
were very few. Based on our search results, only one RCT
direct compared yoga with qigong in the treatment of patients
with CNLBP (Teut et al., 2016). It is because, a head-to-head
comparative study would be very expensive, and it would be
impractical to use an RCT to examine the relative effects of
all MBE modes. Meta-analyses provide a summary estimate
of treatment effects by combining data from various studies.
However, an important drawback is that standard meta-analyses
can only compare two interventions at a time. Meanwhile,
network meta-analysis (NMA) can indirectly compare multiple
treatments by a common comparator to synthesize evidence
across a network of RCTs. Therefore, researchers will be able
to rank the effectiveness of multiple MBE modes by the use
of NMA.

To date, limited reviews and NMA were done on exercise
for patients with CNLBP (Owen et al., 2020; Hayden et al,
2021b; Fernandez-Rodriguez et al., 2022). Owen et al. (2020)
accomplished a sequential analysis and NMA to evaluate
whether or not there was ample evidence to support the
application of physical exercise for CNLBP patients and whether
one exercise mode was better than another. But TC was included
in “Other exercise” intervention group and Qigong-related
studies were not included in their NMA. Similar classification
appears in the studies of Hayden et al. (2021b) and Ferndndez-
Rodriguez et al. (2022). We cannot find out which MBE mode
is the most optimal for improving pain intensity and physical
function of patients with CNLBP through current studies.
Moreover, most NMA does not include Chinese RCTs because of
language barriers and limited retrieval resources. Therefore, it is
necessary to identify and assess the best MBE modes for CNLBP
treatment by a new systematic review and NMA.

This review aimed to conduct a systematic review and NMA
of current evidence from RCTs to compare the therapeutic
effects of four common MBE modes (TC, yoga, gigong, and
Pilates) in improving pain intensity and physical function

frontiersin.org


https://doi.org/10.3389/fnins.2022.1046518
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Shi et al.

for adults with CNLBP. The results of this review may help
clinicians choose the ideal MBE modes for the treatment of
CNLBP and enrich the theoretical basis for MBE selection.
Meanwhile, for patients, the results of this study are assumed to
provide evidence-based advice for treatment planning for them
and to use optimal MBE intervention as the ideal form of self-
care to relieve their symptoms and improve physical function.

Materials and methods

Protocol and registration

In the International Prospective Register of Systematic
Reviews, the protocol was prospectively recorded
(CRD42022306905) and was conducted by Preferred Reporting
Items for Systematic Reviews and Meta-Analysis for Network
Meta-Analysis (PRISMA-NMA) (Hutton et al., 2015).

Literature search

This search strategy was designed using systematic reviews
(Zou et al., 2019; Owen et al.,, 2020; Wen et al., 2022) that
have already published and the Cochrane Back and Neck
Group (Furlan et al,, 2015). It was based on the following
seven databases, including PubMed, Embase, Web of Science,
Cochrane Library, China National Knowledge Infrastructure
(CNKI), Wanfang Database, and Chinese Scientific Journals
Full-Text Database (VIP). Publication dates ranged from the
first date available to July 2022 in all languages. Moreover, the
following keywords are searched: “Mind-body exercise,” “Tai
chi”, “Yoga”, “Pilates”, “Qigong”, and “Chronic low back pain”.
The complete searching strategies of all databases are submitted
in Supplementary material 1.

Eligibility criteria

Participants, Intervention, Comparison, Outcomes, and
Study (PICOS) design was employed as a framework to enact
eligibility criteria (Hutton et al., 2015).

Inclusion criteria

(1) adults (>18 years) that were diagnosed with CNLBP at
baseline based on the National Institutes of Health (NIH)
definition (Deyo et al., 2015a).

(2) to assess the therapeutic impact of one or even more MBE
arms, an RCT protocol was adopted.

(3) to avoid the influence of different positive background
treatments between the MBE group and the control group
on the final NMA results, MBE group only received TC,
yoga, gigong, or Pilates intervention with no additional
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treatments (e.g., electrotherapy, manipulation). For the
NMA, we need to include a common comparator across
different MBE modes. The common comparator refers to
the comparator which has been used by at least two studies
for two different exercises (Li et al., 2011; Goh et al., 2016).
The control group included no treatment control, usual care
control, and conventional therapeutic exercise control.

(4) at least one of the outcome measures of interest were
included in studies: subjective pain intensity and subjective
physical function level.

Exclusion criteria

(1) conference abstracts, researcher protocols, and books all
published studies.

(2) study data could not be obtained or converted.

(3) recruited patients suffering from acute, subacute LBP or
LBP with unclear duration (e.g., recurrent LBP without a
clear duration).

(4) LBP due to pregnancy, infections, tumors, osteoporosis,
fractures, structural malformations (such as scoliosis),
inflammatory disorders, radiculopathy, or cauda equina
syndrome are excluded.

(5) trials were excluded if pain intensity and disability were not
considered as primary or secondary outcomes.

Data extraction

Here, two evaluators (JS and HZZ) independently
extracted data from each chosen study using a data extraction
form, and then reviewed and revised by the corresponding
author, including publication information (e.g., author,
year, and country of origin), study design (e.g., parallel or
crossover trail, two- or multi-arm parallel trial), subject
characteristics (e.g., age, gender, pain duration, and sample
size), interventions considered (e.g., TC, yoga, gigong, and
Pilates), and outcome measures (e.g., pain intensity and physical
function). Considering the determinate baseline similarities
of pain intensity and physical function measures in included
RCTs, post-intervention mean and standard deviation (SD)
were directly extracted as outcome data from the published
data. However, when the necessary information could not be
adequately extracted, we got in touch with the study’s authors
to request it. When standard errors (SEs), confidence intervals
(Cls), or interquartile ranges (IQRs) were provided in place of
Means and SDs, RevMan 5.3 calculator was used to convert these
to Means and SDs. In addition, if data were expressed only as a
graph (rather than numerical data within the text), the software
Engauge Digitizer 10.8 was used to extract it. Meanwhile, when
there were multiple post-intervention measurement points
where data could be extracted such as post-intervention and
follow-up, only data immediately following the end of the
intervention stage was used.
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FIGURE 1
PRISMA flow diagram of the search process for studies examining the efficacy of mind-body exercise in patients with non-specific chronic low
back pain.
Risk of bias 2017). The crucial supposition underlying a network meta-

The Cochrane Risk of Bias Tool (Sterne et al., 2019) was used
to independently assess the methodological quality and the risk
of bias of these studies by two authors (ZYH and YRW). In order
to analyze potential selection bias, performance bias, detection
bias, attrition bias, reporting bias, and other relevant biases,
the Cochrane tool split the quality risk into three categories:
low, high, and uncertain. Two assessors will reach a consensus
through a discussion if there are any discrepancies regarding the
risk of bias in these studies. However, when a consensus cannot
be reached between two assessors, the corresponding author will
give his opinion and adopts the consensus of the majority.

Data synthesis and analysis
The NMA was performed using Stata v16.0 software

(StataCorp, Texas, USA) based frequentist approach and
in conformity with PRISMA-NMA guidelines (Shim et al,
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analysis is that of network consistency, in other words, the
therapeutic effects are equivalent on average, whether they are
estimated by direct or indirect comparisons. Herein, the NMA’s
consistency was evaluated by fitting both the consistency and
the inconsistency NMA and taking into account the outcomes
of the Wald test for inconsistency. Moreover, the node-splitting
technique was used to further evaluate inconsistency. Given
the possibility of heterogeneity among studies, we choose the
random effects model for the meta-analysis.

Standardized mean difference (SMD) was utilized as the
summary measure to homogenize results from several scales
and instruments into a single scale because all of the outcomes
of interest were continuous or ordinal. When trails were
inverted scaled (with higher values favoring outcomes instead
of lower values), the mean in each group was multiplied by
—1 as suggested by the Cochrane Handbook (Higgins et al.,
2019) to guarantee all outcomes were illustrated with lower
values, thereby suggesting improvements in pain intensity or
physical function.
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TABLE 1 Principal characteristics of included studies.

10.3389/fnins.2022.1046518

References Country Sample Age,Mean Duration Follow- Main Experimental group  Control
size (F/M) (SD) years (weeks) up pain/function intervention group
weeks outcome intervention
assessments

Liu et al. (2019) China 11/32 59.0(4.6) 12 - VAS Tai Chi (60 min/36 sessions) CTE/NT

Hall et al. (2011) Australia 119/41 43.9(13.2) 10 - NRS Tai Chi (40 min/18 sessions) NT

Liu et al. (2018) China 37/8 57.2(3.3) 12 - ODI Tai Chi (60 min/36 sessions) NT

Wang (2020) China 29/16 31.8(9.7) 6 12 NRS/RMDQ Tai Chi (45 min/18 sessions) CTE/UC

Tong (2017) China 40/31 41.9(4.2) 12 - VAS Tai Chi (30 min/36 sessions) CTE

He (2013) China 7135 59.0(4.1) 12 - VAS Tai Chi (60 min/36 sessions) CTE/NT

Wang et al. (2018) China 45/32 45.2(15.0) 10 - VAS/ODI Qigong (5 min/50 sessions) ~ CTE

Chen (2020) China 37/28 56(5.4) 4 - VAS/ODI Qigong (15 min/40 CTE
sessions)

Yao et al. (2020) China 58/14 53.5(14.9) 24 - VAS Qigong (60 min/96 CTE
sessions)

Ding and Wang (2014)  China 20/20 61(4.7) 12 - VAS Qigong (40 min/60 NT
sessions)

Ning et al. (2015) China 43/37 41.5(11.2) 12 - VAS/ODI Qigong (30 min/36 CTE
sessions)

Wu (2016) China 42/36 39(7.6) 12 12 VAS/ODI Qigong (30-40 min/36 CTE
sessions)

Phattharasupharerk Thailand 46/26 35.3(4.0) 6 - VAS/RMDQ Qigong (60 min/6 sessions) ~ NT

etal. (2019)

Teut et al. (2016) Germany 156/20 72.7(5.7) 12 24 VAS Qigong (90 min/12 NT
sessions)
Yoga (45 min/24 sessions)

Blodt et al. (2015) Germany 102/25 46.7(10.4) 12 24 VAS/RMDQ Qigong (90 min/12 CTE
sessions)

Cruz-Diaz et al. (2018)  Spain 41/21 36.8(7.5) 12 - VAS/RMDQ Pilates (50 min/24 sessions) ~NT

Valenza et al. (2017) Spain 41/13 39(14) 8 - VAS/RMDQ/ODI Pilates (45 min/16 sessions) UC

Kofotolis et al. (2016) Spain 101/0 40.9(8.0) 8 - RMDQ Pilates (~/24 sessions) UC/NT

Natour et al. (2015) Brazil 47/13 47.9(12.1) 12 24 VAS/RMDQ Pilates (50 min/24 sessions) UC

Patti et al. (2016) Ttaly 38 41.5(12.0) 14 28 ODI Pilates (50 min/42 sessions) CTE

Wajswelner et al. Australia 48/39 49.1(15.2) 6 12-24 NRS Pilates (60 min/12 sessions) CTE

(2012)

Mazloum et al. (2018) Iran 47 39.6(9.3) 6 10 VAS/ODI Pilates (50 min/18 sessions) NT

Lee et al. (2014) Korea 25 43.3(7.5) 12 - VAS Yoga (60 min/36 sessions) NT

Kim et al. (2014) Korea 30/0 Yoga group: 4 - VAS/RMDQ/ODI  Yoga (30 min/12 sessions) CTE

44.33/ Control
group: 50.46

Neyaz et al. (2019) India 35/35 35.5(12.4) 6 12 DVPRS/RMDQ  Yoga (35 min/6 sessions) CTE

Tekur et al. (2012) India 36/44 48.5(3.8) 1 - VAS Yoga (480 min/6 sessions) CTE

Sherman et al. (2011) USA 146/82 48.4(9.8) 12 26 RMDQ Yoga (45-50 min/12 ucC
sessions)

Cox et al. (2010) UK 7/13 45 12 - RMDQ Yoga (75 min/12 sessions) ucC

Williams et al. (2009) USA 69/21 48(11.1) 24 48 VAS/ODI Yoga (90 min/48 sessions) NT

Demirel et al. (2019) Turkey 62/15 44.9(10.5) 6 - VAS/ODI Yoga (60 min/18 sessions) CTE

Nambi et al. (2014) India 32/28 44(9.0) 4 24 VAS Yoga (60 min/4 sessions) CTE

Bai et al. (2020) China 60/0 33.3(2.5) 12 36 VAS Yoga (75 min/36 sessions) ucC

Kuvacic¢ et al. (2018) Croatia 14/16 34.2(4.5) 8 - NRS/ODI Yoga (75 min/16 sessions) ucC

(Continued)
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TABLE 1 (Continued)

10.3389/fnins.2022.1046518

References Country Sample Age,Mean Duration Follow- Main Experimental group  Control
size (F/M) (SD) years (weeks) up pain/function intervention group
weeks outcome intervention
assessments
Saper et al. (2017) USA 204/116 46(10.7) 12 26/40/52 NRS/RMDQ Yoga (75 min/12 sessions) CTE/ UC
Williams et al. (2005) USA 30/14 48.3(7.2) 16 - VAS Yoga (30 min/16 sessions) ucC
Michalsen et al. (2021) ~ Germany 187/87 54.6(11.3) 8 - VAS/RMDQ Yoga (75 min/8 sessions) CTE

M, male; E, female; VAS, visual numerical scale; NRS, numerical pain scale; BPI, Brief Pain Inventory; DVPRS, Defense and Veterans Pain Rating Scale; RMDQ, Roland Morris Disability
Questionnaire; ODI, Oswestry Disability Index; UC, Usual care; NT, No treatment; CTE, Conventional therapeutic exercises.

the ranked once their

comparative effectiveness had been assessed to determine

Herein, interventions were
their superiority of the interventions. Surface under cumulative
ranking (SUCRA) values, mean rank, and cumulative ranking
plots for all outcomes were used to reflect the effects of different
MBE to improve the values of pain intensity and physical
function. The value of SUCRA ranges from 0 to 100% and a
higher value indicates a greater possibility given that MBE mode
is in the top rank or highly effective (Page et al., 2016). These
data, which were averaged over the 10,000 replications, rank
treatments according to their capacity to deliver the biggest
treatment effects in each simulation. At least three studies on
the same mode of MBE were required to rank the efficacy
of interventions. Network funnel plots were generated and
visually inspected using the symmetry criteria by us to examine
for the presence of publication bias caused by small-scale
studies that could contribute to publication bias in NMA.
We also performed pairwise meta-analysis to compare the
two interventions with pooled effect sizes. The value of the I?
statistic (I 2 statistic whose values were 25, 50, and 75% indicated
mild, moderate, and high heterogeneity) was used to assess
the heterogeneity.

Results

Search results

A preliminary search of seven databases identified a total of
3,954 records. In the preliminary search results, there were 2,186
duplicate records excluded, and 1,633 records that did not match
the review’s inclusion criteria were eliminated based on the title
and abstract. Then, through the evaluation of the full text of
the remaining 135 studies, we found that 99 studies of them for
several reasons, including intervention not relevant MBE (n =
17), not the outcome of interest (n = 15), data not extractable
(n = 4), conference abstracts (n = 23), study protocol (n = 13),
not RCT (n = 8), not CNLBP (n = 19). Ultimately, 36 studies
were included in NMA. The systematic review process is shown
in Figure 1.
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Study characteristics

The fundamental characteristics of all articles were
summarized in Table 1. The considered studies were published
from 2005 to 2021. Among the included studies, most of
them were carried out in China (12/36) and the others were
conducted in the USA (4/36), India (3/36), Germany (3/36),
Spain (3/36), Korea (2/36), Australia (2/36), Brazil (1/36),
Turkey (1/36), Iran (1/36), Thailand (1/36), Croatia (1/36),
UK (1/36), and Italy (1/36). A total of 36 eligible RCTs with
3,050 subjects diagnosed with CNLBP were included in this
NMA. Meanwhile, three studies (Kim et al., 2014; Kofotolis
et al., 2016; Bai et al, 2020) included only females, and all
others included both sexes. Furthermore, three studies (Lee
et al., 2014; Patti et al., 2016; Mazloum et al., 2018) did not
present information on gender distribution. Thus, researchers
carried out various MBE treatments, which included yoga
(Williams et al., 2005, 2009; Cox et al., 2010; Sherman et al.,
2011; Tekur et al., 2012; Kim et al., 2014; Lee et al., 2014; Nambi
et al., 2014; Teut et al., 2016; Saper et al., 2017; Kuvaci¢ et al,,
2018; Demirel et al., 2019; Neyaz et al., 2019; Bai et al., 2020;
Michalsen et al., 2021) (studies: n = 15, subjects, n = 652),
TC (Hall et al., 2011; He, 2013; Tong, 2017; Liu et al., 2018,
2019; Wang, 2020) (studies: n = 6, subjects, n = 183), qigong
(Ding and Wang, 2014; Blodt et al.,, 2015; Ning et al., 2015;
Teut et al.,, 2016; Wu, 2016; Wang, 2018; Phattharasupharerk
et al,, 2019; Chen, 2020; Yao et al., 2020) (studies: n = 9,
subjects, n = 348), and Pilates (Wajswelner et al., 2012;
Natour et al., 2015; Kofotolis et al., 2016; Patti et al., 2016;
Valenza et al., 2017; Cruz-Diaz et al., 2018; Mazloum et al.,
2018) (studies: n = 7, subjects, n = 205). There were three
control comparators including no treatment, usual care, and
conventional therapeutic exercises. The intervention duration
of all MBE was between 1 and 24 weeks and sessions ranged
from 4 to 96. A total of 32 studies used pain intensity as an
outcome measure and the assessment scales were the Visual
Analog Scale (VAS), Numeric Rating Scale (NRS), Defense and
Veterans Pain Rating Scale (DVPRS), and Oswestry Disability
Index (ODI)-pain. Meanwhile, 24 studies used physical function
as an outcome measure and the assessment scales were ODI,
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FIGURE 2

Percentage of studies examining the efficacy of mind-body
exercise in patients with non-specific chronic low back pain
with low, unclear and high risk of bias for each feature of the
Cochrane Risk of Bias Tool.
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Quebec Back Pain Disability Scale (QBPDS), and Roland Morris
disability questionnaire (RMDQ).

Quality appraisal of literature

The results of the Cochrane risk of bias assessment for each
study were shown in Figures 2, 3. Due to insufficient random
sequence generation, such as randomly assigning participants
to groups based on their birth dates or hospitalization dates,
two studies were classified as high risk. Owing to the MBE
training involved in this trial, it was simply not able to blind
the subjects to the treatment allocation. Therefore, subjects’
blindness was considered to be a higher risk of bias in all studies.
All studies were defined as unclear risk of bias, except those that
explicitly stated that the subjects were not successfully blinded.
One study was classified as high risk of bias because it did
not utilize the appropriate blinding method for the evaluator.
Meanwhile, two trials were defined as high-risk bias because of
incomplete outcome data because of the high dropout rate of
subjects or the number of subjects who left the group greatly
varied between groups.

Pairwise meta-analysis

We performed pairwise meta-analysis to compare the two
interventions with pooled effect sizes. In terms of pain intensity,
thirteen direct comparisons were performed to use a random
effect model. TC was more efficacious than usual care (three
RCTs; SMD: —1.29, 95% CI: —2.16 to —0.41; I* > 50%), and
no treatment (two RCTs; SMD: —2.86, 95% CI: —3.65 to —2.07;
2 < 50%). Compared with usual care, yoga (five RCTs; SMD:
—0.9, 95% CI: —1.51 to —0.28; I? > 50%) was more effective in
decreasing pain intensity scores but Pilates (three RCTs; SMD:
—1.85, 95% CI: —3.87 to 0.18; I> > 50%) and qigong (one
RCTs; SMD: —0.32, 95% CI: —0.69 to 0.04) did not show a
significant difference.

In terms of physical function, ten direct comparisons were
constructed. Yoga was more efficacious than usual care (five
RCTs; SMD: —1.45, 95% CI: —0.75 to —0.15; I* < 50%), and
no treatment (two RCTs; SMD: —1, 95% CI: —1.45 to —0.54; I2
< 50%). There were no differences in physical function score
between usual care and Pilates, and TC. Supplementary Table 1
showed additional results of the pairwise meta-analysis and
heterogeneity estimates.

Network meta-analysis

Figures4, 5 showed the NMA  figure for
different interventions.
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FIGURE 3

Methodological quality summary: Review authors’ judgments about each methodological quality item for each included study.

FIGURE 4
Network of evidence of pain intensity and the size of the nodes
relates to the number of participants in that intervention type
and the thickness of lines between interventions relates to the
number of studies for that comparison. (A) tai chi, (B) yoga, (C)
gigong, (D) Pilates, (E) control group (conventional therapeutic
exercises), (F) control group (usual care), (G) control group (no
treatment).

Pain intensity

There are a total of 32 included studies that evaluated
pain intensity as presented in Figure4 (The size of the
circle represents the number of participants, and the thickness
of the edge corresponds to the number of studies). The
results of the node-splitting method reported that indirect
and direct comparisons between each segmentation node
were not statistically significantly different (P > 0.05), which
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FIGURE 5
Network of evidence of physical function and the size of the
nodes relates to the number of participants in that intervention
type and the thickness of lines between interventions relates to
the number of studies for that comparison. (A) tai chi, (B) yoga,
(C) gigong, (D) Pilates, (E) control group (conventional
therapeutic exercises), (F) control group (usual care), (G) control
group (no treatment).

indicated that the effect of consistency between studies was
acceptable (see Supplementary Table2). In terms of pain
intensity improvement, the results of consistency NMA showed
that compared to the control group with usual care (no exercise),
Pilates intervention (SMD: —1.57, 95% CI: —2.44 to —0.71),
TC intervention (SMD: —1.34, 95% CI: —2.15 to —0.53),
yoga intervention (SMD: —1.18, 95% CI: —1.82 to —0.54),
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TABLE 2 League table on pain intensity.

_D_ _A_ _B_

D 0.23 (—0.84,1.31) 0.39 (—0.57, 1.35)
—0.23(—1.31,0.84 A 0.16 (—0.67, 0.99)
—0.39 (—1.35,0.57 —0.16 (—0.99, 0.67) B

)
)
—0.44 (—1.52,0.63) —0.21 (=1.13,0.71) —0.05 (—0.82, 0.71)
—0.85 (—1.79, 0.09)

—0.62 (—1.35,0.11) —0.46 (—1.02,0.11)

—1.57 (—2.44,—0.71) —1.34(=2.15,—0.53) —1.18 (—1.82, —0.54)

—2.37(=3.41,-132) —2.13(=3.06,—1.21) —1.97 (—2.74, —1.21)

0.44 (—0.63, 1.52)
0.21 (—0.71, 1.13)
0.05 (—0.71, 0.82)

—0.41 (—1.03,0.22) E
—1.13 (=1.97, —0.29)
—1.92 (—2.81, —1.03)

@ 0.41 (—0.22, 1.03

10.3389/fnins.2022.1046518

C E F G

0.85(—0.09, 1.79
0.62 (—0.11, 1.35

1.57 (0.71, 2.44 2.37(1.32,3.41

1.34(0.53,2.15 2.13(1.21, 3.06

) )
) )
0.46 (—0.11, 1.02) 1.97 (1.21,2.74)
) )

1.13(0.29, 1.97

)
)

1.18 (0.54, 1.82)
) 1.92 (1.03,2.81
)

0.72 (0.05, 1.40 1.52 (0.75, 2.29)
—0.72 (—1.40, —0.05) F 0.79 (—0.08, 1.66)

—1.52(=2.29, —0.75)  —0.79 (—1.66, 0.08) @

A, tai chi; B, yoga; C, gigong; D, Pilates; E, control group (conventional therapeutic exercises); F, control group (usual care); G, control group (no treatment). The bold font indicates a

statistical difference.

and qigong (SMD: —1.13, 95% CI: —1.97 to —0.29) were
superior to the control group, the details of which are presented
in Table 2. The ranking probability results of different MBE
modes in terms of improving pain intensity indicated that
Pilates (SUCRA = 86.6%) and TC (SUCRA = 77.2%) were
among the best MBE interventions for pain. The control
group with no treatment was most probably going to be
the most ineffective (SUCRA = 0.6%). See Figure6 for
further details.

Physical function

A total of 24 included studies evaluated physical
function outcomes, as shown in Figure 5. There was no
evidence of inconsistency in the network (P > 0.05, see
also Supplementary Table 3). In terms of physical function
improvement, the results of consistency NMA showed that
compared to the control group with usual care (no exercise),
Pilates intervention (SMD: —1.68, 95% CI: —2.50 to —0.86),
and yoga intervention (SMD: —0.63, 95% CI: —1.21 to —0.05)
were superior to the control group; relative to the Qigong
intervention group, Pilates intervention (SMD: —1.05, 95%
CL: —1.89 to —0.21) was better than the gigong group in
improving physical function, the details are shown in Table 3.
The ranking probability results of different MBE modes in
terms of improving physical function were initially positioned
in the SUCRA for Pilates (SUCRA = 98.4%). The control
group with no treatment was most probably going to be
the most ineffective (SUCRA = 12.9%). See Figure7 for
further details.

Sensitivity analysis

We tested the sensitivity analysis of the results of NMA by
comparing the results of the random effect model with the fixed
effect model, and found no significant difference between the
results obtained using the two models, which indicated that our
results were robust.
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Publication bias

We built and assessed a modified funnel plot to detect
possible publication bias for all indicators. The findings reveal
that the majority of points are evenly distributed along both sides
of the midline and are primarily focused there. This indicates
that our results are robust and there is no significant publication
offset. See Figures 8, 9 for further details.

Discussion

In our study, we tried to compare the curative effect of
the four most popular MBE modes in improving pain intensity
and physical function to identify optimal MBE interventions
for patients with CNLBP. Pilates might be the best MBE
mode for decreasing pain intensity, followed by TC, yoga, and
qigong. However, the differences were minor for yoga and
qigong. Pilates continued to be the best performer in improving
physical function, with little difference in the remaining three
modes. Interestingly, TC performed well in managing the pain
but significantly less well than Pilates in improving physical
function. Overall, Pilates is perhaps the most appropriate MBE
intervention for treating patients with CNLBP.

Our NMA found that Pilates was the most effective mode
in decreasing pain intensity, consistent with prior reviews on
other exercise therapies (Owen et al., 2020). There was a close
correlation between CNLBP and core muscles, particularly
deep multifidus and transversus abdominis (Ferreira et al,
2010). In CNLBP patients, activation of multifidus psoas and
transverse abdominis is delayed or reduced, and physiologic
tonic activation of transverse abdominis is lost during gait
and extremity movement. In addition, dysfunction of these
muscles might lead to the loss of lumbar support and increase
the stress and load on the joints and ligaments of the spine
(Ferreira et al,, 2010; Hides et al, 2011). This may cause
pain and functional abnormalities in CNLBP patients, thus,
improving core functions is the key to treating CNLBP (Tang
et al., 2016). Developed by Joseph H. Pilates, Pilates exercise
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The rank probability of pain intensity various interventions based on the SUCRA. The SUCRA metric was used to rank the effectiveness of each
treatment and identify the best treatment. (A) tai chi, (B) yoga, (C) gigong, (D) Pilates, (E) control group (conventional therapeutic exercises), (F)
control group (usual care), (G) control group (no treatment).

TABLE 3 League table on physical function.

_D_ _C_

D 0.99 (—0.00, 1.98)
—0.99 (—1.98, 0.00) C

—0.98 (—2.21, 0.25) 0.01 (—1.23,1.24)
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A, tai chi; B, yoga; C, qigong; D, Pilates; E, control group (conventional therapeutic exercises); F, control group (usual care); G, control group (no treatment). The bold font indicates a

statistical difference.

therapy is used to improve an individual’s “flexibility, strength,
and body awareness” and it is referred to as a technique that
focuses on core stability, posture, breathing, flexibility, strength,
and muscle control (Wells et al., 2012). Moreover, the Pilates
approach focuses on strengthening the lumbar region with
the active involvement of the core muscles (Rydeard et al.,
2006). Previous studies comparing core muscle activation in
three different postures between Pilates practitioners and the
general population have found that the core muscle activation
in Pilates practitioners is significantly higher than that in
the general population (Lee, 2021). Therefore, Pilates may
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decrease pain intensity by enhancing the core muscle. Although
current evidence shows the analgesic effect of Pilates in patients
with CNLBP, objective neurophysiological studies to elucidate
the analgesic mechanism are lacking. Widespread oscillatory
abnormalities in chronic pain patients and enhanced alpha
activity by therapeutic means are associated with pain relief
(Arendsen et al.,, 2018; Ahn et al.,, 2019). Bian et al. (2013)
found that peak alpha power increased for healthy participants
during Pilates training, which indicates that Pilates practice may
relieve pain by modulating peak alpha frequency in chronic pain
patients. Future studies may consider exploring the effect of
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FIGURE 7
The rank probability of physical function various interventions based on the SUCRA. The SUCRA metric was used to rank the effectiveness of
each treatment and identify the best treatment. (A) tai chi, (B) yoga, (C) gigong, (D) Pilates, (E) control group (conventional therapeutic
exercises), (F) control group (usual care), (G) control group (no treatment).

Pilates training on peak alpha frequency in patients with CNLBP
to further clarify the neurophysiological mechanism of Pilates
analgesia. Apart from that, Pilates has the advantage that the
exercises can be performed in various settings, with or without
equipment, thereby keeping the spine in a neutral position and
avoiding excessive impact or stress on muscles, joints, and tissues
as compared with other MBE modes. As the exercises progress
and an individual wishes to increase the difficulty of the activities
performed, one can incorporate the use of various types of
equipment, including the reformer, cadillac, ladder barrel, and
step chair.

A novel finding from this NMA is that TC (SUCRA =
77.2%) may be the intervention that came closest to the effect of
Pilates (SUCRA = 86.6%) in reducing pain intensity among the
other three MBE modes. Meanwhile, TC originating in China
is an established form of gentle MBE mode and incorporates
physical, psychosocial, spiritual, and behavioral elements to
improve physical and mental health (Wang et al, 2018).
Although the underlying mechanism of TC remains unclear,
the effect of TC may be attributable to the potential of these
exercises to influence altered central elements. Furthermore,
when practicing TC, the body’s center of gravity constantly
changes with the movements, the spine is in an unstable state,
and the central nervous system recruits more muscle fibers to
maintain stability, which strengthens the core muscles to some
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FIGURE 8

Pain intensity: Funnel plot showing the publication bias of the
included randomized controlled trials. The red line represents
the null hypothesis that independent effect size estimates do
not differ from the comparison-specific pooled estimates. (A) tai
chi, (B) yoga, (C) gigong, (D) Pilates, (E) control group
(conventional therapeutic exercises), (F) control group (usual
care), (G) control group (no treatment).

extent. Respiratory exercise therapy does have a therapeutic
effect on patients with low back pain (Mehling et al., 2005).
Herein, TC emphasizes reverse abdominal breathing, which
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FIGURE 9

Physical function: Funnel plot showing the publication bias of
the included randomized controlled trials. The red line
represents the null hypothesis that independent effect size
estimates do not differ from the comparison-specific pooled
estimates. (A) tai chi, (B) yoga, (C) gigong, (D) Pilates, (E) control
group (conventional therapeutic exercises), (F) control group
(usual care), (G) control group (no treatment)

strengthens the core muscles during the breathing process.
Notably, CNLBP is often accompanied by structural and
functional connectivity abnormalities in brain regions (Ji and
Neugebauer, 2011; Neugebauer et al., 2020). Regular TC practice
can bring about regional structural changes in the precentral
gyrus, insular sulcus, and middle frontal sulcus (Wei et al.,
2013). A previous RCT also found moderate to high correlations
between TC-associated pre-post differences in the functional
connectivity of the amygdala-medial prefrontal cortex (Shen
etal., 2021). Therefore, TC may directly affect the cerebral cortex
to regulate pain through regular practice. Considering that it is
not too difficult, cost-effective, and safe, TC and gigong are often
chosen by elderly people to practice (Li et al., 2020; Siu et al,,
2021). Pilates and yoga are more difficult than TC and qigong
to practice and usually require the guidance of a professional
instructor to ensure safety during practice (Achilefu et al., 2017;
Zou et al.,, 2019). Therefore, TC and qigong seem to be worthy
of promotion in the elderly population with CNLBP.

Guidelines about CNLBP suggest that treatment should pay
more attention to improving pain intensity and its associated
dysfunction (Oliveira et al.,, 2018). Our study suggested that
Pilates (SUCRA = 98.4%) had the highest probability of
improving physical function. Interestingly, TC was effective in
reducing pain intensity, however, lagged far behind Pilates in
improving physical function. Age is an essential factor affecting
physical function (Maher et al., 2017). We compared the groups
included in this study, and found that the average age of the
Pilates group was younger than that of the TC group. It may be
the reason why the function improvement effect of the Pilates
group was better than that of the TC group. Therefore, it would
be interesting to see if Pilates outperforms other MBE modes
under strict age restrictions. There are various schools of TC
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in China, such as Yang-style TC and Chen-style TC. Although
they are all based on the basic theories of the balance of Yin
and Yang, the balance of the five elements, and the interaction
between man and nature (Peng, 2012; Zhang et al., 2019), there
are still great differences in movement characteristics and the
degree of difficulty. Among the included studies, there are three
that used Chen-style TC, one article designed an improved TC
movement for CNLBP, and the other two did not tell, which
may be partly responsible for the poor effect of TC in improving
function. Similar to TC, there are various kinds of qigong,
such as Neiyanggong (Blodt et al, 2015) and Wugqinxi (Yao
et al., 2020). Different kinds of qigong have different effects
on the physical function of CNLBP patients. A meta-analysis
(Bai et al.,, 2015) involving 10 RCTs indicated that only internal
qigong could improve chronic pain in adults. Therefore, it is
a meaningful research direction to explore which style of TC
or gigong movements are most suitable for enhancing physical
function for patients with CNLBP.

Implication

Broadly, our NMA found Pilates may be the most
recommended MBE mode for patients with CNLBP. As
compared with previous studies (Owen et al., 2020; Hayden
et al,, 2021b; Ferndndez-Rodriguez et al., 2022), the results all
agree that Pilates is best in terms of decreasing pain intensity and
improving physical function. However, the difference is that our
study included TC and qigong, which are often overlooked by
previous studies. The findings suggest that TC is comparable to
Pilates in decreasing pain intensity, which provides a new option
for managing pain in patients with CNLBP.

Strengths and limitations

To our knowledge, this NMA is the first to compare
the effects of different MBE modes in CNLBP. It explores
a comprehensive ranking of four popular MBE treatments,
thereby identifying the best options for improving pain intensity
and physical function in CNLBP patients. Our searches were
not limited by publication date or language, and included
Chinese databases and gray literature. Given that TC and
qigong originated in China, various high-quality studies have
been published in Chinese journals, thus making our review
more comprehensive.

Following are the limitations of our study. First, it is unable
to blind subjects during an MBE intervention, which may lead to
a potential risk of performance bias. However, this is an inherent
limitation of such studies, usually reported in meta-analyses of
exercise programs (Goh et al., 2019; Zou et al., 2019; Owen et al.,
2020). Second, our review did not include psychology-related
dependent variables such as depression, which is an important
indicator for evaluating the success of CNLBP treatment. Based
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on several previous studies (Tekur et al., 2012; Park et al., 2020),
MBE has reported positive results in treating psychological
distress, such as depression and anxiety in patients with LBP.
However, only six of our included studies reported depression-
related results (Williams et al., 2009; Tekur et al., 2012; Lee
et al,, 2014; Teut et al, 2016; Kuvali¢ et al, 2018; Wang,
2018). Therefore, future studies should be considered to further
explore the effect of MBE on psychological distress in CNLBP
patients and the underlying mechanisms. Finally, because of
the small number of studies and limited evidence for direct
comparisons of interventions, readers should view these findings
with caution. Therefore, it also emphasizes the need to further
expand related research.

Conclusions

Our NMA shows that Pilates might be the best MBE
therapy for the non-pharmacologic treatment of CNLBP in pain
intensity and physical function. It has a reasonable benefit, which
would be a powerful option for patients who don’t profit from
existing pharmacological medicines. Our study provides richer
options for CNLBP management and more evidence for MBE
treatment of CNLBP. However, more high-quality, large-sample,
multicenter, long-term follow-up RCTs directly compare the
efficacy of two or more MBE modes in patients with CNLBP to
further confirm our findings.
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Background: Chronic pain (CP) patients tend to represent aberrant functional
brain activity. Acupuncture is an effective clinical treatment for CP, and some
fMRI studies were conducted to discover the alternation of brain regions after
acupuncture therapy for CP. However, the heterogeneity of neuroimaging
studies has prevented researchers from systematically generalizing the central
mechanisms of acupuncture in the treatment of CP.

Methods: We searched bibliographic databases, including PubMed, EMBASE,
PsycINFO, Web of Science Core Collection, ScienceDirect, China Academic
Journal Network Publishing Database, etc., and trials registration platforms
(From inception to September 15t, 2022). Two independent researchers
assessed the study’s bias and quality. Furthermore, activation likelihood
estimation (ALE) analysis was applied to explore aberrant brain functional
activity and acupuncture’s central mechanism for CP.

Results: Totally 14 studies with 524 CP patients were included in the study.
ALE analysis showed that CP patients presented with decreased ALFF/ReHo in
the precuneus, posterior cingulate cortex, right inferior parietal lobule, right
superior temporal gyrus, cingulate gyrus, superior frontal gyrus, left medial
frontal gyrus including medial prefrontal gurus, left middle frontal gyrus.

Conclusion: This ALE meta-analysis pointed out that acupuncture could
modulate the default mode network, the frontoparietal network to treat
CP. This provided a systematic summary of the neuroimage biomarker of
acupuncture for the treatment of CP.

Systematic review registration: PROSPERQO, identifier: CRD42021239633.
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Introduction

Chronic pain (CP), one of the most common and long-
standing neurological disease, persists affecting the health
and quality of life of patients worldwide (Goldberg and
McGee, 2011; Dureja et al, 2014; Dahlhamer et al., 2018).
Neuroscience evidence pointed out that CP itself altered brain
activities, including endogenous pain control, suggesting that
controlling pain became increasingly difficult as the pain
became chronic (Fine, 2011; Hasvik et al., 2022; Noori et al.,
2022). The introduction of the biopsychosocial model of pain
during the past decade stimulated the development of more
therapeutically effective and cost-effective interdisciplinary CP
management programs.

In 1998, the National Institutes of Health (NIH) first
endorsed acupuncture for treating CP disorders (Ulett et al.,
1998). And throughout the past few years, acupuncture as
a complementary alternative therapy has gained increasing
popularity in the treatment of CP, with a large number of clinical
studies demonstrating its safety and efficacy (Manheimer et al.,
2007; Yuan et al., 2016; Vickers et al., 2018; Berger et al., 2021;
Turkistani et al., 2021).

Resting state-functional magnetic resonance (rs-fMRI), an
imaging technique based on the assessment of hemodynamic
blood oxygen level-dependent (BOLD) effects, is frequently
utilized to explore the brain modification of acupuncture for CP.
For instance, fMRI studies have demonstrated that acupuncture
could achieve therapeutic effects by modulating a variety of brain
networks in CP, such as the emotional response network (Kong
et al., 2002; Liu et al., 2021), the default network (DMN) (Hou
etal, 2014; Zou et al., 2019b; Liu et al., 2020), the frontoparietal
network (FPN) (Kong et al., 2013), etc.

Individual experiments with limited sample sizes and low
test thresholds were, nevertheless, susceptible to yielding false
positive results. In addition to the variety of experimental
designs employed in the study, these factors provided substantial
variation in the reported outcomes. Therefore, a synthesis of
results across experiments is needed to determine consistent and
systematic brian modulation mechanisms of acupuncture for

Abbreviations: CP, Chronic pain; NIH, National Institutes of Health;
rs-fMRI, Resting state-functional magnetic resonance; BOLD, blood
oxygen level-dependent; ROI, region-of-interest; ROB, risk of bias;
MwoA, migraine without aura; MMoa, menstrual migraine without aura;
CNP, chronic neck pain; CSP, chronic shoulder pain; cLBP, chronic
low back pain; KOA, chronic knee osteoarthritis; ALFF, amplitude of
low-frequency fluctuations; ReHo, regional homogeneity; SFG, superior
frontal gyrus; PCC, posterior cingulate cortex; mPFC, medial prefrontal
gurus; MFG, middle frontal gyrus; PFC, prefrontal cortex; DLPFC,
dorsolateral prefrontal cortex; DMN, default mode network; CNS, central

nervous system; FPN, frontoparietal network.
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CP. Activation likelihood estimation (ALE) is a reliable meta-
analysis method based on whole-brain coordinates established
by Turkeltaub et al. (2002, 2012), aiming at determining
above-chance convergence of activation probabilities between
experiments. Although ALE has been widely utilized in the field
of neuroimaging (Chen et al., 2018; Chavanne and Robinson,
2021; Xu et al., 2021), no researchers have used ALE algorithm
to examine the modulation of whole-brain function changes by
acupuncture in CP patients.

To address the abovementioned issues, the purpose of this
study was to systematically evaluate and analyze the changes
of brain functional activity in CP patients and the regulation
of brain functional activity after acupuncture treatment using a
meta-analytical approach based on ALE algorithm. Our results
may provide a more illustrative visual basis for elucidating the
underlying neural mechanisms of acupuncture therapy for CP.

Methods

Literature search and study selection

Retrieval strategies

This systematic and standardized meta-analyses was
corresponding to the Preferred Reporting Items (PRISMA)
for sources including bibliographic databases, reference lists
of eligible studies and review articles, and trial registers (Page
et al, 2021). Bibliographic databases included MEDLINE
via PubMed, EMBASE, PsycINFO, Web of Science Core
Collection, ScienceDirect, China Academic Journal Network
Publishing Database, China Doctoral Dissertation Full-text
Database, China Excellent Master Dissertation Full-Text
Database, Wanfang Database, Database of Chinese Sci-Tech
Journals, and China Biomedical Literature Database. Trials
register platforms included ClinicalTrials.gov, World Health
Organization International Clinical Trials Registry Platform,
Cochrane Central Register of Controlled Trials, and the Chinese
Clinical Trial Register. Search date was from inception to
September 1st, 2022. We only included studies published in
Chinese or English. The search strategy of PubMed was shown
in Supplementary material.

Selection criteria
Inclusion criteria

Each article was subsequently reviewed (first by abstract,
then by full-text) for relevance to the study and inclusion of all
following criteria:

1) Adults diagnosed as CP (Treede et al, 2015, 2019)
(musculoskeletal, osteoarthritis, and headache, diagnosed
using any recognized diagnostic criteria);

2) Administered acupuncture (defined as inserting the

needle into the skin surface of the acupoint, such as
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manual acupuncture, electroacupuncture, etc.) as a
therapeutic measure;

3) Were rs-fMRI studies;

4) Whole-brain analysis that reported coordinates for brain
activities with standard anatomical reference space (Talairach
or MNI);

5) Performed a statistical comparison (patients before and after

acupuncture therapy or patients vs. healthy people).

Exclusion criteria
The studies met one of the following items were excluded:

1) Based on partial coverage or employing only region-of-
interest (ROI) analyses;

2) The subjects (or a subgroup of subjects) were included in
another study;

3) Studies based on ROI analyses or non-fMRI studies;

4) Were reviews or meta-analysis;

5) Incomplete information or secondary processed studies.

Data extraction

Two reviewers (WRR and WW) independently selected,
extracted, and checked the data. The items included: author
name, published vyear, title, journal name, CP categories,
acupuncture type, sample size, gender differences, patients’
age, analysis methods, foci details etc. When there was any
disagreement, a third reviewer (YZ) participated in the decision.

Quality assessments

Two reviewers (WRR and WW) scored the completeness
using a 10-point checklist (Strakowski et al., 2003), and
assessed the methodological quality using the Cochrane risk
of bias (ROB) tools (https://training.cochrane.org/handbook).
The measurement items of ROB tools contained seven different
items: random sequence generation, allocation concealment,
blinding of participants and personnel, blind of outcome
assessment, incomplete outcome data and selective reporting
and other sources of bias.

ALE analysis

Ginger ALE software (http://www.brainmap.org/ale) was
used for coordinate based meta-analysis. The differences in
coordinate-based brain activity changes between CP and health
control (HC), or post-pre-acupuncture in CP patients were
assessed in this review. A cluster-level family wise error
(FWE) correction was applied (P < 0.05) with thresholding
permutations of 5,000 times (Miller et al, 2018). The
resulting peak coordinates are reported in Talairach space.
Mricron (available at www.mricro.com) was applied to brain

Frontiersin Neuroscience

49

10.3389/fnins.2022.1049887

visualization for results of ALE analysis. We did not perform
the sensitivity analysis because of the small number of
included studies.

Results

Search flow

A total of 1,126 articles were retrieved. After excluding
duplicate papers, a total of 851 articles were retained. Based
on the title and abstract, a total of 820 papers were excluded,
leaving 31 papers remaining. Following a comprehensive full-
text scanning and application of established inclusion and
exclusion criteria, 14 studies with 524 CP patients were included
in the study (see Figure 1).

Study characteristics

The included CP conditions were migraine without aura
(MwoA) (Zhao et al., 2014; Han et al., 2017; Li et al., 2020;
Ning et al., 2020; Jia et al., 2021; Liu et al., 2021); menstrual
migraine without aura (MMoa) (Zhang et al., 2021); chronic
neck pain (CNP) (Hou et al,, 2014; Chen et al., 2015); chronic
shoulder pain (CSP) (Zhang et al.,, 2018); chronic low back
pain (cLBP) (Makary et al., 2018; Zou et al., 2019a; Liu et al,,
2020); chronic knee osteoarthritis (KOA) (Qu et al., 2021). The
studies using amplitude of low-frequency fluctuations (ALFF)
or regional homogeneity (ReHo) as fMRI analysis methods were
included in this study. The characteristics of included studies are
summarized in Table 1.

Quality assessment

The quality control assessments by Strakowski’s checklist
showed that the completeness scores of the included studies
are generally high (see Supplementary Table 1). Furthermore,
two reviewers (WRR and WW) independently evaluated the
methodological quality of the 14 included studies (see Figure 2
and Supplementary Figure 1). Only two studies (Zhao et al.,
2014; Chen et al, 2015) reported entirely random sequences
and allocation concealment, and only one research (Liu et al.,
2021) mentioned participant blinding, which indicates that
the majority of publications have a moderate risk of bias,
predominantly in the areas of selection and performance bias.

ALE results

Compared to the HC, patients with CP had decreased
ALFF/ReHo of left caudate and left thalamus; increased
ALFF/ReHo of right fusiform gyrus, left superior frontal
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FIGURE 1
Flow diagram of literature search.

gyrus (SFG) and bilateral medial frontal gyrus, left rectus, left
cingulate cortex including posterior cingulate cortex (PCC) (see
Supplementary Table 2, Supplementary Figures 2, 3).

After acupuncture therapy, CP patients presented with
decreased ALFF/ReHo in the precuneus, PCC, right inferior
parietal lobule, right superior temporal gyrus (STG), cingulate
gyrus, SFG, left medial frontal gyrus including medial prefrontal
gurus (mPFC), left middle frontal gyrus (MFG) (see Figure 3 and
Table 2).

Discussion

The current ALE meta-analysis pooled 14 fMRI studies
based on coordinates encompassing 6 types of CP (MwoA,
Mmoa, CNP, CSP, cLBP, KOA) to determine the effects of
acupuncture on brain regions. The quality of the included
studies were relatively moderate, as determined by the
ROB checklist and quality reporting standard guidelines.
According to rs-fMRI studies of CP patients treated with
acupuncture, the modulation pattern of CP by acupuncture
included a reduction of ALFF/ReHo signals in the DMN
(precuneus, PCC), and FPN (SFG, mPFC, MFG). The findings
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confirmed that acupuncture may produce the therapeutic
effect on CP by modulating the brain regions associated
with emotion and cognition. In addition, similar to the
findings of previous studies, abnormalities in the caudate,
thalamus, fusiform gyrus, superior frontal gyrus, and medial
prefrontal cortex were also identified in CP patients in
this review. These abnormalities in CP were associated
with pain processing, cognitive abnormalities, and emotion
regulation functions.

The trajectory of chronic pain occurred over time,
with intensity continuing and fluctuating (Mayr et al,
2022). Meanwhile, the perception of pain is a personal and
multidimensional experience, with causes mood changes such as
anxiety, depression and fear (Moriarty et al., 2011; Bushnell et al.,
2013; Moseley and Vlaeyen, 2015). The present review partially
revealed the abnormal functional activity in brain regions such
as caudate, thalamus, and PFC in patients with CP. In fact, early
studies already found abnormal functional activities in brain
regions and networks, such as DMN and the salience network
(Greenwald and Shafritz, 2018). At the cellular level, central
sensitization may be reversed by degrading glutamate receptor
pathways, but occurs rarely (Woolf, 2011). Instead, cortical brain
regions may have top-down modulation to alleviate pain.
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TABLE 1 Characteristics and clinical information of the included studies.

Source  Diagnosed Sample size Gender Age (y) Type of Foci (n) Analysis Threshold
(n) (male/female) acupuncture method
Zhaoetal.  MwoA PCs: VA1 (20), VA1 (6/14), VA1:32.9 £ 10.99; MA VA_up: 21 ReHo P <0.05
(2014) VA2 (20) VA2 (8/12) VA2: 37.25 + 9.68 VA_down: 15 (FDR)
Houetal.  CNP PCs: VAL (25), VAL (7/18), VAL: 24.73 £ 1.46; EA VA_up: 4 ReHo NA
(2014) VA2 (24) VA2 (12/12) VA2:24.79 £ 1.55 VA_down: 3
HCs: 19 HCs (8/11) HCs: 25.58 + 3.32 - PCs_HCs_up: 0
PCs_HCs_down: 1
Chenetal. CNP PCs: VA1 (25), VA1 (7/18), VAL: 25+ 1; EA VA_up: 0 ReHo P <0.01
(2015) VA2 (24) VA2 (14/10) VA2:25+2 VA_down: 4
HCs: 19 HCs (8/11) HCs: 25+ 3 - PCs_HCs_up: 0
PCs_HCs_down: 1
Han et al. MwoA PCs: 10 PCs (2/8) PCs: 31.7 MA VA_up: 0 ReHo P <0.05
(2017) VA_down: 3
HCs: 10 HCs (2/8) NA - PCs_HCs_up: 10
PCs_HCs_down: 5
Zhang etal. CSP PCs: VA1 (12), VA1 (6/6), VA1: 53.33 £ 5.26; MA VA_up: 1 ReHo P <0.05
(2018) VA2 (8) VA2 (4/4) VA2: 54,13 £ 7.45 VA_down: 3
Makary et al. ¢cLBP PCs: VA (28), VA (16/12), VA: 38.7 + 13.1; PA: MA VA _up: 65 fMRI signal ~ NA
(2018) PA (19) PA (9/10) 39.54+13.7 VA_down: 36
Zou et al. cLBP PCs: VA1 (16), VA1 (8/8), VA1:48.53 +£13.21; EA NA ReHo P <0.05
(2019b) VA2 (16) VA2 (7/9) VA2:44.21 £ 8.96
HCs: 25 HCs (12/13) PCs: 40.01 +9.75 - PCs_HCs_up: 11
PCs_HCs_down: 11
Liu et al. cLBP PCs: 12 PCs (6/6) PCs: 61.42 + 14.84 MA VA_up: 0 ReHo/FC P <0.05
(2020) VA_down: 1 (FWE)
Ningetal.  MwoA PCs: 19 PCs (3/16) PCs: 28.23 £ 6.16 MA VA_up: 1 ALFF P <0.05
(2020) VA_down: 4
HCs: 18 PCs (4/14) PCs: 27.16 £ 5.23 - PCs_HCs_up: 3
PCs_HCs_down: 2
Lietal MwoA PCs: VA1 (12), VA1 (2/10), VA1:21.75 (20.70, 22.80); MA NA fALFF P <0.05
(2020) VA2 (13), VA2 (4/9), VA2:20.85 (19.57, 22.12); (FWE)
VA3 (14), VA3 (2/12), VA3:20.78 (19.74, 21.83);
SA (13), SA (2/11), SA: 21.38 (20.75, 22.02);
WT (18). WT (4/14) WT: 21.61 (20.54, 22.68)
HCs: 43 HCs (9/34) HCs: 21.23 (20.96, 21.51) - PCs_HCs_up: 0
PCs_HCs_down: 4
Zhang etal. MMoa PCs: VA (24), VA (0/24), VA (33.04 + 6.43); MA VA_up: 4 ALFF/ReHo P <0.05
(2021) SA (20) SA (0/20) SA (35.30 £ 9.43) VA_down: 3
Quetal. KOA PCs: 80 PCs (28/52) PCs: 52.35 £ 4.62 MA VA_up: 4 ALFF P <0.05
(2021) VA_down: 1
Liu et al. MwoA PCs: 37 PCs (6/31) PCs: 37.97 £ 9.82 EA VA_up: 1 ReHo P <0.05
(2021) VA_down: 0 (FWE)
HCs: 15 HCs (2/13) HCs: 34.88 + 6.66 - PCs_HCs_up: 0
PCs_HCs_down: 2
Jia et al. MwoA PCs: 15 PCs (5/10) PCs:39.3 £12.1 MA VA_up: 0 ReHo P <0.05
(2021) VA_down: 1

MwoA, migraine without aura; MMoa, menstrual migraine without aura; CNP, chronic neck pain; CSP, chronic shoulder pain; cLBP, chronic low back pain; KOA, chronic knee
osteoarthritis; PCs, patient control; HCs, health controls; ReHo, regional homogeneity; ALFE, amplitude of low-frequency fluctuations; MA, manual acupuncture; EA, electroacupuncture;
VA, verum acupuncture; PA, phantom acupuncture; SA, sham acupuncture; WT, waiting-list; FDR, false discovery rate; FWE, family wise error; NA, not available.
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FIGURE 2
Risk of bias of each included study using Revman.

These results aligned with the previous ALE research (Ha
et al., 2022) for acupuncture modifying musculoskeletal pain,
in that both found therapeutic effects of acupuncture in the
brain regions of the caudate, and thalamus. Methodological
factors may have contributed to the differences between our
study and those of earlier findings. Firstly, we included several
kinds of CPs, including osteoarthritis, and headache, rather than
just musculoskeletal pain. Secondly, we only included research
reporting whole-brain analyses; some ROI-based approaches
were omitted in order to eliminate the possibility of regional
bias. We ultimately included 14 studies of moderate quality.
Notably, the fact that almost all studies did not satisfy the
recommended research a voxel-level threshold of P < 0.001
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or a cluster-corrected threshold of P < 0.05 contributed to
the drop in study quality. We also did not require such a
test threshold in this study, as this may not have included
enough studies.

Six different types of CP were covered in this study.
Nevertheless, the mechanisms of acupuncture modulation of
different type of CP might be distinct. For an instance, MwoA
is neuropathic pain, whereas KOA is nociceptive pain. The
pathogenic causes and mental state of the patients are diverse
between these two disorders, resulting in modifications to
distinct brain regions. In KOA, altered CNS activity led to
a sense of pain in the absence of peripheral tissue injury
or inflammation. Patients’ anticipatory of pain may modify
the forthcoming pain-evoking activation and pain sensation,
as evidenced by limbic system brain activation (Jones et al.,
2012). Nociceptive pain is somatic and visceral, which differ in
their psychophysical and neurobiological mechanisms (Cervero,
2009). The main difference between them was the process
of pain signaling and processing, which leads to different
pain perception.

The ALE analysis in this study indicated the brain
networks that acupuncture could modulate in CP patients
were the DMN, FPN, suggesting a modulatory effect of
acupuncture on CP at the neural network level. The DMN
is an important resting brain functional network consisting
of the precuneus, mPFC, inferior parietal lobule and PCC
(Buckner et al., 2008; Raichle, 2010). As a major component
of the DMN, the precuneus is responsible for processing
negative emotions caused by pain or other discomfort and
plays an important role in the cognitive function network
(Cavanna and Trimble, 2006; Blessing et al., 2016). Our
previous study discovered that acupuncture increased the
unusually low precuneus brain metabolism in migraine sufferers
(Yang et al., 2012). In conjunction with the results of ALE,
it showed that acupuncture could modulate the abnormal
precuneus function in CP to achieve a smooth strip of
emotional cognition.

The cingulate gyrus is part of the DMN and limbic system,
involving in pain perception and pain signaling. Patients with
persistent neck and shoulder discomfort exhibited aberrant
ALFF signal in the cingulate gyrus and precentral gyrus,
compared to HCs (Yue and Du, 2020). Also, acupuncture could
modulate brain regions involved in limbic system to achieve
pain relief or relieve negative effects (Shi et al., 2020), such as
hippocampus, parahippocampal gyrus, and anterior cingulate
gyrus (Hui et al,, 2010). In other words, acupuncture could
modulate the abnormal functional activity of the limbic system
in patients with CP.

The FPN was essential for pain processing involved in
attention and cognitive control, especially the dorsolateral
prefrontal cortex (DLPFC) and mPFC. Correspondingly, the
present review suggested that acupuncture could modulate
a wide range of FPN regions, including SFG, mPFC, MFG.
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FIGURE 3

Brian regions with decreased signals pre- and post-acupuncture. A cluster-level FWE correction was applied (P < 0.05).

TABLE 2 The results pf peak coordinates from ALE analysis pre- and post- acupuncture.

Cluster # X y z ALE P V4

1 4 —54 36 0017405074  0.000  —5.037
1 -8 =58 12 0012505891  0.000  —4.055
1 50 —64 36 0009757249  0.000  —3.583
1 26 —56 34 0009065375  0.000  —3.458
1 58 —60 26 0008594425  0.000  —3.329
1 42 —54 36 0008330258 0001  —3.244
1 54 —52 46 0008204443 0001  —3.189
1 -2 —44 46 0008156347  0.001  —3.161
1 14 52 24 0007928049  0.001  —3.074
1 —8  —68 22 0.007889439  0.001  —3.009
1 -2 —46 40  0.007888975  0.001  —3.009
1 4 —54 22 0.006890667  0.004  —2.693
2 -6 40 30 0.009418508  0.000  —3.527
2 -2 58 24 0.009083679  0.000  —3.462
2 -8 48 30 0.009039057  0.000  —3.422
2 4 50 30 0.008590198  0.000  —3.329
2 —14 40 22 0008063627  0.001  —3.125
2 0 42 22 0007801687  0.001  —2.988
2 -36 32 36 0006627638  0.004  —2.665
2 24 38 34 0006448573  0.004  —2.634

A negative Z value means decreased fMRI signal after acupuncture.

Acupuncture has been extensively explored for its capacity to
alleviate pain by modifying the dysfunctional DLPFC (He et al.,
2022; Liu et al, 2022; Zhang et al, 2022). Consequencely,
Ong’s team revealed the importance of PFC during placebo
analgesia and in establishing a connection between pain and
pain alleviation in bouts of cognitive performance, anxiety,
and cognitive decline (Ong et al., 2019). However, a PET-CT
study revealed real acupuncture for KOA leaded to greater
activation of the right DLPFC, ACC, and midbrain (Pariente
etal., 2005) than sham acupuncture, indicating the differences in
the modulation of brain regions by real and sham acupuncture.
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Label (nearest gray matter within 5 mm)

Right Cerebrum.Parietal Lobe.Precuneus.Gray Matter.Brodmann area 7

Left Cerebrum.Limbic Lobe.Posterior Cingulate.Gray Matter.Brodmann area 23
Right Cerebrum.Parietal Lobe.Inferior Parietal Lobule.Gray Matter.Brodmann area 39
No Gray Matter found

Right Cerebrum.Temporal Lobe.Superior Temporal Gyrus.Gray Matter.Brodmann
area 39

Right Cerebrum.Parietal Lobe.Inferior Parietal Lobule.Gray Matter.Brodmann area 40
Right Cerebrum.Parietal Lobe.Inferior Parietal Lobule.Gray Matter.Brodmann area 40
Left Cerebrum.Parietal Lobe.Precuneus.Gray Matter.Brodmann area 7

Right Cerebrum.Limbic Lobe.Cingulate Gyrus.Gray Matter. Brodmann area 31

Left Cerebrum.Occipital Lobe.Precuneus.Gray Matter.Brodmann area 31

Left Cerebrum.Limbic Lobe.Cingulate Gyrus.Gray Matter.Brodmann area 31

Right Cerebrum.Limbic Lobe.Posterior Cingulate.Gray Matter.Brodmann area 31

Left Cerebrum.Frontal Lobe.Medial Frontal Gyrus.Gray Matter.Brodmann area 9

Left Cerebrum.Frontal Lobe.Superior Frontal Gyrus.Gray Matter.Brodmann area 9
Left Cerebrum.Frontal Lobe.Superior Frontal Gyrus.Gray Matter.Brodmann area 9
Right Cerebrum.Frontal Lobe.Superior Frontal Gyrus.Gray Matter.Brodmann area 9
Left Cerebrum.Frontal Lobe.Medial Frontal Gyrus.Gray Matter.Brodmann area 9

Left Cerebrum.Frontal Lobe.Medial Frontal Gyrus.Gray Matter.Brodmann area 9

Left Cerebrum.Frontal Lobe.Middle Frontal Gyrus.Gray Matter.Brodmann area 9

Left Cerebrum.Frontal Lobe.Middle Frontal Gyrus.Gray Matter.Brodmann area 9

Limitations

This meta-analysis focused on whole-brain, resting brain
function alterations in chronic pain improvement with
acupuncture. Due to the general quality of the included
studies, the results should be interpreted with caution.
However, we included only 14 studies and did not perform a
sensitivity analysis. The findings should be interpreted with
caution due to the small number of included studies and
the heterogeneity in trial design and demographic baseline
between studies.
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Conclusion

This is the first cross-study coordinate-based meta-analysis
to uncover the modulation mechanisms of acupuncture in CP.
The results of this review provide neuroimaging evidence for
acupuncture in the treatment of CP.
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Tianjin, China, “National Clinical Research Center for Cancer, Tianjin Medical University Cancer
Institute and Hospital, Tianjin, China

Objective: To evaluate the efficacy and safety of acupuncture in treating
symptoms for Cancer-related Insomnia(CRI) patients.

Methods: Seven databases were searched from the time of database
establishment to 31 March 2022. Randomized Controlled Trials (RCTs) on
acupuncture intervention for CRIl were collected. Literature screening and data
extraction were performed independently by two researchers. Meta-analysis
was performed using RevMan 5.4 software.

Results: A total of 13 articles with 1,109 participants were included. Five
hundred and seventeen in the treatment group and 592 in the control group.
Ten of the RCTs used the PSQI rating scale and four randomized controlled
trials used the ISl rating scale, and the PSQI and ISI were analyzed together as
continuous data. The results of the meta-analysis were: MD = —1.83, 95%Cl
= [-2.71, —0.94], P < 0.0001, indicating a significant improvement in PSQI
scores in patients with CRI by acupuncture intervention; MD = 0.79, 95%Cl
= [-0.46, 2.03], P = 0.22. Acupuncture was not statistically significant on ISI
scores for patients with CRI compared to controls, which does not yet indicate
that acupuncture is effective for symptoms in patients with CRI. The results of
the meta-analysis of the other 4 items using sleep disorder logs as efficacy
analysis data were as follow, relative risk RR = 0.47, 95%Cl = [0.33, 0.66], P <
0.0001. The difference was statistically significant, indicating that acupuncture
can improve the symptoms of CRI patients compared to control group.

Conclusion: Acupuncture can improve the symptoms of patients with CRI to
some extent, but due to the relatively small number and low quality of the
included literature in this study, more high-quality clinical trials are needed as
supplement the evidences in future.

Systematic review registration: https://www.crd.york.ac.uk/prospero/.

