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Background: Sciatica-related spinal imbalance could be observed in lumbar disc herniation 
(LDH) patients. However, their characteristics and recovery process remained unclear. The 
purpose was to analyze the radiological characteristics of spinal imbalance related to sciatica 
and recovery following endoscopic discectomy.
Methods: The records of LDH patients with sciatica and spinal imbalance receiving 
endoscopic discectomy were retrospectively reviewed. The patients were divided to Group 
A (sagittal imbalance), Group B (coronal imbalance) and Group C (sagittal and coronal 
imbalance). The whole-spine x-ray was performed at pre-operation, immediately post- 
operation, 3-month and 6-month follow-up and related radiological parameters were 
measured.
Results: A total of 110 LDH patients (18.3%) presented with spinal imbalance were 
included and there were 31 patients in Group A, 38 patients in Group B and 41 patients 
in Group C. In this study, 77.2% of the coronal imbalance patients present with trunk 
shifted to contralateral side of disc herniation and 65.3% of the sagittal imbalance 
patients present with forward trunk. Most patients present mild and moderate sagittal 
and coronal imbalance. The magnitude of sagittal and coronal imbalance in Group C was 
significantly more severe than that of Group A and Group B. Most patients (≥75%) 
acquired spinal balance immediately after surgery. The sagittal imbalance improved better 
than coronal imbalance and single plane imbalance improved better than biplane imbal-
ance. At the postoperative 6-month follow-up, all patients recovered to normal sagittal 
and coronal balance.
Conclusion: Sciatica-related spinal imbalance occurs in 18.3% of the LDH patients 
receiving endoscopic discectomy. Different subgroups of spinal imbalance present 
different characteristics. Spontaneous correction of the spinal imbalance could be 
achieved when sciatica was relieved immediately after surgery and well maintained 
during follow-up.
Keywords: sciatica, lumbar disc herniation, spinal imbalance, radiological characteristics, 
recovery, endoscopic discectomy

Introduction
Lumbar disc herniation (LDH) is an increasingly common disease in the world, and 
sciatica is the most common related symptom.1–3 Based on population studies, the 
incidence of symptomatic LDH accounts for an appropriate 1% of the general 
population.4 The main symptoms of most LDH patients are low back pain with 
sciatica and difficulty in walking.5,6
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However, coronal and sagittal trunk tilt, even spinal 
imbalance, could be caused by sciatica in some LDH 
patients, which is thought to be compensatory for nerve 
root stimulation caused by disc herniation.7,8 Meanwhile, 
spinal coronal and sagittal imbalance related to sciatica in 
these LDH patients lead to abnormal trunk tilt appearance, 
especially when sitting, standing, and walking.9 The trunk 
tilt appearance could cause great distress to the patients 
and influence the doctor’s diagnosis. In addition to pain 
relief, patients worry about whether and when the trunk tilt 
could recover. Related studies have shown that spinal 
imbalance caused by sciatica and LDH is nonstructural 
and could improve with the relief of pain.10,11

To our knowledge, the studies focused on sciatica 
related spinal imbalance in LDH were limited and most 
of them just concentrated on single sagittal or coronal 
spinal imbalance. Here, we divided the LDH patients 
with spinal imbalance into different subgroups and analyze 
their different characteristics and the recovery following 
endoscopic discectomy.

Methods
The study was approved by the ethics committee of Qilu 
Hospital of Shandong University (No. KYLL-2019KS-058) 
and performed in accordance with the Helsinki Declaration. 
Written informed consent was obtained from all patients 
before enrollment. We retrospectively reviewed the records 
of LDH patients with single level involved and unilateral 
sciatica who underwent endoscopic discectomy from 
January 2016 to January 2021 in our single institution. 
Exclusion criteria include LDH involved levels other than 
L3-S1, multi-level LDH, previous lumbar spinal surgery, 
lumbar spinal stenosis, spondylolisthesis, instability, idio-
pathic or congenital and other structural spinal deformity. 
LDH diagnosis criteria are based on the clinical neurologi-
cal symptoms and radiological manifestation, including CT 
and MRI. Endoscopic discectomy surgeries include poster-
ior endoscopic transforaminal discectomy (PETD), poster-
ior endoscopic interlaminar discectomy (PEID), unilateral 
biportal endoscopic discectomy (UBED) and microendo-
scopic discectomy (MED).

