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Abstract

Purpose While many studies have explored the association between paravertebral muscle (PVM) change and low back pain/
lumbar spinal stenosis, little is known about PVM change in adult degenerative scoliosis (ADS). The present study explored
the PVM change in ADS and investigated its association with bony structural parameters.

Methods We evaluated 78 patients in ADS without radiculopathy (ADS group) and 65 healthy persons without degenerative
lumbar diseases (control group). Percentage of fat infiltration area (%FIA) of multifidus muscle at L1 to S1 disk level was
measured by MRI, using ImageJ software. Lumbar scoliosis Cobb’s angle, lumbar lordotic angle, lateral vertebral transla-
tion, and apical vertebral rotation were recorded in ADS group, and relationship between PVM change and these factors
was analyzed.

Results In the control group, the mean %FIA of multifidus muscle was not significantly different between the bilateral sides
at all levels (P> 0.05). In the ADS group, the mean %FIA was significantly higher on the concave side than the convex side
at all levels (P <0.05). Asymmetric degree of multifidus muscle change was 8.55% +4.91%, which was positively corre-
lated with lumbar scoliosis Cobb’s angle, lateral vertebral translation, and apical vertebral rotation (0 <r< 1, P <0.05), but
negatively weak-correlated with lumbar lordotic angle (— 1 <r<0, P <0.05).

Conclusions Asymmetric PVM change in ADS is more often seen on the concave side, which is positive to evaluate the
progression of scoliosis. Its asymmetric degree increases with progression of lumbar scoliosis Cobb’s angle and decreased
lumbar lordotic angle. Apical vertebral rotation and lateral vertebral translation can aggravate the asymmetric degree.

Graphical abstract

Key points Take Home Messages

There exists asymmetric change of PVM in ADS, more often seen on the
concave side, which is positive to evaluate the progression of scoliosis.

. While many studies have explored the association between paravertebral
muscle (PVM) change and low back pain/lumbar spinal stenosis, little is
known about PVM change in adult degenerative scoliosis (ADS).

©

Tts asymmetric degree increases with progression of lumbar scoliosis
Cobb’s angle and decreased lumbar lordotic angle. Apical vertebrae
rotation and lateral vertebral translation can aggravate the asymmetric
degree.

©

If PVM change correlates with bony structural parameters is unclear,
and the result is important to understand the mechanism of the onset
and progression in ADS.

‘The result is identical with previous studies about ATS, which indirectly
reflect that ADS and AIS may have the same mechanical principle.
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Exploring the risk factors of PVM change s useful to prevent further
development of ADS.
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article (https://doi.org/10.1007/s00586-019-05958-7) contains CT Computerized tomography
supplementary material, which is available to authorized users.

EMG Needle electromyogram

Extended author information available on the last page of the article TIWI  TI-weighted images
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T2WI T2-weighted images
TR Repetition time

TE Echo time

FIA Fat infiltration area

CSA  Cross-sectional area
ADS  Adult degenerative scoliosis
DLK  Degenerative lumbar kyphosis

AIS Adolescent idiopathic scoliosis
IS Idiopathic scoliosis
LBP  Low back pain

Introduction

Adult degenerative scoliosis (ADS) is common among the
aging population and is a spinal deformity in skeletally
mature individuals, with a curve measuring = 10° accord-
ing to the Cobb method [1]. The deformity often leads to
low back pain (LBP) and radiating pain to the legs due to
foraminal stenosis and seriously affects the quality of life
[2, 3]. Although the prevalence of ADS is difficult to evalu-
ate precisely, it has been reported to reach 64—68% among
the aging population [4, 5]. Generally, ADS is believed to
derive from disks degeneration first, followed by the poste-
rior column [5], but its pathogenesis has not been completely
elucidated.

