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Scoliotic posture as the initial symptom in
adolescents with lumbar disc herniation: its curve
pattern and natural history after lumbar discectomy
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Abstract

Background: There have been few studies focusing on the curve pattern of scoliosis caused by lumbar disc
herniation (LDH) in adolescents and the natural history of scoliosis after discectomy. The current study was carried
out to identify the curve pattern of scoliosis and investigate the effect of posterior discectomy on the curve
improvement in adolescents with LDH.

Methods: This review focused on a group of 26 adolescents with LDH who initially presented to our clinic for
evaluation of scoliosis, followed by posterior discectomy between 2000 and 2009. Radiographic measurements
included curve pattern, specific curve features, trunk shift, and sagittal profile. The correlation between the side of
disc herniation and the direction of lumbosacral curve and the trunk shift was evaluated.

Results: A typical curve pattern was initially identified in all of the patients as a short lumbosacral curve
accompanied with a long thoracic or thoracolumbar curve toward the opposite side. 23 of 26 patients (88.5%) had
a trunk shift more than 2.0 cm away from the midline, showing a poor coronal balance. A relatively straight sagittal
profile was noted in all the patients. 84.6% (22/26) patients had a disc herniation at the convex side of lumbosacral
curve. Similarly, 73.1% (19/26) patients showed a trunk shift toward the opposite side of disc herniation. All of the
patients had an marked curve improvement immediately after discectomy. In the 17 patients with a more than 2-
year follow-up, only two had a residual lumbosacral curve greater than or equal to 20 degrees. The mean ODI
improved from 21.4% before surgery to 7.3% at the final follow-up.

Conclusions: A short lumbosacral curve accompanied with a long thoracic or thoracolumbar curve toward the
opposite side, and a relatively straight sagittal profile have been noted in all the patients. The direction of
lumbosacral curve and trunk shift was related to the side of disc herniation. A majority of patients have a small
curve size while assosiated with a significant coronal imbalance. Earlier decompression can provide a greater
opportunity for spontaneous correction of scoliosis.
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Background
Scoliotic posture has been found in coincidence with
lumbar disc herniation (LDH) in both adolescents and
adults [1-3]. Although the pathophysiology is not fully
understood, scoliotic posture has been considered by
most authors as a compensatory attempt of the body to

relieve nerve irritation. Previous studies have reported
that scoliotic posture would be improved once the pain-
ful stimulus is removed [1,2]. LDH is very unusual in
adolescents based on population-based studies. Since
Wahren firstly reported a case of a disc herniation sur-
gery in a 12 year-old boy, some single-case or series
reports revealed the incidence varying from 1% to 5% in
adolescent population [4,5]. Although genetic predispo-
sition [6,7] and trauma [8,9] have been reported as
causes of LDH in adolescents, the etiology remains an
area of continuing debate. The clinical features of LDH
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in adolescents, characterized with broader spectrum of
symptoms, are typically different from those in
adults [10,11]. Besides low back pain and leg pain, sco-
liotic posture, difficulty in walking and paravertebral
muscle spasm are also frequent complaints in children
and adolescents with LDH. Even in some patients, the
scoliotic posture is their first symptom for clinical con-
sultation, which can be attributed to the anatomical fea-
ture that pediatric spines have better adaptive capacity
to protect nerve tissue via lateral flexion [3]. To our
knowledge, there have been few studies focusing on the
curve pattern of scoliotic posture caused by LDH in a
young population, especially in those with an obvious
spinal deformity as their chief complaint. The present
study retrospectively reviewed an important group of
adolescents with LDH who initially presented scoliotic
posture for clinical evaluation, aiming to elaborate their
curve features of scoliosis and investigate the effect of
posterior discectomy on the curve improvement.

Methods
This review focused on a group of 26 adolescents with
LDH who initially presented to our clinic for evaluation
of scoliotic posture between January 2000 and May
2009. There were 18 males and 8 females with a mean
age of 17.7 years (range, 14.3-20.0 years). Three patients
had a Risser grade of 3 while the others showed a Risser
sign 4 or more. Nine patients had a history of significant
trauma. Four patients had been misdiagnosed as idio-
pathic scoliosis managed with bracing for 6-15 months
at local hospitals. There was no definite family history
of scoliosis in this series. The duration between the
onset of scoliotic posture and presentation at our clinic
ranged from 10 days to 15 months (mean, 4.3 months).
Based on detailed history-taking and physical examina-
tion, some other symptoms and signs were revealed
(Table 1). Except for 16 patients having limitation of
lumbar motion, an Adams forward bend test was per-
formed on the other 7 patients to differentiate scoliotic
posture from structural scoliosis. The back deformity