Radiological Measurements
Radiological measurements were made on standing ante-
roposterior (A-P) and lateral X-ray of the entire spine at 
pre-operation, immediately post-operation, and postopera-
tive 3-month and 6-month follow-up (Figure 1). The hor-
izontal distance from the central sacral vertical line 

(CSVL) to C7 plumb line (C7PL) on A-P X-ray was 
measured to assess coronal imbalance (CSVL-C7PL). 
The sagittal vertical axis (SVA) was measured by the 
distance between C7PL and the S1 posterior-superior cor-
ner on lateral X-ray, which was used to assess sagittal 
imbalance. The difference of bilateral shoulder height 
was measured on the A-P X-ray.

The coronal imbalance was defined as CSVL-C7PL 
≥20mm.12 The coronal imbalance was graded to mild 
(20 mm≤CSVL-C7PL <40 mm), moderate (40mm≤ 
CSVL-C7PL <60mm) and severe (CSVL-C7PL≥60 mm). 
The sagittal imbalance was defined as SVA ≥40mm.13 It 
was graded to mild imbalance (40 mm< SVA ≤60 mm), 
moderate imbalance (60 mm< SVA ≤80 mm) and severe 
imbalance (SVA >80 mm).

Subgroups
Based on the types of imbalance, these LDH patients with 
spinal imbalance were divided into three subgroups: 

Figure 1 Radiological measurements. Radiological measurements were made on 
standing anteroposterior (A-P) and lateral X-ray of the entire spine. The horizontal 
distance of CSVL-C7PL on A-P X-ray was measured to assess coronal imbalance. 
The SVA was measured by the distance between C7PL and the S1 posterior- 
superior corner on lateral X-ray, which was used to assess sagittal imbalance. The 
bilateral shoulder height difference was measured on the A-P X-ray.
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Group A (sagittal imbalance), Group B (coronal imbal-
ance), and Group C (sagittal and coronal imbalance).

Statistical Analysis
All continuous data were expressed as the mean ± standard 
deviation. One-way analysis of variance (ANOVA) was 
performed to analyze the differences of radiological para-
meters among Group A, Group B and Group 
C. Differences between preoperative and postoperative 
parameters were determined by the independent-sample 
T test. The chi-square test was performed to analyze the 
categorical variables. P < 0.05 was considered as statisti-
cally significant. Statistical measures were performed 
using Statistical Package for Social Science (SPSS, 19.0).

Results
Patients Population
There were 600 records of the LDH patients with single 
level involved and unilateral sciatica who underwent endo-
scopic discectomy meeting the including criteria. A total 
of 110 patients (54 male and 56 female) were verified with 
spinal imbalance and the incidence of spinal imbalance in 
LDH was 18.3% in the current study. The characteristics 
of these patients are summarized in Table 1. All patients 
gained sciatica relief immediately after endoscopic dis-
cectomy. The preoperative and postoperative mean visual 
analogue scale/score for leg pain (VAS-Leg) was 8.4±3.1 
and 2.2±1.5, respectively (P<0.05). There was no signifi-
cant correlation between the preoperative VAS and sever-
ity of spinal imbalance (P>0.05).

Among the 110 patients, there were 31 patients in 
Group A, 38 patients in Group B and 41 patients in 
Group C. There were no significant differences in age, 
sex, BMI, bilateral shoulder height and LDH level for 
the three subgroups (Table 2).

Radiological Measurement and Subgroup 
Analysis
As for the sagittal imbalance direction, 65.3% (47/72) 
patients present sagittal forward trunk tilt, including 14 
patients in Group A and 33 patients in Group C. The 
direction of coronal imbalance was not consistent with 
the symptomatic side in 77.2% (61/79) patients, including 
31 patients in Group B and 30 patients in Group C.

