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Abstract
Background  It was reported the paraspinal muscle played an important role in spinal stability. The preoperative 
paraspinal muscle was related to S1 screw loosening. But the relationship between preoperative and postoperative 
change of psoas major muscle (PS) and S1 pedicle screw loosening in degenerative lumbar spinal stenosis (DLSS) 
patients has not been reported. This study investigated the effects of preoperative and follow-up variations in the 
psoas major muscle (PS) on the first sacral vertebra (S1) screw loosening in patients with DLSS.

Methods  212 patients with DLSS who underwent lumbar surgery were included. The patients were divided into the 
S1 screw loosening group and the S1 screw non-loosening group. Muscle parameters were measured preoperatively 
and at last follow-up magnetic resonance imaging. A logistic regression analysis was performed to investigate the risk 
factors for S1 screw loosening.

Results  The S1 screw loosening rate was 36.32% (77/212). The relative total cross-sectional areas and relative 
functional cross-sectional areas (rfCSAs) of the PS at L2–S1 were significantly higher after surgery. The increased 
rfCSA values of the PS at L3–S1 in the S1 screw non-loosening group were significantly higher than those in the S1 
screw loosening group. The regression analysis showed male, lower CT value of L1 and longer segment fusion were 
independent risk factors for S1 screw loosening, and postoperative hypertrophy of the PS was a protective factor for 
S1 screw loosening.

Conclusions  Compared to the preoperative muscle, the PS size increased and fatty infiltration decreased after 
surgery from L2–3 to L5–S1 in patients with DLSS after short-segment lumbar fusion surgery. Postoperative 
hypertrophy of the PS might be considered as a protective factor for S1 screw loosening. MRI morphometric 
parameters and postoperative selected exercise of PS for DLSS patients after posterior lumbar fusion surgery might 
contribute to improvement of surgical outcome.
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Introduction
Surgery for degenerative lumbar diseases usually involves 
the first sacral vertebra (S1) at the fused caudal level as 
the L5–S1 level presents the highest prevalence of disc 
degeneration and may require decompression and fusion 
interventions [1]. Loosening of the S1 pedicle screw is a 
common complication [1], with the reported rates being 
15.6–41.9% [2–4]. Furthermore, severe pedicle screw 
loosening may cause back pain and require revision sur-
gery [5, 6].

Age, osteoporosis, long-segment fusion, and degen-
erative preoperative paraspinal muscles are reported as 
risk factors for S1 screw loosening [7–9]. The paraspinal 
muscle is also crucial to maintaining spinal stability, and 
paraspinal muscle degeneration is associated with surgi-
cal complications and clinical outcomes [10–14]. Some 
reports have focused on the relationship between para-
spinal muscle degeneration and screw loosening [3, 15]. 
The cross-sectional areas (CSA) of the multifidus and 
erector spinae muscles on preoperative magnetic reso-
nance imaging (MRI) have been reported as risk factors 
for S1 screw loosening [7]. But after posterior lumbar 
fusion surgery, extensor paraspinal muscles have been 
destroyed with decreased CSA and increased fat infiltra-
tion [16], emphasizing the importance of psoas muscle. 
Previous studies report that spinal stabilization exer-
cises focusing on the major psoas muscle (PS) play a sig-
nificant role in reducing lower back pain and improving 
functional outcomes [17, 18]. However, the relationship 
between pre- and postoperative variations of paraspi-
nal muscles and S1 screw loosening has not been well 
documented.

This study was designed to investigate the relationship 
between pre- and postoperative changes in PS morphol-
ogy and S1 screw loosening. We hypothesized that the 
changes of PS morphology might be related to S1 screw 
loosening.

Methods
Patients
Medical records of patients who underwent spinal fusion 
operations including L5–S1 level for degenerative lum-
bar spinal stenosis (DLSS) were retrospectively reviewed 
from 2015 to 2018 at a single hospital. This study was 
approved by the Ethics Review Board of this institution. 
The inclusion criteria were as follows: (1) 2 or 3 fused 
segments; (2) lowest instrumented vertebra (LIV) at S1; 
and (3) minimum 1-year follow-up. The exclusion cri-
teria included: (1) evidence of scoliosis, including idio-
pathic scoliosis, congenital scoliosis, traumatic scoliosis, 

