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Long-term functional and radiological outcomes of
cervical disc arthroplasty at a tertiary level spine center
in India: A retrospective cohort analysis with minimum
2 years of follow-up

ABSTRACT

Context: Cervical disc arthroplasty (CDA) was developed for the treatment of cervical disc disease with the potential advantages of preservation
of physiological motion at a discal level, thereby potentially reducing adjacent level stresses and degeneration, which were a known complication
of anterior cervical arthrodesis. The objective of this study was the assessment of long-term functional and radiological outcomes overtime in
all the patients who underwent CDA from 2011 to 2019 at our institute.

Materials and Methods: Forty-eight patients who underwent CDA (2011-2019) with a minimum 2-year follow-up were retrospectively
evaluated. The functional outcome included the Visual Analog Score (VAS) and Neck Disability Index (NDI). Radiographs were assessed for
range of motion (ROM) at the index surgical level, presence of heterotopic ossification (HO), and adjacent segment degeneration.
Results: The mean follow-up was 5.79 + 2.96 (2.16-11.75) years. Significant improvement (P < 0.05) was observed in the
VAS (8.91 + 2.52 [preoperative] to 0.89 + 1.27 [follow-up]) and NDI (65.5% +23.06% [preoperative] to 4.79 + 3.87 [follow-up]) score. Motion
at index level increased significantly from 5.53 preoperatively to 7.47 , and 92% of the implanted segments were still mobile (referring to the
threshold of ROM > 3 ). HOs are responsible for the fusion of 4/50 (8%) levels at the last follow-up. Distal and proximal adjacent disc degeneration
occurred in 36% and 28% of patients, respectively. No migration of the implant was observed on the radiograph.

Conclusion: Our study showed favorable clinical outcome of CDA with preservation of ROM at the index surgical level. CDA can be a
promising alternative to anterior cervical arthrodesis when properly indicated.
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INTRODUCTION

Degenerative cervical disc disorders leading to cervical
myelopathy and radiculopathy can present with typical
symptoms of radicular pain, numbness, and weakness of the

shoulders and arms, with some patients may present with
weakness of the legs and torso and imbalance while walking.!"!
After the failure of conservative treatment in patients with
cervical degenerative disc disease, anterior cervical discectomy
and fusion (ACDF) has been the traditional standard surgical
procedure.”?3! ACDF relieves symptoms significantly, but the
elimination of motion at the index level accelerated adjacent
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level degeneration and pseudoarthrosis at the surgical site
remains procedure-specific complication.**! Long-term
follow-up has showed up to 38% of patients re-present with
significant adjacent segment disease (ASD) within 10 years
of the primary ACDF procedure.®!

Cervical disc arthroplasty (CDA) was developed as a potential
alternative treatment for degenerative cervical disc pathology
with the advantage of motion preservation at the index level
and reducing the incidence of adjacent level degeneration
both in vitro and in clinical settings.”#! In addition, CDA avoids
complications associated with fusion surgeries, including
the requirement of bone graft, graft site morbidities, and
pain and risk of pseudarthrosis after surgery.” However,
implant migration, subsidence, and incidence of heterotopic
ossification are reported disadvantages in the literature
relating to CDA.!""'? Literature has established that CDA
provides pain relief with improvement in functional scores
superior to ACDF and a lower rate of symptomatic adjacent
segment degeneration in short-term to midterm follow-up.

To the best of our knowledge, there is no literature
regarding the long-term follow-up of CDA both clinically and
radiologically in the Indian population. The goal of this study
is to study and is to assess the long-term outcome (minimum
2-year follow-up) of both functional and radiological of CDA
for cervical discopathy.

MATERIALS AND METHODS

Aretrospective review of patients who underwent CDA in our
institute from January 2011 to December 2019 was carried
out with approval of the local Ethical Committee of Stavya
Spine Hospital and Research Institute and was registered in
Clinical Trials Registry — India (CTRI/2022/09/04500).

Inclusion and exclusion criteria

The inclusion criteria were: (1) symptomatic cervical discopathy
at 1 or 2 vertebral levels between C3 and C7 confirmed by
imaging (magnetic resonance imaging, computed tomography,
or myelogram) showing herniated nucleus pulposus and
spondylosis; (2) age between 20 and 60 years; and (3) failure
of at least 6 weeks of conservative therapy. The exclusion
criteria were: (1) cervical fusion adjacent to the level to be
operated; (2) cervical instability (translation >3 mm and/
or >11 rotational difference to that or either adjacent
level); (3) facet joint degeneration; (4) presence of ossification
of posterior longitudinal ligament (PLL); (5) revision surgery; (6)
severe spondylosis (bridging osteophytes and disc height
loss >50%); (7) active local/systemic infection; and (8)
autoimmune spondyloarthropathies (i.e., rheumatoid arthritis).

