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Objective: This study aimed to investigate the effect of a two-week machine
massage on the physical properties of the erector spinae and serum biochemical
indexes of adolescent athletes after training.

Methods: Sixteen male adolescent wrestlers were recruited (age: 15 ± 1 year;
height: 166 ± 7 cm; weight: 56 ± 7 kg) and randomly assigned tomachinemassage
(MA, 8) and control (CO, 8) groups. Participants in the MA group receivedmachine
massage for 20 min after each wrestling training fromMonday to Saturday (except
on Thursday) for two weeks, while the participants in the CO group recovered
naturally. Over the course of two weeks, all the participants underwent similar
wrestling training programunder the guidance of a professional coach. Before and
after the intervention, serumurea and creatine kinase (CK) levels weremeasured in
a fasting state. A Myoton Pro digital muscle evaluation system was used to
measure the physical properties of the erector spinae, including the oscillation
frequency, logarithmic decrement of a muscle’s natural oscillation, and dynamic
stiffness.

Results: After two weeks of machine massage treatment, the dynamic stiffness of
the erector spinae in the MA group decreased by 12.90% and that in the CO group
increased by 2.34%, indicating a significant difference between the two groups
(p = 0.04, ƞ2 = 0.286). The decrease in the logarithmic decrement of a muscle’s
natural oscillation value in the MAwas significantly greater than that in the CO (p =
0.003, ƞ2 = 0.286). Moreover, the serum CK values decreased by 33.84% in the MA
group and by 1.49% in the CO group, despite a trend of change between the
groups (p = 0.062, ƞ2 = 0.084). No significant difference was found in the
improvement in serum urea levels between the two groups after two weeks of
treatment.

Conclusion: Results of the present study indicated that a two-week machine
massage had a positive effect on the improvement of the physical properties of the
erector spinae of wrestlers during training.
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1 Introduction

Early sports specialization appears to be increasingly common among athletes (Jayanthi
et al., 2013). In the nationwide competitive sports system in China, the organization of
adolescent sports training is orderly and standardized, in which teenagers enter residential
sports schools for sports specialization training and cultural learning by age. This kind of
year-round engagement in intense training programs in a single sport at an early age may
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produce physiological adaptations, such as cardiovascular,
respiratory, muscle, and bone (Zauner et al., 1989). Meanwhile,
early sports specialization may result in injuries due to exercise-
induced fatigue in some young athletes (DiFiori et al., 2014). As a
result, the elimination of exercise-induced muscle fatigue in young
athletes is a prerequisite to ensure sustained and effective
completion of exercise load and prevention of sports injuries.

Massage is a widely used form of therapy, especially as an
effective means for athletes to decrease muscle stiffness, increase
joint range of motion, prevent delayed onset of muscle soreness, and
improve exercise performance (Kang et al., 2021). Currently, many
coaches and athletes believe in the beneficial effects of massage
during training and competition. A study in the United Kingdom
showed that for the past 11 years, massage treatment was
administered for approximately 45% of the total time in
physiotherapy treatment (Galloway and Watt, 2004). The
mechanisms through which these goals are achieved are
proposed to increase the range of motion (ROM), decrease
muscle stiffness, increase blood flow and muscle temperature
(Black et al., 2003), and reduce spinal reflex excitability (Morelli
et al., 1999). Moreover, the mechanical pressure involved bymassage
decrease tissue adhesion, and increase muscle-tendon compliance by
mobilizing and elongating shortened or adhered connective tissue,
which results in a less stiff muscle-tendon unit (Magnusson S.,
1998). Paradoxically, inconsistent findings have been conveyed to
improve the physical properties of the muscles resulting from
massage after exercise or training. A study reported that healthy
women were massaged for 10 min after maximum intensity exercise
on a bicycle ergometer, and the muscle stiffness was significantly
reduced at 5 and 20 min after massage (Ogai et al., 2008). In healthy
individuals, muscle stiffness decreased significantly after 7 min of
massage on the gastrocnemius, and this effect was short-lived and
quickly returned to baseline values after cessation of the massage
(Eriksson Crommert et al., 2015). In contrast, no changes were
found in passive calf muscle stiffness with or without a bout of 10-
min deep tissue massage (Thomson et al., 2015). The inconsistent
findings regarding the effects of massage on muscle physical
properties after exercise may be caused by differences in massage
techniques and duration, varying pressure, and degree of exercise-
induced muscle fatigue (Weerapong et al., 2005; Janecki et al., 2011).

