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Abstract N\
The objective of this study is to investigate the role of paraspinal muscles in the progression of different types of spondylolisthesis by |
examining the correlation between cross-sectional area (CSA) of lumbar paraspinal muscle and slip percentage (SP) in degenerative
spondylolisthesis and isthmic spondylolisthesis.

A multicenter retrospective analysis was carried out including 219 subjects diagnosed with lumbar spondylolisthesis. Using T2-
weighted axial magnetic resonance imgaging, CSAs of the psoas major (PM), multifidus (MU), and erector spinae were measured and
divided by L5 vertebral body (VB) CSA. SP was measured using sagittal T2-weighted images. Correlations between muscle CSA
ratio and SP were calculated in each group. Regression analysis was performed to predict the influence of each muscle CSA/VB CSA
ratio on SP.

No significant correlation was found in the degenerative spondylolisthesis group between any of the muscle CSA ratios and SP.
Both PM/VB ratio (r = —0.24, P=.021) and MU/VB ratio (r=—0.26, P=.012) were negatively correlated with SP in the isthmic
spondylolisthesis group. MU had more influence on SP than PM in the isthmic spondylolisthesis group (regression coefficient MU/VB:
—8.08, PM//B: —4.34).

Both PM and MU muscle CSA ratios were negatively correlated with SP in the isthmic group. MU had more influence on SP than
PM. No muscles had any correlations with SP in the degenerative group. This discrepancy between the two groups suggests that
exercise programs or interventions regarding the segmental stability of isthmic spondylolisthesis and degenerative spondylolisthesis
should be distinguished in clinical practice.
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1. Introduction

According to the North American Spine Society’s (NASS) Evidence-
Based Clinical Guideline for spondylolisthesis, the best working
definition of degenerative spondylolisthesis (DS) is “an acquired
anterior displacement of one vertebra over the subjacent vertebra
without an associated disruption or defect in the vertebral ring,”
while isthmic spondylolisthesis (IS) is defined as “an anterior
translation of one lumbar vertebra relative to the next caudal
segment as a result of an abnormality in the pars interarticularis” %!
The reported incidence of DS varies among studies from 4.1% in
cadaveric material, 13.6% in a population-based cohort study, and
up to 28.6% in a clinical cohort study.”>™! The incidence of IS in the
general adult population ranges from 3.7% to 8%.1°™)

NASS recommends lateral radiographs to detect DS and
standing plain radiographs with/without oblique views or
dynamic radiographs to detect IS. If symptoms indicate
myelopathy or radiculopathy, magnetic resonance imaging
(MRI) should be considered to confirm the diagnosis of both
DS and IS.["* This emphasis on MRI evaluations in symptomatic
cases provides the grounds for soft tissue evaluation in lumbar
spondylolisthesis, especially lumbar paraspinal muscles (PSMs),
which are essential for vertebrae stabilization and movement.!'”’
Several studies on the role of lumbar PSMs and spondylolisthesis
have been performed by measuring the cross-sectional areas
(CSA) of PSMs, but the conclusions are inconsistent.'''"!! To
further investigate the correlation between muscles and lumbar
spondylolisthesis, we previously performed an observational
study on the correlation between muscle CSA and slip percentage
(SP) in 120 subjects diagnosed with lumbar spondylolisthesis.[*®!
The results showed correlation of multifidus (MU) atrophy and
erector spinae (ES) hypertrophy with SP, and subgroup analysis
only showed significant psoas major (PM) and ES CSA
differences between the two subgroups (DS and IS). However,
the correlation between muscle CSA and SP was not analyzed in
the respective subgroup.

This study is a retrospective analysis of 219 subjects diagnosed
with DS and IS that assesses lumbar PSM CSAs using MRI. The
aim of this study is to compare the relationship between SP and
lumbar PSM CSAs in the two most common types of
spondylolisthesis, degenerative and isthmic.

2. Materials and methods

2.1. Study participants and design

A multicenter, retrospective, observational study using MRI was
conducted in 2 medical centers in Seoul, Korea from January 1st
2010 to July 31st 2017. Inclusion criteria were

1) age 19 to 80 years;

2) available MRI images;

3) diagnosed with degenerative or isthmic spondylolisthesis by a
radiologist. If a patient had more than one available MRI, the
most recent one was chosen.

