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A retrospective study on the
efficacy and safety of bone
cement in the treatment of
endplate fractures

Zhijian Zhao®, Lei Deng®, Xi Hua®, Haojun Liu', Hao Zhang’,
Xuejun Jia', Rushuai Wei', Mingming Liu™* and Nanning Lv**

Department of Orthopedic Surgery, The Second People’s Hospital of Lianyungang, Lianyungang,
China, ?Department of Orthopaedics, The First Affiliated Hospital of Soochow University, Soochow
University, Suzhou, China

Background: Endplate fractures is an important factor affecting the curative
effect of percutaneous kyphoplasty for spinal fracture. The purpose of this
study is to investigate the effect of sealing endplate fracture with bone
cement on minimally invasive treatment of spinal fracture.

Methods: A total of 98 patients with osteoporotic vertebral fractures combined
with endplate fractures treated with bone cement surgery in our hospital were
retrospectively analyzed. They were grouped according to whether bone
cement was involved in the endplate fractures. Group A: bone cement was
not only distributed in the fractured vertebral body, but also dispersed into
the endplate fractures. Group B: bone cement was confined to the fractured
vertebra but did not diffuse into the cracks of the endplate. The basic
information, imaging changes of the fractured vertebral body, VAS score, ODI
score, bone cement distribution and postoperative complications of the two
groups were analyzed and compared.

Results: The height of the injured vertebra and the kyphotic Cobb angle in the
two groups were significantly improved after surgery, but the anterior height of
the vertebra in group B was lower than that in group A and the kyphotic Cobb
angle was higher than that in group A at the last follow-up (P < 0.05). VAS score
and ODI score in 2 groups were significantly improved after operation (P <
0.05), but the VAS score and ODI score in group A were lower than those in
group B at the last follow-up (P<0.05). The incidence of bone cement
leakage and adjacent vertebral fracture in group A was higher than that in
group B (P<0.05).

Conclusion: Diffusion of bone cement into the cracks of the endplate may also
restore and maintain the height of the injured vertebra, relieve pain and restore
lumbar function. However, diffusion of bone cement into the cracks of the
endplate can increase the incidence of cement leakage and adjacent
vertebral fractures.

KEYWORDS
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Introduction

Osteoporosis is a common orthopedic disease in the elderly,
and osteoporotic vertebral compression fracture is one of the
most common complications of osteoporosis (1, 2). With the
acceleration of the aging process of China’s population,
the incidence of osteoporotic vertebral compression fractures has
increased yearly, one of the incidences of women is higher than
that of men (3). Osteoporotic vertebral fractures cause severe
low back pain, decreased vertebral height and kyphosis, which
seriously affect the life quality of patients (4). Bone cement-
reinforced vertebral fractures are currently an important method
for the clinical treatment of osteoporotic vertebral compression
fractures, including percutaneous vertebroplasty (PVP) and
percutaneous kyphoplasty (PKP), which can effectively relieve
pain and stabilize fractured vertebral bodies in patients (5, 6).
For patients with vertebral fractures, the formation of
microscopic nooses between bone cement and trabecular bone
and the elimination of fracture fretting are important factors to
relieve pain and restore spinal biomechanics (7).

In the treatment of osteoporotic vertebral compression
fractures, we often pay too much attention to the mechanical
recovery of the fractured vertebral body, while the treatment
of endplate fractures and adjacent disc injuries is often
neglected. The endplate is the intermediary that connecting
the vertebral body and intervertebral disc. The endplate
transmits the load of the human body and plays an important
role in undertaking the nutrient exchange and stress buffering
of the intervertebral disc (8). For patients with endplate
fractures, it is often difficult to disperse bone cement into the

10.3389/fsurg.2022.999406

endplate cracks owing to the risk of bone cement leakage into
the intervertebral space causing intervertebral disc damage. Is
it better to pack endplate cracks with bone cement to stabilize
the fracture fragment? Or is it better to limit the cement to the
inside of the vertebral body to avoid cement leakage? At
present, the clinical application of bone cement in endplate
cracks is still unclear. This study retrospectively analyzed the
patients with osteoporotic vertebral compression fractures with
endplate cracks treated by percutaneous kyphoplasty. The
influence of cement leakage and clinical efficacy was aimed to
provide certain theoretical guidance for the targeted application
of bone cement in the treatment of osteoporotic fractures.

Methods
Study design and participants

A total of 98 patients with osteoporotic vertebral fractures
combined with endplate fractures who received bone cement
surgery in our hospital from January 2017 to December 2020
were retrospectively analyzed. The relevant information of
patients before and after surgery was collected. The work has
been reported in line with the STROCSS criteria.

Inclusion criteria: fresh vertebral fractures diagnosed by
preoperative x-ray, CT, and MRI (MRI was performed to
observe intravertebral hemorrhage and bone marrow edema.
Extensive hyperintensity and/or definite hyperintensity
fracture line changes were observed on T2 lipid-suppression
sequence.); combined with endplate fractures; fractured

FIGURE 1

Schematic diagram of both groups. (A) The bone cement was not only distributed in the fractured vertebral body, but also diffused into the cracks of
the endplate. (B) The bone cement was only confined in the fractured vertebral body but did not diffuse into the endplate cracks.
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vertebral body with intact posterior wall of vertebral body
without symptoms of spinal canal and nerve compression;
single vertebral disease patients. Exclusion criteria: old
fracture; primary or metastatic spinal tumor; spinal infection;
abnormal coagulation function and mental abnormality;
posterior vertebral body collapse defect accompanied by
symptoms of dural sac or nerve tissue compression. Grouping
was based on whether bone cement filled into endplate
fractures (as shown in Figure 1). Group A: The bone cement
was not only distributed in the fractured vertebral body, but
also diffused into the cracks of the endplate, a total of 46
cases (Figure 2 shows the imaging data of a typical case).
Group B: The bone cement was only confined in the fractured
vertebral body but did not diffuse into the endplate cracks, a
total of 52 cases (Figure 3 shows the imaging data of a typical
case). All patients were followed up for at least 1 year.

Surgical methods

The patient was treated with percutaneous kyphoplasty. The
patient was placed in the prone position under local anesthesia.
Accurately locate the fractured vertebral body under C-arm

10.3389/fsurg.2022.999406

x-ray fluoroscopy. Confirm the lateral compression position of
the vertebral body, and routinely disinfect the towel. Under
fluoroscopy, a puncture needle was used to enter the pedicle
through the skin puncture point on one or both sides of the
injured vertebra. After adjusting the angle of the puncture
needle, the needle was punctured to the anterior 1/3 of the
vertebral body, and a working sleeve was placed. Insert a
balloon dilator along the working channel, slowly pressurize the
expansion balloon to restore the height of the vertebral body
and release the pressure to withdraw the balloon. The bone
cement was prepared and slowly injected into the vertebral body
under the monitoring of the C-arm machine after waiting for it
to become filamentous. The injection was stopped when the
bone cement dispersed satisfactorily or the bone cement leaked.
Intermittently rotate the cannula, pull out the cannula after the
bone cement solidifies, and cover it with a sterile dressing.

Assessed parameters

The imaging data, clinical efficacy and postoperative
complications of all patients were analyzed 1 day before
operation, 2 days after operation and 1 year after operation.

FIGURE 2

In group A, a patient with L2 vertebral fracture with upper endplate fracture was treated with bone cement, and the bone cement was completely
filled in the fracture fissure of upper endplate. (A—B) Preoperative x-ray. (C—D) Preoperative MRI. (E-F) x-ray after surgery.

FIGURE 3
In group B, a patient with L4 vertebral fracture with upper endplate fracture was treated with bone cement, and no or a small amount of bone cement
diffused into the fracture crack of the upper endplate. (A—B) Preoperative x-ray. (C—D) Preoperative MRI. (E-F) x-ray after surgery.
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Imaging data: The frontal and lateral x-ray images of the
injured vertebra were collected, respectively before and after
the operation from all patients. The height of the anterior edge
of the vertebral body and the kyphotic Cobb angle (The angle
between the parallel lines between the superior endplate of the
injured vertebra and the inferior endplate of the inferior
vertebral body) were measured before and after the operation.

Clinical efficacy: Visual analogue scale (VAS) and Oswestry
disability index (ODI) scores were recorded before and after
surgery.

Adverse reactions: Complications such as bone cement
leakage, adjacent vertebral fractures and refractures after
surgery were recorded.

TABLE 1 Comparison of basic data and intraoperative related
information.

10.3389/fsurg.2022.999406

Statistical analysis

SPSS 13.0 statistical software was used for data analysis, and
the data were expressed in the form of mean + standard error.
The independent sample t-test was used for analysis for two
groups comparison. Analysis of variance was used for multi-
sample comparison. Differences were considered statistically
significant at P <0.05.

Results
General data

The demographic data of both groups was shown in
Table 1. A total of 98 patients were included in this study,

Group A Group B P-value including 46 patients in group A and 52 patients in
(n=46) (n=52) (A vs. B) .
group B. All patients were followed up for at least 1 year.
Age (years) 64.85+9.03 63.12 + 8.83 0.342 There was no significant difference in age, sex, bone mineral
Gender density, preoperative VAS, and preoperative ODI between the
Male 2 13 0279 two groups (P>0.05), so these patients were comparable.
Female 34 39 There were no significant differences in bone cement injection
Follow-up time (month) 18.13 3,39 17.98 +3.07 0.819 volume and times of fluoroscopy between the two groups
Operation time (min) 2293 £ 424 23,79 £ 4.05 0311 (P>0.05). The fractured vertebral bodies of the two groups of
Bone mineral density —2.46+0.45 ~249+05 0.708 patients are shown in Figure 4.
X-ray time 23,59 +3.37 22.62+331 0.154
Cement dosage (ml) 5.16 +1.04 4.85+0.95 0.118 )
Pre-op. VAS 7.87 £0.98 8.06 + 1.04 0.360 Imaglng data
Pre-op. ODI 78.07 + 6.74 79.42 + 6.89 0.333
The height of the anterior edge of the vertebral body of
Pre-op. AHD (mm) 17.14 +2.25 17.55+2.30 0.368
both groups was shown in Table 2. There was no significant
Pre-op. Cobb angles 21.07 +4.57 22,62 +4.31 0.087 . . . .
difference in the height of the anterior edge of the vertebral
AHD, Anterior height of diseased vertebrae. body between the two groups before surgery (P> 0.05).
A B
16 15 15 0 28
(0| m A
% ‘g 32 m A
o 124 | B o 30+ B B
© ©
Q. Q.
S S 204
g ]
Ke] Q 11
g g 10- 10
z 4 4
! 2
1 | 0-
T10 T11 T12 L1 L2 L3 L4 L5 UE IE Cl
FIGURE 4
Injured vertebral segment and endplate injury site. (A) Comparison of vertebral injury segments between two groups. (B) Comparison of endplate
injury site between two groups. UE: Only the upper endplate was damaged. IE: Only the Inferior endplate was damaged. Cl: Both the upper
endplate and the lower endplate were damaged.
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There was no significant difference in the height of the anterior
edge of the vertebral body between the two groups after
surgery (P> 0.05), but the height of the anterior edge of the
vertebral body in the group B was lower than that in the
group A at the last follow-up, and the difference between the
two groups was statistically significant (P <0.05). (As shown
in Figure 5).

The Cobb angle of kyphosis of both groups was shown
in Table 3. There was no significant difference in the
Cobb angle of kyphosis between two groups before surgery
(P>0.05), and the Cobb angle of kyphosis between the
two groups was significantly improved after surgery and at
the last follow-up (P<0.05). There was no significant
difference in the Cobb angle of kyphosis between the two
groups after operation (P>0.05), but the Cobb angle of
kyphosis in group B was greater than that in group A
at the last follow-up, and the difference between the

10.3389/fsurg.2022.999406

Clinical efficacy

The VAS and ODI of both groups were shown in Tables 4,
5. There was no significant difference in the preoperative VAS
score and ODI score between two groups (P>0.05). After
operation, the VAS score and ODI score of the two groups
were significantly improved (P <0.05), but there was no
significant difference (P> 0.05) between the two groups. The
last follow-up found that the VAS score and ODI score of
group A were lower than those of group B, and the
difference was statistically significant (P <0.05). (As shown
in Figure 6).

Postoperative complications

There were 16 cases of bone cement leakage in group A,

two groups was statistically significant (P <0.05). (As among which 12 cases were intervertebral disc leakage and 4
shown in Figure 5). cases were paravertebral. There were 5 cases of bone cement
leakage in group B, including 2 cases of anterior vertebral

TABLE 2 Anterior height of diseased vertebrae (mean + SD; mm). TABLE 3 Cobb angles (mean + SD; °).

Classify Group A Group B P-value Classify Group A Group B P-value
(n=146) (n=52) (A vs. B) (n=46) (n=52) (A vs. B)

Pre-op. 17.14 £2.25 17.55 +2.30 0.368 Pre-op. 21.07 +4.57 2262431 0.087

Post-op. 2 days 25.05 +2.34 24,69 +2.18 0431 Post-op. 2 days 13.05+2.26 13.89 £2.07 0.057

Post-op. 1 year 24.50 +2.34 22.82£2.26 <0.001 Post-op. 1 year 13.82£2.50 15.81 £2.30 0.014

P. (pre. vs. 2 d.) <0.0001 <0.0001 - P. (pre. vs. 2 d.) <0.0001 <0.0001 -

P (2d.vs.1y) 0.264 <0.001 - P.(2d.vs.1y) 0.500 0.005 -

Pre-op., pre-operation; Post-op., Post-operation; 2 d., 2 days; 1vy., 1 year;
P., P-value.

Pre-op., pre-operation; Post-op., Post-operation; 2 d., 2 days; 1vy., 1 year;
P., P-value.
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FIGURE 5

*, P<0.05 vs. control; **, P<0.001 vs. control; ***, P<0.0001 vs. control.

Vertebral imaging data. (A) Comparison of anterior height of diseased between two groups. (B) Comparison of Cobb angles between two groups.
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leakage, 1 case of intervertebral disc, and 2 cases of paravertebral
body leakage. The bone cement leakage rate in group A was
higher than group B (P <0.05) as shown in Figure 7. During
the postoperative follow-up, 7 patients in group A had
adjacent vertebral fractures, and 1 in group B. There was
statistically significant difference in the incidence of adjacent
vertebral fractures between the two groups (P<0.05) (as
shown in Figure 7). Further, we calculate the number needed

TABLE 4 Visual analogue scale (VAS; mean + SD).

Classify Group A Group B P-value
(n=46) (n=52) (A vs. B)
Pre-op. 7.87 +0.98 8.06 + 1.04 0.360
Post-op. 2 days 2.24+0.95 2.52+0.80 0.117
Post-op. 1 year 1.39+£0.93 2.42+0.82 <0.0001
P. (pre.vs. 2 d) <0.0001 <0.0001 -
P.(2dvs 1y) <0.001 0.848 -

Pre-op., pre-operation; Post-op., Post-operation; 2 d., 2 days; 1., 1 year;
P., P-value.

TABLE 5 Oswestry disability index (ODI; mean + SD).

Classify Group A Group B P-value
(n=46) (n=52) (A vs. B)
Pre-op. 78.07 £ 6.74 79.42 +£6.89 0.333
Post-op. 2 days 31.37 £5.66 32.12+5.25 0.213
Post-op. 1 year 2435+4.11 30.77 +5.37 <0.0001
P. (pre. vs. 2 d.) <0.0001 <0.0001 -
P.(2d vs. 1y) <0.0001 0.482 -

Pre-op., pre-operation; Post-op., Post-operation; 2 d., 2 days; 1., 1 year;
P., P-value.

10.3389/fsurg.2022.999406

to harm (NNH) on 7.52 vertebral bodies are treated with
bone cement at the endplate fractures to “produce” one
postoperative complication.

Discussion

The endplate is the intermediary that connects the vertebral
body and the intervertebral disc and transmits the load of the
human body. Each endplate includes two parts: the bone
endplate and the cartilage endplate. The former is the
structure covered by cartilage in the vertebral body, and the
latter is responsible for the nutrient exchange and stress of
the intervertebral disc (9). Endplate rupture injury mostly
occurs in the center or anterior part of the endplate. When it
is severely ruptured, the nucleus pulposus will lose function
and enter the vertebral body (10). Endplate and annulus
fibrosus are rich in innervation of nerve endings, and their
damage is an important cause of low back pain with a high
incidence in OVCF (11). The complex of endplate and
intervertebral disc is unstable. During spinal extension and
flexion activities and weight-bearing walking, nerve endings
in the injured area are stimulated to cause pain, and this
injury will not heal for a long time due to continuous
breathing movement of the thorax and spinal movement.
A common cause of chronic back pain that persists over
time (12).

Since the application of bone cement filling technology
in spine surgery, minimally invasive surgery represented by
PVP and PKP has been widely used in diseases such as
osteoporotic vertebral compression fractures and achieved
good results (13, 14). However, it cannot be ignored that
the incidence of postoperative complications is relatively
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Clinical efficacy. (A) Comparison of VAS between two groups. (B) Comparison of ODI between two groups. ***, P<0.001 vs. control; **** P <(0.0001
vs. control.
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Postoperative complications. (A) Comparison of bone cement leakage rate between two groups. (B) Comparison of adjacent vertebral fractures
between two groups. *, P<0.05 vs. control; **, P<0.01 vs. control.

high. The long-term loss of vertebral height and the
aggravation of kyphosis after surgery lead to chronic pain
and limited mobility in patients. The treatment of such
complications is quite difficult (15). Previous studies have
shown that osteoporotic vertebral compression fractures
are often accompanied by vertebral endplate fractures, and
endplate fractures are one of the main risk factors for
vertebral height loss after thoracolumbar fractures (16).
From the perspective of biomechanical research, the
vertebral body endplates bear 40%-75% of the vertebral
body pressure are directly involved in the transfer of
pressure from the intervertebral disc to the vertebral
body. Even a slight change in the shape of the endplate
will lead to significant vertebral body motor function
(17). However, it is often difficult to completely correct
the deformity of the endplate during surgery, which leads
to increased stress in the perivertebral portion of patients
with endplate fractures. In addition, the aggravation of
kyphosis is related to the insertion of the intervertebral
disc into the vertebral body or endplate from the fracture
of the endplate, and the intervertebral disc embedded in
the vertebral body or endplate is more likely to lose the
height of the injured vertebral body due to necrosis after
surgery (18). Therefore, the loss of postoperative vertebral
height and the occurrence of kyphosis are closely related
to the biomechanical changes of the vertebral body caused
by changes in the stress distribution of the endplates (19).
This study also confirmed that patients who did not fill
endplate fractures with bone cement had postoperative
height reduction and

vertebral increased kyphosis.
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However, in patients with bone cement diffused to the
endplate fractures, there was no significant change in
vertebral body height and kyphosis after surgery. This
indicated that the re-collapse of the fractured vertebral
body could be prevented to a certain extent by sealing the
fracture of the endplate with bone cement. On the other
hand, the study also found that the VAS score and ODI
score at last follow-up of patients with unsealed endplate
fractures were also higher than those of patients with
endplate fractures sealed with bone cement, which may be
due to the endplate fracture line insufficient diffusion of
the bone cement at the site and difficulty in maintaining
the stability of the bone around the fracture line led to
fretting of the endplate fracture. In addition, the long-
term pain exacerbation in patients with unsealed endplate
fractures with bone cement was also closely related to the
decrease in the height of the injured vertebra and the
exacerbation of kyphosis.

Studies have shown that endplate fractures increase the
risk of bone cement leakage into the intervertebral disc,
which is also an important cause of low back pain after
fracture surgery and a high-risk factor for refracture of
adjacent vertebral bodies later (20). Biomechanical studies
have shown that bone cement-reinforced vertebrae conduct
excessive stress through the intervertebral disc to adjacent
vertebral bodies, which may lead to refractures of adjacent
vertebral bodies (21). After the bone cement leaks into the
intervertebral disc, the distance between the cement and the
endplate of the adjacent vertebra is closer, and the bone
cement leaking into the intervertebral disc produces a
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concentrated stress effect on the adjacent vertebra. The effect
of small shock absorption, thereby increasing the stress
transmission of the strengthened vertebra to the adjacent
vertebral body, has become an important risk factor for
refracture of the adjacent vertebral body (22). This study
also found that the bone cement sealing of endplate
fractures increased the risk of bone cement intervertebral
disc leakage, and the incidence of postoperative refracture
was also higher than that of the non-cemented endplate
fracture group.

for

In conclusion, OVCF patients with

fractures, the closure of endplate cracks with bone cement

endplate

can effectively strengthen the fractured vertebral body,
maintain the postoperative vertebral height, relieve pain,
and restore lumbar vertebral function well. However, the
incidence of postoperative bone cement leakage and
refracture of adjacent vertebral bodies is high. Therefore,
when using bone cement to strengthen the fractured
vertebral body in the treatment of OVCF patients with
endplate fractures, the purpose of surgery should include
sealing and repairing endplate fissures, preventing leakage
the
preventing intervertebral disc herniation in addition to

of bone cement into intervertebral space, and
supporting the fractured vertebral body and endplate gap.
The surgical strategy is to choose PKP as much as
possible, reducing the collapsed endplate through balloon
dilation, creating a cavity in the vertebral body, forming a
dense bone to seal the fracture fissure, and adjusting the
bone cement to be more viscous and reduce the bolus
pressure to reduce the cement to the wall. External (disc)
leaks are possible, and injections should be discontinued
as soon as leakage occurs. In addition, more attention
should be paid to comprehensive measures such as long-
term anti-osteoporosis treatment, functional exercise of
lumbar back muscles, analgesia, physiotherapy, and
psychological treatment after operation. However, there
are still shortcomings in this study. Because it is a
the

disc

retrospective cannot
of

injuries and other factors on the surgical effect. The

study, it
endplate

fully demonstrate

impact fractures, intervertebral
realization of the diffuse distribution pattern of bone
cement in the diseased vertebra are also needed to be

further explored.

Conclusion

Diffusion of bone cement into the cracks of the endplate
may also restore and maintain the height of the injured
vertebra, relieve pain and restore lumbar function. However,
diffusion of bone cement into the cracks of the endplate can
increase the incidence of cement leakage and adjacent
vertebral fractures.
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Minimally invasive discectomy
versus open laminectomy and
discectomy for the treatment
of cauda equina syndrome: A
preliminary study and case series
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Zvi Lidar** and Gilad J. Regev"**
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Background: Cauda Equina syndrome (CES) is a potentially devastating
condition and is treated usually with urgent open surgical decompression of
the spinal canal. Currently, the role of minimally invasive discectomy (MID) as
an alternative surgical technique for CES is unclear.

Objective: The purpose of this study was to compare clinical outcomes
following MID and open laminectomy and discectomy for the treatment of
CES.

Methods: The study cohort included patients that underwent surgery due to
CES at our institute. Patients’ outcomes included: surgical complications,
length of hospitalization, postoperative lower extremity motor score (LEMS),
Numerical Rating Scale (NRS) for leg and back pain, Oswestry disability index
(ODI), and the EQ-5D health-related quality of life questionnaire.

Results: Twelve patients underwent MID and 12 underwent open laminectomy
and discectomy. Complications and revisions rates were comparable between
the groups. Postoperative urine incontinence and saddle dysesthesia improved
in 50% of patients in both groups. LEMS improved from 47.08 + 5.4 to 49.27 +
0.9 in the MID group and from 44.46 +5.9 to 49.0 + 1.4 in the open group.
Although, leg pain improved in both groups from 8.4+ 2.4 to 3+2.1 in the
MID and from 844+33 to 3.88+3 in the open group, significant
improvement in back pain was found only in the MID group. Final functional
scores were similar between groups.

Conclusions: Our preliminary results suggest that minimally invasive
discectomy is an effective and safe procedure for the treatment of CES
when compared to open laminectomy and discectomy. However, MID in
these cases should only be considered by surgeons experienced in minimally
invasive spine surgery. Further studies with bigger sample sizes and long-
term follow-ups are needed.

KEYWORDS

cauda equina syndrome, open laminectomy, case series, minimally invasive, tubular
discectomy
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Introduction

Cauda Equina syndrome (CES) is a potentially devastating
that
neurological deficits (1, 2). In the absence of trauma or an

condition can result in severe and permanent
oncological condition, CES is most often caused by a giant
disc herniation that occludes the spinal canal and severely
compresses the thecal sac (3, 4). Severe possible consequences
of this bladder

dysfunction and motor weakness lower limbs.

bowel and/or
of the
Therefore the recommended treatment option is urgent

condition may include

surgical decompression of the spinal canal, which includes the
removal of the herniated disc fragment (5-7). Urgent surgical
intervention has been found to be most effective in cases of
incomplete neurological damage and when it is done within
the first 48 h of presentation (3). Currently, the optimal
surgical approach for the decompression of the spinal canal is
still unclear. Several authors recommended the use of an open
total laminectomy and discectomy in order to minimize
chances of iatrogenic damage to the thecal sac and the neural
elements while other authors reported that microdiscectomy
neither increased the risk of postoperative complications nor
resulted in incomplete decompression of the spinal canal (8, 9).

Minimally invasive discectomy (MID) was first described by
Foley et al. (10) and has since gained acceptance as an
alternative to traditional microdiscectomy. The limited trauma
to the paraspinal muscles and posterior spinal ligaments has
been shown to decrease post-operative back pain and thus
enable faster mobilization and recovery (11-13).

It remains unclear whether outcomes of MID, for the
treatment of CES, are comparable to those of open surgery.
The aim of the present study was to compare Minimally
invasive discectomy to open laminectomy and discectomy for
the of CES with
complication, recovery and overall quality of life.

treatment regards to postoperative

Methods

This is a retrospective analysis of prospectively collected
data. The study was approved by our local Institutional
Review Board and all patients provided informed consent
before conducting the follow-up by phone interview. We
collected medical records on all consecutive patients who
underwent lumbar spine surgery due to CES between January
2010 and December 2019. Inclusion criteria included the
diagnosis of CES due to lumbar disc herniation. The diagnosis
of CES was determined by a combination of radiological
evidence of a centrally herniated disc occluding the spinal
canal and clinical symptoms that included: saddle anesthesia,
low back pain, radicular pain, muscle weakness of the lower
limbs, and acute bladder/bowel incontinence Figures 1, 2.
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The choice of surgical technique was made solely on the basis
of the treating surgeon’s preference and expertise.

Exclusion criteria included: spinal fracture, oncological
pathology, or history of previous spinal surgery at the level of
the current pathology.

Preoperative data included: demographic data, duration of
clinical symptoms before surgery, and presenting symptoms.
Radiological data included: spinal level of compression, and
the type of disc pathology. Radiological analysis was
conducted by a senior neuro-radiologist (D.N). Operative data
of

clinical outcomes

included: operated spinal levels, and incidence

intraoperative complications. Measured
included: hospital length of stay (LOS), early postsurgical
surgery
neurological outcomes included a subjective assessment of the

complications and revision rates. Postoperative
patients improvement following surgery with regards to their

urine inconstancy, dysesthesia and motor weakness.
Additionally, the American Spinal Injury Association (ASIA)
lower extremity motor score (LEMS) was used to evaluate
objective lower-extremity motor function (14). This score
grades motor function on a scale of 0 (no motor function) to
5 (full motor function) for each of the following 5 lower-
extremity muscle groups. The LEMS has a maximum of 50
points (25 points per side). Pain and functional outcomes
were assessed using the Numerical Rating Scale (NRS) for
back and leg pain, Oswestry disability index (ODI) and

health-related quality of life EQ-5D instrument.

Surgical technique

All the surgical procedures were performed in a single
tertiary medical center by four senior spinal surgeons,
experienced in minimally invasive spinal surgeries. MID
procedures were done routinely under general anesthesia
using an 18 or 20-millimeter tubular retractor system
(METRx; Medtronic Sofamor Danek, Memphis, TN) and a
surgical microscope. Surgery was performed through a
unilateral approach. Using a diamond head high-speed drill,
either an ipsilateral hemilaminotomy and medial facetectomy
or a bilateral (“over the top”) decompression, was done.
Once the lateral edge of the thecal sac was exposed, the
smallest angled curettes (1.8 mm) and micro-pituitary
rongeurs (2 mm) were used to extract and remove the disc
fragment from underneath the thecal sac. Special attention
was given to limit any retraction of the dura or nerve root in
the initial part of the discectomy. Once a significant part of
the disc fragment was removed, and the tension over the
thecal sac lessened, a more liberal retraction was allowed in
order to verify that all the disc fragments were completely
that the

decompressed (15) Figure 3.

removed and spinal canal was sufficiently
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FIGURE 1

and operated by MID.

Preoperative (A,B) and postoperative (C,D) sagittal and axial MRl images of a typical patient diagnosed with an CES due to a giant L5-S1 disc herniation

Open procedures were routinely done with the use of
magnifying loupes. Following exposure of the posterior
elements of the spine, a total laminectomy and bilateral
medial facetectomy of one or several levels was performed
using an ultrasonic bone curette (BoneScalpel; Misonix
Farmingdale, NY) and Kerrison rongeurs. In one case, a
limited hemilaminectomy was performed in the open group.
Following the full exposure of the thecal sac, removal of the
herniated disc fragment was available from both sides of the
spinal canal. A drain was placed in the surgical wound only
in cases where the surgeon was concerned by the possibility
of a post-operative hematoma.
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Statistical analysis

All data were analyzed using IBM SPSS Statistics for
23.0 (IBM, Armonk, NY, USA).
Categorical variables were described as number. Continuous

Windows, Version
variables were described as mean and standard deviation.
Categorical variables were compared between the two groups
using Fisher’s exact test and continuous variables were
compared using Mann-Whitney test. Willcoxon test was used
to compare pre- and post-surgical pain scores. All statistical
considered as

testes were two-sided and P<0.05 was

statistically significant.
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FIGURE 2

Preoperative (A,B) and postoperative (C,D) sagittal and axial MRl images of a typical patient diagnosed with an CES due to a giant L3—4 disc herniation
and operated by open laminectomy and discectomy.

-

Results (P=0.19). No significant differences were found between the

groups regarding previous spine surgeries, smoking or other
Patient characteristics and clinical systemic co-morbidities. The mean elapsed time from the
presentation initial presentation of symptoms until CES was diagnosed was

not statistically different between the groups. 2.5+ 3.1days in
the MID group and 3.9+ 3.9 days in the open surgery group
(P=0.45). No statistically differences were found when
comparing the neurological presentation of patients in both
groups. In the MID group 58% of patients presented with

The study cohort included a total of 24 patients, of whom 12
patients underwent MID and 12 patients underwent open
decompression. Eighteen patients were males and six were
females. The mean age was 44.2+159 years in the MID

group and 43.1+11.2 years in the open surgery group urinary incontinence, 66.7% with motor weakness and 66.7%
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FIGURE 3

underneath the retracted thecal sac and nerve root.

