
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Hou et al. BMC Surgery           (2024) 24:59 
https://doi.org/10.1186/s12893-024-02356-9

BMC Surgery

†Xiaofei Hou and Hailiang Hu contributed equally to this work.

*Correspondence:
Shibao Lu
spinelsb@sina.com

1Department of Orthopaedics, Xuanwu Hospital, Capital Medical 
University, 45 Changchun Street, Xicheng District, Beijing, China
2Department of Orthopaedics, China National Clinical Research Center 
for Geriatric Disorders, Xuanwu Hospital, Capital Medical University, 45 
Changchun Street, Xicheng District, Beijing 100053, China

Abstract
Objective To identify the predictors for the achievement of minimal clinically important difference (MCID) in 
functional status among elderly patients with degenerative lumbar spinal stenosis (DLSS) undergoing lumbar 
decompression and fusion surgery.

Methods Patients who underwent lumbar surgery for DLSS and had a minimum of 1-year follow-up were included. 
The MCID achievement threshold for the Oswestry Disability Index (ODI) was set at 12.8. General patient information 
and the morphology of lumbar paraspinal muscles were evaluated using comparative analysis to identify influencing 
factors. Multiple regression models were employed to identify predictors associated with MCID achievement. A 
receiver operating characteristic (ROC) curve analysis was conducted to determine the optimal cut-off values for 
predicting functional recovery.

Results A total of 126 patients (46 males, 80 females; mean age 73.0 ± 5.9 years) were included. The overall rate of 
MCID achievement was 74.6%. Patients who achieved MCID had significantly higher psoas major muscle attenuation 
(43.55 vs. 39.23, p < 0.001) and preoperative ODI (51.5 vs. 41.6, p < 0.001). Logistic regression showed that elevated 
psoas major muscle attenuation (p = 0.001) and high preoperative ODI scores (p = 0.001) were independent MCID 
predictors. The optimal cut-off values for predicting MCID achievement were found to be 40.46 Hounsfield Units for 
psoas major muscle attenuation and 48.14% for preoperative ODI.

Conclusion Preoperative psoas major muscle attenuation and preoperative ODI were reliable predictors of achieving 
MCID in geriatric patients undergoing lumbar decompression and fusion surgery. These findings offer valuable 
insights for predicting surgical outcomes and guiding clinical decision-making in elderly patients.
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Introduction
Degenerative lumbar spinal stenosis (DLSS) is a com-
mon cause of low back and leg pain in the elderly, and 
its incidence increases with age [1]. If conservative treat-
ment fails, surgical treatment is often required [2]. While 
lumbar decompression and fusion surgery usually lead 
to positive outcomes, the extent of improvement can 
vary significantly among patients, especially those over 
70 years old [3]. It’s crucial to identify factors influencing 
this variation to educate patients about their expected 
recovery, with a specific focus on achieving the mini-
mal clinically important difference (MCID) in functional 
status.

The association between the morphology of para-
spinal muscles and outcomes of lumbar spine surgery 
has recently been paid increasing attentions [4–8]. For 
instance, Zotti et al. [4] discovered that the preoperative 
cross-sectional area (CSA) of the multifidus muscle (MF) 
was a more reliable predictor of postoperative clinical 
outcomes, as measured by the Core Outcome Measures 
Index (COMI) and Oswestry Disability Index (ODI), in 
patients undergoing lumbar surgery. Similarly, Wang 
et al. [6] not only established a connection between the 
functional CSA as well as fat infiltration of the MF and 
preoperative ODI but also demonstrated their effective-
ness as robust predictors for evaluating functional status 
improvements in DLSS patients. However, these studies 
mainly focused on lumbar extensor muscles. Given the 
accelerated degeneration of paraspinal muscles as indi-
viduals age [9], the potential of preoperative paraspinal 
muscle morphology in forecasting surgical outcomes for 
elderly DLSS patients remains unexplored.

The present study aimed to comprehensively exam-
ine the characteristics of paraspinal muscle in elderly 
patients with DLSS and explore whether degeneration of 
these muscle could predict the attainment of the MCID 
in the improvement of patients’ functional status.