In the lumbar spine level, the paravertebral muscle
(PVM) comprises three parts—multifidus, longissimus,
and iliocostalis lumborum muscles (from medial to lateral
direction)—which can be considered to have two func-
tions: to produce movements of the trunk and to provide
stability to the spinal column [6]. There have been numer-
ous studies about the association between spinal disorders
and morphological change of PVM. Hyun et al. [7] found
that there were significantly higher signal intensities and
degree of fatty change of the multifidus in the patients with
degenerative lumbar kyphosis (DLK) than healthy volun-
teers. Jiang et al. [8] demonstrated a significant imbalance
between muscle volume and fatty infiltration in deep PVM
of adolescent idiopathic scoliosis (AIS) patients. Lee et al.
[9] found that there were significantly higher signal inten-
sity and a larger area of fat infiltration of back muscle in the
patients with degenerative lumbar flat back than in normal
people. These studies support that spinal deformity may be
correlated with PVM change. Nevertheless, few published
reports have performed quantitative evaluation of PVM in
ADS, and the relationship between PVM and bony structural
parameters in ADS is unclear.

The objective of this study was to investigate the PVM
change in ADS and to ascertain whether the PVM on the
convex/concave side was abnormal and correlated with
bony structural parameters. It was important to understand
the mechanism of the onset and progression in ADS, which

was conducive to explore its pathogenesis and to treat the
disease.

Materials and methods
Subjects

This was a prospective cross-sectional study. The ADS
group consisted of 78 consecutive ADS patients who were
diagnosed at the Third Hospital of Hebei Medical University
during the period from June 2005 to December 2012. Inclu-
sion criteria were: aged over 50 years at the initial presenta-
tion of ADS (Cobb angle > 10°) with no radiculopathy, and
patients who did not receive physical therapy, acupuncture,
or brace treatment were included. The control group con-
sisted of 65 healthy persons who had a complete checkup
at the Third Hospital of Hebei Medical University during
the period from January 2006 to June 2013. Inclusion cri-
teria were age over 50 years, without degenerative lumbar
diseases, and people who did not receive physical therapy,
acupuncture, or brace treatment were included. There were
no significant differences between the two groups in sex,
age, and BMI (Table 1).

Imaging procedures

All the patients underwent radiography and MRI exami-
nations. The radiography system used in this study was a
500 mA Siemens DR system (Siemens Corporation, Ger-
many) with automatic exposure control system. Usage
parameters were: Electric Current was 500 mA and volt-
age was 75 kV on anteroposterior position, 85 kV on lateral
position. The MRI system was a 1.5 Tesla Imaging System
(Siemens Magnetom Symphony, Germany). T1-weighted
images (T1WI) and T2-weighted images (T2WI) of sag-
ittal views of lumbar intervertebral were obtained using a
spin echo sequence system for TIWI and a fast spin echo
sequence system for T2WI. A surface coil was used. Slice
width was 4 mm and inter-slice gap was 1 mm. The acquisi-
tion matrix was 512X 256. The sequence parameters were

Table 1 Demographic characteristics of both groups

Variable ADS group Control group Statistics P value

Cases 78 65 - -

Male/female 30/48 23/42 7 =0.144 0.704

Age (years) 62.0 (51.0- 60.6+5.5 Z=-1.314 0.189
82.0)

BMI (kg/m?) 23.4 (17-31.3)* 22.9+22 Z=-1415 0.157

2Age and BMI of ADS group were nonnormal distribution; median
was used to describe the datum
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repetition time (TR) 482 ms (ms)/echo time (TE) 10 ms (ms)
for TIWI, and TR 2300 ms/TE 99 ms for T2WI.

Imaging evaluation

For each patient in the ADS group, the apical vertebral level,
curve direction, apical vertebral rotation, lateral vertebral
translation, and lumbar scoliosis Cobb’s angle were recorded
and measured in the standard anteroposterior radiography,
according to previously reported research methods [10, 11].
The lumbar lordotic angle between the L1 upper endplate
and the L5 lower endplate was measured in the standard lat-
eral radiography. Two doctors who have more than 10 years
work experience measure the indicators. All these data were
analyzed using ImageJ software (Version 1.43u, Wayne Ras-
band, NIH, USA).

