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Abstract
Purpose  Patients with lumbar spinal stenosis (LSS) require microsurgical decompression (MSD) surgery; however, MSD 
is often associated with postoperative instability at the operated level. Paraspinal muscles support the spinal column; lately, 
paraspinal volume has been used as a good indicator of sarcopenia. This study aimed to determine preoperative radiological 
factors, including paraspinal muscle volume, associated with postoperative slippage progression after MSD in LSS patients.
Methods  Patients undergoing single-level (L3/4 or L4/5) MSD for symptomatic LSS and followed-up for ≥ 5 years in our 
institute were reviewed retrospectively to measure preoperative imaging parameters focused on the operated level. Paraspinal 
muscle volumes (psoas muscle index [PMI] and multifidus muscle index [MFMI]) defined using the total cross-sectional 
area of each muscle/L3 vertebral body area in the preoperative lumbar axial CT) were calculated. Postoperative slippage in 
the form of static translation (ST) ≥ 2 mm was assessed on the last follow-up X-ray.
Results  We included 95 patients with average age and follow-up periods of 69 ± 8.2 years and 7.51 ± 2.58 years, respectively. 
PMI and MFMI were significantly correlated with age and significantly larger in male patients. Female sex, preoperative ST, 
dynamic translation, sagittal rotation angle, facet angle, pelvic incidence, lumbar lordosis, and PMI were correlated with 
long-term postoperative worsening of ST. However, as per multivariate analysis, no independent factor was associated with 
postoperative slippage progression.
Conclusion  Lower preoperative psoas muscle volume in LSS patients is an important predictive factor of postoperative slip-
page progression at the operated level after MSD. The predictors for postoperative slippage progression are multifactorial; 
however, a well-structured postoperative exercise regimen involving psoas muscle strengthening may be beneficial in LSS 
patients after MSD.
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Introduction

Degenerative spondylolisthesis is seen on preoperative 
radiographs of patients who have lumbar spinal stenosis 
(LSS). The possible clinical consequences of a slipped 

vertebra have been under debate for decades [14, 18]. 
When both physiotherapy and medical treatment fail in 
patients with LSS, surgical intervention in the form of 
lumbar decompression with or without spinal fusion is 
considered. However, proper patient selection is crucial 
for optimal surgical outcomes in LSS patients because 
decompression alone could lead to postoperative lumbar 
instability requiring reoperation, whereas decompression 
with primary fusion is reportedly associated with longer 
postoperative recovery time, more surgery-related com-
plications, and greater costs [6]. For the patient selec-
tion, some preoperative predictors for slippage progres-
sion after decompression alone were already reported and 
these might be helpful. It is reported that preoperative 
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findings associated with instability and slippage at the 
surgical level, preoperative spinopelvic parameters, and 
severity of low back pain are related to the postopera-
tive progression of slippage [6, 16, 20, 26]. However, 
there is still no consensus on the decision for fusion with 
decompression.

Recently, the concept of frailty has been introduced 
as a measure of a patient’s health status. Unfortunately, 
the current assessments for measuring human frailty are 
mostly subjective and require prolonged patient cooper-
ation, which is often impractical [1]. For this purpose, 
surrogate markers of frailty, such as sarcopenia, may be 
more useful to clinicians [29]. Morphometrics is used to 
quantitatively measure sarcopenia and frailty and may bet-
ter indicate a patient’s general health and physiological 
reserve for tolerating surgery. Among them, cross sec-
tional area measurement of paraspinal and psoas muscle 
are useful as convenient surrogates for assessment of sar-
copenia and frailty [5, 8, 13, 28]. In addition, these mus-
cles play an important role in the stability and functional 
movement of the lumbar spine [23].

In the present study, we examined radiographical 
predictive factors, including paraspinal and psoas mus-
cle volumes which are closely related to stability and 
functional motion of spinal column, for postoperative 
progression of slippage after single-level microsurgi-
cal decompression (MSD) without fusion for LSS and 
determine whether sarcopenia influences this pathologi-
cal progression.

