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ABSTRACT

Background:

Degenerative lumbar spine disorders serve as the primary source of chronic low back pain, which leads to
disability and diminished quality of life. When conservative treatment fails, surgical stabilisation using lumbar
interbody fusion is often required. The two techniques of Posterior Lumbar Interbody Fusion (PLIF) and
Transforaminal Lumbar Interbody Fusion (TLIF) are standard methods for treating single-level spine problems,
but their effectiveness in patients recovering from treatment, their clinical results, and their surgical risks and
patient well-being are still under investigation.

Objective:

The objective of this study is to evaluate how TLIF and PLIF methods affect clinical, radiological, surgical, and
quality-of-life outcomes for patients with degenerative lumbar conditions who undergo single-level instrumented
lumbar fusion.

Methods:

The researchers conducted their prospective observational study at an Eastern Indian tertiary care hospital from
February 2024 to February 2026. The research assessed 381 adult patients who received single-level TLIF (n =
206) or PLIF (n = 175) treatment during their one-year follow-up period. The study measured outcomes using
surgical outcomes, radiological assessments, pain measurement with the Visual Analog Scale (VAS), functional
disability assessment with the Oswestry Disability Index (ODI), and health-related quality of life assessment with
EQ-5D-5L and EQ-VAS. The researchers used Student's t-test, Chi-square test, and paired t-test for statistical
analysis, considering p-values below 0.05 as significant results.

Results:

The two procedures achieved significant improvements in pain relief and disability reduction, which persisted
through the one-year mark (p <0.001). The TLIF procedure provided better results throughout the process because
it had faster surgery (132.4 + 21.6 vs 148.7 + 24.2 minutes), reduced surgical blood loss (305 + 85 vs 392 + 102
mL), and shorter patient hospital stays (5.6 = 1.4 vs 6.8 = 1.9 days). The TLIF group had lower postoperative
complication rates (8.7%) than the other group (16.0%, p=0.03). The TLIF procedure restored disc lordosis better
than traditional methods and resulted in greater improvements in essential quality of life for mobility, usual
activities, and pain/discomfort. The TLIF group experienced lower postoperative VAS and ODI scores, indicating
better functional improvement.

Conclusion:

The study shows that TLIF and PLIF both provide effective solutions for handling pain and disability and quality
of life challenges, which people with single-level degenerative lumbar disease face. The TLIF procedure yields
better results than other techniques because it improves operating efficiency, enhances postoperative recovery,
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reduces complications, and improves patient-reported outcomes, making it the best method for single-level lumbar

fusion.
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Introduction

Low back pain remains one of the most prevalent
musculoskeletal conditions worldwide and is a leading
cause of disability, work absenteeism, and reduced
quality of life across all age groups. Surgical
intervention becomes necessary when conservative
management fails to provide permanent relief of
symptoms because it restores spinal stability, relieves
neural compression, and enhances functional outcomes
[1-3]. Successful fusion not only addresses the
structural pathology but also plays a pivotal role in
improving functional capacity and health-related
quality of life in affected individuals [4-6].

Interbody fusion techniques have gained widespread
acceptance because they facilitate fusion through the
anterior column of the spine, which bears the majority
of axial load. The posterior approach to lumbar
interbody fusion enables doctors to perform both
neural decompression and stabilization from one
surgical corridor. Among these techniques, Posterior
Lumbar Interbody Fusion (PLIF) and Transforaminal
Lumbar Interbody Fusion (TLIF) are commonly
employed for single-level lumbar pathology. The two
techniques achieve circumferential fusion by using
posterior instrumentation in combination with
interbody cage placement, which improves both
biomechanical stability and fusion success rates,
according to research studies [7-9].

