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Abstract

Background: Degenerative spine disorders consist of DDD, Spondylosis, Spondylolisthesis and spinal stenosis are common contributors to chronic
pain, neurological impairments and disability. The main treatment for such issues is axial spinal fusion surgery, particularly in circumstances when
any other management methods do not help. The goal of the surgery is to fixate the destabilized segment of the spine, relieve the pain and enhance
patients’ function.

Aim: This paper will identify indications for spinal fusion, review different techniques for spinal fusion, and analyse short and long term results to
guide best practice in management of degenerative spinal diseases in clinical practice. Method: PubMed, Cochrane Library, Embase, and MEDLINE
were used as databases in carrying out this systematic review. The criteria included studies of adult patient’s with certain spine pathology who
underwent spinal fusion using techniques including, posterior lumbar interbody fusion (PLIF), transforaminal lumbar interbody fusion (TLIF), anterior
cervical discectomy and fusion (ACDF) and minimally invasive lumbar fusion (MIS—TLIF). Outcome assessment parameters involved change in pain
scores, functional gain, fusion success, complication profile, and patient satisfaction.

Results: Patients with progressive nerve root or spinal canal compromise, painful deformity, or those who have failed to respond to nonoperative
management are considered candidates for spinal fusion. Different methods, such as PLIF, TLIF, ACDF, and minimally invasive TLIF, provide different
prognosis (70-90%) respectively and complication, including adjacent segment diseases and hardware malfunction. Short-term benefits include pain
relief and functional status improvement, whereas long-term effects reveal possible disadvantageous consequences including ASD and
pseudarthrosis influencing the frequency of revision operations.

Conclusion: Patient type, the level of spinal degeneration and the specific kind of surgical approach has tremendous impact on the outcome of spinal
fusion surgery. Nevertheless, fusion has substantial advantages accompanied by the risk which should be compared with possible results. Patient’s

evaluation and postoperative care provision must, therefore, be personalized to both give a good result and meet the patient’s expectation.
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Introduction

Various spine disorders are suffer from them,
especially as they get older. considered among the
most common causes These conditions include
can have a very negative bearing on the quality of
life. Degenerative disk disease is one of the major
spinal diseases in which there is a progressive aging
of intervertebral disks in lead to decrease in disk
height, disk protrusion or spine instability.
Spondylolisthesis is also a spinal lease where one
vertebra moves forward to the one below it, and the
condition may cause significant nerve impingement
and suffer severe pain and neurological
manifestations. Spinal stenosis, the constriction of
the spinal canal, leads to nerve compression, and
symptoms that include pains, numbness, or even
weakness of the limbs. These conditions acting in
conjunction place a massive toll on healthcare
because of the extent of disability, loss of
productivity, and requirements of chronic pain
control [1]. In cases of severe or advanced
degenerative spine disorders, PT, medications and
spinal injections are not enough to offer lasting
relief. If these conservative management measures
do not bring about the desired results, then spinal
fusion surgery is regarded as the surgical option.
Spinal fusion is a surgical intervention intended to

treat pain and to stabilize the affected spinal

degenerative disc of morbidity among population,
many people disease, spondylolisthesis, and spinal
stenosis, and usually result in chronic pain,

neurological deficits, and functional limitations that

segment by joining two or more vertebrae together
to eliminate the movement that causes nerve
inflammation and subsequent pain. The surgery can
be carried using different methods, and each of the
methods being applied depends on the general
pathology and the location of degeneration. Due to
tight schedules, higher instance of spinal disorders
and ineffectiveness of conservative medical
treatments, spinal fusion has taken root as a well-
accepted surgical procedure for the relief of chronic
pain, stabilization and enhancement of functionality
[2]. Spinal fusion surgery has been performed for
several decades, and there have been constant
developments in  approaches, hardware, and
management during the operating period. In the
past, the procedure used called anterolateral fusion
involved placing a bone graft between the vertebrae
to encourage fusion and calls for much less vertebral
movement; they have included posterior lumbar
interbody fusion or PLIF, anterior cervical
discectomy and fusion or ACDF, transforaminal
lumbar interbody fusion or TLIF. Furthermore, those
less invasive measures have been used in

