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Abstract 

Background 
Spondylolisthesis may cause chronic low back pain, radiculopathy, neurological deficits, and functional disability. Surgical 

treatment is indicated in patients with persistent symptoms despite conservative management or progressive neurological 

impairment. Pedicular screw-rod fixation with posterolateral fusion provides spinal stabilization and promotes fusion. 

Objectives: To evaluate the clinical, functional, radiological, and neurological outcomes of patients with spondylolisthesis 

treated with pedicular screw-rod fixation and posterolateral fusion. 

Materials and methods 
A retrospective observational study was conducted at Katihar Medical College, Bihar, India. Medical records of 30 patients 

who underwent surgical management for spondylolisthesis between November 2023 and November 2025 were reviewed. 

Demographic, clinical, radiological, operative, and postoperative data were collected. Functional outcomes were assessed 

using the visual analogue scale (VAS), Oswestry Disability Index (ODI), and modified MacNab criteria. Radiological fusion 

and postoperative complications were also evaluated. Statistical analysis was performed using IBM SPSS Statistics version 

26.0. 

Results 
The mean age was 46.8 ± 11.2 years, with females comprising 60.0% of patients. Degenerative spondylolisthesis was 

predominant (63.3%), and L4–L5 was the most commonly affected level (56.7%). Mean VAS scores improved from 7.8 ± 

1.1 preoperatively to 2.1 ± 0.9 at final follow-up (p<0.001), while ODI scores improved from 58.6 ± 10.5 to 18.4 ± 7.3 

(p<0.001). Radiological fusion was achieved in 93.3% of patients, and 86.7% achieved excellent or good outcomes 

according to modified MacNab criteria. No implant failure or revision surgery occurred. 

Conclusion 
Pedicular screw-rod fixation with posterolateral fusion resulted in significant pain relief, functional improvement, and high 

fusion rates with few postoperative complications. 

Recommendation 
This procedure may be considered an effective surgical option for appropriately selected patients with symptomatic lumbar 

spondylolisthesis. Larger multicenter studies with longer follow-up are recommended. 
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Introduction 
Spondylolisthesis is a spinal disorder characterized by the 

anterior displacement of one vertebral body over the 

adjacent vertebra, resulting in varying degrees of spinal 

instability, neural compression, and chronic mechanical low 

back pain. It is one of the most common causes of persistent 

lumbar pain and radiculopathy in adults and can 

substantially impair functional capacity and quality of life. 

The condition may arise due to congenital abnormalities, 

defects in the pars interarticularis, degenerative changes, 

trauma, pathological processes, or previous spinal surgery. 

Among these, degenerative and isthmic spondylolisthesis 

account for the majority of adult cases encountered in 

routine orthopaedic practice.¹⁻³ 

The prevalence of spondylolisthesis in the general 

population ranges from approximately 4% to 8%, with 

considerable variation according to age, sex, ethnicity, and 

underlying etiology. Degenerative spondylolisthesis 

predominantly affects elderly individuals, particularly 

women, owing to progressive degeneration of the 

intervertebral discs, facet joints, and ligamentous structures. 

In contrast, isthmic spondylolisthesis commonly affects 

younger adults and is associated with defects or stress 

fractures of the pars interarticularis. The lumbar spine, 

particularly the L4–L5 and L5–S1 levels, is most frequently 

involved because these segments are subjected to substantial 

mechanical loading and motion.⁴⁻⁶ 

Patients with spondylolisthesis commonly present with 

chronic low back pain, radicular pain, neurogenic 

claudication, lower-limb numbness, weakness, or gait 

disturbances. The severity of symptoms depends upon the 

degree of vertebral slippage, spinal canal stenosis, foraminal 

narrowing, instability, and neural element compression. 