ankylosing spondylitis, or presence of tuberculosis or 
tumors; (2) history of spinal surgery; (3) lack of preop-
erative and follow-up MRI; (4) application of iliac screws; 
and (5) application of cement-augmented pedicle screws. 
The patients were divided into two groups according to 
the S1 screw status at the final follow-up: S1 screw loos-
ening (77 patients) group and controls (no evidence of S1 
screw loosening) (135 patients). According to Gpower 
3.1, when the power value was 0.95 and effect size was 
0.5, the sample size was 210. And in our study, the sample 
size was 212, which was larger than 210. So the power 
value of our study was > 0.95. The surgical procedures 
were as follows: Paraspinal muscles were dissected away 
from posterior elements (spinal process, lamina, and 
facet joints), and no special muscle preservation tech-
nique was used. Then laminotomy was performed at the 
surgical level with preservation of the adjacent supraspi-
natus and interspinous ligaments. The patients under-
went laminotomy, lumbar fusion, and fixation with a 
transpedicular screw fixation device. The pedicle screws 
used were all conventional screws and the monocorti-
cal fixation method was used for all screws. All surgeries 
were performed using a consistent technique by senior 
chief physicians with similar experience.

Radiographic assessment
All muscle parameters were measured using Image J 
software (version 1.52, National Institutes of Health, 
Bethesda, Maryland, USA) on lumbar MRI performed 
before surgery and repeated at the last follow-up (at least 
1 year) after surgery. The functional muscle area was 
measured using threshold techniques [19, 20]. The plane 
parallel to the corresponding middle intervertebral disc 
was selected for measurements. PS parameters at the dif-
ferent levels of intervertebral discs on T2-weighed fast 
spin echo sequences were measured. The regions of inter-
est (ROI) were defined by outlining the target muscles [3] 
and used to compute the CSA and mean T2 signal inten-
sity. The following regions were measured in each image: 
total PS (including functional muscle, intramuscular fat, 
and soft tissue), functional PS, cross section of interver-
tebral disc, and subcutaneous fat (Fig. 1).

To reduce the effects of different heights and weights 
on muscle parameters, values for relative muscle CSA 
(rCSA), defined as the ratio of CSA to disc area at the 
same level, the relative total CSA (rtCSA), and relative 
functional CSA (rfCSA) were used. The change in rtCSA 
was calculated as postoperative rtCSA/preoperative 
rtCSA and the change in rfCSA was calculated as post-
operative rfCSA/preoperative rfCSA. Furthermore, FI 

Keywords  Degenerative lumbar spinal stenosis, First sacral vertebra, Pedicle screw loosening, Psoas major muscle, 
Paraspinal muscles, Osteoporosis



Page 3 of 9Zhou et al. BMC Musculoskeletal Disorders          (2024) 25:418 

was calculated as (tCSA-fCSA)/tCSA. The ratio of the T2 
signal intensity of the muscle to that of subcutaneous fat 
at the same level was used as the muscle-fat index (MFI) 
[21, 22]. Besides, the preoperative MF and ES muscu-
lar parameters at L4-5 were evaluated [23, 24]. S1 screw 
loosening was independently evaluated from anteropos-
terior and lateral films (Discovery XR650 machine, Gen-
eral Electric Company) or from computed tomography 
(CT) images (Revolution CT, General Electric Company) 
at the final follow-up by a single observer blinded to the 
clinical information, and the evaluation of S1 screw loos-
ening was separated from the muscle measurements. The 
intra- and interclass correlation coefficient (ICC) was cal-
culated to determine inter- and intra-observer reliability 
using SPSS (version 23.0, IBM). S1 screw loosening was 
defined as a halo sign with a circumferential radiolucent 
line of ≥ 1 mm around the S1 pedicle screw (Fig. 2) [25, 
26].