Lateral vertebral translation was classified into two condi-
tions: “yes” was the presence of a lateral vertebral translation
of >3 mm; otherwise, it was “no.” Apical vertebral rota-
tion was classified into five grades according to Nash—-Moe
method [11] (if the apex was disk, the apical vertebra was
under the apex): Grade 0: convex and concave no asym-
metry; Grade 1: convex migrates within first segment and
concave may start disappearing; Grade 2: convex migrates to
second segment and concave gradually disappears; Grade 3:
convex migrates to middle segment and concave is not vis-
ible; and Grade 4: convex migrates past midline to concave
side of vertebral body and concave was not visible. Grade 4
was less common, so we merged Grade 4 and Grade 3 into
Grade 3 (Fig. 1).

Three T2WI-images were taken at each L1-S1 disk level,
and the center slice of each was considered as the research
object. The %FIA of PVM was measured in the following
steps. The first step was to set the scale pixel/cm, convert-
ing pixels into cm measurement units through the ruler pre-
sent in the photographic image, and then each image was
converted into grayscale 8-bit image. The second was to
measure the cross-sectional area (CSA) of targeted PVM
at each level by outlining its region freehand using ImageJ
software [12, 13]. The third was to measure the FIA using
a threshold technique [9, 13]. In the technique, the value of
the threshold was selected automatically by using “default”
and “dark background” method, and the detailed technical

Fig. 1 Male, 75Y, degenerative lumbar scoliosis: a showing that api-
cal vertebrae was L3 vertebrae and its rotation belonged to Grade 2,
no lateral translation; lumbar scoliosis Cobb’s angle was 21.2°; Main
curve was located on lumbar segment with left scoliosis, and com-
pensatory curve whose orientation was contrary to main curve was
located on lumbosacral segment; b showing that lordotic angle was
41.1°

process was as follows: image/adjust/threshold/dark back-
ground and default/auto. Fat tissue in the 8-bit image was
colored in red using the threshold tool of the program, and
the red area was measured as FIA. The last was to calculate
the %FIA, which was FIA divided by the CSA. We used
the paired t test to evaluate the change of PVM, and if there
was a significant difference between the convex side and the
concave side, its different value was considered as the asym-
metric degree of PVM change (Figs. 2 and 3).

Statistical analysis

Statistical analysis was conducted using SPSS 13.0 (IBM
Corp, Armonk, NY). The nonparametric tests were used to
compare the age and BMI between the two groups and to
analyze the correlation between asymmetric degree of PVM
change and lateral vertebral translation in the ADS group.
The paired t test was used to compare the bilateral PVM
difference (left/right side and convex/concave side) in the

Table 2 Correlation coefficient

Intra-observer 2 Inter-observers

Concave side

Convex side  Concave side  Convex side  Concave side

. . Level Intra-observer 1

for the intra- and inter-observer

reliability of multifidus muscle Convex side

in ADS group
L1-2 0.978 0.981
L2-3 0.966 0.965
L34 0.942 0.945
L4-5 0.940 0.937
L5-S1  0.951 0.950

0.986 0.983 0.988 0.976
0.982 0.979 0.964 0.962
0.953 0.967 0.957 0.955
0.942 0.941 0.949 0.954
0.955 0.947 0.953 0.949

@ Springer



European Spine Journal (2019) 28:1626-1637 1629

Fig.2 Male, 75Y, degenerative (A) B)
lumbar scoliosis: a—e showing
the bright pixels of fat tissue
were colored in white in MR
images, and the %FIA of mul-
tifidus muscle on the concave
side was 37.21%, 34.41%,
28.19%, 30.72%, 32.36% and
on the convex side was 18.63%,
18.79%, 18.89%, 25.22%,
29.43% at L1-2, 1L.2-3, L34,
L4-5, and L5-S1 levels; the
asymmetric degree was 10.39%

two groups. The Chi-square test was used to compare the  interval of 95%, and the ICC value was considered highly
sex distribution data between the two groups. The intra- and  reliable, moderate, and less reliable when the value was
inter-observer reliability of %FIA in PVM was calculated by 2 0.80, between 0.60 and 0.79, and < 0.60, respectively. Lin-
the intraclass correlation coefficient(ICC) using a two-way  ear regression analysis was used to analyze the correlation
random model and absolute agreement with a confidence  between the asymmetric degree and lumbar scoliosis Cobb’s
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Fig.3 Male, 75Y, degenerative lumbar scoliosis: showing that the
bright pixels of fat tissue in the MR images were colored in red
(darker background in the red version) using threshold technique

angle or lumbar lordotic angle. The nonparametric tests and
independent-samples t test were performed to assess the cor-
relation between the asymmetric degree and apical vertebral
rotation.