contemporary surgery to minimize tissue damage



and improve postoperative healing and unwanted

side effects. However, spinal fusion is still a
challenged surgeries with risks such as infection,
failure of hardware or instrumentation, and
development of problems at the adjacent segments.
As a result, the correct patient choice for operation
and, consequently, the choice of the most effective
method of their treatment is one of the most
important components of their treatment [3].
The circumstances under which spinal fusion surgery
is required have been a subject of considerable
controversy among the medical profession. Its use is
mostly warranted for those that present spinal
instability, those who have failed previous less
invasive modalities of treatment and have
neurological deficits or incapacitating pain. Some of
the most useful indications are chronic discogenic
pain in degenerative disc disease, mechanical
instability in spondylolisthesis, and stenosis with
nerve root compromise. But the specified decision to
perform spinal fusion must consider some aspects,
such as the patient’s general health, age, lifestyle, and
the character of spinal pathology. For instance,
patients with spinal degeneration at multiple level or
with severe spinal deformities may need more
extensive fusion, but patients with minimum
degeneration may only require single level fusion. This
paper considers the knowledge of the indications as a
basis for achieving maximum results and minimising
the risks inherent in surgical procedures [4]. Surgical

methods used herein vary with the advancement in

technology in providing a number of methods of
spinal fusion surgery depending on the specific
condition of the patient. PLIF, on the other hand, and
TLIF are techniques, in which the spine is accessed
from behind, disc is removed and after that a bone
graft or cage is placed into the intervertebral space.
These are employed in cases of lumbar degenerative
diseases and spondylolisthesis due to the excellent
view of the spine and the ability to free up the neural
tissues. On the other hand, anterior cervical
discectomy and fusion (ACDF) is common procedure
for cervical spine pathology in which the disc is
removed from anterior approach and the bone graft
or implant is placed between the vertebrae. It also
provides good outcomes in nerve compression and
height of the disc. Furthermore, techniques for the
minimally invasive ‘TLIF" approach have been created
which aim at giving less surgical invasiveness, shorter
hospital stays and quicker recovery. Although the use
of these techniques, both provides some advantages,
it provides some disadvantages as well including
longer operative time, highly specialized surgical skills
[5]. The results of spinal fusion surgery have been
described as either favourable or poor depending on
several factors including; the type of patient, the
specific disease process underlying the surgery, the
method used in the fusion and; the presence or
absence of surgery complications. These patients
recover a lot of pain relief, gain functional
improvement and increase in the quality of their life

when surgical fusion is successful. The procedure has



been especially helpful to patients with spinal

instabilities or nerve compression. However, long-
term work has also outlined certain problems: the
development of an ASD, when the parts of the spine
adjacent to the fused zone undergo premature wear
and tear due to changed mechanical loads. Further,
some patients may develop non-union or
pseudoarthrosis wherein the fusion does not produce
bone growth between the vertebrae, leading to
residual pain and, at a rare time, request for red
surgery. Spinal fusion therefore depends on the
choice of the right patient to proceed with the
surgery, the proper technique to apply and the
postoperative management [6]. Because spinal fusion
surgery is often considered a high-risk and high-
reward surgery, it is evident that careful examination
of the concepts that underpin this surgery’s
indications, performance, and results are critical. In
light of the subject discussed in this article, this paper
has the following objectives: To give a brief
description of spinal fusion surgery as it applies to
degenerative spine disorders. It will review the
essential principles for the prognosis of the operation
and identify when spinal fusion should be utilized
rather than conservative approaches. The article will
then proceed to provide an overview of several
methods of surgery and contrast their effectiveness,

utility and relevance to a variety of spinal disorders. In

doing the above, it will provide information on the
current status of fusion surgeries and the
determinants of approach used.
The article will also contain data on such
consequences as, using clinical trials and patients’
testimonies, comparison of the effectiveness, possible
adverse reactions and patient satisfaction with the
spinal fusion surgery. To appreciate these outcomes
when counselling a patient, discussing treatment
plans, and developing care management approaches,
it is necessary to gain understanding of these
outcomes. Further, the discussion will examine the
differences engendered by modernization in surgical
features and approach and analyse the patient gaining
and sustaining spinal health [7].
Finally, this investigation will help to supply the
medical community with the recent findings to fit
the controversy of how to treat degenerative spine
diseases with spinal fusion. The review is intended to
help clinicians reach better, evidence based
decisions while managing spinal fusion patients, thus
increasing patients’ health and quality of life. This
article is structured into
several sections: preoperative, intraoperative, and
postoperative factors that may be used as predictor
of spinal fusion, different invasive methods of
treating the pathology as well as outcomes of the

research consisting of short-term and long- term



comparison of results, and final discussion of the

study with emphasis on major findings and their

valuable implications [8].