KEYWORDS

acupuncture, cancer-related insomnia, systematic review, meta-analysis, PSQI,
efficacy
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Introduction

Cancer-related Insomnia (CRI) is also called tumor-related
sleep disorder. It refers to the subjective experience of cancer
patients who experience insufficient sleep time and sleep quality
to meet normal physiological needs after the onset of cancer,
thus affecting their daily life and health (Induru and Walsh,
2014; Zhuang and Fang, 2022). It is a more common clinical
symptom, especially in patients with breast cancer, lung cancer
and head and neck cancer (Induru and Walsh, 2014). Studies
have shown that the incidence of CRI significantly exceeds
that of the general insomnia population by a factor of two,
accounting for 52.6-67.4% (Reilly et al., 2013), and the incidence
of insomnia in cancer patients is 70.1% in China (Schieber
et al, 2019). CRI is the second most urgent concomitant
symptom of cancers after fatigue (Reilly et al, 2013). CRI
affects the quality of life of most patients (Holtdirk et al.,
2020) and prolonged insomnia can lead to greater physical and
psychological damage, leading to many other serious problems,
such as anxiety, depression and impairment of the body’s
immune function (Fleming et al., 2010; Yao and Tian, 2020),
as well as other complications, such as obesity, hypertension,
cardiovascular disease, etc. (Knutson et al., 2009). Most clinical
studies have shown that most of the drugs are currently
commonly used in clinical practice that approving by the Food
and Drug Administration (FDA), such as benzodiazepines,
anticonvulsants, antihistamines, and melatonin agonists (Asnis
et al., 2015), and the treatment effect is often <80% and many
adverse effects (Asnis et al., 2015; Wilt et al., 2016; Lu and Guo,
2021), such as drug resistance, memory loss and dependence,
etc. (Zhao, 2013). At the same time, not only does it take a
long time to treat, but it also increases the financial burden
on patients and their families, which affects the long-term
survival of patients (Groenvold et al., 2007). Therefore, finding
an effective and inexpensive alternative therapy has become an
urgent task.

Acupuncture and moxibustion in traditional Chinese
medicine has a long history, and its advantages of quit onset,
simplicity and low side effects also have an irreplaceable role
in modern treatment. As a non-pharmacological interventional
technique, acupuncture has been shown to be beneficial for most
patients from physical to psycho-spiritual aspects compared
to other alternative therapies (Gould and MacPherson, 2001;
Choi et al., 2017). Studies have shown that acupuncture can
relieve pain, fatigue, hot flashes, anxiety and depression in
cancer patients (Choi et al., 2012; Garcia et al., 2013; Posadzki
et al, 2013). Therefore, acupuncture has gradually become
one of the most popular treatment for patients (Gould and
MacPherson, 2001). With the gradual increase of clinical studies
using acupuncture for CRI in domestic and abroad, most
of the meta-analysis were made for different therapies of
acupuncture combined therapies of acupuncture and medicine
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or moxibustion (Chen, 2021; Yin et al, 2021; Wang et al,
2022; Zhuang and Fang, 2022). The results all showed that the
combined therapy were more effective for CRI, but there were
fewer studies on acupuncture alone, and no meta-analysis of
acupuncture alone for CRI was found in recent years. Recently,
some new randomized controlled trials were found to verify the
efficacy of acupuncture for CRI (Lee et al., 2022) and meta-
analysis was conducted for articles that met the study criteria
to evaluate the efficacy and safety of acupuncture for CRI
and to provide a medical reference for clinical treatment with
acupuncture therapy.

Methods and materials

Retrieval policy

Using computer to search Chinese databases: Chinese
National Knowledge Infrastructure (CNKI), WANFANG,
VIP. English databases: PubMed, Web of science, Cochrane,
Embase. Studies published from the establishment of the
databases to 31 March 2022 were searched. The retrieval
strategy of “subject words+free words” was adopted,
The search terms used are as follows: [“acupuncture” or
“electroacupuncture” or “transcutaneous electrical acupoint
stimulation (TEAS)

warming moxibustion”]

“or “auricular acupuncture” or “needle
and [“Cancer-related Insomnia”
or “tumor” or “cancer” or “neoplasia” or “CRI”] and
[“sleep” or “insomnia® or “sleep disorder”]. The rest of
the database is retrieved according to different retrieval
methods. The search strategy and search process are detailed
in the PROSPERO
has been completed in March 2022 with the registration

number CRD42022309870.

Supplementary material. registration

Inclusion criteria

(1) Research type: Randomized Controlled Trial (RCT).
(2) Participants: all adults cancer patients met the diagnostic
criteria of insomnia in National Comprehensive Cancer Network
and The Diagnostic and Statistical Manual of Mental Disorders,
5th Edition (DSM-5), regardless of cancer type, stage or disease
duration. (3) Intervention: acupuncture, electroacupuncture,
transcutaneous electrical acupoint stimulation, auricular
acupuncture, needle warming moxibustion, while western
medicine, routine care or sham acupuncture were used in
the control group. (4) Outcome index: the curative effect of
acupuncture on CRI was measured by any validated tool. The
curative effect evaluation index includes one of the following,
PSQI, ISI, sleep efficiency, sleep disorder log and subjective

self-report sleep questionnaires.
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Exclusion criteria

(1) Articles on the combination of acupuncture and
medicine or the combination of acupuncture and moxibustion
with other therapeutic interventions. (2) Insomnia was not
caused by tumor or cancer. (3) The outcome indicators did
not meet the inclusion criteria, the data and information are
incomplete. (4) Repeated articles. (5) Articles with Jadad scores
below 3 scores.

QOutcomes

Currently the most commonly outcome indicators are PSQ],
IST and sleep efficiency. PSQI can evaluate sleep quality, sleep
dysfunction in clinical and non-clinical samples (Mollayeva
et al, 2016). The secondary outcomes included ISI and
effective rate. The ISI is used to assess the character and
symptoms of the subjects sleep disorder. ISI has beneficial
internal consistency, temporal stability and construct validity
of instrument for diagnosing CRI patients (Savard et al., 2005).
Effective rate included sleep disturbance after treatment, sleep
information recorded with sleep diaries, or sleep quality assessed
with other validated questionnaires. Security indicators include
adverse events.

Data extraction

Two researchers (CaiYun Liu and DongSheng Ba)
independently screened articles that met the inclusion
criteria and extracted data, and summarized the authors,
publication year, subjects (gender-age characteristics, tumor
type, sample size), intervention mode, control mode, outcome
index and adverse events into an excel table. If the two
researchers disagree, they will be reviewed by a third researcher

(HaiXin Yu).

Quality assessment of included studies

The evaluation of the literature was performed using the
risk of bias assessment tool in the RevMan 5.4 software
provided by the Cochrane Collaboration Network, which
focuses on the following components: (1) Random sequence
generation; (2) Allocation concealment scheme; (3) Blinding
of participants and personnel; (4) Blinding of outcome
assessment; (5) Incomplete outcome data; (6) Selective outcome
reporting; (7) Other bias (Higgins et al, 2011). The above
seven biases were assessed, with red representing high risk,
yellow representing unclear risk, and green representing
low risk.
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Statistical methods

Meta-analysis was performed using RevMan 5.4 software,
and Relative Risk (RR) was used for efficacy analysis results;
Mean Difference (MD) was used for continuous analysis results,
and 95% confidence intervals (CI) were given. The 1% statistic
(0-100%) was used to assess the heterogeneity between the
results of studies expressing different intervention modalities,
and when the statistical heterogeneity between studies was
small (P>0.1, 2 < 50%), it indicated that the results were
not statistically significant and a fixed-effects model was used.
When there was a large statistical heterogeneity between
studies (P < 0.1, 12 > 50%), it indicated that the results
were statistically significant, and the source of heterogeneity
was identified and subgroup analysis was performed. When
statistical heterogeneity existed between subgroups without
significant clinical heterogeneity, a random-effects model was
used and the results were analyzed.

Results

Study selection

Through the retrieval of various databases, a total of 1,229
articles were identified from the preliminary searches, including
85 Chinese articles and 1,144 English articles. After eliminating

Records identified through database
(n=1144)
(PubMed. Web of Science.
Cochrane. Embase)

Records identified through
database(n=85)
(CNKI. WanFang. VIP)

Records after duplicates removed

(n=926)
Record excluded
(n=897)
Full-text articles assessed
for eligibility
g2 0 Record
(n=29)
luded(n=16):Non-ac
upuncture
studies(n=7);excluded
RCT(n=4);Needle
Read the full-text combination(n=1);Inso
screening literature mnia is not the primary
(n=13) outcome(n=1);:No
experimental data(n=3)
Included in the literature
(n=13)

FIGURE 1
PRISMA flow diagram of included articles.
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duplicate articles (n = 303), remaining 926 articles, and after
reading the titles and abstracts of the articles, the articles were
excluded according to the requirements of the inclusion criteria
(n = 897), 29 remaining articles were excluded after reading the
full text (n = 16), and finally 13 RCTs were included, 3 in Chinese
(Song et al., 2015; Peng et al., 2016; Shen et al., 2016) and 10 in
English (Feng et al., 2011; Bokmand and Flyger, 2012; Frisk et al.,
2012; Mao et al.,, 2014; Garland et al., 2017, 2019; Bao et al., 2021;
Hoxtermann et al., 2021; Zhang et al., 2021; Lee et al., 2022). The
flow of trials outlined in Figure 1.

Study information

The basic information in the articles were collected
after reading the full text and plotted in Table 1, which
included the author, year of publication, tumor type, gender-
age characteristics, sample size, intervention, control modality,
outcome indicators and adverse events. As known from the
table, a total of 1,109 subjects were included in the 13
RCTs, including 517 in the treatment group and 592 in the
control group. The treatment group included 3 treatment:
electroacupuncture (Frisk et al., 2012; Mao et al., 2014; Shen
et al., 2016; Garland et al., 2017; Bao et al., 2021; Zhang et al.,
2021; Lee et al., 2022) (n = 7), manual acupuncture (Feng et al.,
2011; Bokmand and Flyger, 2012; Song et al., 2015; Peng et al.,
2016; Garland et al,, 2019) (n = 5) and auricular acupuncture
(Hoxtermann et al., 2021) (n = 1). Of the 13 included articles,
11 (Feng et al., 2011; Mao et al., 2014; Song et al., 2015; Peng
et al., 2016; Shen et al., 2016; Garland et al., 2017, 2019; Bao
et al.,, 2021; Hoxtermann et al.,, 2021; Zhang et al,, 2021; Lee
et al., 2022) provided results for PSQI and ISI as continuous
data measures, of which 7 (Feng et al., 2011; Mao et al., 2014;
Song et al,, 2015; Peng et al., 2016; Shen et al., 2016; Garland
et al,, 2017; Hoxtermann et al.,, 2021) had PSQI as the primary
outcome indicator and 3 (Garland et al., 2019; Zhang et al., 2021;
Lee et al., 2022) had ISI as the primary outcome indicator; 3
(Garland et al., 2019; Zhang et al., 2021; Lee et al., 2022) had
PSQI as the secondary outcome indicator and 1 paper (Bao et al.,
2021) had IST as the secondary outcome indicator. Another four
(Bokmand and Flyger, 2012; Frisk et al., 2012; Song et al., 2015;
Peng et al., 2016) provided results for efficacy analysis measures.

Risk of bias and quality assessment

All included RCTs correctly used the randomization
allocation method, with 9 items (Feng et al., 2011; Bokmand
and Flyger, 2012; Mao et al., 2014; Song et al, 2015; Peng
et al., 2016; Shen et al., 2016; Garland et al., 2017; Hoxtermann
et al, 2021; Zhang et al, 2021) using random number
tables, 2 items (Frisk et al., 2012; Lee et al., 2022) using stratified
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randomization, and 2 items (Garland et al., 2019; Bao et al,,
2021) using random squares. Seven items (Bokmand and Flyger,
2012; Mao et al.,, 2014; Garland et al., 2017, 2019; Hoxtermann
et al., 2021; Zhang et al, 2021; Lee et al, 2022) mentioned
allocation concealment (six Bokmand and Flyger, 2012; Mao
et al, 2014; Garland et al, 2017, 2019; Zhang et al., 2021;
Lee et al., 2022 for opaque or closed envelope hiding and one
Hoxtermann et al., 2021 for central random hiding), and the rest
were not mentioned. Three items (Bokmand and Flyger, 2012;
Bao et al.,, 2021; Zhang et al., 2021) were blinded to subjects and
researchers. Four items (Garland et al., 2019; Bao et al.,, 2021;
Zhang et al., 2021; Lee et al., 2022) implemented blinding of
outcome assessors. Five items (Frisk et al., 2012; Mao et al., 2014;
Peng et al,, 2016; Bao et al., 2021; Zhang et al., 2021) reported
cases missing visits or active withdrawals, of which the number
and reasons for missing visits or withdrawals were unbalanced,
and the remaining eight (Feng et al., 2011; Bokmand and Flyger,
2012; Song et al., 2015; Shen et al., 2016; Garland et al,, 2017,
2019; Hoxtermann et al., 2021; Lee et al., 2022) had no personnel
withdrawal. Selective reporting bias was low. For the presence of
other biases, none of the 13 RCTs mentioned (Figure 2).

Primary outcome

PSQL: Ten of the included studies (Feng et al., 2011; Mao
et al., 2014; Song et al., 2015; Peng et al., 2016; Shen et al., 2016;
Garland et al., 2017, 2019; Hoxtermann et al., 2021; Zhang et al.,
2021; Lee et al,, 2022) addressed changes in PSQI before and
after treatment, with a total of 831 participants, of whom 416
were in the experimental group and 415 in the control group.
The heterogeneity test was first performed with P = 0.001 and
I? = 67%, showing a large heterogeneity between studies, and a
random effects model was adopted for meta-analysis. The results
showed that the effect size MD = —1.83, 95% CI = [—2.71,
—0.94], P < 0.0001. The difference was statistically significant,
indicating acupuncture was effective in treating patients with
CRI compared to the control group (Figure 3).

Subgroup analysis was performed according to the different
intervention methods, and the results of the subgroup analysis
showed that the heterogeneity among the three subgroups was
P = 0.84, I> = 0%, indicating that there was no heterogeneity
among the subgroups, and the effect size after the three
subgroups were combined was P = 0.001, I? = 67%, indicating
that there was heterogeneity. As we can see from the figure, the
literature data on manual acupuncture for patients with CRI may
be a source of heterogeneity, so a random effects model was
used for analysis, MD = —1.83, 95%CI = [—2.71, —0.94], P <
0.0001. The difference is statistically significant, indicating that
acupuncture treated CRI patients with better symptoms than the
control group (Figure 4).
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TABLE 1 Basic information of the included literature.

Reference Age; Gender (T/C)  Cancer type sample dose Interventions Control (regimen) Outcomes Adverse events
Bao et al. (2021) Age:60.3/62.7/57.3 13 types of cancer n=75 EA Sham EA (Sham-Retractable ISI T: Adverse events were reported in
Gender (F:M) : 20:7/ including breast cancer, T:27 nonpenetrating needles 6 patients, 3 with pain at the
19:5/ 21:3 colon cancer, lung C:24 at non-acupoints); routine acupuncture site, 2 with abrasions,
cancer, ovarian cancer, UC:24 care and 1 with claustrophobia after
and endometrial cancer wearing an eye patch
Bokmand and Age:54.1/53. breast cancer n=94 Manual acupuncture Sham acupuncture Sleep disturbance T: 5 women had side effects, colds
Flyger (2012) 4 Gender:F T:31 (superficial penetrating (logged as yes or no) and sensitivities. C: 5 women had
C:29 needles at non-acupoint); no side effects including fatigue and
NT:34 treatment joint tenderness.
Feng et al. (2011) Age:63.8/63.6 7 types of malignant n =80 Manual acupuncture Fluoxetine capsules (20 PSQI None
Gender: tumors including lung T:40 mg/day for 30 days)
(F:M) :14:26/13:27 cancer, gastric cancer, C:40
lymphoma,breast cancer,
colorectal cancer, and
ovarian cancer
Frisk et al. (2012) Age:54.1/53.4 Breast cancer n=45 EA Hormone therapy Sleep Disorder Log (1) None
Gender:F T:26 (tamoxifen/tolimifen) Hours of sleep per night;
C:18 (2) Number of wake-ups
during the night
Garland et al. Age:52.9/50.4 Breast cancer n=>58 EA Gabapentin tablets (300 mg PSQI,specific PSQI None
(2017) Gender:F T:30 for 3 days,followed twice daily ~ domain
C:28 for 3 days, then thrice daily
for rest 50 days (8 weeks
totally)
Garland et al. Age:62.3/60.7 Breast cancer, prostate n =160 Manual acupuncture Cognitive behavioral therapy ISL, PSQI T: Soreness, itching and pain at the
(2019) Gender cancer, hematologic T:80 (5 weekly sessions, followed acupuncture site (n =9). C:
(F:M) :43:37/48:32 cancer C:80 by 2 biweekly sessions,7 Lethargy and daytime fatigue (n =

sessions totally over 8 weeks)
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TABLE 1 (Continued)

Reference Age; Gender (T/C)  Cancer type sample dose Interventions Control (regimen) Outcomes Adverse events
Lee et al. (2022) Age:57.63/62.33/61.38 Breast, thyroid and other n=22 EA Sham EA (a blunt end not ISI, PSQI T: 2 cases of headache, 1 case of
Gender (F:M) :6:1:5/2:5:3  cancers T:8 penetrating the skin); routine cough, low back pain, common
C:6 care cold, enteritis, dizziness, knee joint
UcC:8 pain, rhinitis, and 1 case of
dyspepsia. C: 2 cases of common
cold,1 case of shoulder joint pain,
skin allergy, lymphadenitis,
hematuria, and 1 case of dyspepsia.
UC: arthritis, skin spots, diarrhea,
dyspepsia, toothache, and intestinal
obstruction in 1 case each.
Mao et al. (2014) Age:59.7 (41-76) breast cancer n=67 EA Sham EA (nonpenetrating PSQI T: tingling, numbness, pain at
Gender:F T:22 needles at non-acupoints); needling site (n = 6); C: 4 case.
C:22 waiting list comparison
WLC:23
Zhang et al. Age:52.5/52.7 Breast cancer n=28 EA waiting list comparison ISL, PSQI T: Soreness, itching and pain at the
(2021) Gender:F T:13 acupuncture site (n = 9), mild and
C:15 moderate. C: Lethargy and daytime
fatigue (n = 5),mild and moderate.
Peng et al. (2016) Age:59.36/60.95 Tumor type unknown n =208 Manual acupuncture Eszolam tablets (1mg/day for PSQL, Effective rate None
Gender: (F:M) :36/68 T:104 7 days)
C:104
Hoxtermann et al. Age:56.6/54.8 Breast cancer n=>52 auricular Psychoeducation (1 session PSQI T: 39 cases of bruising, pain, hot
(2021) Gender:F T:26 acupuncture psychoeducation+insomnia flashes, pressure sensitivity, etc.
C:26 advice booklet)
Song et al. (2015) Agemn.r Tumor type unknown n=120 Manual acupuncture Eszolam tablets (1 mg/day for PSQI, Effective rate None
Gender:n.r T:60 7 days)
C:60
Shen et al. (2016) Age:54.9/58.1 Lung cancer n =100 EA Analgesic drugs combined PSQI None
Gender (F:M) : T:50 with zolpidem (10 mg/day for
28:22/31:19 C:50 4 weeks)

N, total number of subjects, F, female; M, male; T, experimental group; C, control group; UC, usual care group; EA, electroacupuncture; N'T, blank group; WLC, waiting list control group; n.r, not reported.
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FIGURE 2
Risk of bias of included trials. (A) Assessment of risk of bias presented as percentages across all included studies. (B) Risk of bias summary for
each included study.

Secondary outcome the changes in ISI before and after treatment in a total of
237 participants, of which 120 were in the experimental group
ISI: Four of the included studies (Garland et al., 2019; Bao and 117 in the control group. A heterogeneity test was first

et al,, 2021; Zhang et al, 2021; Lee et al,, 2022) addressed performed with P = 0.15, 12 = 44%, s0 a fixed-effects model was

Frontiersin Neuroscience frontiersin.org
62


https://doi.org/10.3389/fnins.2022.1026759
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Yu et al.

10.3389/fnins.2022.1026759

Experimental Control Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Feng 2011 792 1.22 40 11.44 189 40 171% -352[4.22,-287 .

Garland 2017 65 38 30 76 38 28 9.8% -1.10[-3.08 0.88] E
Garland 2019 741 TN 75 6.2 6.41 73 8.8% 1.21 [-0.99, 3.41] =T o
Hixtermann 2021 78 34 26 83 35 26 10.3%  -1.50[3.38,0.38] G SR

Lee 2022 9.25 414 g8 1056 5.01 6 28% -1.31[6.24 362

Mao 2014 73 I3 21 6.8 B 20 3.8% 0.50 [-3.58, 4.58]

Peng 2016 1056 5.41 93 13.38 526 97 12.2% -282[4.34,-1.30] SR I

Shen 2016 6.55 2.21 50 845 1.74 50 16.6% -1.90[268,-1.12] T

Song 2015 1058 3.61 60 12897 271 60 145% -239[3.53,-1.25] e

Zhang 2021 86 502 13 97 533 15  42%  -1.10[4.94,2.74] — = S
Total (95% CI) 416 415 100.0% -1.83[-2.71,-0.94] ’
Heterogeneity: Tau®= 1.07; Chi*= 27.27, df= 9 (P = 0.001); F=67% t t

Test for overall effect. Z= 4.05 (P < 0.0001)

FIGURE 3
Forest plot of PSQI scale scores.
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FIGURE 4
Subgroup analysis of PSQI scores.
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adopted for meta-analysis. The results showed that the effect size
MD = 0.79, 95%CI = [—0.46, 2.03], P = 0.22. The ISI scores of
patients with CRI in the treatment group intervention were not
statistically significant compared to the control group (Figure 5).

Subgroup analysis was performed according to the different
intervention methods and the results of the subgroup analysis
showed that the heterogeneity between the two subgroups was
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P = 0.15, MD = 0.16, I> = 44%, indicating that there was no
heterogeneity between the two subgroups, and the effect size
after the combination of the two subgroups was P = 0.07, I? =
70.1%, indicating that there was heterogeneity. As can be seen
from the figure, literature data on electroacupuncture for CRI
patients may be a source of heterogeneity, so meta-analysis was
performed using a random effects model, MD = 0.16, 95%CI =
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FIGURE 5
Forest plot of IS| scale scores.
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FIGURE 6
Subgroup analysis of ISI scores.
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[—1.92,2.23], P = 0.88 indicating that acupuncture improved ISI
decline in CRI patients compared to controls without statistical

significance (Figure 6).

Efficacy analysis

Four of the included studies (Bokmand and Flyger, 2012;
Frisk et al., 2012; Song et al., 2015; Peng et al., 2016) reported
changes before and after sleep disorders in a total of 407
participants, including 203 in the experimental group and 204
in the control group. A heterogeneity test was first performed
with P = 058, > =
adopted for meta-analysis, which showed that acupuncture

0%, and a fixed-effect model was
improved CRI patients better than controls in terms of sleep

disturbances (RR = 0.47, 95%CI = [0.33, 0.66], P < 0.0001)
(Figure 7).
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Summary of acupuncture treatment and
security analysis

The acupuncture treatment sessions varied among studies
(Table 2). The most commonly used acupoints were: Baihui
(GV20), Shenting (GV24), Neiguan (PC6), Sishencong ( (EX-
HNI1), Yintang (EX-HN3), Zusanli (ST36), all of which were
used at least three times, with a possible selection of 2-12
points in each study, and a minimum treatment duration
of 1 week and a maximum of 10 weeks, ranging from 20
to 30 minutes. Another study chose auricular acupuncture
(Hoxtermann et al., 2021) with a duration of 33 days, shorter
than manual acupuncture and electroacupuncture. The most
common adverse effects of acupuncture in the included studies
were pain, pruritus, bruising, and colds. Comparison the
relatively low number of adverse events in the experimental
group compared to the control group indicates that acupuncture
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Test for overall effect: Z=4.35 (P = 0.0001)

FIGURE 7
Forest plot of dichotomous data.
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has fewer side effects in the treatment of CRI and has advantages
in terms of safety compared to other treatments (e.g., sham
acupuncture and cognitive behavioral therapy).

Discussion

Cancer-related insomnia should belong to the category
of “insomnia” from the perspective of Traditional Chinese
Medicine, and “insomnia” can be traced back to the “The
Yellow Emperors Canon of Internal Medicine”. CRI is due to
the fact that after chemoradiotherapy drugs enter the human
body, the struggle between anti-pathogenic gi and pathogenic
factors, resulting in disharmony between yin and yang, which
leads to insomnia. In addition, the tumor itself belongs to
the deficiency of the essence and excess, mostly due to the
intertwined phlegm and blood stasis, which affects the function
of viscera, the phlegm mists the heart, and the blood stasis
stagnates the gi movement (Lu and Guo, 2021). Acupuncture
therapy has the effect of regulate and harmonize yin and yang,
dredging the meridians, and exerting its effect through related
acupoints. Modern research has shown that the pathogenesis of
insomnia is complex and closely related to the central nervous
system (Bonnet and Arand, 1997), and studies have shown that
patients with insomnia often over-active the sympathetic nerves
during sleep thus accelerating metabolism in the body (Liu et al.,
2022), what's more, acupuncture can affect sleep by activating
parasympathetic nerves and inhibiting sympathetic nerves (Li
et al, 2003; Liu et al, 2022). In addition, acupuncture can
regulate central neurotransmitters, immune cytokines (Li, 2021),
a series of chemical factors (Wei et al., 2021) and antioxidant
defense systems (Li, 2021) to promote the restoration of balance
between yin and yang in the body and achieve improved sleep.

Meta-analysis of 11 RCTs studies of acupuncture for the
treatment of symptoms in patients with CRI showed that
acupuncture was effective in improving sleep disturbance and
reducing PSQI scores, but it could not be stated whether it
could reduce ISI scores, due to the small sample size included
in this study and the low quality of the articles. In addition,
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the type of tumor included in the study was not homogeneous,
which could have an impact on the results. The control group of
RCTs selected for the studies had not only sham acupuncture,
but also a variety of interventions such as western medicine
and routine care, which may have caused some error in the
results. In terms of outcome indicators, the use of sleep logs and
questionnaires as evaluation indicators in some RCTs may also
have some limitations on the final results. In addition, in terms
of adverse events, seven of the included articles (Bokmand and
Flyger, 2012; Mao et al., 2014; Garland et al,, 2019; Bao et al,,
2021; Hoxtermann et al., 2021; Zhang et al., 2021; Lee et al., 2022)
mentioned mild to moderate reactions with different symptoms,
such as acupuncture pain, cough, skin allergy, bruising and so
on. In the subgroup analysis results showed that acupuncture
or electroacupuncture had more positive efficacy and higher
safety compared to drugs such as eszopiclone and gabapentin
for the treatment of CRI, while some articles were less good and
there were no good solutions mentioned in the text for these
adverse reactions, which is something we need to improve in
the future when using acupuncture therapy. The study shows
that the probability of selecting these acupoints Baihui, Shenting,
Neiguan, Sishencong, Yintang, and Zusanli is high, which may
indicate that these acupoints have some improvement effect on
the treatment of CRI, but the specific acupuncture protocol
is not clear, and further investigation on the selection of
acupuncture points is needed in the future. Moreover, although
acupuncture treatment has fewer side effects, there is no clear
solution to these adverse effects, which is what we need to
improve in the use of acupuncture in the future, such as pain,
itching, bruising, colds,etc. We found the funnel plot was highly
biased (Supplementary Figure S1), we think the main reasons
are as follows: Firstly, interventions are complex; Secondly,
different acupoints selection. Therefore, reducing bias greatly is
also an area for us to improve in the future.

Limitations of the study: (1) The reason of large
heterogeneity in meta-analysis may be due to the diversity
in the
types of drugs, doses, acupuncture times, and acupuncture
point selection in the control group. (2) The different

of intervention methods, as well as differences
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TABLE 2 Summary of acupuncture treatment.

Include literatures

Acupuncture type

Acupoints

10.3389/fnins.2022.1026759

Treatment regimen

Bao et al. (2021)

Bokmand and Flyger (2012)

Feng et al. (2011)

Frisk et al. (2012)

Garland et al. (2017)

Garland et al. (2019)

Lee et al. (2022)

Mao et al. (2014)

Zhang et al. (2021)

Peng et al. (2016)

Hoxtermann et al. (2021)

Song et al. (2015)

Shen et al. (2016)

EA

Manual acupuncture

Manual acupuncture

EA

EA

Manual acupuncture

EA

EA

EA

Manual acupuncture

Auricular acupuncture

Manual acupuncture

EA

Hegu (LI4), Neiguan (PC6), Houxi (SI3), Taichong
(LR3), Xiaxi (GB43), Fenglong (ST40), Bafeng 2,
Bafeng 3

Neiguan (PC6), Sanyinjiao (SP6), Taichong (LR3),
Taixi (KI3)

Sishencong (EX-HN1), Baihui (GV20), Yintang
(EX-HN3), Neiguan (PC6), Shenmen (HT?7), Fenglong
(ST40), Sanyinjiao (SP6), Yinlingquan (SP9), Xuehai
(SP10)

Baihui (GV20), Xinshu (BL15), Shenshu (BL23),
Ciliao (BL32), Neiguan (PC6), Shenmen (HT7),
Yinlingquan (SP9), Sanyinjiao (SP6), Taichong (LR3)
Taixi (KI3), Sanyinjiao (SP6), plus Guanyuan (CV4) if
supine position or Shenshu (BL23) if prone
position;and up to 4 supplemental points

Shenmen (HT?7), Sanyinjiao (SP6)

Baihui (GV20), Yintang (EX-HN3), Neiguan (PC6),
Shenmen (HT?7), Jinmen (BL63), Dazhong (KI4), and
4 more additional points

distant acupoints plus at lease 4 local acupoints
around the most painful joint

Shenting (GV24), Baihui (GV20), Sishencong
(EX-HN1), Neiguan (PC6), Sanyinjiao (SP6) ), Taixi
(KI3), and 4 additional points

Baihui (GV20), Shenting (GV24), Yintang (EX- HN3),
Shenmen (HT?7), Zusanli (ST36), Sanyinjiao (SP6)
Postantitragal belt, helix channel, shen men.
Additional points were used to address comorbid
symptoms

Shenting (GV24), Baihui (GV20), Yintang (EX-HN3),
Shenmen (HT?7), Zusanli (ST36), Sanyinjiao (SP6)
Yintang (EX-HN3), Sishencong (EX-HN1), Anmian
(EX- HN16), Qihai (CV6), Hegu (LI4), Quchi (LI11),
Shenmen (HT7), Zusanli (ST36), Zhaohai (KI6),
Shenmai (BL62), Taichong (LR3), and additional

points

Biweekly for first 2 weeks, then weekly for 6 weeks;30

min/session;10 sessions totally

Once weekly for 5 wks;15-20 min/session;5 sessions
totally
Once daily for 30 days;20-30 min/session;30 sessions

totally

Twice weekly for 2 weeks, followed by once weekly for

10 weeks;30 min/session;14 sessions totally

Twice weekly for 2 weeks, followed by once weekly for

6 weeks;30 min/ session; 10 sessions totally

Twice weekly for 2 weeks, followed by once weekly for
6 weeks;30 min/ session;10 sessions totally
2-3 times a week for 4 weeks, for 30min/session, 10

sessions totally

Twice weekly for 2 weeks, followed by once weekly for
6 weeks;30 min/ session;10 sessions totally

Twice weekly for 6 weeks;25 min/session;12 sessions
totally

Once daily forl week; 30 min/session

Twice weekly for 5 weeks; 20 min/session; 10 sessions

totally

Once daily for 7 days;30 min/session;7 sessions totally

Once daily for 4 weeks;30 min/session;28 sessions

totally

EA, electroacupuncture.

types of cancer in studies, included types of breast cancer,
thyroid cancer, colon cancer, and lung cancer, may also
lead to different analysis results. In order to obtain better
efficacy of acupuncture for CRI, future clinical trials can
interventions,

be conducted on different acupuncture

compatibility of acupuncture point selection, needle
retention time, and different cancer types and periods of
onset to determine the clinical benefits of acupuncture for

this disease.
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Conclusion

This study shows that acupuncture can improve the
symptoms of CRI patients to some extent, sleep quality evaluated
by PSQI improved, which is clinically useful and safe, and
provides a basis for clinical treatment. Empirically, if combined
with acupuncture and pharmacotherapy or alternative therapies,
there may be a greater improvement in improving sleep quality.
In terms of the safety of acupuncture efficacy, there is a
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need to further improve and ameliorate the adverse effects
associated with acupuncture. However, because of the small
amount and low quality of data included in this study, more large
samples and high-quality clinical trials are needed to supplement
the literature.
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Objective: To conduct a systematic review and meta-analysis to evaluate the
effectiveness of Traditional Chinese Exercise (TCE) for sarcopenia.

Methods: A literature search was conducted in eight online databases from
inception until September 2022. Based on the Cochrane risk of bias tool,
randomized controlled trials (RCTs) with RoB score > 4 were included for
further analyses. The primary outcome was muscle strength and physical
function, and the secondary outcomes were adverse events. Data collection
and analyses were conducted by RevMan 5.4 Software. GRADE system was
used to evaluate the certainty of evidence.

Results: A total of 13 eligible RCTs with 718 subjects were identified and
Tai Chi; and 1 involved Baduanijin. Meta-analyses showed that TCE had better
clinical effects than control measures in the chair stand test (P < 0.00001,
|2 = 38%; Certainty of evidence: Moderate), squatting-to-standing test
(P < 0.00001, 12 = 0%; Certainty of evidence: Moderate), 6-m gait speed
(P < 0.00001, 12 = 13%; Certainty of evidence: Moderate), Time Up and Go Test
(P = 0.03, 12 = 81%; Certainty of evidence: Low), peak torque of the extensors
(P = 0.03, 12 = 0%; Certainty of evidence: Moderate), total work of the
extensors (P = 0.03, |12 = 35%; Certainty of evidence: Moderate), peak torque
of the flexors (P = 0.03, 12 = 47%; Certainty of evidence: Low), total work of the
flexors (P = 0.02, 12 = 42%; Certainty of evidence: Low), the average power of
the flexors (P = 0.03, 12 = 30%; Certainty of evidence: Moderate), and balance
function (P < 0.00001, 12 = 53%; Certainty of evidence: Low). In additional, no
adverse events were reported in participants who receive TCE.
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Conclusion: The findings of the present systematic review, at least to
a certain extent, provided supporting evidence for the routine use of

TCE for sarcopenia.

traditional Chinese exercise, traditional Chinese medicine, sarcopenia, systematic

review, meta-analysis

Introduction

Sarcopenia, a skeletal muscle disorder, is related to the
accelerated loss of physical function and muscle mass (Cruz-
Jentoft and Sayer, 2019). It is a progressive and generalized
disease that is common in the elderly and is associated
with various adverse outcomes including fall down, functional
decline, and bodily weakness (Cruz-Jentoft et al, 2019). It
severely affects the normal physiological function and quality
of life of the elderly, and even shortens their lifespan (Mohd
Nawi et al., 2019). In recent years, the aging of the population
has become a serious social problem all over the world, and
sarcopenia has received increasing attention (Jensen et al., 2020).
Exercise, nutrition, and pharmacotherapy are the mainstays
of treatment for sarcopenia in the elderly (Cruz-Jentoft et al.,
2014). There is currently no specific cure for sarcopenia.
Some drugs may benefit muscles, such as hormones, but these
drugs may cause serious adverse effects (Gaskin et al., 2003;
Veldhuis et al., 2011). Exercise therapy is regarded as one of
the major means of treating sarcopenia in the elderly, mainly
including resistance exercise and aerobic exercise (Kakehi et al.,
2022).

Traditional Chinese exercise (TCE) is a therapeutic, aerobic,
and mind-body exercise, which originated from traditional
Chinese medicine and can be traced back to approximately
3,000 years ago (Zhang et al., 2017). As a major integral part of
non-pharmacological traditional Chinese medicine, TCE mainly
characterized by gentle movements emphasizing physical and
mental relaxation (Zhou et al,, 2019; Zeng et al., 2020). Previous
studies had reported the significant effects of TCE in improving
patients’ physical status in various diseases including metabolic
diseases (Zou et al,, 2019), degenerative diseases (Fidan et al,,
2019), cardiovascular diseases (Wu et al., 2020), respiratory
disease (Reychler et al., 2019), endocrinopathies (Meng et al.,
2018), and cancer (Wayne et al., 2018).

Currently, increasing numbers of clinical trials have
reported that TCE has been used for treating sarcopenia. More
and more randomized controlled trials (RCTs) demonstrated
that TCE can significantly improve patients’ physical status
(Zhu Y. et al,, 2019). However, results from different studies
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are inconsistent, and sometimes are contrary due to different
sample sizes or duration time. The conclusions from current
studies have remained controversial, and the evidence provided
by these studies are require assessment. Therefore, it is worth
undertaking a systematic review and meta-analysis to investigate
the effectiveness of TCE for patients with sarcopenia.

Methods

The present study is reported based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement (Moher et al., 2009).

Database and search strategies

We searched four international online databases (PubMed,
EMBASE, Cochrane library, and Web of Science) and four
Chinese online databases (VIP information database, Chinese
National Knowledge Infrastructure (CNKI), Wan Fang Data
Information Site, and Chinese Biomedical Literature Database)
from inception to September 2022. Additionally, other relevant
studies including references cited by previously published
systematic reviews, conference proceedings, and dissertations
were also manually searched in this study. The following
search strategy was used for PubMed and was modified to suit
other databases.

Traditional Chinese exercise
Qigong

Tai Chi

Baduanjin

Kungfu

Wuginxi

OR/1-7

Sarcopenia

O ® NS L WD

10. Sarcopenias
. OR/8-9
12. 8ANDI11

—
—
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Eligibility criteria

Types of studies

In the present study, we only included RCTs that evaluate
the efficacy and safety of TCE for sarcopenia. As some studies
used the birthday, ID number, or hospitalization number as
the basis for random generation, these Quasi-RCTs studies
were excluded. There is no limitation on language, blinding, or
publication type of included studies.

Types of participants

All participants with a diagnosis of sarcopenia met one of
the following criteria: (i) established definition of sarcopenia by
the European Working Group on Sarcopenia in Older People
(EWGSOP) (Cruz-Jentoft et al., 2010); (ii) established definition
of sarcopenia by Roubenoft (2000); (iii) established definition by
the Asia Working Group for Sarcopenia (AWGS) (Chen et al.,
2014). Other diagnostic criteria with comparable definitions
were also used.

Types of interventions

Traditional Chinese exercise monotherapy was used in the
treatment groups. There is no limitation on the frequency,
intensity, or course of TCE. The comparator was one of the
followings: no training or health education. The included studies
should include one of the following comparisons: (1) TCE vs. no
training; (2) TCE vs. health education.

Types of outcome measures

The primary outcome was muscle strength and physical
function, which was assessed by different measures including
the Grip Strength Test, Chair Stand Test, Squatting-To-Standing
Test, 6-m gait speed, Peak Torque of muscle, Total Work of
muscle, Average Power of muscle, Timed-Up-and-Go Test, Berg
Balance Scale. All of the outcome measurements were conducted
at the endpoint of treatment by the researchers in each trial.

Study selection and data collection

Two investigators of our group selected the potential
references by screening the title and abstract of each article.
For those potentially eligible studies, full articles were
downloaded from databases. The two investigators read the
whole article independently and made the final decision on
including the articles or not. For each eligible study, the
following information was collected: the first author’s name
and year of publication, final diagnosis, diagnosis criteria,
study design, sample size, gender composition, the mean age
of participants, interventions, duration of treatment, follow-
up, main outcome measures, and its corresponding p-value. If
the necessary data were expressed graphically or not recorded
in the manuscripts, we tried to contact the original author
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for further information by phone or email or calculated
by ourselves if available. Any disagreement between the
two investigators was resolved through a discussion with
the third author.

Risk of bias

We assessed the methodological quality of the RCTs
included in the present study with the seven criteria
recommended by the Cochrane Collaboration (Cumpston
etal., 2019). The seven components were as follows: A. adequate
sequence generation; B. concealment of allocation; C. blinding
(participants and personnel); D. blinding (outcome assessor);
E. incomplete outcome data addressed (ITT analysis); F.
selective reporting; G. other biases. Each of these indicators
was categorized as high risk of bias, low risk of bias, and
unclear. For each item, a score of 1 or 0 was given depending
on whether the study provided adequate information in the
relevant domain. Only RCTs with a cumulative score of at least
4 out of 7 for the Cochrane RoB tool domains were included
in this systematic review. Adequate sequence generation
must achieve status as low risk of bias as it is the certain key
criteria. Disagreements were settled by a discussion with the
corresponding author.

Grading the certainty of the evidence

The updated GRADE system (Guyatt et al, 2013) was
applied to assess the certainty of evidence using four grades:
high, moderate, low, and very low. The low and very low
certainty of evidence means that the true effect is likely to
be substantially different from the estimate of effect, and we
have little or very little confidence in the effect estimate. Any
discrepancy about grading the certainty of the evidence was
resolved through discussion with the corresponding author.

Data synthesis and analysis

The software Cochrane Collaboration Review Manager
(RevMan 5.4) was used to summarize the data of eligible
studies and performed meta-analysis. Weighted mean difference
(WMD) was adopted to analyze the continuous data, and
risk ratio (RR) was adopted to analyze the dichotomous
data. The standard chi-square test and I’ statistic were
used to evaluate heterogeneity among trials. A fixed effect
model or a random effect model was used to analyze pooled
effects depending on heterogeneity. When there is no obvious
heterogeneity, a fixed effect model was used (P > 0.1,
I < 50%), otherwise, the random effect model was applied.
Subsequent sensitivity analyses were used to explore the possible
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sources of heterogeneity. A probability value of P < 0.05 was
considered significant.

Results

Description of studies

A total of 1,087 studies were retrieved, of which 659 studies
remained after excluding duplicates. After screening the title and
abstract of the remaining studies, 583 studies were excluded;
among which 124 studies were case reports or reviews, 274 were
not clinical trials and 185 were irrelevant with the efficacy of
TCE for sarcopenia. By reading the full text, 62 studies were
excluded, including 46 studies that were not RCTs or not real
RCTs, 16 that were high risk of bias studies with Cochrane
score < 4. Eventually, 13 studies (Gong et al., 2011; Jin et al,
2011; Liu et al., 2012; Liu et al., 2014; Liu et al., 2016; Wang et al.,
2016; Zhao et al., 2016; Zhu et al., 2016; Zhu et al., 2017; Zhu G.
etal,,2019; Zhu Y. etal., 2019; Fang et al., 2020; Zhou et al., 2020;

10.3389/fnins.2022.1094054

Peng et al.,, 2022) with Cochrane RoB score > 4 were included
in the present study. The process of screening is presented in a
PRISMA flow chart (Figure 1).

Study characteristics

The detailed characteristics of the included 13 studies were
summarized in Table 1. All eligible RCTs were conducted in
China and 2 (Zhu et al, 2016; Zhu et al, 2017) of them
were published in the English language. The diagnosis criteria
included the established definition of sarcopenia reported by the
EWGSOP, Roubenof et al., and the AWGS. The sample size of
the included studies ranged from 12 to 77, enrolling a total of
718 participants, including 356 patients in treatment groups and
362 patients serving as controls. Comparisons of TCE therapies
versus no training were conducted in seven studies [(Gong et al.,
2011; Jin et al,, 2011; Liu et al., 2016; Wang et al,, 2016; Zhao
et al,, 2016; Fang et al, 2020; Peng et al,, 2022)], while TCE
therapies versus health education were conducted in six studies

)

FIGURE 1
PRISMA 2009 flow diagram.
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TABLE 1 Characteristics of included studies.

No. | References Final Eligibility Study Sample and Interventions Course of | Follow [Outcome index Intergroup
diagnosis | criteria designs characteristics treatment up differences
(male/female; mean age)
Trial Control Trial Control
1 Wang etal,, 2016 | Sarcopenia Roubenoff’s RCT 38(15/23) 37(7/30) Yijinjing No training 12w NR Grip Strength Test 1.P> 0.05
view 66.79 +4.76 65.59 £ 3.59 Chair Stand Test 2.P <0.05
Squatting-To-Standing 3.P>0.05
Test
2 Jin et al., 2011 Sarcopenia Roubenoff’s RCT 26(14/22) 35(7/28) Yijinjing No training 8w NR 6-m gait speed 1.P < 0.05
view 68.22 +4.09 |65.09 +3.95 Chair Stand Test 2.P <0.05
Squatting-To-Standing 3.P <0.05
Test
3 Gong et al,, 2011 Sarcopenia Roubenoff’s RCT 30(7/23) 30(9/21) Yijinjing No training 8w NR Peak Torque 1.P <0.05
view 66.4+547 |67.0+528 Total Work 2.P <0.05
Average Power 3.P <0.05
4 Zhao et al., 2016 Sarcopenia AWGS RCT 6 6 Yijinjing No training 8w NR Grip Strength Test 1.P <0.05
678 £3.8 66 £3.11 6-m gait speed 2.P <0.05
5 Peng et al,, 2022 Sarcopenia AWGS RCT 39 (17/23) 38 (16/24) Yijinjing No training 8w NR Berg Balance Scale 1.P <0.05
7212 +6.47 71.85+5.73 6-m gait speed 2.P <0.05
6 Liu et al, 2016 Sarcopenia Roubenoff’s RCT 31(12/19) 30 (12/18) Yijinjing No training 8w NR Peak Torque 1.P <0.05
view 67.86 = 6.86 |69.10 & 6.69 Total Work 2.P <0.05
Average Power 3.P <0.05
7 Fang et al., 2020 Sarcopenia EWGSOP RCT 18 (5/13) 18 (7/11) Yijinjing No training 6m NR TUGT 1.P <0.05
82.8 k8.5 76.3+£9.9
8 Liu et al., 2014 Sarcopenia Roubenoff’s RCT 31(12/19) 30 (12/18) Yijinjing Health 8w NR Balance Test 1.P <0.05
view 67.86 £ 6.86 69.10 £ 6.69 education Adverse effect 2.P>0.05
9 Liu et al,, 2012 Sarcopenia Roubenoff’s RCT 31(12/19) 30(12/18) Yijinjing Health 8w NR Adverse effect 1. P> 0.05
view 67.86 + 6.86 69.10 £ 6.69 education
10 Zhu et al., 2017 Sarcopenia AWGS RCT 32 (17/15) 31 (15/16) Yijinjing Health 12w NR Grip Strength Test 1.P <0.05
656+ 114 | 663+10.8 education Chair Stand Test 2.P <0.05
Squatting-To-Standing 3.P <0.05
Test
11 Zhou et al., 2020 Sarcopenia AWGS RCT 20 (8/12) 20 (9/11) Baduanjin Health 8w NR Grip Strength Test 1.P <0.05
72.67 £9.56 |73.25 4 8.54 education Chair Stand Test 2.P <0.05
Berg Balance Scale 3.P <0.05
TUGT 4.P <0.05
(Continued)
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(Liu et al,, 2012; Liu et al., 2014; Zhu et al,, 2016; Zhu et al.,
2017; Zhu G. et al,, 2019; Zhu Y. et al, 2019; Zhou et al,
2020). As for interventions, Yijinjing was used in 10 studies
(Gong et al, 2011; Jin et al, 2011; Liu et al,, 2012; Liu et al.,
2014; Liu et al, 2016; Wang et al.,, 2016; Zhao et al., 2016;
Zhu et al,, 2017; Fang et al., 2020; Peng et al., 2022), Baduanjin
was used in 1 study (Zhou et al., 2020), and Tai chi was used in
2 studies (Zhu et al., 2016; Zhu Y. et al.,, 2019). The treatment
duration ranged from 8 weeks to 18 months, and 8 weeks was
used most widely. No study mentioned the length of follow-up.
The outcomes index included the Grip strength test, chair stand
test, squatting-to-standing test, 6-m gait speed, Time Up and
Go Test, Isokinetic muscle strength test, balance function, and
adverse effect.

Risk of bias

The assessment information of RoB is presented in Table 2.
Of the 13 included studies, 1 met six Cochrane criteria (Fang
etal,, 2020), 1 met five (Liu et al,, 2012), and 11 met four (Gong
et al., 2011; Jin et al.,, 2011; Liu et al,, 2014; Liu et al., 2016;
Wang et al., 2016; Zhao et al., 2016; Zhu et al., 2016; Zhu et al.,
2017; Zhu Y. et al., 2019; Zhou et al., 2020; Peng et al., 2022).
All 14 included studies had random allocation using a random
number table. Only 1 study (Fang et al., 2020) mentioned
allocation concealment with sealed envelopes. 2 studies (Liu
etal,, 2012; Fang et al., 2020) mentioned the blinding of outcome
assessment. All studies either had complete data or had dropouts

TABLE 2 Risk of bias.

(AlBCID ELF G T

Fang et al,, 2020 + + ? + + + + 6
Gong et al,, 2011 + ? ? ? + + + 4
Jinetal, 2011 + ? ? ? + + + 4
Liu et al,, 2012 + ? ? + + + + 5
Liuetal, 2014 + ? ? ? + + + 4
Liuetal, 2016 + ? ? ? + + + 4
Peng et al,, 2022 + ? ? ? + + + 4
Wang et al,, 2016 + ? ? ? + + + 4
Zhao et al., 2016 + ? ? ? + + + 4
Zhou et al., 2020 + ? ? ? + + + 4
Zhu et al., 2017 + ? ? ? + + + 4
Zhu et al., 2016 + ? ? ? + + + 4
Zhu Y. etal., 2019 + ? ? ? + + + 4

A to G, the 7-item criteria. A, adequate sequence generation; B, concealment of
allocation; C, Blinding of participants and personnel; D, Blinding of out-come
assessment; E, Incomplete out-come data; F, Selective reporting; G, Other bias; +, low
risk of bias; -, high risk of bias; ?, unclear risk of bias.
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TABLE 3 Summary of GRADE on evidences of outcomes of traditional Chinese exercise (TCE) for sarcopenia.

Certainty assessment No of patients Effect

Certainty

Importance

Study Risk of |Inconsistency| Indirectness | Imprecision Other Trial | Control| Relative |Absolute
design bias considerations (95% Cl) |(95% Cl)
Grip strength test
5 randomized | serious® not serious not serious not serious none 120 121 - MD 1.43 higher SOeD0 CRITICAL
trials (0.54 lower to 3.41 |MODERATE
higher)
Chair stand test
5 randomized | serious® not serious not serious not serious none 158 154 - MD 2.56 higher @) CRITICAL
trials (2.09 higher to 3.03 MODERATE
higher)
Squatting-to-standing test
4 randomized | serious® not serious not serious not serious none 138 134 - MD 2.60 higher [ClT@) CRITICAL
trials (2.25 higher to 296 'MODERATE
higher)
6-m gait speed
3 randomized | serious® not serious not serious not serious none 81 79 - MD 0.31 higher CL@) CRITICAL
trials (0.30 higher to 0.32 MODERATE
higher)
Time up and go test
3 randomized | serious® serious® not serious not serious none 68 68 - MD 1.91 lower LEO)0) CRITICAL
trials (3.64lower to 0.19  LOW
lower)
Peak torque of the extensors
2 randomized | serious® not serious not serious not serious none 61 60 - MD 10.12 higher |®®®0O CRITICAL
trials (0.90 higher to 19.36 MODERATE
higher)
Total work of the extensors
2 randomized | serious® not serious not serious not serious none 61 60 - MD 113.42 higher |®®®0O CRITICAL
trials (13.95 higher to MODERATE
212.89 higher)
Peak torque of the flexors
2 randomized | serious® serious® not serious not serious none 61 60 - MD 5.57 higher 00 CRITICAL
trials (0.60 higher to 10.55 LOW
higher)
Total work of the flexors
(Continued)
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CI, Confidence interval; MD, Mean difference.

?Allocation concealment and blinding were unclear.

bUnclear blinding in all studies, allocation concealment in one study.

©The statistical test for heterogeneity shows a low P-value and the I? is large.

Bold values refers to the MD values.
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with adequate explanations and appropriate methods to treat
missing data. All studies had a low risk of other biases, which
included funding bias, conflict of interest, and incomparable
baseline characteristics between the groups. Funding bias means
that the research was funded by relevant stakeholders, such as
drug companies. In general, most of the 14 trials were deemed
to have a relatively moderate risk.

Effectiveness

Grip strength test

The grip strength test was conducted in five studies (Wang
et al., 2016; Zhao et al., 2016; Zhu et al., 2017; Zhu G. et al.,
2019; Zhu Y. et al., 2019; Zhou et al., 2020). Pooled analysis of
these five studies indicated that TCE had no significantly greater
clinical effects in improving grip strength [MD = 1.43, 95% CI
(—0.54,3.41), P=0.15, 1% = 2%; Certainty of evidence: Moderate;
Table 3; Figure 2].

Isokinetic muscle strength test

Two studies (Gong et al,, 2011; Liu et al., 2016) assessed the
effect of TCE on the isokinetic muscle strength of participants,
and the tests include the Peak torque of the extensors and
flexors, the total work of the extensors and flexors, and average
power of the extensors and flexors. Meta-analysis indicated that
TCE significantly improve participants’ performance in the peak
torque of the extensors [MD = 10.12, 95% CI (0.90, 19.35),
P =0.03, I? = 0%; Certainty of evidence: Moderate; Figure 3A],
the total work of the extensors [MD = 113.42, 95% CI (13.95,
212.89), P = 0.03, I* = 35%; Certainty of evidence: Moderate;
Figure 3B], the average power of the extensors [MD = 4.99,
95% CI (—0.14, 10.12), P = 0.17, I = 48%; Figure 3C], the
peak torque of the flexors [MD = 5.57, 95% CI (0.60, 10.55),
P =0.03, 12 = 47%; Certainty of evidence: Low; Figure 3D], the
total work of the flexors [MD = 61.79, 95% CI (10.11, 113.47),
P=0.02,12 = 42%; Certainty of evidence: Low; Figure 3E], and
the average power of the flexors [MD = 3.25,95% CI (0.32, 6.19),
P=0.03, 12 = 30%; Certainty of evidence: Moderate; Figure 3F].

Chair stand test

Meta-analysis of four studies (Jin et al., 2011; Wang et al.,
2016; Zhu et al., 2017; Zhu G. et al., 2019; Zhou et al.,
2020) showed a significant effect of TCE on chair stand test
[MD = 2.45, 95% CI (1.88, 3.01), P < 0.00001, I> = 38%;
Certainty of evidence: Moderate; Figure 4].

Squatting-to-standing test

Meta-analysis of three studies (Jin et al., 2011; Wang et al,,
2016; Zhu et al.,, 2017; Zhu G. et al., 2019) indicated that TCE
could improve participants’ performance in the squatting-to-
standing test [MD = 2.58, 95% CI (2.12, 3.04), P < 0.00001,
12 = 0%; Certainty of evidence: Moderate; Figure 5].
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI 1V, Fixed, 95% CI
Wang bin 2016 50.56 17.11 38 48.43 12.41 37 8.5% 2.13[-4.62, 8.88] T
Zhao yongjun 2016 23.77 6.88 6 21.92 6.65 6 6.6% 1.85[-5.81, 9.51] i —
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Test for overall effect: Z = 1.43 (P = 0.15)

FIGURE 2
Forest plot of grip strength test.

6-m gait speed

Meta-analysis of three studies (Jin et al.,, 2011; Zhao et al,,
2016; Peng et al.,, 2022) showed a significant effect of TCE in
improving the 6-m gait speed of participants [MD = 0.31, 95%
CI (0.30, 0.32), P < 0.00001, I = 13%; Certainty of evidence:
Moderate; Figure 6].

Time up and go test

Pooled analysis of three studies (Zhu et al., 2016; Fang et al.,
2020; Zhou et al., 2020) showed that TCE significantly improved
the preference of participants in the Time Up and Go Test
[MD = —1.91, 95% CI (—3.64, —0.19), P = 0.03, I> = 81%;
Certainty of evidence: Low; Figure 7].

Balance function

Meta-analysis of four studies (Zhu et al.,, 2016; Fang et al.,
2020; Zhou et al., 2020; Peng et al., 2022) showed a significant
effect of TCE in improving balance function according to Berg
balance scale [SMD = 1.37, 95% CI (0.92, 1.83), P < 0.00001,
2 = 53%; Certainty of evidence: Low; Figure 8]. The Biodex
system was used to assess the balance function in 1 study
had significantly greater clinical effects in improving balance
function with open eyes (P < 0.05).

Adverse events

Side effects of TCE were evaluated in two studies (Liu et al.,
2012; Liu et al., 2014), but adverse events were not observed in
these two studies.

Discussion

This study is the first meta-analysis assessing the efficacy
of TCE for sarcopenia. Thirteen studies with 718 subjects
were identified. The methodological quality of included RCTs
was moderate totally. The quality of the evidence of primary
outcomes was low to moderate according to the GRADE
profiler. The main findings of the present study were that the
TCE had a greater clinical effect in improving the severity of
sarcopenia compared with no training or health education.
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In this study, the primary outcomes of TCE for sarcopenia
were muscle strength and physical function, since the decrease
in muscle strength and physical function were the primary
problem caused by sarcopenia (Hanach et al, 2019). The
results of the pooled analysis indicated that TCE had no
significantly greater clinical effects in improving grip strength,
but had significantly greater clinical effects in physical function
according to various outcomes including chair stand test,
squatting-to-standing test, 6-m gait speed, Time Up and Go
Test, peak torque of the extensors, total work of the extensors,
peak torque of the flexors, total work of the flexors, the average
power of the flexors, and balance function. In Western society,
as many as 42% of individuals under 60 years of age have
difficulties performing the activities of daily life, 15-30% report
being unable to lift or carry 10 pounds or more, and more than
30% are confronted with physical disabilities (Zhou et al., 2019).
Therefore, the positive results of TCE in improving physical
function have great clinical significance.

Traditional Chinese exercise were formed by the concept of
viewing the situation as a whole, the Five-Zang manifestation
theory and meridian doctrine as theoretical guidance, and body
movement as presentation. They are aimed to enhance fitness
and prevent and treat diseases (Yang et al., 2021). TCE may
be used to delay sarcopenia by regulating the synthesis and
degradation of muscle-related proteins, replenishing, nutrients,
promoting blood circulation, and eliminating inflammation
(Colleluori and Villareal, 2021). The potential mechanism of
TCE for enhancing muscle strength and physical function is
related to the activation of key signaling pathways (Liu et al,,
2021). After high-intensity interval static exercise, the PGC-
1a/FNDC5/UCP1 signaling pathway was activated, PGC-1a was
up-regulated, mitochondria increased, muscle fiber thickening
was observed, and the skeletal muscle atrophy state was
improved in aging rats (Liu et al., 2021). Compared with general
exercise, TCE are more like gymnastic exercise consisting of
various components such as endurance, resistance, balance,
flexibility, breathing, and meditation, which emphasize the
appropriate form and intensity of exercise, resulting in a better
response (Villareal et al., 2017; Colleluori and Villareal, 2021).
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FIGURE 3

Forest plot of isokinetic muscle strength test: (A) the peak torque of the extensors; (B) the total work of the extensors; (C) the average power of
the extensors; (D) the peak torque of the flexors; (E) the total work of the flexors; (F) the average power of the flexors.

The major strength of the current systematic review

is that it has adhered to appropriate systematic review

guidelines. However, there are also some limitations. First, some

methodological limitations exist in the primary studies. Only
one study (Fang et al, 2020) reported the concealment of

allocation. Trials with adequate concealment had an average of

18% less “beneficial” effect than trials with inadequate or unclear
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concealment of allocation (Cumpston et al., 2019). Performance

bias and detection bias can be effectively avoided by the use

of blinding. However, some studies were unable to be blinded
because participants have a high degree of understanding of
TCE moves. Only two studies reported the blinding of outcome

assessment. Second, formal pretrial sample size calculation

was not conducted in most clinical trials and the majority
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FIGURE 4
Forest plot of chair stand test.
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FIGURE 5
Forest plot of squatting-to-standing test.
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FIGURE 6
Forest plot of 6-m gait speed.
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FIGURE 7
Forest plot of time up and go test.

of the included trials had relatively small sample sizes. Trials
with insufficient statistical power may induce the high a risk
of overestimating therapeutic efficacy (Kjaergard et al,, 2001).
Third, no study describes the duration of follow-up, making it
difficult to assess the long-term efficacy of TCE treatment for
sarcopenia. Fourth, we only searched for papers published in
Chinese or English databases, thus the eligible studies published
in other languages may be left out, which may limit the
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generalizability of the findings. Fifth, a statement published
in September 2004 requiring that all clinical trials must be
registered to be considered for publication (De Angelis et al.,
2004). The transparency of clinical trials would be improved
with registration, which would ultimately strengthen the validity
and value of the scientific evidence base (Wang et al., 2019a).
However, none of the included studies had been registered

formally.
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FIGURE 8
Forest plot of Berg Balance Scale.

The finding from the present systematic review revealed
that TCE may be beneficial for sarcopenia patients. However,
as the low-quality studies included cannot be reproduced,
there is a need for conducting further rigorous RCTs on
TCE for sarcopenia. Recommendations for further research
are as follows: (1) the protocol of further clinical trials
should be registered in the international clinical trials registry
platform prospectively, and should follow the requirement
of the Clinical Trial Data Sharing Statement (Taichman
et al, 2016) by the International Committee of Medical
Journal Editors; (2) the quality of study designs including
randomization, allocation concealment, and blinding should be
improved. CONSORT statement (Moher et al., 2009) should be
applied throughout the whole process of the study including
trial design, reporting, and publication; (3) international
cooperation should be conducted in further studies to
complete more qualified studies and ensure generalizability
of research findings; (4) greater consistency in outcome
measures should be warranted; (5) adequate sample size plays
an important positive role in improving the methodologic
quality, intervention effects, and publication bias (Kjaergard
et al, 2001; Moher et al, 2009). Thus, it is necessary to
conduct formal pretrial sample size calculations in further
studies.

The significance of the present systematic review possibly
lies in the following aspects: (1) to reveal current problems
in the treatment of sarcopenia and identify areas worthy of
improvement and development in the future (Chan et al,
2012). Several studies have reported the effectiveness of TCE
in the treatment of sarcopenia, however, no previous study has
evaluated the quality of this evidence. (3) to report a specific
area of Traditional Chinese Medicine in the English language as
these experiences are not readily accessible to western clinicians
because of language barriers (Wang et al., 2019b).

Conclusion

The present finding indicated that TCE provided statistically
significant benefits for sarcopenia. Therefore, the findings of the
present systematic review, at least to a certain extent, provided
supporting evidence for the routine use of TCE for sarcopenia.
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Peripherally-induced neuropathic pain (pNP) is a kind of NP that is common,
frequent, and difficult to treat. Tuina, also known as massage and manual
therapy, has been used to treat pain in China for thousands of years. It
has been clinically proven to be effective in the treatment of pNP caused
by cervical spondylosis, lumbar disc herniation, etc. However, its analgesic
mechanism is still not clear and has been the focus of research. In this review,
we summarize the existing research progress, so as to provide guidance
for clinical and basic studies. The analgesic mechanism of tuina is mainly
manifested in suppressing peripheral inflammation by regulating the TLR4
pathway and miRNA, modulating ion channels (such as P2X3 and piezo),
inhibiting the activation of glial cells, and adjusting the brain functional
alterations. Overall, tuina has an analgesic effect by acting on different levels
of targets, and it is an effective therapy for the treatment of pNP. It is necessary
to continue to study the mechanism of tuina analgesia.

neuropathic pain, tuina, peripheral nerve injury, inflammation, glial cells, brain
function

1. Introduction

Neuropathic pain (NP) is a pain directly caused by injury or disease of the
somatosensory nervous system (Jensen et al.,, 2011; Colloca et al., 2017), which can
be caused by injury of the nerve, spinal cord, or brain, as well as diabetes, herpes
zoster, etc. (Alles and Smith, 2018). According to the injury or anatomical location,
NP can be divided into peripherally-induced neuropathic pain (pNP) and centrally-
induced neuropathic pain. pNP is the most common with a prevalence rate of 6.9~10%
(Finnerup et al,, 2015). A recent survey shows that the prevalence rate in China is
29.53~31.54% (Yongjun et al., 2020). pNP is a risk factor leading to sleep disorders,
anxiety, depression, and suicide, and seriously affects the quality of human life (Petrosky
et al,, 2018). The treatment of pNP depends largely on pharmacology, but some
studies have shown that medications are insufficiently effective and not innocuous
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(Finnerup et al, 2015, 2018; Meacham et al, 2017), while
traditional Chinese medicine (TCM) therapies are effective in
relieving pain with little side effects.