The surgical procedure of Posterior Lumbar Interbody
Fusion requires surgeons to access both sides of the
spinal canal, necessitating movement of neural
structures and the surgical team to insert interbody
grafts or cages through a back midline entry point. The
method enables direct observation of neural
components while allowing even distribution of
interbody implant positioning. The procedure requires
extensive neural retraction, resulting in complete
bilateral exposure and increasing the risk of soft tissue
and potential neural damage. The PLIF procedure
remains in practice because it restores disc height,

enhances sagittal alignment, and provides strong
support to the posterior column [10-12].
Transforaminal Lumbar Interbody Fusion was
developed as a modification of PLIF to reduce neural
manipulation and disruption of posterior elements. The
TLIF procedure uses a transforaminal approach to
access the disc space, which requires minimal dura and
nerve root retraction for interbody cage installation.
The technique enables complete preservation of
posterior structures through decompression procedures
while maintaining structural stability. The TLIF
procedure has become more common because people
believe it decreases surgical complications while
producing similar fusion results [13—15].

The research investigates how various surgical
methods affect patient recovery outcomes, which helps
doctors select better treatment options to meet patients'
needs during surgery [16-18]. The researchers use
established outcome assessment tools, including
disability measurements, pain assessment methods,
and general quality-of-life assessments, to measure
how patients improve after surgery [19]. This study
aims to assess and quantify the advantages and
disadvantages of single-level instrumented lumbar
fusion operations using Transforaminal Lumbar
Interbody Fusion and Posterior Lumbar Interbody
Fusion methods for treating patients with lumbar
conditions.

Materials and Methods

The Department of Orthopaedics at Kalinga Institute of
Medical Sciences (KIMS) in Bhubaneswar, Odisha,
India, conducted this observational hospital study. The
study took place over a two-year period, from February
2024 to February 2026. The study population included
adult patients who underwent single-level
instrumented lumbar fusion surgeries through TLIF or
PLIF methods to treat degenerative lumbar conditions
and returned for their first follow-up evaluation one
year after their surgery.

The research team used prevalence-based estimation to
calculate the necessary sample size. The study required
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at least 381 participants because low back pain affects
51% of the Indian population according to [20] with
95% confidence and 5% precision. The study included
381 patients who met the eligibility criteria.

The study included adults who underwent single-level
instrumented lumbar fusion (TLIF or PLIF) for
degenerative lumbar conditions, including disc
herniation, spinal stenosis, and spondylolisthesis, and
who provided informed consent to participate.

Those patients who had Spinal disorders due to trauma,
tumour, infection, scoliosis, or metabolic causes,
associated peripheral neuropathy or systemic
conditions affecting spinal pathology, Dural tear or
other intraoperative complications altering outcomes
or had Surgery performed outside the host institution
were excluded from the study.

Data Collection Tools

A predesigned, pretested, and validated questionnaire
was used to collect sociodemographic details and
clinical information. Outcome assessment focused on
pain intensity, functional disability, and health-related
quality of life using standardised instruments.
Outcome Measures

1. EuroQol-5D (EQ-5D)

Health-related quality of life was assessed using the
EQ-5D-5L instrument, which evaluates five domains:
mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression. Each domain uses five levels
to rate severity, ranging from no problems to extreme
problems. The responses generate a health state profile
represented by a five-digit code.

In addition, overall perceived health status was
measured using the EQ-VAS, a visual scale that
extends from 0 to 100, with O representing the worst
imaginable health state and 100 representing the best
imaginable health state.

2. Oswestry Disability Index (ODI)

Functional disability due to low back pain was assessed
using the Oswestry Disability Index. The ODI consists
of 10 sections that address activities of daily living,
each scored from 0 to 5. The total score was expressed
as a percentage, with higher scores indicating greater
disability. Disability levels were -categorised as
minimal, moderate, severe, crippled, or bed-bound
based on standard thresholds.

3. Visual Analogue Scale (VAS)

Pain intensity was evaluated using the Visual Analogue
Scale, ranging from 0 to 10. Higher scores indicated
greater pain severity. Scores were interpreted as mild,
moderate, or severe interference with functioning
based on established cut-offs.