Sagittal spinopelvic parameters were measured 
using standing X-rays before surgery and at the early 

postoperative period and included lumbar lordosis (LL, 
defined as the angle between the upper endplate of L1 
and the sacral plate), the sacral slope (SS, defined as the 
angle between the horizontal line and the sacral plate), 
the pelvic incidence (PI, defined as the angle between the 
perpendicular from the midpoint of the upper endplate 
of S1 and a line connecting the center of the femoral head 
to the center of the upper endplate of S1), and the pel-
vic tilt (PT, defined as the angle between the vertical and 
the line through the midpoint of the sacral plate to the 
femoral head axis). And L4-S1 angulation was defined 
as the angle between the upper endplate of L4 and the 
sacral plate. Preoperative C7 sagittal vertical axis (SVA) 
was defined as the horizontal distance between a plumb 
line drawn from the center of C7 and the plumb line from 
the posterior-superior corner of the sacrum. Preoperative 
computerized tomography (CT) was performed, and a 
threshold of Hounsfield Units (HU) value ≤ 110 was used 
to judge osteoporosis based on CT scan [27, 28]. The 
clinical outcome was evaluated at last follow-up by using 

Fig. 2  A halo sign surrounding the first sacral vertebra (S1) pedicle screw on radiographs. (A) The radiolucent line on a plain radiograph is indicated by a 
black arrow. (B) The radiolucent line on the computed tomography image is indicated by a black arrow

 

Fig. 1  Measurements of paraspinal muscle parameters on magnetic resonance imaging. The regions of the intervertebral disc, psoas major muscle (PS), 
and subcutaneous fat are outlined by white lines. For the psoas major muscle, the total and functional muscles are outlined on the right and left sides, 
respectively. The subcutaneous fat is outlined on the left side by black lines. rtCSA = tCSA/ disc area (at the same level). rfCSA = fCSA/ disc area (at the 
same level). changed rtCSA = postoperative rtCSA/preoperative rtCSA. changed rfCSA = postoperative rfCSA/preoperative rfCSA. FI=(tCSA-fCSA)/tCSA. 
MFI = muscle index/ subcutaneous fat index. Changed rtCSA and rfCSA > 1 meant CSA increased after surgery and changed rtCSA and rfCSA < 1 meant 
CSA decreased after surgery
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Oswestry Disability Index (ODI) and Visual Analogue 
Scale (VAS).

Statistical analysis
Statistical analysis was conducted with SPSS Statistics 
for Windows version 23.0 (IBM Corp). The paired-sam-
ple t-test was used to compare differences in preopera-
tive and follow-up PS parameters. Clinical information 
and radiographic parameters were compared between 
the S1 screw loosening and S1 screw non-loosening 
groups. These parameters were compared between the 
clinical and radiological S1 screw loosening groups. Stu-
dent’s t-test, a non-parametric test (for continuous data), 
and the χ2 test (for categorical data) were conducted to 
determine the statistical difference. A binary logistic 
regression model was used to identify independent risk 
factors for S1 screw loosening. Receiver operating char-
acteristic (ROC) curve analysis was performed to deter-
mine the cutoff value. Statistical significance was set at a 
P-value < 0.05.

Results
Overall, 212 patients were enrolled; the mean age was 
58.51 ± 9.67 (range, 29–80) years. This study included 101 
male and 111 female patients. The mean follow-up time 
was 27.90 ± 11.54 (range, 12–42) months. Of the included 
patients, 59 (27.83%) underwent L3–S1 fusion and 153 
(72.17%) underwent L4–S1 fusion. The ICC for intra-
observer agreement in CSA of PS was 0.900 (95% confi-
dence interval [CI], 0.788–0.954; P < 0.001). The ICC for 

inter-observer agreement in CSA of PS was 0.933 (95% 
confidence interval [CI], 0.812–0.977; P < 0.001).

According to the paired-sample t-test (Table  1), the 
rtCSAs and rfCSAs of the PS at L2–3, L3–4, L4–5, and 
L5–S1 were higher on follow-up MRI than on preop-
erative MRI (P < 0.05). In addition, the FIs of the PS at 
L4–5 and L5–S1 were lower on follow-up MRI than on 
preoperative MRI (P < 0.05). Moreover, the preopera-
tive rtCSA and rfCSA of the PS gradually increased from 
the cephalic lumbar spine to the caudal lumbar spine 
(P < 0.05). Changes in the rtCSA and rfCSA of the PS at 
follow-up were similar to those in the preoperative PS 
values.