Methods
Patients
After obtaining approval from the Ethical Committee of 
Xuanwu Hospital, patients over 65 years old admitted to 
the Department of Orthopaedics, Xuanwu Hospital who 
underwent lumbar decompression instrumented fusion 
for DLSS from February 2019 to December 2021 and had 
a minimum of 1-year follow-up were included. Addition-
ally, we obtained informed consent from all patients who 
participated in this study.

The diagnostic criteria for DLSS were the presence of 
intermittent claudication and imaging features of spinal 
stenosis on lumbar MRI and CT. Patients with persistent 
symptoms and functional limitations despite conserva-
tive treatment were referred for surgery. The following 
patients were excluded: no available radiological findings 

within 2 years of surgery; with a history of previous lum-
bar spinal surgery; suffering from cachexia due to infec-
tious diseases, cancer, myopathies, or dyskinesia were 
excluded.

Outcome variable and predictors
The outcome variable was achieving MCID with a thresh-
old of 12.8 (preoperative minus postoperative ODI) [10]. 
Patients were categorized into two groups at the final 
follow-up: those who achieved MCID and those who did 
not.

General information, including age, gender, body mass 
index (BMI), and preoperative ODI, were extracted from 
electronic medical records for each patient.

The preoperative Charlson comorbidity index was 
computed for each patient, serving as an assessment tool 
for baseline comorbidity burden and overall health status 
[11].

The Surgical invasiveness index was employed to assess 
the type and complexity of the surgical procedure [12].

The severity of postoperative complications was 
assessed using two metrics: the Clavien-Dindo classifi-
cation system [13] and the Comprehensive complication 
index [14].

Analytical morphometrics
The morphometrics of paraspinal muscles were deter-
mined following established procedures [15, 16]. Specifi-
cally, an axial preoperative CT scan image aligned with 
the inferior vertebral endplate of L4 was imported into 
measurement software (AVW 2.0, Neusoft, Shenyang, 
China). When measuring the muscle area, we manually 
delineate the muscle contour along the fascial border to 
ensure accuracy. CSA for total lean multifidus muscle, 
erector spinae, and psoas major muscle were quantified 
within predefined validated boundaries of -29 to + 150 
Hounsfield units, ensuring exclusion of non-muscular 
tissues [15]. All muscle areas were bilaterally measured 
at the inferior vertebral endplate of L4. The lean muscle 
area was standardized by the cross-sectional area of the 
intervertebral body at the same level. Average lean mus-
cle attenuation was automatically calculated based on the 
outlined images (Fig. 1) [16].

In this study, muscular parameters were measured 
independently by two observers (XFH and HLH). The 
muscle data represent the average of measurements 
taken by the two observers. After a 1-week interval, the 
two observers repeated the measurements.

Statistical analysis
Variables were compared between the two groups 
(MCID achieved and MCID not achieved) at the finial 
follow-up. Categorical variables were presented as counts 
and proportions. Continuous variables were assessed for 
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normal distribution using the Kolmogorov–Smirnov test, 
and means with standard deviations (SDs) were used to 
describe those variables that exhibited a normal distri-
bution. Univariate analysis was conducted using either 
the two independent samples t-test, Mann–Whitney 
U-test, chi-square test, or Fisher’s exact test, as deemed 
appropriate. Subsequently, multiple logistic regression 
analyses were employed, adjusting for all variables that 
approached statistical significance (with a p-value of 
< 0.1 in the univariate analysis) to identify independent 
predictors. The receiver operating characteristic (ROC) 
curve was employed to determine the optimal cutoff 
point, presenting the largest Youden index. The ROC 
curve was plotted using GraphPad Prism 5. Intraclass 
correlation coefficients (ICCs) were calculated to assess 
the intra- and inter-rater reliability for paraspinal muscle 
and vertebral body CSA, as well as muscle attenuation. 
All statistical analyses were performed using SPSS (ver-
sion 28, IBM, Armonk, New York), with the criterion for 
statistical significance set at p ≤ 0.05.