In accordance with the above inclusion criteria, 48 patients
underwent CDA from January 2011 to December 2019 at the
author’s institute.

Surgical technique

CDA is performed under general anesthesia. The patient is
placed on the operating table in the supine position with
the neck in the neutral position. Endotracheal intubation
should be done with care to avoid manipulation of the neck,
especially in cases of severe cord compression. Fiber-optic
intubation can be used in these cases. The endotracheal
tube should be tapped to the opposite side of the surgical
approach.

The head is secured on the head ring with tapping across
the chin in the neutral position, and the shoulders are
secured down with tape to allow for proper visualization
with fluoroscopy. The end plates of the index surgical level
on lateral fluoroscopy to should be in a parallel position.

A standard anterior Smith—Robinson approach is used at
the level of surgery. The skin is incised, and the platysma is
divided in line of skin incisions using electrocautery Bovie.
The superficial layer of the cervical fascia is opened and using
blunt dissection; the avascular plane is developed between
the sternocleidomastoid and carotid bundle laterally and
strap muscle of neck and trachea—esophagus medial. The
omohyoid muscle is sectioned for better retraction and
exposure. Finger dissection and swabs on sticks are used to
reach up to the prevertebral fascia. Finger palpation is used
to confirm the disc space (hills of the discs and valleys of the
anterior vertebrae bone), and radiographs should be taken
to ensure the correct level.

The longus colli muscle over the vertebra is erased from
midline to 1.5 cm lateral at the surgical level. Self-retaining
retractor (TrimLine, Medtronic, USA) is placed below the
longus colli muscle. Distraction pins are placed in the midline
in anteroposterior (AP) radiograph at above and below the
vertebral of surgical level and distracted. The annulus is
incised with a sharp knife and discectomy is performed
using curettes. The uncovertebral joints should be identified
bilaterally. Once reached to PLL, the posterior disc spaced is
opened with the help of lamina spreader, and PLL is resected
till the ventral dura is visible. Uncinate osteophytes removal
and foraminal decompression are done. The adequacy of
decompression is checked with the help of tactile feedback
with a nerve hook.

The traction on the distractor pin is released. Centering of
prosthesis in the midline and adequate sizing are crucial steps
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of successful CDA. The end plates are prepared with the help of
curette and rasps. The use of burr should be avoided to increase
the incidence of heterotopic ossification (HO). Care should be
taken to avoid violation of the end plates. Trials are used to
determine proper implant size in all dimensions (height, width,
and depth) and ensure proper alignment with the guidance of
fluoroscopic imaging. Rail is prepared with the help of a rail
guide and cutter. The prosthesis (PRESTIGE® LP, Medtronic,
USA) is tamped into the proper position under fluoroscopic
imaging. Hemostasis is achieved, copious irrigation is done,
and wound is closed in a layer over a negative suction drain.

Outcomes assessment

All patients were followed up in the outpatient clinic
to assess the patient-reported outcome measures and
radiological parameters at 6 weeks, 6 months, 12 months,
and subsequently at yearly follow-up after 12 months.

Functional assessment was evaluated on basis of the Visual
Analog Scale (VAS) of neck and arm pain, and the Neck
Disability Index (NDI) score in preoperative phase and at the
final follow-up.

Radiological evaluation on dynamic (flexion/extension) and
neutral lateral X-rays and AP radiographs, preoperatively
and at final follow-up was done. Range of motion (ROM) has
been measured at the index level (=3° in flexion—extension
radiograph was considered mobile). The extent of heterotopic
ossifications (HO) was graded according to Mehran—McAfee
classification,™ which was Grade 0: absence of HO; Grade 1:
presence of HO in front of vertebral body but not in the
anatomic disc space; Grade 2: presence of HO in the disc
space, possibly affecting the prosthesis’s function; Grade 3:
bridging HO with prosthesis’s motion still preserved; and
Grade 4: complete fusion of the segment with absence of
motion in flexion/extension.

Evaluation of the occurrence of degeneration of initially
healthy adjacent disc and evolution of altered disc
in preoperative period was noted. Adjacent segment
degeneration was evaluated according to Kellgren—-Lawrence
grading system!'¥ (Grades 0-4) in which Grade 0, 1: no or
minimal anterior osteophytosis. Grade 2: definite anterior
osteophytosis with possible narrowing of disc space and
some sclerosis of vertebral plates; Grades 3: multiple
osteophytes, definite narrowing of joint space, and some
sclerosis and deformity of bone ends; and Grade 4: large
osteophytes marked narrowing of joint space, severe
sclerosis, and definite deformity of bone ends. Change of =1
grade in the initially healthy disc and =2 in the previously
alternated disc was considered significant.

