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Objective: Degenerative lumbar spondylolisthesis (DLS) is a common degenerative disease that causes low back pain and lower
extremity pain. Transforaminal Lumbar Interbody Fusion (TLIF) is an effective surgical method for treating this condition. However,
postoperative complications exist, such as cage subsidence, whose causes are complex. This study investigated the characteristics and
risk factors of cage subsidence after TLIF in DLS patients.

Methods: A total of 131 TLIF patients were divided into the subsidence group (subsidence group, n=39) and the non-subsidence
group (non-subsidence group, n=92). General patient data were collected, including sex, age, body mass index (BMI), surgical time,
intraoperative blood loss, hypertension and diabetes. The imaging data collected included the degree of multifidus muscle atrophy
(MMA) at the surgical segment preoperatively; the lumbar lordosis angle, segmental lordosis angle, and intervertebral height before
surgery, immediately after surgery, and 12 months postoperatively. Univariable analysis and multivariable logistic regression analysis
were used to identify independent risk factors for subsidence after TLIF in patients with DLS.

Results: The degree of MMA before surgery in the subsidence group was significantly greater than that in the non-subsidence group
(p< 0.001). There were statistically significant differences in the final follow-up Visual Analogue Scale (VAS) scores for lower back
pain and postoperative Oswestry Disability Index (ODI) scores between the two groups. Intervertebral height correction (OR=11.19,
p=0.0001), segmental lordosis angle correction (OR=3.43, p=0.0001), and MMA (OR=0.73, p=0.003) were all independent risk
factors for cage subsidence.

Conclusion: Intervertebral height correction, segmental lordosis angle correction and MMA were identified as independent risk
factors for cage subsidence after TLIF in patients with DLS. In clinical practice, preoperative physiotherapy and core muscle
strengthening training aimed at improving the quality of the multifidus muscle can reduce MMA. Meanwhile, selecting an appropriate
height for the interbody fusion cage and avoiding excessive correction of the lordotic angle can be used to reduce the incidence of
interbody fusion cage subsidence after TLIF and improve patients’ clinical outcomes.
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Introduction

DLS patients often experience varying degrees of lower back pain, leg pain, and neurogenic claudication. The prevalence
in the general population ranges from 4.1% to 11.1%, with an increased incidence after the age of 45, and a higher
occurrence in females, with a sex ratio of approximately 1:4 to 1:5." For those with milder symptoms, conservative
treatments can be considered early on, such as bed rest, the use of analgesics, and strengthening exercises for the back
muscles.* When conservative treatment is ineffective or symptoms recur or worsen, surgical intervention becomes the
primary treatment option. Currently, the main surgical treatment method is lumbar fusion surgery, for which there are
various techniques: anterior lumbar interbody fusion (ALIF), posterior lumbar interbody fusion (PLIF), extreme lateral
interbody fusion (XLIF), and transforaminal lumbar interbody fusion (TLIF).? These procedures effectively decompress
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the spinal canal and restore the correct sagittal and coronal alignment of the spine by realigning the affected vertebrae
and encouraging interbody fusion; screw fixation is often applied for robust support.

Each of these surgical methods has its own advantages and disadvantages. For example, the traditional TLIF
technique requires extensive dissection of the paravertebral muscle tissue, particularly the innermost multifidus muscle,
leading to direct damage and denervation of this muscle.® Applying this approach via the natural space between the
multifidus and longissimus muscles (applying the Wiltse approach) involves resecting a portion of the facet joint on one
side during the procedure.” This reduces the traction on and stimulation of the nerve roots and dural sac, while preserving
the ligamentous complex structure at the back of the spine, thereby minimising the impact on spinal stability to some
extent.® At the same time, this strategy reduces the dissection and retraction of the multifidus muscle, thereby lowering
the risk of damaging it and preserving its function as much as possible. This method is minimally invasive and has
become an ideal method for treating degenerative lumbar diseases.’

