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Abstract 
 

Background: Lower back pain is a common cause of disability that affects mobility and quality of life (QOL) in both adult and elderly 
patients. Initial management of lower back pain includes anti-inflammatory drugs, analgesics, physiotherapy, and epidural steroid 
infiltration. Despite multiple attempts of conservative management, if a patient develops refractory radicular pain with or without 
neurologic deficit and claudication, surgery is indicated. The two main approaches to surgical intervention include decompression 
(laminectomy only) and decompression with fusion [transforaminal lumbar interbody fusion (TLIF)]. 
Methods: The study was done between May 2019 and November 2022. In this randomized study, we compared the clinical outcome 
of TLIF and laminectomy for single-level lumbar canal stenosis with grade 1 and 2 spondylolisthesis. Forty patients with single-level 
lumbar canal stenosis with grade 1 and 2 spondylolisthesis were randomly divided into two equal groups. Patients in both groups 
were followed up for 2 years. 
Results: In this study, we also noted estimated amount of blood loss, procedure time, time taken for ambulation, length of 
hospitalization, and demography. The Oswestry Disability Index (ODI) scores improved significantly postoperatively. The modified 
MacNab criteria suggest the outcomes rated as excellent/good rate of 90% in TLIF and 85% in laminectomy. 
Conclusion: We evaluated that TLIF procedures were associated with slightly more significant improvement in clinical outcomes in 
all of the scoring systems that were applied; TLIF provides early ambulation but a higher cost of treatment and longer hospital stay 
compared to laminectomy. Laminectomy procedures are associated with lesser economic burden, hospital stay, and blood loss, as 
well as shorter surgical duration compared to TLIF. 
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Background 

Lower back pain is a common cause of disability that 
affects mobility and quality of life (QOL) in both adult and 
elderly patients. There are various factors for the onset of 
back pain including degenerative disc diseases, facet joint 
arthropathy, prolapse of the intervertebral disc, 
spondylolysis, spondylolisthesis, tumors, and infections 
such as tuberculosis. Initial management of lower back 
pain includes anti-inflammatory drugs, analgesics, 
physiotherapy, and epidural steroid infiltration (1). 
Despite multiple attempts of conservative management, if 
a patient develops refractory radicular pain with or 
without neurologic deficit and claudication, surgery is 
indicated (1, 2). The two main approaches to surgical 
intervention include decompression (laminectomy only) 
and decompression with fusion [transforaminal lumbar 
interbody fusion (TLIF)]. Lumbar spinal fusion was 
introduced about 70 years ago. It has evolved as a 
treatment option for symptomatic lumbar degenerative 
disease (3). TLIF is usually performed if preoperative 
lumbar spinal deformity and high-rade instability exist 
that could worsen after laminectomy alone (4). 

Interbody fusion can be done by various methods, 
including posterior lumbar interbody fusion (PLIF), TLIF, 
minimally invasive TLIF (MI-TLIF), oblique lateral 
interbody fusion (OLIF), lateral lumbar interbody fusion 
(LLIF), and anterior lumbar interbody fusion (ALIF). 
Nowadays, TLIF and MI-TLIF are very effective and 
commonly performed procedures for the management of 
lumbar degenerative diseases. Harms and Jeszenszky 
developed a posterior approach for the fusion of the 
anterior and posterior sections of the spine (5). In 1982, 
Harms and Rolinger placed bone grafts packed in 
titanium mesh via a transforaminal route into the disc 
space, known as TLIF (6). 

The lumbar disc degenerates because of an imbalance 
in its anabolic and catabolic activity (7, 8). The fluid 
content of the disc reduces along with disease progression 
or along with increases in age resulting in the formation 
of fissures in the nucleus pulposus. When dehydration 
state extends up to annulus fibrosus, the condition is 
known as chondrosis intervertebralis. In advanced stages 
of disease progression, there is degenerative destruction 
of the disc, vertebral endplates, and vertebral bodies (9). 

Absolute indications of TLIF include: 
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• Symptomatic moderate-to-high-grade spondylolisthesis, 
degenerative scoliosis (curve progression > 30°), and 
stenosis associated with instability at the spine 

• Facet joint disease and in cases where > 50% of the facet 
joints are resected 

• Post-laminectomy instability or revision decompression 
at the same level 

• Failed lumbar fusion with other techniques 
Relative indications of TLIF include: 
• Lumbar canal stenosis with symptomatic grade 1 and 2 

spondylolisthesis not responding to conservative 
management for more than 3 consecutive months  

• Recurrent or massive disc herniation not responding 
to conservative management for more than 3 
consecutive months 

• Pseudarthrosis 
The goal of this study is to find out the efficacy of TLIF 

in comparison to laminectomy for single-level lumbar 
canal stenosis with grade 1 and 2 spondylolisthesis. 
 