Materials and Methods

The current study employs a systematic review
method in its analysis of spinal fusion surgery for
degenerative spine diseases. A systematic review is
selected because it offers a comprehensive and
controlled approach to collating current literature,
giving the best picture of the indications for spinal
fusion, surgical procedures involved, and their long-
term effects. The review adheres to the guidelines
for systematic reviews in the medical sciences and
the medical research literature; and the authors
have followed a pre-existing protocol regarding how
to include specific studies.

This approach makes the review comprehensive to
meet the objective of being iteratively replicable and
provides generalizable findings from clinical
literature and patients’ experiences. Specific criteria
were used to identify relevant prospective studies
for this review as the aim was in identifying the best
evidence for spinal fusion surgery in degenerative
spine disease. The criteria included specific spine
disorders that usually require fusion — degenerative
disc disease, spondylolisthesis, spinal stenosis and
instability of the lumbar spine. randomized
controlled trials and retrospective studies were
included in analysis where the treatment was aimed

at managing only conditions that are limited to

adults patients those who were of 18 years of age or
older were included as the pattern of degenerative
spine disorders varies with the paediatric
population. Moreover, the review was based on
different approaches towards spinal fusion, starting
from conventional open surgeries and ending with
minimally invasive procedures. Such inclusion in the
study will help in an appropriate determination of
general efficiency and versatility of different surgical
approaches in diverse disease conditions [9].
It also named the requirement about the particular
outcomes, saying that texts should describe definite
measures, for example, pain relief after surgery, the
changes in functional capacity, fusion success,
complication incidence, and satisfaction. Functional
enhancement was measured by ODI and VAS scores
and fusion success was by radiological assessment
and time taken to achieve a>bony fusion at operated
segment. Thus, clinical papers exclusively describing
non-surgical supportive care, or experimental spinal
fusion operations used in clinical research but not
routine practice, were excluded to confine analysis to
the aforementioned chief surgical procedures. For the
purpose of establishing the currency of the results
obtained only the sources that were published in the
last fifteen years have been utilized as it describes the
latest developments in the field of surgical technology
and methods.
Information sources comprised a comprehensive
search of numerous databases for the literatures

identified with patriotic pride; however, PubMed,



Cochrane library, Embase and Med line were

identified as potential database of academic articles
and clinical studies. These databases were chosen
because they contain a large number of articles which
were published in peer- reviewed journals concerning
medicine, surgery and orthopaedics. The search
keywords included — spinal fusion, degenerative spine
conditions, lumbar  fusion, cervical fusion,
spondylolisthesis, spinal stenosis, long-term results,
and techniques of fusion. The Boolean operators,
AND, OR were used to narrow down the search and
include terms that pertain to spine conditions and the
kinds of fusion being used. In order to identify the high
quality evidence, the fields of study included only
Randomized Controlled Trials (RCTs), prospective
cohort studies, retrospective study and systematic
review. Furthermore, using the articles reviewed,
other related studies were looked for from the
current literature possibly missed during the search
[10].
To obtain a diverse pool of studies, the following
domains were searched, and a two- step filter was
then applied: The first procedure was the screening
of titles and abstracts of the revealed articles to
establish their applicability to the objectives of the
study. Cross-sectional and comparative
investigations were excluded at this stage if they did