Exclusion criteria were

1) diagnosed with conditions other than spondylolisthesis such
as malignant tumors, infection, and inflammatory spondylitis;

2) poor MRI image quality;

3) previous lumbar surgery;

4) diagnosed with congenital, traumatic, metabolic, and iatro-
genic spondylolisthesis.
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A total of 219 subjects were screened by the inclusion and
exclusion criteria. Subjects were then classified into two groups,
degenerative and isthmic, according to the radiologist. The DS
group had 125 subjects and the IS group had 94 subjects (Fig. 1).
Personal information regarding subjects was coded using patient
initials. All parties were well informed of confidentiality with
regards to the Helsinki declaration. This study was approved by
the Institutional Review Board (approval number KOMCIRB-
170817-HR-028, KHNMCOH 2017-09-006) of each hospital,
and the protocol was registered with the Clinical Research
Information Service (approval number KCT0002588). This
study adheres to CONSORT guidelines for reporting clinical
trials and the CONSORT checklist for this study is attached in
Additional file 1.

2.2. Data extraction and management

The data were collected through paper-based documents written
by the clinical research coordinator and outcome assessors. Two
independent assessors participated in this study at each medical
center. They were blinded to the radiologist’s conclusion and
group allocation. Assessors were educated with the same
standards of measurement prior to initiation.

2.3. Measurement of slip percentage

The slip percentage of the translated vertebra was measured using
the sagittal section of T2-weighted MRI images. Slip percentage is
the ratio of the overhanging part of the superior vertebral body to
the diameter of the inferior vertebral body (Fig. 2). If there were
more than 2 different levels involved, the segment with the largest
degree of slip was chosen. The mean SP of the 2 assessors was
used for analysis.

2.3.1. Measurement of lumbar paraspinal muscle cross-
sectional area. CSAs of PM, MU, and ES were measured by
assessing axial sections of conventional T2-weighted MRI
images. The section from the upper endplate of the L5 vertebra
was used. CSAs were measured bilaterally using the Picture
Archiving and Communication Systems (PACS, INFITT PACS,
INFITT Healthcare Company, Korea) to create a free line region
of interest for each muscle (Fig. 3). Given the strong interrelation
between muscle volume and skeletal CSA,['”*® muscle areas
were speculated to be biomechanically associated with vertebral
body (VB) CSA. Muscle CSA/VB CSA ratios were therefore used
to eliminate biases rising from differences in physical builds. The
sum of left and right muscle CSA/VB CSA was calculated. The
mean value of the two assessors was used for analysis.

2.4. Statistical analysis

Data were entered into an Excel spreadsheet (Microsoft Corp.,
Redmond, Washington, USA) and analyzed using Statistical
Package for Social Science (SPSS) for Windows (version 18.0;
IBM Corp., Armonk, NY). The continuous variables were
measured as the mean and standard deviation. The student t-test
was used to examine differences between age, SP, PM CSA/VB
CSA (PM/VB), MU CSA/VB CSA (MU/VB), and ES CSA/VB CSA
(ES/VB) in the DS and IS group. Chi-square test was used to
calculate intergroup gender differences. Correlation of SP with
muscle area ratios was analyzed using Pearson correlation test. A
simple linear regression analysis was performed to predict the
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Figure 1. Study flow chart.

influence of each muscle CSA/VB CSA ratio on SP. Inter-assessor
agreement was measured using the intraclass correlation
coefficient (ICC) and standardized ratings of agreement.['”! All
statistical analysis was advised and reviewed by a statistician.

3. Results

3.1. Demographics

The degenerative group included 32 males and 93 females with a
mean age of 62.03+11.12 years. The isthmic group consisted of
36 males and 58 females with a mean age of 47.66 +14.32 years.
SP, PM/VB, MU/VB, and ES/VB were all significantly lower in the
DS group (Table 1).

3.2. Correlation analysis between PSM CSA/VB CSA, age,
and SP

Pearson correlation analysis was used to determine the correla-
tion between muscle CSA/VB ratio and SP. In the degenerative
group, no muscle CSA/VB CSA values showed significant
correlation with SP. The only statistically significant factor that
had any correlation with SP in the DS group was age (P <.035).
The isthmic group demonstrated negative correlation between
PM/VB and MU/VB with SP (P<.05) (Table 2 and Fig. 4).