Radiographic evaluation using standing anteroposterior and 

lateral radiographs remains the primary diagnostic modality 

for assessing vertebral translation and grading slip according 

to the Meyerding classification. Magnetic resonance 

imaging (MRI) provides valuable information regarding 

neural compression, disc degeneration, ligamentous 

hypertrophy, and associated spinal canal stenosis, whereas 

computed tomography (CT) is particularly useful for 

evaluating pars defects and postoperative fusion.⁷⁻⁹ 

Initial management of low-grade spondylolisthesis 

generally consists of conservative treatment including 

activity modification, analgesics, physiotherapy, lumbar 

stabilization exercises, and epidural steroid injections when 

indicated. Although many patients improve with non-

operative management, surgery becomes necessary in those 

with persistent disabling pain, progressive neurological 

deficits, radiological instability, progressive vertebral slip, 

or failure of conservative therapy. The principal goals of 

surgery include adequate neural decompression, restoration 

of spinal stability, promotion of solid fusion, correction of 

deformity where appropriate, and improvement of 

functional outcomes.¹⁰⁻¹² 

Posterior spinal instrumentation using pedicular screw-rod 

fixation combined with posterolateral fusion has become 

one of the most widely accepted surgical techniques for 

managing symptomatic lumbar spondylolisthesis. Pedicle 

screw fixation provides rigid three-column stabilization, 

facilitates reduction of vertebral slip, restores sagittal 

alignment, and creates a favorable biomechanical 

environment for spinal fusion. Posterolateral fusion using 

autologous bone graft promotes biological fusion between 

adjacent transverse processes, thereby minimizing 

postoperative instability and reducing the likelihood of 

implant failure. Advances in spinal instrumentation, surgical 

techniques, and perioperative care have significantly 

improved fusion rates and clinical outcomes over the past 

two decades.¹³⁻¹⁶ 

Numerous clinical studies have demonstrated significant 

improvements in pain relief, neurological recovery, 

functional status, and quality of life following pedicle screw 

fixation and posterolateral fusion. Functional assessment 

tools such as the visual analogue scale (VAS), oswestry 

disability index (ODI), and modified MacNab criteria are 

widely used to evaluate postoperative recovery and patient 

satisfaction. Nevertheless, reported outcomes vary 

according to patient age, duration of symptoms, degree of 

vertebral slip, type of spondylolisthesis, associated spinal 

stenosis, and surgical technique employed. Furthermore, 

evidence from tertiary care centers in eastern India remains 

relatively limited despite the increasing number of spinal 

stabilization procedures being performed.¹⁷⁻²⁰ 

Katihar Medical College serves as a major referral center for 

spinal disorders in Bihar and neighboring regions, managing 

a substantial number of patients requiring surgical 

intervention for lumbar spondylolisthesis. Evaluating 

institutional outcomes is important for assessing the 

effectiveness and safety of contemporary surgical 

techniques in routine clinical practice. Such information 

may assist surgeons in optimizing patient selection, 

improving surgical planning, counseling patients regarding 

expected outcomes, and identifying factors associated with 

successful recovery. 
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Therefore, the present retrospective observational study was 

undertaken to evaluate the clinical, functional, radiological, 

and neurological outcomes of patients with 

spondylolisthesis treated with pedicular screw-rod fixation 

and posterolateral fusion at Katihar Medical College over 

two years. The study also aimed to assess postoperative 

complications, fusion rates, pain relief, and functional 

improvement following surgical management. 

 

Materials and methods 

Study design and setting 
This retrospective observational study was conducted in the 

Department of Orthopaedics, Katihar Medical College, 

Katihar, Bihar, India. The study evaluated the clinical and 

functional outcomes of patients with lumbar 

spondylolisthesis who underwent surgical management 

using pedicle screw-rod fixation with posterolateral fusion 

between November 2023 and November 2025. Hospital 

records, operative notes, radiological investigations, and 

follow-up records were retrospectively reviewed after 

obtaining approval from the institutional ethics committee. 

 
Study population 
A total of 30 patients diagnosed with symptomatic lumbar 

spondylolisthesis who underwent posterior decompression, 

pedicular screw-rod fixation, and posterolateral fusion 

during the study period were included in the analysis. 

Patients were identified from the operation theatre register 

and medical record department based on predefined 

eligibility criteria. 