Methods 

The Local Ethics Committee has agreed to this study 
performed under the Department of Orthopedics at SRG 
Hospital Jhalawar (Rajasthan, India) between May 2019 
and November 2022. In our randomized study, we 
compared the clinical outcome of TLIF and laminectomy 
for single-level lumbar canal stenosis with grade 1 and 2 
spondylolisthesis. Forty patients with single-level lumbar 
canal stenosis with grade 1 and 2 spondylolisthesis were 
randomly divided into two equal groups. Patients in both 
groups were followed up for 2 years. The mean age of the 
study population was 56 years. Out of 40 patients, 13 
patients were between 40 and 49 years, 19 patients were 
between 50 and 59 years, and 8 patients were between 60 
and 69 years. 
Inclusion Criteria of Surgery 
• Patient presenting with typical symptoms, like radicular 

pain, numbness, motor/sensory deficit, and neurogenic 
claudication 

• Computed tomography (CT) and magnetic resonance 
imaging (MRI) indicating single-level lumbar canal 
stenosis with grade 1 and 2 spondylolisthesis 

• History of failed conservative treatment for more than  
3 consecutive months or progressive neurological 
symptoms despite medical management 

• Elderly or adult patients who had the mental ability to 
give informed consent for treatment and agree to surgery 
Patients having active infection, malignancies, high-

grade spondylolisthesis, and other medical co-morbidities 
were excluded from this study. 
Preoperative Planning 

After obtaining written and informed consent, all 
patients were thoroughly assessed including history taking 
and physical and neurological examination. Routine blood 
investigation, radiographs, MRI, and reverse transcription-
polymerase chain reaction (RT-PCR) coronavirus disease 
2019 (COVID-19) testing were done. Anterior-posterior and 
lateral radiographs, CT, and MRI were obtained. 
Surgical Technique of TLIF 

The patient was anesthetized under general 
anesthesia; after that, the patient was laid in prone 
position over bolster support and the basal values were 
recorded. The vertebral levels were determined with the 
help of fluoroscopy. A standard midline incision was made 
and paravertebral muscles were retracted laterally. The 
deep dissection was done to expose transverse processes 

and facet joints on both sides. With the help of 
fluoroscopy, an entry point was identified for pedicle 
screw insertion. Poly-axial pedicle screws were inserted in 
the pedicle with great care (Figure 1). Then, decompression 
of the canal was performed by laminectomy. We 
performed laminectomy unilaterally or bilaterally as 
required according to the side of radicular pain, 
neurological deficit, preoperative evaluation, and 
imaging. Unilateral decompression was performed if 
complaint was unilateral only, and bilateral laminectomy 
was performed if complaint existed in both lower 
extremities. The bleeding was controlled with the help of 
bipolar cautery. Connecting rod was placed in between 
pedicle screws, and distraction was done (opposite side to 
planned facetectomy). After that, we performed 
facetectomy from the pathological side by using an 
osteotome and a mallet. Proper care was taken to prevent 
injury or weakening of the pedicles, especially in patients 
with osteoporosis. Then, Inferior articular process of one 
facet joint, and ligamentum flavum was excised to expose 
the exiting and traversing nerve roots. 
 

 
Figure 1. Intraoperative fluoroscopy images, showing pedicle screw insertion and 
interbody fusion by using metallic cage and bone graft 

 
We entered up to the disc level between the nerve root 

and the dura, and the disc material was carefully excised 
by sequential shavers/reamers. Upper and lower endplates 
were excised with rasps; care must be taken to avoid injury 
to anterior structures and anterior longitudinal 
ligaments. The disc material and the endplate residues 
were completely removed and the intervertebral disc 
space was washed with saline. At this time, we checked for 
the integrity of anterior longitudinal ligament (ALL) 
anteriorly. A special inserter can be used for graft 
placement in the disc space; later, a cage loaded with bone 
graft was placed appropriately in distracted interbody 
space. Then, we released the distraction at pedicle screws; 
another rod was also placed, and compression was 
achieved at anterior elements. After proper fixation, 
wound closure suction drain was placed for 24 hours 
under the skin and the wound was closed in  
usual manner. 
Postoperative Care 

The patient was mobilized on postoperative day 1 with 
the help of a walker. Wound closure suction drain was kept 
for 24 hours. The first follow-up was done in the outpatient 
clinic after a 15-day interval, and stitches were removed at 
the first follow-up in all patients. For the first 6 weeks, 
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supportive walking started. Physiotherapy was 
recommended until 3 months. The patient begins full 
activity and returns to work after 6 months. 
Complications 

A patient with successful TLIF or laminectomy operation 
has no further complaints (10, 11). Possible complications 
include vascular injury, anterior longitudinal ligament 
rupture, neurological injury, pulmonary embolism, deep 
vein thrombosis (DVT), dural tear, cauda equina injury, 
postoperative transient radiculopathy of L5 nerve root (12), 
infection, displacement of instrumentation, 
pseudoarthrosis, and failed back surgery syndrome (FBSS). 
Nerve root irritation is typically caused by inappropriately 
low and medial positioning of the screws following 
transpedicular screw placement in 1% of cases (13). 
 