Statistical Analysis

Data were entered into Microsoft Excel and analysed
using the Statistical Package for the Social Sciences
(SPSS) software version 26.0. Continuous variables
were expressed as mean + standard deviation, while
categorical variables were presented as frequencies and
percentages. Comparisons between the TLIF and PLIF
groups were performed using unpaired Student’s t-test
for continuous variables (operative parameters, clinical
scores, radiological measures, and quality-of-life
indices), Chi-square test for categorical variables
(demographics, disease severity, functional outcomes,
disability categories, pain severity, and complications)
and paired t-test for pre and post dataset comparison of
scores of visual analog scores and Oswestry disability
index. All statistical tests were conducted at the 95%
confidence level, and p-values < 0.05 were considered
statistically significant.

Ethical Considerations

Written informed consent was obtained from all
participants in a language they understood.
Participation was voluntary, and confidentiality of
patient data was strictly maintained. The study protocol
was reviewed and approved by the Institutional Ethics
Committee vide -KIIT/KIMS/IEC/2029/2025 prior to
commencement. As the study involved follow-up
evaluation without additional intervention, it posed no
additional risk to participants.

Results

The study involved 381 individuals. The study
participants had an average age of 46.01 years with a
standard deviation of 9.54 years. According to Figure
1, 54% of patients received TLIF, while 46% received
PLIF. Table 1 shows the initial characteristics and
success rates of study participants who received
Transforaminal Lumbar Interbody Fusion (TLIF) and
Posterior Lumbar Interbody Fusion (PLIF) procedures.
The two groups showed similar gender distributions:
the TLIF group had 57.3% male members, while the
PLIF group had 55.4%, resulting in a non-significant
sex difference (p = 0.716). The two groups showed
identical spondylolisthesis grade distribution patterns,
as Grade I occurred more frequently than any other
grade (61.2% in TLIF and 57.7% in PLIF), which was
followed by Grade II and Grade III. The L4-L5 spinal
level was operated on in both groups (64.1% in TLIF
vs 65.1% in PLIF), while the remaining operations
involved L5-S1, which showed no significant
difference between the two groups (p = 0.83). The PLIF
group experienced more postoperative complications,
with an occurrence rate of 16.0%, whereas the TLIF
group had an 8.7% rate (p = 0.03), indicating that TLIF
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is associated with a lower risk of postoperative
complications. The Oswestry Disability Index
assessment revealed that the TLIF group (64.1%) had
more participants with minimal disability than the
PLIF group (54.9%), but the difference was not
statistically significant (p = 0.31). Pain severity
classification showed a greater proportion of patients
reporting mild pain following TLIF (74.8%) compared
to PLIF (65.1%), but this difference did not reach
statistical significance (p = 0.11). Functional outcome
evaluation demonstrated that excellent outcomes were
more common in the TLIF group (45.6%) than in the
PLIF group (36.0%), whereas poor outcomes were
relatively infrequent in both groups; however, these
differences were also not statistically significant (p =
0.196). Overall, the two groups were largely
comparable across baseline characteristics and most
outcome measures, except for a significantly higher
complication rate observed in the PLIF cohort.
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Table 1: Clinical Characteristics of study
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Fig. 1: Pie chart depicting the distribution of
patients based on the type of fusion procedure

Distribution of Patients based on the type of
fusion procedure

H Transforaminal Lumbar
Interbody Fusion (TLIF)

Posterior Lumbar Interbody
Fusion (PLIF)