Results
Descriptive data
126 patients were enrolled in the study, with an average 
age of 73.0 ± 5.9 years and a mean BMI of 25.0 ± 3.8 kg/m2. 
The majority of patients were female (63.5%). The over-
all MCID achievement rate was 74.6%. Patients who 
achieved MCID during postoperative follow-up exhib-
ited significantly higher preoperative ODI scores but 
lower follow-up ODI scores (both p < 0.001). However, 
no notable differences in mean age, gender distribution, 
BMI, comorbidities, Charlson comorbidity index, Surgi-
cal invasiveness index, or Comprehensive complication 
index were observed between patients who achieved and 
those who did not achieve MCID. Further details are pre-
sented in Table 1.

Table 1 Baseline characteristics between patients who achieved 
and did not achieve MCID

Overall Achieved 
MCID

Did not 
achieve 
MCID

p 
value

No. of patients 126 94 32
Age (in years) 73.0 ± 5.9 72.6 ± 6.0 74.1 ± 5.4 0.221
Gender
-Female 80 58 22 0.192
-Male 46 36 10
BMI (in kg/m2) 25.0 ± 3.8 24.8 ± 3.9 25.6 ± 3.6 0.301
Hypertension 76 55 21 0.477
Diabetes 47 37 10 0.412
Cardiovascu-
lar disease

26 17 9 0.225

Cerebrovascular 
disease

14 10 4 0.752a

Charlson co-
morbidity index 
(Mean ± SD)

1.0 ± 0.9 1.0 ± 0.9 1.0 ± 0.9 0.776

Surgical inva-
siveness index 
(Mean ± SD)

10.5 ± 3.3 10.2 ± 3.4 11.3 ± 2.5 0.112

Comprehensive 
complica-
tion index 
(Mean ± SD)

8.1 ± 11.4 7.9 ± 11.4 8.6 ± 11.7 0.768

Preoperative 
ODI

49.0 ± 13.6% 51.5%±11.8% 41.6%±15.8% < 0.001

Finial followup 
ODI

18.7 ± 16.5% 12.1%±10.3% 38.0 ± 16.2% < 0.001

Mean follow-up 
(in months)

17.9 ± 3.9 18.0 ± 4.1 17.8 ± 3.7 0.828

Fisher’s exact test. Abbreviations BMI, body mass index; MCID, minimal clinically 
important difference;ODI, Oswestry Disability Index

Fig. 1 Radiographic data and measurement diagram of a 75-year-old male patient undergoing L4/5 decompression and fusion surgery for lumbar spinal 
stenosis. (A, B) Sagittal and axial MRI highlighting lumbar spinal stenosis at the L4/5 level. (C) CT image demonstrating the paraspinal muscle measure-
ments. The muscle area is outlined in red, with CT values within the range of -29 to + 150. Average muscle attenuation corresponds to the mean CT value 
within the highlighted red area. (D, E) Anteroposterior and lateral radiographs of the lumbar spine 3 months post-surgery. (F, G) Anteroposterior and 
lateral radiographs of the lumbar spine captured 1 year after the operation
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The most common reported complication was alloge-
neic blood transfusion (19.8%, n = 25), followed by delir-
ium (5.6%, n = 7), nerve injury (4.0%, n = 5). Based on the 
Clavien-Dindo classification system, the majority of com-
plications were categorized as grade II (85.4%). Supple-
mentary Table 1 contains the types of the complications 
and their respective rates.

Morphometric results
The intra-rater and inter-rater reliability of paraspinal 
muscle CSA, vertebral body CSA, and muscle attenu-
ation showed high consistency, ranging from 0.849 to 
0.977 (Table 2).

Among patients who achieved MCID, the average 
psoas major muscle attenuation was significantly higher 
than in those who did not achieve MCID (43.55 ± 6.31 vs. 
39.23 ± 5.16, p < 0.001). Conversely, no significant differ-
ence was detected in the muscle CSA to vertebral CSA 

ratio and muscle attenuation in the multifidus and erec-
tor spinae muscles. Comprehensive details are available 
in Table 3.