Complication in intraoperative and postoperative period
and return to routine activity and patient satisfaction was
noted in follow-up.

Statistical analysis

Data analysis was performed using SPSS statistical software
version 25 (IBM Corp, Chicago, IL, USA). VAS score,
NDI scores, and ROM were analyzed, and results were
expressed as mean with standard deviations. Paired t-test
was employed to compare preoperative and postoperative
continuous variable data. McNemar’s test was used for the
comparison of categorical data, and categorical variables
are presented as proportions. The statistical significance
level was set at P < 0.05.

RESULTS

Forty-eight patients underwent cervical disc CDA from
January 2011 to December 2019. The mean age of
the enrolled patients is 38.6 = 6.69 (24-54) years.
Thirty-eight (79.1%) patients were male and 10 (20.9%)
were female. The most common diagnoses for which
patients underwent CDA in our study were cervical disc
herniation with radiculopathy (1 = 36) followed by cervical
spondylotic myelopathy without instability (n = 12). Forty-six
patients underwent single-level procedure; two patients
underwent double-level surgery. Total 50 prosthesis are
implanted with distribution as follows; C5-C6 (n = 33),
C5-C6 (n = 9), C6-C7 (n = 4), C4-C5/C5-C6 (n = 1), and
C5-C6/C6—C7 (n = 1). The mean operative duration was
74.52 = 11.61 min (50-110 min). Postoperative period was
uneventful in all the patients. Demographic data and surgical
records are tabulated in Table 1.

Table 1: Patients demographics and surgical data of the cohort

Variable Number
Number of patients 48
Male:female 38:10
Age (years) 38.6+6.69 (24-54)
Presentation

Radiculopathy 36

Myelopathy/myeloradiculopathy 12
Level of procedure

Single 46

Double 2
Level

C5-C6 33

C5-C6 9

C6-C7 4

C4-C5/C5-C6 1

C5-C6/C6-C7 1

Operative duration (min)
Average follow-up (years)

74.52+11.61 (50-110)
5.79+2.96 (2.16-11.75)
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The mean follow-up period was 5.79 = 2.96 (2.16-11.75)
years, and the mean NDI score was reduced significantly at
the final follow-up compared to preoperative condition. The
preoperative NDI score was 65.5% +23.06%, which improved
to 4.79% +3.87% at the time of the last follow-up (P = 0.0352).
The absolute improvement (NDI postoperative — NDI
preoperative) was an average of 30.3 pts. The mean VAS
score in patients decreased statistically significantly from
8.91 * 2.52 preoperatively to 0.89 * 1.27 at the last
follow-up (P = 0.0118). The improvement in average VAS
and NDI scores was 90.01% and 92.68%, respectively [Table 2].

The index surgical level in the preoperative period had a mean
ROM of 5.53° +=1.69°, which increased to 7.47° =2.36° in the
last follow-up and 92% (46/50) of implanted prostheses had
mobility (ROM >3°), and of these, 46 implanted prostheses
86.95% (40/46) had ROM >5° [Figures 1 and 2]. The incidence
and severity of HO at the last recorded follow-up were as
follows: Grade 1in 12% (n = 6), Grade 2 in 16% (n = 8), Grade 3
in 6% (n = 3) of cases, and Grade 4 (with solid fusion of the index
segment) in 8% (n = 4) of cases [Figure 3]. The overall incidence
of HO was 42% and responsible for the fusion of 4/50 levels at
the last follow-up [Table 3]. Radiologically distal and proximal
adjacent disc degeneration occurred in 36% and 28% of patients,
respectively. There was no migration/expulsion of prosthesis,
and no reoperation required in postoperative follow-up.
Return to routine activity, same as preoperative level, was
seen in 93.75% (n = 45) of patients, and 89.58% (n = 43)
of patients were able to return to the same job as earlier.
93.75% of the patients were satisfied with CDA procedure
with 45/48 patients would consider to undergo CDA if needed
in the future.

DISCUSSION

ACDF has been a time tested, treatment of choice in

Table 2: Functional outcome measure after cervical disc
arthroplasty

Preoperative Final follow-up P
VAS 8.91+252 0.89+1.27 0.0118
NDI (%) 65.5+23.06 4.79+3.87 0.0252

VAS - Visual analog scale; NDI - Neck Disability Index

Table 3: Incidence and grading of HO as per Mehran—NMcAfee
classification

Grade of HO Patient (%)
Grade 1 6(12)
Grade 2 8(8)
Grade 3 3(6)
Grade 4 (solid fusion of the index segment) 4 (8)

HO - Heterotopic ossification

degenerative disc disorder (DDD) with excellent alleviation in
clinical symptoms described in various literature.'>! Fusion
of the intervertebral segment leads to increase intradiscal
pressure in the adjacent segment, eventually accelerating
the ongoing degenerative process secondarily to aging.”!