(A, B) Intraoperative fluoroscopy images showing the tubular retractor positioned at the L4-5 disc level. (C) Intraoperative view of the herniated disc

TABLE 1 Demographic and clinical presentation.

MID Open p-

(N=12) (N=12) value
Gender (Male) 7 (53%) 11 (91%) 0.05
Age- mean (years) 44.2 (34.0-54.3) 43.1 (35.9-50.2) 0.19
Previous spine surgey 1(8.3)% 3 (25%) 0.30
Smoking 1(8.3)% 2 (17%) 0.50
Cerebrovascular 0 (0%) 1(8.3)% 0.50
CRF 0 (0%) 0 (0%) -
Neoplasia 1(8.3)% 0 (0%) 0.50
Hypertension 3 (25%) 2 (17%) 0.50
Diabetes 1 (12.5%) 2 (17%) 0.50
Cardiovascular 0 (0%) 2 0.48
Pulmonary 0 (0%) 1 (10%) 0.50
Endocrine 0 (0%) 1 (10%) 0.50
Hematology 1(8.3)% 0 (0%) 0.50
Depression/anxiety 1(8.3)% 0 (0%) 0.50
Clinical presentation
Length of complaints 2.5 (0.5-4.5) 3.9 (1.4-6.4) 0.45
before CES diagnosis
(days)
Back pain 10 (83.3%) 9 (75%) 0.5
Leg pain 10 (83.3%) 8 (67%) 0.37
Urinary incontinence 7 (58%) 9 (75%) 0.67
Bowel incontinence 1 (12.5%) 2 (17%) 0.5
Limb hypoesthesia 10 (83.3%) 10 (83.3%) -
Saddle anesthesia 8 (66.7%) 8 (66.7%) -
Motor weakness 8 (66.7%) 10 (90.9%) 0.32

Follow up time (months) 36.17 (14.9-57.5)  38.17 (17.9-58.4) 0.90

with saddle anesthesia. In comparison, in the open surgery
group 75% of patients presented with urinary incontinence
(P=0.67), 90.9% with motor weakness (P=0.31) and 66.7%
with saddle anesthesia (P >0.99) Table 1.

Frontiers in Surgery

TABLE 2 Preoperative radiological data.

MID (N=12) Open (N=12) P-value

Level of disc 0.19
T12-L1 0 (0%) 1 (8.3%) 0.5
L1-2 0 (0%) 1 (8.3%) 05
12-3 1 (8.3%) 1 (8.3%) -
L3-4 3 (25%) 5 (42%) 0.67
L4-5 1 (8.3%) 6 (50%) 0.07
L5-S1 7 (58%) 2 (17%) 0.09
Disc pathology

Bulge 0 0 -

Protrusion 1(9.1%) 2 (18.2%) 5

Extrusion 8 (63.6%) 7 (63.6%) 0.5

Sequestration 3 (25%) 3 (25%) -

Radiological analysis

Fifteen patients underwent an MRI study of the lumbar
spine, the other 9 patients had a CT scan to confirm their
diagnosis. For patients that presented with a clear clinical
picture of CES an urgent lumbar spine CT scan was routinely
done upon arrival to the Emergency Room (ER). If the CT
findings were sufficient for the diagnosis the attending
surgeon could elect to proceed immediately to surgery and
avoid the delay until an additional MRI study will be done.
Herniated discs were most commonly located at L5-S1 level
(9 cases) followed by L4-5 and L3-4 (8 cases each). Disc
herniations at the T12-L1, L1-2 and L3-4 were found in one
patients each. Radiographic details of the intervertebral disc
pathology are shown in Table 2. No statistically significant
differences were found in type of disc pathology, the spinal
levels of the herniation or the incidence of accompanied
spondylolysis or spondylolisthesis.
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Surgery

Surgery was performed within 19.7 + 16.6 h of the diagnosis
in the MID group compared to 30 £13.9 h in the open group
(P=0.35). In
decompression was done in the MID group through a

two cases, a bilateral (“over the top”)
unilateral approach due to concomitant lumbar stenosis at the
same spinal level. In one patient in the MID group the
minimally invasive approach was converted to an open
laminectomy due to a large dural tear. However, the number
of accidental dural tears was not significantly different
between the groups Table 3. Mean LOS was 3.75 + 2.8 days in
the MID group compared to 6.1 +3.5 days in the open group,
showing a strong trend towards shorter admissions for the
MID group (P=0.059). Two patients in the open group
presented with recurring radicular symptoms following
surgery due to recurrent and adjacent disc herniations. Both

underwent revision surgeries with satisfactory results Table 3.

Post-operative outcome

Mean follow up time was 36.17 + 33.53 months for the open
group and 38.17 +31.9 months for the MIS group (P=0.9).
Both groups reported similar improvement in their urinary
incontinence, saddle dysesthesia, leg dysesthesia and motor
deficits following surgery. At the final follow-up, five patients
in the MID group reported no bladder dysfunction compared
to six in the open group (P =0.68) Table 4.

Similarly, LEMS scores improved in both groups following
surgery. however, no significant difference between was found
when the scores at presentation and at all the follow-up visits
post-operatively were compared between the groups Figure 4.
Postoperative leg pain showed significant improvement in
both group. In contrast, significant improvement in back pain
was found only in the MID group but not in the open group
Figure 5. Functional outcome scores collected at the final

TABLE 3 Surgical data and complications.

MID Open (N=12) P-
(N=12) value
Time from presentation to 19.7 (9.1-30.2) 30 (21.1-38.9) 0.75
surgery (hours)
Drains 1 (8.3%) 6 (54.5%) 0.07
Durotomy 1 (8.3%) 2 (17%) 0.50
Recurrent disc herniation 2 (17%) 1 (8.3%) 0.50
Revision surgeries 1 (8.3%) 1 (8.3%) -
Conversion to open surgery 1 (8.3%) -
Medical complications 2 (17%) 1 (8.3%) Deep vein >0.99
Pneumonia thrombosis
Post-operative length of 3.75+3 6.1+2 0.06

stay (days)
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TABLE 4 Patient self-reported neurological outcomes.

10.3389/fsurg.2022.1031919

MID (N=12) Open (N=12) P-value
Urine inconstancy
Pre-operative 7 (58%) 9 (75%)
Immediate post operatively
No change 8 (67%) 6 (50%) 0.29
Partial improvement 0 (0%) 1 (8.3%)
Complete improvement 4 (33%) 5 (41.7%)
3 months post operatively
No change 6 (50%) 6 (50%) 0.44
Partial improvement 2 (18.2%) 0 (0%)
Complete 4 (33%) 6 (50%)
Improvement
6 months post operatively
No change 6 (50%) 6 (50%) 0.44
Partial improvement 2 (18.2%) 0 (0%)
Complete improvement 4 (33%) 6 (50%)
12 months post operatively
No change 6 (50%) 6 (50%) 0.57
Partial improvement 1 (8.3%) 0 (0%)
Complete improvement 5 (41.7%) 6 (50%)
Saddle dysesthsia
Pre-operative 8 (67%) 8 (67%)
Immediate post operatively
No change 8 (67%) 5 (41.7%) 0.29
Partial improvement 4 (33%) 7 (58%)
Complete improvement 0 (0%) 0 (0%)
3 months post operatively
No change 6 (50%) 6 (50%) 0.81
Partial improvement 4 (33%) 3 (25%)
Complete improvement 2 (18.2%) 3 (25%)
6 months post operatively
No change 5 (41.7%) 6 (50%) 0.19
Partial improvement 5 (41.7%) 1 (8.3%)
Complete improvement 2 (18.2%) 5 (41.7%)
12 months post operatively
No change 6 (50%) 6 (50%) 0.68
Partial improvement 4 (33%) 2 (18.2%)
Complete improvement 3 (25%) 5 (41.7%)
Limb dysesthesia
Pre-operative 10 (83%) 10 (83%)
Immediate post operatively
No change 7 (58%) 5 (41.7%) 0.90
Partial improvement 4 (33%) 6 (50%)
Complete improvement 1 (8.3%) 1 (8.3%)
3 months post operatively
No change 5 (41.7%) 5 (41.7%) 0.59
Partial improvement 0 (0%) 3 (25%)
Complete improvement 7 (58%) 4 (33%)
(continued)
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TABLE 4 Continued

MID (N=12) Open (N=12) P-value

6 months post operatively

10.3389/fsurg.2022.1031919

follow-up did not show a statistically significant difference
between the groups Table 5.

No change 4 (33%) 6 (50%) 0.34 Discussion
Partial improvement 0 (0%) 1 (8.3%)
Complete improvement 8 (67%) 5 (41.7%) CES is a relatively rare condition. Approximately 1%-2% of
12 months post operatively patients with lumbar disc herniation will develop a clinical
No change 4 (33%) 6 (50%) 0.66 presentation of acute cauda equina syndrome (16). As a
Partial improvement 0 (0%) 0 (0%) result, the current scientific literature regarding the optimal
Complete improvement 8 (67%) 6 (50%) medical treatment of this condition relies mainly on
Motor weakness retrospective case series similar to the one presented herein.
Pre-operative 8 (58%) 10 (83%) 037 Several studies focused on the clinical presentation of CES
. . and on patients’ outcomes following surgical intervention (17,
Immediate post operatively
18). ial inter iven h rrelation n th
No change 7 (58%) 7 (58%) ~ 8) Spec;a interest wzs given to the correlatio betwef t (i
timing of surgery and patients’ post-operative neurologica
Partial improvement 3 (25%) 3 (25%) & sery P P P &
outcomes. Although most authors recommended urgent
Complete improvement 2 (18.2%) 2 (18.2%) . . X . . . .
surgical decompression in this setting, critical analysis of the
3 months post operatively . . . . . .
literature leading to this conclusion is not conclusive (5, 8).
No change 7 (58%) 5 (41.7%) 0.68 L. ) )
Similarly, several authors claimed that optimal
Partial i t 3 (25% 5 (41.7% . . .
artiat tmprovemen (25%) (41.7%) decompression should be achieved by a wide-open
Complete i t 2 (18.2% 2 (18.2% . . .
omplete improvemen (18.2%) (18.2%) laminectomy followed by a discectomy (8). They argued this
6 months post operatively approach  will decrease the risk of intra-operative
No change 5 (41.7%) 5 (41.7%) 0.34 complications including incidental dural tears and nerve root
Partial improvement 4 (33%) 4 (33%) injury. Some authors also routinely supplement the
Complete improvement 3 (25%) 3 (18.2%) laminectomy with an instrumented fusion in order to address
12 months post operatively post-operative iatrogenic instability or recurrent disc
No change 5 (41.7%) 3 (25%) 0.87 herniation (19). However, several studies reported CES could
Partial improvement 3 (25%) 5 (41.7%) be successfully treated using a less invasive approach. Olivero
Complete improvement 4 (33%) 4 (33%) et al. suggested that a unilateral hemilaminectomy and
A Motor function improvment after Open Suregry B Motor function improvment after MID

50

=

1
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FIGURE 4
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TABLE 5 Postoperative neurological and functional outcomes.

MID Open p-
(N=12) (N=12) value
Follow up time (months) 36.2 (14.9-57.5) 38.2 (17.9-58.4) 0.90
Baseline LEMS 47.1 (43.7-50.5)  44.5 (40.6-48.2) 0.11
Post op LEMS 48.2 (46.3-50.1)  45.7 (42.3-49.1) 0.10
3 m LEMS 44.7 (48.5-49.8)  49.8 (46.5-49.8) 0.96
6 m LEMS 49.2 (48.4-49.9)  47.9 (46.5-49.9) 0.06
12 m LEMS 49.3 (49.3-48.7)  49.0 (48.0-49.9) 0.75
Pre-operative leg pain NRS 8.4 (6.7-10.1) 8.4 (4.6-10.5) 0.58
post operative leg pain NRS 3.0 (1.5-4.5) 3.9 (1.7-6.9) 0.27
Pre-operative back pain NRS 6.1 (4.2-7.9) 7.4 (4.8-10.1) 0.40
Post operative back pain NRS 3.1 (1.8-4.4) 5.3 (3.4-7.2) 0.16
Final follow up functional outcome
ODI 10.6 (1.0-20.1) 20.3 (8.9-40.8) 0.24
EQ-5D 6.0 (4.7-7.2) 82 (6.2-10.2) 0.15

discectomy could produce similar results as total laminectomy
(9). Successful decompression of large disc herniation causing
CES  was
techniques (20, 21) and by using a minimally invasive tubular

also reported using percutaneous endoscopic
retractor system (22). However, all of these studies consisted
of case reports or small retrospective case series without a
control group.

Choosing an open laminectomy to treat CES has several
inherent advantages over alternative surgical approaches that
use a more limited approach. First, open decompression can
usually be completed in a relatively short time which is
especially important in these cases due to the emergent need
to achieve adequate decompression of the thecal sac and in
order to maximize the chances to reverse the neurological
damage. Moreover, open laminectomy provides a superior
exposure of the thecal sac with the option to remove extruded
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disc fragments from both sides of the spinal canal. Lastly, an
initial wide decompression of the thecal sac could decrease
the risk of nerve root injury and incidental durotomy during
their retraction due to the initial decompression of the thecal
sac achieved by the laminectomy. However, the potential
disadvantages of open surgery include the relatively larger
trauma to the paraspinal soft tissue, posterior ligamentous
complex and facet joints. These injuries could be linked to an
increased risk of post-operative complications including:
surgical wound infection, epidural scarring and post-operative
back pain (23, 24).

MID has have the potential of reducing these complication
by minimizing damage to the paraspinal muscles and posterior
the risk of
postoperative epidural hematoma formation even without the

bony spinal elements. In our experience,
use of a drain is extremely low. It is however imperative to
assure that the surgical wound is closed only after meticulous
hemostasis has been achieved. MID is more technically
challenging and usually requires a lengthy learning curve (25).
In this study, Post-operative MRI studies in order to evaluate
the efficiency of the decompression were not routinely order
during the early post-operative period and thus were not
available for this study. However, when comparing between
MID and open laminectomy and discectomy we found that
MID did not increase the risk of complications or of revision
surgeries. Moreover, in one case the minimally invasive
approach was aborted in favor of an open approach due to a
large dural tear that could not be adequately addressed
through the tubular retractor. The overall complication rates
in both groups were similar to those previously published in
the literature for open laminectomy and discectomy (23, 25).
This low complication rate, especially in the MID group, may
suggest that minimally invasive spinal decompression is an
adequate technique to address CES. Moreover, back pain
outcomes in the MID group were more favorable compared to
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the open surgery group as leg pain and functional outcomes
showed a trend toward a greater improvement in the MID
group that did not reach statistical significance. While the
minimal surgical exposure could explain these more favorable
pain and function outcomes, it should be recognized that
these differences might be affected by confounding factors
such as the small cohort size and selection bias of the two
groups. It however demonstrates, at the very least, the non-
inferiority of the MID group’s neurological outcome.

Due to the relative rarity of CES this current study has
inherent limitations. The number of cases in our cohort albeit
small is comparable to others in the literature (9, 22, 26). This
factor in association with the usage of appropriate, but less
sensitive, non-parametric statistical tests may lean towards a
type 1 error. Moreover, our cohort was too small to identify
risk  factors  for

specific postoperative

Additionally, evaluating sphincter dysfunction in this study

improvement.

was based on patients self-report without the use of a
validated objective assessment tool. Despite these limitations,
to date this is the first study that compares outcome of MID
and open decompression for the treatment of CES. Additional
prospective studies with larger cohorts are needed in order to
validate these results.

In conclusion, while laminectomy may still be regarded as
the safest surgical option for the treatment of CES, our
findings show that MID is just as effective and might also
provide superior results compared to open laminectomy and
discectomy regarding back pain improvement.
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Effect of perioperative steroids
application on dysphagia, fusion
rate, and visual analogue scale
(VAS) following anterior cervical
spine surgery: A meta-analysis
of 14 randomized controlled
trials (RCTs)

Xiang Zhang', Yi Yang', Yi-Wei Shen, Ke-Rui Zhang, Li-Tai Ma
and Hao Liu*

Department of Orthopedics, Orthopedic Research Institute, West China Hospital, Sichuan University,
Chengdu, China

Objective: To conduct a high-level meta-analysis of the RCTs to evaluate
perioperative steroids use in the management of fusion rate, dysphagia, and
VAS following anterior cervical spine surgery for up to 1 year.

Methods: We searched the database PubMed, EMBASE, Web of Science,
Cochrane Library, Google Scholar, Ovid, and ClinicalTrials.gov without time
restriction to identify RCTs that evaluate the effectiveness of perioperative
steroids after anterior cervical spine surgery. A subgroup analysis was
undertaken to investigate the effects of intravenous and local steroids. This
study was registered in the PROSPERO database prior to initiation
(CRD42022313444).

Results: A total of 14 RCTs were eligible for final inclusion. This meta-analysis
showed that steroids could achieve lower dysphagia rate (p <0.001), severe
dysphagia rate within 1 year (p <0.001), lower VAS scores at both 1 day (p =
0.005), 2 weeks (p<0.001) and shorter hospital stay (p =0.014). However,
there was no significant difference between the two groups regarding
operation time (p = 0.670), fusion rates (p = 0.678), VAS scores at 6 months
(p=0.104) and 1 year (p=0.062). There was no significant difference
between intravenous and local steroid administration regarding dysphagia
rates (p = 0.82), fusion rate (p = 1.00), and operative time (p = 0.10).
Conclusion: Steroids intravenously or locally following anterior cervical spine
surgery can reduce incidence and severity of dysphagia within 1 year, VAS
score within 2 weeks, and shorten the length of hospital stay without
affecting fusion rates, increasing the operating time, VAS score at 6 months
and 1 year.

KEYWORDS

steroid, dysphagia, anterior cervical spine surgery, rct, meta-analysis steroid, meta-
analysis introduction
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Introduction

Since first introduced in 1958 by Cloward (1), Robinson
and Smith (2), anterior approach has become the standard
approach in the treatment of spondylotic radiculopathy
and myelopathy with demonstrated long-term clinical
success. However, it is associated with complications such
as dysphagia, presumably due to local tissue swelling,
intraoperative excessive retraction, and laryngeal nerve
palsy. Rates of postoperative dysphagia ranged in frequency
from 1.7% to 67% according to previous reports (3-6).
ACDF has
increasing morbidity,

Dysphagia after raised concerns about

duration of hospitalization, and
medical costs (7).

Many measures have been investigated to decrease the
incidence of dysphagia and decreased cuff pressure and
plate prominence are just a few (8-11). One promising
therapeutic intervention is the use of perioperative steroids
(12-14).
decreased incidence and severity of dysphagia (13, 15).

In some studies, the steroid has resulted in

However, the effect of steroids has been equivocal in other
(16).
dysphagia, there is concern about the adverse effects of

studies In addition to inconsistent results for
steroids, such as delayed time to fusion (12). From the
surgeon’s point of view, solid bony fusion is of critical
importance in the achievement of expected outcomes
following anterior cervical spine surgery. Delayed bony
fusion or even non-union after surgery greatly increases
the risk of revision (17). In addition, it has been reported
that steroids can reduce postoperative pain by reducing the
inflammatory response (18). Nevertheless, the duration of
this effect still remains controversial.

Considering these issues, it is important to perform a
systematic review and meta-analysis to provide clear
advice concerning the accurate effect of steroids on the
incidence and severity of dysphagia, fusion rate and VAS
score. Moreover, a subgroup analysis was needed to
compare the effects of intravenous and local steroids as a
consensus on the use of intravenous and local injections
has not yet been reached.

Methods

This systematic review was conducted following the
Preferred Reported Items for Systematic reviews and Meta-
Analysis (PRISMA) guidelines, the Cochrane Collaboration
AMSTAR the
methodological quality of systematic reviews) (19, 20), and the

recommendations and (Assessing
study protocol was registered in the international open-access
Prospective Register of Systematic Reviews (PROSPERO,

number: CRD42022313444) prior to data retrieval.
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Search strategy

A comprehensive literature search was conducted on
PubMed, EMBASE, Web of Science, Cochrane Library, Google
Scholar, Ovid, and ClinicalTrials.gov from inception to
February 19, 2022. Search terms included both entry terms and
medical descriptors/MeSH terms such as “Glucocorticoids”,
“Steroids”, “Methylprednisolone”, “Dexamethasone”, “anterior
cervical discectomy and fusion”, “Anterior cervical surgery”,

“Anterior cervical fusion”, “Anterior Cervical Corpectomy and

Fusion”. Supplementary File S1 summarizes the search

strategy used in each database.

Assessment of eligibility

Studies satisfying the following criteria were included: (1)

population: adults with spondylotic radiculopathy and
myelopathy undergoing anterior cervical spine surgery; (2)
intervention: perioperative intravenous or local steroids

administration; (3) comparison: placebo vs. steroids; (4) main
outcomes: the event number of dysphagia, visual analog scale
(VAS) at postoperative 1 day, 2 weeks, 6 months and 1 year,
fusion rates at 1 year; (5) study design: RCT design.

The following studies were excluded: (1) Letters, editorials,
conference abstracts, systematic reviews or meta-analyses,
consensus statements, guidelines; (2) Had insufficient data this
meta-analysis required; (3) Contained comparisons with other

comparison protocols; (4) Full-text was not available.

Data extraction

Data extraction was conducted by two independent reviewers
using a piloted and standardized data extraction form. Any
disagreements were resolved by mutual consensus. The
following data from each included study were retrieved: (1)
Study characteristics: authors” information, publication year; (2)
Patients’ characteristics: size of each group, mean age, male-to-
female ratio; (3) Intervention: route of administration and dose;
(4) Outcomes: dysphagia events, fusion rate, VAS score,
operation time, length of hospital stay.

Risk of bias and quality assessment

The quality and risk of bias were assessed by two
independent reviewers using the Cochrane Handbook for
Systematic Reviews of Interventions (20). Any disagreements
were resolved by mutual consensus. This quality evaluation
system includes seven domains: random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
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TABLE 1 The characteristics of the included studies.

10.3389/fsurg.2022.1040166

Study Country Surgery type Experimental data
ear .

(year) Patients Mean Male:

age Female
Cui et al., 2019 USA 49 ACDF, 8 ACCF, 1 33 53.2 13:20
hybrid, and 6
single-level CDA

Dahapute India 1 and 2-level ACDF 25 50.4 19:6
et al., 2020

Edwards et al., USA 1, 2, and 3-level 27 54 11:16
2016 ACDF

Grasso et al., Italy 1 and 2-level ACDF 35 46.1 18:17
2019

Hasani Barzi Iran 1, 2, and 3-level 20 50.3 8:12
et al.,, 2016 ACDF

Haws et al., USA 1, 2, and 3-level 55 49.4 31:24
2018 ACDF

Jenkins et al., USA 1, 2, and 4-level 29 55.6 15:14
2018 ACDF 25 14:24 14:11

Jeyamohan USA 2, 3, 4 and 5-level 56 54 33:23
et al,, 2015 ACDF

Kim et al., USA 2, 3, 4-level ACDF 56 58.1 27:29
2021

Lee et al,, 2011 Korea 1 and 2-level ACDF 25 54.3 18:9

Nam et al,, Korea 1-level ACDF 20 45.6 14:6
2013 20 46.9 11:9

Seddighi et al., Iran 1, 2, and 3-level 38 49.3 18:20
2017 ACDF

Song et al,, Korea  >3-level ACDF 20 59.9 14:06
2014

Pedram et al,, France 1, 2, and 3-level 78 47 Not
2003 ACDF and ACCF reported

Control data Qutcomes recorded Follow-
. u
Patients Mean Male: P
age Female
31 50.3 15:16  Bazaz dysphagia score, Dysphagia 12 months
Symptom Questionnaire, fusion
rate
25 50.4 19:6 PSTS, VAS, mJOA, NDI, fusion rate 12 months
23 54.5 9:14 Bazaz scale, average dysphagia 28 days
scores, operation time, length of
hospital stay
35 45.5 17:18 Bazaz scale, VAS, operation time 12 months
20 48.3 8:12 PSTS, S/V ratio, VAS 10 days
49 50.6 30:19 Mean SWAL-QOL score, mean 12 weeks
swelling index, mean air index,
VAS, operation time, length of
hospital stay
21 11:10 14:24 Bazaz scale, EAT-10, VHI-10, VAS, 12 months
21 11:10 14:24 fusion rate
56 55 27:28 Bazaz scale, mJOA, FOSS score, ODI 24 months
score, SF-12 PCS score, SF-12
MCS score, fusion rate, VAS
53 58.4 29:24 Eat-10, SWAL-QOL, NDJI, operative 1 month
time, length of hospital stay
25 50.9 14:7 PSTS, fusion rate, VAS, NDI 22 months
22 48.8 16:6 PSTS, VAS, operation time 5 days
22 48.8 16:6
38 50.2 16:22 Bazaz scale, PSTS, S/V ratio, VAS, 6 months
operative time, length of hospital
stay
20 57.3 16:04  Bazaz scale, PSTS, operative time, 5 days
length of hospital stay
158 47 Not Throat lesions, operative time 36h
reported

ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy decompression and fusion; CDA, cervical disc arthroplasty; PSTS, prevertebral
soft-tissue swelling; SWAL-QOL, quality of life in swallowing disorders; VAS, visual analog scale; NDI, neck disability index; mJOA, modified Japanese Orthopedic
Association Score; S/V, The ratio of prevertebral soft tissue thickness to mid anteroposterior vertebral body; EAT-10, Eating Assessment Tool-10; VHI-10, Voice

Handicap Index-10.

selective outcome reporting, and other bias. Each domain was
assessed as low, unclear, or high risk. Risk of bias graphs were
plotted using the Revman software (version 5.3). The results of
outcomes were assessed the quality of evidence by the Grading
of Recommendations Assessment, Development and Evaluation
(GRADE) under the software GRADE profiler (https:/

gradeprofler.sofware.informer.com/download/).

Statistical analysis
We used Stata 14.0 for statistical analysis. Mean difference

with 95% confidence intervals (CIs) was used to evaluate
continuous data, and odds ratio was used for dichotomous
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data. p value was calculated and documented for each
outcome measure. Statistical significance was defined as a
p value less than 0.05 (p < 0.05).

Statistical heterogeneity was assessed using the I” test. The I*
statistic describes the percentage of variation in each study due
to heterogeneity rather than chance, while I? values of 0%-25%,
25%-50%, 50%-75%, and >75% represent very low, low,
medium, and high heterogeneity, respectively (21). A random-
effect model was applied when the I” value was over 50%, and a
fixed-effect model was applied conversely.

In addition, a subgroup analyses by the route of
administration (Local vs. Intravenous) was performed to
further evaluate the effects of intravenous and local steroids. A
sensitivity analysis that excluding studies one by one was
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TABLE 2 The intervention administration methods, steroid dose and frequency in each included study.

Study Intervention administration method Dose Frequency
Steroid Control Steroid group Control Steroid group Control group
group group group
Cui et al,, 2019 Intravenous application Intravenous application 0.3 mg/kg dexamethasone Equivalent of 1 dose of 0.3 mg/kg 2 dose of 0.3 mg/kg
preoperatively, 0.15 mg/kg saline preoperatively, 0.15 mg/kg preoperatively, 0.15 mg/kg

dexamethasone postoperatively every 8 h for 2 doses

postoperatively

every 8 h for 2 doses
postoperatively

Dahapute et al.,
2020

Local application Local application 40 mg triamcinolone Equivalent of Once intraoperatively Once intraoperatively

saline

Edwards et al.,
2016

Local application Local application 40 mg Depo-medrol Equivalent of Once intraoperatively Once intraoperatively

saline

Grasso, 2019 Local application Local application 40 mg methylprednisolone 200 ml saline Once intraoperatively Once intraoperatively

Hasani Barzi  Local application None 80 mg methylprednisolone None Once intraoperatively None
et al., 2016
Haws, 2018 Local application Local application 40 mg Depo-medrol Equivalent of Once intraoperatively Once intraoperatively
saline
Jenkins et al,  Local application None 40 mg triamcinolone None Once intraoperatively None
2018
Intravenous application None 10 mg dexamethasone None Once intraoperatively None
Jeyamohan Intravenous application Intravenous application 0.2 mg/kg dexamethasone Equivalent of 1 dose of 0.2 mg/kg 1 dose of 0.2 mg/kg
et al, 2015 intraoperatively, 0.06 mg/kg saline intraoperatively, 0.06 mg/kg intraoperatively, 0.06 mg/kg
dexamethasone postoperatively every 6 h for the first 24 h every 6 h for the first 24 h
Kim, 2021 Local application None 40 mg methylprednisolone None Once intraoperatively None
Lee et al,, 2011 Local application None 40 mg triamcinolone None Once intraoperatively None
Nam et al,, Intravenous application Intravenous application 10 mg dexamethasone Equivalent of 1 dose of 10 mg 1 dose of 10 mg
2013 intraoperatively, 5 mg saline intraoperatively, 5 mg on intraoperatively, 5 mg on
dexamethasone postoperatively postoperative day 1 and day postoperative day 1 and day
2, respectively 2, respectively
Intravenous application Intravenous application 20 mg dexamethasone Equivalent of 1 dose of 20 mg 1 dose of 20 mg
intraoperatively, 10 mg saline intraoperatively, 10 mg on intraoperatively, 10 mg on
dexamethasone postoperatively postoperative day 1 and day postoperative day 1 and day
2, respectively 2, respectively
Seddighi, Local application Local application 80 mg methylprednisolone 200 ml saline Once intraoperatively Once intraoperatively
Afsoun
et al., 2017
Song et al, Intravenous application None 250 mg methylprednisolone None 250 mg and every 6 h for the ~ None
2014 first 24h
Pedram et al.,  Intravenous application None 1 mg/kg methylprednisolone None 1 mg/kg and every 12 h for the None
2003 first 24h

performed to investigate the effect of steroid intervention on to no access to full-text (5), contained insufficient data (20),

evaluation indicators. contained comparisons with other comparison protocols
(10). Finally, 14 articles were included in this present

systematic review and meta-analysis.