At the final follow-up, 36.32% of the patients experi-
enced S1 screw loosening (Table 2), which included more 
male patients than those in the control group (58.44% 
vs. 41.48%, P < 0.05). Compared to the S1 screw loos-
ening group, the control group had fewer fused levels 
(2.36 ± 0.48 vs. 2.23 ± 0.42, P < 0.05). Regarding changes in 
the preoperative and follow-up PS, the increased rfCSA 
values at L3–4, L4–5, and L5–S1 in the control group 
were higher than those in the S1 screw loosening group 
(1.21 ± 0.29 vs. 1.14 ± 0.36, 1.23 ± 0.22 vs. 1.14 ± 0.23, 
1.53 ± 2.86 vs. 1.13 ± 0.26; P < 0.05 for each). Moreover, 
changes in the rtCSA at the L5–S1 were higher than those 
observed in the S1 screw loosening group (1.29 ± 1.11 vs. 
1.10 ± 0.26, P < 0.05). Pre- and postoperative spinopelvic 
parameters including SS, PT, LL, PI, PI-LL and L4-S1 
angulation were similar between groups.

Binary logistic regression analysis (Table  3) was per-
formed and included basic factors and potential risk 

Table 1  Comparison of preoperative PS and follow-up PS
Preoperative PS (%) Follow-up PS (%) P value

L2-3 rtCSA 30.81 ± 12.99 34.21 ± 12.65 < 0.001**
L2-3 rfCSA 28.32 ± 12.32 31.56 ± 12.14 < 0.001**
L2-3 FI 8.36 ± 6.54 8.04 ± 4.53 0.673
L2-3 MFI 19.62 ± 12.21 19.75 ± 5.13 0.912
L3-4 rtCSA 50.48 ± 18.17 56.33 ± 18.82 < 0.001**
L3-4 rfCSA 46.93 ± 17.62 53.38 ± 18.82 < 0.001**
L3-4 FI 6.70 ± 9.86 4.81 ± 3.03 0.007**
L3-4 MFI 17.48 ± 9.38 17.74 ± 4.53 0.714
L4-5 rtCSA 64.09 ± 22.54 72.03 ± 22.60 < 0.001**
L4-5 rfCSA 59.83 ± 21.64 69.18 ± 22.24 < 0.001**
L4-5 FI 6.69 ± 5.77 4.14 ± 2.83 < 0.001**
L4-5 MFI 16.06 ± 6.22 17.00 ± 5.06 0.074
L5-S1 rtCSA 61.09 ± 23.57 67.29 ± 20.58 < 0.001**
L5-S1 rfCSA 57.60 ± 22.77 64.81 ± 20.07 < 0.001**
L5-S1 FI 5.94 ± 7.74 3.73 ± 2.46 < 0.001**
L5-S1 MFI 17.02 ± 11.05 17.33 ± 5.67 0.701
Mean values were presented as ± standard deviation

PS, psoas muscle; rtCSA, relative total cross-sectional area; rfCSA, relative functional cross-sectional area; FI, fatty infiltration; MFI, muscle-fat index