Results

In the ADS group, each patient had two curves in the stand-
ard anteroposterior radiography, comprising a main curve
and a compensatory curve. There were 17 (21.79%) patients
whose main curve was located on the thoracolumbar seg-
ment, including five (6.41%) with right scoliosis and 12
(15.38%) with left scoliosis, and 61 (78.21%) patients whose
main curve was located on the lumbar segment, including
14 (17.95%) with right scoliosis and 47 (60.26%) with left
scoliosis. The compensatory curve was located on the lum-
bosacral segment, and its direction was contrary to the main
curve. Twenty-eight (35.90%) patients had three vertebras
in the main curve, 38 (48.72%) had four vertebras, and 12
(15.38%) had five vertebras. Apical vertebra in the main
curve was located on L1 in three (3.85%) cases, L1-2 in

seven (8.97%) cases, L2 in 12 (15.38%) cases, L2-3 in 42
(53.85%) cases, L3 in 11 (14.10%) cases, and L.3—4 in three
(3.85%) cases, while apical vertebra in the compensatory
curve was located on L4 in three (3.85%) cases, L4-5 in
nine (11.54%) cases, L5 in 25 (32.05%) cases, and L5-S1
in 41 (52.56%) cases. Lumbar scoliosis Cobb’s angle ranged
from 11.1°to 38.5° (average 20.8° +6.4°), and lumbar lor-
dotic angle ranged from 7.5°to 43.3° (average 24. 5° +8.7°).

Evaluation of multifidus muscles in the ADS
and control group

In the ADS group, the average %FIA of multifidus muscle
on the convex side was 10.17% +5.22%, 12.06% +7.49%,
16.73% +10.44%, 24.72% + 11.67%, 35.09% + 13.70% and
on the concave side was 15.60% +7.22%, 21.09% + 10.90%,
25.81% +11.25%, 36.88% + 14.85%, 44.22% + 17.36% at
L1-2, L2-3, L34, L4-5, and L5-S1 levels, which showed
significant differences between the both sides (r=—7.718,
—8.256, —9.062, —9.973, —8.457; P <0.05). The asymmet-
ric degree of multifidus muscle change between the both
sides was 8.55% +4.91% (Tables 2, 3).

In the control group, the average %FIA of multifidus
muscle on the left side was 8.64% +7.03%, 11.02% +6.73%,
15.18% +11.35%, 22.92% +9.17%, 27.80% + 10.53% and
on the right side was 8.51% +7.14%, 10.82% + 6.83%,
15.61% +11.86%, 23.25% +9.12%, 28.47% +11.74% at
L1-2, L2-3, L34, L4-5, and L5-S1 levels, which showed
no significant differences between the both sides (r=—0.532,
0.778, —1.123, 1.129, — 1.265; P> 0.05) (Tables 4, 5).

Analysis of associated factors with multifidus
muscle change

According to correlation analysis, the asymmetric degree
of multifidus muscle change was positively correlated
with lumbar scoliosis Cobb’s angle (0 <r< 1, P<0.05)
(Fig. 4), but negatively correlated with lumbar lordotic
angle (—1<r<0, P<0.05) (Fig. 5). Linear regression
existed between the asymmetric degree and lumbar sco-
liosis Cobb’s angle, as well as lumbar lordotic angle

Table 3 %FIA of multifidus

Level Multifidus muscle Asymmetric degree P value
muscle on the concave and
convex side in ADS group Convex side Concave side
%FIA L1-2 10.17+5.22 15.60+7.22 - <0.000?
L2-3 12.06 +7.49 21.09+10.90 - <0.000?
L34 16.73 £10.44 25.81+11.25 - <0.000?
L4-5 24.72+11.67 36.88+14.85 - <0.000?
L5-S1 35.09+13.70 44.22+17.36 - <0.000?
Mean L1-S1 18.05+13.19 26.56+15.36 8.55+4.91 <0.000?