A reliable outcome measure of muscle properties is critical for
assessing the therapeutic efficacy of massage after intervention.
Currently, mature techniques for the diagnosis of muscle
function, such as electromyography, magnetic resonance imaging,
ultrasound imaging, and tensiomyography have been widely applied
in the fields of clinical medicine and sports science (Goo et al., 2020).
However, considering the complex testing process, high cost and
inconvenience in the process of application, a hand-held, non-
invasive myotonometry device (i.e., the Myoton Pro) has been
applied in measuring muscle mechanical properties, which
applies a brief (15 ms) mechanical impulse to elicit damped
oscillations of the muscle, and then calculated the oscillation
frequency (F), logarithmic decrement of a muscle’s natural
oscillation (D), and dynamic stiffness of the muscle (S) (Li Ya-
peng et al., 2018), which reflected muscle tension, elasticity, and
stiffness, respectively. Logarithmic decrement of a muscle’s natural
oscillation is inversely proportional to its elasticity. Myotonometers
have been validated and demonstrated to be reliable in a variety of

populations, including athletes (Pruyn et al., 2016), healthy
individuals (Lam et al., 2015), and patients with chronic diseases
(Chuang et al., 2012; Chuang et al., 2013).

Wrestling is a high-risk contact sport. Wrestlers usually perform
flexion and extension and torsion at the waist, such as high bridge
motion during training; however, trunk muscles are very important
in supporting and stabilizing the lumbar spine (Iwai et al., 2004;
Chaabene, H. et al., 2017).Wrestlers’ long-term training causes waist
muscle fatigue, which leads to an increase in the probability of low
back pain (Iwai et al., 2004). Additionally, chronic low back pain can
be caused by trunk muscular weakness in young wrestlers
(Carpenter and Nelson, 1999). A previous study reported that
approximately 70% of wrestlers had low back pain (Lundin et al.,
2001). Therefore, eliminating muscle fatigue in wrestlers after daily
training is an important issue for improving training effect and
quality. However, previous studies have focused on the effect of one-
time massage, and few studies have investigated the cumulative
effects of relatively long-term massage on exercise-induced fatigue
(i.e., muscle stiffness).

This study aimed to investigate the effect of machine massage on
physical properties and serum biochemical indices after a short-term
habitual training in adolescent wrestlers. Given that the knowledge
of exercise-induced symptoms of muscle soreness usually lasts for
several days and that fatigue accumulation may lead to spontaneous
muscle injuries in athletes. We hypothesized that relatively long-
term machine massage (i.e., two weeks) would improve the physical
properties of the muscle.

2 Materials and methods

2.1 Participants

This study was approved by the Ethics Committee of the
Wenzhou Medical University (code: 2021–008). Written
informed consent to participate in this study was provided by
the participant’s legal guardian. A power calculation was
performed to determine the sample size using G * Power
(version 3.1) before recruitment. Assuming a large effect size
of 0.64 based on serum CK levels and power of 0.80 with an alpha
of 0.05, a total sample size of 16 participants was sufficient for the
present study (Guo et al., 2017). Sixteen eligible male wrestlers
from a residential sports school were included (age: 15 ± 1 year;
height: 166 ± 7 cm; weight: 56 ± 7 kg), and all of them had more
than three years of wrestling training experience, with no
previous injuries during the six months prior to the study.
Routine activities (exercise training, cultural learning,
accommodation, and diet) were strictly scheduled.

2.2 Study design

Under the guidance of the same coach, all subjects underwent
the same wrestling training program (attachment) in the week
before the experiment as during the intervention, which included
wrestling technique, strength, endurance, and flexibility exercises.
The training load was evaluated by rating the perceived exertion
(Borg 6–20 RPE scale).
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The baseline muscle properties and serum biochemical indices
were measured on Sunday morning, a day before the intervention.
The participants were then randomly assigned to the massage group
(MA, n = 8) or the control group (CO, n = 8) through lottery
method.