The sagittal imbalance of SVA was 66.0±19.5mm in 
Group A and 83.5±40.7mm in Group C (P<0.05). In 
Group A, most patients (87.1%) present mild and 

moderate imbalance. In Group C, the proportion of mild 
(31.7%), moderate (34.1%) and severe (34.1%) was 
roughly equal. The coronal imbalance of CSVL-C7PL 
was 31.7±12.8 mm in Group B and 41.5±22.0 mm in 
Group C (P<0.05). Most patients present mild coronal 
imbalance in both Group B (78.9%) and Group C (63.4%).

The immediately postoperative and follow-up results 
showed favorable recovery of spinal imbalance. There was 
significant correlation between the VAS relief and spinal 
imbalance recovery after surgery (P<0.05). In Group A, all 
patients (100%) acquired sagittal balance immediately 
after surgery. The SVA decreased from 66.0±19.5 mm to 
24.3±9.2 mm with the improvement rate was 63.1%. At 
the 3-month and 6-month follow-up, the SVA decreased to 
18.5±8.8 mm and 15.1±7.3 mm with the average improve-
ment rate of 72.0% and 77.1%, respectively.

In Group B, 80% of the patients acquired coronal 
balance immediately after surgery. The CSVL-C7PL 
decreased from 31.7±12.8 mm to 13.6±5.7 mm with the 
improvement rate was 64.8%. At the 3-month and 6-month 
follow-up, 89% and 100% of the patients acquired coronal 

Table 1 Demographic and Clinical Characteristics for All the 
Cases

All the Cases

Number of cases (n) 110

Sex (male/female) 54/56

Age (years) 42.05±14.82

BMI (kg/m2) 25.64±3.69

Bilateral shoulder height difference (mm) 8.83±7.56

LDH level (case number)
L3/4 4

L4/5 61

L5/S1 45

Surgical methods (case number)

PEID 33
PETD 39

UBED 28

MED 10

VAS-leg for sciatica

Preoperative 8.4±3.1*
Postoperative 2.2±1.5*

Notes: *Significant difference between preoperative and postoperative VAS-leg for 
sciatica. 
Abbreviations: LDH, lumbar disc herniation; PEID, posterior endoscopic inter-
laminar discectomy; PETD, posterior endoscopic transforaminal discectomy; UBED, 
unilateral biportal endoscopic discectomy; MED, microendoscopic discectomy.
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balance, respectively. The CSVL-C7PL decreased to 9.8 
±5.3 mm and 7.4±5.0 mm with the improvement rate of 
69.2% and 76.6%, respectively.

In Group C, 80% and 75% of the patients acquired 
sagittal and coronal balance immediately after surgery. 
The SVA decreased from 83.5±40.7 mm to 33.5 
±17.2 mm with the improvement rate of 59.9%. The 
CSVL-C7PL decreased from 41.5±22.1 mm to 16.1 
±7.9 mm with the improvement rate of 61.2%. At the 

3-month and 6-month follow-up, all patients acquired 
sagittal balance. The SVA decreased to 31.7±8.2 mm and 
20.8±7.9 mm with the improvement rate of 62.1% and 
75.1%, respectively. Moreover, 83% and 100% of the 
patients acquired coronal balance at 3-month and 
6-month. The CSVL-C7PL decreased to 11.5±7.7 mm 
and 8.8±6.9 mm with the improvement rate of 71.5% 
and 78.7%, respectively. Three cases of LDH with spinal 
imbalance were shown in Figures 2–4.

Table 2 Characteristics and Recovery of Spinal Imbalance in Three Subgroups

Group A Group B Group C

Number of cases (n) 31 (28.2%) 38 (34.5%) 41 (37.3%)

Sex (male/female) 14/17 16/22 24/17

Age (years) 44.3±15.8 42.6±14.0 40.2±15.0

BMI 25.5±4.3 25.1±2.9 26.3±3.9

Level of LDH (L3/4: L4/5: L5/S1) 1:14:16 0:25:13 3:22:16

Bilateral shoulder height difference (mm) 8.3±7.4 8.3±6.4 9.7±8.7

Side of LDH and symptom (left/right) 17/14 20/18 15/26

Coronal imbalance direction (left/right) – 23/15 29/12

Number of cases of symptomatic side not consistent with coronal 

imbalance direction (n)