not focus on spinal fusion for degenerative diseases

of the spine or where no information on
postoperative results could be abstracted. The
second phase included a study of the full texts of the
articles to determine the methodological quality of
the articles, and coherency with the inclusion
criteria. Only those articles which meet certain
methodological criteria were included; insufficiently
controlled studies or those incorporating non-
specific measures for outcome variables were left
out to minimize the risk of bias inherent in any
systematic review.
A prime focus of this article is understanding surgical
procedures used in the spinal fusion for degenerative
spine disorders in relation to
EBM. Several common approaches are discussed in
the review which include the posterior lumbar
interbody fusion (PLIF), anterior cervical discectomy
and fusion (ACDF), transforaminal lumbar interbody
fusion (TLIF) as well as the minimally invasive lumbar
fusion (MIS-TLIF). Posterior Lumbar Interbody Fusion
(PLIF): This method involves operating from behind
towards the spine; excising the damaged
intervertebral disc; placing a bone graft or cage in
between to encourage the bones to bind together. As
it permits direct decompression of neural elements it
popular in lumbar DDD and spondylolisthesis. The
review analyses the rates of success and failure,

complication profile and postoperative results of PLIF



based on research that had used the radiographic

studies to validating the fusion success [11]. Anterior
Cervical Discectomy and Fusion (ACDF): Acronym Acdf
is @ common surgical intervention for the cervical
spine disorder which uses an anterior approach to
excise the abnormal disc and replace it with the
intervertebral implant or graft to replenish the height
of the injured disc and stabilize the spine. The review
is made up of papers that evaluate the effectiveness
of ACDF in relieving nerve pressure and neuralgia, as
well as in decreasing neck and arm discomfort. Also,
the long-term consequences of ACDF are discussed,
with special focus on the problem of adjacent
segment degeneration. Transforaminal Lumbar
Interbody Fusion (TLIF): TLIF another method of
lumbar fusion enables the surgeon to work from an
angled path or trajectory from the spinal nerves, thus
minimizing nerve pull and surgical insult. Integrated in
the context of analysing the effectiveness of TLIF in
reconstructive surgery for lumbar instability and
spondylolisthesis, the peculiarities of greater
perfusion rates, nerve root decompression and
postoperative recovery are also discussed. TLIF and
PLIF outcomes are compared in other studies with an
aim of identifying the most appropriate method for
various spine surgeries.
Minimally Invasive Lumbar Fusion (MIS- TLIF):
Alternative methods of surgical treatment, including
MIS-TLIF, have been introduced to practice because
they seem to have lesser impact on the patient’s

condition and allow for early discharge and faster

restoration. The review also considers investigations
comparing the results of the minimally invasive
techniques for fusion of the spine with reference to
treatment success through consolidation of the
fusion masses, pain management and complication
rates. This section also discusses issues relating to
minimal invasiveness, including the basic learning
curve and the obligatory specialized instruments
[12].

Outcome measures are also incorporated in this
review to offer a way of assessment of the
effectiveness and sustainability of spinal fusion
surgery. The most straightforward variable
considered is the amount of pain relief provided,
normally estimated with focused questionnaires
such as VAS or comparable tools. Another desired
end, Functional change, is assessed using tools such
as the Oswestry Disability Index or the Short Form
Health Survey. Bony union as diagnosed through
imaging techniques such as X-ray or CT can is used to
measure the success of the fusion process. This
information isincluded in order to establish the rates
of fusion and the incidences of pseudoarthrosis
(non-union) in various surgical techniques.

Further, the review analyses various complication
indices: infection, hardware failure, and adjacent
segment disease (ASD). ASD is a particularly relevant
outcome since the spinal segments bordering the
fused area experience a more rapid rate of
degeneration. Another way we assess the results of

the surgery, or success of the operation from the



patient’s standpoint, is the quantitative aspect,
which may include surveys of patient experiences
given postoperatively or in follow-up interviews.
Collectively, these outcomes are synthesized by the
current review in order to offer a comprehensive
systematic review of the efficacy and risk
implications of spinal fusion surgery for
degenerative spine conditions.

To achieve these objectives, it is hoped that this
current systematic review of the literature of these
aspects will provide a comprehensive understanding
of spinal fusion surgery, with the hope of directing
clinician to the right surgical procedure in patients

and, also, enhance optimal weld patient results [13].