disappeared during the test in all of them, showing a
nonstructural pattern. Lumbar disc herniation was con-
firmed by means of computed tomography (CT) or
magnetic resonance imaging (MRI). The disc herniation
located at L4-L5 in 14 patients, at L5-S1 in 6, and at 2
levels of L4-L5 and L5-S1 in 6. Totally, herniated disc
was found in 32 levels, including protruded disc in 24
levels, extruded disc in 7 and sequestered disc in 1. Her-
niated disc was centrolateral in 21 levels and foraminal
in 11 levels. As for the 6 patients with L4-L5 and L5-S1
herniation, the two-level herniated discs located on the
same side were noticed in each patient.
Radiographic measurements were made on standing

anteroposterior and lateral radiographs of the entire
spine before surgery, at the immediate postoperative
period (just before discharge), and at the latest follow-
up. Both the overall curve pattern and specific curve
features (levels, magnitude, rotation, and direction) were
evaluated on the anteroposterior radiographs. The mag-
nitude of curvature was measured by Cobb method. As
for a lumbosacral curve that has its apex at L5 or below,
S1 was selected as the lower end vertebra for Cobb
measurement. Apical vertebral rotation (AVR) was
assessed using the Nash-Moe grading. On condition
that the curve was too irregular to identify the exact api-
cal vertebra, the vertebra in the apical area showing
maximal rotation would be chosen for AVR measure-
ment. Trunk shift was determined by measuring the
horizontal distance between C7 plumb line and the cen-
tral sacral vertical line (CSVL). By convention, shift of
the C7 plumb line to the left is considered negative bal-
ance, while a shift to the right is considered positive.
Poor coronal balance or decompensation is defined as
the value of trunk shift exceeds 2.0 cm [12,13]. On
standing lateral radiographs, thoracic kyphosis and lum-
bar lordosis were measured using the Cobb angle. The
superior end plate of T3 and inferior end plate of T12
were used to measure thoracic kyphosis [14,15]. The
superior end plates of T12 and S1 were used to measure
lumbar lordosis [14,15]. Values were interpreted with
respect to normative data for sagittal alignment in chil-
dren and adolescents. Thoracic alignment was defined
as normal (20°-50°), hyperkyphotic (> 50°), and hypoky-
photic (< 20°). Normal lumbar lordosis was 64° ± 10°,
and accordingly lumbar alignment was defined as nor-
mal (54°-74°), hyperlordotic (> 74°), and hypolordotic (<
54°) [15].
All patients received conservative treatments consist-

ing of analgesics, injections, bed rest, and appropriate
physical therapy prior to surgery. A standard posterior
micro-discectomy was performed on 21 patients follow-
ing failure to respond to conservative management for
7-12 weeks. The other 5 patients (No. 2, 6, 16, 23 and
25) had pain relief after conservative treatment for 10-

Table 1 Symptoms and signs at presentation

Clinical finding Patients (%)

Restriction of run and jump 21 (81)

Limitation of lumbar spine movement 19 (73)

Low back pain 15 (58)

Unilateral pain or discomfort in the buttock, or thigh 9 (35)

Unilateral radiating sciatic pain 4 (15)

Scoliotic posture 26 (100)

Disappearing of scoliosis in prone position 0 (0)

Motor weakness 4 (15)

Sensory deficit 14 (54)

Positive leg-raising test 18 (69)
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12 weeks, however, the surgical intervention was also
indicated due to the persistence of their scoliotic pos-
ture. After surgery, the patients were kept at rest and
then gradually mobilized and straight-leg raising until
they were ambulatory (1-2 days after operation). On
account of the limited domestic rehabilitation condition,
patients were instructed to rehabilitate in our depart-
ment until they were discharged 7-10 days after surgery.
During the later hospital stay, they were encouraged to
walk and undergo posture training with a small lumbo-
sacral corset. An adjuvant pelvic traction during rest
time was used about two weeks for those who had
severe trunk shift. The pain was assessed by calculating
percentage improvement. The pain was scored from 0
(no pain) to 10 (severe pain) by numeric pain scale.
After 2002, the Chinese version of the Oswestry Disabil-
ity Index (ODI) [16] was available, in which Section 8
(sex life) was omitted. The total score is expressed as a
percentage, wherein 0% represents no pain and disabil-
ity, and 100% represents the worst pain and disability.