In the last two decades, with significant evolution in the
conservation of mobility at the index level and reemergence
of disc replacement prosthesis due to development in
tribology, CDA has gained popularity among surgeons as

Figure 1: Lateral dynamic radiographs showing 7 years follow-up of C4-5
cervical disc arthroplasty with intact range of motion at index level

Figure 2: Lateral dynamic radiographs showing 6 years follow-up of double
level artificial cervical disc implantation at C5-6, C6-7 level showing intact
range of motion in flexion-extension

Figure 3: Presence of Grade 4 heterotropic ossification causing complete
bridging fusion at index surgical level
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an alternative to fusion surgery for DDD.I" The potential
advantage of motion preservation and reducing the stress
at the adjacent levels reduces the chances of ASD, thus
increasing the longevity of the procedure before requiring
any procedure for secondary. Degeneration has made CDA
a practical and viable option for the treatment of DDD.!"7 18]

In a meta-analysis by Findlay et al., CDA was found to have
superior outcomes in improvement in NDI, 36-Item Short-Form
Health Survey-36 physical component scores and satisfaction,
index compared to ACDF at 5-7 years of follow-up.'” Our study
showed the comparable significant result in improvement
of functional score in postoperative follow-up compared to
preoperative period as reported in literature.

ROM at index surgical level was intact in 92% of prosthesis at
average 5.79 years of follow-up and overall ROM improved
by 1.87°, which was not statistically significant but intact and
improved. This intact motion at the index level can dissipate
the stress concentration at the adjacent level, thus slowing
down the degenerative process. Our radiological ROM
findings were concurrent with multiple investigational device
exemption studies on given in the literature.?*!l

It is still debatable whether the incidence of adjacent
segment degeneration is related to natural degeneration
or biomechanical stress as result of adjacent fusion.?>%!
Hilibrand et al. reported that after anterior cervical fusion
surgery, the rate of ASD increases by 2.9%/year with yearly
follow-up.?* The literature has reported the success in
reducing the ASD rate with CDA compared to ACDF in
multiple meta-analysis and randomized control trials.!'*2>%I
In an aforementioned meta-analysis by Findlay et al. showed
a lower rate of ASD at 4-7 year follow-up in CDA compared
to fusion surgery." Adjacent segment degeneration and
ASD are two different entities with the latter being the
symptomatic manifestation which requires a medical or
surgical management. A meta-analysis comparing randomized
controlled trial by Dong et al. showed the rate of adjacent
segment re-operation was reduced by 70% compared to
ACDF (odds ratio = 0.30, 95% confidence interval [0.20,
0.44] [P < 0.001]) and advantage of the lower rate of adjacent
segment reoperation in CDA compared with ACDF increased
with the increasing length of follow-up.I"” Our study showed
ASD in the proximal and distal segments being 36% and 28%,
respectively, with no patient requiring the reoperation in
follow-up tends to support the finding of a lower rate of
symptomatic ASD with CDA.

Occurrence of HO after CDA is considered as a potential
complication and a major obstacle in development in non-

fusion surgical modality in the cervical spine. Even though
literature has reported a high rate of HO post-CDA up to 35%,
the causative factor and clinical impact of HO is yet to be fully
understood.” Predisposing factors such as intervertebral
height change and inadequate coverage at prosthesis are
described as risk factors of HO development.?” Shen et al.
concluded the risk of HO significantly increased when the
prosthesis coverage in the sagittal section is <93.8% or the
change of intervertebral disc height after surgery was large
than 1.80 mm.?8 Mcaffee Grades 3 and 4 are considered
motion-restricting grades of HO and decrease ROM at the
surgical level, but it does not alter the functional outcome
or increase the disability.”>>% Our study showed a cumulative
14% of the occurrence of Grades 3, 4 HO and 3 patients had
a complete fusion of at the surgical site, but the patient did
not complain of any functional disability at follow-up. Release
of distraction by Casper pin at the discal level before sizing
the prosthesis and choosing a size with maximal coverage
in AP plane is critical factor for decreasing HO after CDA.1*’!

We acknowledge the retrospective nature of this study
and nonrandomization makes this study liable to potential
selection bias. The lack of control group partially impacts the
result, particularly in the assessment of ASD, which can be
less relevant without a comparative group. In spite of these
limitations, this study provides a long-term follow-up of CDA
up to 11 years with good functional outcomes.

CONCLUSION

Our study assessed the functional and radiological outcome
of CDA, which showed statistically significant improvement
in functional outcomes and preservation of movement at
index level. CDA continues to be a promising form of surgical
treatment for degenerative cervical disc disease in patients
with myelopathy and radiculopathy when properly indicated.
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