Subsequently, the participants in the MA group received 20 min
of machine massage after each wrestling training session on
Mondays, Tuesdays, Wednesdays, Fridays, and Saturdays for two
weeks, whereas the participants in the CO took a natural rest
recovery for 20 min (Figure 1). No machine massage intervention
was performed on Thursday because of the relatively small amount
of training load on that day. Muscle properties and serum
biochemical indices were measured again after the two-week
machine massage intervention by the same investigator. During
the study period, participants were requested tomaintain a same diet
and consistent routine activities (including morning cultural course
learning, afternoon wrestling training and evening cultural course
learning).

2.3 Machine massage schedule

A massage chair (A307, iRest Health Technology Co. LTD.,
Zhejiang Province, P.R. China) was used as a massage technique for
20 min each time, five days a week for two weeks in the MA

group. Thirty minutes after the wrestling training in the
afternoon, the participants in the MA group leaned back in the
massage chair in the resting room at a temperature of 25°C and
humidity of 67%, whereas the mechanical arm kneaded the erector
spinae muscle for 10 min first, then tapped for 10 min (Figure 2).
The parameters of the massage chair included the kneading
technique with a frequency of 1 Hz and an amplitude of 5–8 cm,
and the tapping technique with a frequency of 10 Hz and an
amplitude of 1–2 cm.

2.4 Parameters of muscle physical
properties measurement

After obtaining blood samples, all the participants lay prostrate
on a bed and were kept in a relaxed state. A hand-held
myotonometry device, Myoton Pro (Myoton AS, Tallinn,
Estonia), was used to measure oscillation frequency, logarithmic
decrement of a muscle’s natural oscillation, and dynamic stiffness of
the muscle. The erector spinae site was marked at spinal level L1,
1.5 cm away from the midline of the spine. The mean value of three
consecutive measurements was used in the analysis. To maintain
consistency before and after the experiment, measurement points
were marked and photographed. The same tester took all the
parameters of the muscle property measurements throughout.

FIGURE 1
Flow-chart of the study.

Frontiers in Physiology frontiersin.org03

Qu et al. 10.3389/fphys.2023.1129836

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1129836


2.5 Serum biochemical indexes
measurement

The participants were instructed to refrain from caffeine 24 h before
blood sampling and they arrived at the laboratory in themorning after a
fasting state (12 h) prior to blood sampling. All the participants kept a
quiet rest for 10 min in the laboratory (25°C and humidity 67%), and
then 2 mL of blood sample was collected from the forearm vein in
screw-cap polypropylene tubes (Sorfa, Zhejiang, China). Subsequently,
serum was extracted at 5000 RPM for analysis (Martinez-Amat et al.,
2005). Serum urea and creatine kinase levels were measured using the
ultraviolet glutamate dehydrogenase method and International
Federation Clinical Chemistry method, respectively, using an
automatic biochemical analyzer (BS-220, Mindry, P.R. China). These
measurements were performed in duplicate and the average of the two
measurements was taken as the final result. The intra-assay coefficient
of variation was both within 5.0%.

2.6 Statistical analysis

All data were analyzed using SPSS statistical software package
(Release 25.0; IBM, New York, United States) and expressed as
mean ± standard deviation. All variables showed a normal
distribution according to the Shapiro-Wilk test. Descriptive statistics
and independent sample t-tests were used for demographic and baseline
variables. However, since the randomization method did not guarantee
that the baseline characteristics would be similar between the groups,
analyses of covariance were performed to compare the changes in the
variables of the MA and CO groups after intervention. Baseline was

used as the covariate to adjust the change values of the post-
measurements. Considering the small sample size, effect size (ES)
was used to assess the group effect, and the scores of partial ƞ2 was
considered small if ƞ2<0.01 and large if ƞ2>0.14 (Kirk, 1996). Statistical
significance was set at p < 0.05.

3 Results

3.1 Muscle physical properties of the erector
spinae

Table 1 shows the influence of machine massage, lasting for two
weeks on the physical properties of erector spinae the wrestlers after
training. After two weeks of treatment, the oscillation frequency
decreased by 3.79% in the MA group and increased by 3.41% in the
CO group. There was only a trend changes in F between the two
groups after the intervention (F = 3.690, p = 0.077, ƞ2 = 0.221,
Table 1; Figure 3).

