Available online www.ijpras.com

International Journal of Pharmaceutical Research & Allied Sciences, 2021, 10(1):127-135

ISSN : 2277-3657

Review Article CODEN(USA) : IJPRPM

The Role of Total Disc Replacement in Degenerative Disc Degeneration,
Literature Review

Wafaa Sulaiman Alhifzi!, Fahad Mohammed Algahtani'”, Wael Abdulrahman Al
Luhayb?!, Abdulaziz Musallam S Aljohani?, Mohanad Misfer S Alkhathami®, Jamal Abdulghani
Taj* Shahd Mohammed Alanzan®, Marwan Salah Alsaadi®, Abdullah Ahmed Amin®, Safar
Dhawi Saleh Alyami’, Abdullah Matuq Alaithan?®

Faculty of Medicine, King Khalid University, Abha, KSA.
2Primary Care of Prince Mohammad bin Abdulaziz International Airport, Madinah, KSA.
3Faculty of Medicine, Bisha University, Bisha, KSA.
“Faculty of Medicine, King Saud bin Abdulaziz University for Health Sciences, Jeddah, KSA.
SFaculty of Medicine, King Saud University, Riyadh, KSA.
SFaculty of Medicine, lbn Sina National College of Medicine, Jeddah, KSA.
"Faculty of Medicine, Jordan University of Science and Technology, Irbid, KSA.
8Faculty of Medicine, King Faisal University, Al Ahsa, KSA.

*Email: dr_Fh2a3d_mujary@hotmail.com

ABSTRACT

Degenerative disc degeneration (DDD) alludes to the progressive collapse of the disc to execute its function,
resulting in a diminished range of motion and back inconvenience. Even though it is debilitating, the majority of
people see their symptoms slowly go away without the requisite for surgery. However, numerous cases require
surgical intercession, and spinal integration has been considered the gold standard for DDD in the past years.
Nevertheless, spinal integration has shown to be related to a few complications. Subsequently, total disc
restoration (TDR) surgery recently has been replacing spinal integration within the therapy of DDD. To review
the role of TDR in DDD cases and provide a competent survey that covers the main aspects of this topic.
PubMed database was utilized for articles selection, and the following keys were utilized within the mesh
((“degenerative disc degeneration"[Mesh]) AND (“surgical management”[Mesh]) OR (“total disc
replacement”[Mesh])). TDR works by mimicking the biomechanical function of an unscathed intervertebral disc,
conserving physiological versatility and perhaps lowering the risk of adjacent segment degeneration as compared
to lumbar fusion.
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INTRODUCTION

DDD alludes to the progressive decline in the performance of the disc, which leads to a diminished range of
movements and back distress [1, 2]. Aging, mechanical stress, and a few hereditary variables have all been
connected to DDD. The disc is a structure that contains vessels, making it defenseless against injury and incapable
to regenerate viably. This helps to clarify why DDD is predominant [3]. The disc can function as a shock absorber
between the vertebrae in terms of physiology. It moreover aids within the support of spinal arrangement and the
facilitation of a range of movement. The failure of arrangement, the collapse of the intervertebral disc produce
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pressure over the facet joint, and degeneration, impingement on neural structures, and pressure on the paraspinal
muscles [4].

DDD may develop anywhere along the spine, although it is more predominant within the cervical and lumbar
regions, resulting in neck and back distress. Even though it is debilitating, the majority of individuals see their
symptoms slowly go away without the require for surgery [1, 5]. However, numerous cases require surgical
intercession, and spinal fusion has been considered the gold standard for DDD in the past years. Nevertheless,
spinal fusion has appeared to be related to a few complications. Hence, TDR surgery recently has been supplanting
spinal fusion in the treatment of DDD. In this article, we aim to survey the role of TDR in DDD cases and provide
a sufficient review that covers most aspects of this topic.

MATERIALS AND METHODS

PubMed database was utilized for articles draft, and the following keys were utilized in the mesh ((“degenerative
disc degeneration"[Mesh]) AND (“surgical management”’[Mesh]) OR (“total disc replacement”[Mesh])).

