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INTRODUCTION

Cervical disc arthroplasty (CDA)/total disc replacement (TDR) were primarily devised 
to preserve range of motion (ROM) and, thus, lower the incidence of adjacent segment 

ABSTRACT
Background: We performed a focused review to determine the “non-inferiority”, potential superiority, and 
relative safety/efficacy for performing cervical disc arthroplasty (CDA)/total disc replacement (TDR) in carefully 
selected patients vs. anterior cervical diskectomy/fusion (ACDF). Notably, CDA/TDR were devised to preserve 
adjacent level range of motion (ROM), reduce the incidence of adjacent segment degeneration (ASD), and the 
need for secondary ASD surgery.

Methods: We compared the incidence of ASD, reoperations for ASD, safety/efficacy, and outcomes for 
cervical CDA/TDR vs. ACDF. Indications, based upon the North American Spine Society (NASS) Coverage 
Policy Recommendations (Cervical Artificial Disc Replacement Revised 11/2015 and other studies) included 
the presence of radiculopathy or myelopathy/myeloradiculopathy at 1-2 levels between C3-C7 with/without 
neck pain. Contraindications for CDA/TDR procedures as quoted from the NASS Recommendations 
(i.e. cited above) included the presence of; “Infection…”, “Osteoporosis and Osteopenia”, “Instability…”, 
“Sensitivity or Allergy to Implant Materials”, “Severe Spondylosis…”, “Severe Facet Joint Arthropathy…”, 
“Ankylosing Spondylitis” (AS), “Rheumatoid Arthritis (RA), Previous Fracture…”, “Ossification of the 
Posterior Longitudinal Ligament (OPLL)”, and “Malignancy…”. Other sources also included spinal stenosis 
and scoliosis.

Results: Cervical CDA/TDR studies in the appropriately selected patient population showed no inferiority/
occasionally superiority, reduced the incidence of ASD/need for secondary ASD surgery, and demonstrated 
comparable safety/efficacy vs. ACDF.

Conclusion: Cervical CDA/TDR studies performed in appropriately selected patients showed a “lack of 
inferiority”, occasional superiority, a reduction in the incidence of ASD, and ASD reoperation rates, plus 
comparable safety/efficacy vs. ACDF.

Keywords: Adjacent segment disease, Adverse events, Anterior cervical diskectomy/fusion (ACDF), Cervical disc 
arthroplasty (CDA), Cervical surgery, Comparison, Outcomes, Safety/Efficacy, Secondary surgery/reoperations, 
Total disc replacement (TDR)
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degeneration (ASD), and the requirement for secondary ASD 
surgery [Table 1].[1-14] Further, for carefully selected patients 
(i.e. without direct contraindications for placing these 
devices), our literature review focused on whether CDA/
TDR showed a “lack of inferiority”/occasional superiority, 
comparable safety/efficacy, and outcomes vs. anterior cervical 
diskectomy/fusion (ACDF) [Table 1].[1-14]

Multiple Direct Indications and Contraindications to 
Performing Cervical CDA/TDR

The indications for performing cervical CDA/TDR taken 
from the North American Spine Society (NASS) Coverage 
Policy Recommendations: Artificial Cervical Disc 
Replacement (i.e. revised 11/2015) included; “Radiculopathy 
related to nerve root compression from 1-2 level degenerative 
disease (either herniated disc or spondylotic osteophyte) 
from C3-C4 to C6-C7 refractory to…non-operative 
management”, or “Myelopathy or myeloradiculopathy 
related to central spinal stenosis from 1-2 level degenerative 
disease (either herniated disc or spondylotic osteophyte) 
from C3-C4- C6-C7 with or without neck pain” [Table 1].
[9] NASS Coverage Policy Recommendations for performing 
cervical CDA/TDR included; “Infection…,” “Osteoporosis 
or osteopenia”, “Instability…”, Sensitivity or allergy to 
implant materials”, “Severe spondylosis …. (i.e. >50% disc 
heigh loss…, bridging osteophytes, …absence of motion 
on flexion extension…”, “Severe facet arthropathy…”, 
“Ankylosing Spondylitis (AS)”, “Rheumatoid Arthritis 
(RA)”, “Previous fracture with…deformity”, “Ossification 
of the Posterior Longitudinal Ligament (OPLL)”, and 
“Malignancy active in cervical spine” [Table 1].[9] Additonal 
studies included stenosis and scoliosis amongst other 
factors [Table 1].[1-8,10-14]