Table 2 compares radiological parameters, operative
characteristics, and quality-of-life outcomes between
patients undergoing Transforaminal Lumbar Interbody
Fusion (TLIF) and Posterior Lumbar Interbody Fusion
(PLIF). TLIF resulted in better restoration of local disc
lordosis through its 13.4 + 3.2° measurement which
surpassed PLIF's 12.6 + 3.5° measurement at a
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statistically significant level (p = 0.04), however, both
groups displayed identical anterior disc height and
posterior disc height and overall lumbar lordosis
measurements. TLIF proved to be the better choice
because it required less time for surgery with TLIF
taking 132.4 + 21.6 minutes compared to 148.7 + 24.2
minutes of PLIF (p = 0.001) and it resulted in TLIF
operating rooms needing 305 + 85 mL of blood
compared to PLIF which needed 392 + 102 mL (p <
0.001) and TLIF patients spent 5.6 + 1.4 days in the
hospital whereas PLIF patients stayed 6.8 + 1.9 days (p
= 0.002). The assessment of health-related quality of
life through EQ-5D-5L dimensions showed TLIF
group achieved better results than PLIF group in three
areas which included mobility (p = 0.03), usual
activities (p = 0.04), and pain/discomfort (p = 0.02), but
the two groups showed no statistically significant
difference in self-care and anxiety/depression domains.
The TLIF group perceived their health status at 82.4 +
9.6 which showed a significant difference from the
PLIF group who reported 78.9 + 10.4 (p = 0.006),
thereby indicating that TLIF leads to better subject
recovery experiences and satisfaction ratings. The
research findings demonstrate that both procedures
create similar radiological corrections for most
parameters, yet TLIF delivers important operational
advantages together with better perioperative results
and functional restoration and patient-centered quality-
of-life advancements.

Table 2: Comparison between TLIF and PLIF on
the basis of radiological, operative, and quality of
Life parameters
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Table 3 shows the comparison of clinical results that
were recorded before and after surgery between the two
groups that underwent Transforaminal Lumbar
Interbody Fusion (TLIF) and Posterior Lumbar
Interbody Fusion (PLIF) procedures, which are also
depicted in Figures 2 and 3. The TLIF group's VAS
scores for low back pain decreased from 7.6 £+ 1.1
before the operation to 2.1 + 1.0 after the operation.
The TLIF group showed substantial pain relief, as
measured by radicular pain scores, which decreased
from 7.9+ 0.9 to 1.8 £ 0.9 (p < 0.001). The ODI score
improved from 56.8 + 8.2 to 18.6 = 6.4 (p < 0.001),
indicating that patients had moved from extreme
disability to moderate or minor disability. The PLIF
group showed similar results, with their VAS scores for
low back pain decreasing from 7.5+ 1.2t0 2.5+ 1.2 (p
< 0.001) and their radicular pain scores decreasing
from 7.8 £ 1.0t0 2.2 = 1.1 (p < 0.001). The ODI score
also improved significantly from 573 + 7.9
preoperatively to 21.3 + 7.1 postoperatively (p <
0.001). The TLIF group showed better recovery than
the PLIF group because it achieved these
improvements through both surgical methods, creating
important, measurable improvements in pain and
disability. Single-level lumbar interbody fusion results
in long-lasting pain and disability reduction regardless
of which technique is used, according to research
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findings. The study found that TLIF produced slightly
better results than other techniques used for single-
level lumbar interbody fusion.

Table 3: Comparison between TLIF and PLIF on
the basis of Visual Analogue score and Oswestry
Disability Index before and 1 year after surgery
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Fig 2: Comparison between TLIF and PLIF Visual
Analogue score and Oswestry Disability Index
before surgery
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Fig 3: Comparison between TLIF and PLIF Visual
Analogue score and Oswestry Disability Index 1
year after surgery

Postoperative Clinical Outcomes at 12-Month Follow-up
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Discussion

The current research assessed and compared multiple
aspects, including quality of life, functional recovery,
radiological restoration, and perioperative results, of
single-level instrumented lumbar fusion using
Transforaminal Lumbar Interbody Fusion (TLIF) and
Posterior Lumbar Interbody Fusion (PLIF) to treat
lumbar degenerative pathology in patients. A total of
381 patients were analysed, allowing a comprehensive
comparison of clinical and patient-reported outcomes
between the two surgical techniques.