Results

Spinal fusion surgery is for selected groups of
patients with degenerative spine diseases who have
substantial and enduring signs and symptoms
irrespective of their age, gender, or occupation; with
documented failure of nonoperative management
such as physiotherapy, medical management, and
epidural steroid injections. The review ascertains the

conclusion that patient delegation for spinal fusion

is predominantly made based on the complaints that

include severe pain caused by degenerative disc
diseases, lumbar instability as a result of
spondylolisthesis, and neurological symptoms
resulting from spinal stenosis. It is used when
sufferers are experiencing chronic pain due to the
degeneration or collapse of intervertebral discs
through the wear and tear and Bulging or herniation
that put pressure on nerve fibers making spinal
fusion advisable for treatment of such pain.
Spondylolisthesis can cause mechanical instability as
one vertebra slides over another, and such cases call
for fusion in an effort to stabilize the involved spinal
segment, not to mention the nerve compression.
The patients with spinal stenosis when developing
symptoms related to myelopathy or radiculopathy
are also suitable surgical candidates for their fusion
surgery to address stenosis and place released
neural elements into a more stable spinal
environment. The preoperative predictor of surgical
indications depends on patient- related factors such
as age, general health, the severity of the symptoms
and the degree of spinal degeneration, and surgical

intervention is recommended in patients who have

Technique

Success Rate (%)

Common Risks

PLIF (Posterior Lumbar Interbody Fusion)

Adjacent Segment Disease,

Hardware Failure

TLIF (Transforaminal Lumbar

Interbody Fusion)

Nerve Damage, Infection

ACDF (Anterior Cervical Discectomy and

Fusion)

Dysphagia, Adjacent

9 Segment Degeneration

MIS-TLIF (Minimally Invasive TLIF)

Longer Operative Time, Learning

Curve
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severe functional impairment or progressive
neurological deficit.

The review defined multiple methods of performing
spinal fusion; these included the posterior lumbar
interbody fusion (PLIF), transforaminal lumbar
interbody fusion (TLIF), anterior cervical discectomy
and fusion (ACDF), as well as the minimally invasive
lumbar fusion (MIS-TLIF). Table 1 presents these
approaches together with their success rates and

possible harms [14].

Table 1: Some of the usual surgical methods of spinal
fusion along with the corresponding percentage of

successful outcomes.
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TLIF is best done for lumbar spine condition and has
an overall success ranging from 75/90 percent based
on factors such as patient selection and the severity
of pathology. In both techniques the degenerated
disc is removed and replaced with a bone graft or an
interbody cage to allow for fusion. PLIF has the
advantage of direct micro-decompression of neural
structures, but, due to the alterations in spine
kinematics it can results in a higher rate of adjacent

segment disease (ASD). The position TLIF employs at

the spine requires minimal retraction of nerves, and
this may reduce on the incidence of nerve injury. But
TLIF can be accompanied by some complications
such as infection as well as hardware failure. The
ACDF is considered appropriate for cervical spine
disorders and is performed with an 80-90 % success
rate of eliminating radiculopathy and neck pain. As
with any anterior cervical surgery, a relative risk
consists of dysphagia postoperatively and as in the
case of PLIFs, adjacent segment degeneration may
occur. MIS-TLIF, a less invasive method, typically

evidences low postoperative pain and brief recovery

11



periods while presenting the effectiveness and

comparable outcomes with purely surgical methods.
But it is more fragile and expensive; the surgical
procedures also take time than the other simpler
techniques. The immediate benefits of spinal fusion
surgery most of the time involve reduced pain,
increased ability to move around and improved
quality of life. The vast majority of patients,
according to their self- presentations, find that their
back or neck pain is relieved within the first three
months after their surgical procedure. Functional
status is usually measured with the ODI and VAS;
patients often report a significant functional gain to
their quality of life. Table 2 illustrates the short term
postoperative results compared from different

clinical trials included in the present review [15].
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Table 2: Immediate one-Week and One- Month

Follow-Up
Outcome Time Frame
Post-Surgery Improvement (%)
Pain Relief (VAS Scores) 3 months
70-80
Functional Improvement (ODI)
6 months 60-75
Mobility Enhancement 3-6 months
65-85