 

Inclusion criteria 
Patients fulfilling all of the following criteria were included: 

• Age ≥18 years  

• Radiologically confirmed lumbar 

spondylolisthesis (degenerative or isthmic)  

• Persistent low back pain with or without 

radiculopathy despite adequate conservative 

treatment for at least 3 months  

• Patients treated surgically with pedicular screw-

rod fixation and posterolateral fusion  

• Availability of complete medical records, 

operative details, radiological investigations, and 

follow-up data  

• Minimum postoperative follow-up of 12 months  

 

 

Exclusion criteria 
Patients with any of the following conditions were excluded: 

• Cervical or thoracic spondylolisthesis  

• Previous lumbar spinal surgery  

• Traumatic or pathological vertebral fractures  

• Spinal infections or spinal tumors  

• Congenital spinal deformities requiring complex 

reconstruction  

• Incomplete medical records  

• Patients lost to follow-up before one year  

 

Preoperative evaluation 
Data were retrieved from patient records and included: 

• Demographic variables 

• Age  

• Sex  

• Occupation  

• Body mass index (BMI)  

• Clinical variables 

• Duration of symptoms  

• Low back pain  

• Radicular pain  

• Neurogenic claudication  

• Neurological deficits  

• Comorbidities  

• Previous conservative treatment  

 

Radiological assessment 
All patients underwent standardized imaging before surgery, 

including: 

• Standing anteroposterior and lateral radiographs of 

the lumbosacral spine  

• Dynamic flexion-extension radiographs for 

assessment of instability  

• Magnetic resonance imaging (MRI)  

• Computed tomography (CT) scan whenever 

required for detailed bony evaluation  

 

The following parameters were documented: 

• Level of spondylolisthesis  

• Type of spondylolisthesis (degenerative/isthmic)  

• Meyerding grade  

• Degree of spinal canal stenosis  

• Presence of nerve root compression  

• Associated disc degeneration  
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Surgical technique 
All procedures were performed under general anesthesia by 

experienced spine surgeons. 

Patients were positioned prone on a radiolucent operating 

table. A standard posterior midline approach was used to 

expose the affected vertebral levels. 

Following adequate decompression of neural elements, 

pedicle screws were inserted under fluoroscopic guidance 

into the affected vertebrae. Titanium rods were applied to 

restore spinal alignment and stabilize the involved segment. 

Posterolateral fusion was performed by decorticating the 

transverse processes and placing autologous cancellous 

bone graft harvested from the posterior iliac crest or local 

bone obtained during decompression. 

Proper implant positioning was confirmed using 

intraoperative fluoroscopy before wound closure in layers 

over a suction drain whenever indicated. 

 

Postoperative management 
All patients received standardized postoperative care 

including: 

• Intravenous antibiotics according to institutional 

protocol  

• Adequate analgesia  

• Early mobilization using a lumbar support brace  

• Physiotherapy focusing on ambulation and gradual 

spinal strengthening exercises  

• Wound inspection and suture removal 

approximately two weeks after surgery  

• Patients were advised to avoid heavy lifting and 

excessive spinal flexion during the initial 

postoperative period. 

 

Follow-up protocol 
Patients were evaluated at regular intervals: 

• 6 weeks  

• 3 months  

• 6 months  

• 12 months  

 

During each follow-up visit, the following assessments were 

performed: 

• Clinical examination  

• Neurological examination  

• Visual analogue scale (VAS) for pain  

• Oswestry disability index (odi)  

• Standing lumbar radiographs to assess implant 

position and fusion  

• Documentation of postoperative complications  

 

Outcome measures 
 

Primary outcome 
Functional improvement measured by the oswestry 

disability index (ODI) at final follow-up.  

 

Secondary outcomes 
• Improvement in pain using the visual analogue 

scale (VAS)  

• Neurological recovery  

• Radiological evidence of successful posterolateral 

fusion  

• Improvement according to modified Macnab 

criteria  

• Duration of surgery  

• Intraoperative blood loss  

• Length of hospital stay  

• Postoperative complications including wound 

infection, implant loosening, implant failure, 

pseudoarthrosis, dural tear, neurological 

deterioration, and reoperation  

 

Statistical analysis 
Data were entered into Microsoft Excel and analyzed using 

IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, 

NY, USA). 

Continuous variables were assessed for normality using the 

Shapiro–Wilk test and expressed as mean ± standard 

deviation (SD) or median (interquartile range) where 

appropriate. 

Categorical variables were presented as frequencies and 

percentages. 

Comparisons between preoperative and postoperative 

continuous variables, including VAS and ODI scores, were 

performed using the paired Student's t-test for normally 

distributed data or the Wilcoxon signed-rank test for non-

normally distributed data. 

Categorical variables were analyzed using the chi-square 

test or Fisher's exact test, as appropriate. 

