North American Spine Society Journal (NASSJ) 21 (2025) 100589

Contents lists available at ScienceDirect

North American Spine Society Journal (NASSJ)

journal homepage: www.elsevier.com/locate/xnsj

Clinical Studies

Complications and reoperations in young versus old patients undergoing R

Check for

cervical disc arthroplasty

Paal K. Nilssen, BA, Karim Shafi, MD, Nakul Narendran, BA, Daniel Farivar, MD,
Edward Nomoto, MD, Christopher Mikhail, MD, Todd Lanman, MD, Sang Do Kim, MD*

Department of Orthopaedic Surgery, Cedars-Sinai Medical Center, Los Angeles, CA 90048, United States

ARTICLE INFO ABSTRACT

Keywords: Background: Despite the growing popularity of cervical disc arthroplasty (CDA), there remains a lack of litera-
Cervical disc replacement ture investigating outcomes in older patients and no consensus exists on an age threshold beyond which CDA is
CbA o not recommended. This study aimed to compare outcomes between patients younger than 65 and those aged 65
io:lphcanons and older undergoing CDA.

Rgoperation Methods: Patients who underwent CDA at a major spine center (January 2009-December 2023), with at least

old 1 year of follow-up, were included. Two age-based cohorts were analyzed: younger (<65) and older (>65). Both
single and multilevel disc replacements were considered. Primary outcomes included comparing 90-day compli-
cations and all-cause reoperation rates in the 2 cohorts. Secondary outcomes included comparisons of patient
characteristics, operative data, and length of stay (LOS). Frequencies, chi-squared analysis, and Student’s t-test
were used to compare cohorts.

Results: A total of 298 CDAs were evaluated among 188 patients. There were 132 patients in the younger cohort
(mean age: 48.9+10.2) and 56 in the older cohort (mean age: 69.5+3.8). Cohorts were similar with regards to
body mass index, sex, and length of follow up. The overall 90-day complication rate was 23.8%. There was
no difference in complication rates (younger: 23.3%, older: 25.0%, p=.60). Older cohort averaged more levels
operated (older 1.8+0.6, younger 1.5+0.7, p=.006). The overall reoperation rate was 12.2% (young: 13.5%,
older: 8.9%, p=.38). Subsidence was the most common cause of reoperation in both the younger (n=4, 3.0%)
and older (n=2, 3.6%) cohorts.

Conclusion: In this series, we found no statistically significant differences in 90-day complication or reoperation
rates between younger (<65 years) and older (>65 years) patients undergoing CDA. Subsidence emerged as
the most common complication, occurring at similar rates in both cohorts. While further large-scale, long-term
analysis is warranted to determine clinical outcomes of CDA in older patients, this study provides comparable
complication and reoperation rates as in the younger population.

Young

Introduction

Degenerative changes in the cervical spine are a natural consequence
of aging [1-3]. In patients with cervical radiculopathy or myelopathy,
surgical intervention may be warranted, for which anterior cervical dis-
cectomy and fusion (ACDF) has largely been considered a mainstay of
treatment for single or multilevel disease. Despite a long history of suc-
cessful clinical outcomes achieved with ACDF, biomechanical studies
have suggested that adjacent level kinematics from ACDF might pre-
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dispose patients to abnormal segmental motion and adjacent segment
degeneration (ASD) which may lead to revision surgery [4-7].

To obviate the risk of pseudoarthrosis and to reduce the rate of ASD,
cervical disc arthroplasty (CDA) was developed as a motion-preserving
alternative, with evidence showing equivalent, if not superior, clinical
outcomes when compared to cervical fusion [7-9]. By avoiding fusion
and preserving motion, CDA aims to reduce the rate of ASD and subse-
quent reoperations. However, despite the growing popularity of CDA,
there is a substantial lack of literature investigating outcomes in older
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population who meet the inclusion criteria of cervical disc arthroplasty
from Investigational Device Exemption (IDE) studies. To our knowledge,
no prior study has suggested a clear cutoff above which complications
or reoperations increase.