In respect to the incorporation criteria, the articles were chosen based on the incorporation of one of the following
points: degenerative disc degeneration, and total disc substitution. Exclusion criteria were all other articles, which
did not have one of these points as their essential endpoint.

RESULTS AND DISCUSSION

Epidemiology

The predominance of Degenerative Disc Disease is somehow related to age, with forty percent of those aged forty
years having Degenerative Disc Disease and eighty percent of those matured 80 years or beyond having DDD.
Lumbar DDD affects individuals as early as thirty years old, and the highest proportion can occur around the age
of 40. Cervical DDD affects essentially the middle-aged and elderly, which is one of the major causes of nerve
root dysfunction and cervical spinal cord in individuals aged 55 and over. While the majority of individuals over
50 years of age experiences DDD related to their spine, only around a third of them are present symptoms. Lumbar
DDD is characterized by low back pain, while cervical DDD is characterized by neck and arm pain. Low back
pain is anticipated to have a point predominance of between 4% and 33%, with a 1-year predominance rate of
73% and a lifetime prevalence rate of between 58% and 84%. The prevalence of low back pain, on the other hand,
changes depending on the criteria applied and the populace surveyed. Despite the significant lifetime frequency
of low back pain, it is predicted that 80% to 90% of all lower back pain can be treated non-surgically. However,
nonsurgical therapy alleviates pain in only roughly 30% to 50% of individuals with cervical myelopathy and 75%
of patients with cervical radiculopathy [3, 6, 7].

Pathophysiology and risk factors

Nutrition, oxygen, and chemo-modulators must all be delivered through the numerous small blood arteries that
inundate the nerve roots and spinal cord. These structures' compression reduces their capacity to transport essential
nutrients, ensuing in an ischemia impact on the structure. Ischemic pain occurs onward the course of this nerve
root as a result of the inflammation caused by intervertebral disc compression. Cytokines increment is seen when
the disc compresses the nerve. Macrophages and Tumor necrosis factor-alpha and enlistment. Remarkably, a
positive body mass index can be affiliated with several histologic changes inside the intervertebral disc appeared,
which further suggest obese individuals are more likely to endure degeneration.

Within the middle of the intervertebral disc is where the nucleus pulposus is located, the location of the annulus
fibrosus on the periphery, cranially and caudally at the intersection of the vertebral bodies are the locations for
cartilaginous interplaits. The existence of proteoglycans within the nucleus pulposus enables water retention. This
characteristic of the nucleus pulpous is critical for the intervertebral disc's axial load management. Type Il
collagen is the most periodic type of collagen found within the nucleus pulposus of a healthy plate. The annulus
fibrosus is made up mainly of type I collagen and encompasses the nucleus pulposus [7].

A few decades back, explanations of the innervation of the intervertebral plate were displayed. The discogenic
back pain for the neurologic foundation is theorized to incorporate divisions of the spinal nerves, sinus-vertebra
nerve, and gray rami communicantes. There has been a report of an increment in fibers of nerve and blood vessels
within the excruciating disc, reaching regions of the nerve free pulposus, annulus fibrosus, and nucleus within the
well-functioning plate, and an interface between these perception and neurotrophin expression levels has been
proposed [8, 9]. In numerous regards, the method of degeneration is comparable to the method of aging. Disc
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degeneration, on the other hand, is established at a higher pace in working-age individuals, making DDD a
common paradox. A process is known as chondrosis intervertebralis which occurs when the water content of the
intervertebral disc diminishes as individuals get older, and crevices within the nucleus pulposus, potentially
extending into the annulus fibrosus might appear. This process can further flag the onset of deterioration of the
intervertebral disc, endplates, and vertebral bodies [10]. DDD is a complicated degenerative process caused by
changes in the disc's molecular composition as it ages. This cascade has biomechanical and, in certain cases,
clinical consequences that might cause significant disability in the person affected. Environmental factors are an
auxiliary concern to the hereditary component of DDD. Nonetheless, the impact of environmental factors on DDD
is anything but inconsequential. A little interface between smoking and disc degeneration has been found,
indicating that chemical exposures may play a role [7, 11]. Moreover, a connection of atherosclerotic injuries in
the aorta with low back pain has been portrayed, indicating a potential relationship between atherosclerosis and
DDD [12].