Materials and methods

Patient selection

The study protocol was approved by the institutional review 
board and the Ethics Committee of Ijinkai Takeda General 
Hospital (approval number: 2021016). We retrospectively 
reviewed the medical records and radiographical images of 
patients from our hospital’s electronic records who under-
went single-level (L3/4 or L4/5) MSD for LSS at our hospi-
tal between January 2009 and December 2016 who had not 
responded to conservative treatment with pharmacotherapy 
and physiotherapy for low back pain, intermittent claudica-
tion, and lower limb pain. Patients were included if the pre-
operative (< 2 months before the surgery) lumbar magnetic 
resonance imaging (MRI), computed tomography (CT), and 
dynamic X-ray images were available, and the patient was 
followed-up radiographically for at least five years. Patients 
undergoing revision surgery at the operated level or another 
spinal surgery, LSS involving vertebral fracture or severe 
scoliosis, and those with a medical history of spinal tuber-
culosis or tumor were excluded.

Surgical methods

All patients underwent conventional MSD with bilateral 
partial laminectomy under general anesthesia in the prone 
position. After resecting the ligamentum flavum, less than 
one-third of the medial side of the superior articular pro-
cess of the vertebral body underneath was removed using 
an ultrasound aspirator, and the medial side of the pedicle 
of the vertebral arch was confirmed. At least 10 mm of the 
cranial end of the vertebral arch was preserved.

Imaging evaluation

Radiological and spinopelvic parameters at the operated 
level

The following radiological parameters at the operated level 
were measured from the imaging data: static translation (ST) 
measured on the preoperative and the last follow-up lumbar 
sagittal MRI (Fig. 1a); dynamic translation (DT) and sagittal 
rotation angle (SRA) on preoperative dynamic lumbar X-ray 
(Fig. 1b, c); disc height (DH) and facet angle (FA) on pre-
operative axial CT images (Fig. 1d, e); the presence of facet 
fluid (FF) confirmed on preoperative lumbar MRI (Fig. 1f). 
Additionally, spinopelvic parameters, including pelvic inci-
dence (PI), lumbar lordosis (LL), and sacral slope (SS), were 
measured on standing full-spine X-ray images (Fig. 1g).

Based on this data, patients were divided into postopera-
tive progressive slippage (defined as ≥ 2 mm progression in 
ST in the last follow-up lumbar MRI compared with preop-
erative ST values) and non-slippage groups.

Paraspinal muscle volume

We assessed central sarcopenia by measuring the cross-
sectional area of bilateral psoas and multifidus muscles in 
the middle of the L3 vertebral body on the axial image of 
the preoperative lumbar CT scan. Axial image of MRI was 
routinely taken only at intervertebral disc level and endplate 
level of each vertebra in our institute. For retrospective 
assessment, we could not measure the cross-sectional area 
of these muscles in the middle of the L3 vertebral body with 
axial MRI image. Therefore, the cross-sectional area of each 
muscle and the L3 vertebral body was manually outlined on 
the CT scans and referenced to almost the same level on the 
axial MRI images obtained from the Picture Archiving and 
Communication System (PACS) of our institute to trace the 
correct margin of the muscle as much as possible (Fig. 1h, 
i); the marked area was automatically calculated. For each 
patient, we calculated the ratio of the cross-sectional area for 
bilateral psoas muscles and multifidus muscles area divided 
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by the cross-sectional area of the L3 vertebral body [10]; 
the ratios were represented as psoas muscle index (PMI) and 
multifidus muscle index (MFMI), respectively. To minimize 
the bias, the patient outcomes were blinded when we meas-
ured the muscle volumes in PACS.