A p-value <0.05 was considered statistically significant. 
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Ethical considerations 
The study protocol was reviewed and approved by the 

institutional ethics committee of Katihar Medical 

College, Katihar, Bihar, prior to data collection. 
As this was a retrospective observational study based on 

hospital medical records, the requirement for individual 

informed consent was waived by the institutional ethics 

committee. Strict confidentiality of patient information was 

maintained throughout the study, and all data were 

anonymized before analysis. The study was conducted in 

accordance with the ethical principles of the Declaration of 

Helsinki (2013 revision). 

 

Results 
A total of 30 patients with symptomatic lumbar 

spondylolisthesis who underwent pedicular screw-rod 

fixation with posterolateral fusion between November 2023 

and November 2025 were included in the study. Complete 

demographic, clinical, radiological, operative, and follow-

up records were available for all patients, and all were 

included in the final analysis. 

 

Baseline demographic and clinical 
characteristics 
The mean age of the study population was 46.8 ± 11.2 years 

(range: 24–68 years). Females constituted 60.0% of the 

study population (18/30), while males accounted for 40.0% 

(12/30). Degenerative spondylolisthesis was the 

predominant diagnosis, observed in 19 patients (63.3%), 

whereas 11 patients (36.7%) had isthmic spondylolisthesis. 

Low back pain was present in all patients (100%), followed 

by radiculopathy (80.0%), neurogenic claudication (36.7%), 

and neurological deficits (23.3%). The detailed baseline 

demographic and clinical characteristics are presented in 

Table 1, while the sex distribution is illustrated in Figure 1 

 

Table 1. Baseline demographic and clinical characteristics 

Variable Value 

Number of patients 30 

Age (years), mean ± SD 46.8 ± 11.2 

Male, n (%) 12 (40.0) 

Female, n (%) 18 (60.0) 

Mean duration of symptoms (months) 14.7 ± 6.5 

Degenerative spondylolisthesis, n (%) 19 (63.3) 

Isthmic spondylolisthesis, n (%) 11 (36.7) 

Low back pain, n (%) 30 (100) 

Radiculopathy, n (%) 24 (80.0) 

Neurogenic claudication, n (%) 11 (36.7) 

Neurological deficit, n (%) 7 (23.3) 

 

Distribution according to vertebral level and 

Meyerding grade 
The L4–L5 level was the most commonly affected vertebral 

segment, accounting for 17 patients (56.7%), followed by 

L5–S1 in 11 patients (36.7%), while L3–l4 involvement 

was uncommon (6.6%). According to the Meyerding 

classification, grade I spondylolisthesis was most common 

(60.0%), followed by grade II (33.3%) and grade III (6.7%). 

These findings are summarized in Table 2 
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Table 2. Distribution of vertebral level and Meyerding grade 

Variable Number (%) 

Affected level  

L4–l5 17 (56.7) 

L5–s1 11 (36.7) 

L3–l4 2 (6.6) 

Meyerding grade  

Grade i 18 (60.0) 

Grade ii 10 (33.3) 

Grade iii 2 (6.7) 

 

Operative characteristics 
The mean operative duration was 139.4 ± 22.7 minutes, with an average intraoperative blood loss of 356.8 ± 81.5 mL. The 

mean postoperative hospital stay was 6.8 ± 1.7 days. Operative details are summarized in Table 3. 

 

Table 3. Operative characteristics 

Variable Mean ± sd 

Duration of surgery (minutes) 139.4 ± 22.7 

Blood loss (mL) 356.8 ± 81.5 

Hospital stay (days) 6.8 ± 1.7 

 

Functional outcome 
Marked improvement in both pain intensity and functional 

disability was observed following surgery. The mean visual 

analogue scale (VAS) score significantly decreased from 

7.8 ± 1.1 preoperatively to 2.1 ± 0.9 at the final follow-up (p 

< 0.001). Similarly, the mean oswestry disability index 

(ODI) improved significantly from 58.6 ± 10.5 before 

surgery to 18.4 ± 7.3 at the final follow-up (p < 0.001). 

These findings are presented in Table 4. 

 

Table 4. Comparison of preoperative and postoperative functional outcomes 

Variable Preoperative Final follow-up P-value 

VAS score 7.8 ± 1.1 2.1 ± 0.9 <0.001 

ODI score 58.6 ± 10.5 18.4 ± 7.3 <0.001 

 

Radiological outcome 
Radiological assessment demonstrated successful 

posterolateral fusion in 28 patients (93.3%), while 2 

patients (6.7%) exhibited delayed fusion without evidence 

of implant failure or the need for revision surgery. Fusion 

outcomes are summarized in Table 5. 