Postoperative Dynamic X-rays Confirm Increased 
Postoperative ROM Following CDA/TDR v ACDF

Several studies documented an increased ROM following 
CDA/TDR vs. ACDF [Table  1].[1,6] Utilizing 1-year 
postoperative dynamic X-rays, Chang et  al. (2018) 
documented the greater preservation of ROM following 
1-level TDR (30 patients: index level postoperative ROM 
+ 5.67 degrees) vs. 1-level ACDF (34  patients: index 
level postoperative ROM -0.96 degrees) [Table 1].[1] They 
thought this increase would reduce the risk for ASD, 
and the requirement for secondary ASD surgery. Over 
a 5  year period, Gupta et al. (2021) performed a double 
blind randomized controlled study (RCT) that compared 
the outcomes for 30  1-level CDA/TDR vs. 30  1-level 
Polyetheretherketone (PEEK) ACDF addressing cervical 
degenerative disease (CDD) [Table  1].[6] CDA/TDR 
patients exhibited greater improvement in their range 
of motion (ROM) and sagittal alignment, and better 
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maintained postoperative disc height, and overall 
improvement in their functional spinal units (FSU).

Improvement in Different Variables But Often 
Comparable Postoperative Outcomes for Single or 
Multilevel CDA/TDR v ACDF

Various studies showed differences in critical variables 
(i.e. ASD, reoperation rates for ASD), but comparable 
outcomes for cervical single or multilevel CDA/TDR vs. 
1 level ACDF [Table  1].[5,7,8,14] In 14 studies comparing 
the incidence of ASD after cervical CDA/TDR vs. ACDF, 
Harrod et al. (2012) found similar frequencies of RASP 
(i.e. Radiographical Adjacent Segment Pathology) in both 
series along with no significant differences in the risk 
for reoperations for CDA/TDR (1.0%) vs. ACDF (4.8%) 
[Table 1].[7] For cervical 2-level CDA vs. 1-level ACDF, Zou 
et al. (2017) found equivalent outcomes, but somewhat 
better results after 2-level CDA vs. 2-level ACDF procedures 
[Table  1].[14] They noted comparable; average operative 
times, Visual Analog Scale (VAS) outcomes (neck/arm), 
and the incidence of adverse events (AE). Notably, CDA 
correlated with significantly reduced estimated blood loss 
(EBL), lower reoperation rates, a lower incidence of ASD, 
and better outcomes as documented utilizing NDI (i.e. 
Neck Disability Index Questionnaire). When Joaquim et al. 
(2017) used to compare results for more than 2-level CDA 
vs. ACDF  (i.e. 14 articles with a 7 year follow-up duration); 
they found that multilevel CDA preserved ROM at the index 
surgical levels, lowered the incidence of ASD and need for 
ASD reoperations, and resulted in both good radiological 
and clinical outcomes [Table 1].[8] Gornet et al. (2019) found 
similar safety/efficacy, comparable rates of adverse events, 
and similar frequencies of implant-related complications 
2-7  years following 1-2  level cervical CDA/TDR vs. ACDF 
[Table 1].[5] As anticipated the 7-year incidence of implant-
related adverse events was higher for 2-level vs. 1-level CDA, 
while for ACDF, there were more complications for 2  vs. 
1-level procedures.