– 31 30

Sagittal imbalance direction (forward/backward) 14/17 – 33/8

Coronal imbalance (mm) – 31.7±12.8# 41.5±22.0#

Grading (case number)

Mild (20≤CSVL-C7PL<40) 30 (78.9%) 26 (63.4%)
Moderate (40≤CSVL-C7PL<60) 7 (18.4%) 8 (19.5%)

Severe (60≤CSVL-C7PL) 1(2.6%) 7 (17.1%)

Sagittal imbalance (mm) 66.0±19.5* – 83.5±40.7*

Grading (case number)

Mild (40≤SVA<60) 15 (48.4%) 13 (31.7%)
Moderate (60≤SVA<80) 12 (38.7%) 14 (34.1%)

Severe (80≤SVA) 4 (12.9%) 14 (34.1%)

Follow-up SVA CSVL-C7PL SVA CSVL-C7PL

Immediately (mm) 24.3±9.2 13.6±5.7 33.5±17.2 16.1±7.9

Percentage of recovery 100% 80% 80% 75%
Improvement rate 63.1% 57.2% 59.9% 61.2%

3-month (mm) 18.5±8.8 9.8±5.3 31.7±8.2 11.5±7.7

Percentage of recovery 100% 89% 100% 83%
Improvement rate 72.0% 69.2% 62.1% 71.5%

6-month (mm) 15.1±7.3 7.4±5.0 20.8±7.9 8.8±6.9

Percentage of recovery 100% 100% 100% 100%
Improvement rate 77.1% 76.6% 75.1% 78.7%

Notes: # *Significant difference between different subgroups. 
Abbreviations: LDH, lumbar disc herniation; CSVL, central sacral vertical line; C7PL, C7 plumb line; SVA, sagittal vertical axis.
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Figure 2 A 24-year-old male LDH patient with right leg sciatica present spinal coronal imbalance (A1-2). L5/S1 right side disc herniation was shown in MRI (A3). X-ray (A1- 
2) and physical appearance (A4-5) showed the trunk shifted to left side in coronal plane. UBED surgery was performed (B1-3) and postoperative MRI showed herniated 
disc was removed (C3). X-ray (C1-2) and physical appearance (C4-5) showed coronal imbalance acquired recovery immediately after surgery. (As it is possible the patient 
could be identified by the tattoo on his back, he has provided informed consent for the images to be published.).
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Figure 3 A 16-year-old male LDH patient with right leg sciatica present spinal sagittal and coronal imbalance (A1-2). L4/5 right side disc herniation was shown in MRI (A3). 
X-ray (A1-2) and physical appearance (A4-5) showed the trunk shifted to left side in coronal plane and forward in sagittal plane. UBED surgery was performed (B1-B3) and 
postoperative MRI showed herniated disc was removed (C3). X-ray (C1-2) and physical appearance (C4-5) showed coronal and sagittal imbalance acquired recovery 
immediately after surgery.
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Figure 4 A 30-year-old male LDH patient with right leg sciatica present spinal sagittal imbalance (A1-2). L5/S1 left side disc herniation was shown in MRI (A3). X-ray (A1-2) 
and physical appearance (A4-5) showed the trunk shifted to forward in sagittal plane. UBED surgery was performed (B1-B2) and postoperative MRI showed herniated disc 
was removed (C3). X-ray (C1-2) and physical appearance (C4-5) showed sagittal imbalance acquired recovery immediately after surgery.
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Discussion
Spinal coronal and sagittal imbalance, or named sciatic 
scoliosis or trunk list, have been observed in LDH 
patients. The abnormal trunk posture has been regarded 
as secondary to lumbar nerve root compression by her-
niated disc.11,14 In the current study, we retrospectively 
analyzed the spinal coronal and sagittal imbalance in 110 
LDH with sciatica patients and divided them into three 
different subgroups to summarize the different character-
istics. In addition, the improvement of spinal imbalance 
after surgery has been the focus of attention of spinal 
surgeons and patients. We also summarized the recovery 
process of coronal and sagittal imbalance after surgery.