 

Table 5. Radiological fusion status 

Fusion status Number (%) 

Solid fusion achieved 28 (93.3) 

Delayed fusion 2 (6.7) 

Implant failure 0 
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Fusion status Number (%) 

Revision surgery 0 

 

Functional outcome according to modified 

Macnab criteria 
Based on the modified Macnab criteria, 15 patients (50.0%) 

achieved an excellent outcome, 11 (36.7%) had a good 

outcome, 3 (10.0%) had a fair outcome, and 1 patient 

(3.3%) had a poor outcome. Overall, 86.7% of patients 

experienced satisfactory clinical outcomes (excellent or 

good). These results are summarized in Table 6. 

 

Table 6. Modified MacNab outcome 

Outcome Number (%) 

Excellent 15 (50.0) 

Good 11 (36.7) 

Fair 3 (10.0) 

Poor 1 (3.3) 

 

Postoperative complications 
Postoperative complications were uncommon and were 

successfully managed without major sequelae. Superficial 

wound infection, dural tear, and transient neurological 

deficit each occurred in 1 patient (3.3%), while delayed 

fusion was observed in 2 patients (6.7%). No cases of 

implant failure, deep wound infection, revision surgery, or 

mortality were recorded during the follow-up period. These 

findings are summarized in Table 7. 

 

Table 7. Postoperative complications 

Complication Number (%) 

Superficial wound infection 1 (3.3) 

Dural tear 1 (3.3) 

Transient neurological deficit 1 (3.3) 

Delayed fusion 2 (6.7) 

Implant failure 0 

Deep infection 0 

Revision surgery 0 

 

Overall, surgical management of lumbar spondylolisthesis 

using pedicular screw-rod fixation with posterolateral fusion 

resulted in significant improvements in pain relief, 

functional status, and spinal stability. High radiological 

fusion rates, favorable modified MacNab outcomes, and a 

low incidence of postoperative complications further 

support the safety and effectiveness of this surgical 

technique. 

 

Discussion 
The present retrospective observational study evaluated the 

clinical and functional outcomes of patients with lumbar 

spondylolisthesis treated with pedicular screw-rod fixation 

and posterolateral fusion at Katihar Medical College. The 

findings demonstrated significant improvement in pain, 

functional disability, neurological status, and radiological 

fusion following surgery. Most patients achieved 

satisfactory clinical outcomes with minimal complications, 

supporting the effectiveness of posterior spinal stabilization 

in the management of symptomatic lumbar 

spondylolisthesis. 

In the present study, the mean age of the patients was 46.8 ± 

11.2 years, with a female predominance (60.0%). 

Degenerative spondylolisthesis constituted nearly two-
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thirds of all cases, while isthmic spondylolisthesis 

accounted for the remainder. These observations are 

consistent with previous epidemiological studies, which 

have shown that degenerative spondylolisthesis is more 

common among middle-aged and elderly women due to 

progressive degeneration of the intervertebral disc and facet 

joints, whereas isthmic spondylolisthesis is relatively more 

frequent in younger individuals with pars interarticularis 

defects.²¹⁻²³ 

The most commonly affected vertebral level in the present 

study was L4–L5, followed by L5–S1, and most patients 

had grade I Meyerding spondylolisthesis. A similar 

anatomical distribution has been reported in previous 

studies, where the L4–L5 segment is particularly susceptible 

to degenerative changes because of its high mechanical 

stress and mobility. Lower-grade slips are generally 

associated with better postoperative recovery and favorable 

long-term outcomes following instrumented fusion.²⁴˒²⁵ 

Significant postoperative pain relief was observed in the 

present study. The mean visual analogue scale (VAS) score 

improved from 7.8 ± 1.1 preoperatively to 2.1 ± 0.9 at final 

follow-up (p < 0.001). This substantial reduction reflects 

successful neural decompression and restoration of spinal 

stability achieved through pedicle screw fixation. 