Dynamic stiffness in the MA group decreased by 12.90% and
that in the CO group increased by 2.34% compared to before two
weeks of machine massage treatment. A significant difference was
found in the change in amplitude of dynamic stiffness of the erector
spinae between the two groups (F = 5.219, p = 0.040, ƞ2 = 0.286,
Table 1; Figure 3).

After two weeks of machine massage treatment, the decrease in
the logarithmic decrement of a muscle’s natural oscillation value was
29.46% and 17.70% in the MA and CO groups, respectively, and
the former significantly reduced more than the latter (F = 10.106,
p = 0.007, ƞ2 = 0.437, Table 1; Figure 3).

FIGURE 2
The position of mechanical arm of machine massage.
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3.2 Serum urea and CK

After two weeks of machine massage, serum CK levels decreased
by 33.84% in the MA group and 1.49% in the CO
group. Additionally, there was a trend change in serum CK (p =
0.062, ƞ2 = 0.084) between the MA (246.93 ± 285.79 U/L) and CO
(7.65 ± 172.64 U/L) groups. Nevertheless, no significant difference
was found in the improvement in serum urea levels between the two
groups after two weeks of treatment (Table 1).

4 Discussion

The results of this study showed that the dynamic stiffness and
logarithmic decrement of a muscle’s natural oscillation of the erector
spinae decreased by 13% and 30% in the MA group, and the
dynamic stiffness increased by 3% and the logarithmic decrement
of a muscle’s natural oscillation decreased by 18% in the CO group
after two weeks of machine massage treatment, respectively. There
was a significant difference in the change in amplitude of dynamic

TABLE 1 Influence of machine massage on muscle physical properties and serum biochemical indexes after intervention.

CO MA Group effect

Pre Post Δ % Pre Post Δ % p Partial η2

Physical properties Oscillation frequency (Hz) 17.00
± 0.53

17.58
± 1.07

+ 3.41 17.41
± 2.31

16.75
± 0.79

−3.79 0.077 0.221

Dynamic stiffness (N·m-1) 310.25 ±
12.44

317.50 ±
37.60

+ 2.34 315.88 ±
36.95

282.25 ±
23.74

−12.90 0.040 0.286

Logarithmic decrement 1.13 ± 0.26 0.94 ± 0.15 −17.70 1.12 ± 0.18 0.81 ± 0.08 −29.46 0.007 0.437

Biochemical indexes

CK(U·L) 514.28
±265.57

506.63 ±
240.21

−1.49 729.74
±244.27

482.81
±180.07

−33.84 0.062 0.084

Urea (mmol·L) 5.21 ± 0.90 5.11 ± 1.20 −1.92 6.47 ± 1.28 5.77 ± 1.17 −10.82 0.304 0.088

Values are expressed as means ± standard deviation. CO: control group, MA: machine massage group. delta (Δ) for the change from before to after intervention. Partial value for effect size (ES).

CK: creatine kinase. Logarithmic decrement: Logarithmic decrement of a muscle’s natural oscillation.

FIGURE 3
The change amplitude of physical properties of erector spine measured using Myoton Pro in MA and CO group after two-week intervention. (*:
Significant difference compared with CO group, P<0.05).
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stiffness and logarithmic decrement of a muscle’s natural oscillation
of the erector spinae between the two groups. These applied that two
weeks of machine massage could reduce muscle stiffness and
increase the muscle elasticity of the erector spinae of wrestlers,
indicating that long-term machine massage could improve the
physical characteristics of muscles after regular training in athletes.

A possible mechanism to explain the decrease in muscle stiffness
during the following massage could be that pressure on the muscles
during massage breaks the stable cross-bridges between the actin and
myosin filaments (Proske and Morgan, 1999), and thus, increases
intramuscular temperature, which decreases muscle shear elastic
modulus (Sapin-de Brosses et al., 2010). Nevertheless, the beneficial
effects of long-term massage on muscle physical properties may be the
cumulative effects of each massage.