As one of the characteristic therapies of TCM, tuina has
been used in China for thousands of years to treat pain.
Under the guidance of TCM and western medicine anatomy
and pathology, tuina acts on the body surface by various
manipulations, such as rubbing, kneading, and pressing, to
regulate the physiological and pathological state, so as to treat
diseases (Wang et al.,, 2008). A survey in China showed that
66.8% of patients with chronic pain chose tuina or cupping
(Yongjun et al,, 2020). Pain is an advantageous symptom for
tuina treatment, especially pNP caused by cervical spondylosis
radiculopathy (CSR) (Cao et al.,, 2021; Aboagye et al., 2022),
lumbar disc herniation (LDH) (Mo et al., 2019; Zhou et al.,
2022), etc. A meta analysis showed that tuina and acupuncture
were more effective than traction and TCM in the treatment of
LDH (Mo et al,, 2019). Through a clinical trial, Cao et al. (2021)
showed that both three-dimensional balanced tuina therapy and
traditional tuina can effectively relieve pain in patients with
CSR. Based on the clinical advantages of tuina analgesia, its
mechanism is always the focus of research, and some progress
has been made in recent years. Hence, this review aims to
summarize the existing research progress on the analgesic
mechanism of tuina.

2. Tuina exerts analgesic effects by
suppressing peripheral
inflammation

Inflammation is the key to peripheral and central
sensitization and plays an important role in the initiation
and maintenance of pNP (Ellis and Bennett, 2013). Peripheral
nerve injury (PNI) leads to a local inflammatory response,
activates related inflammatory pathways in mast cells and
macrophages to release inflammatory mediators, which
enhance the sensitivity of nociceptive receptors. Some studies
have shown that tuina can reduce the levels of inflammatory
factors in blood and dorsal root ganglion (DRG), such as tumor
necrosis factor-a (TNF-a) and interleukins (IL-6 and IL-1f)
(Tao et al., 2017; Yang et al., 2020; Yao et al., 2022a), an effect
that is mainly achieved by regulating related pathways.

Toll-like receptor 4 (TLR4) pathway, one of the key
inflammatory signal transduction pathways, exerts an important
role in mediating pNP (Liu et al., 2012; Li et al,, 2019). After
nerve injury, TLR4 pathway is activated in sensory neurons,
which induces the expression of proinflammatory cytokines
through two pathways, one of which is the MyD88 pathway (Liu
et al,, 2012). TLR4 binds to MyD88 and activates interleukin
1 receptor kinase (IRAK1), which binds to TRAF6 to form a
receptor complex, and then activates mitogen-activated protein
kinase (MAPK) and NF-«B signaling pathways. Rodent studies
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have shown that activation of TLR4 pathway in DRG or spinal
dorsal horn leads to hyperalgesia in NP models (Agalave et al,,
2014; Lin et al.,, 2015). Spinal nerve ligation (SNL) is a model
for simulating spinal nerve injury, which shows typical pNP
manifestations, such as spontaneous pain, thermal hyperalgesia,
mechanical hyperalgesia, etc. (Seto et al., 2021). A study showed
that 14 days after modeling, the mRNA expression of TLR4,
IRAK1, and TRAF6 were significantly increased in SNL rats,
and the expression levels of TNF-a and IL-6 also increased.
After 14 days of tuina intervention, including pointing, stroking,
and kneading methods, the levels of TLR4, IRAK1, TRAF6,
TNF-a, and IL-6 decreased (Wang et al., 2020), which suggests
that tuina may reduce the expression of inflammatory factors
by inhibiting TLR4 pathways. He et al. (2021) also found the
increased levels of TLR4, MyD88, NF-kB p65, IL-6, IL-1p,
and TNF-a in LDH rats. And after giving the intervention
of pressing, kneading, and pushing manipulations, these levels
were decreased. Furthermore, the levels decreased after injection
of TLR4 inhibitors in the model group and increased after
administration of TLR4 activator in the tuina group. Wang et al.
(2022), using RNA-Seq, found that one-time tuina intervention
could regulate TLR and NF-kB signaling pathways in minor
chronic constriction injury (CCI) rats. It is suggested that tuina
can reduce the expression of inflammatory factors by inhibiting
the activation of TLR4/NF-kB signaling pathways, thereby
achieving anti-inflammatory and analgesic effects. However,
the specific mechanism of how tuina regulates these pathways
remains unclear.

MicroRNAs (miRNAs) are the master switch linking nerve
injury, pain, and inflammation, which play an important
regulatory role in pain signal transduction (Sakai and Suzuki,
2014; Sommer et al., 2018; Gada et al., 2021). In recent years, an
increasing number of studies found that miRNAs are involved in
the occurrence and development of NP after nerve injury. Peng
et al. (2017) found that miR-183 can control more than 80%
of NP regulatory genes and regulate mechanical sensitivity and
mechanical pain abnormalities, proving that miRNA can inhibit
NP transduction. Sakai et al. (2017) found that the expression
of all cluster members of miR-17-92 in DRG was upregulated
after nerve injury. In a bilateral CCI rat model, the expression
of miR-341 in DRG was upregulated, while miR-203, miR-
181a-1*, and miR-541* were downregulated (Li et al., 2013).
MiRNAs mediate their role in NP through signal transduction
pathways, such as TLR4, NF-kB, NLRP3, etc. (Gada et al., 2021).
Jing et al. (2022) found that upregulating the expression of
miR-146a in rats with LDH could reduce the activity of the
TLR4 signaling pathway, thus relieving pain. Through high-
throughput sequencing technology, Yao et al. (2022b) found
that there were 19 expressed miRNAs that were related to
inflammation in chronic compression of dorsal root ganglia
(CCD) rats treated with pressing and kneading “Weizhong”
(BL40) compared to CCD model rats. Furthermore, miR-547-3p
may be a key target of tuina analgesia, since its overexpression
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can reduce the expression of Map4k4, and then inhibit the
expression of IkBa, p-IkBa, p65, and p-p65 in the NF-kB
signaling pathway, suggesting that tuina can exert an analgesic
effect by targeting Map4k4 via miR-547-3p.

3. Tuina exerts analgesic effects by
modulating the peripheral ion
channels

The transmission and processing of pain signals heavily
depend on the activity of ion channels. In nerve injury,
dysregulation of ion channel expression leads to increased
neuronal excitability, which is the basis of pNP (Waxman and
Zamponi, 2014). Ion channels include voltage-gated, ligand-
gated, and mechanosensitive ion channels (MSC). P2 purinergic
receptors, divided into P2X ion ligand-gated receptor and P2Y
metabolic G protein-coupled receptor, are a class of ligand-gated
receptors activated by extracellular ATP and its metabolites.
P2X3 receptor is selectively expressed in primary sensory
neurons and is involved in pain signal transduction. It was
found that P2X3 receptor expression was upregulated in DRG
neurons after nerve injury (Krajewski, 2020). It was found that
tuina can inhibit the expression of P2X3 receptor in DRG
of CCI model rats (Chen et al.,, 2022) and LDH model rats
(Lin et al,, 2017), and it can also reduce the amplitude of
inward current in P2X3 channel (Chen et al,, 2022), which
proved that tuina can downregulate the expression of P2X3 as
well as the degree of channal opening in DRG. MSC are ion
channels that convert the mechanical stimulation sensed by the
cell membrane into bioelectric or biochemical signals. Piezo,
including Piezol and Piezo2, plays an important role in the
sensation and transmission of mechanical stimuli such as pain
and touch (Kim et al.,, 2012). Tuina that included clockwise
pressing and rubbing can increase the expression of Piezo2 and
decrease the expression of Piezol in CCD rats (Song et al., 2018).
As a mechanical stimulation, tuina acts on the skin through
manipulation, so tuina may play a role by activating MSC.

4. Tuina exerts analgesic effects by
inhibiting the activation of glial
cells in spinal cord

Glial ~ cells, astrocytes, and
oligodendrocytes, play a critical role in the production
and maintenance of pNP (Ji et al., 2014; Inoue and Tsuda, 2018).

After nerve injury, glial cells are activated and the activated

including  microglia,

state is mainly manifested by glial reaction, upregulation of
glial receptor, proliferation, etc. (Ji et al., 2013). Glial reaction
refers to the upregulation of markers and morphological
changes of glial cells. Wu et al. (2022) found the expression of
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microglia and astrocyte gene in the spinal dorsal horn of the
CCI model rats was significantly higher than that of control
rats, and the expression of astrocyte marker GFAP, microglia
marker Iba-1, and M1 receptor CD68 increased significantly.
In contrast, the expression of activated glial cell genes as well
as the glial markers and receptors decreased significantly
after tuina intervention. Morphological changes are the most
direct manifestation of microglial activation (Nair et al., 2019).
Partially activated or inactivated microglia are branched. After
activation, the cytosol becomes larger, processes are shortened,
and become round or rod-shaped. Mo et al. (2020) observed
that the microglia in rats with sciatic nerve injury had short
processes and enlarged cytoplasm, whereas the microglia after
tuina treatment via three-method (pressing, plucking, and
kneading manipulations) and three-acupoint (BL37, GB34,
and BL57) treatment had longer protrusions and smaller
cytoplasm, demonstrating that tuina could inhibit the activation
of microglia.

In addition, activation of intracellular signaling pathways,
such as MAPK, are also a manifestation of glial cell
activation (Ji et al., 2013). MAPK, including extracellular signal-
regulated kinase (ERK), p38, and c-Jun N-terminal kinase
(JNK), can transduce extracellular stimulation into intracellular
transcriptional and post-translational effects. p38 plays a key
role in microglia signal transduction of pNP and is a valuable
target for the treatment of pNP (Ji and Suter, 2007). Activation
of p38 was found in spinal cord microglia of SNL (Ji and
Suter, 2007), spinal cord injury (Hains and Waxman, 2006), and
ventral root lesion (Xu et al., 2007). In a CCI model, Wei et al.
(2018) found that the expression of phosphorylated p38 and
IL-1B in the spinal cord increased, whereas these same factors
were decreased after tuina intervention, suggesting that tuina
may inhibit the activation of microglia by regulating the MAPK
pathway.

5. Tuina exerts analgesic effects by
adjusting the functional alterations
in brain

The brain, the main site of pain production, is critical
in the development and relief of pNP. After the nociceptive
stimulation passes through the periphery and spinal cord, it
will be further transmitted to the brainstem network structure,
thalamic and hypothalamic nucleus, and then projected to the
cerebral cortex and limbic system to produce pain sensation and
pain response (Meacham et al., 2017). Pain is a complex multi-
channel subjective experience, including sensory and emotion.
After the nociceptive information is uploaded to the brain, it
will be divided into several parallel pathways, in which the
somatosensory cortex is involved in the sensory aspect of pain
processing, and anterior cingulate cortex (ACC) is involved in
the emotional aspect of pain processing (Weizman et al., 2018).
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It was found that after tuina intervention, the amplitude of
low-frequency fluctuation (ALFF) value of the somatosensory
cortex increased, indicating that tuina can participate in pain
management by activating the somatosensory cortex (Xing et al.,
2021).

When the body receives a painful stimulus, a number of
cortical and subcortical brain areas are activated together, and
these brain areas are linked together to form a brain network
(Legrain et al., 2011). It has been shown that some brain regions
of the pain-related network are involved in the generation and
transmission of pain (Giesecke et al., 2004; Shi et al., 2021). For
example, the marginal and striatal structures, including anterior
cingulate cortex (ACC), superior frontal gyrus, medial thalamus,
and anterior insular cortex, show enhanced responses in patients
with pNP caused by diabetic peripheral nerve deformation
(Tseng et al., 2013). The primary sensory cortex, cingulate gyrus,
amygdala, thalamus, and insula are activated in patients with
chronic low back pain (cLBP) (Sharma et al., 2011). Yuan et al.
(2015) found that spinal manipulation can effectively reduce the
VAS score of patients with LDH. Furthermore, brain functional
magnetic resonance imaging showed that the brain functional
activity was mainly inhibited, and the inhibitory area was mainly
located in the right prefrontal lobe and cerebellum, indicating
that tuina may relieve pain by inhibiting the functional activities
of the frontal lobe and cerebellum. Tan et al. (2020) found
that the brain activity in the right parahippocampal gyrus, the
right dorsolateral prefrontal cortex, and the left precuneus was
significantly increased after one time of spinal manipulative
treatment, and the brain activity in the posterior cingulate
cortex (PCC) and right inferior frontal gyrus was significantly
increased after six times of treatment.

10.3389/fnins.2022.1096734

Cerebral functional alterations depend on changes in
neurotransmitter levels (Tabassum et al., 2020). Huo et al,
2022a,b found that after one time of tuina treatment in patients
with cLBP, the level of N-acetylaspartic acid (NAA) in the PCC
increased and Glutamate complex (Glx) decreased, and the level
of Glx3 in the PCC decreased after six times of tuina treatment.
Existing studies have shown also decreased NAA levels in
multiple brain regions in patients with pNP. For example, NAA
levels were reduced in the ACC of cLBP patients (Zhao et al.,
2017), and also decreased in the PCC of patients with trigeminal
neuralgia (Fayed et al, 2014). NAA is the main marker of
neuronal integrity, the decrease of NAA levels suggests neuronal
dysfunction or injury (Moffett et al., 2013; Zhang et al., 2013).
Tuina can increase the level of NAA, indicating that tuina
participates in analgesia by enhancing neuronal repair. Glx, one
of the main excitatory neurotransmitters in mammalian nervous
system, plays an important role in neuronal regulation. High
concentrations of Glx can induce neuronal hyperexcitability
and sustained activation, and it can also increase oxidative
stress, causing neuronal injury and death (Zhang et al., 2013).
Tuina can reduce the level of Glx, indicating that it can exert
analgesic effects by reducing neuronal hyperexcitability and
reduce oxidative stress. Glx is also involved in mood regulation.
A study has shown that tuina can relieve the negative emotions
in pain patients (Xu et al., 2022), suggesting that tuina may
reduce pain sensitivity by improving negative emotions. Zhang
et al. (2014) found that the levels of gama amino-butyrlc-
acid (GABA) and GABAAR in the periaqueductal gray and
rostral ventromedial medulla of CCl rats increased after pressing
and kneading the “Huantiao” (GB30). GABA can inhibit the
transmission of nociceptive information. After nerve injury, the

Nucleus

.

Cytoplasm

1
PIEZO2 ¢ ;&8
PIEZO1 {
£ &
Cmare
i

P2X34 D /
TLR4 | ONHBPBS N /

- ’l
. @D

e Tr—

miR-547-3p ¢

ool

.
NE-KB p65 —>°. 6 J

\ TNF-a |,

2 };QJ% 3
I

gl

Posterior cingulate cortex @
Precuneus,

dmpp.mpm ams

Activated microglia

Dorsolateral prefrontal cortex

@ somatosensor
6 Préfrontal lobe

) X . Inferior frontal gyrus

| . Gerebellum

Unactivated microglia

FIGURE 1

The analgesic mechanism of tuina [images with permission created with BioRender. https://biorender.com (2022)]

Frontiers in Neuroscience

86

frontiersin.org


https://doi.org/10.3389/fnins.2022.1096734
https://biorender.com
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Liu et al.

activity of GABA is decreased, therefore resulting in an inability
to exert GABAs effect of central inhibition, thus inducing
abnormal pain and hyperalgesia (Gwak and Hulsebosch, 2011).
So tuina can upregulate the expression of GABA and GABAAR,
and then reduce the transmission of harmful information.

6. Conclusion

Tuina treats pNP by acting on different levels of targets
(Figure 1). At the peripheral level, tuina can inhibit the
expression of inflammatory factors, such as IL-1B, IL-6, and
TNF-a by inhibiting the TLR4/NF-kB pathways in DRG, which
may be achieved by upregulating miR-547-3p. Tuina can also
modulate the ligand-gated and mechanosensitive ion channels,
as evidenced by the fact that it can downregulate the expression
of the P2X3 receptor and Piezol, and upregulate the expression
of Piezo2. At the central level, tuina can inhibit the activation of
microglia and astrocytes by changing the level of markers and
cell morphology, as well as the activation of MAPK pathway in
microglia. In addition, tuina can adjust the functional alterations
in brain, mainly by inhibiting the activity of the prefrontal lobe
and cerebellum, enhancing the activity of the parahippocampal
gyrus, dorsolateral prefrontal cortex, precuneus, PCC, etc., and
regulating the expression of neurotransmitters, such as NAA,
Glx3, and GABA.

Although some progress has been made on elucidating the
mechanism of tuina analgesia, there are still some limitations.
First, lack of in-depth research on each part. For example,
it has been showed that tuina can inhibit the activation of
glial cells and change the cerebral function, but the specific
pathway or target is not clear enough. Next, lack of connection
among the parts. Pain is a complex and multi-channel subjective
experience, which requires a series of reactions from the
afferent of nociceptive stimulation to the generation of pain.
Furthermore, a series of reactions is also required from the
action of tuina on the skin to the relief of pain, so the analgesic
mechanism should be a dynamic process. Most of the existing
studies are independent of each part, and there is a lack of
connection between each part. Whats more, there is a lack
of comprehensive research, such as an immediate analgesic
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Background: Most previous studies on acupuncture in the treatment of
knee osteoarthritis (KOA) have focused on improving functional efficacy and
safety, while related mechanisms have not been systematically reviewed.
Acupuncture modulates cytokines to attenuate cartilage extracellular matrix
degradation and apoptosis, key to the pathogenesis of KOA, but the
mechanisms are complex.

Objectives: The purpose of this study is to assess the efficacy of acupuncture
quantitatively and summarily in animal studies of KOA.

Methods: Nine databases including PubMed, Embase, Web of Science
(including Medline), Cochrane library, Scopus, CNKI, Wan Fang, and VIP were
searched to retrieve animal studies on acupuncture interventions in KOA
published since the inception of the journal. Relevant literature was screened,
and information extracted. Meta-analysis was performed using Revman 54
and Stata 17.0 software.

Results: The 35 included studies involved 247 animals, half of which were in
acupuncture groups and half in model groups. The mean quality level was 6.7,
indicating moderate quality. Meta-analysis showed that acupuncture had the
following significant effects on cytokine levels in p38MAPK and mitochondrial
pathways: (1) p38MAPK pathway: It significantly inhibits p38MAPK, interleukin-
lbeta (IL-1B), tumor necrosis factor alpha (TNF-a), phosphorylated (p)-
p38MAPK, matrix metalloproteinase-13 (MMP-13), MMP-1, a disintegrin and
metalloproteinase with thrombospondin motifs-5 (ADAMST-5) expression,
and significantly increased the expression of collagen Il and aggrecan.
(2) mitochondrial pathway: It significantly inhibited the expression of Bcl-
2-associated X protein (Bax), cysteine protease-3 (caspase-3), caspase-9,

frontiersin.org
920


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://www.frontiersin.org/journals/neuroscience#editorial-board
https://doi.org/10.3389/fnins.2022.1098311
http://crossmark.crossref.org/dialog/?doi=10.3389/fnins.2022.1098311&domain=pdf&date_stamp=2023-01-11
https://doi.org/10.3389/fnins.2022.1098311
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnins.2022.1098311/full
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Ye et al.

10.3389/fnins.2022.1098311

and Cytochrome-c (Cyt-c). And significantly increased the expression of B
cell lymphocytoma-2 (Bcl-2). In addition, acupuncture significantly reduced
chondrocyte apoptosis, Mankin's score (a measure of cartilage damage), and
improved cartilage morphometric characteristics.

Conclusion: Acupuncture may inhibit cytokine expression in the p38MAPK
pathway to attenuate cartilage extracellular matrix degradation, regulate
cytokines in the mitochondrial pathway to inhibit chondrocyte apoptosis, and
improve cartilage tissue-related phenotypes to delay cartilage degeneration.
These findings provide possible explanations for the therapeutic mechanisms
and clinical benefits of acupuncture for KOA.

Systematic review registration: https://inplasy.com, identifier INPLASY20
2290125.

knee osteoarthritis, acupuncture, animal models, p38MAPK pathways, mitochondrial
pathways, cytokines, meta-analysis

1. Introduction

Knee osteoarthritis (KOA) has become a socially prevalent
and disabling disease, with severe pain and impaired function
seriously affecting quality of life and imposing a significant
economic burden on many developed countries (Bedenbaugh
et al, 2021). The pathology of KOA is characterized by
apoptosis of chondrocytes and progressive destruction of
articular cartilage, restoring the integrity and function of
articular cartilage plays a key role in preventing or delaying
the progression of KOA (Goldring and Berenbaum, 2015).
However, the lack of nerves, blood or lymphatic vessels in
articular cartilage limits the scope for repair after injury
(Thomas et al, 2021). Current treatments in the field of
KOA cartilage repair are complex, cause significant autologous
damage, and may only reach the periosteal rather than cartilage
level (Pallante et al., 2009; Hunziker et al., 2015), therefore other
non-pharmacological therapies with alternative and preventive
effects and fewer side effects are needed.

Acupuncture, a kind of traditional Chinese non-
pharmaceutical treatment, has therapeutic and preventive
effects on KOA (Corbett et al, 2013). Acupuncture was
suggested for the treatment of KOA as early as 2019 by the
International Guidelines for the Non-Surgical Management
of Osteoarthritis (OA) by the OA Research Society (Bannuru
et al, 2019) and the American College of Rheumatology
(ACR)/Arthritis Foundation(AF) management guidelines
(Kolasinski et al., 2020). In the acute phase of KOA, acupuncture
offers quick alleviation of pain and dysfunction, according to
two randomized controlled trials published in Pain and
Arthritis & Rheumatology (Lin et al, 2020; Tu et al,, 2021).
This sensational finding provides a powerful response to
a study (Hinman et al, 2014) published in JAMA that
concluded that acupuncture is ineffective in the treatment
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of arthritis, and has important implications for the future
of acupuncture clinical practice internationally, as well as
for the inclusion of acupuncture in mainstream medical
clinical treatment guidelines and health insurance. At the
same time, a growing body of evidence (Jie et al., 2021; Qin
et al, 2022) suggests that acupuncture can repair cartilage
microarchitecture and delay or even reverse cartilage defects by
altering KOA phenotypic changes caused by the inflammatory
environment, slowing cartilage matrix degradation, and
inhibiting chondrocyte apoptosis.

The therapeutic mechanism of acupuncture is complex
and in KOA may involve modulating the relevant pathway
signals in cartilage to inhibit disease progression. In KOA,
inflammatory factors mediate chondrocyte differentiation by
signaling to various transcription factors through intracellular
signaling pathways. These induce a change from chondrocyte
to fibroblast phenotype, prompting chondrocyte apoptosis n the
joint and fibrosis of the surrounding tissue (Xie et al., 2021). The
pathways include mitogen-activated protein kinase (MAPK)
and mitochondrial signaling pathways (Brown et al., 2008; Sun
etal,,2019). MAPK plays an important role in regulating various
cellular processes such as apoptosis, survival, proliferation,
and migration. For example, isoform p38MAPK has been
widely used as a target to inhibit cytokines for the treatment
of inflammatory diseases (Schindler et al,, 2007). p38MAPK
signaling (Zhou et al., 2015) is essential for the expression and
activity of MMP and ADAMTS, which are protein hydrolases
that contribute to matrix degradation and cartilage destruction.
In the mitochondrial pathway, B cell lymphocytoma-2 (Bcl-
2) and Bcl-2-associated X protein (Bax) are the main factors
regulating apoptosis, and apoptosis-associated protein cysteine
protease 3 (Caspase-3) is the final apoptosis execution molecule
(Zhang et al., 2014).
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Acupuncture can delay KOA progression by modulating
p38MAPK and the mitochondrial signaling pathway (Liao et al.,
2016; Liu J. W. et al, 2021), but the mechanism by which
it effects cartilage repair in KOA has not been systematically
studied. Systematic review methods facilitate evidence-based
clinical decision making (Ritskes-Hoitinga et al., 2014), indicate
gaps in research, reduce unnecessary duplication of studies,
and support the “replacement, refinement, and reduction of
animals” principle in animal research (Murphy and Murphy,
2010). Therefore, the purpose of this review is to systematically
review the research on the effect of acupuncture on cartilage
repair signaling pathways in animal models of KOA, to
quantitatively assess pooled effects, and to provide indicators for
future clinical studies.

2. Materials and methods

2.1. Search strategy

In conducting this systematic review, we adhered to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Page et al., 2021). The review
was conducted in accordance with our previously published
protocol (INPLASY202290125).! Two authors (Ye, JN and
Su, CG) independently searched the databases of Pubmed,
Embase, Web of Science (including Medline), Cochrane library,
Scopus, CNKI, Wan Fang, and VIP. No date constraints
were imposed on the search, which was completed in
September 2022. Take PubMed for example, the specific search
formula is: (Acupuncture [Title/Abstract] OR Osteoarthritis,
Knee [Title/Abstract] OR Models, Animal [Title/Abstract]). Each
search term was used individually or in combination, and the
specific search strategy is described in Supplementary material.
In addition, the reference lists of studies included in the review
were manually screened for further studies.

2.2. Eligibility criteria

For this study, we devised the following inclusion and
exclusion criteria in full line with the PICOS (Participation,
Intervention, Comparison, Outcome, Type of Study) principles:

Participant type (P): all research on animals with KOA
were considered, regardless of species, gender, month of age, or
modeling approach, but the indicator measured must be derived
from cartilage tissue. Non-animal and non-chondrogenic level
KOA studies were omitted.

Intervention type (I): Acupuncture was used to treat KOA
in the intervention group, with no limits on method, time

1 https://inplasy.com/inplasy-2022-9-0125/
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per treatment, treatment course, or acupuncture locations.
If several electro-acupuncture frequencies or intervention
sessions were available, to better fit the characteristics of the
function of acupuncture, the highest frequency or longest
intervention duration was chosen for analysis. Excluded were
studies in which non-acupuncture or acupuncture was not the
principal intervention.

Comparison type (C): The model group was modeled only
without any interventions.

Outcome type (O): (1) Main result markers in cartilage
tissue: cytokines of the p38MAPK pathways (including
p38MAPK, IL-1B, TNF-a, p-p38MAPK, MMP-13, MMP-1,
ADAMST-5, collagen II, aggrecan) and mitochondrial pathways
(including Bax mRNA, Bcl-2 mRNA,Caspase-3 mRNA,
Caspase-9 mRNA, Bax, Bcl-2, caspase-3, Caspase-9, Cyt-c);
(2) secondary outcome indicators: chondrocyte apoptosis rate,
Mankin’s score measuring the extent of cartilage damage and
cartilage morphometric score, including the cartilage and
subchondral volume ratio/total volume ratio (BV/TV), average
thickness of trabecular column structures (Tb.Th), average
number of trabeculae per unit length (Tb.N), and average
distance between trabeculae (column structures) (Tb.Sp).

Study type (s): All randomized controlled trials that looked
at the cartilage component of acupuncture interventions in
KOA animal models were considered. There were no clinical
case reports, reviews, or conferences. No language limits
were applied to ensure that the most extensive research
could be provided.

2.3. Data extraction

Two authors independently extracted data from articles
meeting the inclusion criteria. The following were extracted: first
author’s name and year of publication, animal species, animal
sex and number of animals in each group, modeling methods,
interventions, duration of treatment, outcome indicators and
sample tissue. When primary data were missing from the
included literature or were only presented graphically, attempts
were made to contact the authors to obtain the original data.
If the authors did not respond, the values in the graphs
were extracted using GetData Graph Digitizer 2.26 software
(Wang R. et al., 2021).

2.4. Quality assessment

Two researchers assessed the methodological quality of each
study using a 10-item checklist modified from the Collaborative
Methods for the Analysis and Review of Experimental Research
Animal Data (CAMARADES) checklist (Lee and Kim, 2022).
These included: sample size calculations, statements describing
temperature and humidity control, randomization of groups,
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use of reasonable KOA models, assessment of modeling success,
use of anesthetics with no apparent specificity, blinding of
results, compliance with animal ethics regulations, published
in a peer-reviewed journal or have passed peer review, and
declaration of potential conflicts of interest. A sum of quality
scores for each article was calculated out of a maximum score
of 10. Disagreements between the researchers were resolved by
discussion with a third author.

2.5. Statistical analysis

Meta-analysis was performed using Cochrane Collaboration
Network RevMan 5.4 and Stata 17.0 software. The data of this
study were continuous variables. Standardized mean difference
(SMD) was used as an indicator of effect size when the
units of measurement information differed between studies,
when the values differed significantly, or when the methods
of measurement differed, and mean difference (MD) was used
in the remaining cases. All effect sizes were expressed as
95% confidence intervals (95% CI). When the heterogeneity
among included studies was low (P > 0.1 and 2 < 50%),
the fixed-effects model (FEM) was used for analysis; when
P < 0.1 or I> > 50%, heterogeneity was deemed to be
present, and subgroup analysis and sensitivity analysis were
used to investigate the sources of heterogeneity. The reasons
for heterogeneity were analyzed to determine whether Meta-
analysis could be performed using random effects models
(REM), but if there was significant heterogeneity between
studies, only descriptive qualitative analysis was performed
without combining it. Sensitivity analysis was performed by
using the single-study method of Revman removal to remove
“high risk of bias” literature one by one and sensitivity
plotting with Stata to assess the reliability and stability
of positive study results. We investigated whether potential
confounding factors could influence the acupuncture effects
of cytokines like MMP-13, which were highly heterogeneous
in the study results. We also carried out additional analyses
stratified by variables that are frequently disregarded but
crucial in animal experiments, such as animal population
selection and animal sex configuration. For differences in
estimates between these subgroups, P < 0.05 were deemed
significant. Potential publication bias was assessed by visualizing
asymmetries in funnel plots (>10 studies) by combining Egger’s
test and Begg’s test.

3. Results

3.1. Literature screening results

Literature search yielded 1,560 articles, of which 1,186 were
in Chinese, 372 in English, and two in Korean. Of these, 604
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duplicates were excluded using Endnote20 check. After reading
the abstracts and titles of the remaining 956 papers a further
632 (including reviews, systematic reviews, conferences, patents,
subject irrelevant, acupuncture non-primary therapies, KOA
non-target diseases, case reports, and non-animal studies) were
excluded based on the predetermined criteria. On accessing the
remaining 315 articles, 226 were excluded due to unavailable
full text, incomplete data, duplicate data publication, or non-
chondrogenic level studies. About 89 that met the basic
requirements and 54 articles with irrelevant outcome indicators.
Ultimately 35 articles were included in the meta-analysis, 25 of
which were in Chinese and 10 in English. Figure 1 shows details
of the literature search process.

3.2. Quality of the literature

The included studies’ quality scores ranged from 4 to 9
out of 10: one study (Zhou et al,, 2018) received a score of
9, eight studies (Liao et al.,, 2016; Ma et al.,, 2017; Wu et al,
2019, 2022; Wang et al., 2020; Jie et al., 2021; Liu J. W. et al,,
2021; Zhu S. Q. et al,, 2021) received a score of 8, 16 studies
(Xiong et al., 2012; Liang et al., 2015; Fu et al., 2016a; Fu et al.,
2016b; Xi et al., 2016; Yu, 2016; Liu N. G. et al., 2018; Wan
et al, 2019; Zhang et al, 2019a; Zhang et al., 2019b; Wang,
2020; Chen, 2021; Liu H. et al,, 2021; Zeng et al,, 2021; Zhu
D. Y. et al, 2021; Qin et al.,, 2022) received a score of 7, four
studies (Liang, 2015; Lin and Xu, 2019; Chen et al., 2020; Liu
D. et al, 2021) received a score of 6, three studies (Wu et al,,
2018; Liu, 2019; Wan et al., 2021) received a score of 5, and three
studies (Bao et al., 2011; Liu D. et al., 2017; Wang D. et al., 2021)
received a score of 4. There was no research that reported on
the sample size calculation. Except for five investigations (Bao
et al.,, 2011; Liu D. et al., 2017; Wu et al., 2018; Wan et al.,
2021; Wang D. et al,, 2021), all detailed laboratory temperature
and humidity control. All research showed randomization of
animal groups and employed adequate animal models, and all
but three studies (Xiong et al.,, 2012; Liao et al., 2016; Liu H. et al.,
2021) assessed modeling success and failure metrics. Thirty-
three research employed anesthetic supplies that had no effect
on the experiment, while the remaining six experiments (Bao
et al, 2011; Liu D. et al., 2017; Wu et al., 2018; Liu, 2019; Liu J.
W. etal, 2021; Wang D. et al,, 2021) did not require anesthesia
during the experiment. Three studies (Liao et al,, 2016; Zhou
et al, 2018; Liu J. W. et al,, 2021) used blinding during the
statistical analysis of the data. Nine research (Bao et al.,, 2011;
Liang, 2015; Liu D. et al., 2017; Lin and Xu, 2019; Liu, 2019;
Chen et al,, 2020; Liu D. et al., 2021; Wan et al,, 2021; Wang
D. et al,, 2021) did not declare compliance with animal welfare
regulations and a further 11 (Xiong et al., 2012; Liao et al., 2016;
Ma et al,, 2017; Zhou et al., 2018; Wu et al,, 2019; Wang et al,,
2020; Jie et al., 2021; Liu H. et al., 2021; Liu J. W. et al., 2021; Zhu
S. Q. etal, 2021; Wu et al., 2022) reported no possible conflict
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FIGURE 1

Flow diagram of study selection process.

of interest. Thirty-two studies were published in peer-reviewed 3.3. Basic characteristics of the
journals, and five (Liang, 2015; Yu, 2016; Liu, 2019; Wang, 20205 literature

Chen, 2021) were master’s or doctorate theses that were peer-

reviewed at the time of defense and so met the standards as well. Table 2 provides a summary of the features of the
For more information, see Table 1. included studies. The animal models utilized in the
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and the
classification was pure male, pure female, half of each,

included research were rabbit and rat, sex

and limitless sex, with a few studies not specified.
The included the Hulth-Telhag

method, the Videman method, anterior cruciate ligament

modeling  methods

TABLE 1 Quality assessment.

10.3389/fnins.2022.1098311

dissection, ovaries resection, femoral vein ligation, hind
limb achilles tendon resection, external fixation of the
hind knee, natural aging degeneration method, sodium
iodoacetate solution injection, and LPS induction method.
include traditional

Acupuncture intervention methods

References a1 | G2 | Q3 Q4 | Q5 Q6 | Q7 Q8 | Q9 | Q10 | Total
Chen et al,, 2020 v v v v v 6
Fuetal,, 2016b v v v v v v 7
Liao et al,, 2016 v v v v v v v v 8
ZhuD.Y.etal, 2021 v v v v v v v 7
Wang, 2020 v v v v v v v 7
Chen, 2021 v v v v v v v 7
LiuD. etal,, 2021 v v v v v v 6
Wu et al,, 2019 v v v v v v v v 8
Wang et al., 2020 v v v v v v v 8
Jie et al., 2021 v v v v v v v 8
Lin and Xu, 2019 v v v v v v 6
LiuD. etal, 2017 v v v v 4
Wuetal, 2018 v v v v 5
Xi etal., 2016 v v v v v 7
Zhang et al., 2019a v v v v v v 7
Bao etal.,, 2011 v v v v 4
Liu H. et al., 2021 v v v v v v v 7
Liang, 2015 v v v v v v 6
Yu, 2016 v v v v v v v 7
LiuN. G. etal,, 2018 v v v v v v v 7
Maetal., 2017 v v v v v v v v 8
LiuJ. W. etal., 2021 v v v v v v v v 8
Liang et al., 2015 v v v v v v v 7
Liu, 2019 v v v v v 5
Wan etal., 2019 v v v v v v v 7
Wu et al,, 2022 v v v v v v v v 8
Zhang et al., 2019b v v v v v v v 7
Fuetal, 2016a v v v v v v v 7
Wan et al., 2021 v v v v v 5
Zeng et al., 2021 v v v v v v 7
Xiong et al., 2012 v v v v v 7
Wang D. et al,, 2021 v v v v 4
Qin et al., 2022 v v v v v v v 7
Zhou et al., 2018 v v v v v v v v v 9
Zhu S. Q. et al,, 2021 v v v v v v v v 8

Q1, sample size calculation; Q2, statements describing control of temperature; Q3, randomly assigned to treatment or control groups; Q4, use of animals with Knee osteoarthritis; Q5,

Evaluation of Knee osteoarthritis model building; Q6, use of anesthetic without marked intrinsic properties; Q7, blinded assessment of outcome; Q8, compliance with animal welfare
regulations; Q9, published in a peer-reviewed journal or have passed peer review; and Q10, declared any potential conflict of interest.
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TABLE 2 Study characteristics.

References

Species

Model
(method)

Treatment
method

10.3389/fnins.2022.1098311

Originate from

Chen et al,, 2020 | New Zealand Un-limited, Anterior cruciate Acupotomy 6 times P38MAPK Cartilaginous tissue of
rabbits 8/group ligament tibial plateau and
transection(ACLT) femoral condyle
Fuetal,2016b | New Zealand Un-limited, Hulth-Telhag Needling 4 weeks Caspase-3, Bax, Cartilaginous tissue of
rabbits 10/group Bcl-2, caspase-3 tibial plateau and
mRNA femoral condyle
Liao etal., 2016 | SD rat Male, 10/group | Anterior cruciate Electroacupuncture | 12 weeks p38MAPK, mankin | Tibial plateau cartilage
ligament tissue
transection(ACLT)
ZhuD.Y.etal, |SDrat Male,6/group LPS inducing Electroacupuncture | 12 weeks P38MAPK, Chondrocyte
2021 P-p38MAPK,
collagen IT
Wang, 2020 Hartley guinea | Female, 8/group | Spontaneity Electroacupuncture | 30 days IL-1B8 Tibial plateau cartilage
pigs tissue
Chen, 2021 SD rat Male, 12/group | Induced by sodium | Electroacupuncture | 4 weeks IL-18, MMP-13 Cartilaginous tissue of
iodoacetate solution tibial plateau and
femoral condyle
Liu D. et al., New Zealand Un- Cast fixation of knee | Warm Acupuncture |2 weeks IL-1f8, MMP-13, Cartilaginous tissue
2021 rabbits limited,10/group | joint in extension mankin
position
Wuetal, 2019 | New Zealand Un-limited, Hulth-Telhag Electroacupuncture | 8 weeks IL-1B, mankin Tibial plateau cartilage
rabbits 9/group tissue
Wang et al,, Hartley guinea | Un-limited, Spontaneity Electroacupuncture | 4 weeks IL-18, MMP-13 Cartilaginous tissue
2020 pigs 6/group
Jie et al., 2021 SD rat Male, 8/group Anterior cruciate Electroacupuncture | 12 weeks MMP-13, subchondral bone,
ligament transection ADAMTS-5, mankin | Tibial plateau cartilage
(ACLT) tissueand subchondral
bone
Lin and Xu, 2019 | Wistar rat Male, 8/group Modified videman | Needling 4 weeks MMP-13 Cartilaginous tissue
LiuD. etal, New Zealand Male, 10/group | Extension fixation of | Warm Acupuncture |2 weeks MMP-13, MMP-1 Tibial plateau cartilage
2017 rabbits right hind limb tissue
Wuetal, 2018 | New Zealand Male, 10/group | Videman Warm Acupuncture | 2 weeks MMP-13 Tibial plateau cartilage
rabbits tissue
Xietal., 2016 New Zealand Un-limited, Hulth-Telhag Needling 4 weeks MMP-13, collagen I | Meniscus and cartilage
rabbits 10/group tissue
Zhang et al., SD rat Male, 10/group | Modified Electroacupuncture | 12 weeks MMP-13, mankin Tibial plateau cartilage
2019a Hulth-Telhag tissue
Baoetal,2011 |SDrat Female, 10/group | Unilateral hindlimb | Needling 2 weeks MMP-1 Cartilaginous tissue of
Achilles the femoral condyle
tendinectomy
Liu H. etal,, rat Male, 10/group | Anterior cruciate Needling 8 weeks ADAMTS-5, collagen | Cartilaginous tissue
2021 ligament transection II, aggrecan,
(ACLT) Apoptosis rate
Liang, 2015 New Zealand Male, 6/group Modified extension | Acupotomy 3 times Bax mRNA, Bcl-2 Cartilaginous tissue of
rabbits cast fixation of knee mRNA, Caspase-3 the femoral condyle
joint mRNA, Bax, Bcl-2,
Caspase-3, mankin
Yu, 2016 New Zealand Male, 6/group Modified Videman | Acupotomy 8 times Collagen II, Cartilaginous tissue of
rabbits aggrecan, mankin tibial plateau and
femoral condyle
LiuN. G.etal, | New Zealand Male, 6/group Modified Videman | Acupotomy 4 weeks Aggrecan Cartilaginous tissue
2018 rabbits from the distal femur

and proximal tibia
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TABLE 2 (Continued)

References) Species Model Treatment Course QOutcome Originate from
(method) method index
Maetal, 2017 | New Zealand Male, 6/group Videman Electroacupuncture | 4 weeks Aggrecan Cartilaginous tissue
rabbits
LiuJ. W.etal, rabbits Half and half, Extension fixation of | Warm Acupuncture |2 weeks Bax mRNA, Bcl-2 Cartilaginous tissue
2021 10/group right hind limb mRNA, Caspase-3
mRNA, Apoptosis
rate, mankin
Liang et al,, 2015 | New Zealand Half and half, Modified Videman | Acupotomy 3 times Collagen II, Cartilaginous tissue of
rabbits 6/group aggrecan, mankin the femoral condyle
Liu, 2019 New Zealand Half and half, Extension fixation of | Warm Acupuncture |2 weeks Bax mRNA, Bcl-2 Cartilaginous tissue of
rabbits 10/group right hind limb mRNA, Caspase-3 | tibial plateau and
mRNA, Bax, Bcl-2, | femoral condyle
Caspase-3
Wan etal, 2019 | Wistar rat Male, 8/group Modified Videman | Needling 3 weeks Caspase-3 mRNA, Cartilaginous tissue
Caspase-3, Apoptosis
rate
Wuetal, 2022 | New Zealand Male, 10/group | Extension fixation of | Warm Acupuncture |4 weeks Bax mRNA, Bcl-2 Articular cartilage of
rabbits right hind limb mRNA, Bax, Bcl-2, | tibial plateau and
Apoptosis rate, subchondral bone
mankin
Zhang et al., SD rat Male, 10/group | Modified Electroacupuncture | 12 weeks Bax mRNA, Bcl-2 Tibial plateau cartilage
2019b Hulth-Telhag mRNA, Bax, Bcl-2, tissue
mankin
Fuetal,2016a | New Zealand Un-limited, Hulth-Telhag Needling 4 weeks p38MAPK, Tibial plateau cartilage
rabbits 10/group Apoptosis rate tissue
Wan etal, 2021 | Wistar rat Male, 8/group Videman Needling 3 weeks Bax mRNA, Bcl-2 Cartilaginous tissue

mRNA, Bax, Bcl-2

Zengetal, 2021 | New Zealand Male, 8/group Modified Videman | Acupotomy 4 times Caspase-3 mRNA, Cartilaginous tissue of
rabbits Caspase-3, mankin, | the femoral condyle
Apoptosis rate
Xiong et al,, Japanese white | Male, 8/group Ligate the femoral Warm Acupuncture | 8 weeks Bax, Bcl-2, Apoptosis | Cartilaginous tissue of
2012 rabbit vein rate the femoral condyle
Wang D. etal,, | New Zealand Male, 10/group | Extension fixation of | Warm Acupuncture | 4 weeks Bax, Bcl-2, mankin | Tibial plateau cartilage
2021 rabbits right hind limb tissue
Qinetal, 2022 | New Zealand Male, 6/group Videman Acupotomy 3 weeks Mankin, BV/TV Cartilage and
rabbits subchondral bone
Zhou et al., 2018 | SD rat Female, 10/group | Ovariectomy Electroacupuncture | 12 weeks Mankin, BV/TV, Cartilage and
Tb.sp, Tb.Th, Tb.N | subchondral bone
ZhuS.Q.etal, |New Zealand Un-limited, Hulth-Telhag Needling 4 times Tb.sp, Tb.Th, Tb.N | Tibial plateau cartilage
2021 rabbits 10/group tissue
acupuncture, electroacupuncture, acupuncture knife, and P38MAPK levels when compared to the control group (FEM,
warm acupuncture. SMD -2.12, 95% CI: [-3.43,-0.81], P < 0.01; X?> = 11.38,

I? = 74%, Figure 2). At Revman, we ran a sensitivity analysis
of p38MAPK by single exclusion and found that the effect

34. Meta-analysis results size was steady and that removing one study had no influence
on its significance. Similarly, five studies on IL-1f (Wu et al,

3.4.1. p38MAPK pathway 2019; Wang, 2020; Wang et al., 2020; Chen, 2021; Liu D. et al,,
p38MAPK was utilized as an outcome measure in four 2021) and three on TNF-a (Wu et al, 2019; Wang et al,
investigations (Fu et al, 2016a; Liao et al, 2016; Chen et al, 2020; Liu H. et al, 2021) showed that all were significantly
2020; Zhu D. Y. et al., 2021). Acupuncture substantially lowered reduced in acupuncture intervention compared with model
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groups (P < 0.001, see Figure 2). One on p-p38MAPK (Zhu D.
Y. et al,, 2021) found significantly lower levels in acupuncture
than in model groups (P = 0.01, Figure 2).

MMP-13 was used as an outcome indicator in nine
studies (Xi et al., 2016; Liu D. et al., 2017; Wu et al., 2018;
Lin and Xu, 2019; Zhang et al, 2019a; Wang et al, 2020;
Chen, 2021; Jie et al, 2021; Liu D. et al, 2021), and pooled
analysis showed that acupuncture significantly reduced MMP-
13 compared to model groups (P < 0.001, I? = 85%, Figure 2).
The single exclusion method showed a stable effect. In two

10.3389/fnins.2022.1098311

studies on MMP-1 (Bao et al., 2011; Liu D. et al,, 2017) and
two on ADAMTSS5 (Jie et al,, 2021; Liu H. et al., 2021) levels
were also significantly lower in acupuncture treatment than
in model groups, their results were P = 0.03 and P < 0.001,
respectively, see Figure 2. Conversely, five studies on collagen
II (Liang et al., 2015; Xi et al., 2016; Yu, 2016; Liu H. et al., 2021;
Zhu D. Y. et al,, 2021) and five on aggrecan (Liang et al., 2015;
Yu, 2016; Ma et al., 2017; Liu N. G. et al, 2018; Liu H.
et al,, 2021), found significantly higher levels in acupuncture
than in model groups (P < 0.001, Figure 2), heterogeneity of

Acupuncture Model Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
1.1.1 p38MAPK expression level
Chen etal., 2020 1.81 0.18 8 2.35 0.27 8 26.6% -2.23[-3.55, -0.90] -
Fuetal, 2016a 122 022 10 1.34 0.03 10 31.0% -0.73 [-1.64, 0.18] -
Liao et al., 2016 1.16 0.45 10 2.65 0.88 10 28.7% -2.04[-3.17,-0.92] -
ZhuD.Y. etal., 2021 0.63  0.06 6 1.03 0.08 6 13.7%  -5.22[-8.01,-2.43] _
Subtotal (95% CI) 34 34 100.0% -2.12 [-3.43, -0.81] *
Heterogeneity: Tau? = 1.22; Chi? = 11.38, df = 3 (P = 0.010); I* = 74%
Test for overall effect: Z = 3.18 (P = 0.001)
1.1.2 IL-1B expression level
Chen, 2021 022 001 12 0.58 0.08 12 28.7% -6.10[-8.15, -4.05] -
Liu D. et al., 2021 175 10 10 254 6 10 19.2% -9.18[-12.47,-5.88] —
Wang, 2020 0.8  0.08 8 1.51 0.12 8 225% -6.58[-9.39, —
Wang et al., 2020 018 001 6 0.47 0.02 6 4.9%
Wu et al., 2019 033 0.02 9 0.54 0.04 9 24.8% ——
Subtotal (95% CI) 45 45 100.0% L 4
Heterogeneity: Tau? = 2.38; Chi? = 8.22, df = 4 (P = 0.08); I> = 51%
Test for overall effect: Z = 7.39 (P < 0.00001)
1.1.3 TNF-« expression level
Liu H. et al., 2021 121.84 24 10 190.81 28.4 10 40.1% -2.51[-3.75, -1.28] -
Wang et al., 2020 120.67 18 6 149.24 12.2 6 30.8% -1.72[-3.12,-0.31] -
Wu et al., 2019 13.94  3.12 9 24.94 3.8 9 29.1%  -3.01[-4.46, -1.57] -
Subtotal (95% ClI) 25 25 100.0% -2.41([-3.19, -1.63] ()
Heterogeneity: Tau? = 0.00; Chi? = 1.63, df = 2 (P = 0.44); I> = 0%
Test for overall effect: Z = 6.05 (P < 0.00001)
1.1.4 p-p38MAPK expression level
ZhuD. Y. etal., 2021 0.48 0.18 6 11 0.4 6 100.0% -1.85 [-3.29, -0.40] !
Subtotal (95% CI) 6 6 100.0% -1.85[-3.29, -0.40]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.50 (P = 0.01)
1.1.5 MMP-13 expression level
Chen, 2021 0.33 0.08 12 0.62 0.12 12 13.8% -2.75[-3.91, -1.58] =
Jie etal,, 2021 0.72 0.12 8 118 0.16 8 13.2% -3.08 [-4.65, -1.50] -
Lin and Xu, 2019 0.45 0.04 8 0.98 0.06 8 8.6% -9.83[-13.87, -5.78] r——
Liu D. etal., 2017 0.43 0.1 10 0.92 0.06 10 12.2%  -5.69[-7.85, -3.54] -
Liu D. etal., 2021 0.33 0.02 10 0.82 0.04 10 6.7% -14.84 [-20.05, -9.63] —
Wang et al., 2020 0.38  0.09 6 0.73 0.12 6 12.7%  -3.05[-4.91, -1.18] =
Wu et al., 2018 0.32 0.05 10 1.02 0.06 10 8.1% -12.14 [-16.43, -7.85] I
Xietal., 2016 0.26 0.04 10 0.67 0.07 10 11.4% -6.89 [-9.43, -4.35] =
Zhang et al., 2019a 0.62 0.24 10 1.62 0.28 10 13.3% -3.67 [-5.22, -2.13] =
Subtotal (95% CI) 84 84 100.0% -5.97 [-7.81, -4.13] S
Heterogeneity: Tau? = 6.02; Chi? = 52.60, df = 8 (P < 0.00001); I* = 85%
Test for overall effect: Z = 6.36 (P < 0.00001)
1.1.6 MMP-1 expression level
Bao etal., 2011 2,562.57 747.05 10 6,355.43 1,500.67 10 53.5%  -3.06 [-4.44, -1.69] =
Liu D. etal., 2017 0.34 0.11 10 11 0.07 10 46.5% -7.90[-10.76, -5.03] ——
Subtotal (95% CI) 20 20 100.0% -5.31[-10.03, -0.59] B
Heterogeneity: Tau? = 10.35; Chi = 8.86, df = 1 (P = 0.003); I> = 89%
Test for overall effect: Z = 2.20 (P = 0.03)
1.1.7 ADAMTSS expression level
Jie etal,, 2021 0.48 0.13 8 1.29 0.4 8 40.4% -2.57 [-3.99, -1.16] -
Liu H. etal., 2021 1.47 0.32 10 237 0.44 10 59.6% -2.24[-3.4 .07] =
Subtotal (95% CI) 18 18 100.0% -2.38 [-3.28, -1.47] L)
Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 1 (P = 0.72); I = 0%
Test for overall effect: Z = 5.16 (P < 0.00001)
1.1.8 collagen Il expression level
Liang et al., 2015 0.59 0.12 5 0.22 0.08 5 15.2% 3.28 [1.05, 5.50] =
Liu H. et al., 2021 0.88 0.12 10 0.53 0.08 10 36.5% 3.29[1.85, 4.72] -
Xietal., 2016 0.6 0.03 10 0.23 0.05 10 Not estimable
Yu, 2016 0.8 0.15 6 0.44 0.17 6 32.7% 2.07[0.55, 3.59] il
ZhuD.Y. etal., 2021 0.64  0.09 6 0.32 0.06 6 15.6% 3.86 [1.66, 6.06] -
Subtotal (95% CI) 27 27 100.0% 298 [2.11, 3.85] ¢+
Heterogeneity: Tau? = 0.00; Chi? = 2.23, df = 3 (P = 0.53); I’ = 0%
Test for overall effect: Z = 6.73 (P < 0.00001)
1.1.9 aggrecan expression level
Liang et al., 2015 0.85 0.16 6 0.36 0.19 6 18.2% 2.58 [0.88, 4.27) -
Liu H. etal., 2021 0.97 0.24 10 0.69 0.16 10 32.6% 1.31[0.33, 2.30] il
LiuN. G. etal., 2018 113 0.3 6 0.57 0.22 6 21.5% 1.97 [0.48, 3.45] B
Maetal., 2017 111 0.16 6 0.59 0.11 6 13.9% 3.50[1.45, 5.54] -
Yu, 2016 111 0.16 6 0.59 0.11 6 13.9% 3.50 [1.45, 5.54] =
Subtotal (95% CI) 34 34 100.0% 229 [1.41,3.17] *

Heterogeneity: Tau? = 0.37; Chi? = 6.33, df = 4 (P = 0.18); I> = 37%
Test for overall effect: Z = 5.09 (P < 0.00001)

FIGURE 2

Forest plot of p38MAPK signaling regulators. p38MAPK, IL-18, TNF-a, p-p38MAPK, MMP-13, MMP-1, ADAMST-5, collagen Il, and aggrecan in

acupuncture and model groups.
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collagen II was significantly lower after exclusion of one study
(Xi et al, 2016) perhaps due to sex distribution differences
between studies(unrestricted in that study, all male or half
male in others).

3.4.2. Mitochondrial pathway
3.4.2.1. mRNA expression of cytokines on the
mitochondrial signaling pathway in cartilage

As shown by Figure 3, six publications (Liang, 2015; Liu,
2019; Zhang et al, 2019b; Liu J. W. et al., 2021; Wan et al,
2021; Wu et al., 2022) showed that Bax mRNA was significantly
reduced in acupuncture compared to model groups (P < 0.001).

10.3389/fnins.2022.1098311

However, in the same studies Bcl-2 mRNA was elevated in
acupuncture groups compared to model groups. Sensitivity
analysis showed that the heterogeneities of both Bax mRNA and
Bcl-2 mRNA were significantly lower after excluding one study
(Wan et al,, 2021). The measured value in this study appeared
small compared with other studies and this may be due to high
RNA degradation rate or the concentration of internal reference
genes of the samples sent for testing.

Six studies (Liang, 2015; Fu et al.,, 2016b; Liu, 2019; Wan
etal, 2019; Liu J. W. et al., 2021; Zeng et al., 2021) on Caspase-
3 mRNA and one (Wan et al, 2019) on Caspase-9 mRNA

Acupuncture Model Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean __ SD Total Mean _ SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.2.1 Bax mRNA expression level
Liang, 2015 201 015 6 345 03 6 51%  -5.60[-8.57,-2.64] —_
Liu, 2019 204 02 10 259 015 10 24.7%  -2.98[-4.33,-1.63] -
LiuJ. W. etal.,, 2021 21 016 10 27 018 10 21.2%  -3.37[-4.83,-191] -
Wan etal., 2021 344 006 8 133 023 8 Not estimable
Wu et al., 2022 079 009 10 118 012 10 20.0%  -3.52[-5.02,-2.02] -
Zhangetal, 2019 122 012 10 157 0.14 10 29.0%  -2.57[-3.82,-1.32 -
Subtotal (95% CI) 46 46 100.0%  -3.19 [-3.86, -2.52] 4
Heterogeneity: Tau? = 0.00; Chi? = 3.84, df = 4 (P = 0.43); I’ = 0%
Test for overall effect: Z = 9.30 (P < 0.00001)
1.2.2 Bcl-2 mRNA expression level
Liang, 2015 095 017 6 055 079 6 17.9% 0.65 [-0.53, 1.82] ™
Liu, 2019 068 012 10 049 0.1 10 21.4% 1.65 [0.60, 2.69] -
Liu).W.etal, 2021 067 0.08 10 0.48 008 10 17.8% 2.27[1.10, 3.45] -
Wan et al., 2021 0.105 0.002 8 0.026 0.005 8 Not estimable
Wu et al., 2022 067 01 10 053 013 10 24.1% 1.160.19, 2.12] il
Zhangetal. 2019  0.86 0.08 10 061 0.14 10 18.8% 2.10[0.96, 3.24] -
Subtotal (95% CI) 46 46 100.0% 155 [0.98, 2.11] +
Heterogeneity: Tau? = 0.10; Chi? = 5.30, df = 4 (P = 0.26); I = 25%
Test for overall effect: Z = 5.39 (P < 0.00001)
1.2.3 Caspase-3 mRNA expression level
Fuetal, 2016b 0.378 0.023 10 0.706 0.026 10 14.1% -12.80(-17.31,-8.29] —_—
Liang, 2015 217 045 6 415 053 6 19.7%  -3.72[-5.86,-1.58] -
Liu, 2019 098 012 10 1.89 009 10 17.8% -8.22[-11.19,-5.24] —_
LiuJ.W.etal, 2021 091 014 10 25 044 10 20.3%  -4.66[-6.50, -2.83] -
Wan et al., 2019 301 028 8 2103 12 8  8.1% -19.55([-27.42,-11.69]
Zeng etal., 2021 156 023 8 36 058 8 200%  -4.37[-637,-237] —-—
Subtotal (95% CI) 52 52 100.0% -7.40 [-10.20, -4.60] L 2

Heterogeneity: Tau? = 9.15; Chi? = 30.21, df = 5 (P < 0.0001); I = 83%

Test for overall effect: Z = 5.18 (P < 0.00001)

1.2.4 Caspase-9 mRNA expression level
Wan et al., 2019 119 0.52 8
Subtotal (95% CI) 8
Heterogeneity: Not applicable

Test for overall effect: Z = 4.74 (P < 0.00001)

5.97 0.48

1.2.5 Bax expression level

8 100.0%
8 100.0%

Fuetal., 2016b 0.581 0.021 10 0.959 0.021 10 8.0%
Liang, 2015 0.58 0.14 6 0.5 0.14 14.9%
Liu, 2019 0.38 0.06 10 0.52 0.04 10 14.8%
Wan et al., 2021 0.57 0.014 8 0.82 0.015 8 7.3%
Wang D. et al., 2021 0.23  0.02 10 032 0.01 10 13.9%
Wu et al., 2022 0.71 0.06 10 121 0.04 10 11.9%
Xiong et al., 2012 1147 113 8 20.62 3.81 8  14.5%
Zhang et al., 2019b 03 006 10 046 004 10 14.7%
Subtotal (95% CI) 72 72 100.0%

Heterogeneity: Tau? = 10.19; Chi® = 90.80, df = 7 (P < 0.00001); I* = 92%

Test for overall effect: Z = 4.51 (P < 0.00001)

1.2.6 Bcl-2 expression level

Fuetal., 2016b 0.595 0.016 10 0.457 0.01 10 9.0%
Liang, 2015 0.44 0.15 6 039 0.13 6 14.9%
Liu, 2019 0.43  0.05 10 029 0.04 10 14.5%
Wan et al., 2021 0.78 0.013 8 0.51 0.013 8 3.2%
Wang D. et al., 2021 0.28 0.2 10 0.12 0.01 10 15.3%
Wu et al., 2022 1.2 0.04 10 0.8 0.12 10 13.6%
Xiong et al., 2012 26.85 3.24 8 21.17 3.14 8 14.8%
Zhang et al., 2019b 0.38 0.04 10 0.2 0.08 10 14.6%
Subtotal (95% CI) 72 72 100.0%

Heterogeneity: Tau? = 4.06; Chi? = 60.33, df = 7 (P < 0.00001); I* = 88%

Test for overall effect: Z = 4.20 (P < 0.0001)

1.2.7 Caspase-3 expression level

Fuetal., 2016b 026 001 10 044 022 10

Liang, 2015 042 011 6 069 01 6 287%
Liu, 2019 036 005 10 053 003 10 285%
Wan etal., 2019 023 008 8 065 012 8 22.2%
Zeng etal., 2021 031 005 8 055 006 8 20.6%
Subtotal (95% C) 32 32 100.0%
Heterogeneity: Tau? = 0.00; Chi? = 2.73, df = 3 (P = 0.44); I’ = 0%

Test for overall effect: Z = 7.96 (P < 0.00001)

1.2.8 Caspase-9 expression level

Wan et al., 2019 064 006 8 107 008 8§ 100.0%
Subtotal (95% C) 8 8 100.0%
Heterogeneity: Not applicable

Test for overall effect: Z = 4.52 (P < 0.00001)

1.2.9 Cyt-c expression level

Wan et al., 2019 54 04 8 98 032 8 100.0%
Subtotal (95% CI) 8 8 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 4.80 (P < 0.00001)

FIGURE 3
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were significantly lower in acupuncture than model groups
(P < 0.001, Figure 3). Single exclusion method shows stable
results in Caspase 3.

3.4.2.2. Protein expression of cytokines on the
mitochondrial signaling pathway in cartilage

Figure 3 shows that pooled data from eight studies (Xiong
et al., 2012; Liang, 2015; Fu et al, 2016b; Liu, 2019; Zhang
et al,, 2019b; Wan et al,, 2021; Wang D. et al,, 2021; Wu et al,,
2022) found reduced Bax and increased Bcl-2 in acupuncture
compared to model groups (P < 0.001). The single exclusion
method showed a stable effect.

Pooled analysis from five studies (Liang, 2015; Fu et al,
2016b; Liu, 2019; Wan et al.,, 2019; Zeng et al.,, 2021) shows
that Caspase-3 is significantly reduced in acupuncture compared
to model groups (P < 0.001, Figure 3). Sensitivity analysis
showed a significant reduction in heterogeneity after excluding
one study (Fu et al., 2016b). This may be due to the unrestricted
sex distribution of the animals used in that study, while other
studies were all-male (Liang, 2015; Wan et al.,, 2019; Zeng et al,,
2021) or half-male (Liu, 2019).

One study (Wan et al., 2019) found reduced Caspase-9 and
Cytochrome-c (Cyt-c) levels in acupuncture compared with a
model group (P < 0.001, Figure 3).

3.4.3. Effect of acupuncture intervention on
cartilage phenotype in KOA
3.4.3.1. Chondrocyte apoptosis rate

Pooled data from seven studies (Xiong et al., 2012; Fu et al,,
2016a; Wan et al.,, 2019; Liu H. et al,, 2021; Liu J. W. et al,

10.3389/fnins.2022.1098311

2021; Zengetal., 2021; Wu et al,, 2022) showed that chondrocyte
apoptosis rate was significantly lower in acupuncture than
model groups (P < 0.001, I> = 88%, Figure 4). The single
exclusion method showed a stable effect.