Results

Search results

The systematic literature search initially identified 436

potentially eligible articles from PubMed, Embase, Web of

Science,  Cochrane

Library,

Google

Scholar,

and

ClinicalTrials.gov (Figure 1). After excluding 120 duplicates,

screening of the remaining 436 titles and abstracts yielded 49

potentially eligible articles. After full-text reviews of the 49

provisionally eligible articles, 35 articles were excluded due
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Characteristics of the included studies

Details of study demographics of steroid-administered

patients, details of the administration of the steroids, and

steroids effects assessment after anterior cervical fusion
are summarized in Table 1, 2. All the 14 articles (16, 18,
22-33) were prospective randomized controlled trials that

were graded as the level of evidence 1, and three of them

were double-blinded studies

(22, 24, 30). A total of
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!

Records excluded (Reviews,
Letter, Case-report, Comment,
Unrelated to ACDF and steroids,
non-human research)

(n =387)

Full-text articles excluded
(n=35)
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-No full-text articles (n=5)
-Insufficient data (n=20)

- Contained comparisons with
other comparison protocols
(n=10)

Flow diagram of the included studies.
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(n=436)
'
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(n =49)
=
=
=)
]
Studies included in quantitative
synthesis
— (n=14)
E Studies included in quantitative
% synthesis
= (meta-analysis)
(n=14)
FIGURE 1

1,181 patients were enrolled across all 14 randomized
controlled studies. In total, 252 patients received
intravenous steroids, 310 patients received topical steroids,
and 619 patients served as controls. The corticosteroid
treatment arms utilized IV dexamethasone (16, 22, 28, 29)
or methylprednisolone (31, 33) or local injection
of methylprednisolone (24-27, 30, 32) or triamcinolone

(18, 23, 28).

Quality assessment to risk of bias

Two independent reviewers evaluated the quality of
14 RCTs according to the criteria of the Cochrane
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Systematic ~ Reviews and  any
through discussion and

Collaboration  for
disagreements  were
consensus. Three studies were found to have a “high” risk
of bias, primarily attributed to the randomization process.
The overall risk of bias of the included studies was

determined to be low (Figures 2, 3).

solved

Quality of evidence assessment by
GRADE

The results of dysphagia event, Bazaz stratification of
severity of dysphagia, fusion rate, VAS, operation time and
length of hospital stay were assessed the quality of evidence
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by GRADE. The results qualities of VAS were low, and
dysphagia event, Bazaz stratification of severity of dysphagia,
fusion rate, operation time and length of hospital stay were
moderate. None of high quality evidence was found in above
outcomes (Table 3).

Results of meta-analysis

The use of steroids for dysphagia event from
postoperative 1 day to 1 year

The most commonly used assessment tool for dysphagia was
the Bazaz scale (25, 28, 29, 31-33). One study used its modified
version, the Modified Dysphagia Scoring System (MDSS) (24).
The pooled outcomes showed that steroid use achieved
significantly lower dysphagia rates compared with the incidence
in the control group (1 day, OR=048, 95% CI: 0.32-0.73,
2 weeks, OR=0.25, 95% CI: 0.13-0.47; 3 months, OR=0.28,
95% CIL: 0.12-0.70; 6 months, OR=0.31, 95% CIL 0.11-0.85;
1 year, OR=0.11, 95% CI 0.02-0.50). With a fixed-effect
model, a low heterogeneity among these studies was found in
the pooled outcomes (I* = 33.7%, p=0.072) (Figure 4).

Bazaz stratification of severity of dysphagia
(moderate + severe) from postoperative 1 day to

A fixed-effect model was used to pool the total moderate

severe Bazaz stratification because there was no
significant heterogeneity across four studies (I*=0.00%, p=
0.811) (25, 28, 32, 33). The pooled analysis revealed less

moderate and severe events in the steroid group compared
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with the control group within 1 year after surgery (1 day,
OR=0.29, 95% CI: 0.13-0.66; 2 weeks, OR=0.27, 95% CI:
0.12-0.59; 3 months, OR =0.07, 95% CI: 0.01-0.42; 6 months,
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Study Events, Events, %
ID OR (95% CI) Steroid Control Weight
Postoperative day 1 [
Edwards, C. C 2016 | —t———— 252 (0.63, 10.04) 23/27 16/23 1.68
Grasso, G 2019 —0—;— 0.13(0.03,0.49) 3/35 15/35 9.01
Jenkins, T. J 2018(1) ——— 0.62(0.19, 1.95) 14/28 13/21 4.88
Jenkins, T. J 2018(2) : 4 0.48 (0.15,1.58)  11/25 13/21 5.20
Jeyamohan, S. B 2015 & T 0.11(0.01,0.90) 1/56 8/56 5.16
Pedram, M 2013 —-— 0.55(0.29, 1.04) 56/78 130/158 15.92
Seddighi, Afsoun 2017 : (Excluded) 38/38 38/38 0.00
Song, K. J 2014 | (Excluded) 20/20 20/20 0.00
Subtotal (I-squared = 56.5%, p = 0.043) <> 0.48 (0.32,0.73) 166/307 253/372 41.84
1
Postoperative day 2 weeks :
Edwards, C. C 2016 ——— 0.22(0.07,0.72) 9/27 16/23 7.56
Grasso, G 2019 —0—{— 0.10(0.02, 0.50) 2/35 13/35 8.05
Jenkins, T. J 2018(1) ——— 0.37 (0.09, 1.55)  4/29 6/20 4.02
Jenkins, T. J 2018(2) ————— 0.44 (0.11,1.87) 4/25 6/20 3.68
Seddighi, Afsoun 2017 —dl— 0.30 (0.06, 1.57) 32/38 36/38 3.73
Subtotal (I-squared = 0.0%, p = 0.693) <> 0.25(0.13,0.47) 51/154 77/136 27.04
1
Postoperative day 3 months :
Grasso, G 2019 L T 0.02 (0.00, 0.41) 0/35 13/35 8.74
Jenkins, T. J 2018(1) —— 0.91(0.18,4.58) 4/29 3/20 2.01
Jenkins, T. J 2018(2) B — —— 0.85(0.15,4.78) 3/23 3/20 1.83
Subtotal (I-squared = 68.8%, p = 0.041) <:> 0.28 (0.12,0.70) 7/87 19/75 12.58
1
Postoperative day 6 months :
Grasso, G 2019 L4 T 0.05(0.00,0.82) 0/35 8/35 5.50
Jenkins, T. J 2018(1) —— 0.85(0.17,4.33) 4/29 3/19 2.05
Jenkins, T. J 2018(2) — 0.48 (0.07,3.25) 2/24 3119 2.02
Subtotal (I-squared =40.9%, p = 0.184) -<'_J|',‘=- 0.31(0.11,0.85) 6/88 14/73 9.57
[
Postoperative day 1 year :
Grasso, G 2019 4 ' 0.06 (0.00, 1.18)  0/35 6/35 4.21
Jenkins, T. J 2018(1) \ g : 0.19(0.02, 1.99) 1/29 319 2.30
Jenkins, T. J 2018(2) 4 : 0.10(0.00, 2.07) 0/23 319 246
Subtotal (I-squared =0.0%, p = 0.837) -=C:=:- 0.11(0.02, 0.50) 1/87 12/73 8.96
]
Overall (I-squared = 33.7%, p = 0.072) <> 0.34 (0.26,0.46) 231/723 375/729 100.00
l
I |
.0001 1 12
FIGURE 4
Forest plot of dysphagia events.

OR=0.11, 95% CI: 0.02-0.63; 1 year, OR=0.17, 95% CI: 0.04-
0.84) (Figure 5).

The use of steroids for fusion rate at 1-year
follow-up

Five studies reported numbers of fusion events at
1-year follow-up time and were included (18, 22, 23, 28,
29). There existed no significant difference between
groups regarding fusion rate (OR=0.87, 95% CI: 0.46-
1.65), significant heterogeneity among these
studies was found with a fixed-effect model (12:0.0%,
p=0.999) (Figure 6).

and no
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The use of steroids for VAS from postoperative 1
day to 1 year

Six RCTs reported the detailed VAS score and were
included (16, 18, 23, 25, 26, 28). A random-effect model was
applied due to the high heterogeneity (I”=93.4%, p <0.001).
A significant decrease regarding VAS score in the steroid
group was observed compared with that in the control group
at both 1 day, 2 weeks after surgery (1 day, WMD = —1.49,
95% CI. —2.53 to —0.45; 2 weeks, WMD =-1.71, 95% CI:
—246 to —0.97). However, Pooled analysis revealed no
significant difference in the VAS score between two groups at
both 6 months and 1 year after surgery (6 months, WMD =
—1.03, 95% CI: —2.27 to 0.21; 1 year, WMD =-1.71, 95% CI:
—3.51 to 0.08) (Figure 7).
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Study Events, Events, %

ID OR (95% CI) Steroid Control Weight

Postoperative day 1 :

Grasso, G 2019 —ol— 0.20 (0.04, 1.04) 2135 8135 8.88

Jenkins, T.J 2018(1) —_— 0.15(0.03,0.84) 2/28 7121 8.74

Jenkins, T.J 2018(2) —_—— 0.63(0.17,2.30) 6/25 7121 6.81

Seddighi, Afsoun 2017 OE 0.19(0.01,4.08) 36/38 38/38 290

Song, K. J 2014 1 (Excluded) 20/20 20/20 0.00

Subtotal (I-squared =0.0%, p = 0.537) -.-‘.t} 0.29(0.13,0.66) 66/146 80/135 27.33

. I

Postoperative 2 weeks ;

Grasso, G 2019 — 0.12(0.01,1.01) 1/35 7135 8.00

Jenkins, T.J 2018(1) + : 0.08 (0.00, 1.74) 0/29 3120 476

Jenkins, T. J 2018(2) —r 1.08 (0.21,5.50) 4/25 3/20 3.30

Seddighi, Afsoun 2017 + 0.23(0.07,0.73) 5138 15/38 15.33

Subtotal (I-squared =24.8%, p = 0.263) < 0.27(0.12,0.59) 10/127 28/113 31.39
I

Postoperative 3 months :

Grasso, G 2019 +- : 0.05(0.00,0.98) 0135 7135 8.70

Jenkins, T. J 2018(1) < - 0.08 (0.00, 1.74) 0729 3/20 476

Jenkins, T. J 2018(2) + | 0.11(0.01,2.20) 0/23 3120 430

Subtotal (I-squared = 0.0%, p = 0.947) —_— 0.07(0.01,042) 0/87 1375 17.77
I

Postoperative 6 months :

Grasso, G 2019 - - 0.05(0.00,0.98) 0135 7135 8.70

Jenkins, T.J 2018(1) :lr 0.21(0.01,5.41) 0/29 119 2.08

Jenkins, T. J 2018(2) -+ 0.25(0.01,6.54) 0/24 119 1.92

Subtotal (I-squared =0.0%, p=0.727) ¢- 0.11(0.02,0.63) 0/88 9/73 12.71

A I

Postoperative 1 year :

Grasso, G 2019 < * 0.06 (0.00, 1.18) 0135 6/35 7.54

Jenkins, T. J 2018(1) : & 0.64 (0.04, 10.94) 1/29 119 1.37

Jenkins, T. J 2018(2) g 0.26 (0.01,6.82) 0/23 119 1.89

Subtotal (I-squared =0.0%, p=0.512) -{':_3:— 0.17 (0.04,0.84) 1/87 8173 10.80

3 I

Overall (I-squared =0.0%, p=0.811) <> 0.21(0.13,0.34) 77/535 138/469 100.00
:

I |
.0001 1 12
FIGURE 5
Forest plot of dysphagia events (moderate + severe) according to Bazaz stratification.

Operation time

Seven studies reported the detailed operation time and were
included (16, 24, 25, 27, 30-32). There was significant
heterogeneity between studies (I2 =78.6%, p<0.01), and a
Pooled  results
demonstrated that there was no significant difference between
groups in operating time (WMD =-2.15, 95% CI: —5.22 to
0.92) (Figure 8).

random-effect ~model was adopted.

Length of hospital stay

Four studies reported the detailed length of hospital stay
and were included (27, 30, 32, 33). A random-effect model
was used because the heterogeneity across the three studies
was high (I* = 54.4%, p =0.087). Pooled results demonstrated
a significant reduction in the length of hospital stay compared
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with that in the control group (SMD =-0.42; 95% CI: —0.76
to —0.09) (Figure 9).

Subgroup analysis

We performed subgroup analyses by the route of
administration (Local vs. Intravenous). Due to the limited
number of included studies, we only have sufficient data
exploring the effect of local and intravenous application of
steroids on dysphagia rates at postoperative 1 day, VAS score
at postoperative 1 day, fusion rate and operative time. There
was no significant difference between intravenous and local
steroid administration regarding dysphagia rates (Local: OR =
0.58, 95% CI: 0.12 to 2.88 vs. Intravenous: OR =0.47, 95% CI:
0.26 to 0.84, p=0.82, Figure 10), fusion rate (Local: OR =
0.88, 95% CI: 0.22 to 3.46 vs. Intravenous: OR = 0.87, 95% CI:
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Study %

D OR (95% ClI) Weight
i

Cui, S 2019 _ e 1.20 (0.36, 4.00) 23.60
i
1

Dahapute 2020 . 1.00 (0.13, 7.72) 8.99
i
1

Jenkins, T. J 2018(1) g : 0.26 (0.01, 5.61) 10.14
|
1

Jeyamohan, S. B 2015 —_— 0.73 (0.30, 1.79) 55.00
1
i

Lee, S. H2011 - * 3.12(0.12, 80.39) 2.30
i
H

Jenkins, T. J 2018(2) . (Excluded) 0.00
1

Overall (I-squared = 0.0%, p = 0.804) <> 0.87 (0.46, 1.65) 100.00
1
1
1
1
1
¥

T ' T
.01 1 82
FIGURE 6
Forest plot of fusion rate at 1-year follow-up time.
0.43 to 1.79, p=1.00, Figure 11), and operation time (Local: cervical surgery, up to 79% of patients experienced

WMD = —-3.55, 95% CI: —7.29 to 0.19 vs. Intravenous: WMD
=1.65, 95% CI: —3.35 to 6.65, p=0.10, Figure 12). However,
there existed a significant difference between intravenous and
local steroid administration regarding VAS score at
postoperative 1 day (Local: WMD = —2.22, 95% CI: —3.03 to
—1.42 vs. Intravenous: WMD = —0.10, 95% CI: —0.46 to 0.25,
p <0.001, Figure 13).

Sensitivity analyses and publication bias
Through the that
excluding studies one by one did not significantly alter the

sensitivity analyses, we found
effect of steroid intervention on evaluation indicators. We
did not the the

publication bias of the primary outcome because less than

perform funnel plot to illustrate
10 articles were included in quantitative analysis of a

single outcome.

Discussion

Anterior cervical surgery has been wildly accepted as the
gold standard surgical treatment for patients with cervical
disc disease who failed conservative measures (34, 35).
Despite the satisfactory clinical outcomes of anterior
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postoperative dysphagia. Our meta-analysis of 14 RCTs
showed that perioperative steroid use could reduce the
incidence and severity of dysphagia within 1 year after
ACDF, reduce VAS scores within 2 weeks after surgery,
and shorten the length of hospital stay without increasing
operating time, VAS scores at 6 months and 1 year, and
affecting fusion rates.

The principal findings of the present meta-analysis were
consistent with those of the previous meta-analysis. Song
et al. (36) performed a meta-analysis of six RCTs and two
case-control studies and concluded that retropharyngeal
steroid use could reduce dysphagia rate, severe dysphagia
rate following anterior cervical surgery, without increasing
operating time. A meta-analysis of seven RCTs conducted
by Garcia et al. (37) concluded that patients treated with
corticosteroids intravenously or locally had significantly
decreased severity of dysphagia. Yu et al. (38) performed a
meta-analysis of 8 RCTs and concluded that perioperative
local retropharyngeal steroids could reduce the incidence
and severity of dysphagia compared with placebo control.
Nevertheless, obvious differences between our meta-
analysis and the meta-analysis mentioned above should be
taken into account. Most importantly, we dynamically

investigated the effect of steroids on dysphagia rate and its
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Study %
ID WMD (95% CI) Weight
Postoperative day 1 :
Dahapute 2020 —_———— -1.24 (-1.93, -0.55) 5.21
Grasso, G 2019 —— : -3.00 (-3.73, -2.27) 516
Hasani Barzi, M 2016 —C— I -2.80 (-3.20, -2.40) 562
Jenkins, T. J 2018(1) : - -1.00 (-2.35, 0.35) 4.02
Jenkins, T. J 2018(2) < -1.00 (-2.76, 0.76) 3.31
Lee, S. H 2011 - : -2.80 (-4.11, -1.49) 4.09
Nam, T. W 2013(1) I —_— -0.10 (-0.65, 0.45) 543
1
Nam, T. W 2013(2) | —— 0.00 (-0.48, 0.48) 5.51
Subtotal (l-squared = 94.4%, p = 0.000) '@' -1.49 (-2.53, -0.45) 38.34
- 1
Postoperative 2 weeks :
Dahapute 2020 | —— -0.52 (-0.78, -0.26) 5.74
Grasso, G 2019 - : -3.00 (-4.08, -1.92) 4.52
Hasani Barzi, M 2016 —— -1.15 (-1.55, -0.75) 561
Jenkins, T. J 2018(1) - : -2.00 (-3.26, -0.74) 4.18
Jenkins, T. J 2018(2) - - -2.00 (-3.31, -0.69) 4.10
Lee, S. H 2011 —+—IL -2.30 (-3.13, -1.47) 4.99
Subtotal (l-squared = 87.7%, p = 0.000) '¢ -1.71 (-2.46, -0.97) 29.15
1
: 1
Postoperative 6 months 1
Grasso, G 2019 —— : -2.00 (-2.26, -1.74) 5.74
Jenkins, T. J 2018(1) 1 —— 0.00 (-0.67, 0.67) 5.25
Jenkins, T. J 2018(2) :—0— -1.00 (-1.66, -0.34) 526
Subtotal (I-squared = 94.1%, p = 0.000) -1.03 (-2.27, 0.21) 16.25
1
1
Postoperative 1 year 1
Grasso, G 2019 : ——= -0.20 (-0.50, 0.10) 5.71
Jenkins, T. J 2018(1) —_— : -3.00 (-3.67, -2.33) 525
Jenkins, T. J 2018(2) —— -2.00 (-2.64, -1.36) 5.30
Subtotal (l-squared = 97.2%, p = 0.000) —— ! ———— -1.71 (-3.51, 0.08) 16.26
1
- |
Overall (I-squared = 93.8%, p = 0.000) <> -1.52 (-2.01, -1.04) 100.00
NOTE: Weights are from random effects analysis :
I I
-5 0 1
FIGURE 7
Forest plot of VAS score.

severity at 1 day, 2 weeks, 3 months, 6 months, and 1 year
after anterior cervical surgery. The above studies may have
included too few studies and ignored time as an
influencing factor, often taking the last follow-up as the
endpoint event. Second, we exhaustively searched various
databases with a standardized and detailed search strategy
and finally included 14 RCTs of 1,181 patients. The overall
risk of bias of the included studies was determined to be
low. Third, we performed a subgroup analysis to
investigate the effects of intravenous and local steroids.
The results showed that there was no significant difference
and local steroid administration

between intravenous

regarding dysphagia rates (p=0.82), fusion rate (p=1.00),
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and operative time (p=0.10). However, the above studies
did not quantitatively compare the efficacy of topical or
intravenous administration of the steroids.

From our analysis, the incidence and severity of
dysphagia significantly decreased with steroids within 1
year following anterior cervical surgery. Previous reviews
have consistently reported the benefit of steroids on
dysphagia and its severity. Zadegan et al. (39) reviewed 7
RCTs and 2 non-RCTs, and concluded that the incidence
and severity of dysphagia was significantly lower in the
steroid group. Cheng et al. (40) reviewed 3 RCTs and 2
retrospective cohort studies, and concluded that local
corticosteroid application could reduce the incidence and
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Study %
D WMD (95% Cl) Weight
i
1
Edwards, C. C 2016 -10.00 (-28.71, 8.71) 246
1
1
1
Grasso, G 2019 ! 0.70 (-0.49, 1.89) 27.45
1
1
1
Haws, B. E 2018 —_— -6.50 (-12.53, -0.47) 13.61
1
1
1
Kim, H. J 2021 ! -18.00 (-33.10, -2.90) 361
1
1
1
Nam, T. W 2013(1) ' 2.00 (-5.59, 9.59) 10.40
1
1
Nam, T. W 2013(2) v 2.50 (-5.56, 10.56) 9.62
1
1
Seddighi, Afsoun 2017 - -3.50 (-4.74, -2.26) 27.36
i
Pedram, M 2003 . -1.00 (-12.78, 10.78) 5.49
1
Overall (I-squared = 78.6%, p = 0.000) <> -2.15 (-5.22, 0.92) 100.00
1
1
1
NOTE: Weights are from random effects analysis :
T ' |
35 12
FIGURE 8
Forest plot of operation time.
Study %
D SMD (95% Cl) Weight
1
i
Haws, B. E 2018 ——_— -0.05 (-0.44, 0.33) 28.97
1
i
1
Kim, H. J 2021 —_— -0.41 (-0.79, -0.03) 29.29
1
i
Seddighi, Afsoun 2017 ’ -0.46 (-0.92, -0.00) 2513
1
|
1
Song, K. J 2014 : -1.03 (-1.69, -0.37) 16.60
i
Overall (-squared = 54.4%, p = 0.087) <> -0.42 (-0.76, 0.09) 100.00
1
1
1
|
NOTE: Weights are from random effects analysis .
!
T T
: ] 5
FIGURE 9
Forest plot of length of hospital stay.

Frontiers in Surgery

34

frontiersin.org


https://doi.org/10.3389/fsurg.2022.1040166
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhang et al. 10.3389/fsurg.2022.1040166

Study Events, Events, %

ID OR (95% CI) Steroid Control Weight
i

Local !
1
1

Edwards, C. C 2016 1 \ g 2.52(0.63,10.04) 23/27 16/23 15.00
1

Grasso, G 2019 g : 0.13 (0.03, 0.49) 3/35 15/35 15.29
1

Jenkins, T. J 2018(1) : g 0.62 (0.19, 1.95) 14/28 13/21 17.90
1

Seddighi, Afsoun 2017 : (Excluded) 38/38 38/38 0.00

Subtotal (I-squared = 78.4%, p = 0.010) -<:> 058 (0.12,2.88)  78/128 82117  48.19
1
1
1
1

\% 1
1

Jenkins, T. J 2018(2) Iy 0.48 (0.15, 1.58) 11/25 13/21 17.47
1

Jeyamohan, S. B 2015 g : 0.11 (0.01, 0.90) 1/56 8/56 8.83
1

Pedram, M 2013 —1-0— 0.55 (0.29, 1.04) 56/78 130/158 25.51
1

Song, K. J 2014 : (Excluded) 20/20 20/20 0.00

Subtotal (I-squared = 5.1%, p = 0.349) <> 0.47 (0.26,0.84)  88/179  171/255 51.81
1
1
|

Overall (I-squared = 56.5%, p = 0.043) <> 0.48(0.23,1.00)  166/307 253/372 100.00
1
1

NOTE: Weights are from random effects analysis 1
1

T T
.01 1 12
FIGURE 10
A subgroup analysis between intravenous and local steroid administration regarding dysphagia rates. IV, intravenous.

severity of dysphagia following ACDF. Adenikinju et al.
(41) reviewed 5 RCTs and 2 retrospective cohort studies,
and concluded that patients received systemic and local
steroids benefit from reductions in rate and severity of
dysphagia postoperatively. However, our finding is a
novelty because we performed a qualitative synthesis of
RCTs and discuss dysphagia without the differences in
time points. In our subgroup analysis, we only have
data the effect of
intravenous application of steroids on dysphagia rates at

sufficient exploring local and

postoperative 1 day and found that there was no

significant difference between intravenous and local

steroid administration regarding dysphagia rates. This is
consistent with the findings from 1 previous systematic
review that Garcia et al. (37) performed a high-quality
meta-analysis of 7 RCTs and found that there was no
significant  difference between intravenous and local
steroid administration. Further high-quality RCTs are
the effect of

and intravenous application of steroids on dysphagia and

needed to directly compare local
its severity.
Many spine surgeons worry that steroids negatively impact

bony fusion rates and are reluctant to use steroids. Our results
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demonstrated that there was no difference in fusion rates at 1-
year follow-up between the steroids group and control group,
which were consistent with those of prior studies of
perioperative steroids (18, 22, 29, 39, 41). Nevertheless, the
steroids may hinder early fusion. Jeyamohan et al. (29)
reported that fusion rates at 6 months proved to decrease in
the steroid group but lost significance at 12 months. In
addition, it should be taken into account that the definition of
fusion was not the same in these five included studies. Cui
et al. (22) considered fusion to be achieved if radiographs
demonstrated <1 mm of interspinous motion between flexion
and extension or if CT or MRI demonstrated clear evidence
of bone bridging from end plate to end plate. Dahapute et al.
(23) and Jenkins et al. (28) used a CT scan to confirm fusion
without giving a detailed definition of fusion. Jeyamohan et al.
(29) considered the spine was fused if bridging osseous
trabeculae were observed spanning each operative level
without any intervening radiographic lucencies. Similarly, Lee
et al. (18) considered that the presence of bony extension into
the space between the graft and the absence of segmental
motion supported the fusion. Future studies with large sample
sizes, uniform standards and longer follow-up time for bony
fusion are needed to validate our findings.
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Study %
ID OR (95% Cl) Weight
\"
Cui, S 2019 —— 1.20 (0.36, 4.00) 23.60
Jeyamohan, S. B 2015 —— 0.73 (0.30,1.79)  55.00
Jenkins, T. J 2018(2) (Excluded) 0.00
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Our results showed that a significant decrease regarding VAS
score in the steroid group was observed compared with that in
the control group in the short-term follow up. Previous studies
have demonstrated the benefits of steroid use regarding to
direct feelings calculated by the VAS at postoperative 2 weeks
(18, 23, 25, 26, 28). In our included RCTs, Dahapute et al. (23)
found that VAS score at postoperative 1 day and 2 weeks
proved to decrease in the steroid group but lost significance at
2 months. Jenkins found that there existed a significant
difference between steroids and control group regarding VAS
score at postoperative 1 day and 2 weeks but lost significance
at 3 months. Both support the short-term of benefits of
steroids on VAS score. Considering the heterogeneity of the
results obtained by our quantitative calculation of VAS, it is
unsafe to conclude that steroids can reduce VAS score with
such a good effect, but it can be inferred that the steroids have
a short-term effect in terms of VAS score after surgery. In our
subgroup analysis, there existed a significant difference between
intravenous and local steroid administration regarding VAS
score at postoperative 1 day (Local: WMD = —-2.22, 95% CIL:
—3.03 to —1.42 vs. Intravenous: WMD = —0.10, 95% CI: —0.46
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to 0.25). However, in an RCT conducted by Jenkins et al. (28),
their results showed that there was no significant difference
between intravenous and local steroid administration regarding
VAS score. Additionally, when removing the study of Nam
et al. (16), the findings for VAS score were consistent with
previous analysis. We should interprete the finding with
caution and look forward more high-quality RCTs that directly
compare the effect of local and intravenous application of
steroids VAS score.

In our series, we found that patients receiving steroids
had shorter length of hospital stay compared to the
control groups. This is consistent with the findings of
previous studies (13, 15, 29, 33). This may be explained
by the improved symptoms of dysphagia incidence and
severity in the steroid group. Next, we investigated the
effect of steroids on operation time and the results
showed there was no significant difference between groups
in operating time, which indicated that steroids do not
increase the risk of prolonged surgery. In the included 7
RCTs that reported the detailed operation time, only Kim
et al. (30) reported fewer operation time in steroid group
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FIGURE 12
A subgroup analysis between intravenous and local steroid administration regarding operation time. IV, intravenous.

compared with control group. It is possible that the
operation time in their study was about twice as long as
in the other studies, amplifying the effect of steroids on
operation time.

Major concerns regarding the use of steroids are steroid-
related complications. Despite the reported increased infection
rate related with steroid application in general (42, 43), the
present meta-analysis showed that there was no significantly
increased risk of infections with steroid use in any of the
included studies. Esophageal perforation is one of the most
dreadful complications of ACDF with an incidence of 0.02%-
1.52% (44). Lee et al. (45) cautioned that esophageal
perforation was a potential complication of local perioperative
steroids in the late post-operative period of ACDF. However,
this complication was not reported in any of the included
studies. Actually, the two cases reported in the literature of
esophageal perforation were both on chronic steroids,
therefore, it is uncertain whether the esophageal perforation
was directly associated with perioperative steroids. Taken
together, steroids application does not increase the risk of
early potential complications, but future studies are still
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necessary to evaluate the potential long-term complication
associated with steroids administration.

The current meta-analysis observed some limitations. First,
various doses and steroid types were adopted in the included
studies, exact dose and type of steroid for desired effect on
incidence and severity of dysphagia remains unclear. Though
subgroup by the of
administration (Local vs. Intravenous), it is still insufficient to

we performed a analysis route
account for a long-term effect of local and intravenous
steroids on dysphagia. Second, even though we included 14
RCTs, only a few were used for quantitative analysis when
comparing a specific outcome. This is due to differences in
the way dysphagia was assessed and the variety of outcomes
reported between studies. Finally, the number of fusion levels
also varied across studies, exposing patients to different risks
and potentially leading to different responses to interventions.
In addition, the Grade results qualities of VAS were low, and
dysphagia event, Bazaz stratification of severity of dysphagia,
fusion rate, operation time and length of hospital stay were
moderate. None of high quality evidence was found in above
outcomes. Therefore, further high-quality studies are required
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A subgroup analysis between intravenous and local steroid administration regarding VAS score at postoperative 1 day. IV, intravenous.

to determine which subpopulations are most likely to benefit or
not, and more individualized treatment is needed.

Conclusion

The current meta-analysis demonstrates the benefits of
perioperative steroid administration in anterior cervical surgery
without increasing the risk of early potential complications.
Future high-quality RCTs are warranted to recommend the
administration of steroids in anterior cervical surgery.
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Roussouly type 2 could evolve
into type 1 shape as sagittal
spinal alignment deterioration
progresses with age

Wenzhi Sun', Yongjin Li', Xiaolong Chen, Baobao Wang,
Chao Kong, Peng Wang and Shibao Lu*

Department of Orthopaedics, Capital Medical University XuanWu Hospital, Beijing, China

Study design: Cross-sectional study.

Objective: To identify whether Roussouly type 2 could evolve into type 1 as the
deterioration progresses.