Large body of evidence across spine literature suggests that advanced
patient age is a significant contributor to complications, but IDE studies
have no consensus on the upper limit of age [10-13]. The purpose of
the present study is to investigate and to compare 90-day complications
and reoperations between older and younger patients undergoing CDA.

Methods
Study design and patient selection

A retrospective review of electronic medical records and operative
reports was conducted at a single institution to identify all patients who
underwent CDA between January 2009 and October 2023. Given that
there is no clear cut off of what is defined as younger and older, we
decided on the age of 65 years which has been used in other spine stud-
ies looking at complications in adult idiopathic scoliosis. Patients were
divided into 2 cohorts based on their age at the time of index surgery:
patients younger than 65 years old and patients 65 years and older.
Both single and multilevel procedures were included. Exclusion criteria
were those patients with less than 12 months of follow up available for
review.

Primary outcome of interest and secondary outcomes

Primary outcomes included 90-day complications and all-cause re-
operations. Complications within 90-days included the incidence of
hematoma formation, new neurological deficits, dural tear, dysphagia,
vascular injury, dysphonia, and infection. Secondary outcomes included
patient demographics, American Society of Anesthesiologists (ASA) clas-
sification, operative data, length of hospital stay (days), and mean
follow-up time (years). Demographic data included age, sex, body mass
index (BMI), and smoking status. Operative data included use of neu-
romonitoring, mean number of operated levels, implant type, mean op-
erative time (minutes), mean estimated blood loss (mL). Subsidence was
defined as a decrease of 3mm or more in functional spinal unit height
from which was measured on a postoperative radiograph in comparison
to a preoperative radiograph.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics, Ver-
sion 28.0 (IBM Corp., Armonk, NY, USA). Statistical significance was de-
termined at a p value of <.05. Descriptive statistics, such as chi squared
analyses and Student’s t-tests were used to compare categorical and con-
tinuous variables, respectively. Missing data were addressed using mul-
tiple imputation. This study was approved by the local institutional re-
view board (IRB).

Results
Patient demographics and operative data

A total of 298 cervical artificial discs among 188 patients met in-
clusion criteria. There were 132 patients in the younger cohort (mean
age 49.9+10.2 years) and 56 patients in the older cohort (mean age
69.5+3.8 years) (p<.001). There were 93 single-level cases, 82 two-level
cases, and 13 three-level cases (Table 1). The mean follow-up duration
was 2.2+1.8 years in the young cohort and 1.7+1.5 years in the old co-
hort (p=.07). There were no between group differences in sex (p=.83)
and BMI (p=.06). The older cohort had slightly higher ASA classifica-
tion scores (p=.03) and underwent more 2-level ADRs (64.3%) than
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young cohort who underwent more single-level ADRs (58.3%). Intra-
operative data showed no differences in the use of neuromonitoring
(p=-11), length of surgery (p=.54), estimated blood loss (p=.91), and
mean length of hospital stay (0.39) (Table 2). Implant type between
groups did not differ (p=.60). Prodisc C (41%) and Prestige LP (48.9%)
were the most used implant type followed by M6-C (5.3%), Mobi-C
(4.3%), and Simplify (0.5%).

Complications

The overall 90-day complication rate was 23.8% (Table 3). There was
no difference in 90-day complication rate between groups (Old: 25.0%
vs Young: 23.3%, p=.60). In the younger cohort there were 5 cases of
hematoma formation, 1 dural tear, 1 esophageal injury, 1 vascular injury
(vertebral artery injury), 1 infection, 7 instances of prolonged dyspha-
gia (>6 weeks), and 4 instances of prolonged dysphonia (>6 weeks).
In the older cohort, there were 4 instances of prolonged dysphagia, 2
instances of prolonged dysphonia, 2 infections, and 1 paraspinal fis-
tula. Seventeen patients experienced a new postoperative neurological
deficit; there were 6 deltoid palsies, 1 laryngeal nerve palsy, and 1 uni-
lateral vocal cord paralysis (Table 4). Nine patients experienced new
radiculopathy; 6 cases were secondary to residual bony neuroforaminal
stenosis.