3.4.3.2. Mankin’s score

Cartilage damage is the gold standard for KOA assessment,
and the Mankins score as revised by the Osteoarthritis
Research Society International (OARSI) (Moskowitz, 2006) is
the most commonly used system to gauge cartilage destruction.
Higher scores indicate more severe cartilage breakdown, lower
chondrocyte counts, and worse pathological staining. As shown
by Figure 4, data from 15 studies (Liang, 2015; Liang et al., 2015;
Liao et al., 2016; Yu, 2016; Zhou et al., 2018; Wu et al., 2019,
2022; Zhang et al., 2019a,b; Jie et al., 2021; Liu D. et al.,, 2021;
Liu J. W. et al,, 2021; Wang D. et al., 2021; Zeng et al., 2021; Qin
et al., 2022) show significantly lower score in acupuncture than
model groups (P < 0.001).

3.4.3.3. Cartilage morphometrics

To assess the extrinsic effects of acupuncture on the
regulation of matrix-degrading enzymes and extracellular
matrix molecules in cartilage, we included the following values
that quantify cartilage morphometry:

Data from three studies (Zhou et al, 2018; Jie et al,
2021; Qin et al,, 2022) showed that BV/TV scores did not
differ significantly between the acupuncture and model groups
(P = 0.75, Figure 5). Further pooled data from three studies
(Zhou et al., 2018; Jie et al., 2021; Zhu S. Q. et al., 2021) showed

Acupuncture Model Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, 95% CI \'A 95% ClI
1.3.1 Apoptosis rate of chondrocytes
Fuetal., 2016a 24.67 1.11 10 65.59 3.01 10 11.9% -17.28[-23.31, -11.24] ==
Liu H. et al,, 2021 5.87 1.16 10 11.88 2.14 10 17.1% -3.34 [-4.80, -1.89] -
LiuJ. W. etal,, 2021  22.48 2.4 10 39.97 1.94 10 15.9% -7.68 [-10.47, -4.88] —_—
Wan et al., 2019 7.47 1.32 8 23.45 2.08 8 15.0%  -8.67[-12.27,-5.08] —
Wu et al., 2022 25.22 1.22 10 50.56 1.41 10 11.4% -18.41[-24.83,-11.98]
Xiong et al., 2012 12.45 0.38 8 35.47 2.32 8 12.8% -13.09([-18.41,-7.78] ————
Zeng et al., 2021 352 1.9 8 526 29 8 15.9% -6.71[-9.56, -3.86] Sl
Subtotal (95% CI) 64 64 100.0% -9.99 [-13.65, -6.33] -
Heterogeneity: Tau? = 19.85; Chi? = 51.11, df = 6 (P < 0.00001); I> = 88%
Test for overall effect: Z = 5.35 (P < 0.00001)
1.3.2 Mankin 's score
Jieetal., 2021 3.58 1.2 8 712 16 8 8.9% -2.37[-3.73, -1.01] -
Liang, 2015 5.5 1.05 6 8.83 1.47 6 6.6% -2.41[-4.04, -0.78] ==
Liang et al., 2015 52 1.8 5 9.2 1.2 5 5.4% -2.36 [-4.18, -0.54] -
Liao et al., 2016 3.12 1.24 10 7.04 1.24 10 8.8% -3.03 [-4.39, -1.66] -
Liu D. et al., 2021 2.2 0.44 10 4.48 1.02 10 9.6% -2.78 [-4.08, -1.48] -
LiuJ. W. et al., 2021 4.1 1.2 10 8.3 1.34 10 8.5% -3.16 [-4.56, -1.76] -
Qin et al., 2022 5.15 1.8 6 9.6 2.4 6 7.8% -1.94 [-3.41, -0.46] -
Wang D. et al., 2021 4.8 0.77 10 8.36 0.73 10 5.5% -4.54 [-6.34, -2.74] -
Wu et al., 2019 6.6 0.98 3 10.24 1.02 3 1.9% -2.91[-6.15, 0.32] —
Wu et al., 2022 5.82 0.67 10 8.44 0.73 10 7.4% -3.58 [-5.10, -2.06] -
Yu, 2016 3.75 171 6 8.5 1.29 6 5.5% -2.89[-4.71, -1.08] -
Zeng et al., 2021 2.5 1 8 6 0.75 8 5.6% -3.74 [-5.53, -1.96] -
Zhang et al., 2019a 7.78 0.83 10 12.44 0.88 10 4.6% -5.22 [-7.22, -3.21] -
Zhang et al., 2019b 6.88 0.84 10 11.75 1.04 10 4.9% -4.93 [-6.85, -3.02] —=
Zhou et al., 2018 2.12 0.22 10 4.62 1.12 10 9.0% -2.97 [-4.32, -1.62] .
Subtotal (95% CI) 122 122 100.0% -3.14 [-3.59, -2.69] ]
Heterogeneity: Tau? = 0.11; Chi? = 16.33, df = 14 (P = 0.29); I> = 14%
Test for overall effect: Z = 13.65 (P < 0.00001)
-20  -io 0 10 20
Acupuncture Model

FIGURE 4
Forest plot of apoptosis rate and Mankin's score.
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significant reduction in Tb.sp scores (P < 0.01, Figure 5) and
significant increase in both Tb,N (P < 0.001, Figure 5)and
Tb.Th (P < 0.05, Figure 5) in acupuncture compared with
model groups. Sensitivity analysis showed a significant decrease
in Tb.sp and Tb.N heterogeneity after excluding one study (Jie
et al., 2021). We found that the values of the outcome indicators
varied considerably among studies, probably due to the different
magnifications of the light microscope and the software used for
the calculation.

3.5. Subgroup analysis

Sources of a high level of heterogeneity (I* = 85%) among
studies on MMP-13 were explored from two subgroup analyses
differing according to clinical characteristics, as follows.

(1) Articles were allocated to subgroups according to animal
species (rabbit and rat). Results of analysis presented in
Figure 6 show that the expression of MMP-13 in the
acupuncture group was all significantly lower than that
in the model group (P < 0.001), species factors don’t
influence acupuncture to reduce MMP-13 expression.
However, the combined forest plot effect shows a more
pronounced reduction in the leftward shift of the effector
amount of MMP-13 in the cartilage of rabbits compared
to rats. Furthermore, the difference between subgroups

10.3389/fnins.2022.1098311

reached statistical significance (P = 0.004), with a greater
reduction in the rabbit subgroup. These results suggest
that the magnitude of the efficacy of acupuncture may be
species dependent and that rabbits may be relatively more
sensitive to the effects of acupuncture.
(2) Study data were allocated to subgroups according
to sex selection (sex-unlimited and male), and the
results of the analysis in Figure 7 show that the effect
on MMP-13 was significantly greater in acupuncture
than model groups in both forms of sex selection,
providing further evidence of the generalizability
of acupuncture for KOA. The decline of MMP-13
in male (P < 0.001) is more prominent than in
0.004), however, the differences
between subgroups didn’t reach statistical significance
(P=0.41).

sex-unlimited (P =

3.6. Sensitivity analysis

To evaluate the stability of the results of acupuncture
studies on KOA animal models, studies with significant
differences but high heterogeneity (containing p38MAPK,
MMP-13, Caspase-3 mRNA, Bax, Bcl-2 expression levels,
chondrocyte
sensitivity analysis using Stata 17.0 to explore the sources

and apoptosis rates) were subjected to

of heterogeneity and the degree of influence on the

FIGURE 5

Acupuncture Model Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.4.1 BV/TV
Jieetal., 2021 6.4 2.24 8 7.03 3.02 8 35.5% -0.22 [-1.21, 0.76] — &
Qin etal., 2022 0.3  0.12 6 046 0.14 6 21.7% -1.13[-2.39,0.13] e E—
Zhou et al., 2018 0.37 0.14 10 028 0.18 10 42.8% 0.53 [-0.36, 1.43] —T—
Subtotal (95% CI) 24 24 100.0% -0.10 [-0.68, 0.49] .
Heterogeneity: Chi? = 4.57, df = 2 (P = 0.10); I = 56%
Test for overall effect: Z = 0.32 (P = 0.75)
1.4.2 Th.sp
Jieetal., 2021 834.53 176.26 8 679.85 158.27 8 Not estimable
Zhou et al., 2018 100.14 14.76 10 133.14 20.06 10 41.4% -1.79[-2.87,-0.72] ———— @& —
ZhuS. Q. etal, 2021 165.96 25.38 10 181.78 22.42 10 58.6% -0.63[-1.54,0.27] —u—
Subtotal (95% CI) 20 20 100.0% -1.11[-1.81,-0.42] i
Heterogeneity: Chi? = 2.63, df = 1 (P = 0.10); I = 62%
Test for overall effect: Z = 3.16 (P = 0.002)
1.4.3 Tb.N
Jieetal., 2021 8.88 1.71 8 10.45 2.65 8 Not estimable
Zhou et al., 2018 4.76  0.56 10 4.13  0.61 10 55.0% 1.03 [0.08, 1.98] ——
Zhu S. Q. et al., 2021 1.95 0.2 10 1.55 0.26 10 45.0% 1.65[0.61, 2.70] —a—
Subtotal (95% CI) 20 20 100.0% 1.31 [0.61, 2.01] i
Heterogeneity: Chi2 = 0.74, df = 1 (P = 0.39); I = 0%
Test for overall effect: Z = 3.66 (P = 0.0003)
1.4.4 Tb.Th
Jie et al., 2021 310.82 64.26 8 283.27 59.02 8 30.5% 0.42 [-0.57, 1.42] —
Zhou et al., 2018 68.04 896 10 5821 3.98 10 30.5% 1.36 [0.36, 2.35] —_—
ZhuS.Q.etal., 2021 152.44 31.41 10 146.35 25.65 10 39.0% 0.20 [-0.68, 1.08] —
Subtotal (95% CI) 28 28 100.0% 0.62 [0.07, 1.17] e
Heterogeneity: Chi® = 3.13, df = 2 (P = 0.21); I> = 36%
Test for overall effect: Z = 2.22 (P = 0.03)

2 -1 0
Acupuncture Model

Forest plot of morphometry of cartilage.
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acupuncture Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 rabbit
Liu D. etal., 2017 0.43 0.1 10 0.92 0.06 10 12.2% -5.69 [-7.85, -3.54] =
Liu D. et al., 2021 0.33 0.02 10 0.82 0.04 10 6.7% -14.84 [-20.05, -9.63]
Wu et al., 2018 0.32 0.05 10 1.02 0.06 10 8.1% -12.14 [-16.43, -7.85] -
Xietal., 2016 0.26 0.04 10 0.67 0.07 10 11.4% -6.89 [-9.43, -4.35] o
Subtotal (95% CI) 40 40 38.5% -9.28 [-12.92, -5.65] e
Heterogeneity: Tau? = 10.46; Chi? = 15.05, df = 3 (P = 0.002); I> = 80%
Test for overall effect: Z = 5.00 (P < 0.00001)
1.5.2 rat
Chen, 2021 0.33 0.08 12 0.62 0.12 12 13.8% -2.75[-3.91, -1.58] -
Jieetal, 2021 0.72 0.12 8 1.18 0.16 8 13.2% -3.08 [-4.65, -1.50] -
Lin and Xu, 2019 0.45 0.04 8 0.98 0.06 8 8.6% -9.83[-13.87,-5.78] e —
Wang et al., 2020 0.38 0.09 6 0.73 0.12 6 12.7% -3.05[-4.91, -1.18] -
Zhang et al.,, 2019a 0.62 0.24 10 1.62 0.28 10 13.3% -3.67 [-5.22, -2.13] -
Subtotal (95% CI) 44 44 61.5% -3.66 [-4.98, -2.35] <
Heterogeneity: Tau? = 1.35; Chi® = 11.26, df = 4 (P = 0.02); I* = 64%
Test for overall effect: Z = 5.46 (P < 0.00001)
Total (95% CI) 84 84 100.0% -5.97[-7.81, -4.13] L 2

. 2 _ . Chi? = = 2= t t t t
Heterogeneity: Tau® = 6.02; Chi® = 52.60, df = 8 (P < 0.00001); I* = 85% 30 10 1y 10 20

Test for overall effect: Z = 6.36 (P < 0.00001)

Test for subgroup differences: Chi? = 8.12, df = 1 (P = 0.004), 1> = 87.7%

FIGURE 6

Acupuncture Model

Subgroup analysis of effects of acupuncture on MMP-13 in KOA cartilage in different animal models (rabbit and rat).

combined effect sizes. The results of this analysis showed
that data from all studies were evenly distributed around
the line of no difference, and the MD, confidence interval,
and heterogeneity did not change significantly with each
excluded study, indicating that the results were relatively
robust (Figure 8).

3.7. Publication bias

The funnel plot and the Egger test were used to compensate
for publication bias; if P < 0.05 in the both Egger’s test and Begg’s
test indicate potential bias. In this study, funnel plots for the
effect of acupuncture on the Mankin’s score of cartilage were
created. The Egger’s test, P = 0.051, close to 0.05, combined
with the results of Begg’s test (P = 0.018) and the asymmetry
of the funnel plot, prefers to consider a slight publication bias,
indicating a possible bias. This is depicted in Figure 9.

4. Discussion

4.1. Summary of main findings

In this review, we systematically analyzed 40 acupuncture
studies on cytokines relevant to p38MAPK and mitochondrial
pathways in cartilage samples from animal models. We
found that in cartilage, acupuncture significantly inhibited
two important KOA-inducing mediators, IL-18 and TNF-a,
attenuating their effects on the cartilage environment. It also
significantly blocked their activation of p38MAPK, preventing
activation of the MAPK signaling pathway in cartilage and
allowing increased P38MAPK phosphorylation (p-p38MAPK)
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(Park et al., 2018). Acupuncture also significantly attenuates IL-
1B and TNF-«a activation of MAPK and inhibits the expression
of p-p38 MAPK. Reduced p-p38MAPK limits the production
of enzymes such as MMP and ADAMTS that degrade and
cause phenotypic change in cartilage matrix (Wang et al., 2013;
Lieberthal et al., 2015). MMP-13, the main MMP involved in
cartilage degradation (Mehana et al,, 2019), has the specific
ability to cleave collagen II and degrade aggrecan molecules,
playing a dual role in matrix destruction, which makes it an
attractive target for the treatment of OA. The ADAMTS protein
family has also been associated with cartilage degradation of
KOA, particularly ADAMTS5 (Kapoor et al,, 2011). Therefore,
MMP13 and ADAMTS5 were used as catabolic markers, while
collagen II and aggrecan were used as anabolic markers of
cartilage metabolism (He et al., 2020). The regulated synthesis
or activity of these enzymes is essential to inhibit cartilage
degeneration and catabolism of the cartilage matrix, and we
found that acupuncture intervention significantly inhibited the
expression of MMP-13 and ADAMTS5 thereby significantly
reversing the reduction of collagen and aggrecan proteins in the
extracellular matrix of cartilage during KOA progression.

In addition, the catabolism of cartilage matrix in KOA leads
to chondrocyte apoptosis and a decrease in chondrocyte survival
signals (Sun et al., 2019). Bcl-2 and Bax protein levels are directly
related to apoptosis. Elevated Bcl-2 can inhibit apoptosis by
moderating mitochondrial permeability. Conversely, elevated
Bax can promote apoptosis by increasing mitochondrial
membrane permeability via activated oligomers and Cyt-C
release into the cytoplasm. The latter activates key enzymes
of the mitochondria-dependent apoptotic pathway, triggering
the Caspase cascade, with sequential activation of Caspase-9
and Caspase-3, leading to apoptosis (Vakifahmetoglu-Norberg
et al, 2017). In the present study, acupuncture significantly
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acupuncture Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 un-limited
Liu D. et al., 2021 0.33 0.02 10 0.82 0.04 10 6.7% -14.84[-20.05,-9.63] ——
Wang et al., 2020 0.38 0.09 6 0.73 0.12 6 12.7% -3.05 [-4.91, -1.18] -
Xi et al., 2016 0.26 0.04 10 0.67 0.07 10 11.4% -6.89 [-9.43, -4.35] I
Subtotal (95% CI) 26 26 30.9% -7.69[-12.92,-2.47] —~—
Heterogeneity: Tau? = 18.43; Chi? = 19.97, df = 2 (P < 0.0001); I*> = 90%
Test for overall effect: Z = 2.89 (P = 0.004)
1.6.2 male
Chen, 2021 0.33 0.08 12 0.62 0.12 12 13.8% -2.75[-3.91, -1.58] -
Jieetal., 2021 0.72 0.12 8 1.18 0.16 8 13.2% -3.08 [-4.65, -1.50] -
Lin and Xu, 2019 0.45 0.04 8 0.98 0.06 8 8.6% -9.83[-13.87,-5.78] e
Liu D. et al., 2017 0.43 0.1 10 0.92 0.06 10 12.2% -5.69 [-7.85, -3.54] —
Wu et al., 2018 0.32 0.05 10 1.02 0.06 10 8.1% -12.14 [-16.43, -7.85]
Zhang et al., 2019a 0.62 0.24 10 1.62 0.28 10 13.3% -3.67 [-5.22, -2.13] —.—
Subtotal (95% CI) 58 58 69.1% -5.36 [-7.36, -3.37] o
Heterogeneity: Tau? = 4.65; Chi? = 29.98, df = 5 (P < 0.0001); I> = 83%
Test for overall effect: Z = 5.27 (P < 0.00001)
Total (95% CI) 84 84 100.0% -5.97 [-7.81, -4.13] <o

Fr—— 2 . =R p 12 = 0, + — + -
Heterogeneity: Tau® = 6.02; Chi? = 52.60, df = 8 (P < 0.00001); I° = 85% 0 1o )y 10 26

Test for overall effect: Z = 6.36 (P < 0.00001)
Test for subgroup differences: Chi? = 0.67, df = 1 (P = 0.41), I* = 0%

FIGURE 7

Acupuncture Model

Subgroup analysis of MMP-13 in KOA cartilage treated with acupuncture in animal models of different gender distributions (male and

un-limited).

modulated the mRNA and protein expression levels of Bcl-
2, Bax, Caspase-9, and Caspase-3, inhibited the expression of
Cyt-c, and reduced the chondrocyte apoptosis rate, suggesting
that acupuncture achieved this by inhibiting the activation of
mitochondrial pathways.

We also reviewed relevant phenotypes of cartilage to verify
the effectiveness of the acupuncture effect. To verify cartilage
improvement, chondrocyte apoptosis rates from Tunnel or cell
flow tests, the Mankin score (which uses electron microscopy
and pathological staining to assess cartilage gross morphological
structure), and indicators of morphometric changes in cartilage
and subchondral bone observed using light microscopy
(BV/TV, Tb.sp, Tb.N, Tb.Th) were included. The results
showed that acupuncture significantly improved the apoptosis
of chondrocytes and the repair of cartilage morphological
structures, especially the mean thickness of trabecular column
structures (Tb.Th), the mean number of trabeculae per unit
length (Tb.N), and the mean distance between trabeculae
(column structures; Tb.Sp), providing strong evidence for
cartilage remodeling. The exceptions were cartilage and BV/TYV,
which did not differ significantly, a surprising finding which may
be due to the small number of included studies and the range of
modeling methods, and needs to be verified by further study.

Species factors have significant effects on the mechanistic
study of acupuncture. In the subgroup analysis of species
differences, we found that acupuncture was effective across
species, providing further evidence for the generalizability of
acupuncture for KOA. The relevant forest plot (Figure 9)
showed that acupuncture may be relatively sensitive in rabbits,
consistent with a study (Vina et al, 2021) which found
treatment differences in acupuncture management of KOA
between African American and white participants, possibly due
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to cognitive selection bias by race or differences in response to
mind-body feedback.

Furthermore, acupuncture performed effectively for persons
with KOA regardless of gender, which is consistent with a
secondary analysis of a multicenter randomized controlled
study revealing that the efficacy of acupuncture for KOA is
independent of gender (Hao et al., 2022). While we discovered
in the forest plot that acupuncture may work more sensitively
in men, some studies have examined gender differences in the
efficacy of acupuncture management for KOA and the cost-
effectiveness of treatment (Reinhold et al., 2008; Vina et al,,
2021), indicating that acupuncture is more effective in women
with osteoarthritis and that women are more favorable to
acupuncture, the underlying reasons for this gender difference
remain unknown. The fact that acupuncture engages distinct
active brain regions in men and women may explain the
gender disparities in acupuncture benefits (Li et al., 2018).Thus,
demographics and gender demand additional investigation and
emphasize the necessity for thorough control of these factors in
mechanistic research.

4.2. Strengths and limitations

To our knowledge, this is the first systematic review of
the effects of acupuncture on KOA pathway mechanisms
and related phenotypes in animal studies and the first
in KOA
animal experiments, providing a reference for future KOA

study to evaluate acupuncture interventions
mechanism studies and animal experiments. We conducted
as comprehensive a search as possible for the full text of all

articles (in any language) in nine databases. The CAMARADES
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FIGURE 8

Sensitivity analysis of acupuncture effects on p38MAPK, MMP-13, Caspase-3 mRNA, Bax, and Bcl-2 in KOA cartilage.

inventory was used to assess the quality of the studies and to
extract data for analysis to validate our findings. The present
study was conducted to provide a theoretical basis for revealing
the mechanism of acupuncture action in the future.

However, there are some limitations to this research.
The studies we included did not perform p38MAPK and
mitochondrial pathway silencing experiments, which should
be conducted in future studies on acupuncture mechanisms.
Secondly, acupuncture is a traditional Chinese therapy, and
the included literature is from China, which may have an
unavoidable publication bias. Moreover, the small amount and
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FIGURE 9

Funnel plots of Mankin’s score in the KOA animal model of
acupuncture intervention.
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poor quality of the selected literature meant that no firm
conclusions could be drawn. We look forward to higher quality
studies on the mechanisms of acupuncture and hope that the
present review provides a useful reference in the field.

5. Conclusion

In conclusion, our analysis shows that acupuncture
treatments might minimize cartilage extracellular matrix
breakdown by inhibiting cytokine production in the p38MAPK
pathway and regulating cytokines in the mitochondrial route
to limit chondrocyte death. It also appears to enhance cartilage
tissue morphologies, preventing cartilage degradation.
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Background: The purpose of this study was to systematically evaluate the
effectiveness of acupuncture combined with balloon dilatation in patients with
post-stroke cricopharyngeal achalasia (CPA) according to the effective rate,
videofluoroscopy swallowing study (VFSS) score and standardized swallowing
function assessment scale (SSA) score through Meta-analysis.

Methods: English and Chinese language literature published before July
24,2022 were searched in ten electronic databases. The identified articles were
screened, data were extracted, and the methodological quality of the included
trials was assessed. Using RevMan 5.4.1 software to perform Meta-analysis.

Results: 10 studies with 517 patients with post-stroke CPA were included.
Meta-analysis showed that the effective rate of the experience group was
higher than that of the control group [OR = 0.62; 95% CI (2.32, 13.05); 2 =
0%; p = 0.0001]. Compared to the control group, the SSA score was lower
in the experience group IMD = —4.22; 95% CI (—4.57, —3.87); I° = 42%; p
< 0.00001]. In terms of VFSS scores, the experience group showed greater
efficacy differences than control group [MD = 1.53; 95% Cl (1.32, 1.75); I =
0%; p < 0.00001]. The subgroup analysis of VFSS score based on the average
course of disease (<1 month vs. >1 month) showed no significant difference.
The subgroup analysis based on average age (>60 years vs. <60 years) showed
the VFSS score of the experience group was significantly higher than that of
the control group, and the effect may be better in the subgroup older than 60
years. The subgroup analysis based on the treatment course (>30 days vs. <30
days) showed the VFSS score of the experience group was significantly higher
than that of the control group, and the effect may be better in the subgroup
the treatment course>30 days.

Conclusion: Acupuncture combined with balloon dilatation may be an
effective method for treating post-stroke CPA. Compared with balloon
dilatation, acupuncture combined with balloon can significantly improve the
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swallowing function of patients, and it is also effective for patients of different
courses, ages, and treatment course, while patients over 60 years old and the
treatment course over 30 days may have better clinical outcomes.

KEYWORDS

acupuncture, balloon dilation, stroke, cricopharyngeal achalasia, meta-analysis

Introduction

Post-stroke dysphagia (PSD) is a common complication
after stroke (Takizawa et al., 2016), and on the verge 5.7%
of them are attributable to cricopharyngeal achalasia (CPA)
(Regan et al., 2014; Yang et al., 2018). CPA usually cause severe
dysphagia, with serious complications which could lead to an
increase in medical expenses and mortality, a decrease in quality
of life, etc (Kocdor et al., 2016). Currently, balloon dilation is a
regular treatment of post-stroke CPA (Dou et al., 2012; Dewan
etal, 2020). Through repeated mechanical traction and dilation,
balloon dilation can relax the cricopharyngeal muscle (CPM)
and improve swallowing (Suntrup et al., 2015). However, simple
balloon dilatation involves a long period, which is not always
effective at solving the problems of delayed swallowing, weak
swallowing, poor swallowing endurance and aspiration. Simple
balloon dilatation is difficult to achieve satisfactory results,
especially for severe ones.

Being a relatively simple, inexpensive, and safe treatment
(Yang et al.,, 2016), acupuncture has been recommended by
the World Health Organization (WHO) as an alternative
and complementary method for treating stroke (Belskaya
et al, 2020). A systematic review of 6,010 patients also
showed that acupuncture could improve post-stroke dysphagia
(Ye et al, 2017). In addition, combination of acupuncture
and rehabilitation provides a novel strategy for the clinical
rehabilitation of stroke (Tang et al., 2022). Le Peng et al. found
that compared to rehabilitation therapy alone, the combined
therapy is more effective (Peng et al., 2018). In recent years,
clinical studies have reported better results of acupuncture
combined with balloon dilation than simple balloon dilation
in treating post-stroke CPA. However, no reliable objective
evidence exists to support its exact efficacy. Therefore, we
conducted this systematic analysis of randomized controlled
trial (RCT) studies to assess the clinical efficacy of acupuncture
combined with balloon dilation on post-stroke CPA and try to
provide evidence for the clinical treatment of post-stroke CPA.

CPA, PSD,
dysphagia; RCT, Randomized controlled trial; VFSS, Videofluoroscopy

Abbreviations: cricopharyngeal achalasia; Post-stroke

Swallowing Study; SSA, standardized swallowing function assessment

scale; RR, risk ratios; OR, odds ratio; MD, mean difference; CI,

confidence interval; NMES, Neuromuscular Electrical Stimulation;

CPM, cricopharyngeal muscle; UES, upper esophageal sphincter.

Frontiersin Neuroscience

109

Materials and methods

Search strategies

Between the establishment and July 24, 2022, PubMed,
Embase, Web of Science, The Journal of Alternative and
Complementary Medicine, Medline, The Cochrane Library,
CBM, CNKI, VIP and WanFang Data were systematically
searched in both Chinese and English. We searched acupuncture
combined with balloon dilatation in the treatment of post-
stroke CPA with the search term
or “cricopharyngeal achalasia” and “Balloon Dilatation” and

“swallow disturbance”

“acupuncture” and “stroke.” A “randomized controlled trial”
search was conducted. As an example, the search strategy for
PubMed is shown in Figure 1. References and review articles
with potential relevance studies were manually examined.
A PROSPERO registration number (CRD42022350411) was
assigned to this study.

Inclusion and exclusion criteria

To select the studies for inclusion in this meta-analysis,
the following criteria were used: (1) RCTs; (2) Post-stroke
patients with CPA (confirmed by videofluoroscopy swallowing
study); (3) Patients enrolled in studies with age <80 years;
(4) Acupuncture combined with balloon dilatation was used
in the experimental group, while simple balloon dilatation
was used in the control group, and the researchers provided
original data or sufficient information about dysphagia that
occurred pre- and posttreatment in experimental trials and
control trials. Exclusion criteria: (1) Identical publications; (2)
The original research data was not provided and cannot be
obtained by contacting the original author; (3) A control group
did not receive simple balloon dilation (acupuncture and other
measures were also included); (4) Inclusion criteria were not met
by some publications.

Outcome measures

According to this study, the outcome measures were:
effective rate, standardized swallowing function assessment scale
(SSA), and Videofluoroscopy Swallowing Study (VESS).

frontiersin.org


https://doi.org/10.3389/fnins.2022.1092443
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Luo et al.

10.3389/fnins.2022.1092443

#1  (acupuncture) OR (acupuncture therapy) OR (acupuncture analgesia) OR
(acupuncture, ear) OR (electroacupuncture) OR (meridians) OR (acupuncture
points) OR (trigger points) OR (acupuncture) OR (electroacupuncture) OR
(electro-acupuncture) OR (acupoint) OR (meridians) OR (needling) OR (meridian)

OR (non-meridian) OR (trigger)

#2  Balloon Dilatation OR (balloon AND (dilat OR dilatation OR inflat OR catheter OR

tamponade))

#3  (cerebrovascular disorders) OR (basal ganglia cerebrovascular disease) OR (brain
ischemia) OR (carotid arterydiseases) OR (cerebral small vessel diseases) OR
(intracranial arterial diseases) OR (intracranial embolism and thrombosis) OR
(intracranial hemorrhages) OR (stroke) OR (brain infarction) OR (stroke, lacunar)
OR (vasospasm, intracranial) OR (vertebral artery dissection) OR (stroke) OR
(poststroke) OR (post-stroke) OR (cerebrovasc) OR (brain next vasc) OR (cerebral
next vasc) OR (cva) OR (apoplex) OR (SAH) OR (brain) OR (cerebr) OR (cerebell) OR
(intracran) OR (intracerebral) OR (infarct) OR (thrombo) OR (emboli) OR (occlus)
OR (brain) OR (cerebr) OR (cerebell) OR (intracerebral) OR (intracranial) OR
(subarachnoid) OR (haemorrhage) OR (hemorrhage) OR (haematoma) OR
(hematoma) OR (bleed) OR (hemipleg) OR (hemipar) OR (paresis) OR (paretic) OR
(brain injuries) OR (brain injury, chronic)

#4  ((((Deglutition) OR (Deglutition Disorders)) OR (((swallow or deglutit or dysphag)
AND (disturbance or disorder or difficult or dysfunction or impair or condition or
abnormal or damage or injur)))) OR (Pharynx or pharyngeal muscles)) OR (((pharyn
or oropharyn) AND (disturbance or disorder or difficult or dysfunction or impair or
condition or abnormal or damage or injur)))

#5 cricopharyngeal achalasia OR crico-pharyngeal muscle OR achalasia

#6 #4OR#5

#7 (randomized controlled trial) OR (controlled clinical trial) OR (randomized) OR
(placebo) OR (random) OR (trial) OR (groups)
#8 #1 AND #2 AND #3 AND #6 AND #7

FIGURE 1
PubMed retrieval strategy.

Data extraction and quality assessment

Data were independently extracted by two well-trained
evaluators to review the original text. The disagreements
were solved by the third authors assistance. A study’s
publication year and first author were included in its
characteristics. Among the patient characteristics were age,
sample size, intervention measures, treatment course and
average course of disease. The efficiency rate, SSA score, and
VESS score were also calculated. The study’s methodological
quality was assessed according to the risk of bias tool
described in the Cochrane system evaluator’s handbook 5.1.0
(Jpt, 2011). The risk of bias was assessed by random
sequence generation, allocation concealment, blinding of
personnel and participants, blinding of outcome assessors,
selective reporting, incomplete outcome data, and other
potential risks.

Frontiersin Neuroscience

Statistical analysis

For all statistical analyses, Rev Man 5.4.1 was used. For
dichotomous variables, risk ratios (RR) or odds ratio (OR)
and 95% confidence interval (CI) were used as statistical tools
for efficacy analysis and effect sizes, respectively. There were
mean difference (MD) and 95% CI for continuous variables. I*
statistic was used as a measure of heterogeneity indicating the
percentage of total variability in a set of effect sizes caused by true
heterogeneity (Huedo-Medina et al., 2006). For high, moderate,
and low heterogeneity, I2 values of 75, 50, and 25% were used
(Ampt et al., 2018). A fixed-effects model for data pooling was
used if the I” statistic was below 50%, which meant that the
included studies displayed acceptable heterogeneity. Whenever
the I? statistic was above 50%, the random-effects model was
employed, followed by subgroup analysis or sensitivity analysis
(Qiao et al., 2022).
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( dentification of studies via databases and resters )

Records identified through database searching (n

=122):

PubMed (n=1), Web Of Science(n=1), EMbase
(n=2), Medline (n=1), The Cochrane Library
(n=1), The Journal of Alternative and
Complementary Medicine (n=0). CNKI (n=25),
VIP (n=10), CBM (n=44), WanFang Data (n=37)

Additional records identified through other
sources (n=260)

Records excluded
(n= 189)

Not RCT (n=185)
Non-human sties (n=4)

Full-text articles excluded, with reasons (n=51)
Participants do not meet (n=6)

Records after duplicates removed
(n=382)
£
=
=]
©
=
=
i
]
=2
132 duplicates removed
—
— r
Records screened
(n=250)
§ Full-text articles assessed for
5 eligibility
@ (n=61)
Studies included in qualitative
) synthesis
(n=10)
E 4
2 Studies included in quantitative
£ synthesis (meta-analysis)
(n=10)
FIGURE 2
Cricopharyngcal achalasia.

PRISMA flowchart of the study selection process. RCT, randomized controlled trials; acupuncture combined with balloon dilation:

v

Interventions do not meet (n=44)
Qutcomes do not meet (n=1)

Results

Characteristics of studies

In the initial retrieval, 382 articles totally were found. After
layer-by-layer screened, 10 articles were finally included in the
meta-analysis (He, 2017; Yang and Lei, 2017; Zhang, 2017,
2019; Cao et al., 2019; Li et al., 2019; Fan et al., 2020; Gao,
2020; Luo et al., 2020; Long et al., 2021). Study selection,
literature screening and reasons for exclusion are shown in the
PRISMA diagram (Figure 2). According to Table 1, the primary
characteristics of the included studies are listed.

The effective rate
Five studies were included in total. The findings of the

fixed effect model analysis revealed that the efficacy rate of
acupuncture combined with balloon dilatation was statistically

Frontiersin Neuroscience

111

significantly greater than that of simple balloon dilatation [OR
=5.50, 95%CI (2.32, 13.05), p = 0.0001] (Figure 3).

Standardized swallowing function
assessment scale (SSA)

Four studies were included in total. The fixed effect model
analysis revealed that in the combination of acupuncture
with balloon dilatation group, the SSA score was statistically
significantly lower than in the simple balloon dilatation group
[MD = —4.22,95%CI (—4.57, —3.87), p < 0.00001] (Figure 4).

Videofluoroscopy swallowing study
(VFSS)

7 studies were included in total. The findings of the
fixed effect model analysis revealed that the VESS score of
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the acupuncture combined with balloon dilatation group was
statistically significantly higher than that of the simple balloon
dilatation group [MD = 1.53, 95%CI (1.32, 1.75), p < 0.00001]
(Figure 5).

Subgroup analyses

Based on VEFSS scores, we performed analysis of 2
subgroups, including the average course of disease (<1
month vs. >1 month) and the average age (>60 years
vs. <60 years).

The average course of disease

A total of two studies were included in the subgroup
with an average course of disease was <1 month, and
analyzed by fixed model showed that the VESS score of
acupuncture combined with balloon dilatation group was higher
than that of simple balloon dilatation group [MD = 1.66,
95%CI (1.02, 2.30), p < 0.00001]. However, a total of 5
studies were included in subgroups with an average course of
disease was >1 month, and analyzed by fixed effect model
showed that the VESS score in acupuncture combined with
balloon dilatation group was also higher than that of simple
balloon dilatation group [MD = 1.52, 95%CI (1.30, 1.74), p
< 0.00001]. And acupuncture combined with balloon dilation
showed a greater significant effect in patients whose course of
disease is <1 month, with low heterogeneity between groups
(I’ = 0%, p = 0.69) (Figure 6).

The average age

A total of four studies were included for subgroup with
an average age over 60, and analyzed by fixed effect model.
Average age subgroup analysis demonstrated that the VFSS score
in acupuncture combined with balloon dilatation group was
higher than that in the simple balloon dilatation group [MD
= 1.84,95%CI (1.35, 2.33), p < 0.00001]. And three studies
for subgroup with an average age <60 years showed the same
result [MD = 1.47, 95%CI (1.23, 1.70), p < 0.00001]. However,
the result in the >60 years group revealed a higher effect size
than the control conditions. Among groups, there is moderate
heterogeneity (I> = 45.7%, p = 0.17) (Figure 7).

The treatment course

A total of two studies were included for the subgroup
with the treatment course over 30 days, and analyzed by
fixed effect model. Treatment course analysis demonstrated
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Test for overall effect: Z= 3.87 (P = 0.0001)

FIGURE 3
Forest plot for the effective rate.

acupuncture+ball dilatati ball dilatation Odds Ratio Odds Ratio
_ Study or Subgroup Events Total Events  Total Weight M-H. Fixed. 95% Cl M-H, Fixed, 95% CI
Gao Chengmin 2020 24 24 19 24 76% 13.82[0.72,265.52] >
He'Weina 2017 29 kil 22 3 27.5% 5.93 [1.16, 30.25] 5 e W
Long Xiaona 2021 30 30 30 30 Mot estimahle
Luo Hua 2021 30 34 22 33 50.9% 3.75[1.05,13.35] —
Zhang Yikun 2019 17 18 13 18 14.0% 6.54 [0.68, 62.99]
Total (95% CI) 137 136 100.0% 5.50 [2.32, 13.05] ‘
Total events 130 108
Heterageneity: Chi*= 0.75, df= 3 (P = 0.86); F= 0% 0 B 0:1 1f0 100’

balloon dilatation acupuncture+halloon dilatation

acupuncture+balloon dilatation balloon dilatation

Heterogeneity: Chi*= 514, df=3 (P=0.16); F= 42%
Test for overall effect: Z= 23.56 (P < 0.00001)

FIGURE 4
Forest plot for the SSA score.

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Study or Subgroup Mean SD Total Mean SD Total Weight
Cao Xue 2019 22.68 0.71 30 2713 13 30 438%
Gao Chengmin 2020 14.32 218 24 1943 369 24 4.2%
Long Xiaona 2021 20.33 3.54 30 2287 403 30 33%
Yang Fengxiang 2017 2398 0.61 24 28.03 1.1 24 48.6%
Total (95% CI) 108 108 100.0%

-4.45-4.98,-3.92] —-
511[6.82,-340] ————
-2.54 [-4.46,-0.62)
-4.05 [-4.55,-3.55) -
-4.22[-4.57,-3.87] L 2
4 2 0 1 4

acupuncture+balloon dilatation balloon dilatation

acupuncture+balloon dilatation balloon dilatation

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fan Peiwu 2020 6.73 2.02 33 448 192 33 49% 2.25[1.30,3.20]
Gao Chengmin 2020 9.35 062 24 784 03 24 57.4% 1.51[1.23,1.79] =
He Weina 2017 9.06 0.77 3N 774 1 31 224% 1.32[0.88,1.76] =
LiTiao 2019 9.2 1.3 15 7.33 284 15  1.8% 1.87([0.29, 3.45]
Luo Hua 2020 814 15 34 635 178 34 7.3% 1.79[1.01,257] — e
Zhang Fenawei 2017 713 1.89 20 531 216 20 28% 1.82[0.56,3.08]
Zhang Yikun 2019 539 1.45 18 4 197 18 3.5% 1.39[0.26,252
Total (95% CI) 175 175 100.0% 1.53[1.32, 1.75] *
Heterogeneity. Chi*= 3.95, df= 6 (P = 0.68); F=0% _I #2 G é i
Test for overall effect: Z= 14.32 (P < 0.00001) balloon dilatation acupuncture+balloon dilatation
FIGURE 5
Forest plot for the VFSS score.
that the VFSS score in acupuncture combined with balloon Discussion

dilatation group was higher than that in the simple balloon
dilatation group [MD 2.15, 95%CI (1.33, 2.96), p <
0.00001]. And 4 studies for subgroup with the treatment
course <30 days showed the same result [MD 1.48,
95%CI (1.26, 1.70), p < 0.00001]. However, the >30 days
group result revealed a higher effect size than the control

conditions. Among groups, there is moderate heterogeneity
(I = 58.5%, p = 0.12) (Figure 8).

Risk of bias for independent studies

Bias risk assessment results are shown in Figures 9, 10.
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Post-stroke CPA is currently treated mainly with balloon
dilatation, acupuncture neuromuscular electrical stimulation
(NMES) through the skin, cricopharyngeal myotomy, taking
botulinum toxin injections, etc. However, the clinical efficacy of
the monotherapy is not satisfactory (Mason et al., 1998; Freed
et al., 2001; Brigand et al, 2007; Biilow et al., 2008; Gallas
et al., 2010; Kos et al., 2010; Rofes et al., 2013; Kocdor et al,,
2016; Knigge and Thibeault, 2018; Lin, 2018). It is often argued
that combined therapies might be more effective (Xie et al,
2021). Currently, balloon dilatation has become a commonly
used method for treating post-stroke CPA (Dou et al,, 2012).
Patients suffering from post-stroke CPA can also benefit from
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acupuncture+balloon dilatation balloon dilatation
Study or Subgroup Mean SD

1.3.1 The average course of disease <1m

Total Mean SD Total Weight IV, Fixed, 95% Cl

Luo Hua 2020 8.14 15 34 B35 1.76 33 7.2%
Zhang Yikun 2019 5.39 1.45 18 4 197 18  35%
Subtotal (95% CI) 52 51 10.7%
Heterogeneity: Chi*= 0.32, df=1 (P = 0.57); F= 0%

Test for overall effect: Z= 5.05 (P < 0.00001)

1.3.2 The average course of disease =1m
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Li Tiao 2019 9.2 1.31 15 733 284 15 1.8%
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Heterogeneity: Chi*= 3.45, df= 4 (P = 0.48); F= 0%

Testfor overall effect: Z= 13.39 (P < 0.00001)
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Heterogeneity: Chi*= 3.94, df=6 (P = 0.68), F=0%
Test for overall effect: Z=14.30 (P = 0.00001)
Test for subaroun differences: Chi*= 0.16. df=1 (P = 0.69). F=0%

FIGURE 6

Forest plot for subgroup analysis for the average course of disease: the average course of disease <1 m vs. the average course of disease >1m.
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Forest plot for subgroup analysis for the average age: the average age >60 Yr vs. the average age <60 Yr.

Mean Difference Mean Difference

balloon dilatation acupuncture+balloon dilatation

acupuncture in terms of swallowing function, and acupuncture
has fewer adverse reactions than other treatments (Jia et al.,
2009; Dou et al., 2013; Arnold et al., 2016; Han and Gao, 2017;
Rajahthurai et al., 2022). But there is no high-quality evidence
for the effect of acupuncture combined with balloon dilation.
Therefore, we conducted this Meta-analysis with different
subgroups to explore the efficacy of acupuncture combined with
balloon dilatation and simple balloon dilatation on post-stroke
CPA, trying to provide more effective treatment for clinic. The
results of this meta-analysis showed that acupuncture combined
with balloon dilatation is a superior treatment comparing to
simple balloon dilatation in treating post-stroke CPA. It is also
effective for patients at different courses of the disease (less than
one month or longer than one month), different ages (over 60
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years old and under 60 years old) and different treatment course
(over 30 days and under 30 days), while patients over 60 years
old, and the treatment course over 30 days may have the better
clinical outcome.

Acupuncture combined with balloon dilation may play
their respective advantages. Post-stroke CPA manifests as
tonic contraction or incoordination of the CPM (Luan
et al, 2021). CPM is a significant component of the upper
esophageal sphincter (UES) and it is innervated by the
recurrent laryngeal nerve and the pharyngeal plexus vagus nerve
(Lierse, 1992). Balloon dilatation provides sensory input to
the swallowing center while expanding the CPM, strengthens
the damaged cortical and subcortical connection, promotes
nerve remodeling, as well as improving swallowing abilities
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FIGURE 9
Performance of each type of bias in all studies.

(Dou et al., 2012). It is reported that, balloon dilatation has
a certain effect in the early stage of the disease. However, the
effect in the late follow-up gradually declines as time goes
on, only 36% of the patients’ symptoms have been relieved
(Miller et al., 2018). Moreover, research had shown that, Simple
balloon dilatation has poor effect on aspiration and dysphagia
of some refractory post-stroke CPA patients with long course
of the disease. It is difficult to solve the problems such as
delayed start of swallowing, weakness of swallowing muscles,
poor swallowing tolerance and aspiration. Many patients still
need to rely on nasogastric tube to eat (Li et al., 2019).
Guo and Malik (2019) found that acupuncture could stimulate
glossopharyngeal, sublingual, and vagus nerves, regulate the
excitability of the swallowing-related cerebral center, enhance
brain plasticity and promote swallowing function. In addition,
acupuncture can stimulate swallowing related muscles and
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regulate the tension of the CPM (Huang et al., 2020; Chen et al.,
2022). Yao et al. (2022). found that acupuncture could improve
the movement and sensory function of the pharynx, improve
swallowing activation, and reducing the incidence of infiltration-
misaspiration. This may be why acupuncture combined with
balloon dilatation is superior to simple balloon dilatation for
treating post-stroke CPA.

In the assessment of dysphagia, the VESS is regarded as the
gold standard. Based on VFSS assessment, subgroup analysis
for different courses of the disease (<1 month or longer
than 1 month) both revealed that there was a statistically
significant difference between acupuncture combined with
balloon dilatation group and simple balloon dilatation group.
In comparison with balloon dilatation alone, acupuncture
combined with balloon dilatation group showed a larger effect in
improving the swallowing function of patients. It indicates that
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acupuncture combined with balloon dilatation may be a more
effective treatment for different courses of post-stroke CPA.
After the stroke, the patient’s brain structure and connectivity
have changed. Related studies have found that, the plasticity
of the brain provides a basis for rehabilitation after stroke
(Xie et al, 2022), as time goes on, the brain tissue has a
certain ability to repair itself (Hermann and Chopp, 2012).
Acupuncture combined with balloon dilatation may promote
this compensation and repair mechanism, and reorganize the
brain function of stroke patients (Zhang et al., 2021), thus
improving swallowing function, promoting rapid recovery of
patients, and shortening the disease’s course. At present, research
on the various stages of post-stroke CPA is still insufficient. Due
to data limitations, we were unable to complete the detailed
analysis of acupuncture combined with balloon dilatation in the
acute phase, recovery phase, and sequelae phase.

According to the subgroup analysis of average ages,
regardless of whether they were older or younger than 60, there
was no difference between the two groups, the VESS score
of the acupuncture combined with balloon dilatation group
was significantly higher than the balloon dilatation group (=
45.7%, p = 0.17). Wilmskoetter et al. (2019). found that age is
a negative predictor of the recovery for PSD. Interestingly, our
meta-analysis found that acupuncture combined with balloon
dilation had a larger effect size in the subgroup of older adults
(MD = 1.84 > MD = 1.47). Acupuncture could promote the
recovery of neuromuscular function, which may overcome the
adverse effects of age on the repair of nerve injury, so that the
damaged function could be better repaired. Shi et al. (1995)
found the same effect in acupuncture treating for other diseases.

The subgroup analysis of the treatment course indicated
a possible cumulative benefit of the combined therapy, with
the prolongation of treatment duration, this suggested the
dose-effect relationship of acupuncture combined with balloon
dilation, and consistent with the previous study (Peng et al,
2018; Li et al,, 2022; Xu et al., 2022). However, we cannot
judge the best treatment course because of the limited literature.
An implication of our result is that, in treating CPA, the
treatment course of acupuncture combined with balloon dilation
is preferably greater than 30 days.

Safety is a significant indicator in acupuncture studies,
and we should have included it in our research. However, in
extracting data from the original article, we found that only
one piece mentioned safety indicators (adverse events), and
its statistical adverse events were 0. In other articles, we did
not mention to extract relevant data on security. Therefore, we
cannot conduct further data analysis. This also reminds us to
pay attention to the observation of safety indicators when doing
research about acupuncture in the future.

Nonetheless, we should concede that this study has a few
restrictions. First, in addition to age, disease duration, and
treatment course, the patients lesion location, stroke severity,
and etiology can significantly impact on the prognosis of
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FIGURE 10
Summary plot of bias in all studies.

these patients. We should have included them in our research.
However, in the original articles, the baseline data collection
for this disease was primarily biased toward various functional
evaluation tables. Most of the above specific vital factors were
not mentioned or differentiated. We tried to contact the original
author, but they have not replied. This meta-analysis may be
affected by differences in the etiology, location of lesions, and
stroke severity among the studies. Second, among the included
articles, only one was in English, suggesting a bias in language
selection. Finally, although the included articles had a good
homogeneity, it should be noted that the evidence strength was
still low due to the high risk of bias in the included studies, and
the example size was small. Therefore, the conclusions should
be interpreted with more caution, and more high-quality large-
sample RCT literature analyses are urgently needed to confirm
the conclusions.
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Conclusion

Post-stroke CPA may be treated effectively with acupuncture
combined with balloon dilatation. In comparison with balloon
dilatation alone, acupuncture combined with balloon dilatation
can significantly improve the gulping capability of patients, and
it is also effective for patients at different courses of the disease
(less than one month or longer than one month), different
ages (over 60 years old and under 60 years old) and different
treatment course (over 30 days and under 30 days), while
patients over 60 years old and the treatment course over 30 days
may have the better clinical outcome.
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!College of Acupuncture and Massage, Henan University of Chinese Medicine, Zhengzhou, China, 2Tuina
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Background: With changes in the way of life and work, an increasing number of
people are suffering from insomnia. In China, a traditional Chinese medicine method
tuina is widely used for the treatment of insomnia. However, the evidence for
tuina therapy for insomnia remains controversial. Therefore, this systematic review
aimed to evaluate the effect of tuina therapy on the symptoms of patients with
primary insomnia.

Methods: From establishment to January 2022, a comprehensive literature search
was conducted using seven electronic databases to identify randomized controlled
trials of tuina therapy for insomnia. We used RevMan 5.4 software and the GRADEpro
Guideline Development Tool to evaluate the quality of the included randomized
controlled trials and perform the meta-analysis. The methodological quality of
the included studies was assessed using the Cochrane risk-of-bias tool. Subgroup
analysis was performed according to the different intervention methods. The 12
statistic was used to assess the heterogeneity.

Results: Eighteen studies conducted from 2011 to 2021 were included, with a total
of 1,471 patients. In terms of efficacy, tuina alone was superior to other treatments
[odds ratio (OR), 3.46; 95% confidence interval (Cl), 2.15, 5.55; P < 0.00001]; tuina
combined with other treatments (acupuncture, scraping, auricular acupuncture,
Suanzaoren decoction, estazolam) was more effective than other single therapies
(OR, 3.99; 95% Cl, 2.84, 5.61; P < 0.00001). In terms of Pittsburgh Sleep Quality Scale
score, the improvement in insomnia patients by tuina alone was better than that of
other treatments [standardized mean difference (SMD), —2.57; 95% Cl, —2.98, —2.17;
P < 0.00001], and tuina combined with other treatments (acupuncture, scraping,
auricular point pressing, Suanzaoren decoction, estazolam) was better than other
single therapies (SMD, —2.83; 95% Cl, —2.98, —2.68; P < 0.00001).

Conclusion: This meta-analysis revealed that tuina can significantly improve
the clinical efficacy and sleep quality of patients with primary insomnia. This
study provides a theoretical basis and treatment guidance for patients with
primary insomnia.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier
CRD42022355742.

tuina, insomnia, randomized controlled trial, meta-analysis, effective rate, Pittsburgh Sleep
Quality Scale
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1. Introduction

Insomnia is a common sleep problem in modern society. It
is also called “insomnia” or “blindness” in traditional Chinese
medicine (TCM). It mainly manifests in a lack of sleep time
and depth of sleep for various reasons. It may include dizziness,
forgetfulness, fatigue, and other symptoms. Insomnia can be
divided into two categories: primary and secondary. Primary
insomnia refers to those who have insomnia symptoms despite
lack of a clear cause or exclusion of what may be the cause of
insomnia. The main causes of secondary insomnia include: (1)
somatic organic diseases that affect the central nervous system;
(2) alcohol, caffeine, or drugs that increase the excitability of
the central nervous system; and (3) mental disorders, especially
anxiety and depression, which are generally accompanied by
insomnia. This review only focused on primary insomnia.
Insomnia not only seriously affects the physical and mental
health, and quality of life, of patients but also causes a variety
of cardiovascular diseases (such as hypertension, coronary heart
disease, and atherosclerosis), mental and psychological diseases
(such as Alzheimer’s disease, anxiety, and depression), and is
an important risk factor for cognitive impairment (Chen and
Yuan, 2021). According to statistics, 45.5% of Chinese people
have sleep problems, and the risk factors include age, sex, family
history, genetic factors, and drugs. Age is an important risk factor
for insomnia, and insomnia increases with age. The prevalence
of insomnia in China has gradually increased (Zhang et al,
2012). TCM believes that the pathogenesis of insomnia always
involves the decline of yang and yin, the loss of yin and yang,
the disharmony of qi and blood, and the dysfunction of the
viscera.

At present, Western medicine, such as benzodiazepines and
antidepressants, is the main treatment for insomnia. However,
long-term application of these medicines has certain side effects.
For example, benzodiazepines are not only associated with drug
dependence and tolerance, but also contribute to the incidence
of Alzheimer’s disease, and some antidepressants may cause
weight gain (Ye et al, 2017). TCM has a long history in
treating insomnia, and it has been recorded in books such as
“The Yellow Emperor’s Classic of Internal Medicine, “On the
Origin and Symptoms of Various Diseases,” and “Puji Fang”
Among them, tuina, as an important part of traditional medicine,
has received attention in the treatment of insomnia owing to
its advantages of simple administration, high safety, and good
social and economic benefits. Tuina, a non-pharmacological
intervention using fingers and strength, was developed from
ancient therapeutic art. Tuina is a treatment based on TCM
Zang-Fu organ and meridian theories, and integrates modern
scientific knowledge (such as biomechanical function, anatomy,
pathology, and physiology) with traditional practice. However,
there is currently a lack of randomized controlled comparisons
of the effectiveness of tuina compared with other intervention
methods. This article uses a meta-analysis to comprehensively
evaluate the effectiveness and safety of tuinas compared with
other intervention methods to provide reliable evidence for clinical
practice.
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2. Methods

2.1. Trial registration

This systematic review was prospectively registered with the
International Prospective Register of Systematic Reviews (number:
CRD42022355742).

2.2. Search strategy

The following Chinese databases were searched: China National
Knowledge Infrastructure, Wanfang, VIP, China Biomedical
Literature Database; the international databases included PubMed,
Embase, Cochrane Library, and Web of Science. The retrieval
period was from the establishment of the database to August 2022.
The search adopted the method of subject words + free words.

» o«

Chinese search terms included: “insomnia,

» o«

tuina,” “tuinas,” and
“random control.” English search terms included: “insomnia,’
“sleeplessness,” “agrypnia,” “tuina” “massage,’

“randomized controlled trial,” and “RCT.”

manipulation,

2.3. Study selection

Literature screening was performed independently by two
reviewers according to the inclusion and exclusion criteria. The
inclusion criteria for this review were as follows. (1) Type of study:
randomized controlled trial (RCT). (2) Participant type: Participants
with a clinical diagnosis of insomnia, age, sex, course of disease,
race, nationality, and TCM syndrome were not limited. (3) Types of
intervention: The experimental group was treated with simple tuina
therapy, while the control group was treated with treatments other
than tuina therapy, such as acupuncture, moxibustion, and drugs.
The experimental group received tuina + other therapy, and the
control group received another therapy. There were no restrictions
on the operation time, specific techniques, parts, acupoint selection,
and treatment course of the tuina. (4) Outcome types: The total
clinical response was the primary outcome, and the Pittsburgh Sleep
Quality Index (PSQI) was the secondary outcome. We excluded (1)
quasi-randomized RCT and non-randomized trials, (2) duplicate
publications, and (3) studies without the full text available or missing
data. Any disagreements were resolved through discussions between
the two reviewers.

2.4. Data extraction

searched the
performed preliminary screening according to the title and abstract,

Two researchers independently literature,
read the full text of the studies meeting the inclusion criteria,
screened again according to the inclusion and exclusion criteria, and
conducted a reference search for the included studies. Data extraction
was performed for the included literature, including literature title,
first author, publication year, sample size, intervention method,
patient baseline data, outcome indicators, and the occurrence of
adverse conditions. Any disagreement was discussed by all those

involved in the audit.
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2.5. Quality assessment

Two investigators evaluated the methodological quality of the
included studies using the Cochrane risk bias assessment tool.
According to the evaluation criteria, the following five items were
rated as low, unclear, and high risk: @ generation of random
allocation sequence; @ allocation concealment; @ blinding of
investigators and participants; @ blind evaluation of study outcomes;
and ® completeness of outcome data. Any disagreements were
resolved by obtaining consensus from all reviewers.

2.6. Data synthesis and analysis

First, a heterogeneity Q-test was performed. For results with
p > 0.10, multiple similar studies were considered to be homogenous.
If p > 0.10, and 0 < I> < 50%, the combined analysis between the
study results used a fixed effect model; if p < 0.10, or I* > 50%,
the results of multiple similar studies were considered heterogeneous,
and sensitivity analysis was performed first. A random effect model
was used for combined analysis. Continuous variables used the
standardized mean difference (SMD) with 95% confidence interval
(CI), and dichotomous variables used the odds ratio (OR) with 95%
CI to indicate the effect size; the test results were listed in a forest
plot. Subgroup analysis was performed according to the different
intervention methods. If more than 10 articles were included in
the analysis, a funnel plot was drawn to analyze publication bias.
Statistical significance was set at p < 0.05. Statistical analysis and
the meta-analysis were performed using Review Manager version 5.4
(The Cochrane Collaboration, London, England).

3. Results

3.1. Search and selection

A total of 941 related articles were obtained, and 673 articles
remained after the software was deduplicated. According to the
inclusion and exclusion criteria, 20 articles were finally included. The
inclusion process is illustrated in Figure 1.

3.2. Characteristics of the included studies

The included studies (Ye et al.,, 2017) were all Chinese RCTs,
with a total of 1,713 insomnia patients, 858 in the treatment
group and 855 in the control group. Ten studies used tuina
alone to treat insomnia. The intervention methods in the control
group included estazolam, acupuncture, Longdan Xiegan pills, Jieyu
Anshen granules, Guipi decoction, and auricular point sticking.
Eight studies used tuinas in combination with other therapies to
treat insomnia. The control group received acupuncture, scraping,
estazolam, Suanzaoren decoction, and auricular acupuncture. The
course of tuina therapy was 14-30 days, and the majority were
20 days. Each tuina treatment time was 20-40 min, and the frequency
was mostly once per day. Primary outcomes included the overall
response rate and PSQI. The basic characteristics of the included
studies are shown in Table 1.
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Articles after duplicates
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FIGURE 1

Flow chart for the review.

3.3. Methodological quality

The 20 included studies applied the principle of randomization
and most of the studies had good methodological quality. Among
them, eight (Zhang et al., 2011; Luo, 2012; Xu, 2012; Pang et al., 2015;
Wu, 2019; Wang, 2019, 2020; Zhuang, 2020) studies used the random
number table method, two (Pan, 2018; Zhang et al., 2020) studies
were randomly assigned according to the order of visits, one (Liu,
2019) study used the envelope random method, and one [4] study
used computer-generated random numbers. Other studies did not
describe the randomized methods used. Only four (Luo, 2012; Pan,
2018; Liu, 2019; Wu, 2019) studies had detailed hidden assignments.
All of the included RCTs were free of subject blinding and treatment.
One study (Yu, 2013) described the reasons for dropout in detail,
and another study (Pan, 2018) only mentioned the number of people
who were compared for efficacy or the intervention effect, and the
report with an incomplete outcome was judged as “low risk.” In three
studies (Pang et al., 2015; Shi et al., 2017; Pan, 2018), although cases
were dropped, the reasons were not described, and it was not possible
to determine whether they were selective outcome reports. No other
biases were evident in the included studies. See Figures 2, 3.

3.4. Synthesis of the results

3.4.1. Overall efficacy

In terms of the total effective rate, 20 studies reported that
tuina can significantly improve the clinical symptoms of insomnia
patients better than the control group (OR, 3.98; 95% CI, 2.91, 5.45;
P < 0.00001, I> < 50%, Figure 4). The sensitivity analysis showed
that the above results were similar and not significantly different.

In the subgroup analysis, as an independent treatment, tuina
therapy improved insomnia better than the other treatments (OR,
3.57;95% CI, 2.37, 5.37; P < 0.00001, Figure 5A). In studies of tuina
combined with other therapies, the efficacy was better than that of
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TABLE 1 Randomized controlled trials evaluating the effects of tuina for insomnia.
Sample Duration | Follow-up |Experimental group Control group intervention |Main outcom
ze year) (months) |intervention

Feng, 2017 31+£05 Acupuncture (30 min, 1/day, Tuina + Acupuncture (1/day, 21 days) Overall efficiency, PSQI
100 32+08 21 days)

Liu, 2019 30 / / Longdan Xiegan Pills (2/day, Tuina (30 min, 1/day, 10 days) Overall efficiency, PSQI
30 10 days)

Luo, 2012 30 1.21+0.52 / Acupuncture (20 min, 1/day, Tuina (30 min, 1/day, 15 days) Overall efficiency, PSQI
30 1.19 £ 0.56 15 days)

Pan, 2018 29 / / Estazolam (1/day, 14 days) Tuina (1/day, 14 days) Overall efficiency, PSQI
28

Pang et al., 2015 77 2.25+1.31 / Estazolam (1/day, 30 days) Tuina (20 min, 1/day, 30 days) Overall efficiency, PSQI
73 242 +1.15

Shi et al., 2017 45 4.78 £4.56 / Acupuncture (20 min, 1/day, Tuina + Acupuncture (1/day, 20 days) Overall efficiency, PSQI
42 4.56 & 4.23 20 days)

Tang et al., 2015 38 1.75 £ 147 / Estazolam (1/day, 30 days) Tuina (1/day, 30 days) Overall efficiency, PSQI
38 1.67 £1.30

Wang, 2019 40 34+1.1 / Acupuncture (30 min, 1/day, Tuina + Acupuncture (1/day, 21 days) Overall efficiency, PSQI
40 33%08 21 days)

Wang, 2020 44 / / Scraping (1/day, 20 days) Tuina + Scraping (1/day, 20 days) Overall efficiency, PSQI
44

Wang, 2021 30 2.93£0.79 / Acupuncture (30 min, 1/day, Tuina + Acupuncture (1/day, 21 days) Overall efficiency, PSQI
30 2.98 +£0.76 30 days)

Wei et al,, 2013 40 218 £1.15 / Estazolam (1/day, 20 days) Tuina (1/day, 20 days) Overall efficiency, PSQI
40 22+1.12

Wu, 2019 30 / / Guipi Tang (1/day, 4 weeks) Tuina (25 min, 3/week, 4 weeks) Overall efficiency, PSQI
30

Xu, 2012 30 143 +1.07 / Auricular pressure (1/3 days, Tuina (30 min, 1/day, 30 days) Overall efficiency, PSQI
30 1.59 +1.38 30 days)

Yu, 2013 28 / / Guipi Tang (3/day, 28 days) Tuina (30 min, 1/day, 14 days) Overall efficiency, PSQI
31

Zhang et al., 30 / / Jieyu Anshen Granules (2/day, ~ Tuina (1/day, 15 days) Overall efficiency, PSQI

2011 36 21 days)

Zhang et al., 30 24+12 / Estazolam (1/day, 20 days) Tuina (20 min, 1/2 days, 20 days) Overall efficiency, PSQI

2020 30 1.8 £0.9

Zhang, 2021 35 0.56 & 0.28 / Auricular pressure (1/2days, Tuina + Auricular pressure (1/day, Overall efficiency, PSQI
35 0.55 =+ 0.29 20 days) 18 days)

Zhou et al., 2007 84 / / Guipi Pills (3/day, 15 days) Tuina (3/day, 15 days) Overall efficiency, PSQI
82

Zhou et al., 2017 37 36+£21 / Suanzaoren Tang (2/day, 20 days) | Tuina + Suanzaoren Tang (1/day, 20 days) |Overall efficiency, PSQI
37 37+£22

Zhuang, 2020 50 4.04 £0.57 / Estazolam (1/day, 20 days) Tuina + Estazolam (1/day, 20 days) Overall efficiency, PSQI
50 4.03 +0.56

PSQ], Pittsburgh Sleep Quality Index.

other therapies alone (OR, 4.63; 95% CI, 2.83,7.57; P < 0.00001;
Figure 5B). The sensitivity analysis showed that the above results
were similar and not significantly different.