*P < 0.05

**P < 0.01
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S1 screw non-loosening group S1 screw loosening group P value
Number 63.68%(135/212) 36.32%(77/212)
Age (years old) 58.19 ± 9.74 59.08 ± 9.59 0.523
Gender (Male/Female) 56/79 45/32 0.022*
BMI(kg/m2) 26.04 ± 4.14 26.81 ± 4.71 0.211
Subcutaneous fat index at L4-5 160.60 ± 32.88 166.96 ± 36.93 0.212
CT value of L1  157.35± 45.64  140.17± 43.05 0.008*
Fused levels 2.23 ± 0.42 2.36 ± 0.48 0.037*
L5-S1 intervertebral fusion 85.9% (116/135) 76.6% (59/77) 0.094
Diabetes (Yes/No) 14/63(18.2%) 16/119(11.9%) 0.223
Smoking status (Yes/No) 13/64(16.9%) 21/114(15.6%) 0.847
Follow-up time (months) 28.10 ± 12.57 27.53 ± 9.53 0.710
Follow-up ODI 7.67 ± 7.89 8.59 ± 9.77 0.466
Follow-up VAS (back) 1.06 ± 1.49 1.32 ± 1.71 0.269
Follow-up VAS (leg) 1.02 ± 1.71 0.68 ± 1.37 0.147
Psoas major muscular parameters
L2-3 changed rtCSA 1.15 ± 0.28 1.18 ± 0.37 0.894
L2-3 changed rfCSA 1.18 ± 0.29 1.16 ± 0.34 0.652
L2-3 changed MFI 1.10 ± 0.39 1.22 ± 0.42 0.142
L3-4 changed rtCSA 1.18 ± 0.29 1.13 ± 0.32 0.067
L3-4 changed rfCSA 1.21 ± 0.29 1.14 ± 0.36 0.030*
L3-4 changed MFI 1.13 ± 0.46 1.17 ± 0.39 0.415
L4-5 changed rtCSA 1.18 ± 0.21 1.12 ± 0.24 0.062
L4-5 changed rfCSA 1.23 ± 0.22 1.14 ± 0.23 0.007**
L4-5 changed MFI 1.13 ± 0.46 1.22 ± 0.51 0.396
L5-S1 changed rtCSA 1.29 ± 1.11 1.10 ± 0.26 0.005**
L5-S1 changed rfCSA 1.53 ± 2.86 1.13 ± 0.26 0.007**
L5-S1 changed MFI 1.15 ± 0.48 1.26 ± 0.59 0.301
Preoperative multifidus and erector spinae muscular parameters at L4-5
rtCSA of MF at L4-5 0.46 ± 0.19 0.48 ± 0.14 0.465
rfCSA of MF at L4-5 0.32 ± 0.14 0.34 ± 0.10 0.212
FI of MF at L4-5 0.31 ± 0.11 0.28 ± 0.11 0.155
rtCSA of ES at L4-5 0.79 ± 0.28 0.87 ± 0.33 0.158
rfCSA of ES at L4-5 0.59 ± 0.24 0.67 ± 0.27 0.091
FI of ES at L4-5 0.25 ± 0.10 0.23 ± 0.08 0.105
Preoperative spinopelvic parameters
LL(°) 29.62 ± 11.29 30.53 ± 14.40 0.611
PI(°) 46.86 ± 9.13 46.98 ± 10.27 0.931
PT (°) 18.42 ± 7.49 18.55 ± 10.23 0.920
SS(°) 24.60 ± 7.48 26.24 ± 9.11 0.150
PI-LL(°) 12.93 ± 9.74 11.14 ± 10.03 0.204
L4-S1 angulation 21.07 ± 9.33 21.68 ± 9.73 0.649
SVA(mm) 35.48 ± 42.08 38.76 ± 49.57 0.705
Postoperative spinopelvic parameters
LL(°) 33.93 ± 8.62 35.85 ± 10.76 0.158
PI(°) 42.99 ± 8.31 44.79 ± 11.27 0.186
PT (°) 18.36 ± 7.58 17.06 ± 7.85 0.238
SS(°) 28.50 ± 6.85 29.92 ± 8.71 0.223
PI-LL(°) 13.37 ± 11.20 14.26 ± 14.94 0.625

Table 2  Comparison of demographic, changed PS parameters (follow-up and preoperative) and postoperative spinopelvic 
parameters between the S1 screw non-loosening group and S1 screw loosening group
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factors with a P-value < 0.05 (age, gender, CT value of L1, 
fused levels, L5–S1 intervertebral fusion, and the mean 
changed rfCSA of the PS on L3–4, L4–5, and L5–S1 
slices [206 patients had complete PS parameters in three 
slices]). The regression analysis revealed that male, lower 
CT value of L1 and longer-segment fusion were indepen-
dent risk factors for S1 screw loosening, and postopera-
tive compensatory hypertrophy of the PS at L3–4, L4–5, 
and L5–S1 was a protective factor for S1 screw loosening. 
A ROC curve was plotted to evaluate the mean changed 
rfCSA of the PS on L3–4, L4–5, and L5–S1 and S1 screw 
loosening (Table  4), and the Youden index was 1.075 
(Figs. 3 and 4).

Discussion
In asymptomatic individuals, the PS reportedly exhibits 
an increase in size from the cephalic to the caudal part at 
lumbar levels [29–32]. And this may be related to addi-
tional stress would be placed on L4–5 since it commonly 
occurs at the apex of the lordosis or in the vicinity [33]. 

In our study, the segmental distribution of the PS in the 
preoperative patients increased from L2-3 to L4-5, which 
was consistent with previous research. Besides, in the 
present study, compared to preoperative PS, the tCSA 
and fCSA of the PS increased and the FI decreased after 
surgery from L2–3 to L5–S1 in patients with DLSS, which 
was similar to that reported in a previous study [34]. This 
demonstrated that compensatory hypertrophy of the PS 
occurs after surgery, which may play an important role in 
postoperative adaption and maintenance of spinal stabil-
ity. The possible mechanism for PS hypertrophy might 
be stress transition through the anterior column of spine 
increasing after vertebral compression. Compensatory 
hypertrophy of the PS occurs at stress concentrations to 
maintain spinal stability [35], which may be beneficial to 
reduce rates of postoperative mechanical complications 
such as S1 screw loosening.