The demographic characteristics of both patient groups
showed no significant differences, as their age and
gender distributions were identical. The average ages
in the TLIF and PLIF groups were nearly identical, and
the higher proportion of males in both groups reflects
the typical epidemiological profile of degenerative
lumbar disorders, which often affect people in their
economically active years. The demographic evidence
from randomized and observational studies assessing
lumbar fusion techniques showed that both research
methods maintained equivalent baseline
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characteristics, enabling research teams to evaluate
study results without bias [21,22]. Garg et al. also noted
a similar age range in patients undergoing lumbar
interbody fusion, highlighting that degenerative lumbar
conditions tend to peak in the fifth and sixth decades of
life [23]. The study findings showed that demographic
factors did not differ between groups, supporting the
researchers' ability to compare the study results.

The groups showed identical patterns of disease
severity, with Grade I spondylolisthesis the most
frequent condition, followed by Grades II and III. The
research results show that low-grade spondylolisthesis
is the primary indication for single-level lumbar fusion
surgeries, studies. The
similarity observed in the present study, therefore,
indicates that postoperative differences are likely
attributable to surgical technique rather than to baseline
pathology.

The operated spinal level showed a predominance of
L4-L5 involvement in both groups, followed by L5—
S1, with no significant intergroup variation. The

consistent with previous

current finding supports biomechanical research
demonstrating that the L4-L5 segment exhibits higher
mobility and increased stress concentration, leading to
degeneration and instability. Clinical studies have
reported similar outcome distributions for TLIF
procedures, with L4-L5 as the most commonly fused
level [25]. The groups from the study show identical
anatomical distributions, indicating that they have no
differences in their characteristics.

The current research demonstrates that TLIF
procedures have become more common than PLIF
procedures, indicating that surgeons in modern times
prefer TLIF. This trend exists because TLIF procedures
now allow medical professionals to perform surgery
through one side of the body, which decreases the need
for neural access while providing better visibility of the
spinal disc [21,26]. Surgeons now prefer TLIF because
they have gained more experience with the technique
and because instrument development for the procedure
has advanced.

Study results revealed that TLIF demonstrated better
surgical performance metrics than other methods. The
surgery took less time, required patients to lose less
blood, and kept patients in the hospital for less time
than PLIF. El-Ghandour et al. found that TLIF led to
better surgical decreasing operative
complications and shortening hospital stays while
producing similar fusion results [26]. The TLIF

outcomes,

procedure uses a muscle-sparing unilateral approach,
which reduces tissue damage and spinal cord exposure,
resulting in better recovery outcomes for patients.

Holly et al. demonstrated that surgical methods that
cause less disruption to the body provide essential
benefits for both rapid recovery and patient satisfaction
[27].

The groups demonstrated equal initial VAS scores for
back pain and radicular pain, as well as equal ODI
disability scores. Researchers established baseline
equivalence from which they could assess
postoperative improvements in lumbar fusion trials
[21]. The observed similarity ensures that
postoperative differences reflect treatment -effects
rather than initial clinical disparities. At 12-month
follow-up, both TLIF and PLIF produced substantial
improvements in pain and disability; however, TLIF
demonstrated significantly lower postoperative VAS
and ODI scores. According to these findings, the TLIF
group achieved better clinical outcomes. Several
randomised trials have shown that TLIF and PLIF
produce similar long-term outcomes, but TLIF
provides slight benefits because it minimizes nerve
root retraction and maintains posterior elements [21].
The TLIF group showed greater clinical improvements
because their back pain and radicular pain decreased
more than their ODI scores improved. Tippins et al.
demonstrated that patients who underwent minimally
invasive fusion procedures achieved better clinical
results within their first year compared to other surgical
methods, which eventually reached identical long-term
results [28]. The research conducted by Chen et al.
showed that TLIF surgery enabled patients to recover
more quickly and achieve better early functional
independence, as the procedure caused less damage to
their soft tissues [29]. The research results demonstrate
that the surgical technique doctors use affects both the
surgical risks patients experience and their subsequent
recovery.