Clinical feature

The timing of pain, pain radiation, and triggering events should all be addressed in the patient's history. Patients
commonly report discomfort spreading down their glutes and lower terminus. It is important to pay close attention
to previous trauma incidents. The important scenario is to figure out whether the discomfort is limited to the lower
back or has spread to the legs. The presence of radiating pain is a sign of canal stenosis. When the major problem
is radiating pain, the surgical outcome is considerably more predictable than when the problem is non-specific
lower back pain caused by muscle exhaustion and tension.

Back discomfort with a mechanical component, such as pain that only occurs with specific motions, might suggest
uncertainty or a deteriorating pars fissure. Inspecting circulation is particularly crucial in any examination of
extremity problems since intermittent claudication can mirror or imitate neurogenic abnormalities.

An appraisal of the patient's walking ability is fundamental for determining the daily impact of the pain/deficit.
One systematic sequence is to have the patient rise from the chair, walk on his or her heels and toes, and then sit
on the examination table for strength, reflex, and straight leg raise (SLR) tests. A Trendelenburg stride, which can
show an underlying weakness in the gluteus medius, which is innervated by the L5 nerve root, should be ruled
out during the stride evaluation.

The neurologic function of the arms, legs, bladder, and intestines will be evaluated throughout all physical
examinations. Organization and patience are the keys to a comprehensive examination. Not just strength but also
sensitivity and reflexes should be surveyed. It is also vital to examine the skin around the back and note any pain
from compression or previous surgical scars.

A supine patient's fully extended leg is passively stretched from 0 to roughly 80 degrees in the SLR test. A
diagnosis of a stenotic canal is supported by the start of radiating back discomfort in either leg. Ankle dorsiflexion
weakness and large toe extension are symptoms of a herniation compressing the L5 nerve root. The Achilles
tendon reflex may also be impaired as a result of this deficiency. Quadriceps weakness and a reduced patellar
tendon response are common symptoms of L4 radiculopathy.

Non-organic causes of low back pain/symptoms should also be ruled out during a thorough examination. When a
physician detects psychological reasons, the following should be taken into account: Non-dermatomal patterns of
distribution of symptoms, pain with axial load/rotational movements, negative SLR with patient diversion (one
approach incorporate having the patient sit in a chair and replicating the SLR’s environment), and pain out of
proportion on the exam are all illustrations of hon-specific symptoms or irregularity. These are called Waddell’s
signs [11, 12].

Evaluation

In patients without red flags, magnetic reverberation imaging (MRI) should not be done at the initial presentation
of suspected acute disc herniations, since these patients will likely gain from a 6-week course of physical therapy.
Anterior-posterior and lateral radiographs of the influenced region are commonly utilized within the assessment
of individuals with low back pain. Radiographs of the entire spine might be requested by a few physicians. Within
the first presentation, an MRI is most certainly an unnecessary cost and utilization burden. If the symptomatology
endures at the follow-up, an MRI can be procured amid that time. The T2 weighted sagittal and axial scans ought
to be the priority since they will show any compression of neurologic components. Both symptomatic and
asymptomatic disc herniations will shrivel in size on MRI over time. The presence of disc malady-like
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degeneration or herniation on an MRI scan does not necessarily affect the probability of diligent pain or the need
for surgery in the future [13, 14].

Management

Nonsurgical and surgical therapies are available to alleviate pain and reduce the disability caused by DDD.
Physical treatment, facet joint infusions, epidural steroids, needle therapy, behavior alteration, ultrasound, anti-
inflammatory drugs, pain relievers, muscle relaxants, lumbosacral stabilization treatment, and orthotic
management are a few of the nonsurgical therapies accessible. Periradicular treatment (injection of local anesthetic
and/or glucocorticoids), percutaneous laser discectomy, and intradiscal electro-thermal therapy are all minimally
invasive techniques for pain relief. Nonsurgical therapies are expected to be ineffectual in 10% to 20% of
individuals with lumbar DDD and up to 30% of those with cervical DDD [15, 16].