The subgroup analysis also showed that the use of tuina alone
improved clinical symptoms in insomnia patients better than herbal
treatment alone (OR, 4.34; 95% CI, 2.33, 8.08; P < 0.00001,
Figure 6A) and eszopiclone treatment alone (OR, 3.03, 95% CI,
1.66,5.54; P = 0.0003; Figure 6B). Among the combination therapies,
tuina combined with acupuncture was superior to acupuncture
alone (OR, 3.91, 95% CI, 2.20,6.93; P < 0.00001; Figure 6C). The
sensitivity analysis yielded similar and non-significant differences in
these results.
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3.4.2. PSQl

The combined results of the PSQI score showed that tuina
therapy could improve the sleep status of patients with insomnia
(SMD, —1.55; 95% CI, —1.97, —1.13; P < 0.00001; I> > 50%,
Figure 7). The sensitivity analysis showed that the above results were
similar and not significantly different.

In the subgroup analysis, tuina alone was lower than other
treatments in the total PSQI score and could better improve the
PSQI score of insomnia patients (SMD, —0.92; 95% CI, —1.26, —0.58;
P <0.00001, Figure 8A). Tuina combined with other therapies in the
treatment of insomnia could significantly improve the PSQI score
of patients compared to other therapies alone (SMD, —2.57; 95%
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Risk of bias in included studies.

CI, —3.28, —1.87; P < 0.00001, Figure 8B). The sensitivity analysis
showed that the above results were similar and not significantly
different.

The subgroup analysis showed that the use of tuina alone
improved the PSQI scores of insomnia patients better than herbal
treatment alone (SMD; —0.89; 95% CI, —1.65, —0.13; P < 0.00001,
Figure 9A) and eszopiclone treatment alone (SMD, —1.69; 95% CI,
—2.53, —0.86; P < 0.00001, Figure 9B). Among the combination
therapies, tuina combined with acupuncture was more effective
than acupuncture alone (SMD, —2.65; 95% CI, —3.50, —1.79;
P < 0.00001; Figure 9C). The sensitivity analysis yielded similar and
non-significant differences in these results.

3.4.3. Publication bias

The funnel plot of tuina in improving patients with primary
insomnia included 20 RCTs (Figure 10A). The funnel plot was
somewhat biased because the blobs were asymmetrical. Sensitivity
analysis was carried out by excluding literature one by one, and it was
found that the bias after excluding three studies (Zhou et al., 2017;
Zhuang, 2020; Zhang, 2021) was low, and the spots were basically
symmetrical, as shown in Figure 10B. The comprehensive analysis
results after exclusion were relatively stable (OR, 3.70; 95% CI,
2.68,5.11; P < 0.00001; Figure 11). Reevaluation of the three studies
revealed that the source of heterogeneity was possibly related to
intervention frequencies, inconsistent times, and different indicator
measures among institutions.

3.4.4. Quality of evidence

The GRADEpro Guideline Development Tool was employed to
assess the quality of all the outcomes from five aspects, including
the risk of bias, inconsistency, indirectness, imprecision, and
other considerations. The included studies have some defects in
randomization, allocation concealment, and blinding, which were
downgraded one level because of risk of bias. One outcome was
downgraded one level in terms of consistency due to the high
heterogeneity of the results. The final results revealed that five
outcomes were of medium quality and six were of low quality, as
shown in Table 2.

3.4.5. Adverse events

None of the included studies reported whether there were
adverse events or not.
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4. Discussion

This systematic review and meta-analysis evaluated the efficacy
of tuinas in the treatment of primary insomnia. The results show
that tuina therapy can significantly improve the clinical symptoms
and PSQI scores of patients with primary insomnia. The curative
effect of pure tuina in treating insomnia is better than that of
acupuncture, estazolam, TCM, and other treatments, and the curative
effect of tuina combined with acupuncture, Suanzaoren decoction,
estazolam, and other treatments is better than that of acupuncture
alone. However, there is not enough evidence to support that tuina
alone is superior to acupuncture and auricular sticking alone in
improving the efficacy in insomnia patients. There is also insufficient
evidence to prove the efficacy of tuina combined with estazolam
and TCM in the treatment of insomnia, which is better than that of
estazolam and TCM alone. Moreover, there is insufficient evidence
on the long-term efficacy of tuina in insomnia patients, which may
be related to the lack of included studies and the lack of follow-up
in most studies.

In the included studies, other combined therapies included
acupuncture, TCM, estazolam, scraping, and auricular sticking;
however, due to the limited number of included studies, only
subgroup analyses were performed on studies of tuina combined with
acupuncture. Furthermore, the effect of tuina therapy on the mental
health of patients with primary insomnia has not been addressed
in any study. We found that tuina therapy has a certain effect on
improving anxiety and depression in patients with insomnia (Luo,
2012; Pan, 2018; Wu, 2019). Tuina manipulation may act on the
body surface and produce a stimulating effect by touching the tactile
receptors on the skin, causing the excitation of tactile receptors,
baroreceptors, and deep tissue pulling receptors, forming action
potentials of different frequencies and numbers, and then through
the complex ascending pathway of afferent nerves, reaching different
nerve centers (Fang and Fang, 2013). Finally, the nerve-endocrine-
endocrine pathway, one of the three intermediary pathways of the
immune system, plays an extensive and effective role in regulation
and treatment (Guo, 2009). In these three studies (Luo, 2012; Pan,
2018; Wu, 2019), the intervention methods of the experimental group
were tuinas alone, and the combined therapy of tuinas was not
included. Therefore, our review provides strong evidence for tuina
therapy in the improvement of anxiety and depression in patients
with primary insomnia.
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FIGURE 3
Risk of bias in included studies.

In China, tuina is often used as adjunct therapy for neck pain.
Our review included studies that used tuina plus acupuncture, herbal
remedies, or medications to treat insomnia. Therefore, we reviewed
the complementary and independent effects of tuina in the treatment
of insomnia and conducted a subgroup analysis in the meta-analysis
according to whether tuina was combined with other treatments.
A previous systematic review (Yang et al., 2019) was consistent with
the results of our review. Therefore, there is strong evidence in our
review that tuinas can effectively treat insomnia.
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Progress has also been made in the study of tuina for the
treatment of insomnia by modulating neural circuitry. Current
studies show that the anterior cingulate, amygdala, hippocampus,
thalamus, and nucleus accumbens are involved in sleep-wake
regulation in humans (Liu et al, 2020). When the body is in
a state of arousal or when the ability to fall asleep is impaired,
studies have identified associations between cognitive functions and
dysregulation of the loops located in the limbic cortical system, which
is closely associated with the formation of insomnia (Perrier et al,
2015). Gamma-aminobutyric acidergic neurons within the ventral
lateral preoptic area of the hypothalamus (ventrolateral preoptic
area) are considered to be the sleep nuclei, while neurons within
the nuclei such as the nucleus “blue spot” and nodal papillary
nuclei are referred to as the nuclei of arousal (Yi and Zhang, 2019).
Many multifunctional nuclei are present in the lateral hypothalamic
area involved in the sleep-wake cycle, eating, and metabolism
(Stuber and Wise, 2016), and dysfunction of these nuclei can
trigger insomnia symptoms. In a further study of brain mechanisms,
the hypothalamic paraventricular nucleus-paraventricular nucleus
neural circuit was identified as necessary for sleep-wake regulation
(Liu, 2021). Researchers (Zhi et al,, 2022) found that abdominal
thrusting in an insomnia rat model significantly improved the
neurotransmitters 5-HT and B-EP in the hypothalamus. They
hypothesized that, through the observation of electroencephalogram
activity, the information generated by abdominal thrusting could be
transmitted to the hypothalamus through the lower centers of the
brain to regulate secretion of the related neurotransmitters by altering
the functional changes of sleep-wake nuclei, such as the nucleus blue
spot and nodal papillary nucleus within the hypothalamus, thereby
regulating excessive arousal and improving insomnia. Zhang (2022)
used the vibration abdominal ring kneading method to intervene in
PI model rats, and the results showed that the behavioral scores of
rats improved while the number of corticotropin-releasing hormone
receptors 1 and 2 and gamma-aminobutyric acid levels decreased in
the hypothalamus after the tuina intervention. These findings suggest
the key role of regulating the hypothalamic corticotropin-releasing
hormone-receptor pathway in the treatment of insomnia using the
vibration abdominal ring kneading method. Another study found
(Hu, 2018) that the occipitofrontal neural circuit had an influential
role in the process of tuina treatment in PI patients, with a positive
correlation to improved sleep indicators.

Research has shown that the main causes of insomnia are
hypothalamic-pituitary-adrenal axis dysfunction, changes in vagal
tone, and central neurotransmitter disorders (Cheng et al., 2016).
Tuina, as a non-drug therapy for insomnia, may exert pressure
through tactile receptors, improve blood circulation, regulate the
excitation and inhibition of the central system and cerebral cortex,
increase the level of serotonin in patients with insomnia, and improve
health. Sleep status (Yao, 2014), may be related to the improvement
in patients’ clinical symptoms and PSQI scores. Tuina manipulation
is gentle and deep, which can effectively relieve pressure on patients
and relax skeletal muscles. Simultaneously, tuina manipulation can
further regulate the central nervous system by stimulating the
meridians and acupoints. This may be the potential mechanism by
which tuina improves the anxiety and depression scores of patients
with insomnia. However, its specific mechanism of action remains
unclear.

According to the theory of TCM, the secretion of yang-ping is
an important condition for the normal realization of the function
of the viscera, and TCM believes that the loss of communication
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FIGURE 10
The funnel plots for tuina for primary insomnia. (A) Before sensitivity analysis. (B) After sensitivity analysis.
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FIGURE 11
Forest plot of tuina for objective response rate (ORR) after sensitivity analysis.

TABLE 2 GRADE evidence profile.

Outcomes

Quiality up Clinical efficacy and safety |Quality
(Trials) assessment

Risk of bias Inconsistency |Indirectness Imprecision |Publication |Experiment |Control Relative Absolute (95% CI)
bias ratio (95% CI)
ORR (20) Serious! No No No Strongly 801/858 667/855 3.98 (2.91 to 5.45) 154 more per . DD
suspected? [(93.1%) (78.5%) 1,000 (from 132 /OO low
more to 171 more)
PSQI (20) Serious? No No No None 858 855 No 1.55(1.97 to 1.13) |®®®0O
Moderate

ORR, objective response rate; PSQI, Pittsburgh Sleep Quality Scale.
The included studies have certain defects in randomization, allocation concealment and blinding.
2There is evidence of publication bias, Egger’s test, p < 0.05.
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between yin and yang is the basic pathogenesis of insomnia. Under
the influence of a variety of pathogenic factors, yang qi in the
body does not meet with yin, and yang is prosperous and yin is
weakened, resulting in dysfunction of the viscera and meridians,
and sleep disturbance. Tuina acts on the meridians and acupoints
of the human body through different manipulations, which can
regulate blood circulation, balance yin and yang, accelerate blood
circulation, promote the recovery of blood vessel walls, dilate
capillaries, rebuild capillary networks, reduce blood viscosity, and
improve cardiac function and blood pressure. This slows down
gastrointestinal motility, promotes the secretion of digestive juice,
regulates qi and blood, and balances yin and yang to achieve the
purpose of treatment (Fan, 2015). According to the theory of TCM,
the secretion of yang-ping is an important condition for the normal
realization of the function of the viscera, and TCM believes that the
loss of communication between yin and yang is the basic pathogenesis
of insomnia. Under the influence of a variety of pathogenic factors,
yang qi in the body does not meet with yin, and yang is prosperous
and yin is weakened, resulting in dysfunction of the viscera and
meridians, and sleep disturbance. Tuina acts on the meridians and
acupoints of the human body through different manipulations, which
can regulate blood circulation, balance yin and yang, accelerate
blood circulation, promote the recovery of blood vessel walls, dilate
capillaries, rebuild capillary networks, reduce blood viscosity, and
improve cardiac function and blood pressure. This slows down
gastrointestinal motility, promotes the secretion of digestive juice,
regulates qi and blood, and balances yin and yang to achieve the
purpose of treatment (Fan, 2015).

4.1. Limitations

This review had several limitations. First, only a few of the
included studies mentioned the long-term efficacy, and the follow-
up time did not exceed 6 months; therefore, there is still no direct
and favorable evidence for the long-term efficacy of tuina in the
treatment of insomnia. Second, the studies included were insufficient
in terms of methodology and sample size, with large inconsistencies
and precision, which had an impact on the outcome indicators;
that is, the quality of evidence on tuina therapy for insomnia was
low. Third, our review only included RCTs, but it is difficult to
blind patients and therapists in tuina studies, which directly affects
the quality of the final body of evidence. Implementing opaque
outcome raters and implicit assignments could partially remedy these
deficiencies, but only four studies used implicit assignments and
two studies blinded outcome reviews. Fourth, the results may be
influenced by the TCM syndrome types of insomnia, but subgroup
analyses could not be performed due to the small number of
included studies. Fifth, the results may be influenced by the genre,
frequency, duration, and course of treatment of the different tuina
manipulations. If there are enough eligible studies in the future,
further review should focus on these parameters of tuina. Sixth,
the results of the included studies were all positive, and there is
a possibility of omission of negative results, which has an impact
on publication bias. Finally, the included studies were all published
in Chinese, suggesting that tuina therapy has limited use outside
of China, hence more research on tuina therapy for insomnia
is necessary.
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5. Conclusion

Altogether, tuina can effectively improve the clinical efficacy and
sleep quality of patients with primary insomnia, which is worthy
of further promotion and application in clinical practice. However,
considering the poor quality of the included studies, we need to carry
out large-scale, multi center, high-quality rct to further confirm the
results of this study.
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Background: Previous functional magnetic resonance imaging studies indicated that
acupuncture could activate the brain regions in patients with migraine. However,
these studies showed inconsistent results. This activation likelihood estimation (ALE)
meta-analysis aimed to investigate the consistent activated change of brain regions
between pre- and post-acupuncture treatment in migraineurs.

Methods: We conducted a literature search in PubMed, Embase, Web of Science,
the Cochrane Library, the China National Knowledge Infrastructure, the Chinese
Science and Technology Periodical Database, the Wanfang Database, and the
Chinese Biomedical Literature Database from their inception to 18 August, 2022,
to obtain articles assessing the functional magnetic resonance imaging changes
of acupuncture for migraine. Two investigators independently performed literature
selection, data extraction, and quality assessment. The methodological quality
was assessed with a modified version of the checklist. The reporting quality of
interventions among included studies was evaluated by the Revised Standards for
Reporting Interventions in Clinical Trials of Acupuncture (STRICTA). Our meta-
analysis was conducted according to the GingerALE software. The Jackknife
sensitivity analysis was used to assess the robustness of the results.

Results: 14 articles were finally included according to the eligible criteria.
Regarding the immediate effect of acupuncture on migraine, the ALE meta-analysis
demonstrated that the deactivation regions were mainly located in the superior
frontal gyrus, and middle frontal gyrus (uncorrected P < 0.001). The ALE meta-
analysis of the cumulative effect showed that the activation regions were the
thalamus, superior frontal gyrus, posterior lobe of the cerebellum, insula, middle
frontal gyrus, precentral gyrus, anterior cingulate, and the deactivation brain regions
were located in the transverse temporal gyrus, postcentral gyrus, superior temporal
gyrus, anterior cingulate, parahippocampal gyrus, inferior parietal lobule, and inferior
occipital gyrus (uncorrected P < 0.001).
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Conclusion: Acupuncture could activate multiple brain areas related with the
requlation of pain conduction, processing, emotion, cognition, and other brain
regions in patients with migraine. In the future, the combination of multiple imaging
technologies could be a new approach to deeply investigate the central mechanism
of acupuncture for migraine.

acupuncture, migraine, functional magnetic resonance imaging, meta-analysis, activation

likelihood estimation

1. Introduction

Migraine is a chronic paroxysmal neurological disorder, along
with multiphase attacks of headache and a myriad of neurological
symptoms (Dodick, 2018). According to epidemiological statistics
(Safiri et al.,, 2022), the global age-standardized point prevalence
and annual incidence rate of migraine were 14,107.3 and 1,142.5
per 100,000 in 2019, and migraine prevalence peaks in 40 to 44
age group. Migraine sufferers have a variety of problems that can
lead to decreased productivity at school, at home, and in society.
Globally, migraine is the leading cause of years lived with disability
(YLDs) accounting for 45.1 million YLDs annually (Gbd 2016 DALY s
and Hale Collaborators, 2017). The economic costs of migraine are
substantial. The high prevalence and societal burden of migraine have
contributed to the acknowledgment of migraine as a serious public
health concern. At present, pharmaceutical treatment for migraine
is the most basic and common treatment. However, the efficacy
of most existing drugs for migraine is limited, and long-term use
may produce significant side effects, such as addiction, and overdose
deaths (Hagemeier, 2018). For the management of migraine, safe,
effective, and acceptable non-pharmacological treatments are crucial
to solve this problem.

Mounting evidence supports the application of acupuncture to
prevent and treat migraines, due to its long-term effectiveness, good
tolerance, and fewer side effects. A Cochrane review from Germany
concluded that acupuncture was effective and safe for episodic
migraine prophylaxis when compared with prophylactic drug
treatment (Linde et al., 2016). Apart from reducing pain, acupuncture
may be beneficial for migraineurs with co-morbid problems such as
anxiety, insomnia, and muscle tension (Liao et al,, 2020; Natbony
and Zhang, 2020). Acupuncture imaging studies have confirmed
that the anti-migraine mechanism of acupuncture is closely related
to the regulation of cerebral activities, which can modulate the
functional and structural brain in patients with migraine (Ma et al,,
2021). Li et al. (2017) found that acupuncture could normalize
the decreased amplitude of low-frequency fluctuation (ALFF) of
the rostral ventromedial medulla/trigeminocervical complex in
migraineurs. Liu S. et al. (2021) observed that the region homogeneity
(ReHo) values in the cerebellum and angular gyrus increased
significantly after 12 sessions of acupuncture treatment in patients
with migraine. Zhang et al. (2016) discovered that acupuncture could
increase the functional connectivity (FC) of brain regions in patients
with migraine. Nevertheless, the underlying central mechanism of
acupuncture for migraine is still not completely studied.

The resting-state fMRI (functional magnetic resonance imaging)
is used to measure the spontaneous activity of neurons by
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enabling the recording of the blood oxygenation level dependent
(BOLD) signals. Three indicators are commonly used to determine
spontaneous brain activity: ALFE fractional ALFF (fALFF), and
ReHo (Zang et al, 2004; Liu S. et al., 2022). ALFF and fALFF
reflect the regional intensity of spontaneous fluctuations in the
BOLD signal (Zang et al., 2007; Zou et al., 2008). ReHo indicates
the synchronization and consistency of the BOLD signal between a
single voxel and neighboring voxels (Zang et al., 2004). Therefore,
the combination of ALFF, fALFE, and ReHo can fully present
spontaneous activity of the local brain. Activation likelihood
estimation (ALE) is an effective method for meta-analysis of brain
neuroimaging, which is a brain region localization analysis method
based on voxel coordinates, and the brain region localization
can be achieved by carrying out 3D Gaussian smoothing and
permutation tests of the relevant coordinates in the included
studies. Previous reviews narratively summarized the functional
brain changes of acupuncture in patients with migraine (Liu L.
et al,, 2021; Ma et al.,, 2021), while quantitative meta-analyses were
not performed. Therefore, the purpose of this study was to explore
the acupuncture-related brain regions in migraineurs with ALE
algorithm.

2. Methods

The protocol of this ALE-meta analysis has already been
registered on the International Platform of Registered Systematic
Review and Meta-analysis Protocols (INPLASY)! (registration
number: INPLASY2022110026). The present study was reported
in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (Page et al,, 2021).

2.1. Literature search

We performed a comprehensive search in the following databases
from their inception to August 18, 2022: PubMed, EMBASE, Web
of Science, the Cochrane Library, the China National Knowledge
Infrastructure (CNKI), the China Science and Technology Journal
Database (VIP), Wanfang Database, and the China Biology Medicine
(CBM). Both Medical Subject Headings (MeSH) and free-text words
related to acupuncture, migraine, and fMRI were used to retrieve
relevant studies. We additionally searched the references of the

1 https://inplasy.com/inplasy-2022-11-0026/
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included studies. We consulted the specialists for possible eligible
studies. The full search strategies for all databases are shown in
Supplementary Table 1.

2.2. Inclusion criteria

We included studies that met the following criteria:

were

1) The
internationally recognized or accepted clinical guideline

patients diagnosed with migraine by any
or consensus like The International Classification of Headache
Disorders, 3rd edition (beta version) (Headache Classification
Committee of the International Headache Society (IHS), 2013);

2) The intervention involved electro-acupuncture or manual
acupuncture; no limitations on manipulation methods of
acupuncture, acupoint selection, and duration of acupuncture;

3) The studies reported neuroimaging results (ReHo, ALFE or
fALFF) of pre- and post-acupuncture treatment via fMRI using
the standard anatomical template;

4) Both randomized controlled trials and clinical controlled trials
were included.

2.3. Exclusion criteria
We excluded studies that fulfilled the following criteria:

1) No detailed description of the diagnostic criteria;

2) Full texts were unavailable through extensive search;

3) Coordinates could not be obtained through various approaches;
4) The results were based on the region of interest.

2.4. Study selection

The retrieved records were imported into Endnote (X9).
After removing duplicates, two researchers (X-BL and X-YG)
independently eliminated irrelevant records by reading the titles
and abstracts, then screened the rest records in full text to identify
eligible studies. After selection, two reviewers cross-checked, and
disagreements were settled through team discussion or consultation
with the third reviewer (JL).

2.5. Data extraction

Two independent reviewers (X-BL and X-YG) extracted the
following information: (1) publication information: title, first author,
year of publication; (2) demographic characteristics: types of
migraine, diagnostic criteria, sample size, characteristics of the study
population (age, gender); (3) intervention details: manipulation
methods of acupuncture, frequency, duration, and sessions; (4)
neuroimaging data: MRI acquisition, processing parameters, analysis
parameters, activation coordinates (POST > PRE), and deactivation
coordinates (PRE > POST), along with their associated standard
anatomical template. If a study observed the neuroimaging results
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of different acupoints or needle stimulations, we extracted data
separately. After extraction, two reviewers cross-checked to ensure
accuracy. Any disagreement was resolved through discussion or
arbitration by a third reviewer (JL).

2.6. Assessment of methodological quality

A modified version of checklist (Iwabuchi et al., 2015; Pan et al,,
2017) was used to assess the methodological quality of individual
functional neuroimaging studies. The checklist contains two domains
(Category 1: Sample characteristics, Category 2: Methodology and
reporting) with 13 items. The overall score is 20 points. The
higher the score, the better the methodological quality. Before the
formal evaluation, two reviewers intensively discussed the checklist
to achieve consensus. Then two independent reviewers (X-BL and
X-YG) assessed and cross-checked the results. Discrepancies were
resolved by team discussion.

2.7. Evaluation of reporting quality of
interventions in controlled trials of
acupuncture

The Revised Standards for Reporting Interventions in Clinical
Trials of Acupuncture (STRICTA) was used to appraise the
reporting quality of interventions in controlled trials of acupuncture
(Macpherson et al., 2010). The STRICTA consists of six items (17
sub-items), including acupuncture rationale, details of needling,
treatment regimen, co-interventions, practitioner background, and
control or comparator interventions. Then the two independent
reviewers (X-BL and X-YG) assessed and cross-checked the results.
Discrepancies were resolved by a third reviewer (JL).

2.8. Statistical analysis

The ALE meta-analysis was performed with the Ginger ALE
software (version 2.3.6)?. The data analysis process was as follows:
(1) Data organization: 3D (X, Y, Z) coordinates in the standard
space included were organized into text files. (2) Convert coordinate
format: Talairach space coordinates were converted into Montreal
Neurological Institute (MNI) space coordinates using Ginger ALE
software. (3) Parameter settings: uncorrected P < 0.001, and
Min.Volume 150 mm?> (Yuan et al., 2022). (4) Viewing results: the
results were presented in an Excel spreadsheet, and the ALE maps
were overlaid onto the MNI template and viewed with MRIcron?. The
process of data analysis is presented in Figure 1.

2.9. Sensitivity analysis

The reproducibility of the ALE meta-analysis results was assessed
using the Jackknife sensitivity analysis method. That is, all studies
were excluded one by one, and the remaining studies were re-
analyzed.

2 http://brainmap.org/ale/

3 https://www.nitrc.org/projects/mricron
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FIGURE 1

The process of ALE analysis.

3. Results

3.1. Search selection

The flow diagram of study selection is shown in Figure 2. A total
of 338 records were retrieved in the literature search. Following the
removal of 112 duplicates, 212 irrelevant records were eliminated
based on their titles and abstracts, and 20 records were excluded based
on full-text screening. Finally, we identified 14 eligible studies. The
list of excluded records with reasons is provided in Supplementary
Table 2.

3.2. Study overview

We identified 14 eligible studies (Peng, 2013; Zhao et al., 2014;
Xie, 2016; Zhang, 2016; Cai, 2017; Li et al., 2017; Ning et al., 2017; Du,
2019; Wang, 2019; Zhang, 2019; Fan, 2020; Jia, 2021; Liu S. et al., 2021;
Zhang Y. et al,, 2021) for this ALE meta-analysis, of which 9 were
in Chinese and 5 in English. There were 9 randomized controlled
trials and 5 non-randomized controlled trials. With regards to the
subtypes of migraine patients, 4 studies included patients with
menstrual migraine, 4 studies enrolled migraine patients without
aura, and 6 studies did not describe the subtypes of migraine.
As for the analytical method, 3 studies used both the ALFF and
ReHo, 8 studies adopted the ReHo, and 3 studies applied the
ALFF. The details of all the included studies are presented in
Table 1.

The needle stimulations were manual acupuncture (13 studies)
and electro-acupuncture (1 study). There were 11 studies focused
on the long-term efficacy of acupuncture for migraine and 5 studies
on the immediate efficacy of acupuncture for migraine. Four studies
included acupuncture with different acupoint protocols. The details
of acupuncture treatment are shown in Table 2.

Neuroimaging data was acquired at either 1.5 T (1 study) or
3 T (12 studies), while one study did not specify the magnetic
field strength. Most of the studies used the Siemens MRI scanner
(8 studies), others included General Electric (4 studies), United
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Imaging Medical Systems (1 study), and 1 study did not report
the scanner. Most of the structural images were obtained using fast
spoiled gradient sequence (9 studies), magnetization-prepared rapid
acquisition with gradient echo sequence (MPRAGE) (2 studies),
and 3 studies did not specify the T1. T2-functional images were
mainly from the echo-planar imaging (EPI) sequence (12 studies).
Statistical analysis was conducted in either statistical parametric
mapping (SPM) (13 studies) or data processing assistant for resting-
state fMRI (DPARSF) (1 study). The details of MRI acquisition and
analysis are demonstrated in Table 3.

3.3. Assessment of methodological quality

The methodological quality of included studies ranges from 16
to 19 points. In Category 1 (Sample characteristics), the patients
from all included studies were evaluated with specific standardized
diagnostic criteria (item 1), and all the important demographic data
(item 2) were reported. While only 6 studies (Peng, 2013; Zhang,
2016; Li et al., 2017; Ning et al., 2017; Wang, 2019; Liu S. et al., 2021)
recruited healthy comparison subjects and provided demographic
data (item 3), only 1 study (Jia, 2021) reported important clinical
variables (item 4), and the sample size per group of 11 studies (Peng,
2013; Zhao et al., 2014; Xie, 2016; Zhang, 2016; Cai, 2017; Li et al.,
2017; Ning et al., 2017; Zhang, 2019; Jia, 2021; Liu S. et al,, 2021;
Zhang Y. etal,, 2021) were > 10 (item 5). In Category 2 (Methodology
and reporting), all the items were adequately reported. The detailed
information of the methodological quality of included studies are
shown in Supplementary Table 3. The modified version of checklist
is provided in Supplementary Table 4.

3.4. STRICTA checklist for the included
studies

According to the STRICTA checklist, the items with 70%

of reporting rates were item la (style of acupuncture, 100%),
item 1b (reasoning for treatment provided, 88.2%), item 2b
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FIGURE 2

Flow diagram of literature search.

(points used, 100%), item 2c (depths of insertion, 100%), item
2d (response sought, 76.5%), item 2e (needle stimulation, 100%),
item 2f (needle retention time, 100%), item 2g (needle type,
94.1%), item 3a (number of treatment sessions, 100%), and
item 3b (frequency and duration of treatment sessions, 100%).
While, item 1c (the extent to which treatment was varied),
item 2a (number of needle insertions per subject per session),
and item 4a (details of other interventions) were not mentioned
in the included studies. The STRICTA checklist is shown in
Supplementary Table 5.

3.5. ALE meta-analysis results

3.5.1. The immediate effect of acupuncture

Five studies evaluated the immediate effects of acupuncture on
migraine (Peng, 2013; Xie, 2016; Ning et al., 2017; Fan, 2020; Liu S.
etal, 2021). We extracted 82 foci with brain activation regions from
6 experiments, and 61 foci with brain deactivation regions from 5
experiments in patients with migraine after acupuncture treatment.
No significant clusters with activation brain were detected between
pre-acupuncture and post-acupuncture treatment. One significant
cluster with deactivation brain was found between pre-acupuncture
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and post-acupuncture treatment: the left superior frontal gyrus (SFG,
168 mm?, BA9). The specific analysis results are presented in Table 4
and Figure 3.

3.5.2. The cumulative effect of acupuncture

The data from 11 studies were pooled to investigate the
cumulative effect of acupuncture on migraine (Zhao et al, 2014;
Xie, 2016; Zhang, 2016; Cai, 2017; Li et al., 2017; Du, 2019; Wang,
2019; Zhang, 2019; Jia, 2021; Liu S. et al., 2021; Zhang Y. et al.,,
2021). We extracted the 77 foci with brain activation regions from
13 experiments and 83 foci with brain deactivation regions from 12
experiments in patients with migraine after acupuncture treatment.
Seven activated clusters were found between pre-acupuncture and
post-acupuncture treatment: (1) the right thalamus (THA, 976 mm?);
(2) the right superior frontal gyrus (SFG, 400 mm?>, BA8); (3) the left
posterior lobe (376 mm?); (4) the right insula (INS, 344 mm?, BA13);
(5) the right middle frontal gyrus (MFG, 272 mm?>, BA8); (6) the
right precentral gyrus (PreCG, 224 mm?3, BA6); (7) the left anterior
cingulate (ACC, 208 mm?3, BA24). Five deactivated clusters were
detected between pre-acupuncture and post-acupuncture treatment:
(1) the right transverse temporal gyrus (TTG, 744 mm?, BA41);
(2) the left anterior cingulate (ACC, 328 mm?, BA32); (3) the left
parahippocampal gyrus (PHG, 192 mm?); (4) the left inferior parietal
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TABLE 1 Characteristics of included studies.

References| Disease Study Sample size Age (years £ SD) Gender (M/F) Experiments Analytical Standard
type method anatomical
template
AG CG Patient HC HC
(Patient/HC)
Peng, 2013 Migraine Non-RCT 32 18 (0/18) 3791 £5.354 37.5+5.272 16/16 9/9 1 ReHo Talariach
Zhao et al., Migraine RCT 20 20 (20/0) AG:32.90 £+ 10.99 - 14/26 - 1 ReHo Talariach
2014 CG: 37.25 +9.68
Xie, 2016 Migraine RCT 19 19 (19/0) AG:29.58 £ 6.26 - 8/30 - 2 ReHo MNI
without CG: 30.52 + 6.85
aura
Zhang, 2016 Migraine Non-RCT 20 20 (0/20) 21.70 £ 2.29 21.40 +0.82 6/14 6/14 1 ReHo Talariach
Cai, 2017 Menstrual RCT 15 13 (13/0) AG:31.80 £ 6.70 - 0/28 - 1 ReHo Talariach
migraine CG: 34.69 £ 7.51
without
aura
Lietal, 2017 Migraine RCT 35 69 (27/42) 21.29 £ 0.44 21.214+0.28 48/14 34/8 1 ALFF MNI
without
aura
Ning et al,, Migraine Non-RCT 16 (0/16) 28.3£6.0 27.1+4.8 3/13 3/13 1 ALFF MNI
2017 without
aura
Du, 2019 Menstrual Non-RCT PMM:10 - PMM: — - PMM:0/10 - 2 ALFF Talairach
migraine MRM:29 MRM: MRM:0/29 ReHo
without 32.59 £7.15
aura
Wang, 2019 Menstrual RCT AGI1:8 12 (0/12) - 28.22 £8.524 0/15 0/12 2 ALFF Talairach
migraine AG2:7 ReHo
Zhang, 2019 Migraine RCT 20 20 (20/0) AG:38.95 £ 12.61 - 4/36 - 1 ReHo MNI
without CG:36.30 £ 9.56:
aura
Fan, 2020 Migraine RCT AGl:6 - AGI: - 2/10 - 2 ALFF MNI
AG2:6 37.00 £ 8.81
AG2:
43.83 £ 12.09
(Continued)
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MNI, Montreal Neurological Institute; RCT, randomized controlled trial; Non-RCT, non-randomized controlled trial; ALFF, amplitude of low-frequency fluctuation; fALFFE, fractional amplitude of low-frequency fluctuation; ReHo, regional homogeneity; AG, acupuncture

group; CG, control group; MA, manual acupuncture; EA, electro-acupuncture; SA, sham acupuncture; HC, health control; PMM, pure menstrual igraine; MRM, menstrually related migraine; F/M: female/male.
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lobule (IPL, 192 mm?>, BA40); (5) the left inferior occipital gyrus
(IOG, 160 mm?>, BA19). The specific analysis results are provided in
Table 4 and Figure 4.

3.6. Sensitivity analysis

We conducted a sensitivity analysis on the immediate effect
and cumulative effect of acupuncture, and the details are shown in
Supplementary Table 6. Leave-one-out analysis of the immediate
effect (post-acupuncture < pre-acupuncture) showed that the
repeatability of the left SFG was up to 3/5 times of analysis, and
MEFG was up to 4/5 times of analysis. Leave-one-out analysis of the
cumulative effect (post-acupuncture > pre-acupuncture) revealed
that right THA, MFG was up to 12/13 times of analysis; right
SEG, INS, PreCG, and left posterior lobe of the cerebellum, ACC
was up to 11/13 times of analysis. Leave-one-out analysis of the
cumulative effect (post-acupuncture < pre-acupuncture) showed
that the repeatability of the right TTG, Postcentral gyrus (PoCG),
Superior Temporal Gyrus (STG), and left ACC, PHG, IPL, IOG was
up to 10/12 times of analysis.

4. Discussion

In the present study, we used the ALE method to perform
a quantitative integration analysis of previously published original
research and to identify the cerebral responses to acupuncture
for migraine. The ALE analysis results of immediate acupuncture
treatment showed that the deactivation regions located in the SFG
and MFG. The ALE analysis results of cumulative acupuncture
treatment revealed that the activation regions were the THA, SFG,
posterior lobe of the cerebellum, INS, MFG, PreCG, ACC and
the deactivation brain regions were the TTG, PoCG, STG, ACC,
PHG, IPL, and IOG. The consistent results of immediate and
cumulative change were the THA, INS, frontal lobe, parietal lobe,
temporal lobe, occipital lobe, limbic system, and cerebellum. Pain is a
multidimensional subjective experience generally including sensory
(intensity, location), affective (unpleasantness, fear), and cognitive
factors (memory, attention) (Schnitzler and Ploner, 2000). The brain
processing network of pain can be divided into the medial and
lateral pain systems, which are respectively involved in processing
the affective-cognitive-evaluative aspects of pain, and the sensory-
discriminative aspects (Friebel et al.,, 2011). Based on our findings,
we found that several regions of the lateral and medial pain systems
(including the THA, INS, ACC, SFG, MFG, and PoCG) participated
in the cerebral responses to acupuncture for migraine.

The medial and ventrobasal parts of THA are separately involved
in the medial and lateral pain pathways. In migraine pathogenesis,
THA is considered as the relay center of ascending nociceptive
information (Younis et al., 2019). Kim et al. (2021) observed that the
regional fALFF values of the bilateral ventral posteromedial thalamus
was positively correlated with the duration of migraine. Gu et al.
(2018) discovered N-acetylaspartate/creatine increased in bilateral
THA of migraineurs after acupuncture, which was significantly
related with the headache intensity. The anterior part of the INS
encodes the emotional processing of pain, and the posterior part
encodes the intensity and lateralization of pain. Thus, the INS
plays an integrative role in nociceptive processing. Zhang et al. (2022)
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TABLE 2 Intervention details of included studies.

10.3389/fnins.2022.1097450

References Study Interventions Needle Needle Needle

type sessions duration frequency

Peng, 2013 Non-RCT MA - Instant - - Qiuxu (GB40)

Zhao et al., RCT MA SA 32 8 weeks 4 times per week Fengchi (GB20), Yanglingquan

2014 (GB34), Qiuxu (GB40), Waiguan

(SJ5)
Xie, 2016 RCT MA SA 20 4 weeks 5 times per week Headache point
Zhang, 2016 Non-RCT MA HC 20 4 weeks once per day Yanglingquan (GB34), Qiuxu
(GB40), Waiguan (SJ5)

Cai, 2017 RCT MA SA 27 3 months Before menses (1 week):3 Fengchi (GB20), Shuaigu (GB8),
times per week; Onset of Sanyinjiao (SP6), Neiguan (PC6),
menses and after menses Taichong (LR3)

(2 weeks): 2 times per
week
Lietal., 2017 RCT MA SA, WA, HC 20 4 weeks 5 times per week AGI1: Yanglingquan (GB34),
Qiuxu (GB40), Waiguan (SJ5).
AG2: Xiyangguan (GB33),
Diwuhui (GB42), Sanyangluo
(SJ8)
AG3: Zusanli (ST36), Chongyang
(ST42), Pianli (L16)

Ning et al., Non-RCT MA HC Instant - - Zulingi (GB41)

2017

Du, 2019 Non-RCT MA - 27+6 3 menstrual Before menses (1 week):3 Fengchi (GB20), Shuaigu

cycles times per week; Onset of (GB8),Sanyinjiao (SP6), Neiguan
menses and after menses (PC6),Taichong (LR3)
(2 weeks): 2 times per
week
Wang, 2019 RCT MA HC 27+6 3 menstrual Before menses (1 week):3 AG1: Fengchi (GB20), Shuaigu
cycles times per week; Onset of (GB8), Taichong (LR3)
menses and after menses AG2: Fengchi (GB20), Shuaigu
(2 weeks): 2 times per (GB8), Neiguan (PC6)
week
Zhang, 2019 RCT MA SA 12 4 weeks, 3 times per week Benshen (GB13), Shuaigu (GBS),
Fengchi (GB20), Baihui (DU20),
Shenting (DU24)
Fan, 2020 RCT MA - Instant - - AGI: Naokong (GB19), Fengchi
(GB20), Naohu (DU17), Fengfu
(DU16)
AG2: Shenting (DU24), Yintang
(EX-HN3), Meichong (BL3),
Cuanzhu (BL2), Toulingi
(GB15),Yuyao (EX-HN4),Touwei
(ST8), Sizhukong (S]23), Hanyan
(GB4), Xuanli (GB6)
Jia, 2021 RCT MA - 12 4 weeks 3 times per week AG1:Zugiaoyin (GB44), Lidui
(ST45), Zhiyin (BL67), ashi point
AG2: ashi point
LiuS. etal, Non-RCT EA HC 12 6 weeks 2 times per week Baihui (DU20), Taiyang
2021 (EX-HNG5), Fengchi (GB20),
Shuaigu (GB8), Xuanlu (GB5),
Toulingi (GB15), Hegu (LI4),
Taichong (LR3)
Zhang Y. etal,, RCT MA SA 270r27+6 3 months Before menses (1 week):3 Fengchi (GB20), Shuaigu (GB8),
2021 times per week; Onset of Neiguan (PC6), Sanyinjiao (SP6),
menses and after menses Taichong (LR3)
(2 weeks): 2 times per
week

RCT, randomized controlled trial; Non-RCT, non-randomized controlled trial; MA, manual acupuncture; EA, electro-acupuncture; SA, sham acupuncture; HC, health control; AG,

acupuncture group; CG, control group.
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TABLE 3 The details of MRI acquisition and analysis.

References MRI acquisition T1 Analysis
Teslas MRI- MRI- Sequence TR TE Voxel Sequence Voxel size | Software | Method
system | model (ms) size (mm)
(mm)
Peng, 2013 3T Siemens Trio - FSPGR 1900 2.26 1x1x1 - 2000 30 - SPM5 ReHo
Zhao et al., 3T Siemens Allegra 8 - EPI 2000 30 - SPM5 ReHo
2014
Xie, 2016 1.5T Siemens Sonata standard MPRAGE 24 6 - EPI 2000 30 - SPM8 ReHo
Zhang, 2016 3T Siemens - - FSPGR 1900 2.26 - EPI 2000 30 - SPM8 ReHo
Cai, 2017 3T GE MR750 12 FSPGR 2530 34 - GRE-EPI 2000 30 3.75 x 3.75 x 4 SPM8 ReHo
Lietal., 2017 3T Siemens Trio Tim 8 FSPGR 1900 2.26 1x1x1 EPI 2000 30 - SPM12 ALFF
Ning et al., 3T Siemens Sonata - - 1900 2.52 - - 2000 30 - SPM8 ALFF
2017
Du, 2019 3T GE MR750 - FSPGR - - - GRE-EPI 2000 25 375 x 3.75 x 4 SPM8 ALFF/
ReHo
Wang, 2019 3T GE MR750 32 FSPGR 2530 34 1x1x1 GRE-EPI 2000 25 3.75 x 3.75 x 4 SPM12 ALFF/
ReHo

Zhang, 2019 3T Siemens Skyra 20 - - - - EPI 3000 30 23x23x%x3 SPM8 ReHo
Fan, 2020 - - - 12 FSPGR 2530 34 - GRE-EPI 2000 30 23x23x5 SPM12 ALFF
Jia, 2021 3T Siemens Skyra - MPRAGE 2530 2.98 1x1x1 EPI 2000 30 35x35x%x35 DPARSF ReHo
LiuS. et al.,, 3T United uMR780 12 FSPGR 7.2 3.1 I1x1x1 EPI 2000 30 - SPM12 ReHo
2021 Imaging

Medical

Systems
Zhang Y. et al,, 3T GE MR750 8 FSPGR - - - EPI 2000 25 344 x 344 x 4 SPM12 ALFF/
2021 ReHo

MRI, magnetic resonance imaging; GE, gradient echo pulse; FSPGR, fast spoiled gradient sequence; MPRAGE, magnetization-prepared rapid acquisition with gradient echo sequence; SPGR, spoiled gradient recalled sequence; SPM, statistical parametric mapping; fALFE,
fractional amplitude of low-frequency fluctuation; ALFF, amplitude of low-frequency fluctuation; ReHo, regional homogeneity; TR, repetition time for the whole pulse sequence in MRI; TE, echo time i.e., Time between middle of exciting RadioFrequency pulse and middle
of spin echo production; data processing assistant for resting-state fMRI (DPARSF).
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TABLE 4 Changes of brain activation in patients with pre- to post- acupuncture.

10.3389/fnins.2022.1097450

Volume MNI coordinates eak ALE emisphere | Brodmann
(mm?3) value area
X Y Z
Post-acupuncture < Pre-acupuncture (Immediate effect)
1 168 -2 58 26 0.009318931 Frontal Lobe, L 9
SFG
2 54 32 0.008554844 Frontal Lobe, L 6
MFG
Post-acupuncture > Pre-acupuncture (Cumulative effect)
1 976 16 —20 6 0.014990999 THA R —
16 —16 2 0.01456283 THA R —
8 —26 2 0.008749179 THA, Pulvinar R —
2 400 24 42 42 0.014283381 Frontal Lobe, R 8
SFG
3 376 —36 —44 —36 0.012764244 Posterior L —
Lobe,
Cerebellar
Tonsil
4 344 38 —12 20 0.011733903 INS R 13
5 272 38 44 36 0.009829718 Frontal Lobe, R 8
MFG
6 224 36 —4 54 0.009671894 Frontal Lobe, R 6
PreCG
34 -8 52 0.009619225 Frontal Lobe, R 6
PreCG
7 208 -2 34 6 0.009718803 Limbic Lobe, L 24
ACC
Post-acupuncture < Pre-acupuncture (Cumulative effect)
1 744 54 —24 14 0.010470914 Temporal R 41
Lobe, TTG
54 —16 14 0.009503565 Parietal Lobe, R 43
PoCG
62 —30 12 0.009446988 Temporal R 42
Lobe, STG
56 —30 10 0.009303252 Temporal R 41
Lobe, STG
2 328 -8 46 -16 0.013347376 Limbic Lobe, L 32
ACC
3 320 —28 —20 —16 0.010965006 Limbic Lobe, L —
PHG
4 192 —46 —62 48 0.00994727 Parietal Lobe, L 40
IPL
—44 —58 46 0.009831539 Parietal Lobe, L 40
IPL
5 160 —38 —74 -2 0.009893779 Occipital L 19
Lobe, I0OG

SFG, superior frontal gyrus; MFG, medial frontal gyrus; THA, thalamus; INS: insula; PreCG, precentral gyrus; ACC, anterior cingulate; TTG: transverse temporal gyrus; PoCG, postcentral gyrus;
STG, superior temporal gyrus; PHG, parahippocampal gyrus; IPL, inferior parietal lobule; IOG, inferior occipital gyrus; L, left; R, right.

found that the duration of migraine was negatively associated with
gray matter (GM) alterations in the left INS. Cao et al. (2019)
revealed that the INS was activated to integrate sensory and affective
information and to produce analgesic effects during acupuncture
stimulation. Our ALE meta-analysis showed that the activity of ACC
(BA24) increased, while the activity of ACC (BA32) decreased after
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acupuncture in migraineurs. The ACC is considered to be involved
in the affective-motivational component of pain (Price, 2000). Chen
et al. (2021) discovered that the dynamic ALFF values in the ACC
were negatively correlated with pain intensity in migraine. The ACC
plays a different role in pain processing. Vogt et al. (1996) found
that the increased regional cerebral blood flow (rCBF) in area 24’
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FIGURE 3
Regions of brain activation in patients with pre- to post- acupuncture
(immediate effect). Blue represents brain deactivation regions

of ACC may be involved in nocifensive reflex inhibition, and the
reduced rCBF in area 32 of ACC may enhance pain perception in
the surrounding cortex. Zhang et al. (2003) also discovered that the
caudal part of the ACC (BA24) signal increased during the electrical
acupoint stimulation, which positively related with the analgesic
effect. Therefore, different parts of ACC may play different roles
in the acupuncture-induced analgesic effect. The SFG is located
at the superior part of the prefrontal cortex, which is responsible
for emotion regulation (Cao et al,, 2022). And the MFG is crucial
to attention (Japee et al, 2015). The increased GM in the right
SEG and the decreased GM in the left MFG were observed in
migraineurs (Zhang et al., 2022). Zou et al. (2019) demonstrated that
the decreased FC between the SFG and precuneus could restore to the
healthy control level after acupuncture treatments. Russo et al. (2012)
found that the FC between the MFG and the dorsal ACC reduced
in migraineurs, and the decreased connectivity in the MFG was
negatively related to the pain intensity of migraine attacks. The PoCG
located in the primary somatosensory cortex (SI), which is involved
in the adjustment of pain perception, including the positioning and
recognition of pain intensity (Zhang S. et al., 2021). Wei et al. (2020)
discovered that increased brain activity of the right PoCG is positively
correlated with headache frequency in patients with migraine. Yang
etal. (2012) also found that cerebral glucose metabolism decreased in
the PoCG after acupuncture in migraine.

10.3389/fnins.2022.1097450

Besides, the TTG, STG, IPL, HPG, I0G, PreCG, and posterior
lobe of the cerebellum are also involved in the analgesic effect
of acupuncture. The temporal lobe is recognized as a region
associated with multisensory integration. An analysis of voxel-based
morphometric studies of migraine (Zhang et al,, 2022) showed
that GM increased in the bilateral temporal poles, the bilateral
STG, the right SFG, and the left middle temporal gyrus (MTG)
in migraine patients, and the frequency of migraine attacks was
negatively associated with GM alteration in the left STG. This
suggests that the temporal lobe is involved in pain regulation. Liu
L. et al. (2022) revealed that the STG and MTG may be the key
nodes linked to the multisensory processing of pain modulation in
patients with migraine during acupuncture. It has been confirmed
that the cerebellum plays an important role in pain processing and
regulation (Moulton et al., 2010). Wang et al. (2016) observed that
patients with migraine had significantly higher ALFF levels in the
posterior lobe of the cerebellum in contrast with healthy controls.
Zhang et al. (2022) revealed that the duration of migraine was
negatively associated with GM alterations in the bilateral cerebellum
(hemispheric lobule IX). Zhang et al. (2022) also found that GM
increased in the PHG, and GM decreased in the IPL. Qin et al.
(2020) discovered that reduced FC between the right IPL and
right MFG, and the FC Z-scores between the ventral posterior
nucleus (VPN) and right IPL were negatively related with pain
intensity and disease duration in migraine. The PHG is involved in
pain perception, pain modulation, and descending pain facilitation
(Ruscheweyh et al.,, 2018). Yang et al. (2014) found that acupuncture
could reduce brain glucose metabolism of PHG in migraine. Liu et al.
(2012) observed that compared with healthy subjects, the PreCG
exhibited abnormal centrality in both structural and FC networks
in migraineurs, and negative correlations were observed between
migraine duration and PreCG. Our results indicated that IOG also
participated in acupuncture-induced analgesia, while few studies
supported the finding.

There were 5 studies focused on the immediate effect of
acupuncture and 11 studies on the cumulative effect. The
results of ALE meta-analysis showed that both SFG and MFG
were associated with immediate and cumulative effects, but the

FIGURE 4

Regions of brain activation in patients with pre- to post- acupuncture (cumulative effect). Red represents brain activation regions; blue represents brain

deactivation regions.
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activity of SFG and MFG decreased after immediate acupuncture
and increased after cumulative acupuncture. A possible explanation
for the inconsistent results may be related to the number of
included studies, which needs further investigation. Simultaneously,
the neuroimaging results indicated that cumulative acupuncture
treatment could induce a more extensive and remarkable cerebral
response in contrast with single acupuncture treatment.

5. Strengths and limitations

In this meta-analysis, there are several strengths. First, instead
of descriptive analysis, we used the ALE methodology to analyze the
brain changes of acupuncture intervention in patients with migraine.
Second, the present study analyzed the imaging studies on the
immediate and cumulative effects of acupuncture in patients with
migraine. Third, we comprehensively evaluated the methodological
quality and the reporting quality of interventions with a modified
version of checklist and STRICTA. Nevertheless, there are several
limitations. First, due to the limitations of the analytical method,
funnel plot was unavailable to detect the publication bias of the
included studies. Second, we failed to compare the brain changes
of patients with migraine after acupuncture with those in healthy
individuals due to the incomplete information among included
studies. Third, the STRICTA results showed that the protocol of
acupuncture was not reported adequately, researchers should report
in accordance with STRICTA to improve the reporting quality.

6. Conclusion

Acupuncture could activate multiple brain areas related with
the regulation of pain conduction, processing, emotion, cognition,
and other brain regions in patients with migraine. In the future,
the combination of multiple imaging technologies might be a
new approach to deeply investigate the central mechanism of
acupuncture for migraine.
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As a minimally invasive method of physical stimulation, manual acupuncture
(MA) is used globally as a sort of therapy for neuromusculoskeletal disorders. In
addition to selecting appropriate acupoints, acupuncturists should also determine
the stimulation parameters of needling, such as the manipulation (lifting-thrusting or
twirling), needling amplitude, velocity, and stimulation time. At present, most studies
focus on acupoint combination and mechanism of MA, the relationship between
stimulation parameters and their therapeutic effects, as well as the influence on
mechanism of action are relatively scattered, and lack of systematic summary and
analysis. This paper reviewed the three types of stimulation parameters of MA, their
common options and values, corresponding effects and potential mechanisms of
action. The purpose of such efforts is to provide a useful reference for the dose-
effect relationship of MA and the quantification and standardization of its clinical
treatment of neuromusculoskeletal disorders to further promote the application of
acupuncture in the world.

manual acupuncture, stimulation parameters, therapeutic effects, review, mechanism of
action

1. Introduction

As a minimally invasive method of physical stimulation, acupuncture is widely used globally
as a sort of therapy of traditional Chinese medicine (TCM) and clinical skill; according to
the statistics of the World Health Organization (WHO), it has been used in 183 countries or
regions around the world (World Health Organization [WHO], 2013). Acupuncture has a wide
range of indications and is also recommended by WHO because of its safety, simplicity and
efficacy (World Health Organization [WHO], 2019). Among these indications, the use of manual
acupuncture (MA) in neuromusculoskeletal disorders has been around for hundreds of years
and is very prevalent. Some ancient Chinese medical books have records of MA for the relief
of low back and leg pain and the improvement of limited mobility (Zhu et al., 2021). At the
same time, many modern clinical randomized controlled trials (RCT) have also confirmed the
therapeutic effects of MA on these diseases (Zhang X. et al., 2019; Chen L. et al., 2021).
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During the treatment process of neuromusculoskeletal disorders,
in addition to selecting appropriate acupoints according to
the patient’s condition and TCM theory, acupuncturists should
also determine the stimulation parameters of needling, such as
the selections of acupuncture manipulation (lifting-thrusting or
twirling), operation amplitude, velocity, and stimulation time (Lyu
et al, 2019). Numerous studies have suggested that different
stimulation methods of acupuncture can result in different needling
sensations and therapeutic effects. For instance, the needling
sensation caused by lifting-thrusting is usually stronger than that of
twirling (Huang et al., 2012), whereas twirling may further improve
the patient’s pressure pain threshold (Choi et al., 2013). Meanwhile,
even with the same acupuncture manipulation, some studies found
that a better analgesic effect could be achieved by greater needling
velocity (Yin et al., 2011) or amplitude (Itoh et al., 2011). In addition,
the persistence of such sensation and pain-relieving effects is also
based on a certain time of stimulation. Comparative studies found
that manipulation for a certain period of time has a better effect than
simply inserting a needle into acupoints in pain relief (Loyeung and
Cobbin, 2013).

Throughout the current research on MA treatment of
neuromusculoskeletal disorders, most of them focus on the
selection of acupoints before stimulation and the mechanism
investigation after stimulation, but the relationship between
stimulation parameters during treatment and their therapeutic
effects, as well as the influence on mechanism of action, are relatively
scattered and lack systematic summary and analysis. In contrast,
electroacupuncture (EA) has received increasing attention from
acupuncturists due to its four clear, quantified and easily controlled
stimulation parameters (waveform, frequency, time, and current
intensity) (Omura, 1987; Baba et al., 2002), and there are more RCTs
comparing the effects of different stimulation parameters of EA (Liu
et al, 2017; Zheng et al,, 2018). For example, there are correlations
between different frequencies (Humaidan et al.,, 2006; Yang et al.,
2020; Yao S. et al., 2020), current intensities (Tamai et al., 2020),
stimulation time (Heo et al., 2022) and different therapeutic effects,
so dose-effect relationship studies of EA provide rich evidence
and references for its clinical application. This paper reviewed
the different stimulation parameters related to the effect of MA
intervention, their common options and values, corresponding
effects and potential mechanisms of action. The purpose of such
efforts is to provide a useful reference for the dose-effect relationship
of MA, and the quantification and standardization of its treatment of
neuromusculoskeletal disorders to further promote the application
of acupuncture in the world.

2. Ma effects on
neuromusculoskeletal disorders and
potential mechanisms

The therapeutic effects of MA on neuromusculoskeletal disorders
are mainly manifested in relieving pain (Shah and Thaker, 2015),
reducing local inflammatory response (Xu et al., 2018), improving
limited limb mobility (Lu et al, 2010) and so on. When MA
stimulates the acupoints, the tissue around the needle body receives
mechanical stimulation during the needle’s movement, these tissues
can further transmit mechanical stimulation to the surrounding cells
and activate mechanosensitive ion channels in the cell membrane,
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including transient receptor potential cation channel subfamily V
members (TRPV1, TRPV2, and TRPV4) (Chen et al., 2018; Huang
et al, 2018; Zheng et al,, 2021), Piezo proteins (Piezol, Piezo 2)
(Guo et al., 2022) and stretch-activated chloride channels (SACs)
(Wang and Schwarz, 2012). Then, cellular responses such as mast cell
degranulation, fibroblast activation and macrophage polarization are
initialized with the ion influx (Yao et al., 2014) and release relevant
active substances, including adenosine triphosphate (ATP) (Wang
and Schwarz, 2012) and histamine (Huang et al, 2018; Yin et al,,
2018). After these substances bind to the corresponding receptors
in the nerve endings, the expression of receptors related to pain
signal transmission will be downregulated and inhibit the upload
of pain signals (Tang et al.,, 2016). At the same time, stimulation
with MA also promotes the release of substance P (SP) from nerve
endings, which further promotes the above process to facilitate
peripheral analgesia (Gong et al., 2020; Fan et al., 2021). In the central
nervous system (CNS), the uploaded acupuncture signal promotes
the release of substances such as gamma-aminobutyric acid (GABA),
5-hydroxytryptamine (5-HT), epinephrine (NE), and opioid peptides
(Ko et al, 2018; Lin et al, 2020; Qiao et al, 2020) and guides
the descending analgesic signal to enhance the analgesic effect. The
effects of MA on CNS have also been investigated by some functional
neuroimaging studies, the scanning result of functional magnetic
resonance imaging (fMRI) showed that the central analgesic effect
of MA was based on the increase of default mode network and
sensorimotor network connectivity with pain-related brain areas (Cai
et al,, 2018), and the equilibrium regulation of distributed pain-
related central networks (Biella et al., 2001). Meanwhile, the deqi
sensation of MA may be related to the significant deactivations of
brain fMRI blood oxygen level-dependent (BOLD) signals (Asghar
etal., 2010).

In addition to relieving the pain symptoms of
neuromusculoskeletal disorders, MA can also downregulate the
function of the hypothalamic-pituitary-adrenal (HPA) axis (Li
et al,, 2021), reduce the release of cyclooxygenase-2 (COX-2) and
prostaglandin E2 (PGE2), promote the secretion of peripheral
dopamine and nitric oxide (NO) (Wang M. et al, 2020), and
relieve local inflammation (Yu et al,, 2009). In the localized lesion
(synovial fluid, cartilage, subchondral bone, etc.), MA can effectively
inhibit the overexpression of inflammatory cytokines including
interleukin-1 (IL-1B) and tumor necrosis factor o (TNF-a)and
promote the expression of anti-inflammatory cytokine such as IL-10
(Wang M. et al.,, 2020). With the relief of local inflammation, the
movement function of limbs can also be improved. Moreover, the
result of a surface electromyographic (SEMG) study of shoulder joint
dysfunction suggested that the improvement effect of MA on limb
mobility may also lie in the enhancements of muscle excitability and
endurance, as well as the delay of muscle fatigue (Wang L. et al., 2020;
Figure 1).

3. Stimulation parameters of ma for
selection

According to the operation methods of MA, the parameters
closely related to the stimulation amount mainly include three
types, namely, manipulation, kinematic and time parameters (Lyu
et al,, 2019). Different combinations of the above parameters will
have corresponding stimulation amount and therapeutic effects on
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The effects of MA on neuromusculoskeletal disorders and the potential mechanism of action.

neuromusculoskeletal disorders (Yoon et al., 2022), which should be
considered by acupuncturists.

3.1. Manipulation parameters

The selection of acupuncture manipulations mainly includes two
basic needle movements with different operating directions. During
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treatment, the acupuncturist’s thumb and index finger operate the
needle handle to move up and down or rotate on a fixed axis
(the needle body), respectively (Seo et al, 2014; Xu et al.,, 2021).
These two types of manipulations are named lifting-thrusting and
twirling (Lyu et al,, 2019). According to the movement mode of
acupuncture needles, the mechanical stimulations of the acupoint
area are also different. The stimulation of the lifting-thrusting method
mainly pulls the epidermis, dermis, connective tissue and muscle
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through the frictional force along the needle body generated by the
interaction between the needle and the surrounding tissue (Lee Y.
S. et al,, 2018; Yao W. et al., 2020), which significantly changes the
morphological structure of the acupoint area, such as the thickening
of connective tissues and the muscle layer (Bae et al, 2019).
During this manipulation, the amplitude of needle movement can
be regarded as the amplitude of the elastic body, and the resistance
of the acupoint tissue to the needle can be regarded as the damping
of the series of elastic bodies; therefore, such a process is similar to
the Maxwell model (Wang, 2011). In terms of twirling, the needle
body generates tangential frictional force with the surrounding tissue,
which will induce the winding of connective tissues or muscle in the
acupoint area and produce a stimulation effect (Yao W. et al., 2020).
A clinical study found the sensation produced by lifting-thrusting
is stronger than that of twirling (Lu et al., 2021). The result of an
energy measurement experiment on animals also reported that the
input average energy flux density of lifting-thrusting is greater than
that of twirling. Therefore, if the operation time is the same, the
stimulation amount of lifting-thrusting may be greater than that of
twirling (Wang, 2011). Moreover, the stimulation amount of lifting-
thrusting tends to increase with increasing needle diameter, which is a
feature that twirling does not have (Lee Y. et al,, 2018). However, due
to the increased collagen winding or rupture caused by twirling, more
cellular responses and release of active substances may be mediated
by this process (Zhang et al., 2022).

At present, which manipulation should be selected in the
treatment of different neuromusculoskeletal disorders and the
applicable symptoms of each manipulation still lack evidence from
rigorous RCTs. Therefore, the selection of manipulations in the
clinical application of MA is still mainly based on the personal
experience and judgment of acupuncturists. Although there are many
clinical reports confirming that lifting-thrusting and twirling have
positive effects in relieving pain and inflammation in musculoskeletal
diseases (Comachio et al, 2020; Wang et al, 2021), according
to some comparative studies of the two manipulations, twirling
may be more suitable for local analgesia, regulation of blood
circulation and anti-inflammation than lifting-thrusting, and the
possible explanation for this result is related to its ability to release
more neurotransmitters to regulate nerves (Xu et al., 2019). In terms
of improving the movement function of joints, MA treatment is
often accompanied by active movement of the patient to enhance the
therapeutic effect, which is also called motion-style acupuncture. In
the process of such treatment, MA often requires greater stimulation
to obtain a strong needling sensation, thus, lifting-thrusting may
be more suitable. For example, lifting-thrusting at the acupoint
“Yanglingquan” (GB34) was selected in some clinical researches, and
combined with flexion, extension and rotation of the patient’s joints
with limited mobility to improve the joint movement functions of
cervical spondylosis (Yang et al., 2022 ) and shoulder pain (Shi et al,,
2018).