Odds ratio and multivariate analysis of independent 
predictors for achievement of MCID
To determine the independent predictors associated with 
the achievement of MCID, both univariable and multi-
variable logistic regression analyses were conducted and 
the results are presented in Table  4. The psoas major 
muscle attenuation emerged as an independent predictor 
for MCID attainment, exhibiting an Odds Ratio (OR) of 
1.141 (95% CI 1.054–1.236, p = 0.001). Similarly, preoper-
ative ODI was identified as another independent predic-
tor for MCID achievement, with an OR of 1.059 (95% CI 
1.022–1.097, p = 0.001).

The determination of optimal cut-off values for psoas 
major muscle attenuation and preoperative ODI was 
achieved through the utilization of ROC curves and 
the calculation of the Youden index (Fig.  2; Table  5). 
The best cut-off value of psoas major muscle attenua-
tion for predicting the achievement of MCID was 40.46 
HU (AUC = 0.707, sensitivity = 0.702, specificity = 0.594). 
Likewise, the optimal cutoff value of preoperative ODI 
was 48.14% (AUC = 0.687, sensitivity = 0.617, specific-
ity = 0.687). The AUC of psoas major muscle attenuation 
combined preoperative ODI was 0.770 (p < 0.001).

Subsequently, the predictive potential of preoperative 
ODI, muscle attenuation, and their combination was 
evaluated (Table  6). The combined muscle attenuation 
and preoperative ODI do not exhibit a more robust pre-
dictive capacity compared to each individual indicator 
(all p > 0.05).

Discussion
Anticipating postoperative functional recovery following 
lumbar spine surgery is crucial for surgical planning. To 
best of our knowledge, this is the first study to investi-
gate predictive factors associated with achieving MCID 
in elderly patients with DLSS after surgery. The current 
study revealed that 74.6% of patients achieved MCID in 
ODI after a follow-up period of at least 1 year. Higher 
preoperative psoas major muscle attenuation and ODI 
emerged as reliable predictors for attaining MCID in 
geriatric patients undergoing lumbar decompression and 
fusion surgery.

The psoas muscle plays a crucial role in supporting the 
anterolateral aspects of the lumbar spine, contributing 
significantly to lumbar stability [17]. This study suggests 
that elevated preoperative psoas major muscle density 
can serve as a predictive factor for achieving MCID fol-
lowing lumbar spine surgery. This association may be 
attributed to several factors: First of all, there is good 
consistency between psoas major muscle and the overall 

Table 2 Intra-rater and inter-rater reliability of paraspinal muscle 
parameters using intraclass correlation coeffecient
Measurements Intra-rater ICC 

(95%CI)
Inter-rater ICC 
(95%CI)

Multifidus muscle CSA 0.901 (0.762–0.961) 0.865 (0.793–0.910)
Multifidus muscle 
attenuation

0.924 (0.816–0.970) 0.910 (0.874–0.936)

Erector spinae muscle CSA 0.885 (0.726–0.954) 0.849 (0.791–0.891)
Erector spinae muscle 
attenuation

0.916 (0.798–0.967) 0.914 (0.879–0.939)

Psoas major muscle CSA 0.962 (0.906–0.985) 0.952 (0.921–0.969)
Psoas major muscle 
attenuation

0.977 (0.942–0.991) 0.957 (0.938–0.970)

Vertebral CSA 0.934 (0.788–0.977) 0.921 (0.827–0.957)
Abbreviations CSA; cross-sectional area; CI, confidence interval; ICC, intraclass 
correlation coefficient

Table 3 Morphometric measurements of paraspinal muscles
Measurements Overall Achieved 

