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Abstract

functional recovery.

predicting functional recovery.

of functional status (change of ODI > 50%) was 33%.

Purpose: To investigate the association of paraspinal muscle quantity and quality with functional status in patients
with lumbar spinal stenosis (LSS) and explore whether degeneration of paraspinal muscle could predict patients’

Methods: The data of 69 patients (26 males, 43 females; mean age 60.6 + 9.4 years) with LSS was reviewed. The
total cross-sectional area (tCSA), functional cross-sectional area (fCSA), and fatty infiltration (FI) of paraspinal muscle
were measured. The Oswestry Disability Index (ODI) scores were used to reflect patients’ functional status. Correlations
between measurements of paraspinal muscle and ODI scores were investigated by the Pearson correlation analysis.
The multiple linear regression analysis was used to explore the correlation between change of ODI and other potential
influence factors. Receiver operating characteristic curve was used to find out the most optimum cut-off value for

Results: The pre-operation ODI was significantly associated with multifidus muscle (MF) fCSA (r = — 0304, p = 0.012),
while the post-operation ODI was significantly correlated to MF FI (r = 0407, p < 0.01). Preoperative MF Fl was an
independent influence factor for change of ODI. The best cut-off value of preoperative MF Fl to predict improvement

Conclusion: The preoperative degeneration of MF was significantly associated with patients’ functional status.
Preoperative MF Fl was a good predictor for assessing improvement of patients’ functional status. Evaluation of
paraspinal muscle before operation could be helpful for surgeons to predict patients’ functional status and recovery.
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Background

The stability of the spine is dependent on the integrated
function of the active, passive, and neural sub-systems
[1]. As a composition of the active sub-system, the para-
spinal muscle plays an important role in maintaining stabil-
ity. The cross-sectional area (CSA) and fatty infiltration (FI)
are two keys in evaluating the paraspinal muscles [2-6],
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which represent the quantity and quality of paraspinal
muscles, respectively.

The atrophy of paraspinal muscles has been found in
patients with chronic LBP and disc herniation [4, 7-9].
But only a few studies focused on the effect of paraspinal
muscles on patients’ functional status [10, 11]. Fortin
et al. found that greater multifidus muscle (MF) FI was
associated with higher pre-operation Oswestry Disability
Index (ODI) scores in patients with lumbar spinal sten-
osis (LSS) [10]. However, they ignored the postoperative
functional status. Zotti et al. found that reduced MF
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CSA was associated with less favorable outcomes after
surgery [11], but they only focused on MF. So it is
unclear whether other paraspinal muscles are associ-
ated with patients’ functional status. Besides, it is also
a question whether measurements of paraspinal mus-
cles could predict the improvement of patients’ func-
tional status.

This study aimed to investigate the association of para-
spinal muscle quantity and quality with functional status
in patients with LSS and explore whether degeneration
of paraspinal muscle could predict the improvement of
patients’ functional status.

Methods

Study design and inclusion criteria

This was a single-institution retrospective study ap-
proved by the relevant institutional Ethics Committee.
Initially, a total of 72 patients with LSS who undertook
lumbar fusion surgery from October 2018 to April 2019
were investigated. All of them presented with neurogenic
claudication occasionally with concomitant radicular
pain and failed with conservative therapy for at least 3
months before surgery. Three patients were excluded for
the uncompleted follow-up data. Finally, 69 patients
were included in this study. All patients were not en-
gaged in special occupations, such as athletes, and they
kept a normal lifestyle before the illness. The ODI scores
were recorded. The other inclusion criteria of patients
were as follows:

Older than 18 years

Without history of former spinal surgery
Without other spinal diseases except LSS
Had complete preoperative radiographic data
With a complete 6-month follow-up data

ARSI

The exclusion criteria of patients were as follows:

1. With neuromuscular diseases
2. With hip joint or knee joint disease

The patients received preoperative education, general
guidance after surgery, and instructions of trunk and ab-
dominal muscle training. They underwent standardized
procedures of surgery under general anesthesia, includ-
ing pedicle screw fixation, bilateral laminotomy, and pla-
cing an interbody cage packed with autogenous bone.
All surgeries were performed by three surgeons, who
had more than 10 years of experience. The patients were
encouraged to exercise by themselves in the hospital and
at home. All patients could get out of bed in 3 days after
surgery and exercised regularly after 3 weeks. No one
needs a revision surgery in the last follow-up.
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Measurements of paraspinal muscle

Measurements of MF and erector spinae muscle (ES)
were obtained from T2-weighted images by the Image ]
software. MRIs were required with Signa HDxt 3.0T
(General Electric Company). The slice thickness was 3
mm with a 3-mm gap between each slice. Patients were
placed in the supine position, with their legs straight and
the lumbar spine in a neutral posture. Axial MRI was
parallel to the inferior endplate of the vertebral body.