3.2. Kinematic parameters

The movement control of acupuncture needles by acupuncturists
is mainly the adjustment of their kinematic parameters. In MA
manipulation, the kinematic parameters of lifting-thrusting include
the amplitude along the direction of the needle body and the
corresponding velocity. Because these parameters of lifting-thrusting
vary greatly among different acupoints, they need to be measured in
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future work. Take the acupoint “Quchi” (LI11) as an example, it was
reported that the needling amplitude was usually around 0.9-1.8 cm,
and the needling velocity was around 1.8-4.7 cm/s. The kinematic
parameters of the twirling are the rotation angle with the needle body
as the axis and the corresponding angular velocity. The common
amplitude is between 180 and 360°, and the velocity is approximately
2.5-6 rad/s (Xu et al,, 2021). At the same time, the ratio of the
respective amplitude and velocity of these two types of manipulations
is also the frequency of corresponding manipulations, so the needling
frequency can also be adjusted by changing the needling amplitude or
velocity (Lyu et al,, 2019).

In general, the needling amplitude is most closely related to the
stimulation intensity of acupuncture, and many acupuncturists adjust
the intensity of stimulation by changing the needling amplitude.
Some results of RCTs suggested that a greater needling amplitude
may exerted better pain-relieving effects in neuromusculoskeletal
disorders than a smaller amplitude (Zhang et al., 2021). For instance,
the pressure pain threshold in a 10 cm needling amplitude increased
higher than that in a 3 cm needling amplitude (Itoh et al,, 2011).
Similarly, the sensation of the de gi response as well as the pain
threshold was also enhanced by a greater twirling angle (Choi
et al., 2013). Although an excessively large needling amplitude may
create potential risks, such as patient intolerance or neurological
or vascular injury (Shen et al, 2021; Zhou et al, 2022), the
result of an animal experiment suggested that the analgesic effect
of MA may be positively correlated with the needling amplitude
(Bae et al, 2019). The occurrence of this phenomenon probably
lie in two factors. First, the excitation of afferent nerve fibers.
Acupuncture activates baroreceptors, stretch receptors, and free
nerve endings, which in turn transmit needling signals to the CNS
from the afferent nerve fibers. Some animal studies have reported
that small-amplitude MA mainly excites Aa and AP afferent fibers,
while large-amplitude MA can excite all four types of afferent
fibers (Aa, AP, A3, and C), thereby transmitting more signals and
exciting more central nerves (Huo et al, 2020). Especially the
twirling amplitude (angles) was reported to have an obvious dose-
dependency on the cytoskeletal response in subcutaneous tissue
when performing bidirectional rotation, which may also be due to
the different winding and squeezing of afferent fibers at different
twirling angles (Chang et al., 2019). Second, mechanosensitive ion
channels are activated. As a typical mechanical stimulation, MA
can activate non-selective mechanosensitive ion channels in the
cell membrane during needling and regulate the conduction of
needling signals, some key mechanotransducers, such as TRPV1
(Chen et al., 2018), TRPV2 (Huang et al., 2018), Piezol, and Piezo2
(Guo et al., 2022), are involved in the regulation process. It was
also found that the expression of related ion channel proteins
exhibits varying degrees of stimulation intensity dependence (Chen
et al, 2018; Chen C. et al, 2021). In contrast, this effect can
be blocked by non-selective mechanosensitive channel blockers
such as gadolinium (Varani et al, 2009). However, because the
current real-time measurement technology of MA amplitude cannot
meet the requirements of clinical application, and RCTs related
to the therapeutic effect and mechanism of different needling
amplitudes cannot be carried out. Therefore, it is necessary to focus
on the development of MA quantification technology in future
work.

Needling velocity is another important stimulation parameter for
acupuncturists; moreover, the reinforcing and attenuating methods
of acupuncture manipulation are also mainly distinguished according

frontiersin.org


https://doi.org/10.3389/fnins.2023.1096339
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Wang et al.

to the needling velocity (Lyu et al., 2019). Needling was able to arouse
the deformation of the extracellular matrix and form a mechanical
stress field in the interstitium, which hinged on needling velocity
(Yao et al, 2018). This stress field causes winding or rupture of
collagen fibers and muscles, and its magnitude affects the degree of
cellular response around acupoints (Langevin et al., 2001). Although
it was suggested that increasing the velocity of twirling (from 2 to
4 rad/s) was beneficial to relieve pain caused by neuromusculoskeletal
disorders (Song et al.,, 2021), more clinical studies have pointed out
that too fast or too slow needling velocity may cause a decline in
therapeutic effect (Zhang L. et al., 2019). Therefore, the selection of
an appropriate needling velocity is an important factor for obtaining
a positive effect too. Acupuncture-related neurophysiological studies
have proposed a possible explanation for this phenomenon. Since
the increase in the needling velocity usually results in an increase
in the MA frequency, with the change in synchronization of
activated neural circuits, different frequencies of MA may form
diverse neuronal connectivities (Yu et al., 2017), thus, the neuronal
firing rate and time sequences of interspike intervals could be
effectively distinguished at different MA frequencies (Zhou et al,
2014). The different acupuncture frequencies generated by different
needle velocities can also regulate the above process, and the
characteristics of rate encoding specific to different frequencies of
MA have been found in related studies (Yu et al, 2017; Zhang L.
et al,, 2019). Nonetheless, because of the relative refractory period,
the mean neuronal firing rates do not increase evidently when
the frequency of MA is over 100 times per minute (Men et al,
2012). Therefore, although increasing the needling velocity can speed
up neuronal firing and promote the rapid conduction of needling
signals, a velocity that is too fast may not accelerate the above
process, improve the therapeutic effect and also bring potential safety
risks.

From the above results, it can be seen that the velocity of lifting-
thrusting or twirling probably have a relatively effective reference
range in the MA treatment of neuromusculoskeletal disorders,
and the possible decrease in therapeutic effect or increased safety
risk may be generated by too fast or too slow needling velocity
outside this range. However, this reference range is likely to be
vary according to the different disease locations or individuals. The
acquisition of such evidence requires the accumulation of a large
amount of clinical or experimental data, as well as the greater
innovation and breakthroughs in measurement technology of MA
kinematic parameters.

3.3. Time parameters

Complete MA treatment mainly includes three types of time
parameters. The first one is needling time, which is the time when
the acupuncturist uses his fingers to operate the acupuncture needles
and perform manipulation. The second one is retention time. The
process of needle retention is when needles stay underneath the
skin after penetrating and are usually scheduled after needling is
completed to consolidate the stimulation effect. The last one is course
of treatment, a period of continuous MA therapy prescribed for
specific diseases. According to current clinical studies, the common
needling time ranges from 30 s to 5 min, the needle retention time
usually ranges from 20 minutes to 1 hour, and the common course of
treatment ranges from 2 weeks to 3 months (Lin et al., 2019; Lu et al,,
2020).
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In the process of MA treatment, the increase of needling time
directly leads to an increase of the stimulation amount. An animal
experiment comparing the effects of different needling times on
neurophysiology have shown that the significant improvements of
neurological function and cerebral blood flow were obtained by
appropriately extending the needling time (from 5s to 60s). On
the contrary, such effects were weakened when the needling time
was extended to 180s (Zhang et al., 2015). Based on the above
results, the remarkable thing is that there may be no necessary
link between the increase in needling time and effect improvement.
First, not all patients can tolerate an increased stimulation amount,
especially thin female patients, so acupuncturists may need to
adjust the other stimulation parameters to improve the therapeutic
effect. Second, prolonged acupuncture stimulation probably lead to
a weakening of effects, which is considered as a phenomenon called
“acupuncture tolerance” (Han, 2011). The possible mechanisms of
such a phenomenon may be related to not only the inactivation
or downregulation of central opioid peptide receptors caused by
excessive stimulation but also the release of anti-opioid peptide
substances (such as cholecystokinin) (Han, 1995).

Although the needling stimulation was stopped during needle
retention, needle retention can be regarded as an amplification effect
on the needling stimulation. It has been found that the therapeutic
effect of MA presents stage characteristics as retention time changes.
An clinical fMRI study indicated that the related brain nuclei of
the limbic system had obvious response patterns that changed over
time during the effects of acupuncture, which could be divided into
short activation, intermittent activation, bidirectional activation and
continuous activation (Bai et al., 2009). Among them, continuous
activation is mainly related to the post needling effect, and retention
time is one of its main influencing factors. Numerous studies
have confirmed that a better therapeutic effect can be obtained by
retaining the needles for a certain period of time compared with
direct needle withdrawal after needling, while an exceedingly long
retention time may cause needle withdrawal resistance and tiresome
acupoints (Lin et al, 2019). Moreover, for neuromusculoskeletal
disorders, the evidence from an animal experiment showed the
analgesic effect of 20 min of retention time for chronic pain is better
than that of 10, 30, and 40 min (Cui J.-m Ma et al,, 2009), while
another clinical study suggested the MA treatment of acute pain can
appropriately extend the needle retention time to 45 min (Yao and
Liu, 2013).

As far as the course of treatment is concerned, due to the limited
stimulation by a single MA treatment, it is necessary to continue
such treatment for a period of time to accumulate effect. A study on
rheumatoid arthritis showed that longer course of treatment could
lead to better therapeutic effects (Wang et al., 2008). Similarly, it
was found that better analgesia effect on fibromyalgia was produced
by more MA treatments (Harris et al., 2005). However, acupuncture
tolerance may also be resulted by an excessively long course of
treatment, which has negative effects or even leads to more adverse
events (Macpherson et al., 2004).

4. Discussion

Throughout the current research, MA has a relatively positive
effect on the treatment of neuromusculoskeletal disorders. The
selection of MA stimulation parameters can be summarized as
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TABLE1 Common parameter types, values and corresponding effect of MA in the treatment of neuromusculoskeletal disorders.

Parameter type

Manipulation parameter

Option

Lifting-thrusting

Common value

Potential parameter-effect relationship ‘

May be more suitable for improving joint movement

Twirling - May be More suitable for analgesia and anti-inflammation
Kinematic parameter Needling amplitude | Amplitude of lifting-thrusting: Varies by A certain positive correlation between the needling amplitude and the effect
acupoints may be existed
Amplitude of Twirling: 180-360°
Needling velocity Velocity of lifting-thrusting: Varies by A certain effective reference range is probably existed
acupoints Too slow: insufficient stimulation
Velocity of Twirling: 2.5-6 rad/s Too fast: no effect improvement and potential safety risks
Time parameter Needling time 30 s—5 min A certain effective reference range is probably existed
Too short: insufficient stimulation
Too long: patient intolerableness and acupuncture tolerance
Retention time 20 min-1h A certain effective reference range is probably existed

Too short: insufficient post needling stimulation
Too long: needle withdrawal resistant and tiresome of acupoints

Course of treatment | 2 weeks—3 months

Accumulation of therapeutic effects of every MA treatment, and a certain
effective reference range is probably existed
Too short: insufficient accumulated stimulation

Too long: patient intolerableness and acupuncture tolerance
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Recognition and measurement of stimulation parameters of MA based on machine vision.

Time Parameter *

follows according to the relevant evidence of its effects (Table 1).
First, although both lifting-thrusting and twirling have analgesic and
anti-inflammatory effects and improve movement limitation, lifting-
thrusting may be more suitable for use in motion-style acupuncture
to increase the movement amplitudes of joints, while twirling is
probably more suitable for relieving pain and inflammation. Second,
for the kinematic parameters, appropriately increasing the needling
amplitude within a safe range is likely to bring about a certain
enhancement in therapeutic effect, but the needling velocity should
potentially have a certain effective reference range. Too large or small
needling velocity is not conducive to obtaining better prognosis.
Finally, the selection of time parameters is similar to that of needling
velocity, and the time of needling and retention, as well as the course
of treatment need to be adjusted according to different symptoms
and individuals. In general, the selection of an excessively short time
parameter probably tends to reduce the therapeutic effect because of
an insufficient stimulation amount, whereas an excessively long time
may not only do not contribute to the improvement of the therapeutic
effect but also be prone to other side effects. In summary, it is not
difficult to find that the selection of stimulation parameters in the
clinical process of MA is still confusing and lacks evidence and a clear
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reference, which needs a large number of comparative clinical trials
in future work.

Regarding the issue above, one of the main breakthroughs for
the solution lies in the innovation of the measurement technology
of kinematic parameters of MA. Currently, the measurement of MA
stimulation parameters mainly includes two technologies. The first is
the modification of the acupuncture needle body or needle handle.
For example, a small kinematic sensor was attached to the needle
handle to obtain the velocity and acceleration of the needle body
during the needle movement (Seo et al., 2014; Leow et al., 2016),
and the sensor device can also be wrapped around the needle
body to obtain the needle movement amplitude and velocity (Davis
et al,, 2012; Li et al., 2013). Whether it is the modification of the
needle handle or the needle body, the shape and weight of the
acupuncture needle will be greatly changed. Therefore, this method
has a serious influence on the finger sensation of acupuncturists
and is not suitable for clinical application (Lyu et al., 2019). The
other technology is motion tracking for capturing the movements
of the thumb and index finger by placing small tracking markers
(reflective balls) on the fingertips and joints of the acupuncturist’s
fingers (Tang et al,, 2018; Xu et al., 2021, 2022). Since the movement
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of the needle body is mainly generated by the lifting-thrusting or
twirling of the thumb and index finger, the kinematic parameters
of the needle can be calculated by tracking the movement of
fingers. This technology completed real-time in-body parameter
acquisition without operational interference and influenced the
finger sensation. However, before the implementation of motion
tracking technology, it is necessary to build an experimental
environment for simultaneous shooting of multiple cameras. The
configuration of multiple cameras, tripods and connecting wires
still greatly affects the working environment of acupuncturists,
which cannot actually be applied in clinical work. Therefore, the
technology that is truly suitable for the stimulation parameter
acquisition of MA should have the following characteristics: real-
time, convenient, stable, and free of operational interference.
According to the current development of motion analysis technology,
the more suitable solution may be motion analysis technology
based on machine vision. After the cameras captured the real-time
video of the fingers and acupuncture needle during the operation
of the acupuncturist, the image analysis technologies of machine
vision such as convolutional neural networks could be used to
identify the movement of the fingers or needles, determine the
current manipulation mode (lifting-thrusting or twirling) (Su et al,,
2022), and calculate the relevant kinematic parameters. Because
this technology can be implemented with portable devices such as
mobile phones and tablets, it may be a more suitable tool for the
measurement of MA stimulation parameters for clinical applications
(Figure 2).

Another breakthrough lies in the analysis of data. Because
MA treatment requires the selection of the above three types
of parameters to form a parameter combination for obtaining
the therapeutic effect. Thus, compared with the single parameter
analysis, different parameter combinations will significantly increase
the complexity and difficulty of data analysis. Some studies have
also focused on the influence of stimulation parameter interactions
on the therapeutic effect. For instance, an investigation on the
effects of parameter combinations, including manipulation (present
or absent), retention time (1 or 21 min) and selected acupoints
[“Hegu” (LI4) or non-acupoint located with the same dermatome
of LI4], discovered that the combination of 21-min intervention
on LI4 with manipulation showed better needling sensation and
analgesic effect (Loyeung and Cobbin, 2013). Another study about
the safety of manipulation by an auto manipulation device for
acupuncture at different velocities and stimulation times suggested
that although the stimulation time was shortened, more collagen
rupture was brought about in higher velocity manipulation (Liu
et al, 2018). These results indicated that different parameter
combinations will result in too many intervention groups and
corresponding effects, and traditional RCT experiments may be
unable to meet the requirement of such research. On the basis of
an innovative measurement solution suitable for clinical application,
if this measurement method can be used in the clinical work
and fundamental research of MA to obtain a large number of
parameter combination data and the correspondence effects, some
classification- and regression-related machine learning algorithms,
such as decision tree (Ghiasi et al,, 2020) and random forest
(Wang S. et al, 2020), can be applied to find the different
combinations of MA stimulation parameters with ideal therapeutic
effects suitable for different neuromusculoskeletal disorders and
individuals. We believe that with the continuous iteration of
measurement and analysis technologies, the selection of MA
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stimulation parameters for neuromusculoskeletal disorders will be
supported by more evidence and more standardized to achieve better
therapeutic effects.

6. Conclusion

This article reviews three types of stimulation parameters
that MA can select in the treatment of neuromusculoskeletal
disorders and their corresponding effects. The manipulation
parameters include lifting-inserting and twirling, both of which
can achieve positive therapeutic effects. Lifting-thrusting may be
more suitable for improving joint movement, while twirling is
probably more preferred for analgesia and anti-inflammation. In
terms of the kinematic parameters, appropriately increasing the
needling amplitude within a safe range may bring about a certain
enhancement in therapeutic effect, but the needling velocity is
likely to have a certain effective reference range. A similar situation
also exists in the selection of time parameters; too short- or
too long-time settings may result in insufficient stimulation and
acupuncture tolerance, respectively. At present, there is still a lack
of sufficient experimental and clinical evidence to provide clear
reference for MA application. It is urgent to pursue innovation
in MA stimulation parameter measurement technology and data
analysis algorithms, which may be the breakthroughs to solve
this issue, and leading to a more standardized MA treatment for
neuromusculoskeletal disorders.
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Chronic non-specific low back pain (CNLBP) is one of the leading causes of disability
worldwide. Acupoint embedding (ACE) is widely used in China for the treatment
of chronic non-specific low back pain, but there are no rigorous randomized
controlled trials (RCTs) to confirm the effectiveness and safety of ACE for chronic
non-specific low back pain. In this study, we design a single-center, single-blind,
prospective RCT, with the aim of evaluating the efficacy and safety of ACE for
CNLBP. 82 participants with CNLBP will be randomized in a 1:1 ratio into an ACE
group and a sham ACE group. Participants will receive either ACE treatment or
sham ACE treatment at once every 2 weeks, for an 8-week period, and followed
by 6 months of follow-up. The primary outcome will be the change in visual analog
scale (VAS) scores before and after treatment. Secondary outcomes will include the
Oswestry Disability Index (ODI), the Roland Morris Disability Questionnaire (RMDQ)
and the Short Form 36-Health Survey (SF-36). Adverse events that occur during the
course of the trial will be recorded. Data will be analyzed according to a predefined
statistical analysis plan. This study was approved by the medical ethics committee
of Guangzhou Panyu Hospital of Chinese Medicine (202230). Written informed
consent from patients is required. This trial is registered in the Chinese Clinical
Trial Registry (ChiCTR2200059245). Trial results will be published in a peer-reviewed
academic journal.

Clinical trial registration: https://www.chictr.org.cn, identifier ChiCTR2200059245.

chronic non-specific low back pain, acupoint catgut embedding, traditional Chinese
medicine, randomized controlled trial, protocol, acupuncture

1. Introduction

Low back pain, a global high incidence and high burden disease, can greatly affect the
quality of life of patients, and cause motor dysfunction or even disability (Knezevic et al,,
2021). A systematic review of thirteen studies from Northern Europe, North America, and
Israel reported that the prevalence of lower back pain ranged from 1.4 to 20.0%, with an annual
incidence of 0.024 to 7%, and was highest in the United States (Fatoye et al., 2019). The incidence
of chronic low back pain is expected to increase as the population ages, and as technological
advances lead to increasingly sedentary lifestyles (Knezevic et al., 2021). A systematic analysis
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of the global burden of disease showed that low back pain increased
the number of years lived with disability by 17.8% between 2007
and 2017 (Disease et al., 2018). A study comprehensively estimated
the cost of care for non-severe low back pain episodes in hospitals
in three Australian cities over a 5-year period, and showed that
the average direct hospital cost for low back pain episodes was
AUD$2959 (Coombs et al., 2021). It is estimated that more than
$100 billion was spent annually on treating patients with low
back pain in the United States (Katz, 2006). Most low back pain
is non-specific (commonly cited as 90%) (Knezevic et al, 2021).
Currently, for the management of patients with non-specific low back
pain, pharmacological (non-steroidal anti-inflammatory drugs, weak
opioids, and muscle relaxants) and non-pharmacological (exercise
therapy, spinal manipulation, psychotherapy, and physiotherapy)
treatments are recommended by guidelines (Vitoula et al.,, 2018).
However, the treatment of patients with chronic non-specific low
back pain (CNLBP) remains a great challenge. For example, oral non-
steroidal anti-inflammatory drugs (NSAIDs) are recommended to be
used with caution and not continuously, considering gastrointestinal
and cardiovascular adverse events (Davis and Robson, 2016).
Therefore, it is necessary to explore effective and safe non-
pharmacological therapies.

Acupuncture, an important part of traditional Chinese medicine
(TCM), has been proven to play a critical role in pain management
and function recovery, especially for the treatment of CNLBP (Huang
et al,, 2021). Acupoint catgut embedding (ACE) is an innovative
acupuncture method combined with traditional theory and modern
materials, which embeds absorbed catgut into the acupoints, where
the catgut will undergo softening, liquefaction, and absorption,
thereby stimulating the acupoints for a long time (Teng et al,
2022). Compared with traditional acupuncture, ACE not only has
the advantages of easy operation, strong stimulation, and long-lasting
therapeutic effect, but also extends treatment interval patterns and
reduces the discomfort caused by frequent acupuncture treatments,
which can make up for the deficiencies in traditional acupuncture and
improve patient compliance (Zhang et al., 2012). Previous preclinical
studies have elucidated the mechanism of ACE in the treatment of
pain. For example, in an in vivo experiment, ACE was shown to have
along-lasting analgesic effect on complete Freund’s adjuvant-induced
inflammatory pain in rats, which was associated with activation of
spinal 5-HT1AR, inhibition of GluN1 phosphorylation, and thus
inhibition of Ca?"-dependent signaling (Cui et al,, 2019). Another
study suggested that ACE may exhibit antinociceptive effects by
inhibiting Sig-1R regulation of p38 MAPK (Du et al., 2017). In recent
years, a growing body of clinical evidence supports the use of ACE
for the management of painful conditions. For example, a meta-
analysis showed that ACE is beneficial for the relief of neck pain
(Jo et al, 2022). However, to our knowledge, no clinical study on
ACE for the treatment of CNLBP has been reported. Based on the
current conditions, we will conduct a well-designed RCT to discuss
the efficacy and safety of ACE, by comparing with a sham control in
the treatment of CNLBP.

Abbreviations: CNLBP, chronic non-specific low back pain; ACE, acupoint
catgut embedding; NSAIDS, non-steroidal anti-inflammatory drugs; RCT,
randomized controlled trial; VAS, visual analog scale; ODI, Oswestry Disability
Index; RMDQ, Roland Morris Disability Questionnaire; SF-36, Short Form 36-
Health Survey; TCM, traditional Chinese medicine; SAE, severe adverse event;
CREF, case record form.
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2. Methods

2.1. Design and setting

The present study will be a prospective, randomized, patient-
assessor-blinded, sham-controlled trial. A total of 82 participants will
be recruited for the trial in Guangzhou Panyu Hospital of Chinese
Medicine. Participants will be divided randomly at a ratio of 1:1 into
the ACE group or the sham ACE group. The trial will contain an
enrolment and allocation period of 3 days, an 8-week intervention
period, and a 6-month follow-up period. The flow chart of the
study procedure is shown in Figure 1. This study will be conducted
in accordance with the Declaration of Helsinki, the Consolidated
Standards of Reporting Trials (CONSORT) (Schulz et al., 2010) and
the Standards for Reporting Interventions in Controlled Trials of
Acupuncture (STRICTA) guidelines (MacPherson et al., 2010) in trial
design and reporting. Any modifications to the protocol that may
affect the conduct of the study will be expected to draft a formal
modification of the protocol. Such update will be determined by the
project management group and approved by the ethics committee,
before the modification being placed into practice. This trial has
been registered at the Chinese Clinical Trial Registry, numbered
ChiCTR2200059245.

2.2. Recruitment

The recruitment advertisement for eligible participants will be
placed on WeChat, official website of the hospital, and the waiting hall
of the outpatient clinic, from April 2022 to December 2024. Eligible
individuals who agree to participate in the study will sign written
informed consents. By the way, participants will be notified that they
are at liberty to withdraw from the study without any negative effects
on their future treatments. After recruitment, the characteristic
of participants will be preserved by dedicated personnel, which
cannot be disclosed or used by unauthorized individuals at any time
or for any reason.

2.3. Participants

2.3.1. Diagnostic criteria

The diagnostic criteria for non-specific lower back pain are as
follows: (1) pain or discomfort is located in the lumbar region
with or without related radiation symptoms to lower extremities;
(2) the history of low back pain lasts for more than 12 weeks;
(3) the straight leg raising test is negative; and (4) there are no
lumbar spine specific diseases diagnosed with imaging examination
(e.g., presence of radiculopathy, osteoporosis, cord compression, or
cancers). All potential participants will be first screened by a specialist
with 20 years of clinical experience based on the diagnosis criteria.

2.3.2. Inclusion criteria

Participants must meet with the following inclusion criteria: (1)
18-60 years old; (2) suffer from ongoing low back pain; (3) the visual
analog scale (VAS) of low back pain intensity assessment is greater
than 4 cm, but lower than 7 cm; and (4) participate voluntarily in
this study, signing written informed consent. The inclusion process
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FIGURE 1
Flow chart of the study procedure.

will be conducted by a specific researcher, after being assessed by
diagnosis criteria.

2.3.3. Exclusion criteria

Participants who meet any of the following conditions will
be excluded: (1) cauda equina syndrome with bladder, bowel, or
sexual dysfunction; (2) tumors, fractures, infections in the spine,
or skin diseases in the lumbar region, or hemostatic disorder;
(3) other serious diseases, such as cardiovascular, kidney, or liver
diseases; (4) with diabetes or other diseases characterized by skin
and subcutaneous tissue dysfunctions in absorption and renovation;
(5) cognitive impairment or serious mental illnesses, such as
schizophrenia or severe depression; (6) pregnant or breastfeeding
women; (7) fear of acupuncture and have a history of severe
acupuncture adverse reactions; (8) participation in other studies
related to LBP treatment within the past 3 months; and (9)
cannot participate in regular treatment or observation, as required.
Exclusion process will be conducted by the same researcher
handling the inclusion.

2.3.4. Criteria for withdrawal, dropout, and removal

Participants presenting any of the following situations will be
considered as the withdrawal cases: (1) the disease get worse
after treatment in this study; (2) complications or severe adverse
events (SAEs) occur during the trial; (3) the utilization of related
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Analysed (n=)
Excluded from analysis (give reasons) (n= )

treatments other than the study, which may impact upon the
results of this study; (4) poor compliance, or the number of
appointments for treatment does not meet the requirements (<80%);
(5) unblinding for emergency situations; and (6) participants request
to withdraw from the study.

Participants unable to complete the observation procedure of the
study, regardless of the reasons, will be classified as dropout cases. The
last outcome data of dropout cases will be included in data analysis.
During the trial, participants will be removed if (1) they are wrongly
enrolled due to misdiagnosis; (2) they do not accept the treatment
after being enrolled in the study; (3) they participate in other clinical
trials at the same time; and (4) the post-inclusion data is incomplete
and there are no evaluable records for the analysis of the results. Data
from withdrawal and dropout cases will be included in intention-to-
treat analyses.

2.4. Randomization, allocation
concealment, and blinding

Eligible participants will be divided randomly into the
intervention group (ACE group) or the control group (sham
ACE group). The random numbers of allocation sequences will
be generated using Statistical Analysis System (version 9.4) by
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a statistician. Later, the random numbers and groupings will be
packaged in opaque and closed envelopes with sequence numbers.
The researchers responsible for the participant’s enrolment will take
the envelopes with the corresponding number according to the
inclusion order, and write down the name, gender, and age of the
included participant on the surface of the envelope. All the marked
envelopes will be kept by another researcher, who is not involved in
participant recruitment.

After the baseline assessment of personal conditions and pre-
treatment outcome measurements, acupuncturists will be informed
about the different treatments of the participants. The outcome
assessors will be blinded to the treatments due to the groups of the
participants recorded in the case record forms (CRFs) being replaced
by “A” and “B” without details. Additionally, the assessors will also
be blinded to recruitment and groupings. All in all, participants,
outcome assessors, and statistician in the study will be blinded to
the different treatments. Under certain conditions, unblinding will
be permissible when participants undergo SAEs or other emergency
situations. Once unblinded, participants will withdraw from the trial,
and the reasons will be documented and reported by the researchers.

2.5. Sample size

The VAS score is the primary outcome indicator for this trial.
Based on the results of the pre-test, it is known that the VAS score
in the control group was 4.64 £ 1.42 cm and is expected to be
reduced by 1.02 cm after treatment with ACE, setting a two-sided
test with o = 0.05, B = 0.10. A sample size of 34 cases per group
was calculated using PASS 15 software. Considering the 20% lost to
follow-up calculation, the final number of cases needed for at least
two groups was 41, for a total of at least 82 participants included.

2.6. Interventions

The ACE operation in this study will be carried out in accordance
with the Acupuncture Technical Operation Standard of the People’s
Republic of China for ACE. Participants in both groups will accept
treatments once every 2 weeks, for an 8-week period. During
treatment, participants will be separated in different treatment
rooms to avoid communication. Both treatments will be conducted
by trained acupuncturists who are qualified, have acupuncture
affiliation, and experience in clinical practice for more than 3 years.
During the treatment and observation period of the study, if the
participant’s pain symptoms worsen, the oral NSAIDs drug celecoxib
(Pfizer Pharmaceuticals Ltd.) (Frampton and Keating, 2007; Foster
et al., 2018) will be given orally for 2 days at a dose of 200 mg twice
daily. If pain remains unrelieved, participants will be withdrawn from
the study.

2.6.1. Intervention group

(1) Acupoints: According to the theory of TCM and previous
clinical practice experience, this study will select the bilateral
acupoints of Shenshu (BL23) and Dachangshu (BL25). The
position and depth of acupoints for needle insertion are
in accordance with the Name and Location of Acupoints
(GB/T12346-2006), a standard of The People’s Republic of
China. Details of selected acupoints are shown in Table 1 and
Figure 2.
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TABLE 1 Locations of acupoints in the study.

BL23 BL25
Bladder meridian Bladder meridian

Needle On the lumbar region, on the On the lumbar region, on the

insertion same level of the second same level of the fourth
subspinous of the lumbar subspinous of the lumbar
vertebra, and 1.5 cun lateral vertebra, and 1.5 cun lateral
to the posterior midline. to the posterior midline.

Major Bone problems, low back Pain in lumbar region and

indication and pain, difficulty in urination, lower extremities.

actions oedema

Manipulation Insert the needle 1.0 cm Insert the needle 1.0 cm

perpendicularly perpendicularly

FIGURE 2
Locations of acupoints.

(2) Preparation of ACE: The main instruments utilized in the ACE
treatment operation include an embedding needle, combinating
of needle tubing and liner core, and absorbable surgical
chromic catgut (Yangzhou Longhu Medical Instrument Co.,
Ltd., Yangzhou City, Jiangsu Province, China), all of which are
disposable sterile products. The embedding needle is shown in
Figure 3. Participants will stay in the prone position during the
operation process.

(3) Operation procedures: Firstly, the skin of the target acupoint

region will be exposed and sterilized with iodophor. After

disinfecting hands and wearing sterile gloves, the acupuncturists
will cut the absorbable surgical chromic catguts into 1 cm long
pieces, and place the small catgut into the pinpoint of the
embedding needle tubing, where the liner core will be moved
up 1 cm. Then, acupuncturist will use the thumb and index
fingers to fix the acupoint, while, with the other hand, inserting
the needle perpendicularly to the skin surface of the acupoint
at a depth of approximately 1 cm. Secondly, acupuncturists
will apply lifting, inserting, and twisting techniques to stimulate
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Needle tubing

A

M

Liner core
FIGURE 3
Parts of the acupoint catgut embedding device.

special sensations, presenting soreness, such as numbness,
swelling, or radiation, but no pain, which are described as Deqi
in TCM theory. Thirdly, by pressing down the liner core of
the embedding needle, the catgut in the needle tubing will
be embedded in the muscle layer. Finally, both the liner core
and needle tubing will be pulled out of the acupoint, and the
post-treatment acupoint will be covered by a cotton ball with
tape for 24 h.

For the standard and safe operation of ACE, the acupuncturists
should: (1) ensure that the operation of ACE is conducted in a
strictly sterile surrounding; (2) avoid catguts being embedded in the
adipose tissue, which may cause fat liquefaction; (3) ensure that the
chromic catgut is fully embedded in the deep tissue, and will not be
exposed to the skin surface; (4) grasp at an appropriate angle and
depth of the operation, to avoid damage to internal organs, major
blood vessels, and nerves; and (5) inform participants regarding the
precautions after treatment, such as keeping the lumbar region away
from water for 24 h.

TABLE 2 Schedule of enrolment, interventions, and assessments.

Enrolment and allocation

10.3389/fnins.2023.1106051

2.6.2. Control group

In the sham ACE group, the embedding needle and acupoints are
the same as those of the intervention group, but no catgut will be
placed into the needle tubing before being inserted into the acupoints,
so that no catgut will be left under the tissue after the needle is pulled
out. At the same time, the needle will be withdrawn immediately,
because inserting to the acupoints at a depth of 1.0 cm without
retaining the needle to activate the gi, which is essentially different
from traditional acupuncture.

2.7. Outcomes measurement

The efficacy evaluation in this study will include the primary
outcome indicator VAS (Bijur et al., 2001). The secondary outcomes
are the Roland-Morris Disability questionnaire (RMDQ) (Law et al,,
2021), Oswestry Disability Index (ODI) (Mehra et al.,, 2008), and
the Short Form 36-Health Survey (SF-36) (Taft et al., 2004). Safety
outcomes will be evaluated by the incidence of adverse event. All
evaluation indicators will be assessed at six time points: baseline,
mid-treatment (4 weeks of treatment), post-treatment (8 weeks
of treatment), and 1 month, 3 months, and 6 months after the
treatments. Researchers who do not take responsibility for other
processes in the study will be appointed as outcome assessors. Details
of the observational items and the time window for data collection
are shown in Table 2.

2.7.1. Primary outcome

Visual analog scale will be used as the primary outcome to assess
the intensity of CNLBP. Participants will be requested to measure
their pain intensity on a 10-cm horizontal VAS, with 0 showing no
pain and 10 showing the most severe pain.

Treatment period Follow-up period

(0)¢)] (0d)
Enrollment
Vital signs X X X X X
Previous medical history X
Inclusion/exclusion assessment X
Informed consent X
Allocation X
Interventions
ACE treatment
sham ACE treatment X X X X
Assessments
VAS X X X X X X
ODI X X X X X X
RMDS X X X X X X
SF-36 X X X X X X
Adverse events X X X X X X
Analysis of outcomes X

d, day; w, week; m, month; ACE, acupoint catgut embedding; VAS, visual analog scale; RMDS, Roland Morris Disability Scale; ODI, Oswestry Disability Index; SF-36, the Short Form

36-Health Survey.
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2.7.2. Secondary outcome
2.7.2.1. The Roland-Morris Disability Questionnaire
Dysfunction of daily life caused by CNLBP will be assessed by
the RMDQ, which contains 24 questions about the daily physical
activities and function in daily life. Participants choose “yes” or “no”
as the answer to each question, to describe their situations. The
answer “yes” marks one score, with a total score ranging from 0 to
24, and the higher score reflecting more severe dysfunction.

2.7.2.2. The Oswestry Disability Index

Oswestry Disability Index will be used to assess the disability in
patients with CNLBP. The ODI consists of 10 items: pain, personal
care, lifting, walking, sitting, standing, sleep, sex life, social life, and
travel. The score for each question ranges from 0 to 5, according to
the different degree from normal to severe. The total score will be
worked out with a percentage, where the higher percentage means a
more severe disability evaluation.

2.7.2.3. The Short Form 36-Health Survey

Short Form 36-Health Survey is a general health measurement
applied in populations with chronic diseases. It covers a systematic
evaluation of physical and mental health with 8 domains (pain,
physical functioning, role-physical, general health, vitality, role-
emotional, mental health, and social functioning) covered by
36 questions. The score for each domain will be converted
to a scale of 0-100, with higher scores indicating better
quality of life.

2.7.3. Safety assessment

Adverse events that happen during the study will be recorded
in the CRFs in detail, including the time of occurrence, symptoms,
duration, treatment methods, and outcomes. Adverse events will
be assessed by the specialists in the panel, to determine whether
the conditions are treatment related and whether further rescues
are needed. Adverse events frequently occurring in ACE treatment
include fainting, acupoint swelling, and subcutaneous hemorrhage,
and will be addressed by symptomatic treatment methods. Once the
adverse events are defined as severe, such as acupoints infection,
allograft rejection, or major organ damage, the research process
will be terminated and the inspectors of the monitoring panel will
reveal the participant’s allocated intervention at once. Consequently,
the participant will withdraw from the study and accept systemic
treatments. The cost of treatments for adverse events arising from this
study will be paid by the sponsor of this study. The monitoring panel
will report the SAEs to the ethics committee, while the researchers
will closely follow the participants’ condition, and record it in
detail in the CRF.

2.8. Data collection and management

After the included participants sign the informed consent forms,
researchers will collect individual information, such as general
demographic information, clinical history, and baseline data for VAS,
RMDQ, ODI, and SF-36. Outcome indicators will be measured at the
previously indicated six time points, and documented in the CRFs.
When the trial is completed, two researchers who are neither involved
in the distribution nor the outcome evaluation will independently
extract data from CRFs into an Excel table. The statistician will
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then conduct statistical analysis on this data after double check
confirmation. To protect the privacy of participants, personal names
will be replaced by numbers combined with initials. Researchers
shall maintain data confidentiality for 5 years after the termination
of the trial. In order to reduce the dropout rate of participants,
researchers will contact the participants by telephone 2 days before
their treatments to enquire on their conditions and encourage them
to accept the treatments as scheduled.

2.9. Quality control

To achieve credibility and consistency in the study results, all
researchers will receive standardized training in advance, including
identification and allocation of eligible participants, treatment
procedures, outcome evaluation, management of adverse events, and
CRF completion. In addition, a data and safety monitoring panel
consisting of three experts in different fields will be established,
who are independent from the sponsor and have no conflict of
interest with the study. The panel will conduct casual inspection to
reduce potential biases in the study process and data analysis. Once
any violation of the research requirements or SAEs are identified,
the panel will notify the principal investigator, or suspend the
study at any time.

2.10. Statistical analysis

Statistical analysis will be computed using Statistical Analysis
System (SAS) v9.4 by a statistician. Continuous variables subject to
normal distribution are expressed as mean =+ standard deviation,
otherwise they will be expressed as median (interquartile range).
Discontinuous variables will be expressed as composition ratio
and rate. The baseline comparison of continuous variables will
be performed by t-test or non-parametric test, and the baseline
comparison of discontinuous variables by the chi-squared test.
Repeated measures analysis of variance (RM-ANOVA) will be
performed on the measurement data at multiple observation time
points, to analyze the trend over time and the interaction between
treatment times. The statistical significance level will be 0.05
(bilateral) with 95% confidence interval. The safety analysis will
mainly be based on descriptive statistics, including the incidence and
the specific description of adverse events.

2.11. Dissemination

Results of the study will be presented at scientific conferences and
in peer-reviewed publications. Participants included in the study will
also have the opportunity to obtain the study results by telephone
or e-mail.

2.12. Trial status

Currently, the protocol is version 1.0, registered on 27 April 2022.
At the time of protocol submission, potential participants of the study
have been actively enrolled.
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3. Discussion

Chronic non-specific low back pain, one of the most common
conditions in orthopaedics, rehabilitation, and pain medicine,
accounts for 1/3 (Wang et al., 2015) of daily outpatient visits, and is a
major cause of increase in years of life lived with disability, in both
developed and developing countries (Diseases and Injuries, 2020).
Recently, evidence has been published for ACE being beneficial in
relieving pain from patients (Jo et al., 2022). However, the evidence
for clinical studies targeting ACE in CNLBP treatment is lacking. This
trial is a single-center, prospective, randomized, patient-assessor-
blinded, sham-controlled trial conducted in China, to evaluate the
clinical efficacy and safety of ACE for CNLBP patients, and provide
new ideas for the management of CNLBP.

Pain, a major symptom plaguing patients with CNLBP, is
a subjective experience that can be influenced by physical,
psychological, personal experience, social and cultural factors (Wijma
etal,, 2016; Reis et al., 2022). An accurate and objective assessment of
pain is essential to evaluate the efficacy of ACE. The VAS, a simple
scale consisting of a 10-centimeter horizontal line, is widely used
as a tool for measuring pain (Grilo et al., 2007). Moreover, one of
the advantages of the VAS is that its value changes continuously.
On the one hand, it reflects the subtle changes in pain, and, on the
other hand, continuous scores can be used for statistic parameter
testing, which is recognized internationally and superior to non-
parameter testing of the category assessment scale. As a result, VAS
will be applied as the primary outcome in this study. The ODI and
RMDQ scores will be used to further evaluate the mobility disorders
of patients with CNLBP, so as to obtain a more objective evaluation
for the ACE treatment. In addition, the SF-36 will be used to assess
participants’ quality of life. Appropriate acupoints selection is an
essential factor for ACE treatment. We will select Shenshu (BL23) and
Dachangshu (BL25), which are common acupoints for the treatment
of low back pain in clinical practice. Both acupoints are located in
the lumbar region, and can be used to treat disorders on or near this
certain part of the body, according to the theory of meridian in TCM;
further, a previous study indicated that BL23 and BL25 could decrease
VAS and RMDAQ scores for patients with low back pain (Wang, 2018).

However, there are several limitations in this trial. Firstly, this
study is a single-center trial, and the study population is mainly
from southern China, meaning that the applicability of ACE in
other regions will be not discussed. Secondly, due to the different
occupations or living habits of different participants, we do not
impose strict requirements on the daily life of participants apart
from the clinic, which may affect the results of the study. Finally,
the trial lacks a positive control group, to distinguish superiority or
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Objective: Traditional Chinese Medicine (TCM) has considerable experience in the
treatment of cerebral palsy (CP), but little evidence shows the effect of a combination
of TCM and modern rehabilitation therapies on CP. This systematic review aims to
evaluate the effect of integrated TCM and modern rehabilitation therapies on motor
development in children with CP.

Methods: We systematically searched five databases up to June 2022, including
PubMed, the Cumulative Index to Nursing and Allied Health, Cochrane Library,
Embase, and Web of Science. Gross motor function measure (GMFM) and Peabody
Development Motor Scales-Il were the primary outcomes to evaluate motor
development. Secondary outcomes included the joint range of motion, the Modified
Ashworth scale (MAS), the Berg balance scale, and Activities of Daily living (ADL).
Weighted mean differences (WMD) and 95% confidence intervals (Cls) were used to
determine intergroup differences.

Results: A total of 2,211 participants from 22 trials were enrolled in this study. Among
these, one study was at a low risk of bias and seven studies showed a high risk of
bias. Significant improvements were found in GMFM-66 (WMD 9.33; 95% Cl 0.14-
18.52, P < 0.05, > = 92.1%), GMFM-88 (WMD 8.24: 95% Cl| 3.25-13.24, P < 0.01,
12 = 0.0%), Berg balance scale (WMD 4.42; 95% C| 1.21-7.63, P < 0.01, 2 = 96.7%),
and ADL (WMD 3.78; 95% Cl1 2.12-543, P < 0.01, 12 = 58.8%). No adverse events were
reported during the TCM intervention in the included studies. The quality of evidence
was high to low.

Conclusion: Integrated TCM and modern rehabilitation therapies may be an effective
and safe intervention protocol to improve gross motor function, muscle tone, and
the functional independence of children with CP. However, our results should be
interpreted carefully because of the heterogeneity between the included studies.

Systematic review  registration:
identifier CRD42022345470.

https://www.crd.york.ac.uk/PROSPERO/,

cerebral palsy, traditional Chinese medicine, acupuncture, motor function, systematic review
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1. Introduction

Cerebral palsy (CP) is a group of persistent motor and postural
development disorders with participation limitations caused by
non-progressive brain lesions (Michael-Asalu et al, 2019). CP is
mainly divided into seven types: spastic quadriplegia, spastic diplegia,
spastic hemiplegia, dyskinesia, ataxia, Worster-Drought syndrome,
and mixed types (Chinese Association of Rehabilitation Medicine
Pediatric Rehabilitation Committee et al., 2022a). Most children with
CP are spastic (85-91%), with symptoms of muscle stifftness (Novak
et al., 2017).

Cerebral palsy is a frequent cause of physical disability in
children. Functional independence and social participation may be
influenced by motor dysfunction, pain, and cognitive impairment in
children with CP (Lindsay, 2016). Because of the irreversible brain
damage in CP, comprehensive rehabilitation therapies for motor
function, cognition, language, and daily living ability are widely used
in children with CP (Vargus-Adams and Martin, 2011). Evidence
showed that exercise interventions significantly improved gait speed
and muscle strength in children with CP (Liang et al., 2021). Invasive
therapies, such as selective dorsal rhizotomy, botulinum toxin-A
therapy, and intrathecal baclofen therapy, were effective in reducing
muscle tone, which can be employed in children with spastic CP
(Damiano et al., 2021).

Traditional Chinese medicine (TCM) has been reported as an
alternative therapy to CP treatment. CP is described as “congenital
deficiencies,” “retardation,” and “weakness” in the view of TCM.
Congenital deficiencies lead to loss of nutrients in the meridians
and musculoskeletal system, which prevents the meridians from
mobilizing the bones, causing joint stiffness. The spleen and stomach
promote the development of the children via nutrient absorption, and
weakness of the spleen and stomach are associated with a deficiency of
kidney essence, which results in developmental delay. The treatment
strategy is to stretch and dredge the meridian, and warm and nourish
the spleen and kidney to condition the poor state of the congenial
deficiencies and the acquired weakness of the spleen and kidney. At
the same time, treatment should also focus on mind refreshing and
wisdom increasing, because of the lesions of the brain in children with
CP. TCM treatments, which include massage, acupuncture, herbs,
and Qigong, have been practiced in the treatment of CP for a long
time. One study showed that TCM may improve the posture balance
and cognition of rats with CP (Niu et al., 2021). Increased secretion
of dopamine, brain-derived neurotrophic factor, and nerve growth
factor were discovered after stimulations on the meridian in rats,
which helped repair neuronal damage (Chuang et al., 2007; Tao et al,,
2016). Studies suggested that massage and acupuncture dilate blood
vessels and increase blood flow and oxygen supply by stimulating
acupoints in children with CP, which may improve the function and
metabolism of brain cells and muscles (Wang and Wu, 2005; Wu
et al., 2008).

Although modern rehabilitation therapies were widely
recommended by the guidelines as the first-line treatment for
children with CP (Castelli and Fazzi, 2016; Verschuren et al., 2016;

Abbreviations: CP, cerebral palsy; TCM, traditional Chinese medicine; GMFM,
gross motor function measure; MAS, Modified Ashworth scale; ADL, activities
of daily living; RCT, randomized controlled trial; GRADE, grading of
recommendation assessment, development, and evaluation; WMD, weighted
mean difference; Cl, confidence interval.
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Damiano et al,, 2021), there was a paucity of evidence on whether
TCM is a beneficial supplement to modern rehabilitation therapy
to improve the motor development in children with CP. This
systematic review aims to clarify the effectiveness of integrated
TCM and modern rehabilitation therapies on motor development
compared to modern rehabilitation therapies only in children with
CP, and we hypothesize that the combination of TCM and modern
rehabilitation therapies may be better in the improvement of motor
development than modern rehabilitation therapies only.

2. Materials and methods

This systematic review was conducted under the guidance of
the Cochrane Handbook for Systematic Reviews of Interventions
(Cumpston et al., 2019). To find relevant studies published until June
2022, we systematically searched PubMed, the Cumulative Index to
Nursing and Allied Health, Cochrane Library, Embase, and Web of
Science. Search terms, such as “traditional Chinese medicine,” “TCM,’
“cerebral palsy,” and “motor function,” were used, and the full search
strategy was listed in the Supplementary material. The references of
enrolled studies were screened to find additional eligible articles. The
protocol of this systematic review has been registered in PROSPERO
(No. CRD42022345470).

2.1. Eligibility criteria

The enrolled studies should meet the following conditions:
(1) Participants: infants or children under 18 years old with a
clear diagnosis of CP and with abnormalities in motor function
or postural development. (2) Interventions: TCM treatments
combine with conventional modern rehabilitation therapies. (3)
Comparisons: conventional modern rehabilitation like physical
therapy, occupational therapy, or speech therapy. (4) Outcome
measures: primary outcome measures: @ Gross motor function
measure (GMFM)-66 and GMFM-88 (Te Velde and Morgan, 2022):
measurement of motor function of decubitus position, turn-over,
sitting position, creeping, and kneeling, erect position, walking,
running, and jumping. @ Fine motor function measure: 2 subscales
(grasping and visual-motor integration) of Peabody Development
Motor Scales-II (Fay et al., 2019). Secondary outcome measures:
® Muscle tone: Joint range of motion and modified Ashworth
scale (MAS) (Bohannon and Smith, 1987). @ Balance function:
the Berg balance scale (Downs, 2015). ® Activities of daily living
(ADL): cerebral palsy specified ADL scale to measure functional
independence (Deng et al,, 2005; Zhang and Hu, 2012). (5) Study
design: Randomized Controlled Trial (RCT). (6) Language: English
and Chinese.

2.2. Exclusion criteria

(1) Patients with serious heart, lung, or nerve diseases. (2)
Concomitant invasive treatments in the intervention group or the
control group, including surgery and botulinum toxin injecting. (3)
Any TCM treatment that was used in control groups.
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2.3. Data extraction

Two reviewers (Z.C. and Z.H.) independently screened the
enrolled articles through title and abstract screening and full-text
reading. Data were extracted under the guidance of Cochrane
Collaboration by Z.C. and Z.H. Extracted data included: publication
year, author name, demographics, the severity of CP, data on
outcome measures, and adverse events. A third reviewer (Q.D.)
would participate in the discussion when disagreements arise.

2.4. Quality assessment

The Cochrane risk of bias tool was used to assess the
methodological quality of the included studies. The evidence
quality was measured by Grading of Recommendation Assessment,
Development, and Evaluation (GRADE). The quality appraisal
was done by Z.H.

2.5. Statistical analysis

Stata version 16.0 (StataCorp, College Station, TX, USA) was
used for data analysis. The fixed effects model would be chosen
for quantitative analysis if there was no significant heterogeneity,
otherwise random effects model would be used. The results would be

10.3389/fnins.2023.1097477

presented as weighted mean difference (WMD) and 95% confidence
interval (CI) with a significance value set as 0.05. Data would
be synthesized if there were over two TCM intervention groups
in one research. Heterogeneity was determined by I? statistics
with a significant value set as 50%. A sensitivity test was used to
identify the outlying studies that may influence the between-study
heterogeneity. Review Manager 5.0 (The Cochrane Collaboration,
Copenhagen, Denmark) was used to generate the bias chart of risk
of bias evaluation.

3. Results

We obtained 485 relevant papers from the five databases, and
205 articles were removed as duplicates. The remind 280 articles
were evaluated based on the relevance and publication type, and
233 articles with obvious irrelevant topics or non-RCTs were ruled
out. After the full-text reading, 22 RCTs inclusion met the eligibility
criteria. The screening flow diagram is described in Figure 1.

3.1. Studies’ characteristics
The demographics of the included studies, consisting of author

year, number of participants, age, type of CP, outcome measures,
significant results, and loss to follow-up, are shown in a customized

[ Identification of studies via databases and registers ]

Duplicate records removed (n

=205)

Records excluded after reading

titles and abstracts (n =233)

Reports excluded:
Not RCT (n =7)
Not cerebral palsy (n =5)

'
o
_g Records identified from CINAHL,
3 PubMed, Web of Science,
,E Embase, and the Cochrane trials
S Databases
o (n =485)
—
>
Records screened
(n =280)
= A
£
5 Reports sought for retrieval
o (n =47)
O
(7]
Reports assessed for eligibility
(n =22)
—

Reports of included studies
(n =22)

FIGURE 1

Not using conventional
rehabilitation therapy for the
control group (n =9)

Not motor function (n =4)

Flowchart of the process of literature search and extraction of studies meeting the inclusion criteria.
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TABLE 1 Baseline demographic and clinical characteristics of study participants.

References Study type No. of Age: range/ Severity and TCM Outcome Time points | Dropout
participants (% mean (SD) classification of CP | intervention measures rate
girls)
1 Dabbous etal, 2016# | randomized controlled T: 40 (42.5) T: 36 (2) mo. Hemiplegic spastic CP Low-level laser on 1. MAS Not provided I: Baseline 1: 0%
Trial 1: 20 body acupuncture | 2. Wrist and ankle range of 3 months C:0%
C: 20 points motion C: Baseline T:0%
3. GMFM-88 3 months
2 Dengetal, 2005# |Randomized controlled T: 90 (33.3) T: Severity: Scalp acupuncture 1. Motor function Not provided I: Baseline 1: 0%
trial 1: 60 (33.3) 34 between 1-3 y. 56 T: 47 mild, 22 moderate, 21 severe 2. ADL 2 months C: 0%
C:30(33.3) between 4-7 y. 1: 32 mild, 15 moderate, 13 severe 3. Social adaptation DQ C: Baseline T: 0%
C:15 mild, 7 moderate, 8 severe 2 months
Classification:
T: 44 spastic, 22 dyskinetic, 4
hypotonia, 20 mixed
1: 30 spastic, 15 dyskinetic, 2
hypotonia, 13 mixed
C: 14 spastic, 7 dyskinetic, 2
hypotonia, 7 mixed
3 Duncan et al, 2012 | Randomized controlled T: 75 (40) 1: 28.2 (12.2) months. GMECS: Scalp and body 1. GMFM-66 Not provided I: Baseline 1: 8%
trial 1:46 (37) C:29.6 (14.9) months. I: acupuncture 2. PEDI-FS 12 weeks C:29.3%
C:29 (55) 14 Level 1 4 weeks gap T: 17.6%
15 Level 1T 12 weeks follow-up
16 Level I1I C: Baseline
C: 12 weeks
13 Level I 4 weeks
6 Level 11 12 weeks acupuncture
10 Level I11
Classification:
T: spastic CP
4 Jietal., 2019# Randomized controlled T: 220 (38.2) 1: 3.6 (0.9) year. GMEFCS: Body acupuncture 1. GMFM-88 Not provided I: Baseline 1: 0%
trial 1: 110 (37.3) C:3.7(0.8) year. 1: 75 Level I&IT 2. FMFM 3 months C: 0%
C: 110 (39.1) 35 Level 11T 3. Comprehensive C: Baseline T: 0%
C: 72 Level I&IL functional score 3 months
38 Level 11T 4. Brain Doppler ultrasound
Classification:
Spastic CP
I: 77 quadriplegia, 33 diplegia
C: 72 quadriplegia, 38 diplegia
5 Jietal., 2008 Randomized controlled T: 80 (50) 1:5.15 (2.78) year. Spastic CP Scalp acupuncture 1. GMFM Not provided I: Baseline 1: 0%
trial 1: 40 (47.5) C: 6.04 (2.37) year. 2. Functional Independence 3 months C: 0%
C: 40 (52.5) Measure C: Baseline T: 0%
3 months
6 Li]J. etal., 2021# Randomized controlled T: 28 (32.1) 1: 64.42 (21.10) months. GMFCS: Wrist-ankle 1. GMFM-66 Not provided I: Baseline 1:14.3%
trial 1:14 (35.7) C: 69.28 (18.15) months. 1: 8 Level I acupuncture 2. Modified Tardieu Scale 4 weeks C:7.1%
C: 14 (28.6) 3 Level IT 3. Motor Evoked Potentials C: Baseline T: 10.7%
3 Level IIT 4 weeks
C:5 Level I
6 Level II
3 Level 11T
Classification:
Spastic CP
I: 5 hemiplegia,
9 diplegia
C: 6 hemiplegia, 8 diplegia
(Continued)
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TABLE 1 (Continued)

References

Study type

No. of

participants (%

girls)

Age: range/
mean (SD)

Severity and
classification of CP

TCM
intervention

Outcome
measures

Adverse
events

Time points

Dropout
rate

166

7 Lietal,2017# Randomized T: 300 (32.3) 1: 3.5 (1.44) year. Classification: Scalp acupuncture 1. GMFM-88 Not provided I: about 6 months T: 0
controlled trial 1: 150 (35.3) C:3.58 (0.88) year. 1: 116 spastic, 2 ataxic, 9 mixed, 23 2. Gesell scale C: about 6 months
C: 150 (29.3) dyskinetic 3. Head MRI/CT
C: 115 spastic, 15 mixed, 20
dyskinetic
8 Liu etal,, 2013# Randomized T: 200 (24) I: Classification: Body acupuncture 1. GMFM-66 None I: Baseline I: 0%
controlled trial 1: 100 (31) 66 between 1-3 years. 1: 78 spastic, 4 ataxic, 10 dyskinetic, 2. DQ of gross motor, fine 90 days C: 8%
C: 100 (17) 34 between 3-7 years. 23 hypotonia motor, social adaptation 1 year follow up T: 4%
C: C: 71 spastic, 14 dyskinetic, 13 3. Head MRI/CT C: Baseline
72 between 1-3 years. hypotonia, 2 ataxic 90 day
28 between 3-7 years. 1 year follow up
9 Luo et al., 2020# Randomized T: 60 (43.3) 1: 2.7 (0.6) year. Spastic CP Scalp acupuncture 1. GMFM-88 D and E Not provided 1: Baseline T: 0
controlled trial 1: 30 (46.7) C:2.5(0.7) year. 2. Berg balance scale 6 months
C: 30 (40) C: Baseline
6 months
10 Mo et al., 2016 Randomized T: 70 (44.3) T: 30 (10) months. Spastic CP TCM herb fumigation 1. FMFM scale Not provided 1: Baseline T: 0
controlled trial 1: 35 3 months
C:35 C: Baseline
3 months
11 Qi and Wang, 2018# Randomized T: 120 (36.7) 1: 29.5 (15.0) months. GMFCS: Body acupuncture 1. Surface Not provided I: Baseline 1:7.5%
controlled trial 1: 80 (37.8) C: 27 (8) months. 1: 52 Level I1I electromyography 12 weeks C:7.5%
C: 40 (32.5) 28 Level IV 2. GMFM-88 C: Baseline T:7.5%
C:21 Level ITI 3. Berg balance scale 12 weeks
19 Level IV
Classification:
I: 53 spastic, 3 ataxic, 13 dyskinetic, 3
hypotonia, 8 mixed
C: 28 spastic, 5 dyskinetic, 3
hypotonia, 4 mixed
12 Shen et al,, 2017# Randomized T: 60 (46.7) 1: 202.3 (6.4) days Spastic CP Body Acupuncture 1. GMFM -88 Not provided I: Baseline T:0
controlled trial 1: 30 (40) C:196.4 (5.6) days +TCM tuina dimension ABCD 6 months
C:30(53.3) 2. Muscle tone of C: Baseline
gastrocnemius muscle 6 months
13 Wang et al., 2011# Randomized T: 120 (36.7) I: 3.26 (2.05) year. Spastic CP Body acupuncture 1. MAS None 1: Baseline T:0
controlled trial 1: 60 (38.3) C:3.51 (1.83) year. Severity: 2. GMFM-88 3 months
C: 60 (35) 1: 7 mild, 39 moderate, 14 severe 3. Comprehensive Function C: Baseline
C: 8 mild, 39 moderate, 13 severe Assessment 3 months
14 Wang et al., 2008# Randomized T: 60 (40) I: 6-36 months. Spastic CP TCM tuina 1. MAS Not provided I: Baseline T:0
controlled trial 1: 30 (43.3) C: 6-36 months. 1: 25 diplegia, 4 hemiplegia, 1 2. GMFM-66 3 months
C:30(36.7) triplegia. C: Baseline
C: 24 diplegia, 4 hemiplegia, 2 3 months
triplegia.
15 Zhang and Du, 2013# Randomized T: 120 (47.5) 1: 13.6 (4.2) months. Classification: Electric GMFM -88 dimension B Not provided I: Baseline T:0
controlled trial 1: 60 (48.3) C: 13.9 (4.9) months. I: 32 spastic, 2 ataxic, 9 dyskinetic, 16 acupuncture 4 weeks
C: 60 (46.7) hypotonia, 1 mixed C: Baseline
C: 34 spastic, 2 ataxic, 10 dyskinetic, 4 weeks
14 hypotonia
(Continued)
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TABLE 1

(Continued)

References Study type No. of Age: range/ Severity and TCM Outcome Adverse Time points | Dropout
participants (% mean (SD) classification of CP | intervention measures events rate
girls)
16 Zhang and Liu, Randomized T: 90 I: 3.76 (0.88) months. Spastic CP Body acupuncture | 1. Clinical spasm index Not provided I: Baseline T:0
2018# controlled trial 1: 60 C: 3.72 (0.89) months. 2. MAS 20 days
C:30 3. Surface C: Baseline
electromyogram 20 days
17 Zhang et al., 2020# Randomized T: 118 (39.8) 1: 38 (2) months. Spastic CP Scalp acupuncture 1. MAS Not provided 1: Baseline 1: 1.67%
controlled trial 1: 79 (39.2) C: 37 (2) months. 2. Wrist active range of 6 months C:2.5%
C:39 (41.0) motion C: Baseline T: 1.25%
3. Grasping and 6 months
Visual-motor integration
of Peabody
Developmental motor
scale-II
18 Zhang N. et al,, 2014 Randomized T: 80 (41.3) 1: 4 (1) year. Spastic CP Scalp acupuncture |1. GMFM-88 dimensions Not provided I: Baseline T:0
controlled trial 1: 40 (37.5) C: 4 (1) year. Dand E About 75 days
C: 40 (45) 2. MAS C: Baseline
About 75 days
19 Zhang et al., 2007 Randomized T: 40 1: 21.75 (10-60) months. | I: 3 spastic hemiplegia, 14 spastic | Body acupuncture 1. GMFM-88 Not provided I: Baseline T:0
controlled trial I: 21 C: 23.63 (4-60) months. diplegia, 2. Comprehensive 6 months
C:19 2 ataxic, 1 hypotonic, 1 function 12 months
quadriplegia C: Baseline
C: 2 spastic hemiplegia, 9 spastic 6 months
diplegia, 3 ataxic, 1 quadriplegia, 12 months
3 hypotonic, 1 mixed
20 Zhang N. X. et al., Randomized T: 60 (35) I: 28.7 (13.8) months. Not provided Body acupuncture 1. GMFM-66 Not provided I: Baseline T:0
2014 Controlled trial 1: 30 (50) C:34.9 (15.0) months. 6 months
C: 30 (20) 12 months
C: Baseline
6 months
12 months
21 Zhang and Hu, Randomized T: 60 (41.7) 1: 4.3 (2-12) years. 31 spastic, 2 dyskinetic, 8 ataxic, | Scalp acupuncture | 1. Berg balance scale Not provided I: Baseline T:0
2012# controlled Trial 1:30 (46.7) C: 4.1 (2-13) years. 12 hypotonia, 7 mixed 2. ADL Intervention for
C: 30 (36.7) 28 days or until
hospital discharge
C: Baseline
Intervention for
28 days or until
hospital discharge
22 Zhao et al., 2017# Randomized T: 120 (38.3) 1: 2.9 (1.0) year. Spastic CP Body acupuncture 1. GMFM-88 Not provided I: Baseline T:0
controlled trial 1: 60 (36.7) C: 2.8 (1.0) year. 2. ADL 120 days
C: 60 (40) 3. Grasping and C: Baseline
Visual-motor integration 120 days
of Peabody
Developmental motor
scale-II

T, total participants; I, intervention group; C, control group; GMFM, gross motor function measure; CP, cerebral palsy; GMFCS, the Gross motor function classification system; ADL, activities of daily life living; DQ, developmental quotient; MAS, Modified Ashworth scale;
FMEM, fine motor function measure; PEDI-FS, pediatric evaluation of disability inventory-functional skills; *Included in meta-analvsis
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TABLE 2 Traditional Chinese medicine combined with rehabilitation and control interventions in the included trials.