Methods: The study group comprised subjects with a low pelvic incidence (PI).
All subjects underwent a standing whole spinal radiograph and sagittal
parameters were measured: T1 pelvic angle (TPA), lumbar lordosis (LL), PI,
pelvic tilt (PT), L4-S1 angle, thoracolumbar kyphosis (TLK), thoracic kyphosis
(TK), lumbar sagittal apex (LSA), lordosis distribution index (LDI) and number
of vertebrae included in the lordosis (NVL). All subjects were distributed into
two groups; with primary (de novo) degenerative scoliosis (PDS) and without
PDS. Subjects without PDS were divided into young adult, adult, middle-
aged and elderly groups. The differences in sagittal parameters of each
subgroup were compared.

Results: In total, 270 subjects were included with a mean age of 58.6 years
(range 20-87 years). There was a stepwise increase in the proportion of type
1 with age, whereas type 2 decreased. The TPA, PT, PI-LL, TK, TLK and LDI
increased with age in subjects without PDS. The TPA, LDI, TLK and TK
increased with age in subjects who displayed type 1, whereas the PT, LL, L4-
S1 and PI-LL were unchanged. The TPA, PT, PI-LL and TLK increased with
age in subjects who displayed type 2, whereas LL and L4-S1 were decreased,
while the LDI and TK remained unchanged. The LSA of subjects without PDS
became lower and the NVL decreased with age, with similar phenomena
found in the subjects with type 2. There was no statistical difference among
the groups for the LSA or NVL distribution of subjects with type 1. The TPA,
PT and PI-LL of subjects with PDS were greater than those in Group IV,
while the SS, LL and TK were less. The Roussouly-type, NVL and LSA
distribution were identical between these two groups.

Conclusion: Roussouly type 1 shape may not be an actual individual specific
spine type. Rather, type 2 could evolve into the “type 1" shape as
deterioration of the sagittal spinal alignment progresses with age. Primary
(de novo) degenerative scoliosis had little effect on whether type 2 became
type 1. This should be taken into consideration during the assessment and
restoration of sagittal balance.

KEYWORDS

cross-sectional study roussouly classification, sagittal alignment, elderly, degenerative,
scoliosis
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Introduction

Sagittal balance of the spine is a recent and ever more
common viewpoint for understanding and treating spinal
pathologies (1). In 2005, Roussouly et al. presented a
classification based on the spinal shapes in the normal
population (2). In the Roussouly classification, four classical
types of spinal alignments were described depending on the
sacral slope (SS) and the shape of lumbar lordosis (LL).
However, degenerative spinal disease that affects the lumbar
spine decreases LL (3), and this change modifies the SS due to
the need for pelvic compensation to maintain the sagittal
balance (4). Therefore, the basic criterion used to classify the
sagittal profile of these patients (the SS) has been substituted
by the pelvic incidence (PI), which is considered to be a
constant parameter through adulthood independently of
pelvic compensation (5-7).

Subjects with a low PI can present with either type 1 or 2 (2, 6,
8). Type 1 appears as a long thoracolumbar kyphosis (TLK) and a
short lumbar lordotic curve; the lumbar spine of type 2 has a flat
back appearance (2). There are also some factors that aid in
determining the sagittal shape, including the lumbar sagittal
apex (LSA), the number of vertebrae included in the lordosis
(NVL) and the level of the inflexion point (IP) that dictates the
transition between thoracic kyphosis (TK) and LL (1, 2, 4).

10.3389/fsurg.2022.1049020

Life is a kyphosing event. Compensation potential depends
greatly on the PL low PI types have little compensation
potential, whereas high PI types have greater potential, with
type 4 having the greatest potential for compensation (8).
When the kyphosing event affects the thoracolumbar area or
the lumbar area, either LL increases on a small arch,
generating a type 1 spine, or lumbar spine lordosis resolves,
generating the “lumbar kyphosis” type (if the thoracic spine
could compensate with a hypokyphosis) or “global kyphosis
type” (8) (Figure 1). Roussouly et al. (8) hypothesized that
type 1 could be a degenerative evolution of type 2. Therefore,
the type 1 shape may not be an actual individual specific spine
type. Nevertheless, this theory has to date not been supported
by any radiological measurement study. In the current study,
we aimed to examine the radiological characteristics of the
Roussouly types with a PI<50° to identify whether type 2
could evolve into type 1 with the progress of deterioration.

Materials and methods
Study design

This cross-sectional study was approved by the relevant
institutional Ethics Committee. We informed all the subjects

Type 1

&
g
g
&
38
o
&
3

'AVQDDUDDDDDDDDD% 5

N

FIGURE 1
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Drawing showing the possible evolution of type 2 shape. When the kyphosing event affects the thoracolumbar area or the lumbar area, either LL
increases on a small arch, generating a type 1 spine, or lumbar spine lordosis resolves, generating the “lumbar kyphosis” type (if the thoracic
spine could compensate with a hypokyphosis) or “global kyphosis type”.
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about the purposes, methods and risks of the study, and
subsequently they provided written informed consent before
their enrollment.

Subject recruitment

On the basis of the following inclusion and exclusion
criteria, 270 subjects were recruited in the present study:
Inclusion criteria included: (1) age >20 years, (2) PI<50°.
(1)

undergone spinal surgery; (2) history of trauma, tumor or

Exclusion criteria were: subjects who had already
infection of the spine; (3) lumbosacral transitional vertebrae;
(4) neuromuscular disease; (5) acute pain or any other
condition that may affect the accurate measurement of
radiological parameters; (6) subjects with scoliosis except
primary (de novo) degenerative scoliosis (PDS); (7) subjects
with lumbar kyphosis or global spine kyphosis.

Radiographic measurements

All the subjects underwent full-length lateral and antero-
posterior x-rays, including of their hip joints. All radiographs
were analyzed using validated software (Surgimap, Nemaris
Inc., New York, NY).

The following spinal and pelvic radiographic parameters
were measured: Pelvic parameters consisted of the PI, pelvic
tilt (PT) and SS. Spinal parameters included LL (Cobb angle
between the superior endplate of L1 and S1), L4-S1 angle
Cobb angle between the upper endplate of L4 and the sacral
endplate), TLK (Cobb angle between the superior endplate of
T10 and the inferior endplate of L2), TK (Cobb angle
between the superior endplate of T5 and the inferior endplate
of T12), NVL, LSA and IP. With LL and the L4-SI angle, the
percentage L4-S1 contribution to the total lordosis was
calculated and termed the lordosis distribution index (LDI)
(9). Lumbar mismatch was calculated as the PI-LL. Global
sagittal balance was evaluated using the T1 pelvic angle (TPA,
the angle formed by the line from the center of T1 to the
femoral head axis and the line from the center of the sacral
endplate to the femoral head axis (10)).

Coronal parameters were also assessed: thoracolumbar
coronal (TLC) Cobb angle, lumbar-sacrum coronal (LSC)
Cobb angle and the apical vertebra rotation (AVR) of the
thoracolumbar curve. The Nash-Moe classification (Grades 0-
IV; the higher the grade, the more severe the vertebral
rotation degree) was determined, which reflected the degree of
vertebral rotation (11).

The classical type 1 was defined by a long TLK, a short
lumbar lordotic curve and a PI<50°% classical type 2 was
defined by a long and flat lordosis and a PI <50° (2, 12). Two
independent examiners (B.B.W and Y.J.L) determined the
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classification twice, with an interval of 1 week. Disagreements
were resolved through discussion until a consensus opinion
was reached. The ideal LSA of type 2 was L4/5 and the ideal
LSA of type 1 was L5 (12). For statistical weight, the LSA
were defined: 1 for “LSA above L4/5”, 2 for “LSA located at
L4/5” and 3 for “LSA below L4/5”.

Statistical analysis

All the data were collected in Microsoft Excel 2019, and
statistical analysis was performed using the SPSS 21.0 software
(SPSS Inc., Chicago, IL, United States). The variables were
described as the mean and standard deviation. Chi-square
test, Fisher exact probability test and one-way analysis of
variance were applied to examine the degenerative changes of
the sagittal alignment in subjects among different groups.
Parameters between subjects with PDS and those without PDS
in Group IV were compared using the student t test and chi-
square test. The Pearson correlation coefficient was used to
analyze the relationships between the variations. The
significance threshold was set at 5% (P < 0.05).

Results
Demographics

A total of 270 subjects (154 females and 116 males), with a
mean age of 58.6 years ranging from 20 to 87 years, met the
inclusion criteria and were included in the final analysis.

The subjects were distributed into two groups; those with
PDS and those without PDS. Those without PDS were in turn
distributed into four age groups; Group I (N =35) were young
adults (aged 20-35 years), Group II (N=41) were adults
(aged 36-50 vyears), Group III (N=78) were middle-aged
(aged 51-65 years) and Group IV (N=71) were elderly
patients (aged >65 years). Subjects with PDS (N=45)
included 15 males and 30 females with a mean age of 71.9
years (range 66-87 years). Group I included 17 males and 18
females with a mean age of 28.8 years. Group II included 16
males and 25 females with a mean age of 42.8 years. Group
I included 35 males and 43 females with a mean age of 60.2
years. Group IV included 33 males and 38 females with a
mean age of 73.0 years.

Change in spinal alignment in subjects
without PDS

The demographics and radiological parameters among
Groups I, II, III and IV are compared in Table 1. Among the
four groups, there was a stepwise increase in the age, TPA,
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TABLE 1 Sagittal alignment in subjects without PDS.

Parameters Group Group  Group  Group p
I II III v value
N 35 41 78 71
Age (years) 288+43 428+47  602%37 73055  0.000**
Sex (M: F) 17:18 16:25 35:43 33:38 0.841
TPA (°) 42+46 44250  100%61  123%70  0.000%
PI () 404+51 402+60 412+62  405+64 0834
PT () 74+54  93+58  129+65  154%77  0.000**
SS () 327+67 303+73  27.6+88  245+79  0.000**
LL (°) 459498 421+  366+159 36.1+117  0.000*
117
PLI-LL (°) —55+86  -19% 464133 48+130  0.000%
10.0
L4-S1 (°) 317477  305+73 308116 304+103  0.926
LDI 07402  07+02 1217 1744  0.037*
TLK (°) 63+80  80+84 141+109 17.8+13.1  0.000**
TK (%) 216+ 221+ 261+133 319%156  0.000%
12.6 149

PDS, primary degenerative scoliosis; TPA, T1 pelvic angle; PI, pelvic incidence;
PT, pelvic tilt; SS, sacral slope; LL, lumbar lordosis; PI-LL, pelvic incidence
minus lumbar lordosis; LDI, lordosis distribution index; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis.

**Indicates P<0.01.

*Indicates P < 0.05.

PT, PI-LL, TK and TLK with increasing grade (all P <0.001).
There was also a stepwise increase in the LDI among the
groups (P <0.05). The PI and sex distribution were identical
among the four groups (all P> 0.05).

In Group I, all subjects were Roussouly type 2. In Group II,
14.6% of the subjects were type 1, while 85.4% were type 2. In
Group III, 28.2% of the subjects were type 1, while 71.8%
were type 2. In Group IV, 45.1% and 54.9% of the subjects
were type 1 and type 2, respectively. The proportion of type 1
subjects increased with age among the groups (P <0.001)
(Figure 2A). In Group I, the number of subjects with the LSA
above L4/5 was 25 and for 10 it was located at L4/5, whereas
none had the LSA below L4/5. In Group IV, 23 subjects had
the LSA above L4/5, for 16 the LSA was located at L4/5 and
for 32 the LSA was below L4/5. The LSA tended to be lower
in the spine with increasing age (P<0.001) (Figure 2B).
There was also a stepwise decrease in the NVL among the
groups (P <0.001) (Figure 2C).

Change in spinal alignment in subjects
without PDS who displayed roussouly
type 1

Two subjects displayed type 1 in Group II, 22 subjects in
Group III and 32 subjects in Group IV. There was a stepwise
increase in the age, TPA, LDI, TLK and TK from Group I
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through to Group IV (P <0.05). The sex distribution, PI, PT,
SS, LL, L4-S1 and PI-LL were identical among the four
groups (all P>0.05) (Table 2). There was also no statistical
difference among the four groups for the NVL or LAS
distribution (both P> 0.05) (Figures 3A,B).

Change in spinal alignment in subjects
without PDS who displayed roussouly
type 2

There were 35 subjects who displayed type 2 in Group I, 35
subjects in Group II, 56 subjects in Group III and 39 subjects in
Group IV. There was a stepwise increase in the age, TPA, PT
and PI-LL from Group I through to Group IV (P<0.001).
There was also a tendency for an increase in the TLK among
the four groups (P <0.05). There was a stepwise decrease in
the SS, LL and L4-S1 among the four groups (all P <0.05).
The sex distribution, PI, LDI and TK were identical among
the four groups (all P>0.05) (Table 3). The LSA tended to be
lower in the spine with increasing age (P <0.05) (Figure 4A).
There was also a stepwise decrease in the NVL among the
groups (P <0.05) (Figure 4B).

Sagittal alignment comparison between
subjects with and without PDS in group iv

All the subjects with PDS were older than 65 years and had
a similar age range to that of Group IV, therefore, we compared
the sagittal alignment between these two groups (Table 4). The
age, sex distribution, PI, L4-S1, LDI and TLK showed no
statistical difference between the two groups (all P> 0.05). For
subjects with PDS, the TPA, PT and PI-LL were greater than
for the subjects without PDS in Group IV (all P<0.05),
whereas the SS, LL and TK were less (all P<0.05). The
Roussouly-type, NVL and LSA distribution were identical
between the two groups (all P>0.05) (Figures 5A-C).

Impact of PDS on Roussouly’s sagittal
shape classification

In 17 subjects, the AVR of the thoracolumbar curve
displayed Nash-Moe degree I, 22 subjects showed degree II
and six subjects had degree III. None of the subjects showed
degree 0 or degree IV. There was no difference in the LL, L4-
S1, LDI, TLK, TK or NVL among these three degree groups
(all P>0.05) (Table 5).

When exploring the change in parameters using the coronal
Cobb angle, we found that the PT and TPA increased with an
increasing TLC Cobb angle, whereas the LL, SS and NVL
decreased. Moreover, as shown in Table 6, the LSC Cobb
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FIGURE 2

Change in spinal alignment in subjects without primary degenerative scoliosis (A). The proportion of type 1 subjects increased with age among the
groups. (B). LSA tends to be lower with an increase in age. (C). There was also a stepwise decrease in the NVL among the groups. Group | were young
adults (aged 20-35 years), Group Il were adults (aged 36-50 years), Group Il were middle-aged (aged 51-65 years) and Group IV were elderly
patients (aged >65 years). LSA, lumbar sagittal apex; NVL, number of vertebrae included in the lordosis; ** indicates P<0.01.

angle positively correlated with the TK, PI-LL and TPA and surgical restoration of a proper sagittal profile, in the belief
negatively correlated with LL. The other parameters did not that such restoration can lead to better functional outcomes
correlate with the TLC Cobb angle or the LSC Cobb angle (P and fewer mechanical complications (5, 8, 13, 14). With each
>0.05). Roussouly-type having a specific LSA, IP and NVL (1, 2, 6),

this should be taken into consideration when restoring the
ideal sagittal profile. Not considering this algorithm has a

Discussion threefold risk for increased mechanical complications (12, 15,

16). The level of the LSA was also found to be a significant

Restoring the sagittal spinal contour to the normal and risk factor for proximal junctional kyphosis after adult spinal
original Roussouly shape according to the PI could reduce deformity surgery (17).

specific degeneration changes in the spine (5). Knowing the Due to our specific selection criteria, the entire analyzed

physiological shape of a patient can also help to plan the population had a low PI (<50°). These subjects with a low PI

Frontiers in Surgery frontiersin.org

45


https://doi.org/10.3389/fsurg.2022.1049020
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Sun et al.

have two possible types: 1 and 2. What would be the original
shape of a degenerated type 1? The present study attempted
to examine the radiological characteristics of Roussouly types
with a PI<50° to identify whether type 2 could evolve into
type 1 with an increase in age.

It was reported that type 2 was the least common category,
which accounted for approximately 11% of the normal
population in the original study, whereas type 1 accounted for
approximately 21%, type 3 accounted for approximately 38%
and type 4 accounted for approximately 30% (2). By contrast,
type 2 accounted for 13.9% and type 1 for 15.4% of the
degenerative population (8). However, neither study showed

TABLE 2 Change in spinal alignment in subjects without PDS who
displayed roussouly type 1.

Parameters Group II  Group III  Group IV P value
N 6 22 32

Age (years) 440 +4.4 61.1+34 735+59 0.000**
Sex (M: F) 33 12:10 17:15 1.000
TPA (%) 47422 106 6.7 129+ 84 0.048*
PI () 37355 37.6+6.1 38.8+7.0 0.763
PT (°) 10.5+3.6 145£7.6 16.3£9.2 0.280
SS () 255+34 227479 21.8+9.0 0.603
LL (°) 36.7+10.7 293 +15.1 352+16.6 0.336
PL-LL (°) 0.7+9.8 83+13.0 3.6+159 0.367
L4-S1 (°) 323+83 36.7+9.9 363+9.9 0.617
LDI 0.9+0.1 1507 2865 0.001**
TLK (°) 145+9.0 24.0+13.1 27.7+11.0 0.041%
TK (°) 183139 22.1+13.9 37.7+16.1 0.000**

Please refer to Table 1 for definitions of the terms.
**|ndicates P<0.01.
*Indicates P<0.05.

10.3389/fsurg.2022.1049020

how the proportions of the different types changed with age.
In our study, all subjects were type 2 in Group I, whereas
subjects with type 1 represented 14.6% and type 2 accounted
for 85.4% in Group II. In Group III, subjects with type 1
represented 28.2%, while type 2 accounted for 71.8%. In
Group IV, subjects with type 1 and type 2 represented 45.1%
and 54.9%, respectively. There was a stepwise increase in the
proportion of type 1 with age, whereas type 2 decreased (P <

TABLE 3 Change in spinal alignment in subjects without PDS who
displayed roussouly type 2.

Parameters Group Group  Group  Group p
I II II1 v value
N 35 35 56 39
Age (years) 288+43 426+47 599+38  725%53  0.000%
Sex (M: F) 17:18 13:22 23:33 18:21 0.768
TPA (°) 42146  44%54 9758  11.9%58  0.000*
PI (°) 404+51 40760 426+58  420+54 0225
PT (°) 74%54  91%61  124+60 147+64  0.000%
$S () 327467 31175 29684  268+60  0.005*
LL () 459+98  43.0% 39.4+154  36.1+94  0.000%
11.7
PL-LL (°) -55+86  -23% 31£133  59+101  0.000%
10.2
L4-S1 (°) 317477 30272 285+1L5 255+77  0.006*
LDI 07+02  07%0.1 1.0£2.0 0.7+0.2 0.529
TLK () 6380 6979  103+68  97+83  0.042*
TK () 216+ 27+ 276+12.8 272%136  0.100
12.6 15.2

Please refer to Table 1 for the definitions of the terms.
**|Indicates P<0.01.
*Indicates P < 0.05.
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FIGURE 3
Change in spinal alignment in subjects without primary degenerative scoliosis who displayed roussouly type 1. (A). There was no statistical difference
among the four groups for the LAS distribution. (B). There was no statistical difference among the groups for the NVL distribution.

Frontiers in Surgery

46

frontiersin.org


https://doi.org/10.3389/fsurg.2022.1049020
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Sun et al. 10.3389/fsurg.2022.1049020

I
El LSA above L4/5 |
40- @ LSA below L4/5

6-
[ LSA located at L4/5 I I

4+ c. |
204 NVL o
21 s}
1 0 - s}
|_| 0. i "

0- T T

Group | Groupll Group lll Group IV \,Q\ QQ\\ \}Q\‘} oQ\Q

&° &° &© ©

FIGURE 4
Change in spinal alignment in subjects without primary degenerative scoliosis who displayed roussouly type 2. (A). LSA tended to become lower with
an increase in age. (B). There was also a stepwise decrease in the NVL among the groups. * indicates P < 0.05.

TABLE 4 Sagittal alignment comparison between all subjects with PDS among the groups for subjects with type 1 (18). A similar
and those subjects without PDS who were in group IV. . . ) .
phenomenon was found in the subjects with type 2 in our

Parameters PDS Group IV P value study. This may be due to type 1 being dependent on the
shape of LL: short LL with the apex at L5 in a previous study

N 45 71
(18), whereas we defined type 1 as a long TLK and a short
Age (years) 71.9£56 73.0+55 0335
lumbar lordotic curve. Another reason is the different age
Sex (M: F) 15:30 33:38 0.161 ] i
groups in the two studies.
TPA (°) 175+ 10.0 123£7.0 0.003** i
There is a consensus that the LSA and IP of type 2 are
PI (°) 41.7+74 40.5+ 6.4 0373 ) )
higher than those of type 1 and there is a greater NVL of
PT () 20.3+82 154+77 0.002** .
type 2 than that of type 1, whereas the LDI of type 2 is lower
8s (° 20.8+9.5 24.5+7.9 0.025*
© * * than that of type 1 (2). In our study, the LSA and IP of
LL () 77158 P71 0.006 subjects without PDS became lower and the NVL decreased
PLLL () 140£15.5 48130 o001 with age, with a similar phenomenon being found in the
14-81 () 30.9x108 3042103 0798 subjects with type 2. There was no statistical difference among
LD 22446 17+44 0.553 the groups for the LAS or IP distribution of subjects with
TLK () 1832133 178131 0.843 type 1. At the same time, the TLK of subjects with type 2
TK () 238+125 319+156 0.004* increased with age. This provides further evidence that some

Please refer to Table 1 for the definitions of the terms. type 1 evolved from type 2.

**Indicates P < 0.01. What could be the original shape of a degenerated type 1?7 A

"Indicates P<0.05. prior study reported that the answer is probably different in the

case of pure TLK without scoliosis compared to lumbar or

0.05). This finding suggested that part of type 1 at least may be a thoraco-lumbar scoliosis (13). In the case of scoliosis, the
regression of type 2. increasing apical rotation may induce a thoracolumbar

Life is a kyphosing event. For all the subjects without PDS in torsion, flexing a previously flat lordosis in TLK (13). In the
this study, there was a stepwise increase in the TPA, PI-LL, PT, case without scoliosis, the original shape was probably a type
TLK and TK with age, whereas LL and the SS decreased. For the 1 with a respective increasing TLK and distal hyperlordosis
type 1 subjects, there was a stepwise increase in the TPA, TLK (13). However, some authors described in the literature that
and TK with age, whereas the LL, PT, SS and PI-LL remained even in type 2 subjects without scoliosis, as degeneration
constant among the different age groups. These results were progresses, the kyphosing event affects the thoracolumbar area
slightly different from a previous study, which reported that or lumbar area, the 14-S1 angle may increase on a small
there was a stepwise increase in the PT and TLK with age, arch, which can generate a type 1 spine (8), thus this opinion
whereas LL and the SS decreased and TK were identical is a little different from the former. That is, the reason why
Frontiers in Surgery frontiersin.org
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FIGURE 5

Sagittal alignment comparison between subjects with primary degenerative scoliosis and subjects in Group IV. (A). The Roussouly-type distribution
was identical between the two groups (B). There was no statistical difference between the two groups for the LSA distribution. (C). There was also no
statistical difference between the two groups for the NVL distribution

TABLE 5 Impact of AVR on sagittal alignment. increase in TLK with age for subjects displaying type

AVR L 14-S1  LDI TLK TK NVL 2. However, LL and L4-S1 decreased in this group, and the

main reason may be that some type 2 subjects become type 1,

Degree I 33.7+ 3214 29+ 16.1+ 276+ 38+ the kyphosing event continuing to affect the lumbar area in
165 10.9 7.3 17.8 13.5

the rest of type 2 subjects as degeneration progresses. Of

Degree Il 22.6% 3% 16x  179% 08+ 33 course, part of the degenerated type 1 was an original type
146 10.0 12 12.0 12.0 1.0 . i
1. We found that there was a stepwise increase in TLK and
Degree 217+ 333+ 24%  263% 240+ 322 ] . ) )
- 148 138 20 155 103 0.8 TK with an increase in age for the type 1 subjects. There was
P value 0.124 0.615 0.706 0.264 0.245 0.281 no statistical difference in sagittal alignment besides the TPA,

PT and PI-LL between the PDS and Group IV, who had the
same age in this study. This suggests that PDS only

AVR, apical vertebra rotation; NVL, number of vertebrae included in the
lordosis; for definitions of other terms please refer to Table 1.

exacerbates the sagittal imbalance. Furthermore, the AVR
made no difference to the sagittal alignment in PDS. We

type 2 subjects without scoliosis can become type 1 was believe that the reason was that there was very little rotation
increased kyphosis in the thoracolumbar region and increased of the apical vertebra in PDS and only six subjects displayed
lordosis of the lower lumbar spine, while type 2 subjects with Grade IIT in the present study. Moreover, we found that
scoliosis can become type 1 because of the increasing apical neither the TLC Cobb angle nor the LSC angle correlated
rotation. In the present study, there was a tendency for an with TLK. Therefore, we believe that PDS had little effect on
Frontiers in Surgery frontiersin.org

48


https://doi.org/10.3389/fsurg.2022.1049020
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Sun et al.

10.3389/fsurg.2022.1049020

TABLE 6 Correlation between the TLC Cobb angle, the LSC Cobb angle and other parameters.

Cobb angle LL L4-S1 LDI TLK TK PI-LL PT SS TPA NVL
TLC —0.297* 0.028 0.116 —0.224 0.169 0.250 0387 —0.432% 0.299* -0.318*
LSC —0.340* —0.053 0.002 —0.125 0.342* 0.322* 0.274 —0.280 0.310% —0.099

TLC, thoracolumbar coronal; LSC, lumbar-sacrum coronal; NVL, number of vertebrae included in the lordosis; for definitions of other terms please refer to Table 1.

**Indicates P<0.01.
*Indicates P < 0.05.

whether type 2 becomes type 1. This is very similar to what was
found in adolescent idiopathic scoliosis (19) and adult scoliosis
(20), where the curve type was not associated with a specific
pattern of sagittal morphology.

On the basis of the specific geometry of the type 1 back,
degenerative patterns associated with the worsening of TLK
were hypothetically proposed: degenerative discopathy in the
thoracolumbar kyphosis area, retrolisthesis in the junctional
area and joint facet arthritis in the hyperlordosis area (5).
There is a strong belief that the correct sagittal shape must be
restored with surgery to match the physiological or theoretical
one. Surgical treatment of TLK remains unclear for patients
with a low PI. On the basis of this new sagittal evaluation, the
strategy of balance restoration in type 1 (TLK combined with
a low PI) points to two treatment options: maintain a type 1
or transform into type 2. Distinguishing between a false and
an original type 1 is of great importance for the surgeons. We
propose that the following points may help to distinguish the
two. For the original type 1, severity of degeneration,
including degenerative discopathy, retrolisthesis, joint facet
arthritis and degenerative paravertebral muscles, are less than
for the false one. Additionally, no obvious tenderness is
present in the thoracolumbar region in the original type 1
subjects.

There were some limitations in our study. First, this is a
cross-sectional study which cannot precisely ascertain the
evolution of the degenerations over time because the
evaluated spinal and pelvic parameters were fixed in time.
Longitudinal cohort studies are thus warranted to confirm the
actual degenerative changes. Second, determination of
Roussouly types 1 and 2 using a cutoff value of PI of <50° is
also arbitrary. There were some studies that set a cutoff value
of PI of <45° to determine the Roussouly types 1 and 2 (6).
Finally, the retrospective design and the small sample size
likely affected the strength of the statistical analysis of the
study. More investigations are needed to prove our hypothesis.

Conclusion

Subjects who display Roussouly type 2 could evolve into the
type 1 shape as the deterioration of the sagittal spinal alignment
progresses with age. PDS had little effect on whether type 2
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becomes type 1. Sagittal shape recognition will help restore
the appropriate theoretical shape through surgery, which can
eventually lead to better surgical outcomes.
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Objective: Local anesthesia (LA) is recommended for percutaneous
transforaminal endoscopic  discectomy(PTED), but satisfactory pain
management is not mostly achieved. The goal of this study was to examine
the clinical efficacy of PTED for lumbar disc herniation when performed
under local anaesthetic vs. general anesthesia (GA).

Methods: From August 2018 to August 2020, the clinical data of 108 patients
treated with PTED were retrospectively evaluated and separated into two
groups: LA and GA based on the anesthesia method. General information
and clinical outcomes of patients were included. Visual analog scale (VAS)
and Oswestry disability index (ODI) were recorded before operation, 1 week
after operation, and 1 year after operation. In addition, VAS for back pain and
leg pain on the second postoperative day were also recorded.

Results: We divided the patients into two groups: 72 in LAand 36 in GA. There were
no significant differences in gender, age, course of disease, body mass index,
surgical segment, duration of operation, intraoperative bleeding, time of
fluoroscopy, length of hospital stay, total hospitalization cost reoperation,
surgical satisfaction, Macnab satisfaction, complications, preoperative and 1 year
postoperatively VAS for back pain and leg pain and ODI, VAS for leg pain on the
second day and 1 week postoperatively between the two groups (P> 0.05). VAS
for back pain in GA group on the second day postoperatively, as well as the VAS
for back pain and ODI at one week postoperatively, were better than those in LA
group (P<0.05). However, the total hospitalization cost in LA group was
significantly lower than that in GA group (P < 0.05). Further analysis of different
ages in the two groups showed that there were significant differences in the VAS
for back pain on the second day postoperatively and ODI at 1 week
postoperatively in the middle-aged group (45 <Y <59), as well as the VAS for
back pain on the second day postoperatively in the senior group (Y >60) (P<
0.05). However, there were no significant difference among other groups (P > 0.05).
Conclusion: Long-term outcomes were similar for both PTED under LA and GA,
while GA group had better short-term outcomes, especially in middle-aged and
elderly patients.

KEYWORDS

lumbar disc herniation, percutaneous transforaminal endoscopic discectomy, local
anesthesia, general anesthesia, pain management
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Introduction

Lumbar disc herniation (LDH) is becoming more and more
common as people change their lifestyles. When conservative
treatment fails and the condition progresses, surgery may be
indicated. Percutaneous transforaminal endoscopic discectomy
(PTED) is a minimally invasive technique for LDH that is
comparable to open surgery and microendoscopic lumbar
discectomy in terms of efficacy. At the same time, it has the
advantages such as a tiny incision, less bleeding, quick
postoperative recovery, getting out of bed early and so on (1-3).