Several Studies Documented Superiority of Postoperative 
Variables, Including Outcomes, Along with Reduced 
Dysphagia Rates for Cervical CDA/TDR vs. ACDF

Several studies documented select superior postoperative 
variables and outcomes along with reduced dysphagia rates 
following CDA/TDR vs. ACDF [Table  1].[3,4,11,12] Utilizing 
multiple databases, Findlay et al. (2018) evaluated 22 RCT 
(Randomized Controlled Studies) including 3160 patients 
studied over a 10  year period who underwent CDA/
TDR vs. ACDF [Table  1].[4] When CDA/TDR were 
compared with ACDF at both 2 and 4-7 postoperative 
years, although outcomes were similar for many variables, 

CDA/TDR patients selectively showed superior outcomes 
based on NDI’s (Neck Disability Index Questionnaire) 
and SF-36 (Short Form 36 Physical Component) scales, 
and a reduced incidence of postoperative dysphagia. In 
Xu et al. (2018) meta-analysis they evaluated 11 RCT 
that included 2632  patients and compared CDA/TDR 
with ACDF; they saw a reduced incidence of ASD and 
reoperation rates for CDA/TDR, and concluded this 
reduction in rate would further decrease (i.e. confirming 
CDA/TDR “superiority”) “over time” [Table 1].[12] Turkov 
et al. (2021) compared single vs. multilevel CDA/TDR 
vs. ACDF and found “equivalent or improved clinical 
outcomes” for the former along with improved NDI 
and VAS scores [Table  1].[11] Further, CDA/TDR were 
safe/effective, exhibited lower rates of postoperative 
dysphagia, less ASD, fewer ASD-related reoperations, 
and a lower incidence of postoperative complications that 
did not increase for multilevel vs. single-level CDA/TDR. 
Over a 24 month period, Coric et al. (2022) performed a 
non-randomized FDA (Food and Drug Administration) 
IDE (Investigational Device) multicenter study involving 
182  patients undergoing 2-level PEEK CDA/TDR vs. 
historical data from 170 “routine” ACDF (allograft/plates) 
[Table 1].[3] Success rates were higher and the reoperation 
rates lower for CDA/TDR (i.e. 86.7% and 2.2%) vs. ACDF 
(i.e. 77% and 8.8%) leading to their conclusion that CDA/
TDR resulted in “superior outcomes” vs. “routine” ACDF 
techniques.

Comparable Safety/Efficacy of  Multilevel Cervical CDA 
(MCDA)/TDR vs. Single-Level CDA (SCDA)/TDR

At 1 and 2 postoperative years, Zhao et al. (2015) concluded 
that single (SCDA) vs. multilevel (MCDA) procedures were 
equally safe/effective with relatively comparable preservation 
of ROM, reoperation rates, and outcomes [Table 1].[13]

Comparison of Multiple Variables Including Outcomes 
for Posterior Cervical Foraminotomy (PCF) vs. CDA/TDR 
vs. ACDF (ACS-NSQUIP Study)

In a NSQUIP study (ACS-NSQUIP study (American 
College of Surgeons National Surgical Quality 
Improvement Project) from 2012-2019, Ng et al. (2022) 
looked at multiple variables including outcomes for 
684  patients undergoing PCF vs. CDSA (684 patients) 
vs. ACDF (684 patients) [Table  1].[10] PCF patients 
respectively demonstrated longer lengths of stay (LOS), 
higher reoperation rates, more superficial and deep 
infections, but no differences in outcomes vs. ACDF and 
TDR.
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Definition and Higher Incidence of Heterotopic 
Ossification (HO) for Cervical CDA/TDR and ACDF Using 
Stand Alone Cages vs. None for ACDF Performed with 
Allograft/Screws/Plates but None with Clinical Impact

Definition of HO

Spinal heterotopic ossification (HO) is typically defined by 
ossification/calcification occurring within the ligaments/soft 
tissues of the spine. If HO occurs at the index level following 
cervical surgery utilizing CDA/TDR devices, it can both 
limit/eliminate the motion-sparing design of these implants, 
and potentially contribute to recurrent and/or clinically 
significant spinal cord/nerve root compression. Gornet 
referenced the Brooker Classification (I-IV) for HO typically 
applied to total hip arthroplasties (THA) (i.e. I-islands of 
bone within soft tissues, II->1  cm between bone spurs, 
III-  <1  cm between bone spurs, IV-bony fusion between 
spurs) [Table 1].[5]