Results 

We compared the estimated amount of blood loss, 
procedure time, time taken for ambulation, and length 
of hospitalization in both of the groups. Follow-up 
examinations were conducted and the outcome was 
recorded at 3, 12, and 24 months postoperatively. 
Postoperative radiographs were taken at different follow-ups, 
and MRI or CT imaging was performed only if needed. 
Radiological Evaluation 

Patients were operated (TLIF and laminectomy) for 
single-level lumbar canal stenosis with grade 1 and 2 
spondylolisthesis, and then, radiographs were taken at 
different follow-ups, suggesting interbody fusion with 
cage (Figures 2-4). 
 

 
Figure 2. Preoperative radiographs and magnetic resonance imaging (MRI) of case 1, 
showing lumbar degenerative disease (canal stenosis) 
 

Implant-related complications such as implant 
dislodgement, implant breakage, and pseudoarthrosis 
were not recorded in any case. 
 

 
Figure 3. Postoperative and follow-up radiographs of case 1, showing 
transforaminal lumbar interbody fusion (TLIF) at L5-S1, follow-up radiograph 
showing union, no implant dislodgement, or breakage 

 
Figure 4. Preoperative and postoperative radiographs of case 2, showing 
transforaminal interbody fusion 
 
Clinical Evaluation 

For TLIF surgery, the average operation time was  
137 minutes, the average estimated blood loss was ~170 ml, 
the time taken for ambulation was 1st postoperative day, 
and the average length of hospitalization was 6 days. For 
laminectomy procedure, the average operation time was 
85 minutes, the average estimated blood loss was 90 ml, 
the time taken for ambulation was the 4th postoperative 
day, and the average length of hospitalization was 5 days. 

The Oswestry Disability Index (ODI) score was recorded 
55.1 ± 2.6%, 26.6 ± 2.2%, 20.1 ± 2.1%, and 17.6 ± 0.1% 
preoperatively, 3 months, 12 months, and 24 months 
postoperatively, respectively, for TLIF (Figure 5). 
 

 
Figure 5. Clinical outcome after transforaminal lumbar interbody fusion (TLIF) surgery 

 
The ODI score was recorded 54.9 ± 2.9%, 27.5 ± 2.5%,  

23.5 ± 1.5%, and 21.2 ± 1.2% preoperatively, 3 months,  
12 months, and 24 months postoperatively, respectively, 
for laminectomy (Figure 6, Table 1). 
 

 
Figure 6. Clinical outcome after laminectomy, mobility of spine is mostly preserved 
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Table 1. Comparison of complications in different studies of lateral closed wedge 
osteotomy 
ODI TLIF (mean ± SD) Laminectomy  

(mean ± SD) 
P-value* 

Pre operation 55.1 ± 2.6 54.9 ± 2.9 0.89 
3 months post operation 26.6 ± 2.2 27.5 ± 2.5 0.70 
12 months post operation 20.1 ± 2.1 23.5 ± 1.5 0.92 
24 months post 
operation 

17.6 ± 0.1 21.2 ± 1.2 0.76 

*Showing comparison of the mean scores of two groups 
ODI: Oswestry Disability Index; TLIF: Transforaminal lumbar interbody fusion;  
SD: Standard deviation 

 
The modified MacNab criteria in TLIF showed excellent 

outcomes in 70% of patients, good in 20%, fair in 10%, and 
no poor outcome at final follow-up. 

The modified MacNab criteria in laminectomy showed 
excellent outcomes in 40% of patients, good in 45%, fair in  
10%, and 5% poor outcomes at final follow-up (Table 2). In 
this study, one patient with laminectomy was complicated 
with dural tear, which was intraoperatively managed with 
dural tear repair. 
 