Most PTED are performed under local anaesthesia (LA). To
avoid harm to the spinal cord and nerve roots, patients remain
conscious throughout the treatment and can provide abnormal
input to the operator concerning pain, numbness, and electrical
sensations in the leg at any time. PTED under LA, on the other
hand, is not without debate, given the increased desire for comfort
and painlessness. LA is insufficient for pain relief, and some
patients are unable to take it, resulting in complications during
surgery and even the need to abandon the procedure (4, 5).
Therefore, some researchers believe that general anesthesia (GA)
is better for PTED, especially for patients who have a low pain
threshold (6). Although PTED under GA can offer appropriate
analgesia, due to full sensory blockade, the risk of surgery may be
considerably enhanced (7). How to better manage pain during
PTED has become a major clinical issue for spine surgeons.

As far as we know, few researches have examined the
efficacy of PTED in LA or GA. Therefore, we conducted a
retrospective case-control study to compare the clinical
outcomes of PTED patients treated with LA vs. GA.

Materials and methods
Inclusion and exclusion criteria

The inclusion criteria were: (1) patients with single-segment
LDH whose clinical symptoms and signs were consistent with

(2) PTED was conducted when
conservative treatment failed for more than three months.

the imaging findings.

(3) GA could be tolerated after assessment by an anesthesiologist.
(4) the data and follow-up results were complete. The
exclusion criteria were: (1) the segment with spondylolisthesis
or instability required fusion surgery. (2) surgery was required
for degenerative scoliosis. (3) other spinal diseases, such as
ankylosing spondylitis, spinal tumors and tuberculosis and so
on. (4) history of lumbar surgery.

General information

All patients diagnosed with LDH and treated with PTED from
August 2018 to August 2020 who met the inclusion and exclusion
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criteria were retrospectively included in this study. LA and GA were
chosen according to the patient’s preference. There were 72 cases in
LA group and 36 cases in GA group. The study was approved by
the hospital ethics committee and all patients were operated on
by the same group of senior doctors. General data of the two
groups were shown in Table 1. There were no significant
differences in gender, age, course of disease, body mass index
and surgical segment between the two groups (P> 0.05).

Surgical procedure

To permeate the epidermis, 2-3 ml of 1% lidocaine was
administered in LA group, followed by 8-10 ml layer by layer.
When the superior articular process was reached, 2-3 ml was
utilized to anesthetize the facet joints. If necessary, dosage
could be increased appropriately. In GA group, experienced
anesthesiologists performed anesthesia according to standardize
intravenous compound endotracheal general anesthesia.

The patient was positioned prone on the operating table. The
entrance location was around 12-14 cm distant from the midline.
The needle had reached the medial and ventral surfaces of the
superior articular process, according to fluoroscopy. Then a
guidewire was used to replace the needle. A serial dilator was
adopted and twisted to enlarge the subcutaneous tract. A
protective tube was inserted into the intervertebral foramen and
trephine (Spinendos, Munich, Germany) was introduced
through the tube. After that, the trephine was utilized to do
foraminoplasty. An endoscope (Elliquence, New York, USA)
was connected. Then nerve root was revealed and herniated
nucleus pulposus was excised endoscopically. The endoscope
was removed and the operation ended.

The assessment of clinical outcomes

Our study focused on factors including duration of
operation, intraoperative bleeding, time of intraoperative

TABLE 1 General data of patients in the two groups.

Subjects LA Group GA Group P
(n=72) (n=36)

Male/Female 48/24 21/15 0.405
Age (years) 47.82 +15.55 48.78 +16.08 0.766
Course of disease (months) 15.53 £ 19.67 15.17 £18.25 0.928
Body mass index (kg/mz) 21.72+2.34 21.70+2.25 0.967
Surgical segment 0.199
L1-2 0 2

L2-3 2 3

L3-4 4 2

L4-5 58 26

L5-S1 8 3
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fluoroscopy, length of hospital stay, total hospitalization cost,
surgical satisfaction and complications. The length of hospital
stay was from the day of admission to the day of discharge.
Visual analog scale (VAS, ranging from 0 to 100, with higher
scores indicating more back pain and leg pain) (8) for back
pain and leg pain and Oswestry Disability Index (ODI,
ranging from 0 to 100, with higher scores indicating more
disability)  (9)
postoperatively and 1 year postoperatively. On the second day

were recorded preoperatively, 1 week

after surgery, the patients were asked about their satisfaction

» <«

with the operation and answered “satisfactory”, “average” and
“unsatisfactory”. Patients were followed up for reoperation at
1 year postoperatively, and surgical outcomes were assessed

according to MacNab criteria.

Statistical analysis

SPSS 25.0 statistical software was used for data analysis. The
quantitative data were described as means + standard deviation
(x £ s), and the qualitative data were expressed as the number of
cases. Quantitative data were compared by independent sample
T-test. For those failing to meet the t-test conditions, rank sum
test was used. Qualitative data were compared by %2 test.
P <0.05 was considered statistically significant.

Results

All underwent  surgery

comparison of clinical outcomes between the two groups was

patients successfully.  The
shown in Table 2. There were no significant differences in

duration of operation, intraoperative bleeding, time of
intraoperative fluoroscopy, length of hospital stay, surgical
satisfaction and complications between the two groups
(P>0.05). However, the total hospitalization cost of LA group
was significantly lower than that of GA group (P <0.05). One
patient in each group was reoperated for recurrence of the
operated segment at one vyear postoperative follow-up
(P>0.05). Meanwhile, there was no significant difference in
efficacy assessment of Macnab criteria between two groups
(P>0.05). Transient paresis occurred in five and three
patients in the LA and GA groups, respectively.

The comparison of efficacy between the two groups was
shown in Figures 1, 2. There were no significant differences
in preoperative VAS for back pain and leg pain and ODI
between the two groups (P>0.05). Although there was no
statistical difference in VAS for leg pain between the two
groups on the second day after surgery (P>0.05), VAS for
back pain of GA group was markedly better than that of LA
group (P <0.05). One week after surgery, VAS for back pain
and ODI in GA group were better than those in LA group

(P<0.05), but there was no significant difference in VAS for
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TABLE 2 Comparison of clinical outcomes between the two groups.

Subjects LA Group GA Group p
(n=72) (n=36)

Duration of operation 94.10 +33.21 96.94 + 33.64 0.677
(minutes)

Intraoperative bleeding (ml) 9.79 +4.55 10.75 + 6.02 0.358

time of intraoperative 25.75+7.13 22.75£8.05 0.063
fluoroscopy (times)

Length of hospital stay (days) 6.13+2.47 6.22+2.27 0.843

Total hospitalization cost 34,018.5+£7259.26 44,715.54 +21,656.04 <0.001
(RMB)

Reoperation 1 (1.39%) 1 (2.78%) 0.614

Satisfaction of surgical 0.082

Satisfactory 57 32

Average 15 3

Unsatisfactory 0 1

Macnab satisfaction 0.858

Excellent 37 18

Good 31 15

Fair 4 3

Poor 0 0

Transient paresis 5 3 0.448

leg pain between the two groups (P >0.05). There were no
significant differences in VAS for back pain and leg pain and
ODI between the two groups at 1 year follow-up (P> 0.05).

All the patients included were separated into three groups,
according to WHO age classification criteria (10). The young
group was under 45 years old; the middle-aged group was
45-59 years old; and the senior group was over 59 years old.
Comparison of efficacy between GA group and LA in
different age groups was shown in Figures 3-5. There were
significant differences in the VAS for back pain on the second
day postoperatively, ODI at one week postoperatively in the
middle-aged group, as well as the VAS for back pain on the
second day postoperatively in the senior group (P <0.05).
However, there were no significant difference among other
groups (P> 0.05).

Discussion

It is difficult to puncture and implant the working channel
under direct vision in PTED, and there is a risk of nerve
irritation during the operation. As a result, it’s critical to keep
the patient conscious during the procedure. Currently, most
surgeons utilize LA for PTED, but some employ epidural
anesthesia, lumbar anesthesia or GA. Yu et al. (11) discovered
that PTED performed under local anesthesia with 0.5%
lidocaine was lesser invasion, shorter hospital stays, quicker
pain relief, and functional

recovery compared to

microendoscopic discectomy under general anesthesia. Zhang
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FIGURE 1
Comparison of VAS between the two groups. ***Compared with the back of LA group on the second day postoperatively, P<0.001. *Compared with
the back of LA group at one week postoperatively, P<0.05.
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FIGURE 2
Comparison of ODI between the two groups. *Compared with the
LA group at one week postoperatively, P<0.05.

et al. (12) concluded that epidural anesthesia with low-
concentration ropivacaine and sufentanil is safe and effective
for PTED. Wang et al. (13) found that PTED and
percutaneous endoscopic interlaminar discectomy under
general anesthesia were equally cost-effective and valuable
interventions for L5-S1 lumbar disc herniation. Our study
showed that duration of operation, intraoperative bleeding,

time of intraoperative fluoroscopies, length of hospital stay,
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Macnab
complications and long-term outcomes were similar between
LA and GA groups. Although the efficacy of GA group was
better than that of LA group on the second day and 1 week

reoperation, surgical satisfaction, satisfaction,

postoperatively, the total hospitalization cost was higher than
that of LA group.

PTED can be performed under LA because it exerts little
damage to tissue. The surgeon can completely communicate
with the patient during the procedure, reducing the danger of
nerve injury. Meanwhile, LA offers minimal risk and low cost.
As a result, LA is frequently suggested in clinical settings.
However, we discovered that pain management under LA was
ineffective. This could be related to the large amount of nerve
fibers in the tissues surrounding the lumbar joints, which are
difficult to totally block. Especially in the process of
establishing working channels, foraminoplasty and releasing
adherent nerve roots, severe pain is often produced, which is
consistent with the study of Zhu (14). Due to the painful
operation under LA, patients may have anxiety and fear about
it, which may reduce the satisfaction of the surgery, so that
patients may refuse to accept it again. This could have a
negative impact on the promotion of PTED. In addition, this
study also found that intraoperative muscle tension would
limit the operation of endoscopic instruments, prolong the
duration of operation, and increase the dose of radiation and
surgical difficulty. Pain management that is effective can
increase clinical outcomes and patient satisfaction (15).

Although there was no significant difference in the number
of fluoroscopies between the two groups in this study, we did
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Comparison of VAS for back pain between the two groups in different age groups. *Compared with the LA group on the second day postoperatively
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find that GA group had a slightly lower frequency than LA
group, which could be due to the intraoperative analgesic
effect (16). In LA group, muscle tension and postural changes
might occur because of pain, which might affect the
fluoroscopic effect. The frequency of fluoroscopy is closely
related to the patient’s coordination. In LA group, patients
might ask the surgeon to stop the puncture and insertion of
the working channel due to unbearable pain. Besides, the
patient could move autonomously during the operation, and
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muscle tension due to fear might increase the frequency of
fluoroscopy. The International Commission on Radiological
Protection (ICRP) also recommends annual radiation limits,
the
damageable to ignore (17). Our study showed that although

and repeated fluoroscopy during surgery is too
the long-term outcomes of the two groups was consistent, the
VAS for back pain on the second day postoperatively, the
VAS for back pain and ODI at one week postoperatively in

GA group were better than those in LA group. We may
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consider the following two reasons: On the one hand, patients in the
GA group cooperated better during the procedure. As a result, the
surgeon would be able to perform better, removing more nucleus
pulposus and better releasing the nerve root. After surgery, the
GA group, on the other hand, had no bad memories and felt
better about themselves. Therefore, it is an option to operate
PTED under GA. To reduce nerve injury, the assistant can be
asked to touch the ipsilateral leg during the operation. The
operation was suspended, and the position was adjusted in time
when the leg beating appeared. However, owing to the steeper
learning curve of PTED, it is still recommended to perform it
under LA in the early stage (18). If the situation allows, it can be
done under the supervision of PTED-trained surgeons to assure
the surgery’s safety. As experience we gain, we can transition to
GA. Tt is good for postoperative recovery when the patient is
undergoing painless surgery.

Further examination of the two age groups revealed that there
was no significant difference between the young and the older
groups. However, in middle-aged and older people, short-term
outcomes in the GA group were better than those of the LA
group. It could be linked to the degree of degeneration in middle-
aged and elderly people. As they have a lower pain tolerance than
young people, their postoperative back discomfort is more
noticeable (14). Therefore, young people can have a variety of
anesthesia options, more inclined to LA. GA is more suitable to
the elderly. In addition, as our findings revealed, the total
hospitalization cost in the GA group was significantly higher than
in the LA group, amounting to approximately 10,697 RMB, due
to the need for full participation of anesthesiologists. In terms of
complications, both groups of patients suffered transitory paresis,
which was assumed to be related to mechanical nerve root
extraction. To avoid injury the nerve, we should carefully examine
the radiography before surgery, measure the size of the foramen,
and then determine the puncture direction and angle. Hussain
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(19) reported that PTED under GA, supplemented by neuro
electrophysiological monitoring, could preferably ensure the
safety of spinal cord and nerve root.

Although the aforementioned findings are clinically
significant, there still exist flaws. To begin with, this was a
retrospective study with a selective bias in data gathering.
Second, because all of the cases came from a single center, the
total number of cases was insufficient. Finally, there was no
follow-up on mid-term results after surgery in the study. As a
result, future research should include a comparison of the
impacts at multiple time periods, as well as a prospective,
large-sample multicenter cohort study to confirm our findings.

Conclusion

Both PTED under LA and GA are safe and effective for
treating patients with LDH in Long-term outcomes,while GA
group had better short-term outcomes, especially in middle-
aged and elderly patients. Therefore, GA can be considered a
feasible alternative to LA for PTED.
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Fully endoscopic transforaminal
discectomy for thoracolumbar
junction disc herniation with or
without calcification under
general anesthesia: Technical
notes and preliminary outcomes

Shengwei Meng", Jialuo Han", Derong Xu’, Yan Wang’,
Shuo Han', Kai Zhu', Antao Lin', Kunpeng Su’, Yaxiong Li",
Xing Han’, Xuexiao Ma™ and Chuanli Zhou'™

'Department of Spinal Surgery, The Affiliated Hospital of Qingdao University, Qingdao, China,
2Operating Room, The Affiliated Hospital of Qingdao University, Qingdao, China

Objective: To evaluate the feasibility, safety, and outcomes of percutaneous
endoscopic transforaminal discectomy (PETD) for thoracolumbar junction
disc herniation (TLDH) with or without calcification.

Methods: This study included 12 patients diagnosed with TLDH with or without
calcification who met the inclusion criteria and underwent surgery for PETD
from January 2019 to December 2021. The mean patient age, operation
time, hospitalization time, time in bed, and complications were recorded.
Patients were followed up for at least 9 months. Visual analog scale (VAS)
scores for low-back and leg or thoracic radicular pain and modified
Japanese Orthopedic Association score (m-JOA) scores were preoperatively
evaluated, at 1 day and 3, 6, and 12 months postoperatively or at last follow-
up. The modified MacNab criteria were used to evaluate clinical efficacy at
12 months postoperatively or at last follow-up.

Results: The mean patient age, operation time, hospitalization time, and time
in bed were 534139 years, 101.3+9.2 min, 45+ 1.3 days, and 18.0+ 7.0 h,
respectively. The mean VAS scores of low-back and leg or thoracic radicular
pain improved from 58+15 and 65+14 to 20+09 and 13+0.5,
respectively (P<0.05). The m-JOA score improved from 7.5+ 1.2 to 10.0+ 0.7
(P <0.05). The overall excellent—good rate of the modified MacNab criteria was
83.3%. No severe complications occurred.

Conclusion: Fully endoscopic transforaminal discectomy and ventral
decompression under general anesthesia is a safe, feasible, effective, and
minimally invasive method for treating herniated discs with or without
calcification at thoracolumbar junction zone.

KEYWORDS

endoscopic spinal surgery, transforaminal, discectomy, ventral
thoracolumbar junction zone, intervertebral disc displacement

decompression,
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Introduction

The thoracolumbar junction usually refers to the region
from T11 to L2 in clinical practice (1). Thoracolumbar
junction disc herniation (TLDH) with an incidence of <5%
of all lumbar disc herniations is much less common than in
the lower cervical and lower lumbar spines (1-4). However,
TLDH is sometimes encountered in our clinical practice.
the of the
thoracolumbar junction zone are greatly increased because

Generally, risks surgical operation at
the spinal canal at these levels accommodates the spinal
cord, conus medullaris, or cauda equina. Additionally,
clinical manifestations of TLDH are complex and various,
including low back pain, intercostal neuralgia, leg pain, groin
region pain, lower limb numbness with or without weakness,
and walking difficulty, which causes severe suffering for
patients (1). Moreover, postoperative TLDH outcome is
worse than lower lumbar disc herniation (5). The classical
posterior approach, including laminectomy and discectomy
with or without internal fixation, requires extensive
paravertebral muscle and facet joint resection to fully expose
the herniated disc and dura sac, leading to spinal instability
and leaving the patient susceptible to persistent low back
pain and a higher risk of nerve injury (6, 7).

Nowadays, percutaneous endoscopic discectomy is well
accepted by surgeons and patients for cervical and lumbar
disc herniation treatment because of advantages like less
trauma, less bleeding, faster recovery, and lower complication

(8).

decompression were introduced for treating thoracic disc

rates Percutaneous  endoscopic  discectomy and

herniation and thoracic stenosis with advances in endoscopic
©, 10).
percutaneous endoscopic transforaminal discectomy (PETD)

visualization and instrumentation However,
for TLDH is rarely reported. Thus, this study performed a
fully endoscopic transforaminal ventral discectomy technique,
PETD, to treat patients with thoracolumbar junction zone
disc herniation. This paper reports our technical notes of fully
endoscopic transforaminal ventral discectomy for TLDH and

the preliminary outcomes of 12 cases.

Materials and methods
Participants

We treated 15 patients diagnosed with TLDH using PETD
from January 2019 to December 2021; of them, 12 met the
inclusion criteria. More than one spinal surgeon was invited
to diagnose based on clinical manifestations and imaging
findings. All surgeries were completed by two skilled surgeons
with extensive experience in the endoscopic technique.

Table 1 shows the patients’ clinical characteristics. All
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TABLE 1 Demographic findings of the study patients (n =12).

Characteristic Mean +SD or n
Age (years) 53+13.9
Sex, male:female 7:5

Side of the surgery, left:right 5:7

Levels involved, T11-12:T12-L1:L1-2 4:5:3

Low back pain 9

Leg pain 7
Thoracic radiculopathy 5
Paresthesia in lower limb 8

Lower limb weakness 5
Neurogenic claudication 7

Bladder dysfunction 2
Duration of surgery (mins) 101.3+9.2
Blood loss (ml) 13.3+£3.9
Time in bed (h) 18.0+7.0
Hospitalization time (days) 45+13
Follow-up period (months) 14+47

SD, standard deviation; n, number of patients.

procedures were authorized by the ethics committee of our
institution. Written informed consent was obtained from all
included patients. The privacy and critical interests of our
patients were protected following the Declaration of Helsinki.
The inclusion criteria were as follows: (1) TLDH diagnosis;
(2) consistent

(3) complaints of a leg or thoracic radicular pain with or

symptoms, signs, and imaging findings;
without low back pain, lower limb numbness with or without
weakness, and walking difficulty, which cause severe suffering
for patients; (4) conservatively treated for >3 months with
limited therapeutic effect or no therapeutic effect; (5) learning
the details of the the

mechanism, possible clinical results, potential risks, and

procedure, including surgical
complications; and (6) >9-month follow-up postoperatively.
Exclusion criteria were patients (1) with complete cauda
syndrome;  (2)
spondylolisthesis; (3) with anesthesia or medical conditions

equina with  dynamic instability or

contraindicated for surgery; and (4) who were not cooperative.

Surgical technique

We performed all operations using the Endo-surgi Plus
system or Endo-surgi Standard system (Shanghai Maoyu
Medical [Group] Co., LTD, China) with or without an
endoscopic high-speed bur or piezosurgery, depending on
surgical necessity. Tranexamic acid was used preoperatively to
prevent bleeding (11). Nerve function monitoring was used to
prevent intraoperative nerve injury as in our previous study (11).
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Skin marking and placement of working
cannula

All patients were placed in the prone position on a
radiolucent table after general anesthesia. The operation table
was adjusted to enlarge the intervertebral foramen. The disc
herniation segment was located under C-arm fluoroscopy
(Figure 1A), and the puncture point approximately 6-8 cm
lateral to the midline and tilted 10°-15° toward the cranial
end was marked. An 18-G puncture needle was inserted onto
the lateral side of the superior articular process (SAP) under
C-arm fluoroscopy (Figure 1B) after disinfection and draping.
The puncture needle was withdrawn after the guide wire was
put into the needle, and the primary guide rod was
introduced (Figure 1C) through the guide wire after making
an incision. Then, a second guide rod and U-shaped working
cannula were sequentially introduced (Figure 1D). The
appropriate and safe location to avoid dura sac injury was
confirmed with C-arm fluoroscopy, including the beveled end
of the working channel not exceeding the line between the

10.3389/fsurg.2022.1067775

midpoints of pedicles on the same side in the anteroposterior
view, and the beveled end of the working channel not
exceeding the posterior edge of the vertebral body in the
lateral view (Figures 1E,F).

Endoscopic procedure

A T-shaped working cannula and an endoscope were
introduced into the U-shaped cannula in sequence. The soft
tissue in the foramen was cleaned to expose the anatomical
structure of the foramen after complete hemostasis. Then, the
SAP was exposed and partly resected with a fully visualized
trepan or a Kerrison rongeur, or endoscopic high-speed bur,
depending on the surgical need (Figure 2A). Next, part of the
ligamentum flavum ventral to the articular processes was
resected (Figure 2B) to expose the herniated disc and
compressed dural sac (Figure 2C). The degenerated nucleus
pulposus in the intervertebral space and the hump of the
intervertebral disc protruding into the spinal canal were
sequentially removed with punch forceps and grasping forceps

FIGURE 1
The procedure of establishing the working cannula with C-arm fluoroscopy assistance. (A) The location of segment to be operated. (B) The 18 G
puncture needle inserted onto the lateral side of superior articular process. (C) The primary guide rod introduced through the guide wire. (D) The
U-shaped working cannula introduced through the second guide rod. (E,F) The final location of the U-shaped working cannula under the
anteroposterior and lateral view of C-arm fluoroscopy.
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FIGURE 2

Main surgical procedures under endoscope. (A) The exposure of SAP and resection of SAP with a fully visualized trepan. (B) The ligamentum flavum
ventral to the articular processes was resected with a Kerrison rongeur. (C) Exposure of the herniated disc and compressed dura sac. (D) Resection of
the degenerated nucleus pulposus in the intervertebral space and the intervertebral disc protruded into the spinal canal with punch forceps.
(E) Removal of the calcified herniated disc and ossified posterior longitudinal ligament at the posterior margin of the caudal vertebra with a
chisel. (F) Removal of the calcified herniated disc at the posterior margin of the cranial vertebra with punch forceps. (G,H) Complete
decompression of dura sac at the intervertebral space level and caudal side. SAP, superior articular process; LF, ligamentum flavum; HD,
herniated disc; CHD, calcified herniated disc; IV, inferior vertebra; IVS, intervertebral space.

to decompress the dural sac and nerve ventrally after the
annulus fibrosus incision (Figure 2D). Afterward, the calcified
disc or ossified posterior longitudinal ligament or osteophyte
at the posterior margin of the caudal vertebra and cranial
vertebra was sequentially chiseled away with a chisel or
resected with punch forceps (Figures 2E,F). This sequence
reduced the incidence of neck pain due to water pressure for
patients under local anesthesia. The hypertrophic ligamentum
flavum on the dorsal side of the dural sac was further resected
to obtain adequate dural sac and nerve decompression after
the elevated dural sac returned. Next, complete hemostasis
was performed using radiofrequency electrodes. Satisfactory
decompression was obtained (Figures 2G,H) and then the
endoscope and the working cannula were withdrawn. Finally,
the incision was sutured without placing a drainage tube.

Outcome assessment

All included patients were evaluated preoperatively, at 1 day
and 3, 6, and 12 months postoperatively or at last follow-up.
Clinical outcomes were evaluated with the modified Japanese
Orthopedic Association score (m-JOA) (12). The degree of low
back and leg or thoracic radicular pain was evaluated with a
visual analog scale (VAS). The modified MacNab criteria were
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used to assess clinical effectiveness 12 months postoperatively or
the last follow-up (13). All patients were evaluated using
magnetic resonance imaging (MRI) and computed tomography
(CT) before discharge and at least once during the follow-up.

Statistical analysis

We used Statistical Package for the Social Sciences (version
24.0; SPSS Inc., Chicago, IL, United States) for all clinical data
statistical analyses. All data of pre- and postoperative VAS and
m-JOA scores were expressed as mean + standard deviation and
were analyzed with the paired t-test if the data were normally
distributed or were analyzed with Wilcoxon signed-rank test.
Statistical significance was set at P-values of <0.05.

Results
Demographic characteristics and
summary of primary clinical

manifestations

This study included 12 patients, including 5 with soft disc
herniation and 7 with disc herniation combined with
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TABLE 2 Summary of preoperative primary clinical manifestations and imaging features of the 12 patients who were treated with fully endoscopic

transforaminal discectomy and ventral decompression surgery.

Case No. Age Sex Location

Primary clinical manifestations

Soft/calcified

(years) (or with other
type of calcification)
1 36 M TI12-L1 Leg pain, paresthesia in lower limb, neurogenic claudication Calcified (OPLL)
2 40 F T12-L1 Low back pain, leg pain, paresthesia in lower limb, neurogenic claudication Calcified (OPLL)
3 63 M T11-1L2 Low back pain, thoracic radiculopathy, lower limb weakness Soft
4 70 M L1-2 Low back pain, leg pain, paresthesia in lower limb, neurogenic claudication Calcified
5 42 M TI12-L1 Leg pain, paresthesia in lower limb, neurogenic claudication Calcified (EPO)
6 38 F TI12-L1 Low back pain, leg pain paresthesia in lower limb, neurogenic claudication Soft
7 40 M T11-12 Leg pain, paresthesia in lower limb, neurogenic claudication Calcified (EPO)
8 64 F L1-L2 Low back pain, leg pain, paresthesia in lower limb, neurogenic claudication Soft
9 62 F T11-L2 Low back pain, thoracic radiculopathy paresthesia in lower limb, lower limb weakness  Soft
10 44 M TI12-L1 Low back pain, thoracic radiculopathy, lower limb weakness, bladder dysfunction Calcified
11 71 F TI11-L2 Low back pain, thoracic radiculopathy, lower limb weakness Calcified
12 66 M L1-2 Low back pain, thoracic radiculopathy, lower limb weakness, bladder dysfunction Soft

F, female; M, male; OPLL, ossification of posterior longitudinal ligament; EPO, endplate osteophyte.

calcification, according to the inclusion and exclusion criteria.
Table 1 shows the patient demographic characteristics. Table 2
shows the preoperative primary clinical manifestations and
imaging features of the 12 patients.

Clinical results

The excellent and good rate of patients evaluated with the
modified MacNab criteria was 83.3%. Two patients presented
fair results and occasionally demanded pain medication or
physical therapy. Table 3 shows the detailed results. VAS
scores for both low back pain and leg or thoracic radicular
pain improved, with more significant improvement in the
latter. Additionally, m-JOA showed significant improvement
postoperatively than preoperatively. Significant differences
were found in the preoperative and postoperative scores of m-
JOA, low back pain VAS, and leg or thoracic radicular pain
VAS at different time points (1 day and 3, 6, and 12 months
postoperatively or at last follow-up) (Table 4). Moreover,

TABLE 3 Modified MacNab outcomes of 12 months after operation or
at last follow-up (n =12).

Outcomes Description n (%)

Excellent Complete relief of symptoms 6 (50)

Good Marked improvement but occasional pain 4 (333)

Fair Improved functional capacity and the need 2 (16.7)
for pain medications

Poor Unimproved symptoms or worsening 0 (0)

n, number of patients.

Frontiers in Surgery

Table 5 shows the major outcome preoperatively and
12 months postoperatively or last follow-up.

Complications

This study revealed a 16.7% incidence of minor
complications, where two patients experienced transient lower
limb dysesthesia postoperatively. The dysesthesia was relieved
upon the 3-month follow-up visit. No severe complications,
such as lung injury, pleura injury, viscera injury, spinal cord
injury, nerve injury, dural tear, and cerebrospinal fluid (CSF)
leakage occurred.

Representative case

A 38-year-old male patient suffered from low back pain and
both lower limb weakness, combined with intermittent
claudication for >1 year. His symptoms gradually worsened,
and his VAS score for low back pain was 6 out of 10. The
distance of intermittent claudication is approximately 300 m.
Physical examination demonstrated bilateral lower leg and feet
hypoesthesia, which is more severe on the left side, as well as
decreased muscle power of tibialis anterior and extensor
hallucis longus to grades 3 and 4 on the left and right sides,
respectively. The dynamic lumbar radiography showed no
segmental instability at the T12-L1 level. MRI and CT
revealed severe central disc herniation combined with
calcification and ossification of posterior longitudinal ligament
at the T12-L1 level (Figure 3). Thus, we performed PETD at
the T12-L1 level. The patient got out of bed and ambulated
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TABLE 4 Mean change of outcome measurement (mean + SD).

10.3389/fsurg.2022.1067775

Outcome measurement Pre-op Before 3-month 6-month 12-month post-op
discharge post-op post-op or last follow-up

Low back pain VAS 58+15 42£1.2 2.8£0.9% 22£0.9* 2.0£0.9*

Leg or thoracic radicular pain VAS 65114 3.9+0.8% 2.5+0.5% 1.3+0.5* 1.3+£0.5%

m-JOA 7512 7.8+0.9 9.0 £0.7* 9.3+0.9* 10.0£0.7*

*P < 0.05 versus preoperative data.

VAS, visual analog scale; SD, standard deviation; m-JOA, modified Japanese orthopedic association score; op, operation.

TABLE 5 Operation time, blood loss, time in bed, hospital stay time, follow-up period, and pre- and postoperative m-JOA and VAS assessed

12 months postoperatively or at last follow-up.