Statistical analysis

All data were analyzed using JMP Pro (version 16.2 for Mac; 
SAS Institute Inc., NC, USA) and presented as mean ± stand-
ard deviation or median. Pearson’s correlation coefficient 
and Wilcoxon rank-sum test were used to assess the correla-
tion between patient age, sex, PMI, and MFMI. The postop-
erative progressive slippage and non-slippage groups were 
compared using the Wilcoxon rank-sum test, Chi-squared 
test, and binary logistic regression for the following vari-
ables: age, sex, radiographic parameters at the operated level 
(L3/4 or L4/5), spinopelvic parameters, PMI, and MFMI. 
A p-value of < 0.05 was considered statistically significant. 

A Receiver operating characteristic curve was created to 
determine the PMI cutoff values, as predictors of slippage 
progression. The accuracy of diagnosis was evaluated by 
calculating the area under the curve.

Results

Patient demographics

We included a total of 95 patients (54 males, 41 females) 
who had undergone single-level MSD for LSS with a mean 
age of 69.0 ± 8.2 years. The mean postoperative follow-
up period was 7.51 ± 2.58 years. The majority of patients 
(n = 74) were operated on for L4/5 level LSS whereas 21 
patients had L3/4 level LSS (Table 1).

Postoperative slippage progression (> 2-mm transla-
tion after ≥ 5 years postoperatively) was observed in 27 
patients. The mean age of the postoperative slippage group 

Fig. 1   Measuring methods for spinopelvic and radiological param-
eters and paraspinal muscle volumes. We measured static transla-
tion (ST) on the lumbar spine magnetic resonance imaging (MRI) 
(a), and sagittal rotation angle (SRA) and dynamic translation (DT) 
at the operated level on dynamic X-ray imaging (b, c). Disc height 
(DH) and facet angle (FA) were measured from the preoperative lum-
bar spine computed tomography (CT) (d, e). Facet fluid sign (FF, 
arrow) was measured at the operated level on the lumbar spine MRI 
(f). Preoperative spinopelvic parameters (LL: Lumbar lordosis, SS: 
Sacral slope, PI: Pelvic incidence) were measured on standing full-

spine X-ray images (g).  The cross-sectional area of the psoas muscle 
(PM) (enclosed by red line), the multifidus muscle (MFM) (enclosed 
by blue line), and the L3 vertebral body (enclosed by yellow line) 
were measured on the preoperative axial CT image with reference to 
the almost same level axial MRI image (h,  i). For each patient, we 
calculated the ratio of the cross-sectional area of bilateral psoas mus-
cles and the multifidus muscle divided by the area of the L3 vertebral 
body; the ratios were represented as the psoas muscle index and mul-
tifidus muscle index, respectively
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was 70.5 ± 1.58 years as compared to 68.3 ± 0.993 for the 
non-slippage group. There was no statistically significant 
between-group difference in terms of the patient’s age 
(p = 0.214). On the other hand, the two groups displayed a 
statistically significant difference in terms of the presence of 
the female sex (p = 0.017; slippage group: n = 18/27, 66.7%; 
non-slippage group: n = 27/68, 39.7%). In terms of operated 
vertebral levels, three patients had an L3/4 MSD and 24 
patients had an L4/5 MSD in the slippage group, whereas 
18 patients underwent an L3/4 MSD and 50 patients had an 
L4/5 MSD in the non-slippage group. There was no statisti-
cally significant between-group difference in terms of the 
operated spinal levels (p = 0.169) (Table 2).

Predictive factors for postoperative slippage 
progression

Radiological and spinopelvic parameters

Table 2 presents the results of the univariate analysis 
for determining predictive factors for postoperative slip-
page. We found that DH, FA, and SS were statistically 
similar between the slippage group and the non-slippage 
groups (p = 0.843, p = 0.061, and p = 0.070, respectively). 
However, preoperative ST, DT, SRA, PI, and LL were 
significantly larger in the slippage group compared to 
the non-slippage group (p = 0.041, p = 0.045, p < 0.000, 
and p = 0.002, respectively). Lastly, the presence of 

preoperative FF in the operated vertebral was significantly 
correlated with postoperative slippage (p = 0.02).