Comparable improvements in pain scores have been 

reported by försth et al., Ghogawala et al., and subsequent 

systematic reviews evaluating instrumented lumbar fusion 

for degenerative spondylolisthesis.²⁶⁻²⁸ 

Functional outcome also improved remarkably following 

surgery. The mean oswestry disability index (ODI) 

decreased from 58.6 ± 10.5 before surgery to 18.4 ± 7.3 after 

surgery (p < 0.001), indicating marked improvement in daily 

activities and quality of life. Similar improvements have 

been reported by contemporary prospective studies 

evaluating pedicle screw fixation and posterolateral fusion, 

confirming that surgical stabilization significantly reduces 

disability in patients with symptomatic lumbar 

spondylolisthesis.²⁹˒³⁰ 

Radiological assessment demonstrated a 93.3% fusion rate, 

which is comparable with fusion rates reported in modern 

spinal instrumentation studies. Advances in pedicle screw 

technology, improved surgical techniques, and meticulous 

graft placement have contributed to consistently high fusion 

rates exceeding 90% in recent literature. Successful fusion 

remains one of the strongest predictors of favorable long-

term clinical outcomes and spinal stability.³¹ 

According to the modified Macnab criteria, 86.7% of 

patients achieved excellent or good clinical outcomes. 

Furthermore, postoperative complications were infrequent, 

and no cases of implant failure, deep infection, or revision 

surgery were encountered. Similar safety profiles have been 

reported in large retrospective and prospective series, where 

pedicle screw fixation demonstrated excellent mechanical 

stability with low complication rates when performed by 

experienced spine surgeons.³²˒³³ 

The present study has several strengths. It evaluated both 

clinical and radiological outcomes using standardized 

assessment tools, included complete follow-up for all 

patients, and reflected real-world surgical practice at a 

tertiary care teaching hospital. These findings provide useful 

evidence regarding the effectiveness of pedicular screw-rod 

fixation with posterolateral fusion in routine orthopaedic 

practice. 

 
Generalizability 
The findings of this study may be applicable to adult patients 

with symptomatic lumbar spondylolisthesis who undergo 

pedicular screw-rod fixation with posterolateral fusion in 

similar tertiary-care orthopaedic settings. The study 

included patients with degenerative and isthmic 

spondylolisthesis and demonstrated favorable clinical and 

radiological outcomes following surgical treatment. 

However, generalization to other populations should be 

made with caution because the study was conducted at a 

single institution and included a relatively small sample of 

30 patients. Differences in patient characteristics, disease 

severity, surgical expertise, perioperative protocols, and 

available healthcare resources may influence outcomes. 

Therefore, these findings provide useful evidence for similar 

clinical settings but may not be directly generalizable to all 

patient populations or healthcare systems. Larger 

multicenter studies involving diverse patient populations are 

required to establish the broader applicability of these 

findings. 

 

Conclusion 
Pedicular screw-rod fixation with posterolateral fusion is a 

safe and effective surgical treatment for symptomatic 

lumbar spondylolisthesis. It provides significant pain relief, 

improves functional outcomes, achieves a high rate of spinal 

fusion, and is associated with a low complication rate. The 

procedure resulted in excellent or good clinical outcomes in 

the majority of patients, supporting its role as a reliable 

surgical option.  
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Limitations 
This study has several limitations. First, its retrospective 

design may have introduced selection and information bias 

because the analysis was based on existing medical records. 

Second, the study was conducted at a single tertiary-care 

center with a relatively small sample size of 30 patients, 

which may limit the statistical power and generalizability of 

the findings. Third, the absence of a control or comparison 

group prevents direct comparison with alternative surgical 

or non-surgical treatment approaches. Finally, although a 

minimum follow-up of 12 months was available, the follow-

up period was insufficient to evaluate long-term outcomes 

such as adjacent-segment degeneration, long-term implant 

survival, and late complications. These limitations should be 

considered when interpreting the findings. 

 

Recommendations 
Pedicular screw-rod fixation combined with posterolateral 

fusion may be considered an effective surgical option for 

appropriately selected patients with symptomatic lumbar 

spondylolisthesis, particularly those with persistent 

symptoms despite conservative management or neurological 

impairment. Future multicenter prospective studies with 

larger sample sizes and longer follow-up are recommended 

to confirm the clinical and radiological benefits of this 

technique, evaluate long-term complications, and compare 

outcomes with alternative surgical approaches. 

Further multicenter prospective studies with larger sample 

sizes and longer follow-up are recommended to validate 

these findings. 
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