3.3. Regression analysis of PSM CSA/VB CSA on SP

A simple linear regression analysis was performed to predict the
influence of each muscle CSA/VB CSA ratio on SP. In the isthmic
group, MU/VB and PM/VB predicted lower SP (Table 3). MU/VB
had more influence on SP than PM/VB (regression coefficient PM/
VB: —4.34, MU/VB: —8.08). There were no significant findings in
the degenerative group.

3.4. Inter-assessor agreement analysis

Agreement between the 2 assessors for measurement of the
muscle and vertebral body CSAs was nearly perfect at both
hospitals. The measurement of MU CSA was substantial at
hospital 1 and moderate at hospital 2 (Table 4).

4. Discussion

DS is the leading cause of low back pain in adults over 50 years of
age.l?%1IS is more frequently seen in young adults and athletes.!*!!
Paraspinal muscles play an important role in stabilization of the
lumbar vertebrae.''®! However, contradictory results have been
shown in studies on DS. A case-control study reported PSM
hypertrophy compared to controls,"'! while an observational
study showed that MU CSA was not influenced by disc
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Figure 2. Sagittal T2-weighted image obtained for measurement of slip
percentage. Slip percentage was obtained by dividing (A) the distance of
superior vertebral body translation into (B) the diameter of inferior vertebral
body.

degeneration or the degree of slip."*! Another case-control study
reported that disc height and MU CSA ratio were lower, but the
ES CSA ratio was higher in the DS group.!"3! Reports on IS are
still controversial as well. A case-control computed tomography
analysis showed that PSM areas were significantly larger in the IS
group."*! Another study of surgically managed IS subjects found
that the mean CSA value of ES was significantly higher, whereas
that of MU was significantly lower compared to that of

Figure 3. Axial T2-weighted image of paraspinal muscles obtained at upper
endplate of L5. Cross-sectional areas of superior endplate of L5 vertebra,
psoas major (PM), multifidus (MU), and erector spinae (ES) were measured.
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normative controls.'*! An observational study including both
DS and IS subjects showed a negative correlation of SP with MU
CSA value and a positive correlation of SP with ES CSA value, yet
the two groups were not distinguished.''®! To analyze the
difference between DS and IS regarding correlation of muscle
CSA and SP, we initiated a retrospective, multi-centered review of
medical records using MRI images. This novel approach may
help clinicians differentiate between the two types of spondylolis-
thesis for patient treatment and management.

Two conflicting outcomes were drawn from our study. No
significant correlation was found in the DS group between any of
the muscle CSA ratios and SP. Conversely, PM/VB and MU/VB
both had negative correlation with SP in the IS group, and MU
had more influence on SP than PM (regression coefficient MU/
VB: —8.08, PM/VB: —4.34). There is a significantly higher mean
age in the degenerative group than the isthmic group. This is
consistent with the normal epidemiology of DS in that DS mostly
occurs in middle-aged women over 50.72 A study on the
relationship between age and lumbar PSM CSAs reported
significantly decreased CSAs with age.”! It is possible to infer
that individual PSMs do not have a significant impact on slip
progression in the DS group because older age leads to overall
atrophy of PSMs. It is well known that degenerative changes of
the lumbar vertebrae are proportional to age. Therefore, it stands
to reason that SP in the DS group increases with age. The overall
age-related atrophy of PSMs and progression of degenerative
changes explain the positive correlation between age and SP
rather than the correlation between muscle CSA and SP in the DS
group.

Independent analysis of the DS group shows that our findings
are parallel with the result of a previous case-control study in that
PSM CSA ratio did not have any significant correlations with SP
within DS group.!'*! However, the same study showed MU
atrophy and ES hypertrophy when compared to normal controls.
Positive correlation between muscle CSAs and SP indicates the
role of PSM in progression of vertebral slip, while the discrepancy
in muscle CSA compared to normal controls suggests the role of
PSM in the initiation or aftermath of listhesis. We can
comprehensively conclude that muscle atrophy is an initiating
factor of DS or a consequence of existing DS, but its role in the
progression of DS is questionable.