In this study, the S1 screw loosening rate was 36.32%. 
Previously, the S1 screw loosening rate was reportedly 
approximately 15.6–46.5% [2, 4, 7]. There are more male 

Table 3  Independent risk factors of S1 screw loosening identified by logistic regression
OR 95% CI for OR P value

Age 0.973 0.933–1.013 0.183
Gender 0.465 0.244–0.887 0.020*
CT value of L1 0.985 0.977–0.994 0.001*
Fused levels 3.075 1.430–6.612 0.004*
L5-S1 intervertebral fusion 0.723 0.314–1.665 0.445
Mean changed rfCSA of L3-S1 0.055 0.009–0.329 0.001*
rfCSA, relative functional cross-sectional area

*P < 0.05

**P < 0.01

Table 4  Youden Index of mean changed rfCSA of PS at L3-4, L4-5, L5-S1 for S1screw loosening
S1 screw non-loosening group S1 screw loosening group P value

Mean changed rfCSA < 1.075 24.43% (32/131) 49.33% (37/75) < 0.001**
Mean changed rfCSA ≥ 1.075 75.57% (99/131) 50.67% (38/75)
PS, psoas muscle; rfCSA, relative functional cross-sectional area

Changed rfCSA = follow-up rfCSA/preoperative rfCSA

Changed rfCSA > 1 meant CSA increased after surgery and changed rfCSA < 1 meant CSA decreased after surgery

*P < 0.05

**P < 0.01

S1 screw non-loosening group S1 screw loosening group P value
L4-S1 angulation 26.53 ± 6.97 27.05 ± 7.56 0.616
Changed pre- and postoperative LL(°) 4.31 ± 9.22 5.31 ± 11.02 0.502
Mean values were presented as ± standard deviation

PS, psoas muscle; MF, multifidus muscle; ES, erector spinae muscle; BMI, indicates body mass index; ODI, Oswestry Disability Index; rtCSA, relative total cross-
sectional area; rfCSA, relative functional cross-sectional area; FI, fatty infiltration; MFI, muscle-fat index; SS, sacral slope; PT, indicates pelvic tilt; LL, indicates lumbar 
lordosis; PI, pelvic incidence; PI-LL, pelvic incidence minus lumbar lordosis; SVA, C7 sagittal vertical axis

Changed rtCSA = follow-up rtCSA/preoperative rtCSA; changed rfCSA = follow-up rfCSA/preoperative rfCSA; changed MFI = follow-up MFI /preoperative MFI

Changed parameters (rtCSA and rfCSA) > 1  meant CSA increased after surgery and changed parameters (rtCSA and rfCSA) < 1  meant CSA decreased after surgery

*P < 0.05

**P < 0.01

Table 2  (continued) 
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patients experiencing S1 screw loosening, which is simi-
lar to Wang et al. [15], Yuan et al. [36] and Kim et al.’s 
studies [7]. Long-segment fusion and osteoporosis are 
also risk factors for screw loosening [7, 37]. Additionally, 
in this study, the number of fused levels in the S1 screw 
loosening group were higher than those in the S1 screw 
non-loosening group (P < 0.05). With the limitations of 
the Dual-energy X-ray absorptiometry (DXA), studies 
recently have recommended using CT to measure the 
Hounsfield unit (HU) as a complementary method for 
assessing bone mineral density (BMD) [27, 38]. Accord-
ing to our results, the CT value of L1 was lower in the S1 
screw loosening group than that in the control group in 
this study. Then, by applying these factors in the binary 
logistic regression analysis, we found that the male, lower 
CT value of L1 and longer-segment fusion were risk fac-
tors for S1 screw loosening. Recent studies also reported 
that paraspinal muscles played an important role in 

the S1 screw loosening [3, 7, 15]. Previous studies have 
mostly focused on the correlation between preoperative 
muscle status and screw loosening [7, 13, 15]. However, 
the relationship between the pre- and postoperative 
variations of PS and screw loosening has not been eluci-
dated. Our study demonstrates, postoperative compensa-
tory hypertrophy of the PS from L3 to S1 was observed 
to be lower in the S1 screw loosening group than in the 
controls. This is an interesting finding which reminds 
us of the importance on considering the postoperative 
changes in paraspinal muscles, especially in PS, since it 
is not destroyed by the posterior approach. Thus, higher 
compensatory hypertrophy may prove more effective 
in maintaining spinal stability and reducing the stress 
on instrumentation, decreasing the rate of S1 screw 
loosening.