There was a significant association between the side of 
the disc herniation and the direction of coronal trunk shift. 
In our study, 77.2% of the LDH patients with coronal 
imbalance present trunk shifted to the contralateral side of 
disc herniation, which was consistent with previous reports. 
Suk et al15 and Zhu et al16 found that 75% and 84.6% of the 
patients had a disc herniation at the convex side of scoliosis, 
respectively. Zhu et al,16 Kim et al17 and Wu et al2 reported 
the trunk shifted to the contralateral side of the disc hernia-
tion in 73.1%, 76% and 50% patients, respectively. It 
remains unclear for the detailed mechanisms for the phe-
nomenon. Finneson et al18 proposed the theory that the 
direction of scoliotic posture correlated with the location 
of herniated disc. If the herniation is located medial to the 
nerve root, the scoliotic posture would be towards the side 
of sciatica, and if the herniation is lateral to the nerve root, 
the scoliotic posture would go towards the opposite side. 
Takahashi et al14 reported that the magnitude of the nerve 
root pressure was higher in patients with trunk list. 
However, Suk et al15 reported the direction of sciatic sco-
liosis was not observed to be associated with the location 
and degree of nerve root compression.

Sagittal balance is a state in which an individual is 
capable of keeping a stable standing position with minimal 
muscle expenditure.8 In the current study, we also found 
that 65.3% of the patients with sagittal imbalance present 
with trunk shifted forward. More patients presented with 
trunk forward imbalance in Group C than Group 
B. Zhu et al16 found that LDH patients with scoliotic 
posture showed a relatively straight sagittal profile. The 
changes of lumbosacral parameters could also be observed 
in LDH patients and compensatory mechanisms of spinal 
sagittal imbalance mainly include more forward translation 
of SVA, LL loss, TK and PT increase.2,8,16,17,19,20

In the current study, the magnitude of spinal imbalance 
was different among the three subgroups. The magnitude 
of sagittal and coronal imbalance in Group C was signifi-
cantly more severe than that of Group A and Group 
B. According to the grading of imbalance, most patients 
were accompanied by mild and moderate coronal and 
sagittal imbalance. As for the spinal imbalance in LDH, 
different studies reported different results. In 2001, 
Suk et al15 performed a prospective study to analyze the 
lumbosacral scoliotic list in 45 patients with LDH. The 
preoperative distance of L1-CSVL was 16.7 mm. In 2010, 
Endo et al19 performed a retrospective cross-sectional 
study and found the mean SVA of the LDH group (32.7 
±46.5 mm) was significantly larger than that of the control 
(2.5±17.1 mm). In 2011, Zhu et al16 analyzed the curve 
pattern in 26 adolescent LDH patients with scoliotic pos-
ture. The mean trunk shift was 3.7 cm and 88.5% patients 
had a poor coronal balance with trunk shift >2.0 cm. In 
2015, Kim et al17 retrospectively analyzed the incidence 
and risk factors for sciatic scoliosis in 164 LDH patients. 
Trunk shift (>10mm) was observed in 18% of the patients 
at the time of surgery. The mean CSVA-C7PL and SVA 
value was 22.5 mm and 30.0mm, respectively. In 2016, 
Chen et al8 analyzed the spinal sagittal imbalance in 25 
adult LDH patients and revealed the mean SVA and cor-
onal trunk shift values were 11.6 cm and 2.9 cm respec-
tively. In 2019, Wu et al2 analyzed the coronal and sagittal 
spinal alignment in 68 LDH patients with scoliosis and 
trunk shift and found that 29.4% of the patients showed 
a poor coronal balance (trunk shift >2.0cm) with the mean 
trunk shift of 2.6 cm.