Statistical analysis
SPSS 14.0 package software (SPSS Inc., Chicago, IL) was
used for the statistical analysis. Difference was regarded
as significant when the P value was less than 0.05. The
paired sample t-test was run to compare differences of
Cobb angles before surgery, immediately after surgery,
and at the latest follow-up. Fisher’s exact test was used
to assess the significance of the relationship between the
convex side of lumbar curve and the side of disc hernia-
tion, the relation between the direction of trunk shift
and the side of disc herniation at presentation.

Results
The preoperative and postoperative radiographic find-
ings were shown in Table 2. Seventeen patients had a
left-sided disc herniation, while the other 9 had a disc
herniation on the right side. A common curve pattern
was identified in all of the patients as following: a short
lumbosacral curve accompanied with a long thoracic or
thoracolumbar curve toward the opposite side (Figure
1). For lumbosacral curve, the preoperative Cobb angle
was 10° to 29° (mean, 19.5°). Three to 6 levels (average,
4.5 levels) were involved with variability of the upper
end vertebra (L1-L4), most commonly found at L2
(53.8% of cases), while the lower end vertebra was con-
stant at S1. As for the proximal curve, curve magnitude
ranged from 14° to 35° (mean, 24.7°). A thoracic curve
was noted in 23 patients (88.5%), in comparison to a
thoracolumbar curve in only 3 patients. The proximal
curve involved 7 to 14 levels (mean, 10.7 levels) with
variability in the proximal (T2-T8) and distal (L1-L4)
end vertebrae. Most of the proximal curves (80.7%, 21/
26) were irregular, characterized by difficulty in

identifying the exact apex. The mean AVR was 0.54
(range, 0-1) in the proximal curves, while 0.19 (range, 0-
1) in the lumbosacral curves, showing the apical verteb-
rae featured with very small rotation or neutral position.
The trunk shift was noted from 0.9 cm to 7.7 cm
(mean, 3.7 cm). Twenty-three of 26 patients (88.5%) had
a trunk shift more than 2.0 cm away from the midline,
showing a poor coronal balance, although both the lum-
bosacral and the proximal curves were no more than
35°. With respect to the sagittal profile at presentation,
the mean kyphotic angle of the thoracic spine was 17.4°
(range, 2-47°). It was noted that the incidence of thor-
acic hypokyphosis was 84.6% (17/26). The mean lumbar
lordotic angle was 22.1° (range, 0-49°), hence the lumbar
hypolordosis was demonstrated in all the 26 patients.
84.6% (22/26) patients had a disc herniation at the

convex side of lumbosacral curve (Table 3). There was a
statistically significant association between the direction
of the curve and the side of the disc herniation accord-
ing to Fisher’s exact test (P = 0.001). Similarly, 73.1%
(19/26) patients showed a trunk shift toward the oppo-
site side of disc herniation (Table 4), and an apparent
correlation between the direction of trunk shift and the
side of disc herniation was noted (P = 0.038).
Follow-up data were obtained from clinic follow-up

visits. The final follow-up time in these patients varied
between 6 months and 54 months after surgery (mean,
29.4 months). 17 of 26 patients had a follow-up more
than two years (2-4.5 years). The mean improvement of
pain in terms of numeric pain scale was 82.9% (range,
56-100%) immediately after operation, and 73.1% (range,
40-100%) at the last follow-up. No patients need pain
medication at follow-up. The mean ODI was 21.4%
(range, 11-62%) before surgery, improved to 7.3%
(range, 0-36%) at the final follow-up. Immediately after
surgery, the mean thoracic or thoracolumbar curve
decreased from 24.7° (range, 14-35°) to 10.4° (range, 7-
13°), and the mean lumbosacral curve improved from
19.5° (range, 10-29°) to 8.5° (range, 3-11°). There were
significant differences between preoperative and post-
operative values in terms of the Cobb angle of thoracic/
thoracolumbar and lumbosacral curves (P < 0.05). The
mean trunk shift decreased from 3.7 cm (range, 0.9-7.7
cm) to 1.2 cm (range, 0.5-2.3 cm). The mean thoracic
kyphotic angle improved from 17.4° (range, 2-47°) to
27.6° (range, 18-41°) and the mean lumbar lordotic
angle increased from 22.1° (range, 0°-49°) to 32.2°
(range, 15-59°) at the immediate postoperative period.
Similarly, there were significant differences between pre-
operative and postoperative values in terms of the thor-
acic kyphotic angle and lumbar lordotic angle (P <
0.05). In the 17 patients with a follow-up more than two
years, none had the residual proximal curve greater than
20°, while a residual lumbosacral curve ≥20° was only
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Table 2 Preoperative and postoperative radiographic findings of patients

Patient
No.