All muscles were measured bilaterally at the inferior
vertebral endplate of L4. The mean value of left and
right paraspinal muscle was calculated. The parameters
of muscle included total cross-sectional area (tCSA) (Fig.
1), functional cross-sectional area (fCSA, the area of lean
muscle tissue), and fatty infiltration (FI, the ratio of
tCSA minus fCSA to tCSA). The fCSA of muscle was
measured by the thresholding technique (Fig. 2).

Statistical analysis

SPSS version 17.0 was used to analyze the collected data.
All values were expressed as mean + standard deviation.
The Pearson correlation analysis was also used to ex-
plore the relationship between paraspinal muscle param-
eters and other factors, such as age and ODI scores.
Parameters between different genders were analyzed by
the Mann—Whitney U test or independent-sample ¢ test.
The multiple linear regression analysis was performed to
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Fig. 1 Measurement of total cross-sectional area (tCSA) for the

multifidus (MF) and erector spinae muscle (ES)
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Fig. 2 Thresholding technique to highlight lean muscle area and
obtain the functional cross-sectional area (fCSA) of paraspinal muscles

Table 1 Patients’ characteristics

explore the influence factors for the change of ODI. We
used the receiver operating characteristic (ROC) curve
to find out the most optimum cut-off point of which
presented the largest Youden index. Statistical signifi-
cance was set at p value < 0.05.

Results

General data

There were 26 males and 43 females in this study. The
average age of patients was 60.6 + 9.4 years with a range
from 32 to 77 years (Table 1). The average segment of
fusion was 1.6 + 0.7, which included L1-L2 (2), L1-L5
(1), L2-L3 (1), L2-L5 (5), L3-L4 (1), L3-L5 (27), and
L4-15 (32). The mean body mass index (BMI) was 26.6
+ 3.1kg/m> The average operation time was 126.9 +
30.4 min. The mean blood loss during the operation was
318.7 + 131.8 ml. The average hospital stay was 6.7 +
1.1 days. The mean ODI scores were 55.5 + 12.5 pre-
operatively, while the postoperative ODI scores were
26.7 + 7.0 at 6-month follow-up. Change of ODI was de-
fined as the ratio of preoperative ODI minus postopera-
tive ODI to preoperative ODIL. The mean change of ODI
was 51.2 + 9.6%. The mean and standard deviation of
the different paraspinal muscle parameters are also pre-
sented in Table 1.

The value of age, BMI, number of operation segment,
operation time, blood loss, and hospital stay did not have
significant difference between different genders. The
ODI scores in males were the same as those in females.
The mean value of MF tCSA, ES tCSA, MF fCSA, and
ES fCSA in males was 1049.2 + 225.3, 1836.5 + 341.2,

Overall Male Female p value
Age (years) 606 + 94 584 + 88 61.8 £ 96 0.146
BMI (kg/m?) 266 + 3.1 265+ 2.1 267 £35 0713
Number of operation segment 16+07 1.7+08 15+ 06 0.662
Operation time (min) 1269 + 304 1321 £ 316 1238 + 296 0.278
Blood loss (ml) 3187 £ 1318 3269 + 1430 3137 £ 1260 0.853
Hospital stay (day) 6.7+ 1.1 65+ 1.2 6.8 + 1.1 0.279
MF tCSA (mm?) 9494 +199.8 1049.2 £ 2253 889.0 + 156.0 0.001**
ES tCSA (mm?) 15936 + 3615 18365 + 3412 1446.7 + 289.3 < 0.001**
MF fCSA (mm?) 6094 + 183.8 7187 +207.5 5433 + 1311 < 0.001**
MF Fl (%) 360+ 114 316 £ 115 386+ 105 0.011*
ES fCSA (mm?) 1082.1 £ 321.3 13315 £ 2944 9314 + 2319 < 0.001**
ES FI (%) 325+99 277 +74 354 £ 10.1 0.001**
Pre-operation ODI 555+ 125 519+ 142 577 £110 0.061
Post-operation ODI 267 £70 247 £ 64 280+ 7.1 0.055
Change of ODI (%) 512+ 96 513+99 51.1+£95 0922