As for the risk factors for the spinal imbalance in LDH 
with sciatica patients, there were just several reports. Kim 
et al17 reported L4-5 disc herniation was a risk factor for 
trunk shift. Because L4-5 was not confined to the pelvic 
cavity, it may be more vulnerable to trunk list compared 
with L5-S1. As for whether the gender is the risk factor for 
the trunk shift in LDH, sciatic scoliosis was more fre-
quently observed in men2,7 than in women17 in previous 
reports. In our study, the gender and affected level were 
not found to be related to spinal imbalance. Suk et al15 

reported that age, gender, side, anatomic location, and 
degree of herniation, and direction of scoliosis did not 
have an effect on the degree of scoliosis and trunk shift.

As the nonstructural and protective scoliotic posture, 
coronal and sagittal spinal imbalance would be improved 
once the nerve root decompression was achieved. In our 
study, most of the patients (≥75%) acquired spinal balance 
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immediately after surgery. The sagittal imbalance improved 
better than coronal imbalance and single plane imbalance 
improved better than biplane imbalance. At postoperative 
6-month follow-up, all patients recovered to normal sagittal 
and coronal balance. As for the recovery, previous studies 
had similar results but with some differences. Suk et al15 

reported most of the sciatic scoliotic list disappeared after 
surgical decompression. Zhu et al16 reported all of the 
patients had a marked coronal scoliosis improvement imme-
diately after discectomy. Immediately after surgery, the 
mean thoracic or thoracolumbar curve decreased from 
24.7°to 10.4°, and the mean trunk shift decreased from 
3.7 cm to 1.2 cm. Chen et al8 reported that all patients 
restored coronal and sagittal balance immediately after 
lumbar discectomy. The mean C7PL-SVA and trunk shift 
value decreased from (11.6 ± 6.6 cm and 2.9 ± 6.1 cm) 
preoperatively to (−0.5 ± 2.6 cm and 0.2 ± 0.5 cm) post-
operatively. Tu et al21 reported that all the adolescent LDH 
patients with sciatic scoliosis have a curve improvement 
after full-endoscopic interlaminar discectomy. Zhang et al22 

reported that a total of 85.7% of the adolescent and 92.7% 
of the adult patients with sciatic scoliosis achieved resolu-
tion of scoliosis within 6 months after surgery. Kim et al17 

revealed that trunk list was reversible in more than 50% of 
the patients within 6 months of PELD. Matsui et al7 

reported that sciatic scoliotic list completely disappeared 
in 45% patients and the average time was 107 days after 
surgery. Endo et al19 revealed that the sagittal malalignment 
recovered to almost the same level as the control group at 6 
months after surgery. In all, the coronal and sagittal imbal-
ance could be achieved favorable recovery results immedi-
ately after surgery and during follow-up.

As for the spinal coronal and sagittal imbalance, the 
detailed mechanisms remain unclear. It has been widely 
accepted that the abnormal posture is compensatory beha-
vior of the body to ease the stimulation of nerve roots and 
relieve the sciatica symptom. The radiological features of 
sciatic trunk shift were different from idiopathic scoliosis. 
There was no vertebral wedging in the apical area and just 
limited vertebral rotation.16 Careful clinical and radiologi-
cal assessment is crucial to different spinal imbalance in 
LDH from other structural spinal deformity and adopt 
appropriate management.

There were some limitations for the current study. It 
was a retrospective study with limited case numbers. The 
study just focused on the LDH and sciatica patients receiv-
ing endoscopic discectomy surgery and nonsurgical 
patients with spinal imbalance were not included, which 

may cause some bias for the results. In addition, it 
remained unknown as for the detailed reasons and 
mechanisms for the different characteristics of different 
subgroups in the current study. More multi-center clinical 
cohort studies with large sample size are needed to better 
analyze the spinal imbalance in LDH patients.

Conclusion
Spinal imbalance was not uncommon in LDH with sciatica 
patients, and the incidence rate was 18.3% among the 
patients receiving endoscopic discectomy surgery. Most 
patients accompanied with mild and moderate coronal and 
sagittal imbalance. Different spinal imbalance types present 
with different characteristics. The magnitude of sagittal and 
coronal imbalance in biplane imbalance group was signifi-
cantly more severe than that of monoplane imbalance. 
Spontaneous correction of the spinal imbalance could be 
achieved when sciatica was relieved immediately after sur-
gery and well maintained during follow-up.
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