The IS group did show correlations of MU and PM with SP.
Deep multifidus fibers control intervertebral movement and
intersegmental motion.**! Therefore, MU atrophy can cause
lumbar segmental instability and predispose to unfavorable
prognosis.”**! A study on surgically managed subjects with IS
reported that MU CSA values negatively correlate with bone
marrow signal changes of the lumbar pedicle, which represent the
degree of stress-related biochemical bony changes of pars or
pedicle fractures.!*®! Resolutions in marrow signal changes and
improved pain levels have been related to healing and reduced
biomechanical stress in pars interarticularis fractures.*”! It is
inferred that MU strength provides biochemical stability and
prevents further development of pars fractures. Although bone
marrow signal changes were not considered in our research, a
negative correlation was shown between SP and the MU CSA
ratio. Higher SP indicates progression of IS, which is also a sign of
segmental instability. MU atrophy and its correlation with
progression of IS was conclusively shown in both studies.

Deep fibers of the MU have a higher percentage of Type 1
muscle fibers than other muscles of the lumbar spine.*®! These
slow-twitch, fatigue-resistant fibers are more susceptible to the
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Demographics of degenerative and isthmic group.

N (%) or mean + SD

DS IS Total P value

Number of subjects 125 (57.1) 94 (42.9) 219
Gender P=.044

Male 32 (25.6) 36 (38.3) 68

Female 93 (74.4) 58 (61.7) 151
Age 62.03+11.12 47.66+14.32 P<.001
SP 14.68+5.11 21.89+9.70 P<.001
PMNB 1.19+0.42 1.50+0.53 P<.001
MUNB 0.73+0.24 0.90+0.31 P<.001
ES/VB 1.44+0.45 1.84+0.47 P<.001

SD = standard deviation, DS = degenerative spondylolisthesis, IS =isthmic spondylolisthesis, SP =slip percentage, PM/VB = psoas major cross-sectional area (CSA)/vertebral body CSA, MU/A/B = multifidus CSA/
vertebral body CSA, ES/VB=erector spinae CSA/vertebral body CSA.

Correlation between cross-sectional area ratio of the lumbar paraspinal muscles, age, and slip percentage.

DS (n=125) IS (n=94) Total (n=219)
r P value r P value r P value
PMAB & SP —0.06 511 —0.24 021" — 0.01 .890
MUNB & SP — 0.06 538 —0.26 012" —0.03 689
ES/VB & SP 0.14 126 0.08 463 0.25 <001
Age & SP 0.18 49 0.25 014" — 0.41 550

“P<.05.
P<.001; r, correlation coefficient.

DS =degenerative spondylolisthesis, IS=isthmic spondylolisthesis, PM/VB =psoas major cross-sectional area (CSA)/vertebral body CSA, MU/VB = multifidus CSA/vertebral body CSA, ES/VB = erector spinae

CSA/vertebral body CSA, SP=slip percentage.

adverse effects of immobilization and pain than Type 2 fast-
twitch fibers.*”) MU atrophy observed in subjects with IS in our
study may be due to this discrepancy. Although medical records
other than MRI images were not evaluated and patient symptoms
could not be entirely accounted for, all subjects were either
inpatients or outpatients in a hospital. This suggests that almost
all of them had painful conditions. MU atrophy may also be due
to posterior primary ramus denervation.®”! The posterior
primary ramus of the lumbar nerve root splits into a lateral
branch, which innervates the iliocostalis and skin, an intermedi-
ate branch, which innervates the longissimus, and a medical
branch, which innervates the MU and facet joint.®!! The
posterior primary ramus travels underneath the mammilo-
accessory ligament, where it can be entrapped and
stretched.’#3% Segmental hypermobility or instability, which
is frequently seen in spondylolisthesis, the posterior primary
ramus may be stretched.!®®! This can lead to denervation of the
MU, eventually predisposing the muscle to atrophy.

To our knowledge, this is the first study demonstrating that PM
atrophy is involved in progression of IS. PM CSA ratio negatively
correlates with SP, but it is less influential than the MU CSA ratio.
PM in the lumbar region acts as a vertical stabilizer rather than an
extensor or a flexor.?*35! Ipsilateral PM atrophy has been
reported in unilateral back pain and sciatica with single-level disc
herniation.*®3”! PM atrophy can be due to inhibition of a
symptomatic vertebral level along a long loop reflex to protect
compromised tissue.*33?! This explanation adequately accounts
for PM atrophy due to pain. However, it lacks a structural
interpretation of PM atrophy, which is the focus of our research.
Aggravation of coronal instability in degenerative scoliosis can
theoretically cause stretching and thinning of the paraspinal

musculature on the convex side with subsequent shortening and
thickening of muscles on the concave side./*”! Similar changes are
expected with increased sagittal instability due to spondylolis-
thesis because forward slip of a vertebra in spondylolisthesis leads
to increased lumbar lordosis.*! Since the PMs are located
anterior to the spinal column, which is the more convex area in
hyper-lordotic spines, CSA thinning can be predicted. This
sufficiently explains structural changes and their relationship to
PM.