Previous studies have reported that cage subsidence after lumbar fusion surgery can lead to weakened anterior column
support, loss of intervertebral height, decreased local segmental lordosis, laxity of ligament folds, non-fusion of the grafts
at the surgical segment, and the formation of pseudarthrosis, all of which can affect surgical efficacy and even lead to
revision surgery.'®'? The incidence of cage subsidence following TLIF ranged from 15.43% to 32.12%. There is
significant variability in these rates and no consensus has been reached.'” '® In addition, many factors influence
subsidence, including age, BMI, surgical technique, implant type, and many other factors. There is considerable debate
regarding the factors that influence subsidence, and the results of interventions have often been unsatisfactory, necessitat-
ing further investigation.'”2°

There is a close association between MMA and DLS. However, it remains unclear whether atrophy of the multifidus
muscle at the surgical segment prior to surgery in DLS patients impacts cage subsidence. At the same time, considering
that subsidence can have a very adverse effect on the postoperative outcomes of TLIF, it is clinically important to explore
the independent risk factors for this phenomenon as well as preventive measures from the perspective of muscular

imbalance and atrophy.

Data and Methods

Collection of General Information

A retrospective analysis was conducted on patients with DLS who underwent surgical treatment in the Department of
Spine Surgery of Zhongda Hospital, Southeast University, Nanjing, China, from September 2020 to January 2022. To
exclude the potential influence of cage subsidence after TLIF in different segments of DLS, we only collected cases of
single-segment DLS at the L4/5 level, where the incidence of spondylolisthesis is highest. We excluded cases who
experienced significant damage to the bony endplate during surgery and those lost to follow-up after surgery. Ultimately,
131 DLS patients were included in the study. Among these patients, there were 32 males and 99 females, resulting in
a male-to-female ratio of approximately 1:3, with ages ranging from 51 to 82 years and a mean age of 63.8 years.

All patients underwent TLIF surgery using the Wiltse approach and were divided into two groups based on whether
the cage subsided at 12 months postoperatively: the subsidence group (loss of intervertebral height > 2 mm) and the non-
subsidence group (loss of intervertebral height < 2 mm). General patient information was collected, including age, sex,
BMI, and the presence/absence of osteoporosis (DXA T-score and clinical history), hypertension, and diabetes. Imaging
data were used to record each patient’s intervertebral space height, lumbar lordosis angle, segmental lordosis angle,
MMA, surgical duration, and intraoperative blood loss at various preoperative and postoperative time points. The
incidence of cage subsidence were followed up at 12 months postoperatively. All subjects were informed of the specifics
of this study and provided consent. The study complied with the principles outlined in the Declaration of Helsinki and
was approved by the Ethical Committee of the Zhongda Hospital, Southeast University (NO.2019ZDSYLL101-P01).

Intervertebral space height was measured as the average height of the anterior and posterior edges of the intervertebral
space at the surgical segment (see Figure 1). Segmental lordosis (SL) was measured as the angle between the tangent
lines of the upper endplate of the upper vertebra and the lower endplate of the lower vertebra at the treatment segment.
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Figure | Parameter measurements. Lumbar lordosis (LL, dotted lines), the angle formed by the extended lines of the upper endplate of the LI vertebra and the upper
endplate of the S| vertebra; segmental lordosis (SL, solid lines), the angle between the tangent lines of the upper endplate of the upper vertebra and the lower endplate of
the lower vertebra at the fused segment; intervertebral space height, the average of the anterior height of the intervertebral space (Line |) and the posterior height of the
intervertebral space (Line 2).

Lumbar lordosis (LL) was taken as the angle formed by the extended lines of the upper endplate of the L1 vertebra and
the upper endplate of the S1 vertebra.

For MMA measurements, all patients with spondylolisthesis underwent standardised scanning using a 3.0 T Siemens
MRI scanner (Siemens Healthcare, Erlangen, Germany). T2-weighted images were obtained at the L3/4, L4/5, and L5/S1
intervertebral disc levels, corresponding to the maximal cross-sectional area of the paravertebral muscles. The cross-
sectional area of the multifidus muscle on both sides of the lumbar spine was measured at the specified levels using
ImagelJ software (National Institutes of Health, Bethesda, MD, USA) and summed to determine the gross cross-sectional
area (GCSA). Click on the threshold button of Image J software and adjust it until the fat infiltration area in the image is
completely covered. Similarly, the lean cross-sectional area (LCSA) of the multifidus muscle on both sides was measured
and summed to represent the total LCSA (Figure 2). The degree of MMA was calculated as the ratio of LCSA to GCSA
(LCSA/GCSA), with a higher ratio indicating milder atrophy and a lower ratio indicating more severe atrophy.