Surgical therapy is explored in certain instances. The technique of fusing or connecting two bones is known as
spinal fusion or arthrodesis, and it is regarded as the surgical gold standard for DDD. The reason for spinal fusion
is to reduce any strain on the spinal nerves and to reestablish the spine's arrangement and steadiness [17].
Discectomy or the removal of all or portion of the degenerative intervertebral disc that is considered to be the
source of pain is required for fusion. The surgeon can either take off the intervertebral disc-less space vacant or
fill it with a bone transplant after the plate is removed. The bone transplant fills the gap, encouraging fusion and
giving stability [18]. In 70% to 80% of instances, spontaneous fusion is expected without the need for a bone
transplant [17].

Over the last 20 years, new surgical techniques, equipment, and bone graft origin for spinal fusion have been
presented. The most common source of bone grafts is the patient's own hip bone (autograft), although they can
also be obtained from a donor (allograft). Bone morphogenic proteins, a synthetic bone grafting substance, may
also be employed. The surgical techniques of spinal fusions include posterolateral and posterior fusion; anterior
or posterior interbody fusion; and the circumferential technique, which combines anterior interbody fusion and
posterior or posterolateral fusion [19].

The insertion of hardware such as screws or plates to give stability to the fused spinal segment and reduce the risk
of pseudo fusion is known as instrumental or inadequate fusion [20]. The lack of mobility in the spine, which is
regarded to cause adjoining segment degeneration, is one of the disadvantages of surgical fusion. The degeneration
of the vertebrae above or below the fusion site is known as adjacent segment degeneration. Greater mobility of
neighboring vertebrae, as well as increased stress on adjacent intervertebral discs as a result of motion transfer
from fused vertebrae, are considered to have a role in the development of adjacent segment degeneration.
However, it is uncertain whether adjacent segment degeneration is caused primarily by the spinal fusion process
or by normal vertebral deterioration. Adjacent segment degeneration following spinal fusion is frequent, according
to radiographic data, and is expected to develop at rates ranging from 8% over 4 years to 100% over 6 years. After
spinal fusion, the prevalence of symptomatic adjacent segment degeneration is decreased, ranging from 5.2% in
13 years to 18.5% in 5 years [21]. This emergence of adjacent segment degeneration is problematic because it
may necessitate more surgery if it produces symptoms such as aches and impairment. Therefore, the surgical
treatment of persistent low back pain caused by DDD is still debatable.

Regarding the efficacy of the fusion approach on the quality of life correlated with other types of surgical and
nonsurgical treatments, fusion has shown no significant superiority. Pseudo-arthrosis (15%), distress and infection
at the bone graft donor site (hip bone) (11%), instrument failure (7%), and neurological injuries (3%) are all
common consequences of spinal fusion surgery [22, 23]. Anterior approach spinal fusion surgeries have a higher
risk of gastrointestinal and vascular problems, whereas posterior approach spinal fusion procedures have a higher
rate of dura- and neurology-related complications. After anterior lumbar fusion surgery, vascular damage has been
found to occur at a rate of 18%. Dural tears have been observed to ensue at a rate ranging from 0.3% to 13% after
spinal surgery [20].

Total disc replacement (TDR)

Artificial intervertebral disc restoration has become a viable alternative to fusion surgery. This therapy includes
replacing the damaged disc with an artificial disc that can maintain normal segmental mobility and hence minimize
the likelihood of neighboring segment degeneration [24, 25].

TDR has been shown safe and successful especially in the treatment of lumbar discogenic low back pain caused
by DDD during the last decade. TDR works by imitating the biomechanical function of an intact intervertebral
disc, preserving physiological mobility and perhaps decreasing the risk of adjacent segment degeneration as
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compared to lumbar fusion [26, 27]. An indirect comparison by Zigler et Delamarter between TDR and lumbar
fusion patients found that TDR patients had a much lower rate of progression in radiographic adjacent-level
degeneration over 5 years than lumbar fusion patients [28, 29]. Furthermore, lumbar TDR improves neighboring
segment pathology and index-level range of motion much more than fusion [26].