Secondary surgical interventions

The overall reoperation rate was 12.2% (n=23) (Table 5). There
were 18 reoperations in the younger cohort (13.6%) and 5 reopera-
tions (8.9%) in the older cohort (p=.38). Of those reoperations, 7/90
(7.8%) were Prodisc C implants and 16/79 (20.3%) were Prestige LP
implants. Additionally, 8,/93 (8.6%) were 1-level CDAs, 12/82 (14.3%)
were 2-level CDAs, and 3/13 (23.1%) were 3-level CDAs. Overall reop-
eration rate did not differ with regards to female (13/94, 13.8%) and
male (10/94, 10.6%) sex (p=.56). In the younger cohort, there were
9 female patients who required reoperation and 4 in the older cohort.
There was no difference in average ASA score between those with a re-
operation (2.31) and those without (2.43) a reoperation (p=.33). Lastly,
there was no difference in patient BMI between those with a reoperation
(26.8) and those without (26.7) (p=.36).

Within the younger cohort, subsidence was the most common cause
(n=5, 3.8%), followed by excessive implant motion (n=3, 2.3%), evacu-
ation of cervical hematoma (n=3, 2.3%), and continued neck pain (n=2,
1.5%). The causes of reoperation in the older cohort were evenly dis-
tributed (n=1, 2.1%) across persistent or new neurological symptoms,
pain, subsidence, disc migration, infection, and excessive implant mo-
tion. There were no reoperations in the older cohort for implant mal-
position, hematoma evacuation, or wound exploration. Thirteen of the
reoperations were at the index level and 3 involved an adjacent level in
the younger cohort, while all 5 occurred at the index level in the older
cohort.

Discussion

Despite the increasing utilization of CDA over the past 2 decades,
there is a lack of literature evaluating the safety and efficacy of this pro-
cedure in older patients [14]. To our knowledge, this is the first study
that aims to address this gap by comparing 90-day complications and
reoperations among younger and older patients undergoing CDA. We
hypothesized that older patients would have a higher incidence of com-
plications and reoperations. Surprisingly, we found no statistically sig-
nificant difference in either 90-day complications and revisions in pa-
tients >65 years of age compared to a younger cohort. (25.0% vs 23.3%,
p=.60; 13.5% vs 8.9%, p=.38).