4Convex side including the convex of the main curve and compensatory curve, significant if P <0.05
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Table 4_ Cor relatipn coefficient Level Intra-observer 1 Intra-observer 2 Inter-observers
for the intra- and inter-observer
reliability of multifidus muscle Left side Right side Left side Right side Left side Right side
in Control group
L1-2 0.973 0.988 0.976 0.987 0.978 0.986
L2-3 0.986 0.973 0.992 0.969 0.971 0.967
L34 0.948 0.955 0.973 0.977 0.941 0.959
L4-5 0.938 0.931 0.942 0.939 0.944 0.946
L5-S1 0.957 0.948 0.955 0.952 0.963 0.956
Table 5 %FIA of ml.lltiﬁd.us . Level Multifidus muscle Asymmetric P value
muscle on left and right side in degree
control group Left side Right side
%FIA L1-2 8.64+7.03 8.51+7.14 - 0.597
L2-3 11.02+6.73 10.82+6.83 - 0.439
L34 15.18+11.35 15.61+11.86 - 0.266
L4-5 22.92+9.17 23.25+9.12 - 0.263
L5-S1 27.80+10.53 28.47+11.74 - 0.211
Mean L1-S1 17.18+11.64 17.27+12.11 - 0.582
Fig.4 Graph showing the cor-
relation between asymmetric 25.00 —
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angle o
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(R*=0.610 and 0.339, respectively) (Table 6). There was
a correlation between the asymmetric degree and apical
vertebral rotation, as well as lateral vertebral translation
(P <0.05), which showed that the asymmetric degree was

Scoliosis Cobb's Angle

positively correlated with apical vertebral rotation degree
and lateral vertebral translation (P < 0.05) (Tables 7 and
8, Fig. 6).
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Fig.5 Graph showing correla-
tion between asymmetric degree
and lordotic angle
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Table 6 Linear regression analysis in ADS group (n=78)

Lumbar lordosis
Cobb’s angle

Lumbar scoliosis
Cobb’s angle

Correlation R? Correlation R?

Asymmetric degree of 0.781 0.610 —0.582 0.339

PVM change

Table 7 Correlation between asymmetric degree of PVM change and
apical vertebral rotation

Apical vertebral No. of cases Asymmetric degree of P value
rotation PVM change

Grade 0 7 0.66 (0.28-5.30) 0.000*
Grade 1 36 6.29+2.28

Grade 2 23 13.09+1.45

Grade 3 12 17.33+3.97

Total 78 8.55+4.91 -

4Grade 0 was nonnormal distribution; median was used to describe
the data, significant if P < 0.05

@ Springer
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Lordotic Angle

Table 8 Correlation between asymmetric degree of PVM change and
lateral vertebral translation

Lateral vertebral ~ No. of cases Asymmetric degree P value
translation of PVM change

No 47 6.76 (0.28-19.66) 0.01*
Yes 31 10.60+4.91

Total 78 - -

“No lateral vertebral translation was nonnormal distribution; median
was used to describe the data, significant if P < 0.05

Discussion

PVM plays a vital role in the stability and functional move-
ment of the lumbar vertebral column [6]. Multifidus muscle,
the largest and most medial of the lumbar PVM, is sensitive
to pathologic change [14], and it provides stability to the
spine biomechanically [6, 15, 16]. In our previous trial, we
found that there existed a significant relationship between
PVM degeneration and lumbar stability, and multifidus
muscle degeneration was more obvious than erector spinae
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Fig.6 Graph showing correla- (A)
tion between asymmetric degree
and apical vertebral rotation
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[17]. Fatty infiltration in the lumbar multifidus muscle was
common in adults and strongly associated with LBP [18].
Besides, in the rehabilitation of lumbar PVM dysfunction
in LBP, multifidus was often considered as a core muscle
to be researched [19-22]. For these reasons, we chose the
multifidus muscle as our study subject.