Selection criteria

It is critically important, like with any operation, to establish adequate patient selection criteria [30]. The
distinctions between fusion and arthroplasty must be underlined to comprehend the unique indications for lumbar
TDR. Initially, any lumbar pain producer, such as the disc, facet joints, and adjacent tissues, is meant to be fused
to minimize mobility and hence the discomfort. Because arthroplasty retains motion while addressing just the disc
space, it can only treat disc-related pain and not pain from other causes such as facet joint pain [31].

Facet anatomy is evaluated before surgery when planning for TDR. Patients with an extreme pelvic predominance
(more than 65°) are more likely to develop an arthritic deficiency in the facet joints. These individuals are not
excellent candidates for TDR because their mobility may be restricted following surgery due to hypertrophy facet
joints. Second, TDR isn't outlined to preserve the spinal column and ought not to be utilized in individuals with
spondylolisthesis or other translational abnormalities. Third, in patients with diminished mobility owing to
segmental auto fusion like ankylosing spondylitis, a motion preserving or restoring TDR treatment is not suitable.
Finally, solid attachment to the bone is required for disc arthroplasty. Fascination failure and vertebral body fissure
may occur in patients with the low bone trait [31, 32].

Therefore, lumbar TDR may be considered a feasible cure alternative in patients with painful DDD who have
failed to respond to more than 6 months of nonsurgical approach and who have diagnostic studies confirming the
disc as the likely source of pain, but who do not have substantial facet joint degeneration, defects, anomalies, or
osteoporosis [30, 33].

Surgical procedure

The patient is positioned in da Vinci position which is a supine posture with the legs spread, allowing the surgeon
to operate immediately anterior to the disc area by standing between the legs. When pathing L4-L5 or above, an
oximeter on the left hallux ought to be utilized to check for ischemia caused by retractors shortening the left iliac
artery for a brief time. To guarantee visualization of the operative level as well as neutral alignment of the lumbar
spine, anterior-posterior and lateral pictures are taken [34, 35].

The anterior route is the most prevalent method of lumbar implant implantation. Except for L5-S1, a left
retroperitoneal approach is suggested at all levels. The anatomic placement of the major vessels on the left side is
the reason for the preference. The aorta (on the left) is not only simple to recognize, but it also has a stronger wall
than the inferior vena cava (on the right). However, to prevent damage to the superior hypogastric plexus (placed
in the left anterior portion of the promontory) and subsequent retrograde ejaculation, right-sided access is
recommended to reach L5-S1. Another advantage of reaching L5-S1 from the right side is that if the patient needs
a second anterior approach to a more cephalad lumbar disc in the future, a virgin left-sided retroperitoneal plane
is retained [35, 36].

Vessels are the most challenging part of getting to the disc, with L4-5 being the most difficult. It is necessary to
have access to general and vascular surgeons in the event of visceral or vascular damage, especially during
revision procedures. The ascending lumbar vein, which should be ligated if required, should always be given
special attention. The disc is removed, as well as the cartilaginous endplates. To avoid subsidence, special
attention should be paid to the integrity of the bone endplates upon which the prosthesis will rest [30, 35, 37, 38].
After the annulus fibrosus has been revealed, the center of the vertebral disc space is located and marked on the
cranial and caudal vertebrae using fluoroscopic imaging. This allows for more precise implant placement after the
disc area has been prepared. The annulus fibrosus is dissected anteriorly, and a partial discectomy is done, leaving
the annulus intact on the lateral and posterior sides. When dissecting near to the osseous endplates, more caution
is required to preserve the endplates' integrity, which is critical for long-term implant success. Depending on the
implant, the trial, insertion, and placement differ. The rectus sheath and linea-alba are sutured, and the skin is then
closed [1]. The irrigated surgical site and hemostasis are maintained utilizing hemostatic medications or cautery
once implantation is finished and sufficient is confirmed fluoroscopically.