Cage subsidence was determined as follows. For the surgical fusion segment, if postoperative X-rays in the standing
lateral, flexion and extension positions, or three-dimensional reconstructed CT scans of the lumbar spine at 12 months
after surgery, showed that the metal marker of the cage had sunk into the adjacent upper and lower endplates with a total
displacement > 2 mm, it was considered cage subsidence; if the displacement was < 2 mm, it was not considered
subsidence®'"** (Figure 3).

Inclusion and Exclusion Criteria

Patients presenting with single-segment degenerative spondylolisthesis at the L4/5 level who were over the age of 45
years were included. All participants were required to have complete imaging data available both before and after their
surgical intervention. Furthermore, only those with a postoperative follow-up period of at least 12 months were eligible.
Patients associated with the following were excluded: insufficient follow-up time or incomplete imaging data; individuals
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Figure 2 Axial T2-weighted magnetic resonance imaging (MRI) of a 65-year-old female patient, illustrating (A) the area of the multifidus muscle at the L4/5 level, outlined in
yellow and (B) the area of fat infiltration within the multifidus muscle highlighted in red. The MMA ratio (LCSA/GCSA) is calculated by summing the measured areas on both
sides of the lumbar spine.

Figure 3 A 62-year-old female patient. (A) Preoperative lateral X-ray of the lumbar spine indicating degenerative spondylolisthesis at the L4 vertebra; (B) postoperative
X-ray of the lumbar spine | week after TLIF surgery showing recovery of the intervertebral space height at the surgical segment, with good positioning of the screws and
rods, and no anteroposterior sliding or subsidence of the cage; (C) X-ray of the lumbar spine at the last follow-up indicating significant loss of intervertebral height at the
surgical segment, with notable cage subsidence.

with a history of trauma to the lumbar spine or previous lumbar spine surgery, with isthmic spondylolisthesis or a history
of primary or metastatic tumours of the spine, with severe spinal deformity, significant bony endplate destruction, Modic
changes or Schmorl’s nodes at the surgical segment, or a history of ankylosing spondylitis, rheumatoid arthritis, or spinal
tuberculosis. Finally, any patient who experienced injury to the upper and lower cartilaginous endplates of the vertebrae

during the surgery was also excluded.

Operative Method

After successful anaesthesia, the patient was placed in the prone position. A C-arm X-ray machine was used for
fluoroscopic localisation of the spondylolisthesis segment. The surgical area was routinely disinfected and draped, and
a midline vertical incision was made to cut through the skin and subcutaneous fascia, reaching the lumbar fascia. The
space between the multifidus and longissimus muscles was palpated approximately 2.5-3.0 cm lateral to the spinous
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process and then blunt dissection was performed. Then the bilateral natural interval between the multifidus and
longissimus muscles was exposed to reveal the facet joints and the screw entry points (applying the Wiltse approach)
where pedicle screws are inserted. An ultrasound osteotome was used to remove part of the bilateral laminae, allowing
exploration of the dural sac and nerve roots, followed by discectomy. The spondylolisthesis vertebra was reduced
carefully, to avoid pulling the screws out in patients with severe osteoporosis. After irrigating the intervertebral space
with saline, autologous bone was implanted, and a straight PEEK cage (Medtronic Sofamor Danek) filled with
autologous bone was inserted, along with a titanium rod, which was locked into place. During the procedure, the
C-arm X-ray machine was used to confirm satisfactory positions of the screws and cage. The incision was closed in
layers and bandaged. All surgeries were performed by the same experienced attending physician and team.

Postoperative Care and Rehabilitation

All patients received an intravenous infusion of 1 g cefazolin sodium before and after surgery. Routine post-
operative treatments included analgesia and neuro-nutritional therapy. During bed rest, patients performed straight
leg raises to prevent venous thrombosis in the lower limbs. If the drainage amount was less than 50 mL within
48 h after surgery, the drainage tube was removed, and lumbar X-rays in both the anteroposterior and lateral
views were repeated. After the drainage tube was removed, patients could wear a lumbar support brace and start
ambulating. Patients with osteoporosis were given fundamental anti-osteoporosis treatment postoperatively (cal-
cium tablet and vitamin D).