T T T
Grade 1 Grade 2 Grade 3

Apcial Vertebral Rotation

There are several ways to explore the PVM change, such
as ultrasound, needle electromyogram(EMG), computerized
tomography(CT) and MRI [6, 9, 12, 13, 17, 20, 21, 23-26].
Using ultrasound, Kliziene et al. [20] explored the effects
of core stability exercises on multifidus muscles in healthy
women and women with chronic LBP. Measuring intra-
muscular EMG activity of the multifidus, Kiesel et al. [26]
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investigated whether experimentally induced LBP affected
multifidus activity during functionally oriented tasks, weight
shifting and upper extremity lifting. Murakami et al. [25]
measured the CSA of PVM by using CT scan to predict sco-
liosis progression. Comparing the intra- and inter-reliability
of PVM using CT and MRI, authors advised MRI other than
CT for PVM measurements of CSA and FIA [24]. MRI can
clearly show muscle mass and intramuscular fat and sim-
ply identify the character in different groups of muscles and
the difference in signal intensity between fat and muscles.
Therefore, MRI appears to be an ideal imaging modality for
assessing the intramuscular morphology of lumbar PVM.
The method described in the present study provides a valu-
able tool for evaluating the change of PVM in ADS.

CSA and FIA are major indicators to evaluate PVM
change. Several studies have confirmed that PVM change is
characterized by an increase in the amount of fat deposits or
a decrease in the size of the muscle [6-9, 17, 27]. Investigat-
ing PVM change in patients with chronic unilateral lumbar
radiculopathy and back pain, Chon et al. and Barker et al.
found that the CSA was smaller than these in controls [14,
28]. Kang et al. [6] regarded the %FIA as a major indica-
tor to compare the PVM change in patients with DLK and
chronic LBP, and they concluded that patients with DLK had
a higher %FIA in the multifidus and erector spinae muscle.
In our study, %FIA was considered as the major indicator
to assess PVM change in ADS, consistent with previous
reports.

There are several factors affecting PVM change, such as
age, sex, BMI, denervation, and so on. Kalichman [27] found
that PVM density decreased with age and increased with
BMI. A 15-yr longitudinal MRI study supported the idea
that an increase in fat content was caused by age and BMI
[29]. The CSA and density of PVM in men were higher
than in women [27, 30, 31]. Stokes et al. [32] researched
that CSA of multifidus muscle was larger in males, but age
had no effect. Chon et al. [28] concluded that there existed
asymmetric atrophy of PVM in patients with chronic unilat-
eral lumbar radiculopathy. Denervation of multifidus muscle
could lead to muscle atrophy and replacement of fatty tissues
after nerve root injury [13, 28, 33, 34]. In our study, there
were no significant differences in the age, sex, and BMI
between the two groups, and patients with radiculopathy
were excluded from the research. Regardless of these fac-
tors, we could better focus on the relationship between bony
structural parameters and PVM change in ADS.

In the ADS group, we found that the degree of multifidus
muscle change on the concave side was significantly higher
than on the convex side, and its asymmetric degree between
the both sides was 8.55% +4.91%. In the control group,
there was no significant difference in the multifidus muscle
between the bilateral sides. Generally, there is equivalent
stress load on the bilateral PVM in normal people. Scoliosis