References |[Traditional Chinese medicine combined with Control group intervention Duration
rehabilitation in the intervention group
1 Dabbous et al,, 2016# |Laser acupuncture: Physiotherapy 3 months
Yanglingquan (GB 340), Hegu (LI 4), Zhouliao (LI 12), Taichong (Liv 3)
Low-level laser 650 nm, 50 mW power, each point 30 s, energy density: 1.8
J/em?; 2 days/week.
+ Conventional physiotherapy
Same as the control group.
2 Deng et al, 2005# | Protocol 1: Scalp acupuncture: Rehabilitation training therapy: 10 weeks
Foot motor sensory area, Motor Area, The Second Speech Area, and the Head control training, upper and lower limb
Third Speech Area, Intellectual area. exercise training, correct posture training, turning
Needles retained for 1 h, performed 3 times, 300 times/min, 1 time/day, over, from supine to sitting position, and standing
6 days/week. training.
Protocol 2: Scalp acupuncture+ modern rehabilitation OT:
Same as the control group. Functional OT, training in ADL, and controlling
eating, dressing and undressing, and urination.
3 Duncan etal, 2012 | Acupuncture: Conventional therapies: 12 weeks
Scalp+ body; PT: gross motor tasks: rolling, sitting, transitions,
Manual+ electrostimulation. independent sitting, walking, and stair climbing/
5 times/week. OT: fine motor tasks: eye-hand coordination and
+Massage ADL/ HT: relaxation in warm water.
5 times/week.
+ Conventional therapies (PT/OT/HT)
Same as the control group.
4 Jietal, 2019# Acupuncture: Rehabilitation training: 3 months
Zusanli (ST36), Xuanzhong (GB39), Sanyinjiao (SP6), Pishu (BL20), Bobath, Assistive device training, reflex inhibition
Shenshu (BL23), Qihai (CV6), Quchi (LI11), Neiguan (PC6), Hegu (LI4), patterns, key points of control, hand function
Tianshu (ST25) training
+ Rehabilitation training 30 min/time, 1 time/day, 5 days/week.
Same as the control group. Transcranial magnetic stimulation:
+ Transcranial magnetic stimulation 1 Hz, 20 min/time, 1 time/day, 5 days/week.
Same as the control group.
5 Ji et al,, 2008 Scalp acupuncture: Exercise therapy: 3 months
Both sides of the motor area, balance area, sensory area, tremor control area, | Bobath, recumbent position, rolling over, sitting
foot motor sensory area, the second speech area and the third Speech area, | position, crawling, kneeling and standing position,
Baihui (GV 20) and Sishencong (EX-HN 1)o walking.
Retained for 30 s, performed every 15 min, 100 times/min, 45 min/time, 1 |45 min/time, 2 times/day, 5 days/week.
times/day, 5 days/week.
+ Exercise therapy
Same as the control group.
6 Li]J. etal, 2021# Wrist-ankle acupuncture: Routine rehabilitation: 4 weeks
Upper 4, upper 5, lower 1, and lower 4 on the affected side. Stretch and strength training.
30 min/time, 1 time/day, 5 days/week. + Hz rTMS
+Routine rehabilitation+ 5-Hz rTMS 15 min, 40 stimulation+1,000 pulses/time,
Same as the control group. 5 days/week.
7 Lietal., 2017# Governor Vessel-unblocking and brain-refreshing Scalp acupuncture: Rehabilitation therapies: About 6 months
Shenting (GV 24), Qianding (GV 21), Houding (GV 19), Toulingi (GB 15), |PT (Bobath method, Ueda method, and Vojta
Touwei (ST 8), Sishencong (EX-HN 1), Motor Area, Foot Motor-sensory method), structured teaching, ST, and music
Area, and Three Brain Needles on both sides. therapy.
Adjunct points: The Second Speech Area and the Third Speech Area. 1-2 h/time, 1 time/day.
Retain 1-3 h, lift and twist 3 times, 1-3 min/time, more than 200 r/min.
+Electricstimulation
Shenting (GV 24), Houding (GV 19) and Motor Area
WQ1002k Han’s treatment apparatus, 2 Hz to 15-100 Hz, 2.5 s/time,
15 min/time, 3 times/week.
+ Rehabilitation therapies
Same as the control group.
8 Liu et al,, 2013# Acupuncture therapy: Rehabilitation training: 3 months
Clearing the Governor Vessel needling: PT (Bobath therapy) / OT / ST
Yaoshu (GV 2), Yaoyangguan (GV 3), Mingmen (GV 4), Xuanshu (GV 5), |1-2 h/day, 7 days/week.
Jizhong (GV 6), Zhongshu (GV 7), Jinsuo (GV 8), Zhiyang (GV 9), Lingtai
(GV 10), Shendao (GV 11), Shenzhu (GV 12), Taodao (GV 13) and Dazhui
(GV 14), Shenshu (BL 23), Taixi (KI 3), Yanglingquan (GB 34), Zusanli (ST
36), and Sanyinjiao (SP 6).
Refreshing the mind needling:
Shenting (GV 24) to Qianding (GV 21), Qianding (GV 21) to Baihui (GV
20), Baihui (GV 20) to Naohu (GV 17), and Sishencong (Ex-HN 1).
Scalp motor area, scalp foot motor sensory area and balance area, Speech
areas 1, 2, and 3.
Retain 4 h/time and twirling 3 times for 1-3 min, 200 times/minute, every
2 days/time, 10 days/month.
+ Rehabilitation training
Same as the control group.
(Continued)
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References |Traditional Chinese medicine combined with Control group intervention Duration
rehabilitation in the intervention group
9 Luo et al., 2020# Scalp acupuncture: Rehabilitation training: 6 months
The motor area, foot motor sensory area, balance area, and parietal temporal | Practice training, balance training, spasmotherapy
anterior oblique line. apparatus, electromyography biofeedback
Twist 200 times/minute for 2 min. apparatus, and orthotics.
Retain 1 h/time, manipulate every 30 min, 5 days/week,
1 time/day, 5 days/week. Orthotics: at least 4 h/day.
+ Rehabilitation training
Same as the control group.
10 Mo et al., 2016 Chinese herbal fumigation: Routine OT: 3 months
19 grams of Eucommia ulmoides (Chuanduzhong), 19 grams of Chaenomeles | Passive activity, Bobath, hand support training,
speciosa (Sweet) Nakai (Mugua), 12 grams of Angelica sinensis (Danggui), 16 | weight-bearing training on the affected side,
grams of Heracleum hemsleyanum Diels (Duhuo), 6 grams of Cinnamon separate movement of arm and shoulder girdle,
(Guipi), 18 grams of Chuanduan, 10 grams of Fangfeng, 14 grams of Ramulus |correct abnormal shoulder posture, grasping ability
mori (Sangzhi), 12 grams of Ramulus cinnamomi (Guizhi), 12 grams of under visual guidance, restriction-induced training
Lycopodium japonicum Thunb (Shenjincao), 10 grams of Acanthopanax for children with hemiplegia, both hands
senticosus (Wujiapi), 10 grams of Mori folium (Sangye), 12 grams of Radix coordination training, ADL training.
Paeoniae Rubra (Chishao), 16 grams of Taxillus sutchuenensis (Lecomte)
Danser (Sangjisheng), 10 grams of Astragalus (Huangqi).
Temperature: 38°C~40°C, 20 min/time
1 time/day, 5 days/week.
+O0T
Same as the control group.
11 Qiand Wang, 2018# | Protocol 1: Intradermal needling: Rehabilitation training: 3 months
Lumbar Yange Gate (DU3), Mingmen (DU4), L2~L5 Jiaji (EX-B2) Head-up training, rollover training, sitting training,
Retain 24 h, compress 1 min/time, 80-120 times/minute, moderate force, crawling training, kneeling training, standing
pause more than 4 h between two compressions, 3 times/day, 5 days/week. walking training, passive movement, active
+ Rehabilitation training movement, static balance training, dynamic balance
Same as the control group. training, postural control training, support training,
Protocol 2: Acupuncture and Bobath.
Lumbar Yange Gate (DU3), Mingmen (DU4), L2~L5 Jiaji (EX-B2) 30 min/time, 1 times/day, 5 days/week.
30 min/time, 1 times/day, 5 days/week.
+ Rehabilitation training
Same as the control group.
12 Shenetal,2017# | Acupuncture: Rehabilitation treatment: 6 months
Acupoints on the head: Bobath.
Baihui (GV 20), Sishencong (EX-HN 1), Zhisanzhen [Shenting (GV 24), 2 times/day, 30 min/time.
bilateral, Benshen (GB 13)], Niesanzhen.
Other acupoints: Shenshu (BL 23), Mingmen (GV 4),
Ganshu (BL 18), Pishu (BL 20), Huantiao (GB 30),
Weizhong (BL 40), Chengshan (BL 57), Kunlun (BL 60), Futu (ST 32), Zusanli
(ST 36), Jiexi (ST 41) and Sanyinjiao (SP 6).
every other day.
+ Tuina:
First step:
An-pressing, Na-grasping, plucking method, and dot-pressing method to relax
spasm;
Second step:
Digital An-pressing, Kou-knocking, and Gun-rolling method;
Apply digital An-pressing, Kou-knocking, and Gun-rolling manipulations to
the muscles of the disadvantaged side of the spasm;
Third step:
Bashen-pulling and Yao shaking to the hip joint, knee joint, and ankle joint;
Fourth step:
Nie-pinching spine manipulation, An-pressed and Rou-kneaded Ganshu (BL
18), Pishu (BL 20), and Shenshu (BL 23).
every other day.
+ Rehabilitation treatment
Same as the control group.
13 Wangetal,2011# | Acupuncture: Rehabilitation training: 3 months
Bladder meridian Yuzhen (BL 9) and Tianzhu point (BL 10) connection. Exercise therapy:
Twist: 1 min, retain: 30 min, 1 time/day, 7 days/week. Bobath and Vojta
+ Rehabilitation training 45 min/time.
Same as the control group. oT
30 min/time.
ST
30 min/time.
1 time/day, 7 days/week.
14 Wangetal, 2008# | Tuina with manipulation of SMKT: Rehabilitation training: 3 months
Massaging of spine Governor Vessel (DU), Bladder Meridian of Foot-Taiyang |Bobath
(BL), and symptomatic massage for head and limbs. 1-2 time/day, 30 min/time.
5 days/week.
+ Rehabilitation training
Same as the control group.
(Continued)
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References |Traditional Chinese medicine combined with Control group intervention Duration
rehabilitation in the intervention group

15 Zhang and Du, 2013# |EA: Sitting training: 4 weeks
Apply to Mingmen (GV4), Jizheng (GV6), Shenshu (BL23), and Pishu (BL20) |Assist-sitting, legs-crossing-sitting, sitting with
4 Hz, tolerable strength; one-leg extending, long-term sitting,

1 time/day, 30 min/time, 5 days/week. balancing-sitting, chair-climbing, and prone
+ Sitting training hand-supporting.

Same as the control group. 2 time/day, 15-20 min/time, 5 days/week.

+ Conventional exercise therapy + Conventional exercise therapy

+ Hyperbaric Oxygen Therapy + Hyperbaric Oxygen Therapy

16 Zhang and Liu, 2018# |Protocol 1: yin-meridian group: Routine rehabilitation treatment: 20 days
Xuehai (SP 10), Yinlingquan (SP 9), Sanyinjiao (SP 6), Taixi (KI 3), and Exercise therapy (Bobath and Vojta), OT, ST, music
Taichong (LR 3) along yin meridians. psychotherapy, and cognitive rehabilitation.

Retain 15 min (no retain for frail children), once each other day, 9 a.m.-12 p.m.|each other day, 40 min/time.
+ Routine rehabilitation treatment

Same as the control group.

Protocol 2: yang-meridian group:

Futu (ST 32), Zusanli (ST 36), Yanglingquan (GB 34), Guangming (GB 37) and

Xuanzhong (GB 39) along yang meridians

Retain: 15 min (no retain for frail children), once each other day, 9 a.m.-12

p-m.

+ Routine rehabilitation treatment

Same as the control group.

17 Zhang et al,, 2020# | Protocol 1: Conventional OT: 6 months
Jin’s three-needle therapy Bobath, affected limb muscle strength training,

Nie sanzhhen, Zhisanzhen, Naosanzhen, Sishenzhen, Dingshenzhen, restriction-induced exercise therapy, bimanual
Shousanzhen, and Shouzhizhen coordination training, and ADL.
Scalp acupuncture: 1 h/time; Body acupuncture: 30 min/time 1 time/day, 30 min/time, 5 days/week.
1 time/day, 5 days/week. +MyoTrac biostimulation therapy:
+ Conventional OT Placed electrodes at the origin and insertion point of
Same as the control group. the extensor carpi radialis muscle of the affected
Protocol 2: limb.
Conventional OT EMG-Stim mode, Part 1 (upper limb), “Auto
+MyoTrac biostimulation Therapy Threshold Adjustment Mode,” “Low Arm Strength,”
Same as the control group. and perform active wrist dorsiflexion and relaxation
+ Jin’s three-needle therapy according to the “work-rest” prompt.

1 time/day, 15 min/time, 5 days/week.

18 Zhang N. etal, 2014 |Jin three-needle therapy: MOTOmed: 20 Times as a
Sishenzhen, Naosan needle, Zhisanzhen, Temporal (Nie) three-needle, Connect with the competitive players in "Fitness course of
Zusanzhen, Xisanzhen, Chengjin (BL56), Chengshan (BL57). e-Road Ride" to play bicycle competitive games; treatment,
Retain:30 min (If the patient does not cooperate, use rapid twisting, each point | 1. Resistance: 0~10 N.m, 2~3 min passive training, | 3-5 days rest
1 min), 1 time/day. speed: 5~30 r/min. between courses,
+ MOTOmed 2. Video simulation competition: 6-7 min, active 3 courses of
Same as the control group. training. treatment
+ Conventional rehabilitation training 3. Passive relaxation training: 2-3 min.

Same as the control group. 4. Active training: 6-7 min.
1 time/day, 20 min/time.
+ Conventional rehabilitation training:
1. Flex the hip, flex the knee, dorsiflexion, and
bridge-like exercise; 2. Hip abduction, extend the
knee and ankle dorsiflexion, bridge exercise with
both knees extended; 3. Abduction and external
rotation of both hip joints, alternately extending and
flexing both lower limbs are performed repeatedly;
4. The therapist supports the children’s knee and
foot and induces dorsiflexion of the ankle.
Repeat each movement 5 times;
1 time/day, 30 min/time.

19 Zhang etal,, 2007 | Acupuncture: Rehabilitation training: 6 months
Body Acupuncture: PT: (Bobath and Vojta): turn over, abdominal
Bai hui (GV 20), Zusanli (ST 36), Quchi (LI 11), Huantiao (GB 30), crawling, four-point hold, kneeling position,

Yinlingquan (GB 34), Yanglingquan (GB 34), Sanyinjiao (SP 6), Qiangjian standing balance training, position conversion
(GV18), Yamen (GV15), Fengchi (GB20), Hegu (LI4) Xuanzhong (GB 39). between lying and sitting positions, weight loss
No retain. walking training, calf triceps stretch, single-leg
Scalp acupuncture: weight-bearing on the right lower extremity, etc.
Zhisanzhen, Naosanzhen, Balance Zone, Motor Zone. 45 min/time, 5 days/week.
Retain for 1 h, no twisting, every other day. OT: (upper extremity fine motor and ADL):
+ Rehabilitation training cognitive improvement, upper extremity fine motor
Same as the control group. training, midline hand-eye coordination, two-hand
coordination movement training, and two-hand
synergy training.
30 min/time, 5 days/week.
ST: (promoting language development level and
dysarthria training): gesture-symbol stage training,
language imitation training.
30 min/time, 5 days/week.
(Continued)
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Traditional Chinese medicine combined with
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Control group intervention Duration

20 Zhang N. X. et al,, 2014 | Acupuncture treatment:
Body acupuncture:
Jiaji (EX-B2), Jianyu (LI 15),

manipulation.

Twist at Jiaji (EX-B2) and pull it out immediately.
7 days/week.

Scalp acupuncture:

Niesanzhen and motor area.

Retained 1 h without manipulation, every other day.
+ Rehabilitation training

Same as the control group.

Qiichi (LI 11), Hegii (LI 4), Yanglingquan (GB 34), Yinlingquan (SP 9),
Xuanzhong (GB 39), Zusanli (ST 36), Sanylnjiao (SP 6), Chengshan (BL 57),
TaichOng (LR 3), Taixi (KI 3), Shenmen (HT 4), and heat-reinforcing

Baihui GV 20), Sishencong (EX-HN 1), Zhisanzhen, Naosanzhen,

Rehabilitation training: 6 months
Bobath and PDMS-2 exercise training.

5 days/week, 40 min/time.

21 Zhang and Hu, 2012# |Scalp acupuncture:
Parietal region:

Sub-occipital region:
Tianzhu (BL 10).
twist every 2 h; once a day.

+ Rehabilitation training
Same as the control group.

Between Baihui (GV 20) and Qiandfng (GV 21), and four parallel lines.
Two lines between Naohu (GV 17) to Fengfii (GV 16), Yuzhen (BL 9) to

Twist 200 times/min, retain 8 h/time, twist every 30 min for two times, then |7 days/week, 40 min/time.

General rehabilitation therapy: 3 months
Bobath and Vojta.

Training raise head, turning over, creeping, sitting,
kneeling, standing with a ladder chair, moving
with an assistant, standing and walking by oneself.

Playing games and recreation.

+ Balance training:

General balance training: (Bobath therapy),
Provide an unbalanced location, letting children
return to the neutral or balanced place by themself.
Visual feedback: posture mirror.

Decrease or increase muscle tonus.

Correcting abnormally developed muscles and
bones.

7 days/week, 40 min/time.

22 Zhao etal,, 2017# | Acupuncture:

(BL23), Zusanli (ST 36), Sanyinjiao (SP 6).
Retain 10 min/time, once every other day.

+ Physiotherapeutic and hand function training
Same as the control group.

Baihui (DU20), Fengfu (GV16), Shenzhu (GV12), Zhiyang (GV9), Jinsuo
(GV8), Yaoyangguan (GV3), Mingmen (GV4), Pishu (BL20), Shenshu

Acupuncture: 10
times of
treatment as a
course of
treatment
Control Group:
20 days of
treatment as a
course of
treatment.
The interval
between courses
of treatment is
20 days, a total
of 3 courses of
treatment.

Physiotherapeutic and hand function training:
Bobath: 40 min/time.

hand function training: 20 min/time.

7 days/week.

*Included in meta-analysis. OT, occupational therapy; ADL, activities of daily living; PT, physical therapy; HT, hydrotherapy; GMFM, gross motor function measure; ST, speech therapy; TMS,
transcranial magnetic stimulation; SMKT, supplementing marrow and kneading tendon; EA, electroacupuncture; PDMS-2, peabody developmental motor scales 2nd edition.

Table 1. The intervention method, treatment frequency, and
treatment duration of the intervention group and the control group
are shown in Table 2.

This review includes 22 articles published from 2005 to 2021,
and data from 15 studies were included in the meta-analysis.
This systematic review included 2,211 children aged 4 months to
13 years old. The participants in both the intervention group and
control group were diagnosed with spasticity, dyskinesia, ataxia, or
mixed types of CP depending on the types of motor abnormalities.
Hemiplegia, diplegia, or quadriplegia is further diagnosed according
to the affected body parts in children with spasticity CP (Sellier et al,,
2016; Novak et al,, 2017). All included studies were RCTs in English
and Chinese language.

The duration of intervention for children with CP ranged from
20 days to 6 months, and the frequency of treatment ranged
from 2 to 7 days per week. The duration of TCM treatments
was 10-240 min with a median of 45 min. The duration of
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modern rehabilitation therapies ranged from 30 min to 240 min,
and the median duration was 55 min. All participants received
conventional modern rehabilitation therapy, and the intervention
group was additionally treated with TCM. Modern rehabilitation
therapy includes physiotherapy (Zhang et al.,, 2007; Duncan et al,
2012; Liu et al,, 2013; Li et al.,, 2017), occupational therapy (Zhang
et al., 2007; Wang et al., 2011; Duncan et al., 2012; Liu et al., 2013;
Zhang and Liu, 2018), speech therapy (Zhang et al,, 2007; Wang
etal., 2011; Liu et al., 2013; Li et al,, 2017; Zhang and Liu, 2018), and
hydrotherapy (Dabbous et al,, 2016). Fifteen studies explicitly used
Bobath therapy (Zhang et al., 2007, 2020; Ji et al., 2008, 2019; Wang
et al,, 2008, 2011; Zhang and Hu, 2012; Liu et al., 2013; Zhang N. X.
etal., 2014; Mo et al., 2016; Li et al., 2017; Shen et al., 2017; Zhao et al.,
2017; Qi and Wang, 2018; Zhang and Liu, 2018), and 5 conducted
ADL training (Deng et al., 2005; Zhang et al., 2007, 2020; Duncan
et al,, 2012; Mo et al,, 2016). Zhang et al. (2020) used biofeedback
therapy, and Zhang N. et al. (2014) added virtual reality games
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FIGURE 2

Forest plot of pooled results for gross motor function measure (GMFM) (A) GMFM-66. (B) GMFM-88. (C) GMFM—-88-Dimension A.
(D) GMFM~88-Dimension B. (E) GMFM~-88-Dimension C. (F) GMFM-88-Dimension D. (G) GMFM-88-Dimension E

for treatment. In the TCM treatment of the intervention group,
21 studies applied acupuncture treatment, 2 studies used massage
therapy (Wang et al,, 2008; Shen et al,, 2017), and 1 study applied
TCM fumigation (Mo et al.,, 2016). Particularly, 10 studies applied
scalp acupuncture (Deng et al.,, 2005; Zhang et al., 2007, 20205 Ji et al.,
2008; Duncan et al., 2012; Zhang and Hu, 2012; Liu et al., 2013; Zhang
N. X. et al.,, 2014; Li et al., 2017; Luo et al., 2020).

3.2. Primary outcomes

3.2.1. Gross motor function measure

Four studies evaluated gross motor function according to
GMEM-66 (Wang et al, 2008; Duncan et al, 2012; Liu et al,
2013; Li J. et al, 2021). One study provided average GMFM-66
scores without standard deviation, which was excluded from the
meta-analysis (Duncan et al.,, 2012). The pooled analysis reported
a significantly better improvement in GMFM-66 in intervention
groups than in control groups (WMD 9.33; 95% CI 0.14-18.52,
P = 0.047, I> = 92.1%) (Figure 2A). When Liu et al. (2013) was
excluded from the pooled results according to the sensitivity analysis,
there were still significant differences between the two groups without
significant heterogeneity (WMD 3.30; 95% CI 1.62-4.97, P < 0.001,
I? = 47.4%).

GMFM-88 consists of 88 items in five dimensions: dimension
A (lying and rolling), dimension B (sitting), dimension C (crawling
and kneeling), dimension D (standing), and dimension E (walking,
running, and jumping). Twelve studies applied GMFM-88 or part of
GMFM-88 to measure gross motor function. We analyzed each of the
five dimensions and the total score of GMFM-88.
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The sum of five dimension scores of GMFM-88: Pooled data from
2 studies (Zhang et al., 2007; Zhao et al.,, 2017) showed a significant
result (WMD 8.24; 95% CI 3.25-13.24, P = 0.001, I?> = 0.0%)
(Figure 2B).

Dimension A: Pooled data from 3 studies (Li et al., 2017; Shen
et al, 2017; Ji et al,, 2019) showed a significant result (WMD 6.63;
95% CI 5.36-7.91, P < 0.001, I? = 0.0%) (Figure 2C).

Dimension B: Pooled data from 5 studies (Zhang and Du, 2013;
Li et al.,, 2017; Shen et al., 2017; Qi and Wang, 2018; Ji et al., 2019)
showed a significant result (WMD 5.76; 95% CI 3.20-8.31, P < 0.001,
I? = 84.6%) (Figure 2D). After removing Zhang and Du (2013) based
on sensitivity analysis, the pooled results still showed significant
differences between the intervention group and the control group
while there was no significant heterogeneity (WMD 7.07; 95% CI
5.90-8.23, P < 0.001, I = 27.4%).

Dimension C: Pooled data from 4 studies (Li et al.,, 2017; Shen
et al,, 2017; Qi and Wang, 2018; Ji et al,, 2019) showed a significant
result (WMD 4.83; 95% CI 2.62-7.04, P < 0.001, I? = 79.6%)
(Figure 2E). After removing Qi and Wang (2018), there were
still significant differences between the intervention group and the
control group without significant heterogeneity (WMD 5.49; 95% CI
4.60-6.38, P < 0.001, I = 47.7%).

Dimension D: Pooled data from 5 studies (Li et al., 2017; Shen
et al, 2017; Qi and Wang, 2018; Ji et al, 2019; Luo et al., 2020)
showed a significant result (WMD 2.88; 95% CI 1.33-4.43, P < 0.001,
I? = 82.6%) (Figure 2F). After removing Ji et al. (2019) from the
pooled data based on sensitivity analysis, there was no significant
statistical heterogeneity, but the intervention group still showed a
significantly better effect than the control group (WMD 3.18; 95%
CI2.39-3.97, P < 0.001, I? = 0.0%).
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FIGURE 3

Forest plot of pooled results for Peabody Development Motor Scales-Il (A) Peabody Developmental Motor Scales—Grasping. (B) Peabody Developmental

Motor Scales—Visual motor integration

Dimension E: Pooled data from 4 studies (Li et al,, 2017; Qi
and Wang, 2018; Ji et al, 2019; Luo et al, 2020) showed no
significant result (WMD 4.49; 95% CI —0.82 to 9.79, P = 0.097,
I? = 959%) (Figure 2G). After removing Luo et al. (2020)
from the pooled results based on the sensitivity analysis, no
significant results were found (WMD 0.39; 95% CI —0.27 to 1.05,
P =0.248, I? = 37.7%).

3.2.2. Fine motor function measure

Two studies, respectively measured fine motor development
using the grasping and visual-motor subscales of the Peabody
Development Motor Scales-II (Zhao et al., 2017; Zhang et al., 2020).
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No significant changes were found in neither grasping part (WMD
3.46; 95% CI —1.77 to 8.70, P = 0.195, I? = 91.8%) nor visual-motor
integration part (WMD 3.08; 95% CI —2.78 to 8.93, P = 0.303,
I? = 82.2%) (Figures 3A, B).

3.3. Secondary outcomes

3.3.1. Joint range of motion

Two studies that recruited children with hemiplegia spastic CP
used the joint range of motion to measure the changes in spasticity.
Dabbous et al. (2016) described flexion, and extension of the wrist and
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FIGURE 5
Forest plot of pooled results for modified Ashworth scale.

ankle while Zhang et al. (2020) measured the wrist active extension. It
showed no significant differences in wrist extension range of motion
when data were pooled (WMD 4.13; 95% CI —0.79 to 9.04, P = 0.100,
I? = 83.3%) (Figure 4).

3.3.2. Modified Ashworth scale

Modified Ashworth scale includes six levels to describe muscular
tone (0, 1, 1+, 2, 3, 4, from normal to high). We replaced these six
levels with scores ranging from 0 to 5 from low to high in data
analysis. Three studies recruited children with spastic CP and used
MAS to measure the changes in spasticity (Wang et al., 2011; Zhang
and Liu, 2018; Zhang et al., 2020). The results showed that the MAS
level decreased more in intervention groups than in control groups
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when data from the three studies were pooled together (WMD —0.28;
95% CI —0.48 to —0.08, P = 0.005, I% = 0%) (Figure 5).

3.3.3. Berg balance scale

Berg balance scale is used in three studies to evaluate static and
dynamic balance (Zhang and Hu, 2012; Qi and Wang, 2018; Luo
et al., 2020). As shown in Figure 6, children in intervention groups
achieved significantly better improvement in balance ability than
those in control groups (WMD 4.42; 95% CI 1.21-7.63, P = 0.007,
I? = 96.7%). There was still significant heterogeneity between studies
(all I > 80%) when the three studies were eliminated from the pooled
data gradually through the sensitivity analysis.
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Forest plot of pooled results for Berg balance scale.

3.3.4. Activities of daily living

Two studies reported ADL scores (Figure 7; Deng et al., 2005;
Zhang and Hu, 2012). The pooled analysis reported a significantly
better improvement in ADL scores in intervention groups than
that in control groups (WMD 3.78; 95% CI 2.12-5.43, P < 0.001,
I =58.8%).

3.4. Quality appraisal

According to the Cochrane risk of bias tool, seven studies had a
high risk of bias, while 14 studies showed an unclear risk of bias, with
only one study having a low risk of bias (Table 3 and Figure 8). The
quality of evidence of the included outcome measures is shown in
Table 4, with only one outcome measure (GMFM-88-Dimension A)
showing high quality, while five of the thirteen outcome measures,
including GMFM-88 Dimension B, C, D, and E, and MAS, have
moderate quality.

4. Discussion

Our study found that integrated TCM and modern rehabilitation
therapies significantly improved motor development in children
with CP (AGMFM-66 score: 9.33, AGMFM-88 score: 8.24, ABerg
balance scale score: 4.42), reduced muscle tone (AMAS score:
—0.28), and increased the functional independence (AADL score:
3.78). These results suggested that TCM treatments combined
with modern rehabilitation therapies may be an effective package
of intervention for children with CP, compared to modern
rehabilitation therapies only.

Developmental delay, especially motor development, is a
symptom of widespread concern for children with CP. The brain
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remodeling theory is the basis of modern rehabilitation to improve
motor development in children with CP (Aisen et al,, 2011). Brain
remodeling refers to the plasticity and modifiability of the brain.
The neurons in the brain may reconnect by external stimuli, thus
compensating for the dysfunction caused by brain damage (Gulyaeva,
2017). Modern rehabilitation therapy may help children with CP
via neuroplasticity that reshapes the brain and compensates for the
development delay (Dancause and Nudo, 2011). For example, the
contralateral movement evoked field and ipsilateral motor field of
the cortex were activated and reorganization in children with CP
after constraint-induced movement therapy (Sutcliffe et al,, 2007).
Different from the brain remodeling theory of modern rehabilitation
therapy, the mechanism of TCM improving motor development may
be the blood flow regulation for the brain, which might promote
the development of neurons and synaptic interconnection (Shepherd
et al., 2018; Niu et al,, 2019). Especially in scalp acupuncture, some
special acupoints, such as DU-20 and X-HNI, may expand the
blood vessels of the corresponding brain areas or promote collateral
circulation (Chinese Association of Rehabilitation Medicine Pediatric
Rehabilitation Committee et al., 2022b). Expression of endothelin
receptor type A, which was associated with vasoconstriction,
decreased in mice after being treated with acupuncture (Li J.
et al., 2021). Some studies demonstrated that another mechanism of
TCM in improving motor development might be the mediation of
neurotransmitters, such as gamma-aminobutyric acid, an inhibitory
neurotransmitter for motoneurons to improve motor development
(Shorter and Segesser, 2013).

Our systematic review showed that the spasticity was improved
by the integrated TCM and modern rehabilitation therapies,
compared to modern rehabilitation therapy only. In the theory of
TCM, children with spastic CP may have a constitution with Yin-
deficiency (Zhang et al, 2016). The kidney stores the essence of
life and is responsible for body development. The liver is the organ

frontiersin.org


https://doi.org/10.3389/fnins.2023.1097477
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Chen et al. 10.3389/fnins.2023.1097477

Study %

D WMD (95% CI) Weight
Deng J, 2005 * E 2.65(0.62, 4.68) 35.95
Zhang P, 2012 —i—I— 4.41(3.53,5.29) 64.05

Overall (I-squared = 58.8%, p = 0.119) 0 3.78 (2.12, 5.43) 100.00

NOTE: Weights are from random effects analysis

T
—5.43 0 5.43

FIGURE 7
Forest plot of pooled results for activities of daily living.

TABLE 3 The Cochrane collaboration’s tool of assessing risk of bias for methodological assessment.

References Random Allocation Blinding of Blinding of | Incomplete | Selective | Other Overall
sequence |concealment| participants outcome |outcome data| reporting bias bias
generation and personnel| assessments

Dabbous et al., 2016 Unclear Unclear Unclear Unclear Low Low Low Unclear

Deng et al., 2005 Low Low Unclear Unclear Low Low High High

Duncan et al,, 2012 Low Low Low Unclear Low Low Low Unclear

Ji et al., 2008 Unclear High Unclear Unclear Low Low Low High

Jietal, 2019 Low Low Low Unclear Low Low Low Unclear

Li]J. etal., 2021 Low Low Unclear Low Low Low Low Unclear

Lietal., 2017 Unclear Unclear Low Unclear Low Low Low Unclear

Liu et al,, 2013 Unclear Unclear Unclear Unclear Low Unclear High High

Luo et al., 2020 Low Low Low Unclear Low Unclear Low Unclear

Mo et al., 2016 Low Low Low Unclear Low Low Low Unclear

Qi and Wang, 2018 Low Low Low Unclear Low Low Low Unclear

Shen et al., 2017 Unclear Unclear Low Unclear Low Low Low Unclear

Wang et al., 2011 Unclear Unclear Low Unclear Low Low Low Unclear

Wang et al., 2008 Low Low Low Unclear Low Low Low Unclear

Zhang and Du, 2013 Low Low Low Low Low Low Low Low

Zhang and Liu, 2018 High High Low Unclear Low Low Low High

Zhang N. et al., 2014 Low Low Low Unclear Low Low Low Unclear

Zhang et al., 2020 Low Low Unclear Low Low Low Low Unclear

Zhang et al., 2007 Low Low Low High Low Low Low High

Zhang N. X. et al., High High Low High Low Low Low High

2014

Zhang and Hu, 2012 Unclear Unclear High Unclear Low Low Low High

Zhao et al., 2017 Low Low Low Unclear Low Low Low Unclear
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FIGURE 8
The bias chart of the included studies assessed by the Cochrane risk
of bias tool

that stores blood. The spleen-stomach is responsible for digestion
and nutrient absorption, which is then converted into Qi-blood-
body fluid for brain and body development. Therefore, the treatment
for spastic CP should aim at brain recovery and start with the
Yin deficiency. Acupuncture, massage, or herbal fumigation should
consider tonifying Yin deficiency via the acupoints on Yin meridians
(such as spleen, liver, and kidney meridians) based on the dialectical
diagnosis. With regard to the mechanism related to the effect of
the TCM treatments on spasticity, one study suggested that scalp
acupuncture may increase and disentangle the white matter fiber
bundles in rats with CP (Wang et al, 2021), which may be the
anatomical evidence for improving spasticity. A neuroimaging study
showed that acupuncture on LR3 may relieve the spasticity of
children with CP by reducing the activation of the frontal lobe cortex,
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an important brain region that controls muscle tone and active
movement (Wu et al., 2008).

However, no significant improvement was found in fine motor
development in the integrated TCM and modern rehabilitation
therapies group, compared to the control group. The possible
explanation might be that fine motor improvement requires targeted
training. Evidence supported that task-oriented motor training
based on the requirements of daily routines may be effective
in the improvement of fine motor development (Baker et al,
2022). With regard to unilateral hand function, constraint-induced
movement therapy may be effective in children who were diagnosed
with unilateral CP (Tinderholt Myrhaug et al, 2014). However,
few included studies in our systematic review employed targeted
training for fine motor in the conservative rehabilitation protocol.
Massage and acupuncture were also recommended for fine motor
development delay in children with CP, but individualized treatment
should be considered because children with CP vary in the syndrome
classifications based on the TCM theory (Chinese Association of
Rehabilitation Medicine Pediatric Rehabilitation Committee et al.,
2022b). Our results suggest that targeted and individualized therapy
should be added to promote fine motor development in children
with CP.

Seventeen studies declared that none of the participants withdrew
from the studies and no severe adverse event was reported in any of
the enrolled studies, indicating that TCM treatments are safe in the
clinical setting for children with CP. The duration of intervention for
children with CP ranged from 20 days to 6 months with a median
intervention time of 3 months. Future studies should focus on the
long-term effects of TCM treatments on CP.

4.1. Limitations

There were some limitations of our systematic review,
which should be interpreted with caution. First, methodological
heterogeneity in the included should not be ignored. Due to the
differences in the age and CP severity of the participants, TCM
treatments varied among the included studies, such as acupuncture,
massage, and herbal fumigation. Subgroup analysis of different
intervention protocols could not be conducted because of the
insufficient number of included studies. Future studies should
consider standardized TCM diagnosis and treatment for children
with CP. Second, the pooled results of our systematic review may
suffer from methodological quality. Seven of the included studies
showed a high risk of bias, while only two studies specified the
blinding of the assessors. Third, 21 of the 22 included studies are
from China, which indicates that the integrated TCM and modern
rehabilitation therapies for CP are not widely used in the world. In
the future, the promotion of TCM needs to be strengthened, such as
the training of international TCM practitioners. Fourth, it is difficult
to quantitatively divide the proportion of TCM treatments and
modern rehabilitation therapies because of the differences in basic
theory between TCM and modern rehabilitation.

4.2. Implications for clinical practice and
research

This systematic review with meta-analysis suggests that
TCM may be integrated into the traditional rehabilitation
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TABLE 4 Quality of evidence measured by grading of recommendation assessment, development, and evaluation.

Patient or population: Children with cerebral palsy Settings: Intervention: Integrated Traditional Chinese medicine and modern rehabilitation therapies

Quiality of the
evidence
(GRADE)
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(studies)

Outcomes Illustrative comparative risks* (95% Cl)
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22UB12S0N3N Ul SI913UOIS
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Corresponding risk

Integrated traditional Chinese medicine and
conventional rehabilitation therapies
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3.08 higher
(2.78 lower to 8.93 higher)

Gross motor function The mean gross motor function measure-66 in the intervention groups was 9.33 285 HPoo
measure—66 higher (0.14-18.52 higher) (three studies) Low!-?
questionnaire
Gross motor function The mean gross motor function measure-88 in the intervention groups was 160 HPpoo
measure-88 8.24 higher (two studies) Low!:2
questionnaire (3.25-13.24 higher)
Gross motor function The mean gross motor function measure-88-Dimension A in the intervention 580 DODD
measure-88-Dimension A groups was (three studies) High
questionnaire 6.63 higher

(5.36-7.91 higher)
Gross motor function The mean gross motor function measure-88-Dimension B in the intervention 811 (Sl e)
measure-88-Dimension B groups was (five studies) Moderate!
questionnaire 5.76 higher

(3.20-8.13 higher)
Gross motor function The mean gross motor function measure-88-Dimension C in the intervention 691 (e ariC)
measure-88-Dimension C groups was (four studies) Moderate!
questionnaire 4.83 higher

(2.62-7.04 higher)
Gross motor function The mean gross motor function measure-88-Dimension D in the intervention 751 DPPbo
measure-88-Dimension D groups was (five studies) Moderate!
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Peabody Developmental Motor The mean Peabody Developmental Motor Scales-Grasping in the intervention 238 bdPboo
Scales-Grasping groups was (two studies) Low!:2
questionnaire 3.46 higher

(1.77 lower to 8.70 higher)
Peabody Developmental Motor The mean Peabody Developmental Motor Scales-Visual motor integration in the 238 HPhoo
Scales-Visual motor integration intervention groups was (two studies) Low!:2
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treatment of children with cerebral palsy to improve gross motor
development and regulate muscle tone. With regard to fine motor
improvement, further studies on the targeted and individualized
treatment protocol for children with CP should be noticed. For
example, meridians and acupoints should be selected based on
syndrome differentiation.

Children with CP also showed a significant increase in functional
independence after the treatment of integrated TCM and modern
rehabilitation therapies compared to modern rehabilitation therapies
only. More studies will be needed in the future to explore the long-
term effect of integrated therapies on activities of daily living, given
that long-term application of the integrated therapies to children with
CP may help them to return to school in adolescence and return to
society in adulthood.

Traditional Chinese medicine therapies included in this
systematic review consist of body and scalp acupuncture, massage,
and fumigation. The methodological heterogeneity needs attention
in this systematic review, which may be due to the diversity of TCM
treatments. Future studies should focus on the standardization of
TCM diagnosis and treatment for children with CP. To promote the
application of TCM worldwide, an international training program
of TCM should be established to increase the accreditation of
TCM practitioners.

5. Conclusion

This systematic review indicated that integrated TCM and
modern rehabilitation therapies may be recognized as an effective
and safe therapy to improve gross motor function, reduce muscle
tone, and improve the functional independence of children with
CP, compared to modern rehabilitation therapy only. Due to
the methodological heterogeneity and the potential risk of bias
in the included studies, our results should be interpreted with
caution. Future studies should focus on the standardization of TCM
treatments, and training of international TCM practitioners may be
considered for TCM promotions.
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“No. 1 Clinical Medical College, Nanjing University of Chinese Medicine, Nanjing, China, °Department of
Neurology, Affiliated Hospital of Jiangsu University, Zhenjiang, China

Background and objective: Sciatica is a common type of neuropathic pain disease
which poses a huge financial burden to the patient. For patients with sciatica,
acupuncture has been recommended as an effective method for pain relief, while
there is currently a lack of sufficient evidence to support its efficacy and safety. In this
review, we aimed to critically assess the published clinical evidence on the efficacy
and safety of acupuncture therapy for treating sciatica.

Methods: An extensive literature search strategy was established in seven databases
from their inception to 31 March 2022. Two independent reviewers performed
the literature search, identification, and screening. Data extraction was performed
on studies that meet the inclusion criteria, and a further quality assessment was
performed according to the Cochrane Handbook and Standards for Reporting
Interventions in Clinical Trials of Acupuncture (STRICTA) recommendations. Summary
Risk ratio (RR) and standardized mean differences (SMDs) with 95% confidence
interval (Cl) were calculated using the fixed-effects or the random-effects model.
Heterogeneity in effect size across studies was explored using the subgroup
analysis and the sensitivity analysis. The quality of evidence was estimated following
the Grading of Recommendations, Assessment, Development and Evaluations
(GRADE) approach.

Results: A total of 30 randomized controlled trials (RCTs) involving 2,662 participants
were included in the meta-analysis. The results of the integration of clinical
outcomes showed that the clinical efficacy of acupuncture was superior to
that of medicine treatment (MT) in improving the total effective rate (relative
risk (RR) = 1.25, 95% confidence interval (Cl) [1.21, 1.30]; moderate certainty
of evidence), reducing the Visual Analog Scale (VAS) pain score (standardized
mean difference (SMD) = —1.72, 95% CI [-2.61, —0.84]; very low certainty of
evidence), increasing pain threshold (SMD = 2.07, 95% CI [1.38, 2.75]; very
low certainty of evidence), and decreasing recurrence rate (RR = 0.27, 95% CI
[0.13, 0.56]; low certainty of evidence). In addition, a few adverse events (RR =
0.38, 95% CI [0.19, 0.72]; moderate certainty of evidence) were reported during
the intervention, which indicated that acupuncture was a safe treatment option.
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Conclusions: Acupuncture therapy is an effective and safe treatment for patients with
sciatica, and it can be considered a suitable replacement for medicine treatment (MT).
However, given the high heterogeneity and a low methodological quality of previous
studies, future RCTs should be well-designed according to the rigorous methodology.

Systematic review registration:
Review and Meta-analysis Protocols

International Platform of Registered Systematic
(INPLASY) (https://inplasy.com/register/),

identifier [INPLASY202240060].

KEYWORDS

acupuncture, sciatica, nerve pain, meta-analysis, systematic review

Introduction

Sciatica, a common type of neuropathic pain, is characterized
by radicular pain radiating from the lower back region and down
to the leg, sometimes with or without numbness, paresthesia, and
muscle weakness (Valat et al, 2010). These symptoms are mostly
related to the compression of the spinal nerve root by disc herniation,
accounting for 85% of the total cases (Ropper and Zafonte, 2015). The
prevalence of sciatica varies widely from 1.2 to 43% with an annual
incidence of 1-5% and a peak incidence in the fourth decade of life
(Konstantinou et al., 2015; Davis et al., 2022). Sciatica is normally self-
limiting with the relieving of pain over time in some cases (Oosterhuis
et al, 2019). However, it remains more prevalent among certain
populations, especially physical laborers (Fairag et al., 2022). Owing
to the lack of an effective treatment, a significant proportion of
patients with sciatica experience pain that persists for 1 year or longer.
Persistent or unresolved pain could eventually lead to neurological
deficits and functional disability, which have a serious impact on the
quality of life (QoL) and pose a significant burden on the patient’s
healthcare resources (Maslak et al., 2020).

Seeking an appropriate method of treatment for sciatica is
essential. Currently, the treatment options for sciatica can be
classified into two categories: surgery and non-surgery, mainly
depending on the severity of the condition. Patients with acute
radicular pain may be considered for surgery, owing to the advantages
of fast pain relief (Schoenfeld and Kang, 2020). However, the long-
term efficacy of surgery remains to be determined. A systematic
review reported that there were no differences in any clinical outcome
(e.g., pain intensity, recurrence rate, and so on) between surgery
and conservative care at 1- and 2-year follow-ups (Jacobs et al,
2011). Thus, the preferred treatment for the management of patients
with sciatica is conservative, which includes exercise and manual
therapy, medication, and spinal injections (Valat et al., 2010; Jensen
et al, 2019). Based on the primary purpose of pain relief, analgesic
drugs such as for example, non-steroidal anti-inflammatory drugs
(NSAIDs) (Friedman et al., 2019) are often prescribed for patients
with sciatica. However, several issues could arise from the use of
NSAIDs, among which safety and adverse events are the most critical
issues (Enthoven et al., 2016). As a result, it is imperative to search for
effective and safe alternative pharmaceutical approaches.

Acupuncture therapy, as a non-pharmacological treatment
derived from traditional Chinese medicine (TCM), is an established
analgesic modality for treating pain. Modern medical research
indicates that acupuncture exerts analgesic effects by regualting
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the activation of microglia, inhibiting inflammatory response and
modulating certain receptors along the pain pathways in the central
or peripheral nervous systems (Coutaux, 2017; Wang et al., 2020).
The results of clinical studies on acupuncture therapy for sciatica
showed that acupuncture is effective in relieving its symptoms (Liu
et al., 2019; Yu et al., 2022). The effects of acupuncture treatment
are also determined by selecting the appropriate acupuncture
method, including manual acupuncture (MA) with twirling, lifting,
and thrusting manipulation, electroacupuncture (EA) with an
electric microcurrent device, and warm acupuncture (WA) with
a combination of acupuncture and moxibustion treatment (Cao
et al, 2021). According to the efficacy and safety of acupuncture
for pain relief, patients with sciatica often give consent to undergo
acupuncture treatment in China.

Two systematic reviews were performed to investigate the
effectiveness of acupuncture for sciatica in 2015 (Ji et al., 2015;
Qin et al, 2015); however, recent guidelines did not recommend
acupuncture as a suitable treatment for sciatica, which mainly
resulted from a limited sample size and a high interstudy
heterogeneity (Jensen et al., 2019). In recent years, more randomized
controlled trials (RCTs) have been published, and we plan to renew
the included literature and conduct a comprehensive meta-analysis
to evaluate the efficacy and safety of acupuncture therapy for sciatica.

Methods

The protocol of this study was registered on the International
Platform of Registered Systematic Review and Meta-analysis
(INPLASY) (https://inplasy.com/register/), and the
registration number was INPLASY202240060. This
was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021)
(Supplementary Table 1).

Protocols

review

Literature search strategy

The databases, including three Chinese databases [China
National Knowledge Infrastructure (CNKI), VIP Database for
Chinese Technical Periodicals (VIP), and Wanfang Database] and
four English databases (PubMed, Cochrane Library, Embase, and
Web of Science), were searched for literature from their inception
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date until 31 March 2022. The key search terms were composed of the
following group terms: (1) sciatica (sciatic neuralgia, sciatic pain, and
sciatic neuropathy), (2) acupuncture (electroacupuncture, needle,
needling, acupuncture and moxibustion, and warm acupuncture),
and (3) sciatica plus acupuncture. The detailed search strategies for
each database are presented in Supplementary Table 2.

Inclusion criteria

The studies which were included must meet the following
eligibility criteria.

Types of studies

In the design of studies, we included all RCTs which were used
to evaluate the effectiveness and safety of acupuncture treatment
for sciatica with no limitations set in language, blinding, or
publication type.

Types of participants

Patients diagnosed with sciatica were included in this meta-
analysis. The diagnostic criteria were based on symptoms, physical
examination, medical imaging, and relevant published guidelines.
There was no restriction in either age, gender, race, or ethnicity.

Types of interventions

The intervention of the experimental group was acupuncture
therapy, including MA, EA, WA, and acupuncture plus moxibustion,
regardless of acupoints, needle types, and materials. While in
the control group (CG), the intervention was medicine treatment
(MT), including conventional Western medicine or Chinese patent
medicine. In addition, considering the potential placebo effects
of acupuncture, sham acupuncture (SA) was included as another
control intervention.

Types of outcome measures

The primary outcomes included total effective rate and pain
intensity. The total effective rate was calculated by dividing the
number of cured, markedly improved, and improved patients by the
number of total patients. The pain intensity was measured by the
Visual Analog Scale (VAS) with a 10-cm scale (0 cm represented no
pain and 10 cm represented extreme pain). The secondary outcomes
included the pain threshold, recurrence rate, and adverse events.

Exclusion criteria

Studies were excluded if they did not meet the aforementioned
criteria. In addition, the following studies were excluded if: (1)
the types of studies included observational studies, animal studies,
theoretical studies, data mining studies, thesis or dissertation,
review, and meta-analyses; (2) the types of acupuncture included
acupoint injections, laser acupuncture, cupping, and percutaneous
stimulation; (3) interventions included a combination of acupuncture
and medication; (4) the articles were duplicates; and (5) missing
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source literature or original data cannot be retrieved from
the literature.

Studies’ selection and data extraction

The retrieved records were imported into NoteExpress, and
the duplicates were removed. First, two reviewers (PY Huang
and Z Huang) independently reviewed the titles and abstracts
to eliminate irrelevant records and then read the full text to
identify eligible studies. Finally, all relevant studies were retrieved
for further assessment according to the inclusion and exclusion
criteria. Disagreements were resolved through a team discussion and
entrusted to a third reviewer (XC Zhang).

Two reviewers (ZH Zhang and TT Hu) independently extracted
data from each included study by using a predesigned form. The
general data of these studies were extracted, including the first author,
publication year, sample size, diagnostic criteria, treatment details of
treatment groups and control groups, outcome measures, follow-up
period, and adverse events. After data extraction, each other’s data
were checked to ensure accuracy. When the results of the concerned
study were ambiguous or incorrect, we contacted the authors for
clarification and details. Meanwhile, we checked the source data to
recalculate, and any disagreements were resolved via discussion with
the third reviewer (XL Zhang).

Quality assessment of risk of bias

Two reviewers (YW Xia and MN Yang) independently assessed
the risk of bias for each included study. According to the Cochrane
Handbook for Systematic Reviews of Interventions (version 5.1.0),
the domains of bias included random sequence generation, allocation
concealment, blinding method, incomplete outcome data, selective
reporting, and other biases (Higgins and Green, 2011). For the risk

2

of bias, “high risk of bias,” “low risk of bias,” or “unclear risk of
bias” was assigned as the three levels to each domain. Any difference
was resolved by discussion with a third reviewer (GX Ni) to reach

a consensus.

Quality assessment of acupuncture protocol

The detailed acupuncture treatment protocol of the included
studies was assessed according to the Standards for Reporting
Interventions in Clinical Trials of Acupuncture (STRICTA) checklist
(MacPherson et al., 2010). The STRICTA checklist includes six
items with 17 subitems, including the acupuncture rationale, details
of needling, treatment regimen, other components of treatment,
practitioner’s background, and control or comparator interventions.
We assessed the overall quality score (OQS) with 17 items from the
STRICTA checklist (Zhuang et al., 2014). The score of each item was
0 or 1. If the item was completely reported, the score was “1,” but if
the item was unreported or if the reported item was unclear, the score
was “0.” In addition, the total score of each study was calculated to
be in the range of 0 to 17, which indicated the rating of the overall
reporting quality of an acupuncture protocol.
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FIGURE 1
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of the literature search and screening.

Statistical analysis

Data analyses were conducted using RevMan (version 5.3)
and R software (version 4.2.0). Continuous variables (i.e., pain
threshold and pain intensity) were measured using the standardized
mean difference (SMD) with a 95% confidence interval (CI), and
dichotomous variables (i.e., total effective rate and recurrence rate)
were measured using the risk ratio (RR) with a 95% CI. According
to the Cochrane Handbook for Systematic Reviews of Interventions
(Version 5.1.0), a value of P < 0.05 indicates a statistically significant
difference (Higgins and Green, 2011). Cochrane’s Q statistic and
12 statistic were used to inspect heterogeneity between studies.
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Heterogeneity was classified into two levels, when I? is <50%, pooled
effects of heterogeneous trials were calculated using the fixed-effects
model, and when I? is >50%, pooled effects of heterogeneous trials
were calculated using the random-effects models.

Subgroup analysis

We performed the subgroup analysis based on the following
aspects: (1) types of acupuncture interventions (i.e., MA, WA, and
EA) and (2) sessions of acupuncture treatment (i.e., <15 or >15).
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Sensitivity analysis

Sensitivity analysis was performed to verify the robustness of
the results of the heterogeneity tests by eliminating studies case-by-
case. In addition, the Baujat plot was used to further characterize the
contribution to the overall heterogeneity in each study and identify
high heterogeneity studies from the meta-analytic data (Baujat et al.,
2002).

Publication bias

Publication bias was visually shown by funnel plots. In addition,
we further formally tested the potential publication bias by using
Egger’s test or Peters’ test, which are two significant testing methods
based on the asymmetry of funnel plots. Egger’s test was applied for
continuous variables (i.e., pain intensity) and Peters’ test was applied
for dichotomous variables (i.e., total effective rate). If there was a
value of P < 0.05, publication bias existed (Sterne et al., 2011).

Evidence quality assessment on GRADE

Based on the GRADE recommendations, we graded the
quality of evidence through GRADEpro online software
(https://www.gradepro.org/) (Atkins et al, 2004). The quality
of included studies was graded high, moderate, low, or very low.
The following aspects were used for assessment, including the risk
of bias, inconsistent results, indirect evidence, imprecision, and
publication bias.

Results

Search results

The flow diagram of the screening process is shown in Figure 1.
The search retrieved 2,764 records. After duplicates were removed,
1,631 records were screened for potential relevance by reviewing
titles and abstracts. Among these, 1,180 records were excluded, and
the remaining 451 records required a full-text assessment. Through
screening, we finally included 30 studies (Chen et al., 2005; Li and
Meng, 2011; Jiang, 2012, 2018; Liu, 2012, 2015, 2017; Zeng and Liao,
2012; Zhai, 2012; Zhang, 2012; Shang et al., 2014; Ai, 2015; Huang
etal., 2015, 2019; Nie, 2015; Ye et al., 2015; Li and Kang, 2016; Wang,
2016, 2017, 2020; Wei, 2016; Hu, 2017; Yu, 2017; Zou, 2017; Li, 2018;
Zheng, 2019; Gu, 2020; Huo, 20205 Li et al., 2021). A total of 421
studies were excluded after screening the full text. The main reason
for exclusion was that the intervention of studies did not meet the
inclusion criteria. Additionally, we excluded animal studies, reviews,
meta-analyses, theoretical studies, data mining studies, and theses
or dissertations, among others because they were not randomized
controlled trials (RCTs).

Study characteristics

This review included 30 studies with 2,662 participants in total.
Almost all studies were conducted in China, whereas two articles
(Huang et al,, 2019; Li et al., 2021) were English publications. The
sample sizes ranged from 30 to 310 participants per study. The gender
information on participants showed that the male-to-female ratio of
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the acupuncture group (AG) was 1.36 (575/423) and the male-to-
female ratio of the control group was 1.43 (573/402), which were
identified from 22 studies (Chen et al., 2005; Zhai, 2012; Shang et al.,
2014; Ai, 2015; Huang et al., 2015, 2019; Liu, 2015, 2017; Ye et al.,
2015; Li and Kang, 2016; Wang, 2016, 2017, 2020; Wei, 2016; Hu,
2017; Zou, 2017; Jiang, 2018; Li, 2018; Li et al,, 2019, 2021; Zheng,
2019; Huo, 2020). All participants in the included trials must be
diagnosed with sciatica. As regards diagnostic criteria, 10 studies
used the published clinical guidelines as diagnostic criteria (Chen
et al., 2005; Li and Meng, 2011; Liu, 2012; Zeng and Liao, 2012; Ai,
2015; Huang et al., 2015, 2019; Ye et al,, 2015; Li et al., 2019, 2021),
six studies reported the cause of sciatica induced by lumbar disc
herniation (LDH) (Shang et al., 2014; Liu, 2015; Jiang, 2018; Zheng,
2019; Gu, 2020; Huo, 2020), seven studies were based on medical
imaging as well as diagnostic criteria (Zhang, 2012; Liu, 2015; Wang,
2017; Yu, 2017; Li, 2018; Li et al., 2019; Gu, 2020), two studies used
physical tests (i.e., straight-leg-raising test) (Li and Kang, 2016; Li
et al., 2019), and nine studies did not report the diagnostic criteria
(Jiang, 2012; Zhai, 2012; Nie, 2015; Wang, 2016, 2020; Wei, 2016; Hu,
2017; Liu, 2017; Zou, 2017). Acupuncture, MT, or SA was involved in
intervention comparisons in studies. Twenty-eight studies compared
acupuncture with MT (Chen et al,, 2005; Li and Meng, 2011; Jiang,
2012, 2018; Liu, 2012, 2015, 2017; Zeng and Liao, 2012; Zhai, 2012;
Zhang, 2012; Shang et al., 2014; Ai, 2015; Huang et al., 2015; Nie,
2015; Ye et al,, 2015; Li and Kang, 2016; Wang, 2016, 2017, 2020; Wei,
2016; Hu, 2017; Yu, 2017; Zou, 2017; Li, 2018; Li et al., 2019; Zheng,
2019; Gu, 2020; Huo, 2020) and two studies compared acupuncture
with SA (Huang et al., 2019; Li et al.,, 2021). Further details of these
studies are summarized in Table 1.

Acupuncture therapy protocols of included
trials

A total of 27 studies used MA (Chen et al.,, 2005; Jiang, 2012,
2018; Liu, 2012, 2015, 2017; Zeng and Liao, 2012; Zhai, 2012; Zhang,
2012; Shang et al., 2014; Ai, 2015; Nie, 2015; Li and Kang, 2016;
Wang, 2016, 2017, 2020; Wei, 2016; Hu, 2017; Yu, 2017; Zou, 2017; Li,
2018; Huang et al., 2019; Li et al., 2019, 2021; Zheng, 2019; Gu, 2020;
Huo, 2020) and the rest of the three studies used EA (Li and Meng,
2011; Huang et al., 2015; Ye et al., 2015). As for the intervention
types of MA, 12 studies used only needles (Shang et al., 2014; Liu,
2015, 2017; Yu, 2017; Zou, 2017; Jiang, 2018; Huang et al., 2019; Li
etal., 2019, 2021; Zheng, 2019; Gu, 2020; Huo, 2020), 10 studies used
acupuncture and moxibustion (Jiang, 2012; Liu, 2012; Zeng and Liao,
2012; Zhang, 2012; Nie, 2015; Li and Kang, 2016; Wang, 2016, 2017,
2020; Li, 2018), and five studies used WA (Chen et al., 2005; Zhai,
2012; Ai, 2015; Wei, 2016; Hu, 2017). All included studies reported
the choice of acupoints. As shown in Figure 3A, the most frequent
acupoints were GB30, BL25, BL4, BL60, BL23, BL54, and GB34. A
total of 26 studies reported the retention time of needles (Chen et al.,
2005; Li and Meng, 2011; Jiang, 2012, 2018; Liu, 2012, 2017; Zeng
and Liao, 2012; Zhai, 2012; Zhang, 2012; Shang et al., 2014; Ai, 2015;
Huang et al., 2015, 2019; Nie, 2015; Ye et al., 2015; Li and Kang, 2016;
Wang, 2016, 2017, 2020; Wei, 2016; Hu, 2017; Yu, 2017; Li, 2018; Li
etal, 2019, 2021; Huo, 2020). It was reported that the retention time
ranged mostly from 15 to 30 min. Only two studies showed that the
retention time was only 5 min (Liu, 2012; Nie, 2015). The frequency
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TABLE 1 Characteristics of included studies.

Included trails

Sample size (M/F)

AG

CG

Interventions

CG
(medicine/dosage/frequency)

Diagnosis

Outcomes

Follow-

up

Prednisone/10 mg/tid

Huo (2020) 60 (34/26) 60 (36/24) Acupuncture MT: Diclofanac Sodium Sustained Release Sciatica caused by LDH u} /
Tablets/75 mg/qd 0
Gu (2020) 35 35 Acupuncture MT: Brufen, Prednisone/NA/ NA Sciatica caused by LDH/ O /
medical imaging (MRI) ]
Zheng (2019) 155 (88/67) 155 (87/68) Acupuncture MT: Brufen/0.6 g/bid. Sciatica caused by LDH O /
Prednisone/10 mg/bid
Lietal. (2019) 46 (29/17) 46 (26/20) Acupuncture MT: Compound Mannitol Injection/125-250 Physical tests/medical imaging O /
ml/ NA. (MRI/CT)/<The clinical ]
Dexamethasone/5-10 mg/ NA Aceclofenac diagnostic and curative criteria
Dispersible Tablets of disease>>
(1st week po./0.1 g/bid
2st week po./0.1 g/qd)
Jiang (2018) 60 (38/22) 60 (37/23) Acupuncture MT: Brufen/0.6 g/tid Sciatica caused by LDH ] /
Prednisone/10 mg/tid
Zou (2017) 30 (17/13) 30 (16/14) Acupuncture MT: Nimesulide/0.1 g/ bid NA [} /
0
Yu (2017) 28 22 Acupuncture MT: Indomethacin/30mg/bid Medical imaging (CT/X-rays) O /
Vitamin B12/500j.g/qd
Liu (2015) 48 (29/19) 48 (30/18) Acupuncture MT: Brufen/0.6 g/d/tid Medical imaging (CT/MRI)/ O /
Prednisone/10 mg/d/tid sciatica caused by LDH
Shang et al. (2014) 60 (36/24) 60 (38/22) Acupuncture MT: Brufen/0.6 g/tid Sciatica caused by LDH O /
Prednisone/10 mg/tid
Liu (2017) 42 (28/14) 41 (27/14) Acupuncture MT: Nimesulide/0.1 g/bid NA O /
u}
Zeng and Liao (2012) 65 65 Acupuncture and moxibustion MT: Brufen/0.6 g/tid Criteria of therapeutic effect and O /
Prednisone/10 mg/tid diagnosis of diseases and
syndromes in TCM
Zhang (2012) 70 75 Acupuncture and moxibustion MT: Brufen/0.6 g/tid Medical imaging (CT/X-rays) O /
Prednisone/10 mg/tid
Wang (2020) 40 (23/17) 40 (20/20) Acupuncture and moxibustion MT: Nimesulide/0.1 g/bid NA O /
Li (2018) 33 (24/9) 33 (25/8) Acupuncture and moxibustion MT: Brufen/0.6 g/tid medical imaging (CT/X-rays) O /
Prednisone/10 mg/tid
Wang (2016) 90 (51/39) 90 (48/32) Acupuncture and moxibustion MT: Brufen/0.6 g/tid NA O /
Prednisone/10 mg/tid
Wang (2017) 25 (14/11) 25 (15/10) Acupuncture and moxibustion MT: Brufen/0.6 g/tid medical imaging (CT/X-rays) 0 /

187

(Continued)

e e bueyz

0£8£60T'$202'SUlU4/682¢°0T


https://doi.org/10.3389/fnins.2023.1097830
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

92UBIDSOINBN Ul SIB1U0IS

640" UISISIUOIY

TABLE 1 (Continued)

Included trails Sample size (M/F) Interventions Diagnosis Outcomes Adverse Follow-
events up
AG CG CG
(medicine/dosage/frequency)

Nie (2015) 39 37 Acupuncture and moxibustion MT: Nimesulide/0.1 g/bid NA 0 / /
Jiang (2012) 41 41 Acupuncture and moxibustion MT: Brufen/0.6 g/tid NA O / /
Prednisone/10 mg/tid
Liu (2012) 30 20 Acupuncture and moxibustion MT: Nimesulide/0.1 g/bid < The clinical diagnostic and 0 / /

curative criteria of disease>>
Li and Kang (2016) 30 (19/11) 30 (22/8) Acupuncture and moxibustion MT Physical tests O / /
Hu (2017) 40 (20/20) 40 (21/19) Warm acupuncture MT: Nimesulide/0.1 g/bid NA O Y Y
O
Wei (2016) 15 (12/3) 15 (9/6) Warm acupuncture MT: Nimesulide/0.2 g/bid NA O / Y
O
Ai (2015) 30 (20/10) 30 (21/9) Warm acupuncture MT: Nimesulide/0.3 g/bid The clinical diagnostic and u] / /
curative criteria of
disease/Criteria of therapeutic
effect and diagnosis of diseases
and syndromes in TCM
Zhai (2012) 28 (17/11) 28 (16/12) Warm Acupuncture MT: Nimesulide/0.4 g/bid NA ] / /
Chen et al. (2005) 30 (22/8) 30 (21/9) Warm Acupuncture MT: Nimesulide/0.5 g/bid The clinical diagnostic and O / /
curative criteria of disease O
(1999)
Huang et al. (2015) 35 (24/11) 35 (27/8) Electroacupuncture MT: Brufen/0.3 g/bid Criteria of therapeutic effect and ] / /
Mecobalamin/0.5 mg/tid diagnosis of diseases and u}
syndromes in TCM
Li and Meng (2011) 49 37 Electroacupuncture MT: Brufen/0.3 g/bid 3,200 standard diagnoses of oo / Y
VitaminB1/20 mg/tid diseases in internal medicine 0
Ye et al. (2015) 31(12/19) 30 (11/19) Electroacupuncture MT: Dichofenac Diethylammon (drug Criteria of therapeutic effect and O / /
external)/NA/ qid diagnosis of diseases and
syndromes in TCM/Guiding
principle of clinical research on
new drugs of TCM (trial)
Huang et al. (2019) 23 (7/16) 23 (8/15) Acupuncture SA The North American Spine O Y Y
Society clinical guidelines
Lietal. (2021) 37 (11/26) 36 (12/24) Acupuncture SA Inclusion criteria-Patients with [m} Y Y
unilateral sciatica who meet the
diagnostic criteria(P6)

Ototal effective rate; [pain intensity; (pain threshold; Crecurrence rate.