Age
(yrs)

Gender Level of disc
herniation

Side of disc
herniation

Trunk shift
(cm)

Thoracic or thoracolumbar
curve

Lumbosacral curve

Pre-
op

Post-
op

Levels Direction Magnitude
(degrees)

Levels Direction Magnitude
(degrees)

Pre-
op

Post-
op

Pre-
op

Post-
op

1 16.3 F L4-L5 L 4.6 1.6 T4-L2
(11)

L 28 13 L2-S1
(5)

R 15 11

2 17.1 M L4-L5 R 4.8 1.7 T6-L3
(10)

L 31 13 L3-S1
(4)

R 20 8

3 19.8 M L4-S1 R -3.0 1.5 T6-L3
(10)

L 20 8 L3-S1
(4)

R 21 10

4 19.5 F L4-L5 R 5.4 2.0 T3-L2
(12)

L 25 7 L2-S1
(5)

R 21 9

5 17.7 M L4-L5 R 2.2 1.1 T8-L3
(8)

L 19 9 L3-S1
(4)

R 10 9

6 16.4 F L5-S1 L 6.6 -0.5 T3-L3
(13)

L 24 11 L3-S1
(4)

R 26 10

7 16.8 M L4-L5 R 0.9 0.5 T3-L3
(13)

L 17 8 L3-S1
(4)

R 10 3

8 14.7 M L5-S1 L -3.2 -1.4 T6-L2
(9)

R 16 9 L2-S1
(5)

L 15 10

9 18.0 M L4-L5 L -3.8 1.7 T5-L4
(12)

R 21 9 L4-S1
(3)

L 14 6

10 20.0 M L4-L5 L -3.6 -0.5 T5-L2
(10)

R 25 13 L2-S1
(5)

L 20 9

11 19.3 M L4-S1 L -4.9 -1.1 T5-L2
(10)

R 27 13 L2-S1
(5)

L 24 8

12 16.2 F L5-S1 L 2.1 1.1 T7-L4
(10)

R 20 11 L4-S1
(3)

L 28 5

13 14.8 F L4-S1 L -5.8 -2.3 T4-L2
(11)

R 30 12 L2-S1
(5)

L 20 7

14 14.3 M L4-S1 L 2.9 1.8 T8-L2
(7)

L 25 8 L2-S1
(5)

R 16 10

15 19.1 M L5-S1 L -3.3 -1.2 T3-L2
(12)

R 28 9 L2-S1
(5)

L 18 11

16 18.4 M L5-S1 R 7.7 -0.9 T2-L2
(13)

L 32 11 L2-S1
(5)

R 27 7

17 16.5 M L4-L5 L -2.6 0.6 T5-L4
(12)

R 15 7 L4-S1
(3)

L 12 8

18 19.0 F L4-L5 R -3.4 -1.7 T5-L2
(10)

R 27 10 L2-S1
(5)

L 23 6

19 19.2 M L5-S1 L -3.2 -0.8 T2-L3
(14)

R 26 13 L3-S1
(4)

L 26 11

20 18.4 M L4-L5 R 3.9 1.8 T4-L2
(11)

L 23 11 L2-S1
(5)

R 21 9

21 18.7 M L4-L5 L -1.8 0.6 T5-L2
(10)

R 32 13 L2-S1
(5)

L 29 11

22 19.6 M L4-S1 L -3.6 -0.7 T5-L2
(10)

R 14 7 L2-S1
(5)

L 15 5

23 17.2 F L4-L5 R 3.2 1.9 T7-L3
(9)

L 35 11 L3-S1
(4)

R 19 9

24 18.5 M L4-S1 L -4.3 -1.5 T4-L2
(11)

R 30 12 L2-S1
(5)

L 23 11

25 19.6 M L4-L5 L -4.5 -1 T3-L1
(11)

R 32 13 L1-S1
(6)

L 25 11

26 14.4 F L4-L5 L 1.2 0.7 T8-L3
(8)