Postoperative Outcomes and Improvements in Spinal Fusion Surgery

90
[ Minimum Improvement (%)
= Maximum Improvement (%)
85+t
80

~
w
T

Improvement (%)
~
o

65
60
551F
50 Time Frame: 3 months Time Frame: 6 maonths Time Framei 3-6 months
Pain Relief Functional Improvement Mobility Enhancement
Outcomes
patients experience a decrease in the VAS within
Reducing the patient’s pain is one of the primary three months of the program’s initiation. Generally,
interventions’ noticeable effects: up to 80% of functional gain assessed with the ODI improves

13



significantly as early as 6 months after surgery with

60-75% of patients with less disability and improved
functional status. Gains in mobility are also
demonstrated during the first six months and
include those patients who receive less invasive
forms of spinal fusion where surgical trauma is less
of an issue.
Potential complications discussed are lasting based on
details like patient’s age, type of the spinal condition,
and the applied technique of fusion. Long-term fusion
success rates vary between 70 to 85%, and majority of
the patient experienced fused spinal segments and
enduring of pain relief. However, one faces some
challenges in the long run that may endanger the
general outcome not forgetting the satisfaction of the

patient. Common long-term complications of spinal
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fusion surgery are listed in Table 3 for reference.

Table 3: LTCS and Rates of Development Long-term complication outcomes are as given below:

Complication Rate
Time Frame
Incidence (%)
Adjacent Segment Disease (ASD) 15-25
2-5 years
Hardware Failure
1-3 years
5-10
Non-Union (Pseudoarthrosis)
6 months-2 years
10-20
Need for Revision Surgery 5-15 3-5 years

Incidence Rates of Spinal Fusion Complications
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Interspace or adjacent segment disease (ASD) is a
major long-term morbidly that affects 15-25% of
patients usually within two to five years of fusion.
ASD is said to occur as a result of the higher load
bearing on the adjacent spinal segments in the
region of fusion, and thus accelerated degeneration.
Screw/rod loosening or breakage happens in 5-10% of
cases and, in most instances, the need to perform
another surgical correction. Other possible risk factor
includes non-union or pseudoarthrosis, which is when
there is no bone union across the facets of adjacent
vertebrae, estimated to occur in 10-20% of patients.
Non-union can also make the leg painful and unstable
at times reconstructive surgery is needed. The
reoperation rate for all indications of revision surgery
varies between 5 and 15%, based on the initial
rationale for fusing and the primary surgical approach
used.
Long term satisfaction is then related to the success
of the fusion and the non occurrence of
complications. Literature shows that patient
satisfaction and increase in quality of life is observed
in cases with solid fusion, least amount of adjacent
segment degeneration and negligible hardware
problem. Still, as with any surgical procedure, things
like ASD or hardware failure can have negative
effects on the patient’s outcome and satisfaction,
that is why careful selection of the patient, and the

correct choice of the surgical technique is crucial.

Consequently, spinal fusion surgery is most effective
for patients with particular indications including
symptoms of severe pain, spinal instability, and
neurological deficiencies in the short-term and long-
term periods. The type of surgical procedure that is
performed establishes the likelihood of outcome
successes and complications; minimally invasive
surgical procedure appears to offer favourable
factor in relation to surgical morbidity and post
surgical convalescence. However, issues like ASD
and hardware failure are still a reality which remains
as a potential challenge in long term and thus
requires continued study in order to enhance patient
benefits [16].
Discussion
This paper seeks to understand the suitable surgical
approach for the spinal fusion surgery for
degenerative spine conditions by analysing the
outcomes of the surgery. The posterior lumbar
interbody fusion (PLIF), transforaminal lumbar
interbody fusion (TLIF), anterior cervical discectomy
and fusion (ACDF), and minimally invasive lumbar
fusion (MIS-TLIF) this article provides a comparison
of the fusion techniques based on the advantage and
disadvantage of each one of these techniques. It is
therefore important for healthcare providers to
grasp these strengths and weaknesses to ensure the
best possible patients’ results and to reduce the risks
attached to spinal fusion surgery.