Observation Indicators

We recorded the following general data of patients with DLS: surgical-related data, including operation time and
intraoperative blood loss; preoperative and postoperative parameters (12 months after surgery) of lumbar vertebrae in
the sagittal sequence, such as preoperative intervertebral height, intervertebral height correction, preoperative lumbar
lordosis angle, lumbar lordosis angle correction, loss of lumbar lordosis angle at last follow-up, preoperative segmental
lordosis angle of the surgical segment, correction of the segment lordosis angle, and loss of segment lordosis angle; the
degree of atrophy of multifidus muscles in the surgical segment preoperatively; the incidence of cage subsidence at
follow-up.

Statistical Analysis

Quantitative data are expressed as mean + standard deviation. Between-group comparisons were conducted using t-tests
or rank-sum tests depending on whether the variables met the assumptions of normal distribution and homogeneity of
variance (Shapiro—Wilk test and Kolmogorov—Smirnov test). Qualitative data are expressed as frequency and percentage,
and between-group comparisons were conducted using * tests or Fisher’s exact probability method. A P value < 0.05
was considered statistically significant. Statistical analyses were performed using SPSS 20.0 software (IBM Corporation,
Armonk, NY, USA).

Univariable and multivariable logistic regression analyses were employed to identify the risk factors for cage
subsidence. The dependent variable was the occurrence of cage subsidence (a binary outcome: yes or no).
Independent variables included in the initial univariable analysis were selected based on clinical relevance and
previous literature, encompassing general patient data (eg, age, sex, BMI, osteoporosis, hypertension, diabetes),
surgical parameters (eg, operation time, blood loss), and radiographic measurements (eg, preoperative intervertebral
height, intervertebral height correction, segmental lordosis angle correction, multifidus muscle atrophy (MMA)).
Variables that showed a significance level of P < 0.05 in the univariable analysis were included in the initial
multivariable logistic regression model. A backward stepwise selection method (likelihood ratio test, with a removal
criterion of P > 0.05) was used to identify independent risk factors by eliminating non-significant variables
sequentially. The results are presented as odds ratios (OR) with 95% confidence intervals (CI). The basic assump-
tions of logistic regression were checked. The continuous independent variables were assessed for linearity with the
logit of the dependent variable using the Box-Tidwell test. No significant non-linear relationships were found.
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Multicollinearity among the independent variables was diagnosed using the variance inflation factor (VIF); a VIF
value of less than 10 was considered to indicate no substantial multicollinearity.

Results

Comparison of General Data
There were no statistically significant differences between the two groups in terms of BMI, operation time, intraoperative
blood loss, and the presence/absence of diabetes and hypertension. However, there were statistically significant

differences (P < 0.05) in age, sex, and osteoporosis between the two groups (Table 1).

Comparison of Imaging Indicators

There were no statistically significant differences in the preoperative disc height, lumbar lordosis angle, or segmental
lordosis angle of the surgical segment between the groups. However, at the last follow-up, there were statistically
significant differences (P < 0.001) in intervertebral height correction, lordosis angle correction and loss of lumbar
lordosis angle, and lordosis angle correction and loss of segment lordosis angle. The MMA was significantly (P < 0.001)
greater in the subsidence group than in the non-subsidence group (Table 2).

Table | Comparison of General Data

Variable Subsidence Non-Subsidence | P
Group (n=39) Group (n=92)

Age 66.15£7.90 62.80+7.83 0.027
Male, n (%) 4 (10.26%) 28 (30.43%) 0.014
BMI (kg/m?) 25.85+3.43 24.87+3.03 0.104
Osteoporosis, n (%) 31 (79.49%) 47 (51.09%) 0.002
Diabetes, n (%) 14 (35.90%) 22 (23.91%) 0.16
Hypertension, n (%) 17 (43.59%) 47 (51.09%) 0.432
Intraoperative blood loss (mL) | 219.74+98.50 233.15+99.80 0.482
Follow-up time 13.05+1.19 12.99+1.09 0.773

Notes: The value is presented as mean * SD, and n (%). p-value corresponds to independent t-test or

Mann—Whitney U-test and chi-square test or Fisher exact test.