MCID
Did not 
achieve 
MCID

p 
value

Multifidus muscle
Muscle CSA / 
vertebral CSA

0.48 ± 0.13 0.48 ± 0.13 0.47 ± 0.10 0.671

Muscle 
attenuation

40.10 ± 12.15 40.38 ± 12.41 39.28 ± 11.52 0.660

Erector spinae muscle
Muscle CSA / 
vertebral CSA

0.82 ± 0.19 0.81 ± 0.19 0.85 ± 0.21 0.416

Muscle 
attenuation

30.97 ± 11.02 31.08 ± 11.48 30.66 ± 9.71 0.853

Psoas major muscle
Muscle CSA / 
vertebral CSA

0.90 ± 0.20 0.91 ± 0.20 0.88 ± 0.20 0.404

Muscle 
attenuation

42.45 ± 6.31 43.55 ± 6.31 39.23 ± 5.16 < 0.001

Abbreviations CSA; cross-sectional area; MCID, minimal clinically important 
difference



Page 5 of 7Hou et al. BMC Surgery           (2024) 24:59 

skeletal muscle mass. Therefore, patients with higher 
muscle attenuation of the psoas major muscle may have 
better overall nutritional reserve, which is beneficial for 
postoperative functional recovery [18, 19]; Secondly, the 
psoas major muscle plays a critical role for maintaining 
lumbar stability, and high quality muscles can provide 
local stability to promote lumbar fusion [20].

While the degeneration of lumbar extensor muscles, 
particularly the multifidus and erector spinae muscles, 
has been reported to influence the postoperative func-
tional status of DLSS patients [4, 6], this study did not 
yield similar results. This discrepancy might be attributed 
to the remarkable degeneration of lumbar extensor mus-
cles observed with increasing age, particularly in its distal 
end [21]. Given the advanced age of our study partici-
pants (mean 73.0 years old), the severe degeneration of 
the multifidus and erector spinae muscles might impede 
its predictive value for postoperative lumbar function.

This study has identified that a high preoperative ODI 
independently predicts the achievement of MCID after 
lumbar surgery. Similar finding was reported that there 
was a connection between high preoperative ODI and 

Table 4 Univariable and multivariable logistic regression analysis to identify independent predictors for achievement of MCID
Subject characters Univariable analysis Multivariable analysis

Odds Ratio, 95% CI p value Odds Ratio, 95% CI p value
Male sex 1.366 (0.581, 3.212) 0.475
Age 0.958 (0.895, 1.026) 0.221
BMI 0.947 (0.854, 1.050) 0.300
Charlson comorbidity index 0.938 (0.604, 1.455) 0.774
Surgical invasiveness index 0.906 (0.802, 1.024) 0.115
Comprehensive complication index 0.995 (0.961, 1.030) 0.766
Preoperative ODI 1.055 (1.021, 1.091) 0.001 1.059 (1.022, 1.097) 0.001
Psoas major muscle
Muscle CSA / vertebral CSA 2.436 (0.305, 19.434) 0.401
Muscle attenuation 1.132 (1.050, 1.220) 0.001 1.141 (1.054, 1.236) 0.001
Multifidus muscle
Muscle CSA / vertebral CSA 2.022 (0.081, 50.688) 0.668
Muscle attenuation 1.007 (0.975, 1.041) 0.657
Erector spinae muscle
Muscle CSA / vertebral CSA 0.422 (0.053, 3.340) 0.413
Muscle attenuation 1.004 (0.967, 1.041) 0.851
Abbreviations BMI, body mass index; CI, confidence interval; CSA, cross-sectional area; ODI, Ostwestry Disability Index

Table 5 The AUC in the ROC analysis
AUC 95%CI p 

value
Psoas major muscle attenuation 0.707 0.608–

0.806
< 0.001

Preoperative ODI 0.687 0.587–
0.786

0.002

Psoas major muscle attenuation + Pre-
operative ODI

0.770 0.682–
0.858

< 0.001

Abbreviations AUC, area under the curve; ROC, receiver operating characteristic; 
CI, confidence interval; ODI, Ostwestry Disability Index

Table 6 The comparison of predictive power of each factor
δAUC 95%CI p 

value
Psoas major muscle attenuation vs. preop-
erative ODI

0.021 −0.126–
0.167

0.783

Psoas major muscle attenuation vs. Psoas 
major muscle attenuation + preoperative 
ODI