AG, acupuncture group; CG, control group; NA, Not applicable; MT, medicine treatment; SA, sham acupuncture; LDH, lumbar disc herniation.
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Included
ES

Acupuncture
Style

TABLE 2 Details of characteristics of acupuncture intervention.

Acupoints formula

Details of acupuncture therapy

Needle
stimulation

Needle type

Retention
time

Treatment regimen

Session

Frequency

Other
acupuncture
treatment

Huo (2020) TCM BL57, BL25, GB30, BL40, BL54, GB34, Manual (1) GB30, BL54: 0.30 x 30 min 15 once a day /
GB30, GB39, ABL60, BL25, GB30, GB34 75 mm;
(2) other acupoints:
0.25 x 40 mm
Gu (2020) TCM Pain syndromes or near the site of pain Manual According to site of acupoints NA NA / /
Zheng (2019) TCM GB30, BL40, BL57, BL25, GB34, GB30, Manual / NA NA / /
GB39
Lietal. (2019) TCM GB30, BL54, GB39, GB34, GB30, BL57, Manual (1) GB30, BL54: 0.30 x 30 min 14 once a day /
BL40, BL25, GB30, BL60, GB34, BL25 75 mmy;
(2) other acupoints:
0.25 x 40 mm
Jiang (2018) TCM GB30, GB39, GB34, BL25, GB30, BL57, Manual / 30 min 14 once a day /
BL40, GB30, BL25, GB34, BL60
Zou (2017) TCM BL23, GB30, BL25, BL60, BL40 Manual / NA 23 once a day /
Yu (2017) TCM BL57, GB30, BL25, BL40, GB30, ST40, Manual 0.45 x 150 mm 30 min 14 once a day /
GB34, GB39, BL25, BL54, GB34, GB30,
BL60
Liu (2015) TCM GB30, BL25, BL40, BL57, GB30, GB34, Manual According to the site of NA NA / /
GB39, BL25, GB30, GB34, BL60. acupoints
Shang et al. (2014) TCM GB30, BL25, BL40, BL57, GB30, GB34, Manual 0.45 x 150 mm; 0.45 x 30 min 14 once a day /
GB39. 40-75 mm
Liu (2017) TCM BL23, GB30, BL40, BL57, BL25, BL60, Manual / 30 min 23 once a day /
GB34, BL54, BL23, GB30, GB34, BL25,
GB40, GB39, SP9, LR2, LI11, SP10,
BL26, ST36, SP10, BL18, BL17
Zeng and Liao TCM BL25, GB30, BL54, GB34, BL60 Manual / 30 min 14 once a day Indirect Moxibustion
(2012)
Zhang (2012) TCM BL25, GB30, BL40, BL57, GB30, GB34, Manual / 30 min 14 once a day Indirect Moxibustion
ST40, GB39, BL25, GB30, BL54, GB34,
BL60
Wang (2020) TCM BL25, BL23, GB30, BL40, BL60 Manual 0.3 x 60-75mm 25 min 10 once a day Direct Moxibustion
Li (2018) TCM GB34, BL40, BL54, GB30, EX-B2, BL25, Manual / 30 min 23 once a day Indirect Moxibustion
GV3, BL23, ST32, GB31, BL36, BL26,
BL60, GB39, GB34, BL57, BL32
Wang (2016) TCM GB30, BL25, BL54, BL60, BL23, BL40, Manual 0.3 x 70 mm 20-30 min 21 once a day Indirect Moxibustion
GB34
(Continued)
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TABLE 2 (Continued)

Included
ETS

Acupuncture
Style

Acupoints formula

Details of acupuncture therapy

Needle
stimulation

Needle type

Retention
time

Session

Treatment regimen

Frequency

Other
acupuncture
treatment

Wang (2017) TCM BL40, GB30, BL57, BL25, GB39, ST40, Manual 0.45 x 150 mm 30 min 29 once a day Indirect Moxibustion
GB30, GB34, BL60, GB30, BL54, BL25,
GB34, BL20, SP9, BL23, GV3,
BL40,BL32, BL17, ST36, SP6
Nie (2015) TCM BL23, GB30, BL25, BL60, BL40 Manual 0.3 x 60-75 mm 5min 23 once a day Direct Moxibustion
Jiang (2012) TCM GB30, BL25, BL54, BL60, GB34 Manual / 30 min 28 once a day Indirect Moxibustion
Liu (2012) TCM BL23, BL25, GB30, BL40, BL60 Manual 0.3 X 60-75 mm 5min 23 once a day Direct Moxibustion
Li and Kang (2016) TCM BL32, GB30, BL54, BL40 Manual / 30 min 15 once a day Heat-Sensitive
Moxibustion
Hu (2017) TCM BL23, BL25, GB30, BL54, ST33, BL40, Manual (1) BL23, BL25, BL40: 0.30 x 30 min 10 once a day Warm Acupuncture
BL60 40 mm;
(2) GB30, BL54, ST33:0.30 x
60 mm;
(3) BL60: 0.25 x 30 mm
Wei (2016) TCM BL23, BL60, BL40, GB30, BL25 Manual 0.3 x 60-75 mm 25min 23 once a day Warm Acupuncture
Ai (2015) TCM BL23, BL25, GB30, BL40, BL60 Manual 0.3 x 65mm 15-30 min 21 once a day Warm Acupuncture
Zhai (2012) TCM BL23, BL25, GB30, BL40, BL60 Manual 0.3 x 60-75 mm 15-30 min 23 once a day Warm Acupuncture
Chen et al. (2005) TCM BL23, BL25, GB30, BL40, BL60 Manual 0.3 x 60-75mm 15-30 min 23 once a day Warm Acupuncture
Huang et al. (2015) TCM BL25, BL26, GB30, BL40, BL54, BL36, Electrical / 30 min 22 once a day /
ST32, GB31, GB39, BL60; BL57, BL32,
GB30
Liand Meng (2011) TCM GB30, GB34, BL57, BL60, BL54, BL40, Electrical 0.3 X 40 mm 30 min 27 once a day /
GB31, GB39, GB41
Ye etal. (2015) TCM EX-B2 (L4-5, L5-S1), BL54, GB30 Electrical / 30 min 21 once a day /
Huang et al. (2019) TCM BL25, BL23, BL40, BL57 Manual 0.35 x 75mm; 0.35 x 40 mm 30 min 28 once every /
other day
Lietal. (2021) TCM BL25 Manual / 30 min 112 / /

TCM, Traditional Chinese medicine; NA, not applicable.
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FIGURE 2
Risk of bias from included studies. (A) Risk of bias summary. (B) Risk of bias graph.

of treatment was one time a day (Jiang, 2012, 2018; Liu, 2012, 2017;
Zeng and Liao, 2012; Zhang, 2012; Shang et al., 2014; Nie, 2015;
Li and Kang, 2016; Wang, 2016, 2017, 2020; Wei, 2016; Hu, 2017;
Yu, 2017; Zou, 2017; Li, 2018; Li et al., 2019; Huo, 2020) and one
time every other day (Huang et al.,, 2019). Details of the acupuncture
intervention are summarized in Table 2.

Risk of bias assessment

The results of the “risk of bias” assessment by domain for each
study are displayed in Figure 2A, and the percentage results of risk
evaluation in each domain are provided in Figure 2B. The specific
reasons for the judgments are shown in Supplementary Table 3. In
all studies, one to three domains were judged to be at high risk of
bias. The main issue in most of the studies (28 studies, more than
90%) was the high risk of performance bias due to nonblinding of
participants and personnel, which was related to the characteristic of
acupuncture. During the process of acupuncture treatment, it is hard
to implement blind procedures for acupuncturists and patients. Only
two studies (Huang et al., 2019; Li et al., 2021) were judged to have
a low risk of performance bias because they used acupuncture with
sham intervention, which ensured that the participants were blinded.
One study had a low risk of detection bias (Huang et al., 2019), while
the rest of the studies had an unclear detection bias risk, as there
was no indication of whether the assessors were blinded or not. A
total of 11 studies mentioned random methods, including the random
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number table, randomized controlled parallel design, and computer-
based random number generator (Chen et al., 2005; Ai, 2015; Nie,
2015; Ye et al., 2015; Liu, 2017; Yu, 2017; Li, 2018; Huang et al., 2019;
Gu, 2020; Huo, 2020; Wang, 2020). However, two studies were judged
to have a high selection bias because the sequence was generated by
the time of admission (Wei, 2016; Jiang, 2018). The remaining studies
were rated as “unclear risk” due to insufficient information to permit
judgment of the sequence generation process (Li and Meng, 2011;
Jiang, 2012; Liu, 2012, 2015; Zeng and Liao, 2012; Zhai, 2012; Zhang,
2012; Shang et al., 2014; Huang et al., 2015; Li and Kang, 2016; Wang,
2016, 2017; Hu, 2017; Zou, 2017; Li et al., 2019, 2021; Zheng, 2019).
For the assessment of incomplete outcome data, almost all studies
were graded to be at low risk of attrition bias. Among these, the data
from three studies were found to contain mistakes which were later
modified (Jiang, 2012; Zhang, 2012; Shang et al.,, 2014). Only one
study was rated to be at high attrition bias risk because the data on
pain threshold were not reported (Wang, 2016).

STRICTA checklist for the included studies

The summary of the assessment report on acupuncture details
is provided in Supplementary Table 4 using the STRICTA checklist.
As shown in Figure 3B, almost all studies reported the style of
acupuncture (la), treatment reasoning (1b), acupoints (2b), needle
stimulation (2e), and a precise description of the control group (6b);
more than half of the studies mentioned the retention time (2f),
the number of treatment sessions (3a), the frequency of treatment
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sessions (3b), the frequency of responses sought (2d), the needle type
(2g), and the details of other interventions (4a); less than half of the
studies reported the depth of insertion (2c¢), places and facilities of
treatment (4b), and description of participating acupuncturists (5).
The OQS from the STRICTA checklist of each study is presented in
Figure 3C. The scores of 22 studies were >10 (Chen et al., 2005; Li
and Meng, 2011; Liu, 2012; Zhai, 2012; Zhang, 2012; Shang et al.,
2014; Ai, 2015; Huang et al., 2015, 2019; Nie, 2015; Ye et al., 2015;
Li and Kang, 2016; Wang, 2016, 2017, 2020; Wei, 2016; Hu, 2017; Yu,
2017; Jiang, 2018; Li, 2018; Li et al., 2019; Huo, 2020), while the rest of
the studies scored <10 (Jiang, 2012; Zeng and Liao, 2012; Liu, 2015,
2017; Zou, 2017; Zheng, 2019; Gu, 2020; Li et al., 2021). The overall
reporting quality of interventions in controlled trials of acupuncture
was relatively good.

Effects of interventions

Primary outcomes
Total effective rate

The total effective rate was reported in 26 studies (Chen et al.,
2005; Li and Meng, 2011; Jiang, 2012, 2018; Zeng and Liao, 2012;
Zhai, 2012; Zhang, 2012; Shang et al., 2014; Ai, 2015; Huang et al,,
2015; Liu, 2015, 2017; Nie, 2015; Li and Kang, 2016; Wang, 2016,
2017, 2020; Wei, 2016; Hu, 2017; Yu, 2017; Zou, 2017; Li, 2018; Li
et al,, 2019; Zheng, 2019; Gu, 2020; Huo, 2020) in which the efficacy
of acupuncture therapy was compared with that of MT on sciatica.
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The results of the meta-analysis revealed that the total effectiveness
of acupuncture therapy was statistically significantly better than that
of MT (RR = 1.25,95%CI [1.21, 1.30], P < 0.00001) (Figure 4).

The results of subgroup analyses are summarized in Table 3.
With regard to the types of acupuncture interventions, the results of
subgroup analyses presented that MA (RR=1.25, 95%CI [1.21, 1.30]),
WA (RR = 1.27, 95%CI [1.13, 1.43]), and EA (RR = 1.26, 95%CI
[1.07, 1.49]) were superior to MT in improving the total effective rate.
As for treatment sessions, we found that acupuncture treatments of
<15 sessions (RR = 1.28, 95%CI [1.20, 1.37]) and >15 sessions (RR
= 1.24, 95%CI [1.19, 1.29]) exhibited a statistically significant effect
in improving the total effective rate compared with MT.

Pain intensity

Nine studies, including 701 participants, used the VAS score
(0-10cm scale) to calculate the pain intensity of acupuncture for
sciatica. Among these, seven studies (Li and Meng, 2011; Huang
et al., 2015; Ye et al., 2015; Liu, 2017; Li et al., 2019; Gu, 2020;
Huo, 2020) compared acupuncture with M T, and two studies (Huang
et al., 2019; Li et al, 2021) compared real acupuncture with SA.
The results of the VAS score in the acupuncture group showed
a statistically significantly lower value than that in the MT group
(MD = —1.77, 95%CI [—1.89, —1.66], P < 0.00001) (Figure 5).
In addition, two studies (Huang et al, 2019; Li et al, 2021)
reported that real acupuncture was statistically superior to SA in
improving the VAS score for sciatic pain (MD = —1.13, 95%CI [-
1.66, —0.60], P < 0.0001) (Figure 5), and there was no evidence of
heterogeneity (P = 1.00, I> = 0%).
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Acupuncture Control Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed. 95% ClI
Ai XJ 2015 28 30 22 30 2.4% 1.27 [1.01, 1.61] T
Chen MR 2005 27 30 22 30 2.4% 1.23[0.96, 1.57] T
Gu Y 2020 31 35 26 35 29% 1.19 [0.95, 1.50] T
Hu P 2017 35 40 27 40 3.0% 1.30 [1.01, 1.66] T
Huang JY 2015 32 35 25 35 2.8% 1.28 [1.01, 1.62] T
Huo F 2020 57 60 49 60 5.4% 1.16 [1.02, 1.33] T
Jiang BY 2012 38 41 34 41 3.8% 1.12[0.95, 1.32] I
Jiang YQ 2018 57 60 42 60 4.6% 1.36 [1.14, 1.62] -
Li JB 2019 45 46 39 46 4.3% 1.15[1.01, 1.31] T
Li JY 2018 29 33 23 33 2.5% 1.26 [0.97, 1.63] T
Li YW 2011 43 49 26 37 3.3% 1.25[0.99, 1.58] I
Li ZR 2016 28 30 12 30 1.3% 2.33 [1.49, 3.65] -
Liu JY 2015 43 48 29 48 3.2% 1.48 [1.16, 1.90] -
Liu QH 2017 40 42 31 41 3.5% 1.26 [1.05, 1.52] _'_
Nie JD 2015 37 39 27 37 3.1% 1.30 [1.05, 1.60] —
Shang HM 2014 53 60 39 60 4.3% 1.36 [1.10, 1.67] _'_
Wang CJ 2016 88 90 75 90 8.3% 1.17 [1.06, 1.29] -
Wang JM 2020 39 40 32 40 3.5% 1.22[1.04, 1.43] =
Wang ZM 2017 23 25 18 25  2.0% 1.28 [0.98, 1.67] T
Wei Q 2016 14 15 10 15 1.1% 1.40 [0.95, 2.05] T
Yu HW 2017 26 28 16 22 2.0% 1.28 [0.97, 1.68] |
Zeng Y 2012 60 65 49 65 5.4% 1.22[1.05, 1.43] -
Zhai LH 2012 26 28 21 28 2.3% 1.24 [0.98, 1.57] I
Zhang Z 2012 66 75 46 70 5.3% 1.34 [1.11, 1.62] e
Zheng WK 2019 153 155 136 155 15.0% 1.13 [1.06, 1.20] i
Zou'Y 2017 29 30 21 30 2.3% 1.38 [1.08, 1.76] -
Total (95% Cl) 1229 1203 100.0% 1.25[1.21, 1.30] '
Total events 1147 897
Heterogeneity: Chi? = 30.77, df = 25 (P = 0.20); I? = 19% 0?5 0f7 1 1f5 2
Test for overall effect: Z = 12.29 (P < 0.00001) Control  Acupuncture

FIGURE 4
A Forest plot for total effective rate.

The subgroup analysis indicated that both MA (SMD = —3.16,
95%CI [—4.48, —1.83]) and EA (SMD=-0.50, 95%CI [—0.89, —0.12])
reduced the VAS score more than MT. However, there was high
heterogeneity (I*> = 94%) in the comparison of MA vs. MT. For the
sessions of acupuncture therapy, we found that acupuncture therapy
with >15 sessions (SMD = —1.86, 95%CI [—3.50, —0.22]) had a
better effect of reducing the VAS score than MT, while it had a
little effect within 15 sessions (SMD = —1.98, 95%CI [—4.06, 0.10])
(Table 3).

Secondary outcomes
Pain threshold

Three studies with 170 participants examined the effects of
acupuncture therapy on the pain threshold induced by sciatica vs. MT
(Chen et al,, 2005; Liu, 20125 Zou, 2017). The pooled results indicated
that acupuncture had a statistically significantly better effect than
medicine in improving pain threshold (SMD = 2.07, 95%CI [1.38,
2.75], P < 0.00001) (Supplementary Figure 1). The subgroup analysis
showed that both MA (SMD = 1.82, 95%CI [1.06, 2.59]) and WA
(SMD=2.57, 95%CI [1.88, 3.27]) were statistically significantly better
than MT where the pain threshold increased (Table 3).

Frontiersin Neuroscience

Recurrence rate

The data of recurrence rate during follow-up were obtained
in three studies (Li and Meng, 2011; Wei, 2016; Hu, 2017). The
pooled results showed that acupuncture had a superior long-term
effect in reducing the occurrence of relapse for sciatic pain than MT
(RR=0.27, 95%CI [0.13, 0.56]) (Supplementary Figure 2). There was
no significant heterogeneity between the three studies (P = 0.49, I?
= 0%). The subgroup analysis indicated that WA (RR=0.38, 95%CI
[0.16, 0.88]) and EA (RR=0.14, 95%CI [0.03, 0.58]) had a superior
long-term effect in reducing the recurrence rate than MT (Table 3).

Adverse events

Several adverse events took place during the treatment and
were reported in five studies (Hu, 2017; Jiang, 2018; Huang et al,,
2019; Wang, 2020; Li et al.,, 2021). We evaluated the incidence of
adverse events by the subgroup analysis, including acupuncture vs.
MT and real acupuncture vs. SA. The pooled results indicated a
higher incidence rate of adverse effects in drug reactions compared
with acupuncture (RR=0.19, 95%CI [0.08, 0.45]) (Figure 6). The
adverse events of MT included dizziness, edema, gastrointestinal
bleeding, acne, heart failure, and heartburn. Although subcutaneous
hematoma and pinhole hemorrhage appeared occasionally in the
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TABLE 3 The subgroup analysis for the outcomes of included studies.
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Subgroup Eligible Intervention Control Heterogeneity Effect model
studies group (n) group (n)

Total effective rate

Acupuncture categories

MA vs. MT 19 1,002 988 1.25[1.20, 1.30] <0.001 P=0.04,1=39% Fixed

WA vs. MT 5 143 143 1.27 [1.13,1.43] <0.001 P=0.98,"=0% Fixed

EA vs. MT 2 84 72 1.26 [1.07, 1.49] <0.001 P=0.88,1"=0% Fixed

Total sessions of

treatment

<15 8 381 290 1.28 [1.20, 1.37] <0.001 P=0.77,1"=0% Fixed

Greater than or equal to 17 723 581 1.24 [1.19, 1.29] <0.001 P=0.08,1>=35% Fixed

15

Pain intensity

Acupuncture categories

MA vs. MT 4 183 182 —3.16 [—4.48, —1.83] <0.001 P <0.01,1*=94% Random

EA vs. MT 3 115 102 —0.50 [—0.89, —0.12] <0.001 P=0.14,1" = 48% Fixed

RA vs. SA 2 60 59 —0.34 [—0.89, 0.20] 0.22 P=0.14," =53% Random

Total sessions of

treatment

<15 3 100 99 —1.98 [—4.06, 0.10] 0.060 P <0.01,1*=97% Random

Greater than or equal to 4 186 173 —2.08 [—3.96, —0.19] 0.030 P <0.01, 1> = 98% Random

15

Pain threshold

Acupuncture categories

MA vs. MT 2 60 50 1.82 [1.06, 2.59] <0.001 P=0.10,1" = 64% Random

WA vs. MT 1 30 30 2.57[1.88,3.27] <0.001 NA Random

Recurrence rate

Acupuncture categories

WA vs. MT 2 55 55 0.38 [0.16, 0.88] 0.020 P=0.90,1"=0% Fixed

EA vs. MT 1 49 37 0.14 [0.03, 0.58] 0.007 NA Random

RR, risk ratio; SMD, standardized mean difference; 95% CI, 95% confidence interval; MT, medicine treatment; MA, manual acupuncture; EA, electroacupuncture; WA, warm acupuncture; RA, real acupuncture; SA, sham acupuncture; NA, not applicable.
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Acupuncture Control

Acupuncture versus Medcine treatment

Gu Y 2020 -2.44 1.07 35 -119 06 35 74%
Huang JY 2015 -4.96 1.53 35 -4.59 1.33 35  27%
Huo F 2020 -5.93 0.99 60 -3.23 0.95 60 10.2%
Li JB 2019 -5.22 0.42 46 -36 03 46 55.2%
Li YW 2011 -326 1.3 49 -2.74 1.39 37  37%
Liu QH 2017 -5.19 0.74 42 -1.96 0.81 41 11.0%
Ye XC 2015 -3.03 0.87 31 -2.13 1.03 30 54%
Subtotal (95% ClI) 298 284 95.7%

Heterogeneity: Chi? = 158.51, df = 6 (P < 0.00001); I> = 96%
Test for overall effect: Z = 30.67 (P < 0.00001)

Real acupuncture versus Sham acupuncture

Huang ZL 2019 -3.12 1.44 23 -1.99 1.92 23 1.3%
Li Cheng 2021 -3.13 1.36 37 2 14 36 3.1%
Subtotal (95% ClI) 60 59 4.3%

Heterogeneity: Chi? = 0.00, df =1 (P = 1.00); 1> = 0%
Test for overall effect: Z = 4.16 (P < 0.0001)

Total (95% Cl) 358 343 100.0%
Heterogeneity: Chi? = 163.88, df = 8 (P < 0.00001); I = 95%

Test for overall effect: Z = 30.86 (P < 0.00001)

Test for subgroup differences: Chi? = 5.37, df = 1 (P = 0.02), I? = 81.4%

FIGURE 5
A Forest plot for pain intensity.

Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed.95% CI

Mean Difference

IV, Fixed. 95% CI

-1.25 [-1.66, -0.84]

-0.37 [-1.04, 0.30]
-2.70 [-3.05, -2.35]
1.62 [-1.77, -1.47]
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Hu P 2017 3 40 10 40 32.8%
Jiang YQ 2018 2 60 15 60 49.2%
Wang JM 2020 0 40 4 40 14.8%
Subtotal (95% ClI) 140 140 96.7%
Total events 5 29

Heterogeneity: Chi? = 0.92, df =2 (P = 0.63); I?= 0%
Test for overall effect: Z = 3.76 (P = 0.0002)

Real acupuncture versus Sham acupuncture

Huang ZL 2019 2 23 0 23 1.6%
Li Cheng 2021 3 37 0 36 1.7%
Subtotal (95% ClI) 60 59 3.3%
Total events 5 0

Heterogeneity: Chi?=0.02, df = 1 (P =0.88); = 0%
Test for overall effect: Z = 1.67 (P = 0.10)

Total (95% Cl) 200 199 100.0%
Total events 10 29

Heterogeneity: Chi? = 9.48, df = 4 (P = 0.05); I> = 58%

Test for overall effect: Z = 2.93 (P = 0.003)

FIGURE 6
A Forest plot for adverse events.
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process of acupuncture therapy, there was no statistically significant
difference between real acupuncture and SA based on the two
studies (Huang et al, 2019; Li et al, 2021) (RR = 5.91, 95%CI
[0.73, 47.72]) (Figure 6).

Sensitivity analysis

As regards the high heterogeneity found in the comparison of
acupuncture vs. MT on VAS pain score (I = 96%) and pain threshold
(I = 69%), we performed the sensitivity analysis. By excluding
studies individually, there was no significant change in the pooled
effect size of the VAS score, but an extremely weak decrease in
heterogeneity was observed when one study was excluded (Li et al.,
2019) (Supplementary Table 5). Moreover, from the results of the
Baujat plot, we found that two studies (Liu, 2017; Li et al., 2019)
unduly influenced heterogeneity as well as the pooled effect of the
VAS score (Figure 7). In the sensitivity analysis of pain threshold, the
results showed that the I? value significantly decreased from 69 to 0%
after the exclusion of one study (Zou, 2017) (Supplementary Table 5),
and there were two studies (Chen et al., 2005; Zou, 2017) that
contributed overly to the heterogeneity from the results of the Baujat
plot (Figure 7).

Publication bias

We drew the funnel plot (Figure 8A) and used Peters’ test (t =
1.500, P = 0.146) to calculate the outcome of the total effective rate,
which indicated no publication bias. However, publication bias in the
outcome of pain intensity may exist due to the asymmetrical funnel
distribution and Egger’s test (t = —3.562, P = 0.009) (Figure 8B).

Certainty of evidence

The of the GRADE summarized in

Supplementary Table 6. The quality of evidence for these two

results score are
outcomes (total effective rate and adverse events) was both rated as
“moderate quality,” while the evidence of recurrence rate was rated as
“low quality” and the rest of the outcomes (pain threshold and pain
Intensity) were rated as “very low quality”.

Discussion

This systematic review and meta-analysis demonstrated that
acupuncture was more effective than MT or SA, with respect to
reducing the VAS score, the recurrence rate and improving the
total effective rate and pain threshold. In addition, a few adverse
events were observed in the follow-up duration. Consistently, pooled
effects of primary outcomes remained stable in the subgroup
analysis apart from high heterogeneity in some results. Owing
to concerns on the methodological quality and poor reporting
quality, the aforementioned conclusions should be interpreted with
great caution.

Our results showed that the quality of evidence on the outcomes
ranged from very low to moderate. Moderate-certainty evidence
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showed that acupuncture was superior to MT in terms of the total
effective rate and adverse events. However, we found that there was
very low-certainty evidence showing that acupuncture offered greater
pain relief than MT by reducing the VAS score and increasing the
pain threshold, which was mainly related to the weakness of the study
design and methodology in the included studies. Moreover, there
was low-certainty evidence showing that a lower recurrence rate was
observed in the patients with acupuncture treatment compared with
MT at a long-term follow-up period.

Subgroup analysis of the pooled data was conducted to explore
further the potential sources of significant heterogeneity observed in
the 30 included studies. The results of the subgroup analysis showed
that all types of acupuncture interventions obtained better results
than MT, while the MA contributes to high heterogeneity in the
outcome of pain intensity. Conversely, the EA subgroup significantly
reduced the heterogeneity. As a type of acupuncture method, EA
is being gradually used in clinical practice with unique advantages
of combining traditional acupuncture therapy and absorbing the
modern electronic theory. Compared with MA, EA was advocated to
be more precise in the amount of needle stimulation. Furthermore,
the SA group setting was an ideal method for controlling the placebo
effects. Among the included studies, the SA group setting was used in
two studies (Huang et al., 2019; Li et al., 2021). Huang and colleagues
(Huang et al., 2019) found that acupuncture had a better effect than
SA in relieving the symptoms of sciatic pain, and the same conclusion
has been drawn in another study (Li et al., 2021). Unfortunately, no
significant pooled effect was observed in the subgroup analysis of pain
intensity, partly due to the limited number of included studies. So, it
was necessary to investigate further the potential placebo effect in the
future. Additionally, we observed that more sessions of acupuncture
might show a certain degree of heterogeneity, which was most likely
due to more reporting bias and difficulty in compliance in a long
course of treatment.

Sensitivity analysis and Baujat plot were applied to evaluate the
heterogeneity among studies in this review. Greater heterogeneity
was observed in two studies on the total effective rate (Li and Kang,
20165 Zheng, 2019), while two other studies focused on pain intensity
(Liu, 2017; Li et al,, 2019). All the aforementioned studies belonged
to the MA subgroup, and a few details on acupuncture were reported
in two studies (Li et al., 2019; Zheng, 2019), which resulted in high
heterogeneity in clinical methodologies. In addition, we focused on
publication bias in primary outcomes. Significant publication bias
was detected in pain intensity instead of the total effective rate. All
the included studies in this meta-analysis were conducted in China,
which was a source of potential publication bias.

In the theory of traditional Chinese medicine (TCM), sciatica
belongs to the category of “bi” disease and “waist and leg pain”
syndrome, which is mainly caused by the poor operation of “qi and
blood” that flows through the bladder meridian and the gallbladder
meridian. Acupuncture was suggested as a widely used non-
pharmacological intervention for pain control, with the advantages
of various treatment modalities (i.e., MA, EA, and WA) and minor
side effects (Qiao et al., 2020). Inflammatory and neuropathic pain
can be relieved effectively by acupuncture. It is the main mechanism
involved in the alternation of blood rheology, immune defense,
and neuromediators. Considering the particularity of acupuncture
treatment, it is significant to assess the quality of the report
on acupuncture intervention using the STRICTA checklist. The
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A Baujat plot for (A) total effective rate, (B) pain intensity, (C) pain threshold, and (D) recurrence rate. Each circle indicates an individual study, while the
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overall quality of interventions reported in the controlled trials of
acupuncture was relatively good, though it still needs to be improved
in details pertaining to needle insertion and treatment context.
Additionally, we found that GB30, BL25, BL4, BL60, BL23, BL54, and
GB34 were the most frequently used acupoints during acupuncture
therapy. According to the TCM-based acupuncture meridian system,
these selected primary acupoints are sciatic nerve-related acupoints
consistent with clinically recommended commonly used primary
acupoints (Zhang et al., 2020). With the more detailed elucidation of
the stimulation mechanism of each acupoint, it is expected that more
effective treatment strategies could be established based on the main
symptoms of patients with sciatica.

Previous reviews investigated the effectiveness of acupuncture
therapy for sciatica in 2015, while the lack of evaluation of
acupuncture intervention details and evidence of quality, insufficient
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sample size, and a relatively inadequate assessment for heterogeneity
limited the strength of conclusions (Ji et al, 2015; Qin et al,
2015). Compared to previous studies, our study had four novel
advancements. First, more studies with a larger sample size were
included to further enhance the reliability and stability of the meta-
analysis. Second, the STRICTA checklist was added to raise the
quality of reporting of the clinical trials of acupuncture. Next,
acupuncture-associated subgroups not mentioned before (i.e., types
of acupuncture interventions and sessions of treatment) were
introduced for further analysis. In addition, the recurrence rate
as a long-term outcome measure was considered as the secondary
outcome mainly due to the characteristic of chronic and easy-to-
relapse nature during the course of the disease. Finally, we assessed
the quality level of the evidence and took into account the level of
certainty of evidence for each outcome.
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However, of course, there are still the following limitations
in this review: (1) there were insufficient studies that compared
acupuncture with SA supporting to avoid placebo effects, while fewer
studies have been included currently; (2) the diversity of acupuncture
methods, especially MA, contributed to the heterogeneity of the
clinical outcome, and the results based on the STRICTA checklist
found that the reporting of acupuncture details in existing studies
is still incomplete, which limits our possibility to improve the
quality of clinical evidence; and (3) the included studies still used
efficiency as the primary assessment of acupuncture effectiveness.
Nevertheless, pain intensity and pain threshold, indicators of patient
pain evaluation, are still rarely used as the primary assessment in the
literature. Therefore, changes in pain on patients with sciatica require
further attention in the future.

In the
methodologically rigorous studies are needed to evaluate the

future research on RCTs, well-designed and
true effects of acupuncture objectively on sciatica with a view to
ultimately providing high-quality evidence for clinical practice.
Fewer studies are currently undergoing pre-registration, and we
strongly urge registry centers to prospectively register study protocols
so that others follow these studies. In addition, it is quite difficult
to achieve the blinding of acupuncturists but may be necessary
and feasible for patients and outcome assessors. The assessment
of outcome indicators also needs to be conducted on a uniform
scale. In addition, high heterogeneity was reflected in a set of
acupuncture-related factors, including acupoints, retention time of
needles, acupuncturists’ qualifications, and so on, and exploring
heterogeneity in depth depends on the detailed description of the
aforementioned factors. Therefore, we also expect that, with the help
of the STRICTA checklist, more standardized acupuncture RCTs can

be expected in the recent future.

Conclusion

In summary, acupuncture therapy on sciatica was superior to
MT or SA intervention, both in terms of clinical efficacy and
safety, which suggested that acupuncture could be recommended
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as a feasible alternative therapy for patients with sciatica. However,
given the high heterogeneity and low methodological quality of
previous studies, future RCTs should be well-designed according to
the rigorous methodology.
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Background: Traditional Chinese exercise has been shown to be effective in relieving
long-term chronic pain, physical dysfunction, decreased ability to participate in
society and decreased quality of life in musculoskeletal diseases. In recent years,
there has been a steady increase in publications on the treatment of musculoskeletal
disorders by traditional Chinese exercises. The purpose of this study is to review the
characteristics and trends of Chinese traditional exercise studies on musculoskeletal
diseases published since 2000 through bibliometric analysis, and identify current
research hotspots, so as to guide the direction of future research.

Methods: Publications regarding traditional Chinese exercises for musculoskeletal
disorders from 2000 to 2022 were downloaded from the Web of Science Core
Collection. VOSviewer 1.6.18 and CiteSpace V software were used for bibliometric
analyses. Bibliometric visualization and comparative analysis were conducted
for authors, cited authors, journals, co-cited journals, institutions, countries,
references, and keywords.

Results: A total of 432 articles were obtained, with an upward trend over time. The
most productive countries and institutions in this field are the USA (183) and Harvard
University (70). Evidence-based Complementary and Alternative Medicine (20) was
the most prolific journal, Cochrane Database System Review (758) was the most
commonly cited journal. Wang Chenchen published the largest number of articles
(18). According to high frequency keywords, the hot spot musculoskeletal disorder
and the type of traditional Chinese exercise are knee osteoarthritis and Tai Chi.

Conclusion: This study provides a scientific perspective for the research of traditional
Chinese exercises for musculoskeletal disorders and provides valuable information
for researchers to discover the current research status, hot spots and new trends of
future research.

traditional Chinese exercises, musculoskeletal disorders, bibliometric, VOSviewer, CiteSpace
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Background

Musculoskeletal disorders are a group of diseases of the body’s
motor structures, particularly the bones, joints, muscles, fascia, and
other supporting structures such as ligaments and cartilages (Safiri
et al., 2021). Musculoskeletal disorders include neck pain, low back
pain, osteoarthritis, rheumatoid arthritis and other diseases (Jin et al.,
2020). Many musculoskeletal disorders are recurrent or lifelong,
with the main consequences are long-term chronic pain, physical
dysfunction, self-care ability, social participation and reduced quality
of life (Tung et al,, 2021). Patients with musculoskeletal disorders
are more likely to suffer from depression, anxiety, and further
exacerbation of musculoskeletal disorders (Singh, 2022). Long-
term musculoskeletal disorders may even increase the incidence of
accidental disability and death, especially in the elderly. According
to the WHO, falls are the leading cause of injury and death among
older adults which also the second leading cause of unintentional
injury deaths worldwide. Musculoskeletal disorders such as muscle
weakness, knee osteoarthritis, and fractures are risk factors for falls
(Dunlop et al., 2014; Wang et al., 2022b). Epidemiological studies in
many developed countries show that musculoskeletal disorders are
characterized by high rates of disability and absenteeism (Shanahan,
2019). It has a serious negative impact on the social life and emotions
of patients, especially elderly patients. It causes great trouble to
human health and great economic burden to individuals, families and
even the society (Wu et al,, 2021). Studies have shown that obesity,
poor nutrition, smoking habits, excessive exercise and occupational
injuries are all risk factors for musculoskeletal disorders.

Adjusting diet, moderate exercise, quitting smoking and
drinking, are considered to be effective ways to reduce the incidence
of muscle diseases and treat musculoskeletal diseases (Gwinnutt
et al,, 2022a,b). Traditional Chinese exercises is a kind of physical
and mental exercise and complementary medical exercise therapy
with Chinese cultural characteristics (Guo et al,, 2016). Common
traditional Chinese exercises include Tai Chi, Yi Jin Jing, Baduanjin,
Wuginxi and so on (Feng et al,, 2020). Traditional Chinese exercises
are low-intensity aerobic exercise suitable for people of all ages due to
its slow and gentle movements. For example, Tai Chi is a traditional
Chinese exercise which is widely regarded as a physical and mental
exercise (Zou et al,, 2018). Tai Chi is widely practiced for its health
benefits (Lan et al., 2013). Tai Chi is a low intensity, non-competitive
and non-impact exercise. It puts emphasis on the coordination of
breathing, thinking and physical activity. The traditional Chinese
exercises are gradually formed on the basis of the holistic concept
of Traditional Chinese medicine, with the theory of five elements,
Yin and Yang, meridians and zangfu. Many studies have shown that
Tai Chi is beneficial for the medical management of musculoskeletal
disorders such as neck pain, low back pain, knee osteoarthritis,
Fibromyalgia and so on (Zhang et al., 2017; Slomski, 2018; Xie et al,,
2021; Wang et al., 2022a.

Bibliometrics is widely used to discover research hotspots
and analyze research results and research trends, which can help
researchers identify current research hotspots and guide future
research directions. In recent years, bibliometrics has been applied
to Traditional Chinese exercises research fields, such as Tai Chi and
traditional Chinese exercises for pain so on (Zhang et al,, 2020a;
You et al, 2021). But no article has ever been written to analyze
the treatment of musculoskeletal disorders by traditional Chinese
exercises from a bibliometric perspective.
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Therefore, from the perspective of bibliometrics, this article
sorts out and summarize the development, research hotspots
and development trends of traditional Chinese exercises for
musculoskeletal research. The aim of this study is to provide an
overview of the published characteristics and trends of traditional
Chinese exercises for musculoskeletal disorders since 2000 through
bibliometric analysis.

Materials and methods

Data sources and search strategy

We selected Web of Science Core Collection (WoSCC) as the data
source to identify and extract relevant publications. To cover as many
target documents as possible, we chose terms that most scientific
publications might use to build the search strategy. Terms related
to traditional Chinese exercises and musculoskeletal disorders were
extracted from the Medical Subject Headings (MeSH) in PubMed
(Supplementary material for retrieval information). In order to
avoid possible problems such as duplication, missing or inconsistency
with the theme, it is necessary to screen and standardize the data
before analysis to avoid the quality of the data itself affecting the
results. The detailed search strategy is in Supplementary material.

The inclusion criteria are as follows:(1) The literature retrieval
period is from 1 January 2000 to 14 August 2022; (2) the literature
type is “article” and “review;” and (3) the language type is English.

The exclusion criteria are as follows: (1) The literature whose
research topic was not related to the traditional Chinese exercise
exercises for musculoskeletal diseases; (2) Letters, reports, short
papers or briefs.

The errata type of documents resulted in 432 papers. The data
collection flow chart is shown in Figure 1.

The steps of data review and screening in this study were
as follows: (1) Two team members independently reviewed the
articles and screened out the articles which were inconsistent with
the research topic. These controversial articles were voted out
by our team. (2) We corrected and harmonized of the selected
articles, institutions and countries in order to avoid the influence of
author, institution, country name on the results. (3) Keywords were
standardized, because the non-standardized keywords would lead to
meaningless repetition in the keyword co-occurrence graph due to
the inconsistency of pos and plural and singular versions, so keywords
were standardized.
three
“Meta
“meta-analysis” in this study.

For example, the keywords of “metaanalysis,”

“meta  analysis,;” and analysis” are unified as

Statistical analysis

VOSviewer 1.6.18 and CiteSpace 6.1.R1 software were used to
conduct bibliometrics analysis on key characteristics of literatures
such as the number of publications, countries/regions, institutions,
authors, journals, literatures, keywords and so on. VOSviewer
and CiteSpace are widely used bibliometric tools. VOSviewer is
a freely available program which has the added advantage of
graphical representation in bibliometric mapping by displaying
large bibliometric maps in an easy-to-interpret manner. CiteSpace
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FIGURE 1
Flow diagram of literature search and screening.

is a free and available program, which has greater advantages
in intuitively catching up the research hotspots and evolutionary
processes of various fields in the knowledge system and predicting
the development trends of various fields.

Results

Analysis of annual publications

Figure 2 shows the number of published in the field of traditional
Chinese exercises for musculoskeletal disorders. From 2000 to 2006,
there were few publications on the treatment of musculoskeletal
disorders by traditional Chinese exercises. The number of articles
was no more than five which indicated that this research field has
not received attention. The number of publications from 2007 to
2014 was significantly higher than that before 2006, but the number
of publications during the period did not change much, indicating
that this field has gradually attracted attention. From 2014 to 2021,
the number of publications was increased. Although the number of
documents issued will decrease after 2020, this may be because the
arrival of COVID-19 has hindered the traditional Chinese exercises,
which is mainly clinical research. This trend is consistent with what
has been observed in other areas of research. From the trend of
Figure 2, It is found that more research on traditional Chinese
exercises for musculoskeletal disorders is being conducted.

Analysis of journal

A total of 432 publications related to Chinese traditional exercise
for musculoskeletal disorders were published in 209 journals. Table 1
shows the top 10 journals in terms of number of publications. Most
of the publishers of these journals are located in the USA or England.

Frontiers in Neuroscience

The top three journals in terms of the number of publications are
Evidence Based Comprehensive and Alternative Medicine, Medicine
and Journal of Alternative and Comprehensive Medicine.

The analysis of co-citation journals shows that important
knowledge sources are distributed in a specific field. Our statistical
analysis results show that 4,113 articles published in Chinese
traditional exercise for musculoskeletal disorders have been co-cited.

Table 2 shows the top 10 cited journals in terms of number of
publications. The most frequently cited journal is Cochrane Database
of Systematic Reviews, followed by Journal of Rheumatology and
Pain. We found that most of the top 10 journals cited were in QI,
indicating that the research in this field mainly cited high-quality
journals. According to the citation analysis of journals, the most cited
journal is Annals of Internal Medicine, a high-level journal in the
medical field, with a total of six articles, a single article was cited 75.83
times. This shows that the quality of the articles published in this
journal is high and have received extensive attention in this research
field.

Figure 3 is a dual-map superposition of the references in
traditional Chinese exercises for musculoskeletal disorders research.
Cited journals are on the left and co-cited journals are on the right.
The reference link comes from the journal on the left side of the
map and points to the journal on the right side of the map. The
green path indicates that documents published in “medicine, medical
clinical” journals are often cited by “health, nursing, medicine, sports,
rehabilitation, sport” and “psychology, education, social” journals.
Pink path indicates that documents published in journals are often
cited by “health, nursing, medicine, sports, rehabilitation, sport”
journals.

Analysis of country and institutions

VOSviewer is used to generate a network visualization map. In
order to make the network clear, 16 countries/regions that publish at
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TABLE 1 Top 10 journals with the highest frequency with traditional Chinese exercises for musculoskeletal disorders.

Publications |[Country| Citations Average Categories Quartile
citation/ (JCR)
publication
1 Evidence-Based 20 England 342 17.10 2.650 Integrative and
Complementary and complementary
Alternative Medicine medicine
2 Medicine 18 USA 38 2.11 1.817 Medicine, general, Q3 Yes
and internal
3 Journal of Alternative 17 USA 390 22.94 2.381 Integrative and Q3 No
and Complementary complementary
Medicine medicine
4 Complementary 10 England 172 17.20 3.335 Integrative and Q2 Yes
Therapies in Medicine complementary
medicine
5 Bmc Musculoskeletal 7 England 185 26.43 2.562 Orthopedics Q3;Q4  Yes
Disorders rheumatology
5 Cochrane Database of 7 England 767 109.57 11.874 Medicine, general, Q1 No
Systematic Review and internal
5 Osteoarthritis and 7 England 245 35.00 7.507 Orthopedics Q1;Q1 No
Cartilage rheumatology
5 Pain Medicine 7 USA 245 35.00 3.637 Anesthesiology Q2; Q2 No
medicine, general,
and internal
5 Trials 7 England 56 8.00 2.728 Medicine, general, Q4 Yes
and internal
10 Arthritis Care and 6 USA 2,132 355.33 5.178 Rheumatology Q2 No
Research
10 British Journal of Sports 6 England 657 109.50 18.479 Sport sciences Q1 No
Medicine
10 Current Pain and 6 USA 290 48.33 3.904 Clinical neurology Q2 No
Headache Reports
10 Journal of Physical 6 Japan 92 15.33 0.392 Rehabilitation Q4 No
Therapy Science
10 PLoS One 6 USA 333 55.50 3.752 Multidisciplinary Q2 Yes

sciences

least five articles are visualized. The size of the node is determined
by the number of published articles (the more the number, the
larger the node). The lines between nodes represent the cooperation
between countries/regions (the stronger the cooperation, the wider
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the lines). The number of total link strength reflects the strength of
cooperation between countries/regions. From 2000 to 2022, articles
on traditional Chinese exercises for musculoskeletal disorders came
from 38 different countries/regions independently or cooperatively.
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TABLE 2 Top 10 cited journals with the highest frequency with traditional Chinese exercises for musculoskeletal disorders.

reve) G ourie v

Cochrane Database of Systematic Reviews England 11.874 Medicine, general and internal
2 Journal of Rheumatology 556 Canada 5.346 Rheumatology Q2
3 Pain 502 USA 7.926 Neurosciences clinical neurology Q1;Q1; Q1
anesthesiology
4 Arthritis & Rheumatism-Arthritis Care & Research 489 USA / Rheumatology /
(Arthritis and Rheumatism)
5 Archives of Physical Medicine and Rehabilitation 453 USA 4.06 Rehabilitation sport sciences QL Q1
6 Journal of Alternative and Complementary 408 USA 2.381 Integrative and complementary Q3
Medicine medicine
7 Spine 402 USA 3.269 Orthopedics clinical neurology Q3;Q2
8 Journal of the American Geriatrics Society 392 USA 7.538 Gerontology geriatrics and QL Q1
gerontology
9 Annals of Internal Medicine 329 USA 51.598 Medicine, general, and internal Q1
10 Osteoarthritis and Cartilage 327 England 7.507 Orthopedics rheumatology QL Q1

5. PHYSICS, MATERIALS, CHEMISTRY
3. ECOLOGY, EARTH, MARINE

7. VETERNARIZANIMAL, SCIENCE
s 1. MATHEMATICS, SYSTEMS, MATHEMATICAL

LOGY, IMMUNOLOGY

9. DENTISTRY, DERMATOLOGY, SUBG!

2. MEDICINESMIERICAL,

6. PSYCHOLOGY, EBUGA

o

FIGURE 3
The dual-map overlay of journals.

TABLE 3 Top 10 countries for publications of traditional Chinese exercises
for musculoskeletal disorders.

citations/
publication
9,308 50.86
2 China 129 2,151 16.67
3 Canada 41 4,602 112.24
4 Australia 31 1,761 56.81
5 Germany 25 828 33.12
6 England 23 1,129 49.09
7 South Korea 16 568 35.5
8 Italy 12 107 8.92
9 Spain 11 222 20.18
9 Sweden 11 422 38.36

Table 3 shows top 10 countries for publications of traditional Chinese
medicine in musculoskeletal disorder. The publications authors are
mainly from the USA, with 183 articles published, followed by China

Frontiers in Neuroscience
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(129). Canada (41), Australia (31), and Germany (25) also made
considerable contributions to the research of Chinese traditional
exercise for musculoskeletal disorders.

Table 4 shows top 10 institutions with the highest frequency of
traditional Chinese exercises for musculoskeletal disorders. In order
to make the network clear, 36 institutions that publish at least five
articles are visualized (Figure 4). The top 10 institutions with the
largest number of publications have been identified, including 4 from
China, 3 from the USA, 2 from Australia, 1 from Canada and 1 from
Germany. The distribution of the top 10 organizations in terms of
the number of documents issued is consistent with the distribution
characteristics of each country. Among them, Harvard University
contributed 31 articles to the largest number of publications in
the USA. Shanghai University of Traditional Chinese Medicine
contributed 17 articles to the largest number of publications in China.
From the time line of articles published by institutions generated by
VOSviewer, around 2020, university of traditional Chinese medicine,
especially Shanghai University of Traditional Chinese Medicine
and Chengdu University of Traditional Chinese Medicine paid
more attention to the research of traditional Chinese exercises on
musculoskeletal treatment.
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TABLE 4 Top 10 Institutions with the highest frequency of traditional
Chinese exercises for musculoskeletal disorders.

10.3389/fnins.2023.1096789

TABLE 5 Top 10 authors for publications on traditional Chinese exercises

for musculoskeletal disorders.

Rank |Country Publications | Citations | Average Rank |Author Publications| Citations | Average
citations/ citations/
publication publication
1 Harvard University 31 972 31.35 1 Wang, Chenchen 18 946 52.56
2 Tufts University 22 1,616 73.45 2 Harvey, William F 11 356 32.36
3 Shanghai University 17 139 8.18 3 Driban, Jeffrey B 10 401 40.10
of Traditional X X
. . 3 Price, Lori Lyn 10 401 40.10
Chinese Medicine
3 Zou, Li 10 330 33.00
4 Shanghai University 15 255 17.00 o, ~ye
of Sport 6 Wayne, Peter M 9 248 27.56
5 University of Ottawa 13 2,077 159.77 7 Dobos, Gustav 8 290 36.25
6 The Chinese 12 456 38.00 8 Cramer, Holger 7 138 19.71
University of
niversity o 8 Mcalindon, Timothy 7 657 93.86
Hong Kong
X X 8 Rones, Ramel 7 655 93.57
7 University of 12 427 35.58
Duisburg-Essen
8 Fujian University of 11 161 14.64 - - -
Traditional Chincse Analysis of cited reference and co-cited
Medicine reference
9 North Carolina 11 970 88.18
University Table 6 shows the most cited articles in the field of traditional
10 The University of 10 %61 96.10 Chinese exercises for musculoskeletal disorders. Among the top
Sydney 10 most cited publications on traditional Chinese exercises for
10 University of 10 1,180 118.00 ml.lscu.losk.eletal dlsorderst t.here was ﬁYe systematic reviews, three
Toronto guideline literature, one clinical randomized controlled trial and one

Analysis of authors

Table 5 shows the top ten authors in this field. Among the authors
in the field of traditional Chinese exercises for musculoskeletal
disorders, Wang CC published the most articles (Zhang et al., 2017),
which were cited 946 times, with an average of 52.56 times. Three
of the top five articles cited in total are published by Wang CC. The
top five active authors all published at least 10 articles. Mcalindon
Timothy is the researcher who has cited the most per article, with an
average of 93.86 times for each article.

review. The results show that high quality systematic review can sort
out the evidence of clinical research in this field and get higher level
evidence.

Co-citation means that two articles appear in the citation of
the third cited article at the same time, thus forming a co-citation
relationship. Co-citation indicates that the cited literature is related
to the corresponding research in terms of content and the literature
usually contains high-quality content with significant influence in a
specific research field. In addition, the relationship between literature
co-citations may change over time. The study of the influence of
network on literature co-citation can facilitate the investigation of the
development and evolution of specific disciplines.

Italy
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@ Spain
C a.aa Australia
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6% VOSviewer

FIGURE 4
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Map of countries with publications in traditional Chinese exercises for musculoskeletal disorders research from 2000 to 2022.

206

Frontiers in Neuroscience frontiersin.org


https://doi.org/10.3389/fnins.2023.1096789
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

Guan et al.

10.3389/fnins.2023.1096789

TABLE 6 The top 10 references based on the number of citations traditional Chinese exercises for musculoskeletal disorders.

Corresponding |Document | Year |Journal
author type

1 1,817 American College of Rheumatology 2012 |Hochberg, Marc C. Hochberg, Marc C Article 2012 |Arthritis Care 5.178
recommendations for the use of and Research
non-pharmacologic and pharmacologic
therapies in osteoarthritis of the hand, hip,
and knee

2 911 Non-invasive treatments for acute, Qaseem, Amir Qaseem, Amir Article 2017 Annals of 51.598
subacute, and chronic low back pain: A Internal
clinical practice guideline from the Medicine
American College of Physicians

3 626 2019 American College of Kolasinski, Sharon Kolasinski, Sharon L  |Article 2020 Arthritis and 15.483
Rheumatology/Arthritis Foundation L. Rheumatology
Guideline for the Management of
Osteoarthritis of the Hand, Hip, and Knee

4 341 Non-pharmacologic therapies for low back |Chou, Roger Chou, Roger Review 2017  |Annals of 51.598
pain: A systematic review for an American Internal
College of Physicians Clinical Practice Medicine
Guideline

5 308 Exercise for osteoarthritis of the knee: A Fransen, Marlene |Van der Esch, Martin |Review 2015 British Journal 18.479
Cochrane systematic review of Sports

Medicine

6 299 The effect of Tai Chi on health outcomes in |Wang, CC Wang, CC Review 2004 Archives of /
patients with chronic conditions-A Internal
systematic review Medicine

7 260 Effects of Tai Chi exercise on pain, balance, Song, R Bae, SC Article 2003 Journal of 5.346
muscle strength, and perceived difficulties Rheumatology
in physical functioning in older women with
osteoarthritis: A randomized clinical trial

8 255 Physical activity and exercise for chronic Geneen, Louise ] |Geneen, Louise J. Review 2017 Cochrane 11.874
pain in adults: An overview of cochrane Database of
reviews Systematic

Reviews

9 247 A review of the clinical evidence for exercise Bennell, Kim L. Bennell, Kim L. Review 2011 Journal of 4.597

in osteoarthritis of the hip and knee Science and
Medicine in
Sport

10 209 Tai Chi: Physiological characteristicsand ~ |Li, JX Li, JX Review 2001 British Journal 18.479

beneficial effects on health of Sports
Medicine

Table 7 shows the most frequently cited articles published in the
field of traditional exercise exercises for musculoskeletal disorders.
Among the top 10 most cited publications on traditional Chinese
exercises for musculoskeletal disorders, there were seven clinical
randomized controlled trials, two reviews, one guideline literature
and one systematic review. The results show that high quality clinical
research is the focus of researchers in this field, which is helpful
for the research in the field of traditional Chinese exercises for
musculoskeletal disorders.

Analysis of co-occurrence keyword

Keywords with high frequency can reveal hot spots in past
research and keywords with strong burst power can predict future
research frontiers. By August 2022, the top 10 keywords of
frequency were Tai Chi, Exercise, Pain, Older Adult, Randomized
Controlled Trial, Osteoarthritis, Quality of Life, Knee Osteoarthritis,
Management and Low Back Pain (Table 8). According to the
high-frequency keywords, we can infer that knee osteoarthritis is the
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most frequently studied musculoskeletal disorder in this field, and Tai
Chi is the most frequently studied traditional Chinese exercises in this
field.

In this study, 432 articles were merged and classified by
VOSviewer, 83 keywords that were used more than 10 times were
clustered and analyzed. The results are shown in Figure 5 and Table 9.
In the VOSviewer keyword network visualization, 83 keywords are
grouped into clusters and different clusters are labeled with different
colors. As shown in Figure 5, The clusters of red, green and blue
were found. The red and green clusters are relatively independent,
while the blue clusters are associated with both red and green clusters.
The main keywords in the red cluster are Randomized Controlled
Trial; Low Back Pain; Meta Analysis; Rheumatoid Arthritis; The
main keywords of green cluster Tai Chi; Exercise; Older Adult;
Osteoarthritis; Quality of Life. The main keyword of blue cluster is
Pain; Knee Osteoarthritis; Management.

The VOSviewer keyword symbiosis visualization hotspot map
can identify hotspots in the field of traditional Chinese exercises for
musculoskeletal research where most of the research was conducted.
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TABLE 7 The top 10 co-cited references based on the number of citations traditional Chinese exercises for musculoskeletal disorders.

91

irst author |Corresponding
uthor

Document
typ

1 Tai Chi is effective in treating knee Wang, CC Wang, CC Article 2009 |Arthritis and /
osteoarthritis: A randomized controlled trial Rheumatism
2 82 Effects of Tai Chi exercise on pain, balance, |Song, R Bae, SC Article 2003 Journal of 5.346
muscle strength, and perceived difficulties in Rheumatology
physical functioning in older women with
osteoarthritis: A randomized clinical trial
3 67 Physical activity for osteoarthritis Fransen, Marlene |Fransen, Marlene Article 2007  |Arthritis and /
management: A randomized controlled Rheumatism
clinical trial evaluating hydrotherapy or Tai
Chi classes
4 65 A randomized trial of Tai Chi for Wang, CC Wang, CC Article 2010  New England 176.082
fibromyalgia Journal of
Medicine
5 63 Group and home-based Tai Chi in elderly ~ |Brismee, Shen, Chwan-Li Article 2007  Clinical 2.884
subjects with knee osteoarthritis: A Jean-Michel Rehabilitation
randomized controlled trial
6 61 The effect of Tai Chi on health outcomes in |Wang, CC Wang, CC Review 2004  |Archives of /
patients with chronic conditions-A Internal
systematic review Medicine
7 51 Effects of tai chi training on function and Hartman, CA Hartman, CA Article 2000 Journal of The 7.538
quality of life indicators in older adults with American
osteoarthritis Geriatrics
Society
8 49 Tai chi Qigong for the quality of life of Lee, HJ Lee, HJ Article 2009  Clinical 2.884
patients with knee osteoarthritis: A pilot, Rehabilitation
randomized, waiting list controlled trial
9 34 Development of criteria for the classification R. Altman R. Altman Review 1986  |Arthritis and /
and reporting of osteoarthritis. Classification Rrheumatism
of osteoarthritis of the knee. Diagnostic and
therapeutic criteria committee of the
American rheumatism association
10 33 Validation study of WOMAC: a health status N Bellamy N Bellamy Review 1988  |Journal of 5.346
instrument for measuring clinically Rrheumatology
important patient relevant outcomes to
antirheumatic drug therapy in patients with
osteoarthritis of the hip or knee
10 33 Challenges inherent to t'ai chi research: Part |Wayne, PM Wayne Review 2008  Journal of 2.381
I-t'ai chi as a complex multicomponent Alternative and
intervention Complementary
Medicine

Keywords were clustered in the heat map, keywords with different
frequencies presented different colors, such as the high density (red)
among the above keywords.

Analysis of keyword burst

Keyword burst is a valuable indicator reflecting the most active
research topic in this field. It can not only reflect research hotspots
in this field, but also reflect changes in hotspots and predict future
research trends. As shown in Figure 6, the top 15 keywords with the
strongest strength of burst are presented. The changes in keyword
outbreaks over the past 22 years have proved the evolution of
the hotspots of traditional Chinese exercises for musculoskeletal
disorders. The keyword “cardiorespiratory function” had a strength
of 3.41 from 2000 to 2011. The keyword “self-efficiency” has the
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longest cycle, which is 12 years and the strength is 3.31. The
remaining eight keywords which have received more attention
since 2016 are the focus of current research in this field. The
keywords of explosion include “outcome” (strength = 4.13), “physical
therapy” (strength = 3.9), “neck pain” (strength = 3.2), “people”
(strength = 3.24), “systematic review” (strength = 7.26), “disease”
(strength = 3.99), “meta-analysis” (strength = 3.32) and “prevention”
(strength = 3.25).

Discussion

General information

From 2000 to 2022, the number of publications on traditional
Chinese exercises for musculoskeletal disorders showed an increasing
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TABLE 8 Top 20 keywords in the treatment of traditional Chinese exercises
for musculoskeletal disorders.

Rark —Keyword frequence |

1 Tai chi 231
2 Exercise 152
3 Pain 112
4 Older adult 105
5 Randomized controlled trial 103
6 Osteoarthritis 85
6 Quality of life 85
8 Knee osteoarthritis 80
9 Management 80
10 Low back pain 71
11 Physical activity 58
12 Meta analysis 53
13 Balance 51
14 Rheumatoid arthritis 50
15 Health 49
16 Qigong 48
17 Clinical trials 46
18 Efficacy 43
19 Fibromyalgia 42
20 Arthritis 39

trend. This research field has attracted more and more scholars’
attention and become a new hot field. This phenomenon may
be related to the clinical effect of Chinese traditional exercise as
complementary alternative medicine and sports medicine in the
treatment of musculoskeletal disorders.

The top 10 journals published 130 articles, accounting for
30.09% of the total number of articles published, indicating
that the top 10 academic journals have a strong interest in
the articles on musculoskeletal research of traditional Chinese
exercises. Among them, Medicine, evidence-based complementary
and alternative medicine and other journals belong to OA
journals, indicating that the strong development of open-access
journals in recent years has greatly promoted the research
progress in this field. Most of the journals belong to the
category of complementary and alternative medicine, indicating
that the field of complementary and alternative medicine is more
interested in the musculoskeletal disorders research of traditional
Chinese exercises.

The USA is the first country to study this field. Meanwhile, two of
the top five institutions are from the USA, led by Harvard University.
All these indicate that the USA is the most influential country in
the field of traditiona