The Food and Drug Administration (FDA) and Investigational Device
Exemption (IDE) trials of CDA have similar safety and efficacy when
compared to ACDF. These trials did not have a consensus cut off age
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Table 1
Patient demographic data.
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N (%) Young (N=132) 0Old (N=56) Total (N=188) p value
Female 69 (52.3) 25 (44.6) 94 (50.0) .48
Age 48.9+10.2 69.5+3.8 54.8 (x12.9) <.001
Body mass index 26.1 (+4.8) 27.5 (+6.3) 26.7 (+5.3) .06
Smoking status .65
Current smoker 4(3.0) 1(1.8) 5(2.7)
Former smoker 44 (33.3) 22 (39.3) 78 (41.5)
Never smoker 84 (63.6) 33 (58.9) 106 (56.4)
ASA classification .03
I 11 (8.3) 0 11 (5.9)
I 82 (62.1) 27 (48.2) 109 (58.0)
111 39 (29.6) 29 (51.8) 68 (36.2)
Follow-up (years) 2.2 (+1.8) 1.7 (£1.5) 2.1 (¢1.6) .07
Total number of operated levels 198 100 298
Mean number of operated levels 1.5 (x0.7) 1.8 (+0.6) 1.6 (+0.7) .006
1-level 77 (58.3) 16 (28.6) 93 (49.5)
2-level 46 (34.9) 36 (64.3) 82 (43.6)
3-level 9(6.8) 4(7.1) 13 (6.9)
Level distribution .99
C3-4 20 (10.1) 10 (10.0) 30 (10.1)
C4-5 41 (20.7) 20 (20.0) 61 (20.5)
C5-6 74 (37.4) 36 (36.0) 110 (36.9)
C6-7 61 (30.8) 32 (32.0) 93 (31.2)
C7-8 21.0) 1(1.0) 31.0)
C8-T1 2(1.0) 1(1.0) 3(1.0)
Implant type .60
Prodisc C 52(39.4) 25 (44.6) 77 (41.0)
Prestige LP 65 (49.2) 27 (48.2) 92 (48.9)
Simplify 0 1(1.8) 1(0.5)
Mobi-C 7 (5.3) 1(1.8) 8 (4.3)
M6-C 8(6.0) 2(3.6) 10 (5.3)
Table 2
Intraoperative and hospital course data.
N (%) Young (N=132) 0Old (N=56) Total (N=188) p value
Use of neuromonitoring 74 (56.1) 24 (42.9) 98 (52.1) 11
Mean operative time (minutes) 155.5 (+84.1) 147.8 (£62.5) 153.2 (+78.0) .54
Mean estimated blood loss (mL) 83.7 (+119.8) 84.5 (+188.0) 84.2 (+142.6) 91
Mean length of hospital stay (days) 2.1 (£2.2) 1.80(%1.3) 2.0 (+2.0) .39
Table 3
90-day complication data.
N (%) Young (N=132) 0Old (N=56) Total (N=188) p value
Hematoma 5(3.8) 0 5(2.7)
Dural tear 1 (0.8) 0 1 (0.5)
Esophageal injury 1 (0.8) 0 1 (0.5)
Dysphagia 7 (5.3) 4(7.1) 11 (5.9) .38
Vascular injury 1(0.8) 0 1 (0.5)
Dysphonia/vocal cord injury 4 (3.0) 2(3.6) 6(3.2) .63
Infection 1(0.8) 2(3.6) 3(1.6) .10
Table 4
90-day neurological complication data.
N (%) Young (N=132) Old (N=56) Total (N=188) p value
New neurologic deficit 11 (8.3) 6 (10.7) 17 (9.0) .56
Deltoid palsy 4 (3.0) 2(3.6) 6(3.2) .84
Laryngeal nerve palsy 1(0.8) 0 1 (0.5)
Unilateral vocal cord paralysis 1(0.8) 0 1 (0.5)
New radicular symptoms 5(3.8) 4(7.1) 9 (4.8) .32

and the mean age of each study was around approximately 45 years old
[12,15-18]. Despite the wide range of subject ages, none of the trials in-
vestigated age-related differences in detail. With growing popularity of
CDA, these surgeries are increasingly offered to older patient population
without prior knowledge of their outcomes compared to the younger
population cohort studied in these IDE studies.

In this study, we found that older patients undergoing CDA had a
similar overall 90-day complication rate as younger patients. The most
commonly reported complication in the literature among patients un-
dergoing CDA is dysphagia/dysphonia (range = 1.3%-27.2%) [19-21].
In this study, dysphagia/dysphonia were common, but a majority of the
cases resolved within 2 weeks postoperation with 5.8% and 3.2% of pa-
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Table 5
Reoperation data.

North American Spine Society Journal (NASSJ) 21 (2025) 100589

N (%) Young N=132 0Old N=56 Total (N=188) p value
Total number of reoperations 18 (13.6) 5(8.9) 23 (12.2) .38
Timing

Early reoperations (<90 days) 6 (4.6) 1(1.8) 7 (3.7) .37
Late reoperations (>90 days) 12 (9.1) 4(7.1) 16 (8.5) .67
Causes

Persistent symptoms and/or neurological deficits 3(2.3) 1(1.8) 4(2.1) .84
Axial neck pain 2(1.5) 0 2(1.1)

Subsidence 4(3.0) 2(3.6) 6(3.2) .84
Heterotopic ossification 1(0.8) 0 1 (0.5)

Infection 0 1(1.8) 1 (0.5)

Implant malposition 1 (0.8) 0 1 (0.5)

Excessive implant motion 3(2.3) 1(1.8) 4(2.1) .84
Hematoma evacuation 3(2.3) 0 3(1.6)