Abbreviations: BMI, body mass index.

Table 2 Comparison of Imaging-Related Indicators

Variable Subsidence Non-Subsidence | P
Group (n=39) | Group (n=92)

Preoperative intervertebral height (mm) 7.46x0.93 7.63+0.82 0313
Intervertebral height correction (mm) 3.99+0.92 3.31+0.83 0.001
Preoperative lumbar lordosis angle (°) 37.49+£3.28 3841+£3.16 0.132
Lordosis angle correction (°) 7.21£1.64 6.16x1.36 0.001
Loss of lumbar lordosis angle (°) 4.59+1.86 2.68+1.56 0.001
Preoperative segmental lordosis angle (°) | 11.54+3.69 12.33+3.22 0.223
Lordosis angle correction (°) 5.54£1.90 3.85%1.62 0.001
Loss of segment lordosis angle (°) 2.79£1.38 2.02+1.28 0.003
MMA ratio 0.43+0.09 0.62+0.06 0.001

Notes: The value is presented as mean * SD, and n (%). p-value corresponds to independent t-test or Mann—

Whitney U-test and chi-square test or Fisher exact test.

Abbreviations: MMA, multifidus muscle atrophy.
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Clinical Efficacy

Neither group of patients experienced severe complications such as nerve or vascular injury during surgery. Three
patients had cerebrospinal fluid leaks during the procedure, which resolved with conservative treatment before discharge.
Within 1 week postoperatively, the patients underwent re-examinations with lumbar X-rays, which showed satisfactory
reduction of the spondylolisthesis and good restoration of spinal alignment. During the follow-up period, there were no
significant signs of rod or screw loosening or breakage. In all, 39 patients experienced cage subsidence, while 92 did not,
a subsidence rate of 29.77%. There were no statistically significant differences between the two groups in preoperative
VAS and ODI scores for lower back pain or leg pain. In addition, there were statistically significant differences in the
final follow-up VAS scores for lower back pain and postoperative ODI scores between the two groups (P < 0.05;
Table 3). Although the final scores differed, it cannot be concluded that the cage subsidence caused worse clinical

outcomes, as there were no significant differences in baseline scores or degree of improvement.

Univariable Analysis of Factors Affecting Cage Subsidence

In univariable logistic regression analyses, age, osteoporosis, intervertebral height correction, lumbar lordosis angle
correction, loss of lumbar lordosis angle at the last follow-up, segment lordosis angle correction, and loss of segment
lordosis angle were all risk factors for cage subsidence after TLIF in patients with DLS (P < 0.05; Table 4).

Multivariable Logistic Regression Analysis of Independent Risk Factors for Cage

Subsidence

In multivariable logistic regression analyses, MMA ratio (OR=0.73, 95% CI: 0.64-0.82, p=0.012), intervertebral height
correction (OR=11.19, 95% CI: 3.56-48.85, p=0.0001), and lordosis correction at the surgical segment (OR=3.43, 95%
CI: 1.82-6.45, p=0.0001) were independent risk factors for cage subsidence after TLIF in patients with DLS (Table 5).

Table 3 Comparison of Clinical Efficacy

Variable Subsidence Non-Subsidence P
Group (n=39) Group (n=92)

Preoperative VAS scores for lower back pain 7.43+0.71 7.11+0.93 0.465
VAS score for lower back pain at the last follow-up 2.46+0.68 2.04+0.80 0.005
Preoperative VAS scores for leg pain 6.36%1.28 6.49£1.16 0.616
VAS scores for leg pain at the last follow-up 1.79+0.74 1.82+0.68 0.837
Preoperative ODI score 59.23+9.84 56.30+£9.91 0.124
Postoperative ODI score at the last follow-up 27.22+5.70 23.75+6.81 0.006

Notes: The value is presented as mean * SD, p-value corresponds to independent t-test.
Abbreviations: VAS, Visual Analogue Scale; ODI, Oswestry Disability Index.