Possible obstacles facing TDR

131



Alhifzi et al. Int. J. Pharm. Res. Allied Sci., 2021, 10(1): 127-135

The ability to restore sagittal equilibrium is one of the aims of TDR surgery. According to current research, raising
lordosis to achieve physiologic sagittal alignment is linked to better clinical results [1, 39]. Whereas this is also
genuine for TDR, there is proof that arthroplasty patients are an advantage from avoiding significant lordosis.
Enormous lordosis, which causes the embed endplate to impinge on each other amid expansion, might confine
the range of movement of the disc embed postoperatively. Furthermore, it might place greater stress on the
implant, resulting in deterioration and ultimate implant failure [40].

Because the patient is in a supine posture, assessing segmental lordosis intraoperatively might be difficult. A
parameter was suggested in a study, which includes measuring segmental angle intraoperatively while inside the
index disc space, the spacer is being inserted. This measurement has been found to predict postoperative segmental
lordosis accurately in the standing position [41]. Implementing facet replacement in combination with TDR is
another innovative surgical approach. degenerative disc disease can be linked to Facet arthrosis and the two
diseases frequently coexist. Facet arthrosis, on the other hand, is a contraindication to TDR. As a result, fusion
surgery is the sole choice for a substantial percentage of individuals. Therefore, Nayak et al. conducted
biomechanical research to look at unilateral facet joint restoration and lateral TDR. When compared to an
undamaged spine, the research found no significant differences in spinal motion characteristics [42].

The most significant factor impacting implant success is wear. The most prevalent cause of disc replacement
failure is aseptic loosening caused by implant wear. Debris accumulates in the region surrounding the prosthesis
due to implant wear. This fragment triggers an inflammatory response that looks like a foreign body reaction,
complete with granulomas and bone resorption. In addition, the inflammatory environment activates nearby
sensory fibers, amplifying the recurrence of painful feelings.

Several researchers have looked into ways to decrease this immunologic response, and immunomodulation has
been suggested as a potential therapeutic target for aseptic implant loosening. Several inflammatory indicators
have been discovered in the inflammatory response pathway that leads to osteolysis [43]. Etanercept, a TNF
inhibitor, has been proposed as a potential treatment for limiting osteolysis, although its usefulness has yet to be
shown clinically.

More modern implants are subjected to an extra stage of gamma radiation, which increases the implant's resistance
to oxidative damage. The quantity of worn debris should be reduced as a result of this [44].

The facet and sacroiliac joints are additional sources of pain. Due to the progression of facet degeneration, patients
with underlying low-grade facet arthrosis are more prone to have early post-operative discomfort. Excessive stress
on the facet owing to the loss of supporting ligaments is the most common cause of facet joint degeneration. Facet
joint arthrosis was also observed to be more common in arthroplasty performed at the L5-S1 level than at other
levels [45].

A broad analysis of the American College of Surgeons National Surgical Quality Improvement Program database
for all spinal operations (36,440 patients) showed that arthroplasty had the lowest infection rate which was 0%,
while posterolateral fusion had a 1.04% infection rate [46]. However, Implant loosening can be caused by a
surgical site infection, which is an uncommon but still probable cause.

Another possible side effect of TDR surgery is heterotopic ossification. Heterotopic ossification may restrict
spinal mobility and trigger adjacent segment degeneration, as well as induce radiculopathy symptoms. At 5 years,
the incidence of heterotopic ossification following TDR varies from 20% to 50%, and at 10 years, it might be as
high as 71%. Even though heterotopic ossification has a substantial impact on a range of motion, many studies
have demonstrated that it does not result in worse patient outcomes [47].

CONCLUSION

Surgical treatment of DDD is still debatable. Nevertheless, regarding the efficacy of the combination approach on
the quality of life analyzed with other sorts of surgical and nonsurgical therapy, fusion has shown no significant
superiority.

Artificial intervertebral plate rearrangement has become a viable elective to fusion surgery. This treatment
involves replacing the damaged disc with an artificial disc that can maintain normal segmental mobility and hence
minimize the likelihood of neighboring segment degeneration.

TDR has been shown safe and successful especially in the therapy of dicogenic lumbar lower back pain caused
by DDD during the last decade. TDR works by mimicking the biomechanical function of an intact intervertebral
disc, preserving physiological mobility and perhaps lowering the risk of adjacent segment degeneration as
compared to lumbar fusion.
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