Case No. Op time Blood Time in Hospital stay Follow-up m-JOA Low back pain  Leg or thoracic
(mins) loss (ml) bed (h) time (days) period VAS radicular pain
(months) VAS

Pre-op Post-op Pre-op Post-op Pre-op Post-op

1 125 20 12 3 24 6 10 3 1 4 1

2 104 15 24 3 18 9 11 8 2 9 1

3 100 10 16 4 18 8 10 5 2 6 1

4 110 10 20 6 18 7 9 7 3 7 2

5 98 15 14 5 15 6 10 4 2 5 1

6 92 20 15 3 12 9 11 7 0 7 1

7 105 10 19 5 12 7 9 6 2 8 1

8 102 10 12 4 12 6 10 4 2 5 1

9 96 15 22 4 12 8 10 6 2 6 1

10 94 10 12 4 9 9 11 7 2 7 2

11 95 15 36 7 9 7 9 7 4 8 2

12 94 10 14 6 9 8 10 6 2 6 1

m-JOA, modified Japanese orthopedic association score; VAS, visual analog scale; op, operation.

approximately 16 h postoperatively. His VAS score for low back
pain decreased from 6 to 4, and his bilateral muscle power of
the tibialis anterior and extensor hallucis longus recovered
partly postoperatively. MRI and CT at 1 day postoperatively
revealed sufficient decompression (Figures 4A-F). His back
pain completely disappeared 3 months postoperatively.
Additionally, his bilateral muscle power of the tibialis anterior
and extensor hallucis longus recovered to grade 5 at 6 months
and MRI
decompression and normal CSF signals surrounding the dura

(Figures 4G-I).

postoperatively, showed perfect dural sac

Discussion

Generally, the anatomical structure of the thoracolumbar
junction zone is different from the lower lumbar vertebrae.
First, the spinal cord transitions to the cauda equina in the
thoracolumbar junction zone (1). Second, the dural sac
diameter in the thoracolumbar junction zone is larger than in
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the lower lumbar spine (6). Third, the space between the
2 pars interarticularis, as well as the interlaminar window,
gets smaller, and the inferior edge of the lamina covers more
of the
manifestations of disc herniation in this region are different
from the (1).
Additionally, ventral
decompression surgery for disc herniation in this region is

intervertebral space (6). Therefore, the clinical

thoracic and lower lumbar vertebrae

performing a  discectomy and
more challenging than in the lower lumbar vertebrae.
Therefore, selecting the appropriate surgical method to
remove herniated discs in the thoracolumbar junction zone is
very important.

Conventional open thoracic discectomy and decompression
surgery incurs great trauma, has a high rate of complications,
and always demands additional internal fixation (7, 14).
PETD was widely accepted by surgeons and patients due to
its advantages of being less invasive, rapid recovery, less
bleeding, short hospital stay, and low cost, with the
popularization of minimally invasive concepts and advances

in endoscopic techniques (15, 16). The excellent as well as
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FIGURE 3

Preoperative imaging of the typical patient with disc herniation at the T12—-L1 level. A 38-year male patient diagnosed with TLDH with calcification at
the T12-L1 level underwent PETD under general anesthesia. (A—C) Preoperative x-ray and CT. The red arrow in (A—C) highlighted calcified herniated
disc and ossified posterior longitudinal ligament. (D—F) Preoperative MRI. The blue arrows in (D-F) highlighted severe compression of spinal cord and
the normal signal of cerebrospinal fluid cannot be seen. (A,B,D,E) sagittal view; (C,F) axial view; TLDH, thoracolumbar junction disc herniation; PETD,
percutaneous endoscopic transforaminal discectomy; CT, computed tomography; MRI, magnetic resonance imaging.

good outcomes and the advantages of full-endoscopic spine
surgery have been proven for the treatment of herniated discs
and stenoses in the lumbar and cervical vertebrae (11, 17, 18).
Additionally, the next step after mastering lumbar and
cervical endoscopic spinal surgery is managing the thoracic
pathology with the full-endoscopic technique (19). Recently,
many surgeons worldwide tried various minimally invasive
surgery techniques, such as surgery-transforaminal lumbar
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interbody fusion, video-assisted thoracoscopic

surgery,
microendoscopic surgery, and full-endoscopic surgery, to treat
thoracic pathology (4, 9, 20-22).

Few studies were conducted to investigate TLDH as a
specific type of disc herniation due to the low incidence rate
of TLDH (4, 6, 22). This retrospective study regarded the disc
herniation at the thoracolumbar junction zone (T11-12, T12-

L1, and LI-2) as a special entity of disc herniation and
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FIGURE 4

Postoperative imaging of the typical patient with disc herniation at the T12-L1 level. (A—C) CT at 1 day postoperatively. The blue arrow shows
sufficient removal of calcific herniated disc. The red arrow shows that the SAP is partly resected and the stability of the spine is preserved. (D—F)
MRI at 1 day postoperatively. The blue circle shows complete decompression of dura sac with a small amount of fluid signal in the ventral side of
dura sac. (G-1) MRI at 6 months postoperatively. The red circle shows perfect decompression of dura sac and normal signal of cerebrospinal
fluid surrounding the dura. (A,D,E,G-I) sagittal view; (B,F) axial view; (C) three-dimensional reconstruction. SAP, superior articular process; CT,
computed tomography; MRI, magnetic resonance imaging.
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reported the early clinical outcomes of 12 patients with TLDH
and treated with PETD. Encouragingly, our cases revealed
83.3% excellent and good rates with the modified MacNab
criteria. A review reported that excellent or good outcomes
were achieved for full-endoscopic procedures in a mean of
81% of patients with thoracic pathology (range 46%-100%)
(23). Ahn et al. reported 77.8% excellent and good rates of
L1-L2 and the L2-L3 levels treated with PETD (24). The
clinical efficacy of this article was comparable with the
published results (23, 24). Gao et al. reported 11 cases of
symptomatic thoracic disc herniation treated with a full-
endoscopic transforaminal ventral decompression technique
(9). The mean m-JOA improved from 7.4 preoperatively to
10.2 at last follow-up (9). Additionally, the mean m-JOA of
six thoracic disc herniation cases reported by Guo et al.
improved from 4.4 preoperatively to 6.6 1 year postoperatively
(25). The mean m-JOA in the present study improved from
7.5 preoperatively to 10.0 12 months postoperatively or at last
follow-up, which was similar to previous studies (9, 25). A
mean VAS improvement from 5.8 to 2.0 for low back pain
and 6.5 to 1.3 for leg or thoracic radicular pain in this study
was close to the study by Choi et al. (26). Furthermore,
postoperative MRI in all patients showed sufficient ventral
spinal cord decompression and unobstructed cerebrospinal
fluid circulation in the spinal canal.

Ruetten et al. reported a 20% complication rate, of which
8%
hematoma without revision and one myelopathy deterioration

were severe complications, including one epidural
(27). However, severe complications were not documented in
the present study and studies by Guo et al. (25) and Gao
et al. (9). This is because of the small sample size of our
study and careful manipulation as well as nerve function
monitoring in operation. Two patients complained of
unsatisfactory relief of their low back pain, which could be
relieved with nonsteroidal analgesics and physical therapy.
Our study revealed satisfactory clinical outcomes without
severe complications because of the following four main
aspects. First, the beveled end of the working cannula was not
the

endoscope, and foraminoplasty was performed with a fully

inserted into spinal canal before introducing the
visualized trepan under the endoscope, not only enlarging the
foramen according to decompression requirement but also
avoiding the dural sac, as well as nerve injury. Second, the
diameter of the dural sac in the thoracolumbar junction
region is larger and the diameter of the spinal canal is smaller
than the lower lumbar vertebrae (6). Thus, the epidural space
is small, and the surrounding anatomical environment lacks
sufficient buffer space. Therefore, removing the disc in the
intervertebral space as indirect “box-shaped decompression”
described by Ruetten et al. before direct removal of herniated
disc compressing the dural sac, avoiding spinal cord injury,
especially for herniated disc combined with calcification or
endplate local ossification of posterior

osteophyte or
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longitudinal ligament, is very important (27). Third, the
calcific herniated disc is more difficult to remove than the soft
herniated disc. Thus, after removing the herniated disc on the
intervertebral level, the direction of the working cannula
needs to be adjusted to meticulously resect the calcific
herniated disc (or osteophyte or local ossification of the
posterior longitudinal ligament) at the posterior margin of the
caudal and cranial vertebra in sequence. This sequence can
help avoid or at least reduce the incidence of neck pain due
to water pressure in patients under local anesthesia. Fourth,
tranexamic acid was used preoperatively to reduce bleeding
and nerve function monitoring was used intraoperatively to
prevent spinal cord and nerve injury in all the operations, as
in our previous study (11).

Foraminoplasty has become increasingly safe with advances
in the full-visualized trephine technique. It also enables patients
to receive percutaneous endoscopic lumbar discectomy under
general anesthesia. General anesthesia could reduce patients’
intraoperative pain and tension and significantly improve
(28). Additionally,
anesthesia provides surgeons with the opportunity to focus

patients’ surgical experience general
more on the operation and shorten the operative time without
worrying about the patient’s intraoperative feelings during the
operation. From our point of view, full-endoscopic discectomy
under general anesthesia is safe and does not significantly
the of

postoperative complications, such as nerve root injury in 10%

increase incidence complications. However,
of patients and nausea, vomiting, dizziness, and drowsiness in
15% of patients under general anesthesia, were observed in
another study (29).

Our study limitations are obvious. The sample size was
small; thus, our conclusion is less persuasive. Additionally,
potential risks and complications are associated with this
technique. Furthermore, this observational study had early
results; therefore, prospective randomized controlled studies
with larger sample sizes and long-term follow-up should be

conducted in the future to obtain more convincing conclusions.

Conclusion

Fully endoscopic transforaminal discectomy and ventral
decompression under general anesthesia is a safe, feasible,
method for
calcification  at

effective, and minimally invasive treating

herniated discs with or without the

thoracolumbar junction zone.
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Clinical comparison of
percutaneous transforaminal
endoscopic discectomy and
unilateral biportal endoscopic
discectomy for single-level lumbar
disc herniation

Xiaokang Cheng"* ®, Beixi Bao", Yuxuan Wu', Yuanpei Cheng’,
Chunyang Xu', Yang Ye', Chentao Dou?, Bin Chen’, Hui Yan'
and Jiaguang Tang'™

Department of Orthopedics, Beijing Tongren Hospital, Capital Medical University, Beijing, China, 2Department
of Orthopedics, Chengde Medical University Affiliated Hospital, Chengde, China, *Department of Orthopedics,
China-Japan Union Hospital of Jilin University, Changchun, China

Purpose: To compare the clinical outcomes of percutaneous transforaminal
endoscopic discectomy (PTED) and unilateral biportal endoscopic discectomy (UBE)
for the treatment of single-level lumbar disc herniation (LDH).

Materials and methods: From January 2020 to November 2021, 62 patients with
single-level LDH were retrospectively reviewed. All patients underwent spinal
surgeries at the Affiliated Hospital of Chengde Medical University and Beijing
Tongren Hospital, Capital Medical University. Among them, 30 patients were treated
with UBE, and 32 were treated with PTED. The patients were followed up for at
least one year. Patient demographics and perioperative outcomes were reviewed
before and after surgery. The Oswestry Disability Index (ODI), visual analog scale
(VAS) for back pain and leg pain, and modified MacNab criteria were used to
evaluate the clinical outcomes. x-ray examinations were performed one year after
surgery to assess the stability of the lumbar spine.

Results: The mean ages in the UBE and PTED groups were 46.7 years and 48.0 years,
respectively. Compared to the UBE group, the PTED group had better VAS scores for
back pain at 1 and 7 days after surgery (3.06 + 0.80 vs. 4.03+ 0.81, P<0.05; 2.81+ 0.60
vs. 370+0.79, P<0.05). The UBE and PTED groups demonstrated significant
improvements in the VAS score for leg pain and ODI score, and no significant
differences were found between the groups at any time after the first month (P> 0.05).
Although the good-to-excellent rate of the modified MacNab criteria in the UBE group
was similar to that in the PTED group (86.7% vs. 87.5%, P>0.05), PTED was
advantageous in terms of the operation time, estimated blood loss, incision length, and
length of postoperative hospital stay.

Conclusions: Both UBE and PTED have favorable outcomes in patients with single-level
LDH. However, PTED is superior to UBE in terms of short-term postoperative back pain
relief and perioperative quality of life.

KEYWORDS

lumbar disc herniation, percutaneous transforaminal endoscopic discectomy, unilateral
biportal endoscopic discectomy, endoscopic, minimally invasive surgery

Abbreviations

LDH, lumbar disc herniation; PTED, Percutaneous transforaminal endoscopic discectomy; UBE, unilateral biportal
endoscopic discectomy; DDD, Degenerative disc disease; VAS, The visual analog scale; ODI, Oswestry Disability
Index.
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Introduction

Lumbar disc herniation (LDH), with the disc material extruded
outside the normal intervertebral space, is the main cause of low
back and lower extremity pain (1). Although conservative care
remains the main strategy for treatment, discectomy is required
when clinical symptoms cannot be resolved via nonsurgical
treatment (2, 3).

With advances in medical technology, open discectomy has been
gradually replaced by minimally invasive spine surgery, and
microdiscectomy has become an important part of the treatment of
LDH (4). Facilitated by the development of endoscopic equipment
and techniques, a variety of modified minimally invasive lumbar
surgical techniques have been developed (5).

To protect the normal spinal structure, percutaneous
transforaminal endoscopic discectomy (PTED) for LDH was
developed after it was proposed by Yeung in 1997 and Hoogland
in 2003 (6, 7). Based on the safety area of the lumbar
posterolateral zone, PTED could remove the herniated disc
effectively under local anesthesia (8). With favorable clinical results
and good perioperative quality of life, PTED is appreciated by
many spinal surgeons and patients (9). However, in addition to its
steep learning curve, this technique requires specialized equipment,
and discectomy is limited by the working channel (10).

In recent years, unilateral biportal endoscopic discectomy (UBE)
with an arthroscopy system has become increasingly popular,
especially in Asia (11). UBE decompression is performed on the
ipsilateral side via two small separated surgical portals. Compared
to PTED, UBE is not limited by the uniportal tube (12). The
surgeons could perform discectomy and annulus fibrosus suture in
a magnified surgical field with a high-definition arthroscope and a
clear surgical field with saline irrigation (13). Previous reports have
also shown satisfactory clinical outcomes of UBE for cervical and
thoracic spinal disease (14, 15).

Few studies have directly compared PTED and UBE for the
treatment of LDH (16). Therefore, to explore the differences
between the two surgical techniques, this study compared the
clinical efficacy of UBE and PTED for treating single level LDH.

Methods
Demographic characteristics

We performed a retrospective review in two hospitals of patients
who underwent UBE and PTED from January 2020 to November
2021 after a diagnosis of single-level LDH. These surgeries were
performed by two experienced surgeons. They had open lumbar
surgery experience of more than 15 years, and PTED and UBE
experience of more than 3 years. The baseline parameters of their
demographic characteristics are given in Table 1. This retrospective
study was approved by the Ethics Committee of the Chengde
Medical University Affiliated Hospital, and written informed consent
was obtained from the participants before data collection. The
inclusion criteria were: (1) significant lower extremity radiating pain
due to single-level LDH on x-ray, CT and MRI; (2) the absence of

Frontiers in Surgery

10.3389/fsurg.2022.1107883

TABLE 1 Preoperative demographic characteristics.

Characteristics UBE group PTED group P
(n=30) (n=32) value

Age (years) 46.70 +11.62 48.03 £13.20 0.676

Sex (male/female) 11/19 13/19 0.749

Duration of symptoms 13.53 £9.00 12.90 £9.17 0.787

(month)

Comorbidities (yes/no) 12/18 15/17 0.585

Side (right/left) 14/16 15/17 0.987

Level (L4-L5/L5-S1) 17113 17/15 0.779

Type of disk herniation 0.769

Protrusion 10 8

Sequestered 16 19

Migration 4 5

improvement after conservative treatment for at least three months;
and (3) follow-up of at least 12 months after surgery. The exclusion
criteria were: (1) mainly back pain symptoms or segmental
instability on x-ray; (2) prior lumbar surgery; (3) tumor, infection,
or trauma; and (4) inability to tolerate general anesthesia. The
perioperative outcomes and complications were reviewed. An
independent surgeon evaluated the VAS and ODI scores and
modified MacNab criteria. x-ray examinations were performed one
year after surgery to assess the segmental instability in both groups.

Surgical procedures

For the UBE group, the surgical procedure (based on the 14-L5
segment of LDH) was performed following methods reported in the
literature (17). After successful general anesthesia with tracheal
intubation, the patient was placed in a prone position with the
abdomen draped, and the L4-L5 intervertebral space was marked
with x-ray fluoroscopy. The initial target point is located at the
junction of the inferior lamina and the spinous process of 14. The
surgical bed is adjusted until the responsible intervertebral space is
vertical to the floor to make the first horizontal line, and the second
line is drawn along the inner edge of the pedicles of L4-L5. The
observation and operation incision points on the body surface along
the second line were approximately 0.5-1.0 cm from the intersection
of the two lines (Figure 1). Two incisions were made, 0.8 cm-1.0 cm
long, in the skin and subcutaneous fascia. Then, we bluntly expanded
and separated the soft tissue covering the surface of the lamina to
form the working and observation portals. With irrigation, the
arthroscopic system was inserted into the observation portal. The soft
tissue on the surface of the intervertebral space was removed by the
in the working portal. Next, the
spinolaminar junction at the L4-L5 level was identified, laminotomy

plasma  scalpel ipsilateral
was performed with part of the inferior lamina of L4, and the
superior lamina of L5 was removed with a drill. After the exposed
ligamentum flavum was removed, the discectomy was conducted with
Kerrison forceps. Finally, a drainage tube was placed after hemostasis.

x-ray, CT and MRI were performed after surgery (Figure 2).
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FIGURE 1

lateral view of the viewing and working portal.

Intraoperative positioning and access establishment of UBE. (A,B) Body markers of L4/5 intervertebral space and the surgical approach. (C,D) The frontal and

FIGURE 2

(H.1) Postoperative CT and MRI showing the extruded disc was removed.

Pre- and postoperative x-ray, CT and MRI of UBE. (A,B) Preoperative x-ray. (C—F) Preoperative CT and MRI showing disc herniation. (G,H) Postoperative x-ray.

For the PTED group, the following steps (based on the L4-L5
segment of LDH) were performed following methods reported in
the literature that we have published (18). A soft pillow was placed
under the patient’s waist while the patient was in the lateral
decubitus position with their knee and hip flexed. The incision was
located 8 cm-12 cm from the midline horizontally and 2 cm-4 cm
above the iliac on the side with leg pain. A mixed local anesthetic,
which consisted of 30 ml 1:200,000 epinephrine and 20 ml 2%
lidocaine, was used. After 5ml of the mixed anesthetic was
inserted into the skin at the entry point, 20 ml was inserted into
the trajectory, 15 ml was inserted into the articular process, and
10 ml was inserted into the foramen. Then, 0.8 cm-1.0 cm of skin
and the subcutaneous fascia were incised. Drills were used to resect
the ventral osteophytes on the superior articular process of L5. The
PTED system (Hoogland Spine Products, Germany) was inserted
(Figure 3). Parts of the ipsilateral ligamentum flavum and the
extruded lumbar disc were completely resected with endoscopic
forceps. The drainage tube was placed after hemostasis. X-ray, CT
and MRI were performed after surgery (Figure 4).
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Statistical analysis

The SPSS 26 program (IBM Corporation, United States) was used
for statistical analysis. Repeated-measures analysis of variance was
used to compare the VAS and ODI scores between the two groups.
The independent-sample t test and Mann-Whitney U test or
Fisher’s the
characteristics and the perioperative outcomes. The level of

exact test were used to assess demographic

statistical significance was set at P < 0.05.

Results
Perioperative outcomes
Of the 62 patients who met the study inclusion criteria, 30

UBE, PTED. The
parameters, including the operative time, estimated blood loss,

underwent and 32 underwent surgical
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FIGURE 3

frontal view of the working cannula.

Intraoperative position and access establishment of PTED. (A,B) Body marker of L4/L5 intervertebral space and the surgical approach. (C,D) The lateral and

FIGURE 4

(H.l) Postoperative CT and MRI showing the disc was removed.

Pre- and postoperative x-ray, CT and MRI of PTED. (A,B) Preoperative x-ray. (C—F) Preoperative CT and MRI showing disc herniation. (G,H) Postoperative x-ray.

incision length, times of x-ray, length of hospital stay and number
of complications, are shown in Table 2. Except times of x-ray, the
perioperative outcomes of the patients who underwent PTED were
better than those of the patients who underwent UBE.

Clinical results

Preoperatively, the mean VAS and ODI scores were similar
between the two groups. Compared to the UBE group, the PTED
group had better VAS scores for back pain at 1 day and 7 days after
surgery (3.06 £0.80 vs. 4.03+0.81, P<0.05; 2.81+0.60 vs. 3.70 +
0.79, P<0.05). At 12 months, we observed similar improvements in
the mean VAS scores for back and leg pain and ODI scores in the
PTED and UBE groups (Figure 5). Moreover, there were no
differences between the groups at any follow-up time point after the
first month (P> 0.05). Based on the modified MacNab criteria, the
good-to-excellent rate was 86.7% (26/30) in the UBE group and
87.5% (28/32) in the PTED group at the final follow-up. During the
one-year follow-up in both groups, no segmental instability occurred.

Frontiers in Surgery

Complications

Three patients in the UBE group had a dural tear, and one
experienced cerebrospinal fluid leakage and headache after the
operation. These symptoms were relieved by adequate rest in the
hospital bed and prolonging the drainage time. In the PTED
group, one patient complained of dysesthesia and weakness of the
tibialis anterior, which improved after a week with neurotrophic
drugs; another patient had a dural tear without cerebrospinal fluid
leakage. There were no serious complications related to surgery.

Discussion

The significant improvements in the VAS score, ODI score and
modified MacNab criteria revealed acceptable patient satisfaction in
both groups, indicating that both PTED and UBE were effective in
treating LDH. However, apartfrom times of x-ray, PTED is
advantageous regarding the operative time, estimated blood loss,
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TABLE 2 Perioperative outcomes.

Characteristics UBE group PTED group P
(n=30) (n=32) value
Duration of surgery (min) 84.17 +17.62 64.06 + 14.73 0.00
Estimated blood loss (ml) 51.33+18.33 13.13+£3.76 0.00
Incision length (cm) 227 +0.39 1.23+0.25 0.00
Times of x-ray 6.13+£1.28 11.16 £3.71 0.00
Postoperative hospital stay | 4.83 +1.86 3.28+1.08 0.00
(day)
Complications (yes/no) 3/27 2/30 0.884

incision length, length of postoperative hospital stay, and short-term
postoperative back pain relief.

For the treatment of LDH,
decompression is open laminectomy with or without fusion (19).

surgical the most classic
However, open laminectomy destroys the paraspinal muscles and
the posterior stabilizing structures. Therefore, a less invasive
approach is needed to reduce injury and minimize surgical wounds
during the treatment of lumbar disease (20).

As a microinvasive technique, PTED is widely applied for
treating LDH with faster postoperative rehabilitation and less
surgical injury. Compared to conventional open discectomy, PTED
has the advantage of protecting the posterior ligament structures,
facet joint and lamina. It avoids the need for nerve-root retraction
and has a shorter hospitalization, reduced intraoperative bleeding,
and faster recovery (21).

10.3389/fsurg.2022.1107883

PTED can be completed under local anesthesia (22). After
lidocaine combined with epinephrine hydrochloride solution is
administered, the surgical field is clearer without obvious drug-
related complications. The pressure of irrigation can also be
appropriately reduced, theoretically reducing the incidence of spinal
hypertension reactions (23). In addition, if the surgical equipment
stimulates the nerve root during the operation, the awake patient
will experience an abnormal sensation, and the surgeon can stop the
process in a timely manner. The patient can be asked whether they
subjectively feel their symptoms being alleviated, and the straight-leg
test can be performed; these responses can be used to determine
whether the operation should be terminated. Local anesthesia also
reduces complications related to general anesthesia in elderly patients.

However, most hospitals in developing countries cannot afford to
purchase these types of equipment and cannot master the technology
quickly due to its steep learning curve. In addition, it is not easy to
place the tube at the target point of the lateral approach if the iliac
crest is high. In addition, the working places and visual field are
limited to a single rigid working cannula.

Since first reported by De Antoni in 1996, UBE with arthroscopy
has achieved good clinical effects (24). However, the development of
UBE was limited due to the lack of power motor drills and the
radiofrequency used to remove the lamina and achieve hemostasis.
In recent years, with the emergence of endoscopic surgical
instruments, UBE has been widely used in the treatment of LDH
and lumbar spinal stenosis (25, 26).

Soliman proposed the application of this minimally invasive
technology for the treatment of LDH in 2013 (27). He concluded
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that the surgical field of vision was expanded with different channels,
and vascular bleeding was less under irrigation. The decompression
process and instruments of UBE are similar to those used for open
posterior discectomy, and thus this procedure can be carried out
after only a short training period (28). Therefore, the learning curve
of UBE is relatively flat and short. Xu demonstrated that the
learning curve for mastering UBE is 54 cases (29).

The operating instruments and observation port are in different
channels. The working port does not restrict the operating
instruments of UBE. The working efficiency can be greatly improved
with the use of conventional, large-sized surgical instruments, such
as an osteotome, rongeur, forceps, and nerve retractor (30). In
addition, surgeons in developing countries can complete the
procedure without purchasing specialized supporting
instruments and other endoscopic systems. Moreover, unlike PTED,
the UBE approach is not affected by a high iliac crest (31).

In our research, the operative time of UBE is longer than PTED.

surgical

For one reason, the operative time for UBE is from the beginning of
general anesthesia until a drainage tube is placed after hemostasis;
the operative time for PTED is from the insertion of a local
anesthetic to a drainage tube placed. For another, before
laminotomy, the water pressure is 35cm-40 cm H20 (32). But
when performing the discectomy, to avoid potential neurological
complications caused by the increased epidural and intracranial
pressure and muscle edema caused by the high pressure of irrigation
fluid, we lower the water pressure to 25 cm H2O (33). The time of
hemostasis may be longer. So, the total operative time of UBE is
longer than PTED in our research. But this does not mean that the
efficiency of UBE is inferior to PTED in the progress of discectomy.

As for times of x-ray, the UBE group is superior to PTED in this
research(6.13 £ 1.28 vs. 11.16 £ 3.71). Among the procedure of PTED,
the times of x-ray was higher and mainly included: the process of local
anesthesia, sequential dilators and bone drills insertion to expand the
soft and osseous tissues by resecting the ventral osteophytes on the
superior articular process, and the working cannula placement. In
the UBE, the purpose of fluoroscopy is to find the junction of the
inferior lamina and the spinous process and prevent mismaking of
the target lumbar segment. So in terms of times of x-ray, the UBE
group is superior to PTED.

However, the trauma of UBE is relatively larger than that of
PTED (34). Due to the lack of a rigid cannula to dilate the soft
tissue, the longissimus pectoralis and multifidus muscle need to be
bluntly dissected to create a working space before decompression.
The artificial creation of the operation spaces may damage the
muscle attached to the lamina and the other anatomical structures.
Therefore, theoretically, UBE would result in greater blood loss and
worse postoperative back pain than PTED. The probability of
cerebrospinal fluid leakage caused by dural injury when retraction
of the nerve root is relatively high under general anesthesia (35).

In this research, three patients in the UBE group underwent dural
tears when the anatomical structure was retracted to expose the disc.
One of them experienced cerebrospinal fluid leakage and
postoperative headache. The first dural tear occurred during the
removal of the ligament flavum by the forceps with the low water
pressure and the bleeding vision. The othe two dural tears were
caused when the traversing roots was pushed by the assistant in a
medial direction to expose the disc. We suggest that vigorous force
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cannot be used while pulling on the dura and an experienced
assistant is needed. Besides, thorough hemostasis is needed when
bleeding occurs before the next steps.

Additionally, one patient complained of weakness of the tibialis
anterior in the PTED group. The working channel compresses the
nerve root when the bone drill graves the upper articular of L5,
which results in radicular symptoms. Another patient had a dural
tear during the procedure but without cerebrospinal fluid leakage
after the surgery. To avoid these complications, the surgeon should
be careful when performing the foraminoplasty with a bone drill.

This study has some limitations. First, it was a retrospective study
with a relatively short follow-up period and a small sample size.
Second, the operation choices were limited. To confirm the long-term
outcomes, a prospective and multicenter study with different surgical
procedures and a larger sample size is necessary in future research.

Conclusion

Both UBE and PTED showed favorable outcomes for the treatment
of single-level LDH. With less bone and muscle damage, PTED under
local anesthesia exhibited less intraoperative blood loss, a shorter
operation time, and shorter postoperative hospitalization than the
UBE group.
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Objective: Spinal endoscopic surgery has been promoted rapidly in the past
decade, attracting an increasing number of young, dedicated surgeons.
However, it has long been denounced for its long learning curve as a factor
impeding the development of this state-of-the-art technique. The aim of the
present study was to discover what really matters in the educational process of
becoming a spinal endoscopic surgeon.

Methods: An online survey consisting of 14 compulsory questions was distributed
in April and May 2022 through the First Chinese Spinal Endoscopic Surgeons Skills
Competition. Reminders were sent to increase response rates.

Results: Of the 893 emails that were sent, we received 637 responses. A total of
375 (76.7%) surgeons most frequently used endoscopic techniques in their
practices. Regardless of their different backgrounds, 284 (75.7%) surgeons
thought it would be necessary for a young spinal endoscopic surgeon to
perform 300 cases independently in order to become proficient, followed by
500 (n=43, 11.5%), 100 (n=40, 10.7%), and 1,000 (n=8, 2.1%) cases. According to
the surgeons, the most difficult aspect of mastering the endoscopic technique
is a disparate surgical view (n=255, 68%), followed by adaption to new
instruments (n=86, 22.9%) and hand-eye coordination (n=34, 9.1%). The most
helpful training method for helping the spinal endoscopic surgeons of younger
generations improve is operating on simulation models or cadaver courses
(n=216, 57.6%), followed by online or offline theoretical courses (n=67, 17.9%),

acquiring opportunities during surgeries (n=51, 13.6%), and frequently
participating in surgeries as an assistant (n=41, 10.9%).
Conclusion: From the perspective of surgeons, to be skilled in spinal

endoscopic surgery means overcoming a steep learning curve. However,
training systems should be given more attention to make them more accessible
to younger surgeons so they can work on simulation models or take cadaver
courses.

KEYWORDS

spine endoscopic surgery, minimally invasive spine surgery, education, spinal endoscopic
surgeon of younger generations, online survey

Background

Spinal endoscopic surgery, with its unique advantages of a clearer surgical view and
continuous irrigation, has been promoted worldwide to treat various forms of spinal
disease, from initial degenerative pathology to spinal trauma, infection, and even
deformity (1-3). Technically, in terms of the novel instruments being invented steadily
with great efforts coming from peers in this field, its surgical approaches and methods
have flourished in the past decade to meet the challenges of these diseases (4-6). It is for
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this reason that spinal endoscopic surgery has attracted an
increasing number of young, dedicated surgeons (7).