The radiological examination showed that TLIF
slightly outperformed other methods in restoring local
disc lordosis, while both groups achieved equal
anterior and posterior disc heights and global lumbar
lordosis. The process of restoring segmental lordosis
plays a critical role in achieving both sagittal balance
and long-term spinal biomechanical stability. Hawasli
et al. showed that better segmental alignment leads to
both improved functional results and higher patient
satisfaction after interbody fusion surgery [30]. Garg et
al. demonstrated that modern cage designs provide
adequate radiological restoration, achieved through
any fusion method, resulting in global alignment
findings similar to those reported in this research [23].
The assessment of quality of life using EQ-5D
dimensions showed that TLIF patients achieved better
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results in the mobility and usual activities and
pain/discomfort domains, while their psychosocial
domains of self-care and anxiety/depression remained
unchanged. The study results demonstrate that surgical
methods produce more distinct physical recovery
outcomes than psychological healing processes. Yee et
al. and Caelers et al. reported similar improvements in
EQ-5D scores after lumbar fusion, demonstrating that
health-related quality of life improved regardless of the
fusion technique used [21,22]. The TLIF procedure
provides higher functional domain scores because it
enables patients to move better and experience less
postoperative pain [29].

The functional outcome grading system confirmed
these results: TLIF patients achieved better outcomes,
with excellent results exceeding those of PLIF patients,
and poor results decreased. The study showed that
TLIF patients achieve better functional results because
effective decompression and stable fusion together
provide lasting clinical advantages [31]. The TLIF
procedure reduces perioperative morbidity, helping
patients achieve better rehabilitation outcomes and
functional recovery.

Assessment of disability categories through ODI score
evaluation showed that TLIF surgical treatment
resulted in more patients reaching minimal disability
status during their post-treatment assessment. The
research conducted by Schwender and his colleagues
showed that the TLIF procedure resulted in permanent
disability score improvements which persisted through
all follow-up assessments [32]. The study conducted by
Goh and his colleagues showed that successful patient
selection, combined with optimal pain management, is
the primary factor in reducing post-surgical disability
after fusion procedures [33].

The 12-month assessment of pain intensity showed that
TLIF  patients experienced  greater-than-mild
discomfort compared to other groups, indicating better
pain control throughout the study period. Wang and his
colleagues established that TLIF treatment leads to
sustained pain relief, as measured by decreases in VAS
scores, while patients maintained their functional
abilities [25].

The study demonstrates that TLIF and PLIF treatments
improve pain relief, reduce patient disability, and
enhance radiological alignment and patient quality of
life during single-level lumbar fusion procedures. TLIF
demonstrates higher operational effectiveness than
other methods because it enables faster patient
recovery while delivering better functional outcomes,
higher patient satisfaction, and lower complication
rates. The findings of this study support existing

evidence, which demonstrates that both surgical
techniques will achieve similar long-term outcomes,
but TLIF provides patients with essential benefits
during operations and the immediate postoperative
period, resulting in increased patient satisfaction and
improved recovery process [21,22,26,29]

Conclusion

The Transforaminal Lumbar Interbody Fusion (TLIF)
and Posterior Lumbar Interbody Fusion (PLIF) surgical
methods effectively treat single-level lumbar
degenerative disorders by delivering substantial
improvements in pain reduction, functional abilities,
radiological spinal alignment, and overall health
quality. The current research shows that TLIF provides
multiple important clinical benefits which exceed those
found in PLIF. The advantages include shorter surgery
time, lower blood loss during surgery, faster recovery
time, improved results on pain and disability
assessments, better patient functional outcomes, higher
quality-of-life results, and lower rates of complications
after surgery. The TLIF procedure is the optimal
surgical method for treating single-level lumbar
disorders, delivering efficient spinal decompression
and stabilization while enhancing patient recovery and
satisfaction.

Limitations

1. Non-randomised Study Design: The
observational nature of the study may
introduce potential selection bias despite
comparable baseline characteristics.

2. Single-Centre Study: Results may not be
fully generalizable to all institutions due to
variations in surgical expertise and patient
populations.
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