Wound exploration 1(0.8) 0 1(0.5)

tients experiencing prolonged dysphagia and dysphonia, respectively.
Previous studies have identified increased age as a risk factor for post-
operative dysphagia [22,23], however, in this study, no difference was
observed. Other studies have postulated that dysphagia is an inevitable
outcome of anterior cervical procedures and is not a complication [24].
Consequently, our overall rate of complications may be inflated due
the inclusion of dysphagia in our complication profile. Other reported
complications from this study reflect previously reported numbers in
terms of vascular compromise (range: 1.1% [15]-2.4% [25]), dural in-
jury (range: 0.0% [15]-7.1% [26]), and wound infection (range: 1.2%
[271-22.5% [11]).

Neurological complications related to CDAs are uncommon and are
thought to be secondary to inadequate nerve root decompression. In
the original FDA/IDE trials, neurological-related adverse events were
reported to range from 0.4% to 13.4% [28]. However, subsequent fol-
low up studies have reported lower rates of 0.9% to 4.1% [10,29,30].
The rate of neurologic complications in this study, align with previous
studies with regards to new radicular symptoms secondary to nerve root
impingement, highlighting the importance of evaluating neuroforamina
prior to surgery and performing a thorough decompression intraoper-
atively. With regards to C5 palsy, the present study had an incidence
of 3.2%, slightly higher than previously reported values following ante-
rior cervical procedures (0.1%-7.0%) [31]. There remains some debate
about the exact mechanism. Possible causes may include iatrogenic in-
jury to the nerve root, spinal cord shifting during decompression, or
over-distraction due to device sizing limitations [32,33]. Artificial disc
replacements are available in different heights, which can over distract
the foramen if not carefully planned.

Our analysis revealed a significant difference in the ASA classifica-
tion distribution and the mean number of operated levels between the
younger and older populations. The variation in ASA classification be-
tween groups likely reflects the increased prevalence of comorbidities
and overall poorer baseline health in the older population. These find-
ings are consistent with previous literature showing that older patients
tend to have higher ASA scores due to factors such as cardiovascular
disease, diabetes, and other chronic conditions that may affects surgical
risk and recovery [34]. Similarly, the mean number of operated levels
was significantly higher in the older group, which may be attributed to
the increased degenerative changes commonly seen in the aging spine,
requiring more levels of correction compared to their younger counter-
parts [35]. These differences are important to address as they may in-
fluence the overall outcomes and interpretations of our findings. Future
studies with more robust sample sizes adjusting for these factors would
be beneficial in clarifying the effect on surgical outcomes and reduce
potential biases in the interpretation of the data.

The present series had a reoperation rate of 12.2% (n=23 patients),
with 5 patients in the older cohort undergoing subsequent surgery and
compared to 18 patients in the younger cohort. This value falls within

the higher range of reoperation rates reported, though similar to those
reported in elderly patients or those with osteoporosis undergoing ACDF
[36,37]. Our rates maybe also elevated due to inclusion of revision surg-
eries and hybrid constructs. With regards to early reoperations, there
were 6 cases in the younger cohort and 1 case in the older cohort. Causes
of reoperation in the younger cohort were largely approach-related, in-
cluding evacuation of anterior cervical hematomas as well as irrigation
and closure of a ventral spinal fluid leak. Of note, there was 1 case of
early subsidence with worsening axial neck pain, requiring removal of
the implant and conversion to ACDF (Fig. 1).