BMI body mass index, MF multifidus muscle, ES erector spinae muscles, tCSA total cross-sectional area, fCSA functional cross-sectional area, I fatty infiltration

*p value < 0.05
**p value < 0.01
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718.7 + 207.5, and 1331.5 + 294.4, respectively. The
mean value of MF tCSA, ES tCSA, MF fCSA, and ES
fCSA in females was 889.0 + 156.0, 1446.7 + 289.3,
543.3 + 131.1, and 931.4 + 231.9, respectively. The CSAs
of paraspinal muscles were larger in males (p < 0.01).
But the mean values of MF FI (p < 0.05) and ES FI (p <
0.01) in males were significantly smaller than females.

Correlations between measurements of paraspinal muscle
and ODI scores

The association of paraspinal muscle parameters with
ODI scores and age was measured by the Pearson cor-
relation analysis, and the results are recorded in Table 2.
Not only pre-operation ODI but also post-operation
ODI had a negative correlation with MF fCSA, which
showed patients with severe degeneration of MF had
worse functional status. Both MF FI and ES FI were as-
sociated with pre-operation and post-operation ODI. Pa-
tients with higher ODI scores had significantly higher
MEF FI and ES FI. Besides, age had a positive correlation
with the MF FI (p < 0.01) and ES FI (p < 0.01), while it
was negatively associated with MF fCSA (p < 0.01).

In order to eliminate the other factors’ effect, we used
partial correlation analysis to analyze the relationship
between paraspinal muscle parameters and ODI scores.
The pre-operation ODI had a significant association
with MF fCSA (r = - 0.304, p = 0.012) by controlling
age. There existed a significant correlation between the
post-operation ODI and MF FI (r = 0.407, p < 0.01) by
controlling age and pre-operation ODL

We also found that change of ODI had a significant
correlation with MF FI (p < 0.05). The change of ODI
reflected the improvement of patients’ functional status.
We used the multiple linear regression analysis to inves-
tigate how the factors including age, gender, BMI, and
MEF FI influenced the change of ODI. According to
Table 3, MF FI was independently associated with the
change of ODI. Patients with lower preoperative MF FI
were likely to have higher change of ODI.

The patients were divided into two groups (change of
ODI < 50% group and change of ODI > 50% group). We
used ROC curves and calculated the Youden index to
figure out the cut-off value of MF FI (Fig. 3). The best
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cut-off value of MF FI for predicting the change of ODI
was 33% (AUC = 0.680, sensitivity = 0.727, specificity =
0.583). According to the best cut-off value of MF FI, pa-
tients were divided into two groups, respectively. For
MF FI < 33% group, the percentage of patients with
change of ODI < 50% was 32.3% (10/31), while it was
60.5% (23/38) for MF FI > 33% group.

Discussion

This study demonstrated that smaller MF fCSA and
higher MF FI on preoperative MRI scans were signifi-
cantly associated with higher ODI scores, not only in
pre-operation but also in post-operation. Similarly, pre-
operative ES FI was also positively correlated to ODI
scores. The atrophy of paraspinal muscle was associated
with patients’ functional status.

The relationship between paraspinal muscle and lum-
bar degeneration disease was of great interest in recent
years [4, 11-13]. Some studies found atrophy of para-
spinal muscle in patients with symptomatic LSS [14, 15].
But only few studies focused on the relationship between
paraspinal muscle and functional status of patients
[10, 11], and they did not fully assess paraspinal
muscle or patient functional status. Fortin et al. found
an association of greater MF FI with worse function
in patients with LSS [10]. However, they did not
focus on post-operation functional status. Zotti et al.
found that reduced MF CSA was associated with less
favorable outcomes after surgery [11], but they did
not measure the quality of MF.

To further investigate the relationship between para-
spinal muscle and functional status of patients, we mea-
sured tCSA, fCSA, and FI of MF as well as ES and
explored all of the measurements’ association with pa-
tients’ functional status, not only in pre-operation but
also in post-operation. The CSA and FI are two key pa-
rameters in evaluating the paraspinal muscles [2-6],
which represent the quantity and quality of paraspinal
muscles, respectively. Because a change in muscle com-
position can occur without a change in muscle size,
fCSA is a better indicator of muscle atrophy and
contractibility.