Paraspinal muscle volumes

We found that PMI was statistically smaller in the slippage 
group than in the non-slippage group (p = 0.003), whereas 
MFMI was not statistically different between the two 
groups (p = 0.468) (Fig. 2). Figure 3 presented receiver 
operating characteristic curves for detecting postoperative 
slippage via preoperative significant radiological factors in 
the univariate analysis (Fig. 3). A threshold preoperative 
PMI value of 1.01 distinguished whether slippage progres-
sion would occur at the operated level, with a sensitivity 
of 0.852 and specificity of 0.568 (area under the curve of 
0.691).

Factors that were found to be significantly correlated 
with postoperative slippage in the univariate analysis were 
further subjected to multivariate logistic regression analy-
sis. We found that none of the aforementioned parameters 
served as an independent risk factor for slippage progres-
sion (Table 3).

Table 1   Demographic data of all patients

DH disc height, FA facet angle, LL lumbar lordosis, MFMI multifidus 
muscle index, PI pelvic incidence, PMI psoas muscle index, pre-ST 
preoperative static translation, SRA sagittal rotation angle, SS sacral 
slope

Age (years) 69.0 ± 8.21
Sex (n) male 50

Female 45
Operated level (n) L3/4 21

L4/5 74
Follow duration (year) 7.52 ± 2.58
pre-ST (mm) 2.82 ± 3.13
DH (mm) 8.94 ± 2.08
DT (mm) 1.31 ± 2.15
SRA (°) 7.91 ± 3.75
Facet fluid (n) ( +) 77

(-) 18
FA (°) 66.2 ± 20.7
PI　(°) 53.4 ± 11.2
LL　(°) 37.8 ± 12.0
SS　(°) 32.7 ± 8.33
PMI 1.02 ± 0.306
MFMI 0.639 ± 0.190

Table 2   Univariate analysis of postoperative slippage progression 
after single level microsurgical decompression for lumbar spinal ste-
nosis

DH disc height, FA facet angle, LL lumbar lordosis, MFMI multifidus 
muscle index, PI pelvic incidence, PMI psoas muscle index, pre-ST 
preoperative static translation, SRA sagittal rotation angle, SS sacral 
slope

Postoperative Slippage Progres-
sion

(-) ( +) p-value

Age 68.3 ± 0.993 70.5 ± 1.58 0.214
Sex Male 41 9

Female 27 18 0.0176
Operated level L3/4 3 18

L4/5 24 50 0.169
pre-ST (mm) 2.47 ± 0.376 3.71 ± 0.597 0.0419
DH (mm) 8.89 ± 0.253 9.05 ± 0.410 0.843
DT (mm) 0.990 ± 0.259 2.09 ± 0.404 0.00680
SRA (°) 7.41 ± 0.449 9.20 ± 0.721 0.0453
Facet fluid ( +) 1 25

(-) 16 52 0.0203
FA (°) 69.0 ± 2.48 59.0 ± 3.98 0.0614
PI　(°) 50.7 ± 1.26 60.6 ± 2.07 < 0.0001
LL　(°) 35.5 ± 1.41 43.7 ± 2.25 0.00270
SS　(°) 31.9 ± 1.02 34.8 ± 1.62 0.0706
PMI 1.08 ± 0.0355 0.875 ± 0.0564 0.00380
MFMI 0.651 ± 0.0231 0.610 ± 0.0366 0.468
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Fig. 2   Preoperative paraspi-
nal muscle and psoas muscle 
index in postoperative slippage 
group and non-slippage group. 
Psoas muscle index (PMI) was 
significantly smaller in the 
postoperative slippage group 
than in the non-slippage group. 
On the other hand, the multifi-
dus muscle index (MFMI) was 
comparable in both groups”