Different Rates but No Clinical Impact of HO for Cervical 
CDA/TDR vs. ACDF with Stand Alone Cages

Although several studies documented a higher incidence 
of HO for cervical CDA/TDR vs. ACDF with stand-
alone cages vs. a 0% incidence for ACDF employing 
allograft/screws/plates, they typically observed that HO 
did not negatively impact  outcomes for any surgical group 
[Table 1].[2,5,8] In 2012, Cho et al. performed dynamic X-rays 
over 24 postoperative months to evaluate the incidence of 
HO following 40 TDR (Bryan and ProDisc-C) vs. 47 ACDF 
(i.e. using either stand-alone cages vs. fibula allograft/plates/
screws) [Table 1].[2] They found a higher incidence of HO for 
both CDA/TDR designs vs. a lower incidence when utilizing 
ACDF cages vs. none for ACDF performed with allograft/
screws/plates. Interestingly, the development of postoperative 
HO highly correlated with the preoperative presence of 
significant osteophyte formation and/or calcification/
ossification of the posterior longitudinal ligament (OPLL). 
Comparing multilevel cervical CDA/DTR vs. ACDF, Joaquim 
et al. (2017) observed a higher incidence of HO for multilevel 
cervical CDA/TDR procedures versus 1-level CDA, but HO 
had “no clinical impact” on outcomes [Table  1].[8] Gornet 
et al. (2019) also found the incidence of Grade  IV HO (i.e. 
Brooker Classification IV (i.e. typically applied to complete 
bony HO fusion following total hip arthroplasty (THA)) at 
7 postoperative years was 4.6% for 1-level CDA/TDR, but 
further increased for 2-level CDA (i.e. 8.65% at the superior 
level vs. 7.3% at the inferior level) [Table 1].[5]

CONCLUSION

Although some studies showed the select superiority for 
specific variables concerning CDA/TDR (i.e. preservation 

of ROM, reductions in ASD, lower ASD reoperation 
rates, and postoperative dysphagia), most concluded 
CDA/TDR exhibited comparable overall outcomes to 
ACDF [Table 1].[1-14]
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Commentary

Cervical Disc Arthroplasty (CDA) vs Anterior Cervical Discectomy and Fusion (ACDF)

Multiple non-inferiority studies have shown that CDA maintains range of motion and potentially may decrease adjacent 
segment disease (ASD). But the fact that the surgery is done for radiculopathy in a degenerative condition makes it difficult 
to measure the true effect on adjacent segment degeneration. Since multiple CDA’s are now approved for 2 level implantation 
and many are used off-label, it complicates the picture even more. Should some of the earlier CDA’s have had 2 level implants 
initially but were restricted due to the early FDA indications? The use of finite element models can help us better understand 
the biomechanics behind ACDF and CDA, and the effects of different biomaterials and CDA designs. With more 2 level CDA 
implants being performed, time will tell if CDA’s are actually making a significant impact on ASD. However, current data is not 
conclusive. As we increase the index level range of motion with CDA, we shift the increased stress posteriorly to increase the 
index level facet forces, and simultaneously decrease the cephalad and caudal adjacent level intradiscal pressures. This tradeoff 
of increased facet forces may potentially be a source of chronic neck pain or persistent neck pain despite a clinically improved 
radiculopathy postoperatively.
The issue of heterotopic ossification is frequently overlooked and not documented as the overall spinal range of motion is 
maintained with CDA’s and spinal segmental motion coupling. Heterotopic ossification occurs in other disease processes (SCI) 
and with other types of prosthetic joints (hips and elbows etc.). Since the early CDA implants, the perioperative technique has 
been modified and more surgeons are using NSAIDS postoperatively to try to minimize early HO formation. Many of the CDA 
studies are not followed long enough, or fail to document HO formation.

As the biomaterials that make up the CDA’s are varied and CDA designs change over time with increasing amounts of 
translation capabilities added, it will be interesting to see if the CDA will become too mobile, and will anterior migration and 
anterior osteolysis increase with the newer designs?

Jamie Baisden MD
Professor of Neurosurgery

Medical College of Wisconsin
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