@ Springer

leads to different stress on the both sides, and tension load
on the convex side is larger than on the concave side. On
the concave side, fat content in PVM was supposed to be a
result of long-lasting inactivity [35], while increase of EMG
activity was an effect of PVM stretching on the convex side
[36]. This biomechanical change results in the asymmet-
ric change of PVM. The result was consistent with earlier
researches about scoliosis. Multifidus muscle on the convex
side was shorter than on the concave side at the apex in idi-
opathic scoliosis (IS) patients, and this was considered as a
theory of primary muscular imbalance causing the spinal
deformity [37]. In the patients with AIS, larger back volume
was slightly more frequent on the concave than on the con-
vex side, and skin-fold thickness was always greater on the
concave side at the apex region [38]. Chan et al. [39] agreed
with the idea that multifidus muscle on the concave side was
morphologically abnormal at the apex of scoliotic curve and
there was a significant association between abnormal signal
change and scoliosis. Similar findings also demonstrated
that there was significant imbalance of muscle volume and
FIA in deep PVM in the AIS patients [8]. All the researches
about AIS were identical with our study, and we considered
that ADS and AIS may have the same mechanical principle.

Our study found that the asymmetric degree of multifi-
dus muscle change was positively correlated with lumbar
scoliosis Cobb’s angle, lumbar vertebrae translation, and
apical vertebral rotation: first, the larger scoliosis Cobb’s
angle and apical vertebral rotation degree, the more asym-
metric mechanical load between the concave side and the
convex side. Second, lateral vertebral translation influenced
the stability of spine. We considered that these two points
were the main reasons for the aggravation of asymmetric
degree. A biomechanical study confirmed that PVM on the
convex side would bear more than 1.5 kg/cm? load, when
apical vertebrae deviated from the midline each 1 cm [40].
Cobb angle of 230°, apical vertebral rotation of 2 grade
2, and lateral vertebral translation of 26 mm were impor-
tant risk factors, predicting scoliosis progression [41]. Cobb
angle was positive with lateral vertebral translation [42] and
lateral vertebral translation associated with vertebral rotation
[43, 44]. Asher et al. [45] found that the vertebra translated
and rotated always toward the apex. The differences between
bilateral back muscle volume were more frequent at the apex
of the curve [38]. To research the relationship between EMG
of PVM and progression of the scoliotic curve, Cheung et al.
[46] found that the asymmetry in paraspinal EMG activity
at the lower end vertebra of the curve was associated with
progressiveness of the scoliosis. Greater EMG activity in the
convex side was due to severity of scoliotic curvatures [47],
and curvatures smaller than 25° Cobb angle had a myoelec-
tric activity not different from that of normal people [40].
In the mild AIS, multifidus muscle thickness on the concave
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side was greater than the corresponding convex side [48].
All of them supported our view directly or indirectly.

Besides, we also found that the asymmetric degree of
multifidus muscle change was negatively correlated with
lumbar lordotic angle, although the correlation is weak.
First, lumbar lordotic angle was negatively correlated with
lumbar scoliosis Cobb’s angle, and loss of lumbar lordotic
angle caused the PVM asymmetric change by increase of
scoliosis Cobb’s angle. Murata et al. [49] found that lumbar
scoliosis Cobb’s angle was reduced by at least 5° as the lor-
dotic angle increased 10°. Second, a recent meta-analysis
concluded that lumbar lordotic angle was associated posi-
tively with disk degeneration, and patients with LBP had
smaller lumbar lordotic angle than healthy controls [50].
Disk degeneration was one of the most important factors
to cause the ADS [5], and chronic LBP caused atrophy of
the paraspinal isolated multifidus muscle [14, 27, 33, 34].
In a word, we considered that lumbar lordotic angle was
correlated with the asymmetric degree of multifidus mus-
cle change by the above factors, including lumbar scoliosis
Cobb’s angle, disk degeneration, and LBP.

There are some limitations in this study that need to be
further discussed and investigated. First, the sample size in
the study is small, although comparable with other similar
studies. Second, there is a lack of studies on EMG, histo-
chemistry, cytology, and pathology to support our results.
Further studies with adequate sample sizes through mul-
ticenter recruitment and using these methods are needed.

Conclusions

There exists asymmetric PVM change in ADS, more often
seen on the concave side, which is regarded as indicating
the progression of scoliosis. Its asymmetric degree increases
with progression of lumbar scoliosis Cobb’s angle and
decrease of lumbar lordotic angle. Apical vertebral rotation
and lateral vertebral translation can aggravate the asymmet-
ric degree.
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