Fig. 3   Receiver operating characteristic (ROC) curves for detecting 
postoperative slippage via preoperative significant radiological factors 
in univariate regression analysis. DT; Dynamic translation, LL; Lum-

bar lordosis, PI; Pelvic incidence, PMI; Psoas muscle index, SRA; 
Sagittal rotation angle, ST; Static translation
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Paraspinal and psoas muscle volume measurement

The mean paraspinal muscle volume, defined as PMI and 
MFMI, of the 95 patients was observed as 0.969 ± 0.306 
and 0.634 ± 0.190 respectively. Both PMI and MFMI were 
significantly greater in male patients (1.17 ± 0.308 and 
0.671 ± 0.163, respectively) compared to female patients 
(0.863 ± 0.212 and 0.604 ± 0.213, respectively) (Fig. 4a, b). 
Furthermore, each index showed a statistically significant 
negative correlation with the patient’s age (Fig. 4c, d).

Discussion

Instability including preoperative slippage at the operative 
levels is one of the most common indications for reoperation 
following decompression [17]. However, in patients with 
LSS and degenerative spondylolisthesis, there is a lack of 
consensus on whether decompression surgery with fusion is 
superior to decompression without fusion despite the results 
of three randomized controlled trials [3, 9, 12].

It is well-known that preoperative findings associated 
with instability, such as FF collection, disc degeneration 
including reduced DH, and slippage at the surgical level, 
are related to the postoperative progression of slippage and 
are deemed as predictive factors for postoperative instability 
after MSD for LSS [6]. Some authors have also reported pre-
operative severity of low back pain as an important predictor 
of postoperative progression of spondylolisthesis [6, 26]. 
Furthermore, spinopelvic parameters reportedly have a sub-
stantial impact on lumbar spinal stability, i.e. SS, PI, SRA, 
and LL were related to degenerative lumbar spondylolisthe-
sis and positively associated with the extent of slippage [16, 
20]. Likewise, in the present study, apart from SS and DH, 
preoperative ST, DT, FF collection, PI, SRA, and LL were 
associated with postoperative slippage progression.

The role of paraspinal muscles in the stability and func-
tional movement of the lumbar spine is well-established 
[23]. In a recent report, Getzmann et al. demonstrated 
that fatty infiltration in these muscles was associated 
with higher disability and worse health-related quality of 
life in LSS patients [11]. On the other hand, Demitriou 
et al. demonstrated that the degree of fatty infiltration in 
multifidus could not predict treatment failure (defined as 
conversion to a fusion according to postoperative slip-
page progression) following decompression surgery for 
degenerative LSS [6]. Regarding the psoas muscle, Park 
et al. reported that the psoas muscle volumes, along with 
the multifidus, were well correlated with the degree of 
slippage in the isthmic spondylolisthesis group, but not in 
the degenerative spondylolisthesis group [24]. Likewise, 
Aoki et al. reported that progression of L5 vertebral slip 
was correlated with atrophy of psoas muscles, but not 
with that of paraspinal muscles [2]. It is noteworthy that 
none of these reports included surgically treated patients. 
In contrast, the present study revealed that a decrease in 
psoas muscle volume (PMI) was significantly associated 
with postoperative slippage progression in the long run 
(mean follow-up period = 7.51 ± 2.58 years); there was no 
statistically significant association between MFMI and 
postoperative slippage progression. This is the first report 
to examine a possible relationship between paraspinal and 
psoas muscle volume and postoperative slippage in LSS 
patients undergoing MSD. Unfortunately, present study 
could not demonstrate the independent predictive value of 
these muscle volumes for postoperative slippage progres-
sion following MSD. And, especially in paraspinal muscle 
or psoas volumes and fatty degeneration, the results vary 
depending on each report as noted above. These results 
suggest that spondylolisthesis after MSD is a multifacto-
rial pathology involving these factors.