Table 2. Modified MacNab criteria at final follow-up 
Modified MacNab criteria at final follow-up TLIF Laminectomy 
Excellent [n (%)]  14 (70) 8 (40) 
Good [n (%)] 4 (20) 9 (45) 
Fair [n (%)]  2 (10) 2 (10) 
Poor [n (%)]  0 (0) 1 (5) 
Excellent/good rate (%) 90 85 

 TLIF: Transforaminal lumbar interbody fusion 

 
Discussion 

Initially, decompression without fusion was the 
surgical option of choice; later on, Herkowitz and Kurz 
provided strong evidence for the success of the 
decompression with fusion. In this trial, non-
instrumented intertransverse process fusion was 
performed with iliac bone graft (14). Barth et al. showed in 
their study that the rate of recurrent disc bulge after 
radical discectomy and limited discectomy was 12.5% and 
10%, respectively (15). Because of instability after radical 
discectomy, high recurrence rates were seen (16). 

Since Cloward’s (17) original description, numerous 
modifications of TLIF procedure have been described to 
improve arthrodesis rates and surgical techniques (18-20). 
Stability improved in both PLIF and TLIF procedures 
because the bone graft was placed along the 
weight-bearing axis. The graft achieves maximal 
compression with both the anterior and posterior 
columns because it is placed near the center of rotation 
which provides greater stability (17). 

Ames et al. performed a series of experiments, and they 
noticed that no significant difference was found in 
flexibility across grafted levels for any motions when 
compared to an intact specimen with a single-level 
TLIF/PLIF (21). Using pedicle screws after single-level 
interbody graft placement increases rigidity, decreases 
graft loosening, reduces pseudoarthrosis rate, and 
enhances the stability of the construct (21). The vascularity 
of interbody space is more compared to the posterolateral 
space; therefore, it also enhances the rate of solid fusion 
(22). This improves the blood supply to the grafts. 
According to Wolff’s law, fusion potential is enhanced if 
grafts are placed under compression. Finally, interbody 
fusion helps to restore disc space height, the coronal and 
sagittal balance of the spine, and lumbar lordosis (22). 

Ghogawala et al. performed a study on 
“decompression surgery with or without instrumented 
fusion for lumbar canal stenosis in patients with low 
grade lumbar degenerative spondylolisthesis”, and they 

found clinically better improvement in health-related QOL 
for decompression with fusion group compared to 
decompression alone at 2, 3, and 4 years postoperatively 
(23). Our results are comparable to this study by 
Ghogawala et al. (23). 

Buttermann et al. reported an improvement in mean 
ODI from 63% to 33% three years after fusion surgery for 
spondylolisthesis (24). Like these studies, our mean 
preoperative ODI was 55.1% for TLIF, while 3 months 
postoperatively, it was 26.6%. We found a statistically 
significant improvement in pain scores [visual analog 
scale (VAS) and ODI] and a significant improvement in the 
postoperative straight leg raise (SLR) test at 3- and 6-month 
follow-ups compared to preoperative scores. 
Improvement was significant when comparisons were 
made between 3- and 24-month results. However, patients 
who are treated with TLIF may also require further 
surgeries such as implant removal or surgery at the 
adjacent lumbar level. 
 
Conclusion 

TLIF with cage was performed in our study at one 
lumbosacral level for canal stenosis with Meyerding grade 
I and II spondylolisthesis. Our experience with the TLIF 
procedure confirms the findings of previous studies which 
provided good clinical results, without significant 
intraoperative and catastrophic complications. TLIF is an 
effective option to achieve circumferential fusion and 
excellent decompression of neural elements without 
severe complications. Bone graft placement along the 
weight-bearing axis further enhances the stability of the 
spine. Segmental fixation of disease spine corrects 
anatomical deformities and possibly enhances fusion 
rates. The patient gets immediate relief and achieves well 
ambulatory status postoperatively. Lumbar canal stenosis 
with instability is usually managed well with TLIF, but 
lumbar canal stenosis in the absence of instability can be 
managed with laminectomy alone. The principles of TLIF 
surgery are the stabilization and fusion of spinal 
deformity. The risk of damage to important anatomical 
structures such as nerve roots, dura, and ligamentum 
flavum can be minimized in TLIF by opening the neural 
foramen unilaterally. The primary indications for TLIF are 
the spinal deformity, instability, and degenerative 
scoliosis. The average age of lumbar canal stenosis 
presentation is around 56 years (> 50 years). We 
recommend decompression with fixation, especially in 
elderly patients, as it provides better stability. 

We evaluated that TLIF procedure was associated with 
slightly more significant improvement in clinical outcomes 
among all of the scoring systems that were applied. TLIF 
provides early ambulation but higher cost of treatment 
and longer hospital stay compared to laminectomy alone. 
Laminectomy procedures are associated with lesser 
economic burden, hospital stay, and blood loss, and 
shorter surgical duration compared to TLIF. 
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