TLIF and PLIF are among the most commonly used

methods for handling lumbar spine problem. Anterior



lumbar interbody fusion (PLIF) gives the advantage of

permitting direct and complete visualization of the
intervertebral disc space to remove the degenerative
disc and place bone grafts or cages appropriately. This
apply particularly well for those patients who had
considerable compromise of neural structures, as it
provides direct neural element decompression.
However, it has been identified that patients who
undergo PLIF are more likely to result in development
ASD, due to changes in spinal mechanical
environment. Furthermore, PLIF needs more soft
tissue dissection that leads to longer hospitalization
stay and increased amount of postoperative pain [17].
However, TLIF is performed in an oblique manner ,
which means that few neural elements have to be
retracted during the surgery and this significantly
lowers the chance of nerve injury. This technique also
allows for a better controlled placement of the
interbody device, which might improve fusion rates.
Several studies have recommended TLIF procedure as
being relatively successful especially in patients with
spondylolisthesis or lumbar instability. However, TLIF
still has such concerns as hardware failure and
infection, and the oblique approach sometimes may
be incommodious to perform satisfactory
decompression for patients with severe neural
compression. Whenever treating multi-level

degeneration or whenever there is anatomical

deviation in a patient, TLIF may be technically
demanding, and therefore the surgeon should take his
time and select the right patient and should also plan
well for this surgery.
Whereas ACDF is recommended for cervical spine
disorders including cervical discogenic disease or
cervical spondylosis accompanied by radicular or
myelopathic features. A major advantage of this
operation is the direct confronting and expansion of
compressed neural structures as well as restoration
of disc height. The anterior approach applied in
ACDF does not cause extensive muscle damage
hence little pain after surgery and faster recovery
than with the posterior cervical fusion techniques.
Nevertheless, ACDF is again linked to adjacent
segment degeneration due to stress and effect of
the spine instrumentation in younger patients who
are likely to live longer with the implants in their
spine. Another complication of ACDF is the
postoperative dysphagia that may impair patients’
quality of life shortly or in the middle-term period.
Furthermore, the spinal biomechanics alteration
resulting from cervical fusion might lead to early
degeneration of the adjacent segment after the
fusion, thus, the need to monitor the patients closely
postoperatively [18]. Thus, minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF)

has become a preferred technique because of

17



lowering surgical risk. MIS-TLIF presents lesser

surgical exposure and less disruptions topem soft
tissues and hence produces less blood loss, shorter
hospital stays and a quicker turnaround time. The
present evidence shows decreased postoperative
pain in MIS-TLIF patients and improved performance
of the daily routine in comparison with patients who
underwent open fusion. However, few limitations
have been reported regarding MIS-TLIF such as
longer operative time during the initial phases of
the technique by the surgeon and high index of
technical difficulty. However, due to the minimal
invasiveness of the procedure, the surgeon may be
limited in their ability to perform more extensive
decompression or address complex deformity which
means MIS TLIF may be less appropriate for patients
with severe spinal instability, or multi level
degeneration. The outcomes of spinal fusion surgery
cannot be influenced solely by the choice of the
surgical technique since the results of the operation
depend on the individual characteristics of the
patient — age, general health state, the level of
degeneration of the spine, possible comorbidities.
Older patients for example presents different risk
factors related to age such as the changes in bone
related quality like the presence of osteoporosis may
have an negative influence to the incorporation of
the bone graft and the stability of the fusion. On the
other hand, young patients have relatively sound
bone quality, which may favor arthrodesis but the

risk of adjacent segment degeneration secondary to

increased mechanical stress placed on other lower
adjacent segments within the spine.
Another factor that determines the degree of spinal
degeneration is something that can contribute to poor
surgical results. Lastly, the extent of fusion surgery
needed for patients with multi-level degenerative disc
and/or spinal instability is associated with higher
complication risks, said hardware failure, and non-
union or pseudoarthrosis. In patients, for instance, for
those who have localized degeneration, and little
instability could be addressed by just a single fused
level such that lumbar single level fusion may provide
adequate pain relief and functional gain accompanied
with a reduced risk of complications. Also, those
patients who have radiculopathy or myelopathy
preoperatively seem to benefit more in the extent of
improvement from decompressive fusion procedures
like ACDF or TLIF, thus raising the issue of accurate
assessment of neurological compromise at the time of
planning for surgery [19].
However, it may be crucial to mention some
limitations of the reviewed studies identifying
indications, techniques, and outcomes of spinal
fusion surgery discussed in this review. A notable
limitation of the review is that the studies as
reviewed are dissimilar in design; this means that
some include large samples while others have small
sample sizes; some of them followed up the women
for short durations while others followed them for
long durations and still in relation to the outcome

measures different studies used different measures



hence this brings about the bias. A large number of

these studies were retrospective, which involves
analysing data that was collected for other purposes,
and often involve sample selection bias.
Furthermore, the inclusion of patients with different
degrees of spinal degeneration, comorbidity and
surgical experience creates difficulties for
comparison of outcomes between different types of
fusion.