Our research provides a basis for exercise and physiotherapy.
Recently, specific exercise programs targeting the MU and deep
abdominal muscles in the first stages of rehabilitation have been
proposed.[*?! Exercise therapy has been reported to decrease
clinical symptoms and increase MU CSA in patients with
LBP.[*3* Exercises that incorporate PM coactivate MU and/or
transversus abdominis.*®! Most research has focused on
stretching the iliopsoas muscle with the assumption that
stretching improves lumbar mobility.**! However, an observa-
tional study on degenerative disc disease showed decreased pain
after 8 weeks of PM strengthening exercises.!*3! While the long-
term relationship between lumbar PSM exercises and progression
of spondylolisthesis has not been established, previous studies
showed that selective MU and PM strengthening exercises can
alleviate symptoms.[*>** Based on the correlations shown in our
research, strengthening of the MU and PM can also beneficial in
preventing progression of IS as well as alleviating symptoms.
According to our data, preventing progression of DS (SP increase)
cannot be achieved by specific muscle strengthening exercises.
Isolated MU strengthening exercises can be helpful in symptom
control, as past research has shown muscle atrophy of the MU
compared to normative controls.
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Linear regression analysis of lumbar paraspinal muscle cross-sectional area ratio on slip percentage.

DS (n=125) IS (n=94) Total (n=219)
Beta (se) P value Beta (se) P value Beta (se) P value
PMA/B —0.73(1.1) 511 — 4.34 (1.85) 021" — 0.16 (1.13) .89
MUNB —1.19 (1.93) .538 — 8.08 (3.14) 012 — 0.79 (1.96) 689
ES/VB 1.56 (1.01) 126 1.57 (2.13) 463 4.18 (1.08) <.001
“p< .05,

< .001; Beta, regression coefficient.

DS =degenerative spondylolisthesis, IS=isthmic spondylolisthesis, PM/VB =psoas major cross-sectional area (CSA)/vertebral body CSA, MU/VB = multifidus CSA/vertebral body CSA, ES/VB = erector spinae

CSA/vertebral body CSA.

Inter-assessor agreement analysis.

Center 1 Center 2
ICC Strength of Agreement ICC Strength of Agreement
SP 0.839 Almost Perfect 0.996 Almost Perfect
PM/AVB 0.827 Almost Perfect 0.999 Almost Perfect
MUNB 0.761 Substantial 0.593 Moderate
ES/VB 0.846 Almost Perfect 0.814 Almost Perfect

ICC=intraclass coefficient, SP =slip percentage, PM/VB = psoas major cross-sectional area (CSA)/vertebral body CSA, MU/VB = multifidus CSA/vertebral body CSA, ES/VB = erector spinae CSA/vertebral body

CSA.

The discrepancy between DS and IS conclusively suggests
different approaches in the clinical management of spondylolis-
thesis. Simple X-rays should be considered for the differential
diagnosis of IS and DS. Treatment of symptoms (pain,
functionality) should be grossly identical because previous research
has shown MU atrophy and ES hypertrophy compared to normal
control groups in both cases. However, prophylactic exercise
programs or interventions intended to prevent progression of IS
and DS should be distinguished. One limitation of this study is that
our data do not contain asymptomatic control groups. Therefore,
the effect of symptoms such as pain was ignored. Also, due to the
retrospective design of this study, we cannot be sure of the causal
relationship of muscle CSA ratio and SP.

5. Conclusion

In this study, MU and PM CSA ratio were both negatively
correlated with the SP of listhetic vertebrae in the isthmic group.
Using simple linear regression models, MU was found to have
more influence on SP than PM. None of the muscles were
correlated with SP in the degenerative group. This discrepancy
between two groups suggests different clinical approaches.
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