Regarding late reoperations, there were 12 in the younger cohort
and 4 in the older cohort. Initially, we expected a higher rate of sub-
sidence in the older group due to poorer bone quality, but the subsi-
dence rates were similar between the 2 cohorts (3.0% vs 3.6%). No-
tably, our subsidence rate is lower than that reported in previous stud-
ies, which range from 11% to 23% for single and multilevel proce-
dures [38,39]. Reported risk factors for subsidence include implant de-
sign, multilevel procedures, and endplate violation. Additionally, os-
teopenia and osteoporosis have been identified as independent risk fac-
tors for mechanical complications [40]. Unfortunately, due to the ret-
rospective nature of this study, preoperative bone density data were
unavailable. While the association may seem intuitive, many surgeons
infrequently perform bone health assessments preoperatively [41]. Ac-
cording to several surveys, this could be attributed to several factors,
such as logistical challenges, cost-benefit considerations, inadequate in-
surance coverage, or lack of consensus regarding the implications of
low bone density for surgical management [42-44]. While avoiding pa-
tients with poor bone quality is crucial for minimizing complications,
Blumenthal et al. [45] suggests that routine preoperative DEXA scan-
ning in all CDA candidates may not be necessary. Nonetheless, patients
with risk factors for poor bone quality should be evaluated preoper-
atively. We routinely check for bone density in peri-menopausal and
postmenopausal patients or any patients with history of pathologic frac-
tures. Future studies should aim to establish standardized, evidence-
based guidelines, incorporating specific bone mineral density thresholds
and their implications for treatment. Additionally, due to the variability
in how subsidence is defined and reported based on available follow-up,
further research is needed to clarify the precise impact of age on this
complication.

A major contributor to the success of the operation is appropriate
patient selection. Classically, CDA has been more commonly accepted
younger patients with soft disc herniations and minimal degenerative
cervical spondylosis. However, over the past decade, CDA utilization
has expanded, particularly within older patients or those with cervi-
cal spondylotic myelopathy [14]. While previous studies have demon-
strated a positive correlation between advanced age and increasing mor-
bidity following spine surgery, these results are not universal [46]. Al-
though older patients are more likely to have more medical comorbidi-
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Fig. 1. (A) Lateral radiograph of a 31-year-old female who presented with cervical radiculopathy that had failed extensive conservative treatment. (B) T2-Weighted
sagittal MRI demonstrates degenerative changes most severe at C5-C6, C6-C7. Axial MRI cuts of C5-C6 (C) and C6-C7 (D) demonstrate left sided foraminal stenosis.
Postoperatively, patient noted worsening axial neck pain, with lateral radiograph demonstrating fixed kyphotic alignment of C6-C7 prosthesis (E). (F) CT scan
demonstrating subsidence of implant into C6 endplate. (G) Patient required reoperation with removal of artificial disc device and conversion to anterior cervical

discectomy and fusion (ACDF) with allograft and plate fixation.

ties, which may put them at greater risk for complications following
surgery. This study demonstrates that the application of CDA in an older
population, when performed technically well in appropriate patients,
may be a viable and effective option for treatment of degenerative cer-
vical disc disease causing radiculopathy or myelopathy. A recent study
by Tsai et al.[47] found that CDA not only alleviated pain in patients

with cervical degenerative changes, but also restored sagittal balance in
the cervical spine and range of motion.

There are several notable limitations of this study. First, although
the demographics and surgical techniques were nearly identical in our
study, aside from age, a larger sample size may be necessary to detect
subtle differences among age-related factors. Second, age of 65 is some-
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what arbitrary cut off. There may be some heterogeneity among cohorts
by including patients around 65 in both cohorts. However, excluding
these patients from the study would have significantly reduce our sam-
ple size and power of the study. Third, we included single and multilevel
procedures as well as hybrid procedures. As such, this introduces a sig-
nificant degree of variability into our study, as the short and long-term
effects of combined fusion and motion-sparing devices in a single stage
remains poorly understood. However, given that the approach, discec-
tomy, and decompression portions of these procedures are the same as
single-implant type procedures, we do not believe that age would be a
significant contributor to the clinical success of hybrid constructs.

Conclusions

With an average follow-up time of 2.2 years, this retrospective anal-
ysis of a major spine center found that patients aged 65 years and older
undergoing CDA had similar 90-day complication and reoperation rates
as patients aged less than 65 years. This study demonstrates that the
application of CDA in an older population, when performed technically
well in appropriate patients, may be a viable and effective option for
treatment of degenerative cervical disc disease causing radiculopathy
or myelopathy.

Summary sentence

This retrospective analysis of a major spine center found that patients
aged 65 years and older undergoing CDA had similar 90-day complica-
tion and reoperation rates as patients aged less than 65 years.
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