R 20 10 L3-S1
(4)

L 10 6

R = right; L= left; Pre-op= preoperative; Post-op= postoperative
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noticed in two patients (No. 12 and 21). Those two
patients had a relatively large Cobb angle of the lumbo-
sacral curve before surgery. No associations between
pain, residual curve angle and sagittal profile were
noticed since both of them were pain-free and the
improvement of lumbar lordosis was well maintained
during follow-up. At the final follow-up, the AVR in the
residual lumbosacral curve was Grade 0 in patient No.
12 and Grade 1 in patient No. 21, respectively. And the
lumbosacral curves in the two patients resolved during
the Adams forward bend test, showing a nonstructural
pattern. As for the three patients with Risser grade of 3
(No. 8, 14 and 26), none of them had the residual curve
more than 20° at the time of skeletal maturity. The
Cobb angle of proximal curve was averaged at 11°
(range, 5-16°), while the mean magnitude of lumbosacral
curve increased slightly to 10.5° (range, 3-22°). However,
no significant difference was demonstrated as compared
with the postoperative values (P > 0.05). And the coro-
nal balance was well maintained with an average trunk
shift as 0.9 cm (range, 0.5-1.7 cm). Regarding the sagittal
profile, the mean thoracic kyphotic angle was 25.8°
(range, 19-35°) and the mean lumbar lordotic angle was
found to be 37.4° (range, 27-56°). Also, no significant
difference was revealed as compared with the postopera-
tive values (P > 0.05).

Discussion
Scoliosis is a musculoskeletal disorder in which there is
a lateral curvature of the spine. In most young indivi-
duals, the scoliosis is idiopathic, meaning that it is not
known what has caused the curve to occur. However, it
may also occur as a part or complication of an underly-
ing health condition, such as neuromuscular disorders,
lower limb discrepancy, as well as LDH. Although sco-
liotic posture has been reported to be a frequent symp-
tom in adolescents with LDH [3,17-19], most patients of
lumbar disc disease in this age group may be underdiag-
nosed at the initial visit for evaluation of scoliotic pos-
ture, which could be attributed to the rare prevalence
and the more nonspecific features of LDH in adoles-
cents as compared with those seen in adults. In our ser-
ies, there were 4 patients (No. 6, 13, 14, and 24) having
been misdiagnosed as adolescent idiopathic scoliosis
(AIS) treated with bracing. Hence, careful clinical assess-
ment is crucial to avoid misdiagnosis and prevent unde-
sirable results from inappropriate management. In the
current study, all the patients initially presented scoliotic
posture for clinical evaluation, while the other symp-
toms were not well expressed by the patients attributa-
ble to their young age or the nonspecific features of the
symptoms. However, following thorough history-taking
and careful physical examination, some clinical findings
related to LDH were revealed (Table 1). Furthermore,

Figure 1 18.4-years-old-boy with L5-S1 disc herniation and scoliosis (patient No. 16). (a) Preoperative AP radiograph showed 32° left
thoracic curve (T2-L2) and 27° right lumbosacral curve (L2-S1), the trunk shift was 7.7 cm. (b, c) MRI revealed L5-S1 disc space narrowing and
paracentral disc protrusion with impingement of the right S1 nerve root. (d) Immediately after surgery, radiograph showed 11° thoracic curve
and 7° lumbosacral curve with the trunk shift as 0.9 cm. (e) Anteroposterior radiograph taken 2.5 years after surgery showed 5° thoracic curve
and 3° lumbosacral curve, the trunk shift was 0.5 cm, considering as being in normal condition.

Table 3 Association between the side of lumbosacral
curve and the side of disc herniation

Side of lumbosacral curve Side of disc herniation

Left Right Total

Left 14 1 15

Right 3 8 11

Total 17 9 26

Fisher’s exact test, P = 0.001.