PS contributes a lot to the spinal stabilization [35], 
and given the strong correlation between postoperative 

Fig. 4  Preoperative and postoperative radiographs of a 69-year-old man presenting with first sacral vertebra (S1) screw non-loosening at the 38-month 
follow-up (G, H). Preoperative functional cross-sectional areas (fCSAs) of the psoas major muscle (PS) at L3–4 (A), L4–5 (C), and L5–S1 (E) are shown. Post-
operative fCSAs of the PS at L3–4 (B), L4–5 (D), and L5–S1 (F) are shown. The ratio of postoperative and preoperative rfCSA at L3-S1 was 1.50, which was 
higher than the proposed 1.075 cutoff value

 

Fig. 3  Preoperative and postoperative radiographs of a 59-year-old woman presenting with first sacral vertebra (S1) screw loosening at the 30-month 
follow-up (G, H). Preoperative functional cross-sectional areas (fCSAs) of the psoas major muscle (PS) at L3–4 (A), L4–5 (C), and L5–S1 (E) are shown. 
Postoperative fCSAs of the PS at L3–4 (B), L4–5 (D), and L5–S1 (F) are shown. Moreover, the ratio of postoperative and preoperative rfCSA at L3-S1 was 
calculated as 0.89, which was lower than the proposed 1.075 cutoff value
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changes in PS and S1 screw loosening revealed in our 
data,, we included postoperative hypertrophy of the PS 
from L3 to S1, age, gender, CT value of L1, fused levels, 
and L5–S1 intervertebral fusion [7, 39] into the regres-
sion model for predicting screw loosening. The results 
demonstrated that postoperative functional PS hypertro-
phy might serve as a protective factor for S1 screw loos-
ening in patients with DLSS undergoing short-segment 
fusion. According to the Youden index of the ROC curve 
for increased postoperative PS and S1 screw loosen-
ing, the threshold was found to be 1.075. While previous 
studies have emphasized the importance of MF and erec-
tor spinae (ES) in screw loosening [7, 15], there has been 
limited research focusing on the role of the PS. This study 
was the first to explore the relationship between pre- and 
postoperative variations in the PS and S1 screw loosen-
ing. Our findings suggested that postoperative hypertro-
phy of the PS might have a protective effect on S1 screw 
loosening. Thus, greater emphasis should be placed on 
postoperative rehabilitation exercises involving the PS, 
rather than focusing only on the preoperative paraspinal 
muscle evaluation to reduce the rates of complications. 
Future study could explore the surgical outcomes and 
rates of complications in patients after specific muscle 
training for PS [40–42].

However, this study had several limitations. First, this 
was a retrospective study and one-institution study, 
which was inevitably subject to selection bias. In the 
future, a prospective study with a larger sample size will 
be necessary to validate these conclusions. Second, the 
fCSA measurement was conducted manually and sub-
jectively. Although previous reports have validated the 
measurement’s reliability [3, 15, 43], further confirma-
tory studies are warranted [3]. Finally, a longer follow-up 
period will help to better understand the clinical out-
comes of the patients.

Conclusions
In conclusion, the CSA and fCSA of the postoperative 
PS compared with the preoperative muscle at the same 
level increased and the FI decreased from L2 to S1 in 
patients with DLSS after posterior lumbar fusion surgery. 
Furthermore, the postoperative compensatory hyper-
trophy of the PS was more pronounced in the S1 screw 
non-loosening group than in the S1 screw loosening 
group. Male, lower CT value of L1 and longer-segment 
fusion were independent risk factors for S1 screw loos-
ening. Postoperative hypertrophy of the PS at L3-S1 was 
determined to be a protective factor for S1 screw loosen-
ing. Finally, it is crucial to emphasize the importance of 
tailored rehabilitation exercises targeting the paraspinal 
muscles after spinal surgery, especially for patients with 
slight variations in the postoperative PS size. We propose 

a cutoff value of fCSA < 1.075 as a screening criterion for 
identifying such patients.
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