Sarcopenia is characterized by low muscle mass with 
reduced muscle strength and physical performance, and 
is a major component of the frailty syndrome, both being 
considered strong predictors of morbidity, disability, and 
death in older people [21]. Lately, the influence of sar-
copenia in spinal disorders has attracted much attention 
not only regarding spinal malalignment and vertebral 
osteoporotic fractures but also in surgical outcomes of 
lumbar spine degenerative disease [7, 19]. While the gold 
standard for quantifying muscle mass is with biological 
impedance analysis and dual-energy X-ray absorptiom-
etry, several studies have used imaging modalities for 
measuring psoas muscle mass as morphometrics [4]. Mor-
phometrics involves the measurement of patient attributes 
that are indicative of sarcopenia, and frailty by proxy. In 
recent years, measuring the cross-sectional area of the 
psoas muscle has become a popular method for morpho-
metric analysis because of its relation to poor overall 

Table 3   Multivariate risk factor analysis of postoperative slippage 
progression after single level microsurgical decompression for lumbar 
spinal stenosis

LL lumbar lordosis, MFMI multifidus muscle index, PI pelvic inci-
dence, PMI psoas muscle index, pre-ST preoperative static transla-
tion, SRA sagittal rotation angle, SS sacral slope

OR 95%CI p value

DT (mm) 1.04 0.726–1.491 0.827
pre-ST (mm) 1.06 0.859–1.302 0.596
LL (°) 0.978 0.927–1.032 0.408
Facet fluid ( +) 4.32 0.0237–2.27 0.155
Female sex 2.84 0.0879–1.41 0.136
PMI 1.24 0.965–1.58 0.0768
PI 0.942 0.881–1.01 0.0655
SRA (°) 0.845 0.701–1.02 0.0639
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survival or surgical outcomes in patients with cancer. A 
meta-analysis and systematic review reported that lean 
skeletal muscle mass was associated with shorter overall 
survival in cancer patients [15, 25, 27]. These results sup-
port our methodological strategy of using PMI and MFMI 
as convenient surrogates for the assessment of sarcopenia 
and frailty. Based on these results, we can suggest that 
systemic sarcopenia or preoperative frailty may influence 
the prognosis of spondylolisthesis after MSD in patients 
with LSS; however, further studies involving more direct 
assessments are warranted to prove a causal relation.

Limitations

First, we used a retrospective study design to include 
data from a single institution; the retrospective nature of 
the measurements may have introduced observer bias. 

However, the measured paraspinal muscle indexes (PMI 
and MFMI) were well correlated with patients’ age and sex 
which is consistent (Fig. 4). These results are consistent 
with previous reports [22]. This suggests our measurement 
methods were reliable and observer bias was minimized. 
Second, this study included a small subject sample because 
it included patients who were followed-up radiologically 
for at least five years, and excluded patients who were lost 
to follow-up in less than five years. Dynamic X-rays and CT 
were performed routinely in almost all patients before MSD 
for LSS to check for instability and to simulate the bone 
morphology and postoperative MRI were followed with 
about 1 year interval for the detection of adjacent spinal 
disorders in our institute. However, postoperatively, some 
patients without postoperative complains and complication 
stopped postoperative MRI follow-up themselves. We can-
not rule out the possibility that patients who were excluded 
may involve many patients with good progress.

Fig. 4   The relationship between paraspinal muscle indexes and patient’s age and sex. Multifidus muscle index (MFMI) and psoas muscle index 
(PMI) were negatively correlated with the patient’s age (a, b), and each index was significantly larger in male patients (c, d)
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Conclusion

In this study, we used PMI as a surrogate measure for evalu-
ating sarcopenia, which is a major component of the frailty 
syndrome. We found that lower PMI is an important predic-
tive factor for postoperative slippage progression after MSD 
for LSS. The predictors for postoperative slippage progres-
sion are multifactorial; however, a well-structured postoper-
ative exercise regimen involving psoas muscle strengthening 
may be beneficial in LSS patients after MSD.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00701-​024-​05924-3.
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