Some limitation involves the fact that a majority of
the studies present modest follow-up time points.
Two specific issues, ASD and hardware failure, take
many years to develop and may be related to the
long- term efficacy of spinal fusion procedures, for
which prolonged follow-up is required before a
definitive conclusion can be reached. It has also
received little randomized controlled trial (RCT)
evidence comparing the medium to long-term
outcomes of the various techniques utilised in the
different types of spinal fusion. It is important that
successive research endeavours should be planned
and conducted well-controlled RCTs that will use
comprehensible criteria for assessing outcome and
have long-term follow-up to contribute more
credible evidence in determining the utilisation of
spinal fusion in the management of degenerative

spine diseases.

The results of this review emphasize the importance
of the future studies in order to improve the spinal
fusion surgery outcome. Another direction of the
future research is to further improve and assess the
effective minimally invasive approaches which include
MIS-TLIF and LLIF. These techniques hold the promise
of decreasing surgical risk and accelerating
rehabilitation after surgery; however, the authors
believe that the length of follow-up in these studies
are insufficient to assess the long-term effectiveness
of these techniques compared to open fusion
procedures. Research dissecting out selection criteria
should elucidate the role of minimally invasive
strategies and improve patient prognosis. Another
significant area for future studies, should be related
to additional methods employed in spine surgery in
order to achieve better bone fusion and reduce the
possibility of the adverse events. Enhancements in
BMP usage and in the design of new grafts present
future prospects for raising the effectiveness of fusion
and diminishing pseudoarthrosis appearance. Also,
further investigation into preserving motion through
dynamic stabilization system and artificial disc
replacement may provide surgeons with option to
avoid fusion in selected patients basically drudging
against the Adjacent Segment Degeneration [20].

Further prospective investigations are required for

chronic spinal degenerative follow-up after fusion and
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to identify predictors of ASD and hardware failure.

Readily available are the results of similar research
that will help to design the postoperative
management with specific emphasis on providing
appropriate rehabilitation to enhance functional
outcomes and prolong in the positive changes
consequent to fusion surgery.
However, we agree with the work’s suggestion that
PROMs should be included in the majority of the
subsequent research focusing on spinal fusion as
these instruments can offer more objective insights
into the patients’ level of satisfaction with their
quality of life after the surgery. Overall, spinal fusion
surgery has continued to be utilised as a suitable
approach towards managing degenerative spinal
disorders as it has several advantages Yet, the
patients’ characteristics and surgical techniques to
be employed, especially in the context of AIS
patients, have to be putting under thoughtful
consideration due to the varied impacts that it has
been making among the patients. The following
limitations of current research will be discussed, and
plans for future work on adopting less invasive
techniques and other complementary approaches
will be described in order to progress the field and

benefit patients.

Conclusion

Thus, spinal fusion is an important surgical

procedure for patients with degenerative spine

disorders, especially in case of intense pain,
instability ~and  neurological  manifestations
unamenable to nonoperative  management.
Minimally invasive TLIF, PLIF, ACDF or MIS-TLIF are
commonly used surgeries, and the choice of the
approach determines the benefits or vice versa as
presented in this literature review. Despite midterm
and long-term follow-up, up to 10 years, they vary
from 70% to 90% and complications are related to
adjacent segment diseases, hardware failure, and
pseudoarthrosis. These results highlight the
importance of judicious deliberation of the
particular technique of spine fusion required in
dysfunction Ing areas, and honoring patient
characteristics such as age and overall health.
Preliminary detailed evaluation of the patient is
mandatory because understanding of all benefits
and risks of spinal fusion helps to choose the best
surgical technique and to predict the patient’s
quality of life in the future.
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