However, when it comes to this state-of-the-art technique, it
is worth mentioning that its learning curve has been long
considered a barrier keeping many young surgeons from
mastering it (8, 9). Several studies have clarified the steep
learning curve and pointed out that it was likely much
steeper than any other minimally invasive spinal surgery
(10-12). Yet, very few articles have disclosed the reason for
this curve and what training techniques young surgeons most
urgently need. The aim of the present study was to conduct an
online survey in order to analyze the most difficult aspect of
learning spinal endoscopic surgery and identify the most
beneficial training method for the younger generation of spinal
surgeons.

Methods

the
Questionnaire Platform for spinal surgeons about the relevant

A questionnaire was developed using Tencent
educational issues of spinal endoscopic surgery (Supplementary
Material 1). The study samples were targeted at the members of
the First Chinese Spinal Endoscopic Surgeons Skills Competition,
which is a national academic competition for spinal endoscopic
surgery. Spinal endoscopic surgery has a predominant status in
the field of minimally invasive spinal surgery in China, and this
nationwide competition was held to represent surgeons and allied
health professionals dedicated to advancement in this field
(13, 14). As the corresponding author’s institution was also the
participating and reviewing institution, 2,893 members were
contacted via email. Questionnaires were sent out in April and
May 2022, with reminders after 2 weeks to increase the response

rate.

Screening for surgeons

To make the study more representative, the participants
involved in this survey were the surgeons who frequently utilized
spinal endoscopy in their daily practice. Hence, surgeons who
did not specialize in spinal surgery or who did not regularly use
spinal endoscopy in their daily practice were excluded from the
study.

Survey content

The survey consisted of 14 compulsory questions for surgeons.
The first six questions were about basic personal information such
as background, age, gender, training specialty, and title. Questions
7-11 were to acknowledge the status of their application on spinal
endoscopic surgery. The last three questions collected the surgeons’
attitudes toward endoscopic education.
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Statistical analyses

For statistical analyses, IBM SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA) was used. The age of the participants was
represented as the mean and standard deviation (x + s) while
other indexes were expressed as a percentage [n (%)].

Results

Of the 893 emails that were sent, we received 637 responses. All
respondents specialized in spinal surgery; with 489 (76.8%)
considering minimally invasive spinal surgery to be their
subspecialty. Among them, 375 (76.7%) surgeons used the
endoscopic technique most frequently in their practice. The
screening process for surgeons is shown in Figure 1. Of these
375 surgeons (mean age 42.5 +4.3 years) 323 (86.1%) were men
and 52 (13.9%) were women. Of them, 263 (70.1%) were from
an orthopedic background while 112 (29.9%) were from a
neurosurgery background. In terms of titles, 51 (13.6%) were
residents, followed by 235 (62.7%) attendings, 73 (19.5%) deputy
chiefs/associated professors, and 16 (4.3%) chiefs/professors
(Figure 2).

2893 emails
sent out

\

637
responses

If they specialized in spine surgery

Exclude 148
Nor
surgeons

Yes

If they frequently utilize spine

Ne endoscope in their daily practice

Exclude 114
surgeons
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375
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:

Statistical
Anaiyze

FIGURE 1
Screening process for surgeons
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FIGURE 2 FGURE 3
The basic background information of 375 surgeons. . . —
Spine endoscopic application status of 375 surgeons.
With regard to their years of experience with the endoscopic
application, 119 (31.7%) surgeons had been practicing endoscopic ~ thought it would be necessary for a young spinal

surgery for less than 3 years, 134 (35.7%) had been practicing for 3-
5 years, 102 (27.2%) had been practicing for 5-10 years, and only 20
(5.3%) surgeons had been practicing for more than 10 years.
Concerning the number of cases they had already completed, 87
(23.2%) of the surgeons had worked on less than 100 cases, 176
(46.9%) had already done 100-500 cases, 50 (13.3%) had already
done 500-1,000 cases, and 62 (16.5%) of them had already done
more than 1,000 cases. In terms of the operating time for a one-level
lumbar decompression, 15 (4%) of the surgeons could complete the
procedure in less than 30 minutes, 314 (83.7%) in 30-60 minutes, 46
(12.3%) in 60-90 minutes, and none of them took more than
90 minutes (Figure 3).

Regarding the surgeons’ attitudes toward the education
process for spinal endoscopic surgeons, 284 (75.7%) of them
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endoscopic surgeon to perform 300 cases independently to
become proficient, followed by 500 (n=43, 11.5%) cases, 100
(n=40, 10.7%) cases, and 1,000 (n=8, 2.1%) cases. According
to the surgeons, the most difficult aspect of this technique to
68%),
followed by adapting to the novel instruments (1n=86, 22.9%)
and hand-eye coordination (n=34, 9.1%). The most helpful

master was the disparate surgical view (n=255,

training method to help the spinal endoscopic surgeon of the
younger generation improve was operating on simulation
models or cadaver courses (n=216, 57.6%), followed by online
(n=67, 17.9%),
opportunities during surgeries (n=51, 13.6%), and frequently
10.9%)

or offline theoretical courses acquiring
participating in surgeries as an assistant (n=41,

(Figure 4).
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Attitude towards education process from 375 surgeons.

Discussion

The steep learning curve of this state-of-the-art technique has
(10-12).
Kotheeranurak et al. conducted an online survey about the

long been mentioned in many previous studies
learning curve, motivation, and obstacles of full-endoscopic
spinal surgery in Thailand. They drew the conclusion that the
trend of endoscopic spinal surgery has continued to grow and
that the appropriate number of cases until one felt confident was
approximately 28. The primary motivator and obstacles were
(15). Hsu et al
retrospectively evaluated the clinical presentation of 57 patients

personal interest and lack of support

who underwent full-endoscopic lumbar discectomy and 66
patients who underwent open microdiscectomy using Spearman’s
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coefficient of rank correlation (rho) to assess the learning curves
for the transforaminal and interlaminar procedures of full-
endoscopic lumbar discectomy. They believed that the
transforaminal approach had a steep and easy learning curve,
whereas the learning curve of the interlaminar approach was
deemed flat and difficult (16). Gadjradj et al. conducted a study
by observing the clinical outcomes during and after the learning
curve (20 cases) presented by three surgeons new to spinal
endoscopy. They later determined that spinal endoscopic surgery
had a relevant steep learning curve and that young spinal
surgeons should use the endoscope under the supervision of a
senior surgeon (17).

In order to uncover the deeper factor for this challenging issue,
the present study conducted a survey of 375 spinal endoscopic
surgeons to reveal what matters to the growth of a young,
medical professionals. Through the screening based on questions
3-7, it was determined that they were all peers who were
dedicated specifically to this method. It was critical that the
survey be representative. Despite their varied backgrounds, most
of the respondents performed well in endoscopic surgery
according to questions 8-10 of the survey. The study pointed out
that the majority of surgeons thought the threshold for a surgeon
to be skilled in spinal endoscopy was at least 300 cases. In fact,
surgeons may face many challenges in the initial phase of
practicing this technique, such as a lengthy operating time, a
high complication rate, and even failure to finish the procedure
(18-20). However, they should be patient and persevere rather
than be dejected in order to add to their experiences regularly.
There is also evidence that the situation will improve over time
(17). According to the surgeons, the most difficult aspect of
mastering this technique is the disparate surgical view (21).
Unlike conventional open surgery or the cadaver specimens that
medical students see regularly in medical school, the surgical
view from a spinal endoscopy is entirely different because its
limited view with the amplified image by the lens will make the
normal-sized anatomic sites appear fairly magnified, which might
confuse the beginners when recognizing the anatomic landmarks
(22). Hence, great importance should be given to training. Based
on the survey, the most beneficial training method for surgeons
was operating on simulation models or cadaver courses. This
conveyed a vital message to organizations and manufacturers
who are dedicated to promoting the technique and helping less-
experienced surgeons. Even though cadavers are not always
available, especially in some regions, it is satisfying to see peers
develop innovative alternative training programs (23, 24). This
trend is in line with the survey, and it should be maintained for
our efforts to be worthwhile.

Conclusion

From the perspective of surgeons, to be skilled in spinal
endoscopic surgery means overcoming a steep learning curve.
However, more importance should be attached to training
systems so that younger generations of surgeons can operate on
simulation models or take cadaver courses.
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Minimally invasive spine surgery
strategy for congenital
cervicothoracic scoliosis in
children: Less blood loss and
shortened segmental fusions/
fewer pedical screws

Zhou Zhiguo™', Liu Fan®, Lei Yuanxue', Wu Xing', Wang Si'
and Li Ruichen'

'Department of Orthopedics, Wuhan Children’s Hospital (Wuhan Maternal and Child Healthcare Hospital),
Tongji Medical College, HUST, Wuhan, China, *Department of Rheumatology, Wuhan Children’s Hospital
(Wuhan Maternal and Child Healthcare Hospital), Tongji Medical College, HUST, Wuhan, China

Objective: To explore the feasibility of a minimally invasive spine surgery strategy
for congenital cervicothoracic scoliosis.

Materials and methods: From April 2022 to August 2022 in the hospital, three
patients with torticollis and/or shoulder imbalance due to a cervicothoracic
hemivertebra were performed on by hemivertebra resection and short fusion of
the adjacent vertebrae. Resection was operated by a posterior approach. The
average age of three patients of surgery was 8 years 2 months and the mean
follow-up period was 6 months. Radiographic assessments and cosmetic
outcomes were documented on changes in measurements of segmental
scoliosis, neck tilt, head shift, shoulder balance, and sagittal profiles.

Results: The mean operating time of the procedure was 283 min and the
instrumentation density was 15 pedicle screws per vertebra. The mean
estimated blood loss was 257 ml, which was 20% less than the data described in
various literatures. The mean segmental Cobb angle at the cervicothoracic
deformity was 35.9° before surgery, 20.7° after surgery, and 16.3° at the latest
follow-up, with a correction rate of 54.59%. Neck tilt decreased from 17.3°
before surgery to 14.3° after surgery, and 11.7° at the latest follow-up, with a
correction rate of 32.37%. T1 tilt improved from 16.5° before surgery to 12.9°
after surgery, and 7.6° at the latest follow-up, with a correction rate of 53.94%.
The clavicle angle improved from 4.8° before surgery to 3.1° after surgery, and
1.9° at the latest follow-up, with a correction rate of 60.42%. Head shift
improved from 21.4 mm before surgery to 9.2 mm after surgery, and 12.3 mm at
the latest follow-up, with a correction rate of 42.52%. The correction of
torticollis and shoulder asymmetry was achieved in all cases.

Conclusions: Minimally invasive spine surgery strategy may be an option for
congenital cervicothoracic scoliosis. A good correction of cervicothoracic
dissymmetry is achieved, accompanied by fewer pedicle screws and less blood
loss. By deliberate operation in young kids, surgical intervention for severe
compensatory curves can be prevented.

KEYWORDS

congenital scoliosis, cervicothoracic, minimally invasive spine surgery, posterior approach,
hemivertebra resection
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1. Introduction

Congenital cervicothoracic scoliosis (CTS) poses a perplexing
spinal deformity that is relatively rare and difficult to treat in
young children (1-4). It mostly results from an osseous
block
junctional bar (2-5). Located at the transition zone between the

abnormality, namely hemivertebrae, vertebrae, or
relatively stiff thoracic spine and dynamic cervical segment,
adjacent to the shoulders, the spinal abnormalities in this region
are often associated with an obvious decompensation in the
shoulders and neck, which can develop into facial asymmetry
rapidly (2-6). However, due to the limited compensation in the
adjacent spine segment, conservative treatment such as spine
brace treatment or serial casting, has little effect (3, 5, 7). Hence,
when asymmetric growth of the neck and head is proven early,
surgical intervention should be recommended early in the lives
of children (1, 2, 7-9).

Surgical treatment is always accompanied by dissecting and
bleeding, as well as the risk of neural injury (5, 6, 10). Of the
possible osseous anomalies that can result in spinal deformities,
hemivertebra(HV) is one of the most common causes (1, 2, 11,
12). To date, for congenital scoliosis caused by hemivertebrae,
both posterior approach alone and combined anterior and
posterior approaches have been used and reported (7, 10, 13, 14).
On the one hand, combined surgery provides better correction
and convenience of the manipulation, but also means more
incisions, blood loss, and lengthy operation time (6, 9, 15). On
the other hand, for HV resection, the posterior-only procedure is
less invasive by avoiding an anterior approach and has a slightly
weaker correction than combined surgery (4, 9, 13, 15, 16). To
our knowledge, few studies for operating in the cervicothoracic
region have been reported (3-5, 8, 9, 17).

In brief, the principle of minimally invasive spine surgery
(MISS) is to perform with less damage to the body and fewer
complications. Given that the weight of young children with
congenital CTS is often lighter than that of adults, reducing
intraoperative blood loss is conducive to a safer operation (5, 11,
18). Therefore, in order to decrease surgical incisions, and
minimize surgical bleeding and the fusion of segments by the
instrumentations, the authors have attempted the concept of
MISS for congenital cervicothoracic spine deformities via a
posterior-only approach. The purpose of this study was to
investigate the feasibility of this procedure for congenital CTS.

2. Materials and methods

Of the three patients in the study, two were boys and one was a
girl. The patients were recruited due to torticollis and/or facial
asymmetry. Their mean age at the time of surgery was 8 years 2
months (range, 6 years 3 months-10 years). The mean follow-up
period was 6 months (range, 4 months—8 months). The
congenital cervicothoracic scoliosis patients involved the lower
thoracic region in one case and the middle and lower cervical
region in one case (Table 1).
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All of the patients with a cervicothoracic hemivertebra
exhibited regional scoliosis and without significant kyphosis. To
evaluate operative invasiveness, the volume of blood loss was
reviewed from the clinical records along with transfusion and
operative time. Similarly, the number of hemivertebra resection
and pedicle screws was documented in our study (Table 1). The
instrumentation density was also calculated using [the total
pedicle screws inserted/the total instrumented vertebrae in the
procedure] to assess invasiveness.

The correction ratios of both the main structural curve in the
whole standing anteroposterior film and the kyphosis in the
lateral standing film were evaluated. To evaluate the cosmetic
parameter, the correction ratio of the T1 angle, neck tilt, and
clavicle angle was investigated. For cases of head shift, a
perpendicular line was drawn from the center of the mandibular,
and the distance from this line to the center of the sacrum was
measured to examine pre- and postoperative head balance.

Careful
preoperative evaluation. Cervical CT angiography (CTA) and a

neurologic examination was included in the
3-dimensional CT scan of the entire spine were performed to
detect details of the vertebra and vertebral artery anomalies (3, 9,
19). A MRI was also mandatory to explore intraspinal anomalies
that may also need to be addressed before surgery. Urogenital
and cardiovascular examinations were performed to screen
abnormalities of the renal system and congenital heart diseases.
Ethical approval was warranted by the local Ethics Committee
of our institution and all the processes being performed were
routine care. All subjects’ guardians signed informed consent.

3. Radiographic assessment

Whole standing spine anteroposterior (AP) and lateral

radiographs were reviewed to assess spinal correction
preoperatively, postoperatively, and at the latest follow-up. The
parameters in the coronal plane included both local scoliosis and
the distal compensatory curve. Following Chen’s method (9),
four parameters were also measured to determine the cosmetic
effect on each radiograph (Table 2) as follows: (1) T1 tilt, the
angle between the line through the upper endplate of T1 and
the horizontal line; (2) clavicle angle, the angle between the
tangential line connecting the highest two points of each clavicle
and the horizontal line; (3) neck tilt, the angle between the
longitudinal axis of the cervical spine (the line connect the center
of C7 with the center of C2 odontoid process) and the vertical
line of the center of C2; and (4) head shift, the distance between
the central sacral vertical line and midline of the mandibular
body. For the cases of multiple hemivertebrae, the scoliosis
formed by the proximal HV was defined as the proximal
segmental scoliosis, compared with the curve formed by the
distal HV, which was called the distal segmental scoliosis.

In the sagittal plane, segmental kyphosis, lumbar lordosis, and
thoracic kyphosis were measured. The cobb angle of the segmental
scoliosis curve was measured between the inferior endplate of the
caudal vertebrae and the superior endplate of the cranial vertebra

adjacent to the HV. The segmental lordosis or kyphosis was
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TABLE 1 Demographic anatomical and surgical characteristics.

10.3389/fsurg.2023.1137675

Age (year+ | Gender | Resected Associated congenital | Estimated blood | Operating- Pedicle
HV abnormal loss (ml) time (min) screws
Case 1 8y +4m Female C7-R C3.T5-HV-R; C4-C6-BV; 450 310 2 (C6-T1) 4
Synostosis: C2-C3-R; T4-T6-L;
Case 2 6y +3m Male T2-L C7,T1-BFV; T10 -HV-R 150 210 3 (T1-T4) 5
Case 3 10y Male T1-L T4-R T2-Butterfly vertebra 170 330 5 (T1-T6) 6
Average 257 283 1.5/fusion
segment

Note: HV, hemivertebra; BV,

investigated in the sagittal plane, in the same way as was segmental
scoliosis in the coronal plane. Lumbar lordosis (L1-S1) and
thoracic kyphosis (T5-T12) were also assessed and documented.
The distance between the posterior superior corner of the Sland
C7 plumb line was obtained to assess sagittal trunk shift.
Radiographic data were assessed and collected from a picture
archiving and communication system (PACS) software of our
hospital, with an accuracy of 0.1°r 0.1 mm. The correction rate
was calculated using [(preoperation parameter-latest follow-up
To
radiographs were

parameter)/preoperation minimize

measurement error of

parameter] x 100%.
interobserver, all
evaluated by 2 authors who did not anticipate the surgery, and
the mean measurements were collected for analysis.

4. Operative procedure

After general anesthesia and neuromonitoring installation, the
patient was placed in the prone position with the neck slightly
flexed position on the polyurethane gelatum pads of the head.
The HV was checked by fluoroscopy and the back was prepared
in a routine fashion. A midline skin incision was made on the
back at the center of the spinal deformity. The posterior
elements of the spine were carefully revealed at the level of the
HV and the adjacent vertebrae. The lamina and attached
transverse process of the HV was identified and pedicle screws
were inserted in the adjacent vertebrae. In this study, we
preferred all-pedicle-screw instrumentation based on data from
the computed tomography three-dimensional (3D) reconstruction.

TABLE 2 Demographic: changes in the coronal and sagittal planes.

block vertebra; BFV, butterfly vertebra; R, right; L, left.

Meanwhile, laminar hook or hybrid instrumentation should also
be prepared as a good alternative. For the anomalous pedicles of
the adjacent vertebrae, normal pedicle screws were shortened
appropriately by a rod-cutter before insertion, consisting of a
limited length of the abnormality. For the pedicles with enough
diameter and length, normal pedicle screws were routinely
inserted. The lamina and attached transverse process of the HV
were removed to expose the pedicle after the screw implantation.

Bleeding during HV resection was well controlled by pre-
cauterizing the intraspinal venous plexus down the medial wall
of the pedicle to the posterior wall of the body of the HV with a
bipolar coagulation. Thereafter, the pedicle was removed and the
vertebral body and its discs of the HV were visualized easily.
After the dura sac and nerve roots above and below the HV were
carefully exposed and protected, a sharp dissection was made
with a scalpel between the edge of the disc of the HV and the
bony endplate of the adjacent vertebrae.Sequently, an osteotome
was inserted into the gap carefully along with the bony endplate
of the adjacent vertebrae. The vertebral body of the HV and the
upper and lower disks were gently pried up by the osteotome
and the residual anterior wall of the HV was done with a
nucleus pulposus forceps and/or a curette. After the removal of
the HV, a temporary rod was then placed on the concave side
and the endplate of the adjacent vertebrae were completely
decorticated to prepare for fusion. The temporary rod was
removed and two rods were mounted on the convex and concave
sides respectively. Thereafter, the gap was closed by gradually
compressing the convex side and extending the concave side
along the rods. Meanwhile, the upper and lower vertebrae of the

T1 Tilt (°) Clavical Angle (°) Neck Tilt (°) Head Shift (mm) Segmental Scoliosis (°)
Case 1 Pre-operative 18.2 53 18.4 16.3 323
Post-operative 14.3 4.3 10.4 10.3 16.8
Latest follow-up 134 32 9.7 7.8 14.5
Correction ratio % 26.37 39.63 47.53 52.15 55.11
Case 2 Pre-operative 13.6 4.5 20.5 16.3 P:34.2 D:34.6
Post-operative 20.5 2.6 252 7.9 P:37.6 D:4.0
Latest follow-up 6.5 0.5 18.7 133 P:10.5 D:13.4
Correction ratio % 52.21 88.89 8.78 18.40 P:69.29 D:61.27
Case 3 Pre-operative 17.7 4.7 13.0 315 P:38.3 D: 39.9
Post-operative 4.1 2.4 7.3 9.5 P:26.1 D:18.6
Latest follow-up 3.0 2.0 6.8 15.9 P:22.5 D:20.8
Correction ratio % 83.05 57.45 47.69 49.52 P:41.25 D:47.87

Notes: P, proximal segmental curve; D, distal segmental curve.
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HV should be horizontalized as much as possible under

fluoroscopy.  All  the bones removed during the
hemivertebrectomy were operated as graft material throughout
the residual defect. Decortication of the posterolateral elements
of vertebrae and fusion was then performed. Neuromonitoring
was mandatory throughout the procedure.

All patients attempted to stand and walk with the drainage tube
on the second day after surgery. Afterward, a cranial-cervical-

thoracic brace was worn for three to six months.

5. Results
5.1. Surgical outcomes of all patients

Osteotomy and pedicle screw insertion were operated free-
hand in all cases. Three young patients with congenital CTS were
included in this study, and underwent posterior-only approach
correction and fusion. The median operating time of the
procedure was 283 min (range, 210-330 min), and the mean
estimated blood loss was 257 ml (range, 150-450 ml), which was
20% less than in previous literature. The instrumentation density
was 1.5 pedicle screws per vertebra, suggesting this method is
less invasive. All cases achieved good shoulder balance and
improved facial cosmetics.

5.2. Correction of the coronal plane

5.2.1. Segmental correction

The mean segmental Cobb angle between the vertebrae
adjacent to the HV was 35.9° before surgery, 20.7° after surgery,
and 16.3° at the latest follow-up, with a correction rate of 54.59%
(Table 2).

5.2.2. Neck tilt

The angle between the vertical line of C2 and the longitudinal
axis of the cervical spine (the line connecting the center of the C2
odontoid process with the center of C7) improved from 17.3°
before surgery to 14.3° after surgery, and 11.7° at the latest
follow-up, with a correction rate of 32.37%.

5.2.3. Tl tilt

The angle between the line through the upper endplate of T1
and the horizontal line improved from 16.5° before surgery to
12.9° after surgery, and 7.6° at the latest follow-up, with a
correction rate of 53.94%.

5.2.4. Clavical tilt

The angle between the tangential line connecting the highest
two points of each clavicle and the horizontal line improved
from 4.8° before surgery to 3.1° after surgery, and 1.9° at the
latest follow-up, with a correction rate of 60.42%.
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5.2.5. Head shift

The distance between a vertical line drawn from the middle line
of the mandibular body to the middle of the sacrum improved
from 21.4 mm before surgery to 9.2 mm after surgery, and
12.3 mm at the latest follow-up, with a correction rate of 42.52%.

5.3. Sagittal plane

Only subtle changes in the sagittal plane were observed. The
segmental angles between the adjacent vertebrae averaged 0.9°
before surgery, 1.5° after surgery, and 1.1° at the last follow-up.
The mean value of LL was 32.8° before surgery, 26.5° after
surgery, and 29.8° at the latest follow-up, and the mean value of
TK was 25.3° before surgery, 21.3° after surgery, and 22.3° at the
latest follow-up. The spinal sagittal balance was maintained
perioperatively and at the final follow-up.

5.3.1. Case description

Case 1: A 8-year-4-month-old girl who was recognized as
torticollis since the age of 6 months, and had undergone
physiotherapy treatment without success. She had been unable to
gaze horizontally since birth but had no pain or neurologic
deficits. The preoperative computed tomography revealed a
Klipple-Feil syndrome with multiple abnormalities in the cervical
and upper thoracic spine: a segmented C7 HV at the right side
in a synostosed bony mass from C3 to T6, two semi-segmented
HV C3 and T5 at the right side, synostosed partially with the C2
to C3, and T4 to T6 conglomerate, and a blocked vertebrae C4
to C6. Meanwhile, conventional tomography showed a perplexing
synostosis of the lamina of C3 to T6. The Cobb angle between
C6 and T1 was 32.3° neck tilt was 18.4° and a compensatory
convex of the lumbar spine to the left was 29.3° on the standing
anteroposterior x-ray (Figure 1). An MRI excluded deformities
of the spinal cord. The C7 HV was removed by a posterior
approach with the fusion of C6 to Tl vertebrae. C7 HV was
resected with a drill and the gap between C6 and T1 was
instrumented with 4 pedicle screws, with 450 ml blood loss. The
dura sac and nerve roots adjacent to the C7 HV were carefully
identified and protected by a retractor and the neuromonitoring
did not reveal any changes intraoperatively. However, the patient
underwent a transient C7 nerve injury, complaining of right
shoulder pain, and inability to straighten the right upper limb
and fingers, and fully recovered without treatment 3 months
postoperatively. At the latest follow-up (4 months postoperative),
the patient achieved horizontal gaze and her neck position was
neutral (Figure 1). The Cobb angle C6 to T1 improved to 14.5°
(correction ratio 55.11%) at the latest follow-up, and neck tilt
was 9.7° (correction ratio 47.53%), meanwhile, her compensatory
lumbar scoliosis was completely straightened.

Case 2: A 6-year-3-month-old boy presented stiff torticollis
since the age of 1 year, treated by a brace without success. His
torticollis worsened significantly, but there was no neck pain or
neurologic deficits. Conventional tomography showed an HV
between T1 and T3 on the left side and an HV between T9 and
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FIGURE 1

An 8 years 4 months old girl could not gaze horizontally with rigid torticollis (A). 3D CT showed a complexed deformitu of Klippel-Feil syndrome:
C3.C7.T5-HV-R,C7 segmented HV,C3,T5 semi-segmented HV; C4-C6-BV; synostosis: C2-C3-R; T4-T6-L (C). She underwent C7 HVR with bilateral
short fusion and could gaze horizontally three months postoperatively (D).
cervicothoracic scoliosis with a compensatory lumbar curve preoperatively (B),
compensatory lumbar curve became 0° straight postoperatively at the latest follow-up 4 months later (E).

Radiographs images demonstrated that there was a congenital
thereafter, the neck tilt was significantly improved and the

T11 on the right side of the thoracic spine. Therefore, the proximal
scoliosis created by T2 HV was 34.2° and the distal thoracic curve
created by T10 HV was 34.6°, compensating for each other. At the
first surgery, the T10 HV was removed by a posterior approach
with instrumentation T9 to T12 vertebrae, with 150 ml blood
loss. Three months later, the shoulder asymmetry was corrected
completely due to the correction of the distal segmental scoliosis
from 34.6° to 4.0° (correction ratio 88.6%). However, without
any compensation at TI10 HV in the thoracic spine, a
considerable neck tilt (proximal segmental scoliosis) deteriorated
from 34.2°to 37.6° (Figure 2), and head shift improved from
1.62 cm to 0.79 cm. The resection of T2 HV was performed with
fusion T1 to T3 vertebrae, five pedicle screws, and 150 ml blood
loss. Staged HV excisions resulted in a perfect correction of neck
and shoulder imbalance in general view and on radiographic
assessment. At the latest follow-up (3 months post-second
operation), the patient was without complaints and his neck
position was neutral (Figure 2). Meanwhile, the Cobb angle at
T2 HV improved from 37.6° to 10.5° the distal curve at T10 HV
from 34.6° to 13.4°% and the head shift from 0.79 cm to 1.33 cm
at the last follow-up.

Case 3: A 10-year-old boy complained of neck pain with mild
torticollis and right shoulder height since the age of 9 years,
without physiotherapy treatment. The radiologic examinations

Frontiers in Surgery

revealed a right clavicle height with an HV between C7 and T2
vertebrae on the left side and an HV between T3 and T5
vertebrae on the right side. T4 HV was removed first and the
initial plan for T1 HV was resection of T1 HV and short fusion
between C7 and T2 vertebrae. Due to the difficulty of screw
insertion free hand in the C7 vertebra, our strategy was adjusted
to preserve the pedicle and upper part of T1. A wedge osteotomy
was performed between the lower part of the T1 HV and the
upper part of the T2 vertebra, then the deficits were closed using
screws at T1 HV and T3 vertebra. After the osteotomy at T4 and
partial T1 HYV, six pedicle screws were done to fix five spinal
segments (T1-T6) and 170 ml of bleeding was documented. At the
latest follow-up, the patient was pain-free and his shoulder balance
was restored effectively. The neck tilt was 6.8° to the right and the
head shift 1.59 cm to the left at the latest follow-up (Figure 3).

5.3.2. Complications

Although there was no abnormal from the

neuromonitoring intraoperatively, case 1 presented a transient C7

change

nerve injury, complaining of right shoulder pain, inability to
straighten the right upper limb and fingers, and fully recovered 3
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FIGURE 2
A 6 years 3 months old boy presented shoulder imbalance and facial asymmetry. Radiographs indicated that T2 and T10 were both hemivertebra and they

compensated each other before the operation (A,D). He underwent a staged operation. The T10 HV was removed at the first surgery and he gained good
shoulder balance and worsening torticollis due to the lack of compensatory T10 HV 3 months post the first operation (B,E). T2 HV was resected a second
time, and his facial cosmesis and torticollis improved significantly 3 months post the second surgery (C,F).

FIGURE 3
A 10 years old boy complained of neck pain and shoulder imbalance and was revealed to have two HVs at T1 and T4 (A,C). For the distal segment scoliosis,

the T4 HV was removed and T2 to T6 vertebrae were instrumented on the convex side. For the proximal segment scoliosis, due to the difficulty of screw
placement free hand in C7, a wedge osteotomy was performed between the lower part of the T1 hemivertebra and the upper part of the T2 vertebra, then
the deficits were closed using screws at T1 and T3 vertebra. He achieved good shoulder balance and no neck pain 3 months postoperatively (B,D) Ji lilili

oFIIFA.
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months without treatment after surgery. No surgical site infection
occurred in all cases.