Table 4 Association between the direction of trunk shift
and the side of disc herniation

Direction of trunk shift Side of disc herniation

Left Right Total

Left 5 7 12

Right 12 2 14

Total 17 9 26

Fisher’s exact test, P = 0.038.
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we found that limitations of daily activities were more
predominant than the focal findings such as sensory def-
icit or motor weakness, and the leg pain often ran down
to the thigh rather than to the foot. An Adams forward
bend test can usually distinguish between postural and
structural scoliosis. In the present study, this test was
performed on 7 patients having no restriction of forward
flexion at presentation. All of them showed a disappear-
ing of the curve during the test, demonstrating a non-
structural pattern.
To our knowledge, the curve patterns and clinical

courses of scoliotic posture secondary to LDH have not
been well documented in adolescents. In the current
study, some unique radiographic characteristics of the
scoliotic curve were noticed, which were typically differ-
ent from those of AIS. All these 26 patients showed a
typical curve pattern featured by a short and fractional
lumbosacral curve accompanied with a long thoracic or
thoracolumbar curve toward the opposite side. The lum-
bosacral curve involved 4.5 levels on average, while an
average 10.7 levels were entangled in the proximal
curve. Most of the proximal curves (80.7%) were so irre-
gular that the apical vertebrae could hardly be identified
properly (Figure 1). The vertebral wedging in the apical
area was not demonstrated, and all the vertebrae in the
apical area had slight rotation (no more than Grade 1)
or neutral position. As for the double curve pattern in
AIS, right thoracic and left lumbar components are
common. Both the thoracic and lumbar curves are regu-
lar and the apical vertebral body wedging can be com-
monly observed. The end vertebrae and apexes for this
type of AIS are typical as following [20]: thoracic com-
ponent being from T4-T6 to T11 with an apex at T8 or
T9, and lumbar component from T11 to L3 or L4 with
an apex at L2. Secondly, our study showed that a major-
ity of patients had a small curve size while assosiated
with a significant coronal imbalance. The mean preo-
perative Cobb angle of lumbosacral curve was 19.5°
(range, 10°-29°), and the curve magnitude of proximal
thoracic or thoracolumbar curve was averaged at 24.7°
(range, 14°-35°). However, a mean trunk shift of 3.7 cm
was noted, and 23 patients (88.5%) showed a poor coro-
nal balance with the trunk shift more than 2.0 cm away
from the midline. On the contrary, the coronal imbal-
ance may seldom occur in AIS with double curve pat-
tern as the Cobb angle is less than 35°. Thirdly, a
relatively straight sagittal profile was noted. All of the
patients had a lumbar hypolordosis, and 84.6% patients
showed a thoracic hypokyphosis. Finally, there was a
statistically significant association between the direction
of the scoliosis and the side of the disc herniation (P =
0.001). Nineteen patients (73.1%) showed a trunk shift
toward the opposite side of disc herniation (P = 0.038).
In addition, curve flexibility on the basis of lateral

bending films is one of the important radiographic char-
acteristics of the scoliosis and is crucial to distinguish
between structural and posture curves, which we pro-
pose should be done in those patients without severe
back pain. We acknowledge the lack of assessment of
the curve flexibility for those patients complaining of
low back pain or buttock pain in the current study.
The mechanical relationship between scoliotic posture