Table 4 Results of Univariable Logistic Regression Analysis

Variable OR value | 95% CI P

Age 1.06 1.0I-1.11 | 0.029
Osteoporosis 3.71 1.54-8.93 | 0.0034
MMA ratio 0.72 0.64-0.82 | 0.001
Intervertebral height correction 2.34 1.49-3.68 | 0.0002
Lumbar lordosis angle correction (°) 1.62 1.23-2.13 | 0.0006
Loss of lumbar lordosis angle (°) 1.87 1.44-2.42 | <0.0001
Segment lordosis angle correction (°) | 1.69 1.33-2.13 | < 0.0001
Loss of segment lordosis angle (°) 1.52 1.15-2.02 | 0.0037

Abbreviation: MMA, multifidus muscle atrophy.
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Table 5 Multivariable Logistic Regression Analysis

Variable OR value 95% ClI P

MMA ratio 0.73 0.64-0.82 0.012
Intervertebral height correction 11.19 3.56-48.85 0.0001
Segment lordosis angle correction 3.43 1.82-6.45 0.0001

Abbreviation: MMA, multifidus muscle atrophy.

Considering potential multicollinearity during multivariable modelling, we performed a collinearity diagnosis for the
continuous variables mentioned above. The variance inflation factor values for each variable were all less than 10,
indicating no collinearity among the factors. The final results are shown in Table 5.

Discussion

Cage subsidence may occur after TLIF surgery, with an average time of 7.2 months postoperatively.'® In the case of
XLIF, it generally occurs within the first 1.5 months after surgery, with few new occurrences after 3 months.”* For ALIF,
most cases occur within 3 months after surgery. Over time, the incidence does not significantly increase.”* A follow-up
period of 12 months was selected for the assessment of cage subsidence to ensure sufficient time for interbody fusion to
mature and to capture late-onset subsidence events, as previous literature suggests that most subsidence occurs within the
first year postoperatively.'*** 2

Our multivariable logistic regression analyses indicated that MMA, intervertebral height correction, and segment
lordosis correction are independent risk factors for cage subsidence after TLIF surgery in patients with DLS.

Intervertebral height correction is a risk factor for cage subsidence. There are several possible reasons for this. To
improve a patient’s intervertebral stenosis and nerve root symptoms, the surgeon might excessively increase the height of
the intervertebral space during surgery. This can also occur due to incorrect placement of the fusion cage. Furthermore,
a large amount of bone graft material might be implanted in the intervertebral space to promote a better bone fusion rate.
The chosen size of the fusion cage itself might also be unsuitable These factors can all lead to an overcorrection of the
intervertebral height, resulting in increased pressure on the surgical segment, which in turn can cause the fusion cage to
sink or collapse. In addition, overcorrection of the intervertebral height can damage the vertebral endplates during
surgery, further suggesting that intervertebral height correction is a risk factor for cage subsidence.*

Correcting the lordosis angle at the surgical segment too much is also a risk factor for subsidence. Achieving the
correct segmental lordosis angle is crucial for restoring the natural curve of the lower lumbar spine, as it normally
accounts for around 60% of the total physiological lumbar lordosis.”” Patients with DLS often have significant
degeneration of the intervertebral disc, with a notable decrease in intervertebral height and loss of the segmental lordosis
angle. In their efforts to restore the original segmental lordosis angle, surgeons may sometimes overcorrect it.

In a study of patients undergoing minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF) using
a banana-shaped cage, the correction of intervertebral height and segmental lordosis angle was significantly greater than
that of a straight-shaped cage, and the incidence of subsidence was also significantly increased.?® Less invasive surgery
can reduce systemic inflammatory index and systemic inflammatory response index, but there is a lack of relevant
research on whether it affects the cage subsidence in TLIF.?