6. Discussion

The average amount of blood loss in this study was 257 ml,
about 20% less than the median blood loss of 313 ml in previous
literatures (3, 5, 7, 9, 16, 17). In this study, 1.5 pedicle screws
were instrumented per vertebral body, a reduction of 0.5 screws
per vertebral body compared to the usual 2 pedicle screws per
vertebral body (3, 16, 17). For CTS, the fusion length could be
reduced by early intervention and the pedicle screws could be cut
down by appropriate screw density, which was to reduce body
damage. For multiple hemivertebra of CTS, priority treatment to
the distal hemivertebra and staged surgery is an appropriate
option to employ the principle of MISS strategy. Following the
above measures, the fixed segment could be reduced and the
amount of bleeding could be controlled efficiently.

Whereas there were relatively few cases of congenital scoliosis
in the cervicothoracic segment, current surgical treatments vary
widely in previous literature. Current posterior-only surgery and
combined surgery have their own pros and cons, respectively
(13-21). Therefore, to provide satisfactory scoliosis correction
and less damage to the body of children, surgical timing, surgical
plan-making, and surgical techniques are important foundations
for MISS strategy.

First, surgical timing is a priority principle of MISS to treat
congenital CTS. Timing the operation properly means shorter
fusion segments and fewer pedicle screws. Case 1 presented a
perplexing cervicothoracic spinal deformity and compensatory
lumbar scoliosis on radiographic imaging (Figure 1). After
excision of the C7 HV that was the apex, a simplified bifusion of
the upper and lower vertebrae was performed. The patient’s
torticollis was efficiently improved with the compensatory lumbar
curve spontaneously corrected to 0° (Figure 1). This result
suggested that HV excision at an early age may arrest the
secondary curve progression of trunk shift. A similar conclusion
was obtained that early operation to congenital CTS could
meliorate overall spine coronal balance significantly after surgery
2, 5,9, 10, 15). Conversely, the untreated compensatory curves
tend to progress to structural deformity, which requires extended
correction and fusions (2, 7, 17). Hence, in the cases of congenital
scoliosis at the cervicothoracic region in children, shoulder
imbalance and cosmetic deficit rather than the angle of curvature
is a critical indications for operative treatment (2, 3, 5, 15-17).

Second, for multiple hemivertebrae in congenital CTS, it was an
optimal option that the flexible distal HV segment should be treated
first, sequentially followed by the proximal HV region with poor
mobility. This surgical procedure could indicate neck and shoulder
balance as good as possible with fewer fusions (9, 20). Case 2 was
treated with staged hemivertebrae resection (Figure 2). The thoracic
HV at T10 was resected at the first time, and the shoulder balance
was significantly improved while the deterioration of his torticollis
was noted at the follow-up post first surgery. The second surgery was
performed to remove the cervicothoracic HV at T1 three months
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after the first operation, and the torticollis was significantly improved
both immediately after surgery and at the latest follow-up. In case 3,
the two hemivertebrae at T1 and T4 were adjacent to each other, and
a one-stage surgery was performed. The caudal HV at T4 was firstly
removed and instrumented first. Consequently, a wedge osteotomy
was performed between T1 HV and T2 vertebra, then, the gap was
closed using internal fixation at T1 HV and T3 vertebra a one-stage
operation. Thereafter, four pedicle screws were used to fix the distal
convex side and two screws instrumented the proximal convex side
(Figure 3). The purpose of this asymmetrical screw formation was to
warrant a solid stabilization of the pedicle screws on the convex side
and reduce the number of instrumentations (21). Eventually, both
patients achieved good shoulder balance and facial cosmetics.
Therefore, for a complex congenital CTS, more attention should be
paid to reasonable surgical plan-making (13, 19-21).

Third, the surgical technique of meticulous pre-cautery of the
intraspinal venous plexus adjacent to the hemivertebrae can
effectively decrease the amount of intraoperative bleeding,
consistent with the MISS strategy. After the intraspinal venous
plexus pre-hemostasis was completed, there was little bleeding in
the surgical field during HV resection. Moreover, in case of
massive bleeding during the resection of the hemivertebra,
effective hemostasis could be achieved by cauterization of the
venous plexus down the posterior wall of the vertebral body. The
average amount of blood loss was about 257 ml in our study,
which was 20% less than the procedures as being described in the
previous literatures. For young children, lower operation time and
blood loss can ensure safer operations and faster recovery (5, 19,
21). Hence, the effective maneuver of intraspinal pre-hemostasis
is more conducive to the practice of MISS strategy (19, 21).

There were several limitations in our study. First, it had a
limited sample size since this circumstance is relatively rare.
However, to the best of our knowledge, this is an earlier study to
treat congenital CTS with MISS strategy. The second limitation
of this study is that the follow-up duration is still relatively short
considering the immature nature of the spines in question. Thus,
a long-term follow-up study should be further carried out.

In conclusion, our short-term study achieved excellent
correction results using the one-stage strategy with MISS, which
hopefully could provide an option for the treatment of congenital
CTS. Future well-designed prospective studies with longer follow-
up times are required to further validate our study.
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Background: Post-traumatic vertebral necrosis and pseudarthrosis represents one
of the most concerning and unpredictable challenges in spinal traumatology. The
evolution of this disease at the thoracolumbar transition usually courses with
progressive bone resorption and necrosis, leading to vertebral collapse,
retropulsion of the posterior wall and neurological injury. As such, the
therapeutic goal is the interruption of this cascade, seeking to stabilize the
vertebral body and avoid the negative consequences of its collapse.

Case description: We present a clinical case of a pseudarthrosis of T12 vertebral
body with severe posterior wall collapse, treated with removal of intravertebral
pseudarthrosis focus by transpedicular access, T12 armed kyphoplasty with VBS®
stents filled with cancellous bone autograft, laminectomy and stabilization with
T10-T11-L1-L2 pedicle screws. We present clinical and imaging detailed results at
2-year follow-up and discuss our option for this biological minimally
invasive treatment for vertebral pseudarthrosis that mimics the general principles of
atrophic pseudarthrosis therapeutic and allows to perform an internal replacement
of the necrotic vertebral body, avoiding the aggression of a total corpectomy.
Conclusions: This clinical case demonstrates a successful outcome of the surgical
treatment of pseudarthrosis of vertebral body (mobile nonunion vertebral body) in
which expandable intravertebral stents allow to perform an internal replacement of
the necrotic vertebral body by creating intrasomatic cavities and filling them with
bone graft, obtaining a totally bony vertebra with a metallic endoskeleton, which is
biomechanically and physiologically more similar to the original one. This
biological internal replacement of the necrotic vertebral body technique can be a
safe and effective alternative over cementoplasty procedures or total vertebral
body corpectomy and replacement for vertebral pseudarthrosis and may have
several advantages over them, however long-term prospective studies are needed
in order to prove the effectiveness and advantages of this surgical option in this
rare and difficult pathological entity.

KEYWORDS

vertebral necrosis, pseudarthrosis, armed kyphoplasty, stents, bone graft

Introduction

Avascular necrosis of the vertebral body diagnosis in post-traumatic context has been
increasing, probably due to population aging, being more commonly found in the
thoracolumbar transition and in elderlies with osteoporosis (1-7). It is estimated that
posttraumatic vertebral necrosis is underdiagnosed and that its real incidence is
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significant, with studies indicating its occurrence in 7 to 37% of
vertebral compression fractures, affecting more frequently the
more comminuted fractures, those with greater flattening and the
ones that reach the less vascularized regions of the vertebral
body. All of these are risk factors known for the development of
pseudarthrosis in general. Post-traumatic vertebral necrosis
represents a failure in vertebral bone healing and, thus, it makes
sense that the treatment aims to interrupt this disease’s evolution
and negative consequences, which represents one of the most
concerning and unpredictable challenges in spinal traumatology.
This way, patients with symptomatic vertebral necrosis (axial
pain and functional limitation), with or without neurological
compression symptoms, are candidates for surgical intervention,
kyphoplasty,
arthrodesis to corporectomy and application of an intersomatic

ranging from  vertebroplasty, posterolateral
spacer. The indications for each type of surgical intervention
depend on the integrity of the vertebral body, spinal stability, the
patient’s previous functional condition and the degree of future
solicitation of the spine for each patient, which can justify only a
percutaneous cementoplasty or a more invasive intervention like
a total vertebral body replacement. The risks-benefits of each
surgical solution must be weighed taking into account the level
of functional demand of each patient and the type of vertebral
necrosis, however the exact indications remain poorly defined in
the literature (1, 2, 8-11). Expandable intravertebral implants are
self-expanding devices applied percutaneously with posterior
transpedicular access. They are introduced inside the vertebral
body (armed kyphoplasty) and their expansion allows for
restoration of their height, integrity and stability, when filled with
bone cement or graft (12-22). The evolution of indications for
these recent devices has also shown promising results in vertebral
fractures evolving symptomatically and chronically to non-union
situations (23, 24).

Case presentation

We present a 71-year-old male patient, previously autonomous
in daily living activities, with a history of type II diabetes mellitus,
arterial hypertension and dyslipidemia, who came to our center
bedridden  with
thoracolumbar axial pain. This pain was severe (grade 7/10 on

emergency  department complaints  of
Visual Analog Pain Scale—VAS) and had progressively worsened
over 2 weeks, leading to the patient being currently unable to sit
or walk (25). The patient had no radiculalgia or neurological
deficits and the assessed Oswestry score (ODI) was 96% (26). The
patient reported that 4 months before he had been diagnosed in
another hospital with a fracture of T12 following a fall from
standing height and he started conservative treatment with
Jewett-type brace and analgesia. After 2 months of treatment, the
pain disappeared, so the patient stopped using the Jewett-type
brace and did not return to hospital. The patient brought the
initial radiography and computed tomography (CT) performed at
another hospital, which demonstrated an acute compression
fracture of T12 vertebral body, with marked destruction of the
intrasomatic trabeculae, especially in the anterior half of the
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vertebral body, as well as an old fracture of the L1 lower body
endplate (Figure 1 Sag-Li, Sag-I and Figure 2—Rad-APi, Cor-],
Ax-I). A CT scan was performed in the context of the current
episode and a pseudarthrosis of T12 vertebral body was
identified, with almost total somatic collapse, the presence of a
large anterior intrasomatic cleft and marked retropulsion of the
posterior wall (Figure 1 Sag-P and Figure 2—Color-P, Ax-P).
Average Hounsfield units at T11 and L1 and L2 vertebral body
on this CT was 180, so patient demonstrated normal bone
mineral density. Once this was a previously autonomous patient
with current inability to verticalize the trunk due to severe axial
pain in the context of T12 vertebral body pseudarthrosis and
collapse, we proceeded to the following surgical intervention:
laminectomy of T12 for spinal cord decompression, cleaning and
removal of intravertebral pseudarthrosis focus with curettes and
by bilateral T12
kyphoplasty with VBS® stents filled with cancellous bone

tweezers transpedicular  access, armed
autograft (after the maximum expansion of the stents, we applied
and impacted the bone autograft through transpedicular cannulas
inside both stents until they were completely filled; autologous
bone graft removed from the spinous and laminae after
decompression and iliac bone) and stabilization with T10-T11-
L1-L2 pedicle screws. In Figure 3 we show an illustration of the
armed kyphoplasty with VBS® stents. We only performed the
open median posterior lumbar approach centered on T12, strictly
necessary for the TI12 laminectomy and cruentation of the
adjacent lamina and zygapophysis, in order to promote
posterolateral arthrodesis of the T11-T12-L1 segment, while all
the remaining pedicle instrumentation was performed by
first

postoperative day and was discharged 1 week after. At the

percutaneous approach. The patient walked on the
2-month follow-up visit, he already had no relevant pain
complaints and no limitations in activities of daily living, with
evaluated VAS of 1 and an ODI of 12% at this time. We
performed a control CT at the end of the first year after the
surgery, in which we could verify the complete healing of the
pseudarthrosis, with no signs of migration or failure of
intrasomatic stents or pedicle screws, as well as of bone graft
resorption, which indicates its osseointegration and healing
(Figure 1 Sag-Fm, Sag-Fr and Sag-Fl; Figure 2 Cor-F and Ax-F).
At 2-year follow-up, the patient was satisfied, pain free (VAS 0)
and without relevant limitations in activities of daily living, with
an assessed ODI of 4%. We present the final radiographic
control at 2 years postoperatively, which demonstrates
maintenance of the integrity of the vertebral body and implants

(Figure 1 Rad-Lf and Figure 2 Rad-APf).

Discussion

In the present clinical case, the marked destruction of the
intrasomatic trabeculae in the initial fracture associated with its
location in the thoracolumbar transition, a region of important
mobility, would, in our opinion, be a criterion for performing an
ad inicium T12 armed kyphoplasty in order to guarantee the
anterior column support, stabilize it and thus precisely prevent
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FIGURE 1

rods and crosslink.

Imaging evolution of the clinical case in lateral view radiography images and sagittal CT sections: Rad-Li—initial radiograph in lateral view, showing T12
and L1 vertebral body flatenning and extensive bone destruction at T12 (arrow); Sag-I—initial median sagittal view of computed tomography, showing
acute T12 fracture and old L1 fracture. Note the extensive bone trabeculae destruction at anterior half of the vertebral body; Sag-P—Median sagittal
view of tomography, showing T12 vertebral body pseudarthrosis with a large anterior intravertebral cleft and marked posterior wall retropulsion; Sag-
Fm—Median sagittal view of CT at 1 year after surgery, showing T12 vertebral body pseudarthrosis filled with stent and signs of T12 laminectomy;
Sag-Fr—Right parasagittal view of CT at 1 year after surgery, showing the right stent filled with bone graft and the right pedicular screws, note the
pseudarthrosis healing; Sag-Fl—Left parasagittal view of CT at 1 year after surgery, showing the left stent filled with bone graft and the right pedicular
screws. Note the pseudarthrosis healing; Rad-Lf—Final radiograph in lateral view at 2 years after surgery, showing T12 stents, adjacent pedicle screws,

vertebral collapse due to non-union. The repeated excessive loads
on the mobile thoracolumbar transition, in view of the weakened
fractured T12 vertebral body with marked destruction of the
anterior column, led to insufficient stability to provide bone
healing, which led to progressive bone reabsorption and necrosis,
with consequent loss of its structural integrity and support
collapse  with
retropulsion of the posterior wall and neurological risk (1, 2, 8-11).

function, following vertebral flattening and
During the first two months of conservative treatment, the use of
Jewett brace ensured some stability to the thoracolumbar transition
with attenuated the symptoms;
however, the non-union and progression to pseudarthrosis led to

and, together analgesia,
worsening pain mainly due to intravertebral instability. Vertebral
lack of stability led to progressive bone resorption and the
appearance of an intrasomatic cavity or focus of pseudarthrosis,
intravertebral ~mobility

characterized by axial mechanical pain. The non-interruption of the

which means pathological clinically

natural course of this case of vertebral pseudarthrosis, which
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presents several risk factors for unfavorable evolution, such as
being located at the mobile thoracolumbar transition, reaching
the posterior wall and with the presence of a large intravertebral
cleft, would certainly lead to progressive vertebral collapse,
accentuation of posterior wall retropulsion and severe neurologic
damage (1, 2, 4, 5, 8, 27, 28).

Based on the scarce scientific literature available, the authors
propose post-traumatic vertebral necrosis evolution stages
(Figure 4) built on the grounds of parameters that directly
influence the surgical therapeutic guidance based on the
possibility or not to preserve the vertebral body, namely the
morphology and dynamics of the necrotic vertebra (29-34).
We distinguish, therefore, two types of vertebral morphology,
the situations of vertebra non-plana and vertebra plana
(defined as height inferior than one third of the height of the
original body along its entire length), as well as two types of
mobility, vertebrae with mobile deformity or pseudarthrosis
(1-10, 28).
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FIGURE 2

Imaging evolution of the clinical case in anteroposterior view radiography and coronal and axial CT sections: Rad-APi—initial radiograph in
anteroposterior view, showing T12 and L1 vertebral body flattening and extensive bone destruction (arrow) at T12; Cor-I—initial coronal view of CT,
showing acute T12 fracture and old L1 fracture. Note the extensive bone trabeculae destruction across the entire width of the vertebral body; Cor-P
—Coronal view of CT, showing T12 vertebral body pseudarthrosis with a large intravertebral cleft across the entire width and height of the vertebral
body; Cor-F—Coronal view of CT at 1 year after surgery, showing T12 vertebral body pseudarthrosis cleft filled with stents with bone graft inside,
which demonstrates signs of bone healing and osteointegration. Also note the development of lateral osteophytes that help to stabilize the vertebral
body to the adjacent ones; Rad-APf—Final radiograph in anteroposterior view at 2 years after surgery, showing T12 stents, adjacent pedicle screws,
rods and crosslink; Ax-l—Initial axial view of CT, showing acute T12 fracture. Note the extensive bone trabeculae destruction across the entire width
of the anterior half of the vertebral body; Ax-P—Axial view of CT, showing T12 vertebral body pseudarthrosis with a large intravertebral cleft across
the entire width of the anterior half of the vertebral body; Ax-F—Axial view of CT at 1 year after surgery, showing T12 vertebral body pseudarthrosis
cleft filled with two stents with bone graft inside, which demonstrates signs of bone healing and osteointegration. Also note T12 laminectomy

procedure, the crosslink applied at that level and the remodeling of posterior wall retropulsion with reabsorption of intracanalar bone.

In mobile vertebrae (pseudarthrosis, that is, with intravertebral
clefts—Figure 4), such as the present clinical case, regardless of
their non-plana or plana morphology, it is possible to restore at
least a part of vertebral body height through the positioning of the
spine in hyperextension, which causes the separation of the upper
and lower halves of the pseudarthrosis, increasing the size of the
cleft and restoring the vertebral body height, which is filled
internally (Figure 4). Thus, in these cases, a vertebral body still
with sufficient bone tissue, namely with preserved bone cover
(cortical ring and endplates), allows for containing the application
of expandable intravertebral implants, permitting a vertebral body
interior reconstruction instead of its total replacement. As such, in
the face of necrosis with this vertebral dynamics, we recommend
an armed kyphoplasty, in which expandable intravertebral
implants will fill the empty cavity within the vertebral body
surrounded by bone trabeculae impacted by the devices, and the
body is then filled with bone cement or graft, which provides it
with interior consistency and stability. The complete filling of the
intrasomatic cleft is essential to stabilize the vertebral body,
eliminating pathological and symptomatic intravertebral mobility
(1-10, 28). Our clinical case was a mobile necrotic vertebra plana,
which corresponds to Stage 2 m in Figure 4.

Frontiers in Surgery

Authors usually choose VBS® stent implants in vertebrae with
mobile deformity (Figure 3 and Table 1), an implant with a high
capacity for space occupation, allowing the creation of large
intrasomatic cavities with a cover made of the metallic mesh of the
devices and impacted bone trabeculae, which allows for the
application of a greater amount of bone cement or graft (12-18, 20,
21). The application of bone cement aims to fill and stabilize the
interior of the vertebral body in an inert way, not expecting bone
healing, solving the problem of bone regeneration inability.
However, the authors defend, in post-traumatic vertebral necrosis in
active patients with non-osteoporotic bone, instead of bone cement,
the intrasomatic application of cancellous bone graft associated with
expandable implants, seeking to obtain bone matrix colonization by
osteoprogenitor cells, its vascular invasion and osseointegration,
with the objective of achieving a vertebra that is biomechanically
and physiologically more similar to the original in terms of loads
distribution towards an active patient with a high functional
demand in the future. We use autologous cancellous graft extracted
regionally after laminectomy or from the patient’s iliac bone for
intrasomatic filling, and, if necessary, to obtain more quantity, we
mix the autograft with cancellous allograft from bone bank. In the
same way of the treatment concerning general bone pseudarthrosis,

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1142679
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Moura and Cavaca 10.3389/fsurg.2023.1142679

Mobile vertebra non-plana and plana |
Armed kyphoplasty with VBS®

Mobile
vertebra
non-plana

Mobile
collapsed
vertebra

plana Expanded vertebral body after

spine hyperextension

Application of VBS®
and its expansion

Application of bone cement or graftinside VBS® implants

FIGURE 3

Armed kyphoplasty with VBS® in treatment of posttraumatic vertebral necrosis with mobile vertebrae non-plana and plana. The present clinical case was a
mobile vertebra plana; however, the treatment of armed kyphoplasty is similar to the one of plana or non-plana mobile necrotic vertebrae, as is illustrated
in this figure. After removal of pseudarthrosis region (the same as the intravertebral cleft) and proper intravertebral cleaning, the implants are expanded
and then filled with bone cement or graft (in this clinical case, we chose bone graft).

Immobile necrotic vertebra Immobile necrotic vertebra
non-plana (Stage 1i) plana (Stage 2i)

Initial fracture without
necrosis (Stage 0)

Mobile necrotic vertebra Mobile necrotic vertebra
non-plana (Stage 1m) plana (Stage 2m)

FIGURE 4
Suggested post-traumatic vertebral necrosis evolution stages: stage O—initial fracture without necrosis; stage li—Immobile necrotic vertebra non-plana;
stage 1 m—Mobile necrotic vertebra non-plana; stage 2i—Immobile necrotic vertebra plana; stage 2 m—Mobile necrotic vertebra plana; highlighting the
presence of intravertebral cleft only in the mobile vertebrae marked with m(obile). Immobile vertebrae do not present intravertebral cleft and are marked
with (immobile. The drawings on the right side demonstrate vertebral body pseudarthrosis or mobile necrotic vertebra morphology and biomechanics.
The determination of vertebral morphology and mobility in the context of post-traumatic necrosis must be performed through the combination of
radiographs, including dynamic radiographs in hyperextension and orthostatism, CT and magnetic resonance imaging, also allowing to evaluate the
amount of the remaining bone tissue.

in vertebral necrosis we sought to use a type of bone graft combining  autologous one (27, 35-42). The application of the bone graft
all the properties of osteoconduction, osteoinduction, osteointegration ~ combined with expandable intravertebral implants not only ensures
and osteogenesis that are favorable to bone healing, which is the  the maintenance of vertebral height in time but also protects the

Frontiers in Surgery 93 frontiersin.org


https://doi.org/10.3389/fsurg.2023.1142679
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Moura and Cavaca

10.3389/fsurg.2023.1142679

TABLE 1 Biomechanical characteristics of the expansive intravertebral implants VBS®” (vertebral body stenting) (12—22).

Implant name VBS®™ (Vertebral Body Stenting)

Illustration
Morphology Cylindrical shape network (stent). Two implants by bipedicular access
Material Chromium-cobalt

Expansion direction
Expansion
mechanism
Expansion force
Goal

Rationale

Vertebra reduction and space occupation

Circumferential and centrifugal in the coronal plane (craniocaudal + lateral)

Hydraulic mechanism, through a kyphoplasty balloon (controlled pressure and volume)

Maximum pressure of 30 Atm; Maximum expansion volumes: #Small stent = 4 ml; #Medium stent = 4.5 ml; #Large stent =5 ml

The application of expandable intravertebral implants, also known as armed kyphoplasty, in addition to allowing the immediate analgesia and

stabilization benefits of vertebroplasty and kyphoplasty, also theoretically guarantees, through a metallic endoskeleton, a greater strength of the

vertebral body and a long-term maintenance of restored vertebral height. This happens because vertebral endplates, after reduction, are mechanically
supported by the expanded devices, decreasing or preventing vertebral flattening after its expansion and also lowering the risk of post-traumatic local
and segmental kyphosis, while ensuring very stable anterior support at the vertebral body. VBS® is a reduction and space-filling implant system since it
can multidirectionally expand (vertically and laterally). It is indicated for internal replacement/reconstruction of the vertebral body, preserving its bone

cover, which must be enough to contain the expansive implants and the bone cement or graft. Stents are implants that by its expansion form two big
cavities within the vertebral body, coated by a casing of surrounding impacted trabeculae. These implants form cavities that, after being filled with bone
cement or graft, replace much of the vertebral body interior, filling and stabilizing it. Moreover, they minimize cement extravasation by recreating the

walls of the vertebral body by impaction of bony trabeculae containing the cement.

bone graft from excessive loads, minimizing its damage and
resorption until its osseointegration is achieved, allowing to obtain a
totally bony vertebra with a metallic endoskeleton. The limited
histological evidence carried out in cases without the use of
intravertebral implants demonstrated, in some patients, the absence
of intrasomatic graft integration, with frequent microscopic findings
of partial graft necrosis even in the presence of clinical and imaging
signs of bone healing. This suggests a likely excessive load on the
not yet osseointegrated graft (not protected by the intravertebral
implant) and a weak histology-clinical correlation. Other studies
have demonstrated the efficacy and revascularization of bone grafts
applied in the context of vertebral pseudarthrosis (27, 42-49). The
use of cancellous autograft as a method of intrasomatic filling
inside the stents makes it possible to guarantee a completely bony
vertebra with a metallic endoskeleton, which constitutes a more
biological treatment of vertebral pseudarthrosis compared to the
application of intravertebral bone cement, which, in addition to
having a risk high level of extravasation in vertebral necrosis
situations, cannot mimic the biology of bone healing, remaining as
inert substance, biologically inactive and with excessive rigidity
compared to adjacent levels, which in theory can favor fractures of
adjacent vertebral bodies. Nevertheless, in spine, cementoplasty
techniques (vertebroplasty and kyphoplasty) have been used to treat
this disease, immediately stabilizing the vertebral body without
waiting for bone healing (5-9). The option of not applying bone
cement in this clinical case was based on the high risk of posterior
leakage, given the morphology of the vertebra plana and the severe
destruction and collapse of the posterior wall, but also because this
was an active patient, with a non-osteoporotic resistant bone still
with healing potential. Even in a 71-year-old patient with a severe
vertebra plana stage pseudarthrosis, the combination of a proper
pseudarthrosis cleaning, intrasomatic stents application and filling
with bone graft allowed a sucessful internal replacement of the
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vertebral body, demonstrated by clear signs of bone healing and
osteointegration (Figures 1, 2), which guaranteed symptoms relief.
In situations of vertebral necrosis with pseudarthrosis already with
marked bone resorption and vertebral collapse (vertebra plana), as
in this clinical case, it is frequent, even with the positioning of the
column in hyperextension and the expansion of the intravertebral
implants, that only a partial height restoration is achieved and not
its entirety. In this clinical case, the possible vertebral body height
gain was about half of its original height; nonetheless, the
stabilization and healing of the vertebral body with this
morphology was enough to stop the progression of pseudarthrosis
and vertebral collapse, allowing for the resolution of patient’s
complaints. A proper cleaning of the pseudarthrosis region, keeping
only the bone cover of the vertebral body, is essential when
applying bone graft inside the stents, seeking to bring blood inside
the vertebra and, as such, the necessary mediators to provide
invasion by vessels of the bone graft matrix, and guarantee its
desired osseointegration, without interference from interposed
and the fibrocartilaginous
characterizes the false joint and that internally lines the
intravertebral cleft, making local blood access difficult (Figure 3)
(1-10, 13-18, 27, 50). In this clinical case, given the accentuated

necrotic  tissues membrane that

posterior wall retropulsion with compression of the medullary cord
and even in the absence of neurological deficits, we initially chose
to perform local prophylactic laminectomy in order to obtain the
greatest possible neurological decompression. Also, this act helps to
easily identify with direct visualization the pedicle entry points,
which can be difficult by anteroposterior fluoroscopy because of the
severe vertebral body destruction. Besides that, laminectomy allows
to obtain regional bone autograft with excellent properties for
intrasomatic application to seek consolidation of pseudarthrosis.
The decompression performed and the extensive vertebral body
bone destruction, as well as the total collapse of the posterior wall,
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determined the option for posterolateral arthrodesis of the T11-T12-
L1 segment and percutaneous pedicle instrumentation two levels
above and below, seeking to stabilize the vertebra as much as
possible, reducing the loads on the posterior wall in order to
minimize the risk of worsening its intracanalar retropulsion.

In this way, we consider this surgical technique a useful
minimally invasive biological option that preserves the vertebral
body in vertebral pseudarthrosis, avoiding corpectomy, which is
thus only reserved for situations of non-union with immobile
(Figure 4), that is,
pseudarthrosis, without intravertebral cleft, therefore without the

vertebra plana characteristics without
possibility of increasing the vertebral height and of applying any
support inside it (38, 41, 43, 50-55).

In view of this suggested post-traumatic vertebral necrosis
evolution stages, it is easily understood that we should early
intervene in situations of post-traumatic vertebral necrosis, ideally
in vertebrae non-plana stages (stages 1i and 1 m—Figure 2), so
that there is still enough bone tissue in the vertebral body to allow
for the less invasive treatment, with percutaneous access and faster
convalescence, which is the armed kyphoplasty. A late diagnosis or
an unnecessary postponement of surgical intervention causes bone
necrosis and resorption to progress, leading to situations of
vertebra plana (stages 2) and increasing the risk of developing
neurological damage due to retropulsion of the posterior wall and
collapse of the vertebral body, which requires more aggressive
surgical solutions. However, even the percutaneous current
vertebral body reconstruction technique is not risk-free, and there
may be migration or failure of intrasomatic stents or pedicle
screws, as well as of bone graft resorption, which indicates failure
to obtain osseointegration and healing of pseudarthrosis. It is also
possible that the stents don’t expand and as such it is not possible
to put any bone inside them filling the vertebral body, which leads
us to reinforce the indication of armed kyphoplasty only in the
mobile vertebra plana (pseudarthrosis) and not in the rigid
vertebra plana. Attempting to place expandable intravertebral
implants in this type last of vertebrae involves high risks and may
have serious consequences, from migration of the implants,
because they are not stable within bone tissue, with damage to
major neurological and vascular tissues. Also this technique
requires some experience and a learning curve both in
transpedicular access to the vertebral body and in percutaneous
techniques with fluoroscopy.

In conclusion, this clinical case demonstrates that the treatment
of pseudarthrosis of vertebral body, even in vertebra plana stage, can
be carried out as an internal replacement of the necrotic vertebral
body performed by posterior transpedicular access in which
expandable intravertebral stents allow to create intrasomatic
cavities, which are filled with bone graft, obtaining a totally bony
vertebra with a metallic endoskeleton. This biological internal
replacement of the necrotic vertebral body technique can be a safe
and effective alternative over cementoplasty procedures or total
vertebral vertebral

body corpectomy and replacement for

pseudarthrosis and may have several advantages over them, like
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allowing by a less invasive posterior technique to obtain a totally
bony vertebra biomechanically and physiologically more similar to
the original one and avoiding the risks of bone cement leakage.
Our clinical case shows quite satisfactory clinical and radiographic
results regarding this technique in a vertebra plana pseudarthrosis;
however, long-term prospective studies are needed in order to
prove the effectiveness and advantages of this surgical option in a
rare and difficult pathological entity.
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