Table 2 Correlations between paraspinal muscle parameters and ODI scores

MF tCSA ES tCSA MF fCSA MF FI ES fCSA ES FI
Pre-operation ODI - 0.174 - 0119 — 0418 0423%* — 0.286* 0.370%*
Post-operation ODI - 0.005 - 0010 - 0.3971** 0.606** - 0224 0438**
Change of ODI - 0218 - 0135 0.007 - 0.300* - 0.051 —0.142
Age —0.048 - 0.029 — 0.3471** 0.494** - 0217 0426**

MF multifidus muscle, ES erector spinae muscles, tCSA total cross-sectional area, fCSA functional cross-sectional area, Fl fatty infiltration, ODI The Oswestry

Disability Index
*p value < 0.05
**p value < 0.01
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Table 3 Results of multiple linear regression analysis in
influence factors for change of ODI

Regression coefficient  Standardized coefficient  p value
Age - 0.079 —-0.078 0.566
Gender 1.551 0.079 0519
BMI 0676 0.216 0.070
MF FI —0.242 - 0.286 0.042%
Constant ~ 45.69 - < 001

BMI body mass index, MF multifidus muscle, F/ fatty infiltration
*p value < 0.05

Age was an important factor for atrophy of paraspinal
muscle and degeneration disease [2, 16]. Shahidi et al.
found that lumbar muscle fat content was associated
with age in individuals with lumbar spine pathology [2].
Takayama et al. also found that CSA of the paraspinal
muscles decreased with age and fat infiltration increased
with age [16]. Our results were consistent with them.
Age attributed to the degeneration of paraspinal muscle.

Age was also associated with ODI scores. In order to
eliminate age’s effect on the relationship between mea-
surements of paraspinal muscle and ODI scores, we used
partial correlation analysis. The results showed that atro-
phy of MF was independently associated with functional

ROC Curve
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Fig. 3 ROC curve to find the optimum cut-off point of MF Fl to
predict the change of ODI
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status. A study demonstrated that atrophy of paraspinal
muscle was associated with muscle strength [17]. Ramos
et al. found that stabilization exercises could improve
lumbar multifidus fatigue in patients [18]. So exercises
may be helpful for patients to improve their functional
status.

Another important finding of this study was that pre-
operative MF FI could be a predictor for assessing pa-
tients’ functional recovery. When evaluating patients’
outcome, the change of ODI was also an important par-
ameter, which reflected the improvement extent of pa-
tients’ functional status [11]. We explored the potential
influence factors for the change of ODI, including age,
gender, BMI, and preoperative MF FI. The result showed
that preoperative MF FI was independently associated
with the change of ODI. The change of ODI decreased
with preoperative MF FI increasing. Preoperative MF FI
could be a predictor for evaluating patients’ recovery.
Chen et al. [19] also found that patients with MF FI <
25% had a greater reduction in ODI, which also sup-
ported our results.

The change of ODI > 40% was used as a clinically sig-
nificant threshold in previous study [11]. The minimum
clinically important percentage change in standardized
outcome measures had been reported as 38-51% [20].
Considering the patients’ age in present investigation
was younger than that in Zotti’s study, we used change
of ODI > 50% as a clinically significant threshold. The
MF FI < 33% was the optimum cut-off value to predict
the improvement of functional status.

In this research, we used the Image ] software to
measure paraspinal muscles. It was reliable in evaluating
the measurements of paraspinal muscle [21, 22]. We
measured paraspinal muscle at the level of L4 inferior
vertebral endplate, which was the same as previous stud-
ies [10, 11, 15]. The effect of quality and quantity of
paraspinal muscle on patients’ functional status was
deeply explored in this study. But there were several
limitations in this investigation. This was only a single-
center retrospective study which might bring the selection
bias. The sample size was relatively small. A prospective
study with large participants is necessary to confirm the
causal relationship.

Conclusion

In this research, we found that the preoperative atrophy
of MF was significantly associated with ODI scores,
which reflected patients’ functional status. Among these
measurements of paraspinal muscle, preoperative MF FI
was a good predictor for assessing improvement of pa-
tients” functional status. Evaluation of paraspinal muscle
before operation could be helpful for surgeons to predict
patients’ functional status and recovery.
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