and LDH is still not very clear. Finneson [21] speculated
that the scoliotic posture would go toward the opposite
side of the sciatica to decrease the nerve root stimula-
tion, if the herniation is lateral to the nerve root. In con-
trast, the lumbar list is toward the side of the sciatica to
diminish nerve compression, when the herniation is
located medial to the nerve root. However, some subse-
quent studies have reported that their clinical results
contradicting the Finneson’s hypothesis [1,2,22]. Suk et
al [1] reported their findings in 45 patients with a mean
age of 31.2 years (13-62 years), showing the direction of
scoliotic posture was not associated with the location of
nerve root compression, while 66.7% (30/45) patients
had a disc herniation at the convex side of scoliotic pos-
ture, demonstrating a significant association between the
direction of scoliotic posture and the side of disc hernia-
tion. Therefore, Suk et al [1] attributed this phenom-
enon to an autonomic decompression mechanism that
the herniated disc was thought to be reduced in size by
stretching or inward bulging at the convex side of the
scoliotic posture. In the current study, disc herniation
occurred unilaterally in all the patients. With regard to
the 6 patients with L4-S1 herniation, the two-level her-
niated discs located on the same side were noticed in
each patient, which might be attributed to the fact that
the patients included were a special group who pre-
sented scoliotic posture as their initial symptom. 84.6%
(22/26) patients had a disc herniation at the convex side
of lumbosacral curve, showing a higher incidence than
that seen in a wide age-ranged population by Suk et
al [1]. Based on adolescent individuals recruited exclu-
sively in the current study, we believe the higher inci-
dence of disc herniation at the convex side of
lumbosacral curve in young patients should be resulted
from the anatomical feature that pediatric spines have
better adaptive capacity to protect nerve tissue via lat-
eral flexion. In addition, we investigated the coronal bal-
ance in relation to disc herniation in these patients,
which was not reported in detail by previous studies.
We found that a statistically significant correlation
between the direction of trunk shift and the side of disc
herniation (P = 0.038). We propose that a trunk shift
toward the opposite side of disc herniation can change
the weight-bearing on legs, a small amount of weight
supported by the affected leg may alleviate the nerve
root irritation.
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Published studies have reiterated that adolescents, as
opposed to adults, are less responsive to conservative
treatment of LDH [4,10,17], which is mainly attributed
to the high elasticity and viscosity of the disc material in
adolescents compared with that in adults [23]. Kurihara
et al reviewed 70 adolescents with lumbar disc hernia-
tion [18]. Only 40% of the patients responded to conser-
vative treatment and recurrence of symptoms was
common. The goal of the management of LDH in ado-
lescents is to relieve symptoms and allow early return to
school education and social interaction. This has not
only physical consequences but a psychological effect on
adolescent patients. Hence, conservative treatment
should be brief for patients with persisting disability and
even for those having no predominant neurologic
signs [18]. Surgical intervention could be considered
earlier for achieving a quicker recovery with fewer com-
plications [24]. Borgesen and Vang reviewed 158 pedia-
tric patients, and noted good to excellent results after
surgery in 93.7% of the patients [25]. In our series, 21
patients didn’t response well to conservative manage-
ment for 7-12 weeks, a sequential posterior discectomy
was carried out. Although the other 5 patients achieved
pain relief after conservative treatment, the persistence
of their scoliotic posture and trunk shift was still noted.
A decision to operate was made considering that the
scoliotic posture and trunk shift had not only physical
consequences but a negative psychological effect on
adolescent patients. In addition, the likelihood that the
persistent curve might progress into a structural scolio-
sis was also taken into consideration for surgical deci-
sion-making. After surgery, the immediate mean
improvement of pain was noted as 82.9%, and no
patients needed pain medication at follow-up.
Matsui et al [2] performed posterior discectomy on 40

children and adults with lumbar disc herniation and
scoliotic posture. The mean Cobb angle decreased from
10.7° (3°-34°) before surgery to 2.7° within an average of
7.5 months after surgery. Similarly, in a prospective
study by Suk et al [1], the immediate improvement of
the mean Cobb angle from 9.8° (5°-25°) to 1.8° (0°-14°)
following conventional open discectomy was noted in 45
patients suffering from disc herniation and scoliosis.
However, both the aforementioned studies [1,2] involved
a wide age-ranged population including children and
adults, and some cases had a Cobb angle less than 10°.
As for the present study, the preoperative curve magni-
tude was relatively larger. Considering the more severe
preoperative deformity and coronal imbalance in our
series, some additional postsurgical conservative mea-
sures, such as posture training with a corset, were per-
formed to maximize the outcome. All of the patients
had an immediate curve improvement. The mean Cobb
angle of lumbosacral curve was 19.5° at presentation,

decreased to 8.5° immediately after surgery. Accordingly,
the proximal curve diminished from 24.7° to 10.4°.
Curve stabilization was noticed in the 17 patients with a
more than 2-year follow-up. The Cobb angle of the
proximal curve was averaged at 11° and the mean mag-
nitude of lumbosacral curve was 10.5°. The coronal bal-
ance was well maintained with a trunk shift as 0.9 cm.
At the last follow-up, only two patients still had a resi-
dual lumbosacral curve greater than 20°. We conclude
that earlier discectomy and adjunct postsurgical conser-
vative measures can provide a greater opportunity for
correction and stabilization of scoliotic posture. In the
present study, a discectomy was considered in those
patients failed to respond to conservative measures for
7-12 weeks. For those patients who have a residual
curve, especially still with some growth potential, the
curve should be closely observed till skeletal maturity.

Conclusion
Some unique radiographic characteristics of the scoliotic
posture were noticed in our series, which were typically
different from those of AIS. We also found the direction
of lumbosacral curve and trunk shift was related to the
side of disc herniation. Earlier discectomy followed by
adjunct conservative measures would provide satisfactory
outcomes. Spontaneous correction of scoliotic posture
could be achieved immediately after surgery and well
maintained during follow-up. However, we should empha-
size that the findings above were revealed only in a group
of adolescents having surgery after failed conservative
management, while those who responded well to conser-
vative treatment were not included in the current study.
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