−0.063 −0.134–
0.009

0.084

Preoperative ODI vs. psoas major muscle 
attenuation + Preoperative ODI

−0.083 −0.174–
0.007

0.071

Abbreviations AUC, area under the curve; CI, confidence interval; ODI, Ostwestry 
Disability Index

Fig. 2 The receiver operating characteristic curves of the 3 predictors 
(psoas major muscle attenuation, preoperative ODI and psoas major mus-
cle attenuation + preoperative ODI). Abbreviations ODI Ostwestry Disability 
Index

 



Page 6 of 7Hou et al. BMC Surgery           (2024) 24:59 

MCID achievement in patients undergoing minimally 
invasive lumbar decompression surgery [22]. Baseline 
ODI significantly influences the outcomes of lumbar 
spine surgery [23]. It’s reasonable to assume that patients 
with elevated preoperative disability, driven by the bur-
den of their symptoms, are more likely to perceive a 
greater magnitude of improvement following surgery. 
Additionally, our study found a higher MCID achieve-
ment rate of 74.6%, compared to the reported 63.4% in 
the literature [22]. This could be attributed to the higher 
baseline ODI scores among our patients, potentially facil-
itating MCID attainment post-surgery.

In this study, although the AUC value for the combina-
tion of psoas major muscle attenuation and preoperative 
ODI surpasses the AUC values for each predictive indica-
tor alone, there is no statistically significant difference in 
determining whether to achieve MCID after surgery. The 
possible reason for this may be due to the small sample 
size included in this study.

The findings of our study indicate that preoperative 
assessment of psoas major muscle attenuation emerges 
as a valuable tool to predict lumbar function recovery 
in elderly DLSS patients after surgery. This discovery 
underscores the significance of prehabilitation. Previous 
research has demonstrated that the quality of the psoas 
major muscle could be improved through an 8-week spi-
nal stabilization exercise program [24, 25]. Therefore, 
a well-designed prehabilitation regimen encompassing 
physical exercises to bolster psoas major muscle quality 
prior to selective lumbar surgery may hold crucial clinical 
implications [26].

The research is subject to several limitations. To begin 
with, its retrospective cohort design inherently depends 
on the availability and quality of patient records within 
the database, influencing the level of evidence. Next, dis-
parities may exist between reaching MCID and clinical 
improvement. However, when treatment effects meet the 
MCID threshold, it indicates their clinical significance 
and validates their application in clinical practice. More-
over, in this study, several patients with preoperative 
ODI < 20 were included. It is noteworthy that patients 
with low preoperative disability were less likely to achieve 
a significant reduction in their ODI meeting MCID cri-
teria despite improvement after surgery. However, incor-
porating this subset of patients into the study may yield 
results that are more clinically meaningful. Addition-
ally, the cutoff value for achieving MCID in postopera-
tive ODI improvement was set at 12.8. While this value 
is commonly employed in the literature, it is not univer-
sally recognized as a gold standard. Further investigation 
is needed to determine whether muscle attenuation and 
preoperative ODI can still predict postoperative MCID 
when alternative cutoff values for MCID are applied. 
Furthermore, muscular measurements in this study were 

conducted using AVW software. Further research is 
needed to determine whether other muscle morphology 
assessment software, such as Image J, would yield simi-
lar conclusions. Lastly, the small sample size and single-
center data in this study limit the generalizability of the 
findings. Future research endeavors should encompass 
larger, prospective, multicenter investigations to further 
validate the effectiveness and feasibility of employing 
psoas muscle attenuation and preoperative ODI scores in 
predicting the attainment of MCID in functional status 
for geriatric patients undergoing lumbar surgery.

Conclusion
Identifying predictors for patients’ lumbar surgery out-
comes is clinically crucial. This study indicates that pre-
operative psoas major muscle attenuation measured 
on lumbar CT scans and preoperative ODI can predict 
the attainment of MCID in lumbar function for elderly 
patients undergoing fusion surgery. Further validation of 
the study results is warranted through future multicenter, 
large-scale, prospective research.
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