If doctors excessively pursue angle correction to restore lumbar lordosis, it can lead to more endplate damage than
anticipated, resulting in corresponding clinical complications, such as cage subsidence. Such findings indicate that
correction of segmental lordosis angle is a risk factor for cage subsidence. Clinically, effective intervention to correct
intervertebral height and segmental lordosis angle can reduce the rate of subsidence after TLIF for lumbar
spondylolisthesis.*°

The degree of atrophy of the multifidus muscle is also an independent risk factor for subsidence; the greater the
degree of atrophy, the higher the incidence of subsidence.’'** This muscle plays an important role in maintaining the
sagittal alignment of the lumbar spine and lumbar lordosis. Theoretically, in patients with severe multifidus atrophy, the
role of this muscle weakens.>? Due to the strong fixation provided by the posterior column of the spine, the supporting
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role of the anterior column is diminished in patients with severe multifidus atrophy, leading to a loss of intervertebral
height and subsequent subsidence. Our results validate this hypothesis, indicating that the degree of multifidus atrophy
does have an impact on subsidence after fusion surgery. Weerasak et al found that the correlation between multifidus
atrophy and cage subsidence was the strongest following MIS-TLIF; patients with severe multifunction atrophy had
a subsidence rate of 76.0% compared to normal patients.”® In addition, subsidence can lead to exacerbation of pain
symptoms in the back and leg during the early postoperative period (3 months).>* The atrophy of the multifidus muscle
leads to decreased stability of the lumbar segment, which in turn results in subsidence. Therefore, these patients may
require additional pedicle screw fixation to avoid severe subsidence.>> Clinicians should pay attention to protecting the
MMA in their work to help reduce cage subsidence, such as through surgical techniques, surgical methods, and back
muscle exercises. In our study, there was a significant correlation between cage subsidence and at the last follow-up for
lower back pain and also for ODI scores. Furthermore, subsidence was closely related to the decrease in the cross-
sectional area of the multifidus muscle and the increase in fat infiltration rate before surgery.

Considering these results, there is reason to speculate that MMA is an independent risk factor for cage subsidence
after TLIF. Prehabilitation training and postoperative physiotherapy regimen can be implemented to alleviate post-
operative low back pain and enhance quality of life following TLIF surgery. This can include: (1) Educational booklet
and video; (2) An in-person physical therapy (PT) session; and (3) A telemedicine visit with a physiatrist.***” In the
future, clinical intervention aimed at addressing MMA may reduce the subsidence rate following TLIF for lumbar
spondylolisthesis, which could improve clinical outcomes such as lower back pain and ODI scores.

Osteoporosis is closely associated with cage subsidence after lumbar interbody fusion. In one study, osteoporosis was
an important risk factor for both cage position migration and backward movement.*® In addition, in MIS-TLIF,
osteoporosis is a significant risk factor for postoperative subsidence.”® These findings indicate that osteoporosis is
a critical risk factor and effective treatments for osteoporosis could help prevent subsidence.** We initially employed
a two-factor modelling approach and found that the degree of intervertebral height correction, lumbar lordosis correction,
and lordosis correction at the surgical segment achieved during surgery did not show statistically significant differences
in relation to outcomes in osteoporosis patients. Thus, we hypothesised that osteoporosis might act as a mediating factor.

This study had some limitations. Due to the significantly higher incidence of DLS in females compared to males, and
the relatively low rate of smoking among middle-aged and older women, we did not include smoking as a potential factor
influencing cage subsidence. The imaging data measurements were performed manually, which inherently introduces
some error and is time-consuming. Currently, most rod-screw systems are made of titanium implants, and metallic
artifacts in postoperative MRI and CT scans significantly interfere with the measurement of paravertebral muscles.
Therefore, we were unable to measure the degree of multifidus atrophy postoperatively. The subsidence group exhibits
a lower prevalence of male patients. Further sample collection is required to facilitate the inclusion of more male subjects
to the study. We also did not compare subsidence between cages from different manufacturers and with different
specifications.

Conclusion

Intervertebral height correction, segment lordosis angle correction and MMA are all independent risk factors for cage
subsidence after TLIF for DLS. When selecting TLIF as a treatment for patients with L4/5 DLS, these factors should be
considered. In clinical practice, preoperative physiotherapy and core muscle strengthening programs aimed at improving
multifidus muscle quality can reduce multifidus muscle atrophy. Meanwhile, selecting an appropriate cage height and
avoiding excessive correction of the lordotic angle can be used to reduce the rate of cage subsidence after TLIF and
improve patient clinical outcomes.
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