In recent years, there have been few studies on long-term
massage to improve the physical properties of the muscles.
Previous studies of one-time massage to reduce muscle stiffness
have reported inconsistent results. Studies have shown that post-
exercise recovery from measured muscle stiffness was more
pronounced after massage than in control participants (Ogai
et al., 2008). Massage after eccentric exercise had a greater effect
on reducing muscle stiffness within a day rather than affecting
recovery over several days in rabbits (Crawford et al., 2014).
Similarly, enhancement of post-exercise relaxation of muscles by
vibration treatment significantly lowered the values of post-exercise
muscle stiffness in young men, indicating that vibration treatment
seems to be a more effective method of restitution than passive
resting (Chwała and Pogwizd, 2021). No changes were found in
passive calf muscle stiffness with or without a bout of 10-min deep
tissue massage (Thomson et al., 2015). Other experiments have also
confirmed that post-exercise massage had no treatment effect on
alleviating altered muscle stiffness in the major leg muscles of male
recreational runners (Kong et al., 2018). Despite this, drawing
conclusions from these studies should be done with caution, as
there is a great amount of variance in the studymethods and designs.
For example, massage techniques varied, as did the time spent
performing the different strokes. The overall consensus might be
that massage reduces muscle stiffness; however, it remains unclear
which technique and dosage are optimal. The experience of
therapists was another inconsistency among studies (Nelson,
2013). Therefore, in this study, the massage chair was selected
for massage, and the mechanical arm was massaged according to
a pre-designed procedure to avoid the weakness of manual massage.

Creatine kinase and urea in the blood mainly originate from
breakdown of muscle cells and synthesis in the liver, respectively. It
has been documented that training affects creatine kinase activity and
blood urea concentration. Therefore, the determination of serum
creatine kinase activity and urea concentration after training could
be used as effective biochemical indices to evaluate the fatigue state of
athletes (Howatson and Van Someren, 2003), despite divergent views
on the assessment of the blood levels of myofibre proteins (i.e., CK)
based on the fact that the blood streams reflect not only their release
into the blood but also their removal (Warren, et al., 1999). In this
study, the youngwrestlers receivedmachinemassage five times a week
for 20 min each time for two weeks after training, and the serum CK
level decreased by 33.83%. The improvement trend was better than
that of the athletes who did not receive massage. Several studies have
shown that massage and acupuncture can significantly decrease post-

exercise creatine kinase and urea levels and promote muscle fatigue
elimination in healthy volunteers (Zhou Yan and Yang Xiao-bo, 2003;
Zainuddin et al., 2005). Tyka et al. (2018) also reported that vibro-
massage could have a positive effect on the level of a marker of muscle
damage and connective tissues after long-term physical exercise in
males. The mechanisms underlying the effect of massage on creatine
kinase levels remain unclear. Some possible reasons for the decrease in
serum creatine kinase response for massage are lower creatine kinase
efflux from the damaged muscle and increased clearance of creatine
kinase from the circulation through increased blood and lymph flow
(Zainuddin et al., 2005; Sefton et al., 2010). A previous study
demonstrated that massage significantly elevated the temperature
in massage areas, as well as in adjacent non-massage areas, which
may lead to changes in peripheral blood flow (Sefton et al., 2010).

The present study has several limitations. First, changes in the
physical properties of muscles were not tested after each massage, and
it was impossible to investigate the trend of long-term massage on
muscle characteristics. Second, the blood biochemical indices (serum
urea and CK) were collected before and after the intervention; thus, the
present study could not identify the extent of muscle damage and
change process, resulting from the massage throughout the entire
treatment period. Third, we did not include a placebo treatment group
(e.g., touching), which does not exclude the psychological effect to
some extent. Additionally, even though manual massage therapy has
some disadvantages such as different operational techniques, time-
consuming and even the challenges on the delivery of manual
interventions to a large size patient, it has the benefits of complex
maneuvers and personalized massage (Paul et al., 2021). Hence, it
remains constraint whether manual massage can be substituted by its
automated or robotic counterpart.”

5 Conclusion

The results of the present study suggest that the armchair
massage technique could improve the physical properties of
muscles after training of adolescent wrestlers and achieve similar
positive effect as manual massage in improving muscle function.
Monitoring muscle stiffness using myotonometry might provide
useful information for coaches and clinicians regarding recovery
status of athletes.
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