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ABSTRACT

Background: Adjacent segment pathology (ASP) following cervical disc arthroplasty (CDA) or anterior cervical
discectomy and fusion (ACDF) is identified by imaging (RASP) or clinical symptoms (CASP). Clinical symptoms of
CASP have been broadly defined, but subsequent adjacent-level surgeries are clear indicators of CASP. Current
literature remains inconsistent in the incidence and potential predictors of CASP. Here, we will evaluate a robust data

set for the incidence of CASP resulting in subsequent surgery, attempt to identify factors that might affect CASP, and
analyze the association of CASP with patient-reported outcomes (PROS) and RASP.

Methods: Data were prospectively collected during a US Food and Drug Administration randomized, multicenter,

investigational device exemption trial comparing CDA (Mobi-C, Zimmer Biomet, Westminster, CO) with ACDF.
CASP was defined as any adjacent-level subsequent surgical intervention. Post hoc analyses were conducted on the
incidence, time to CASP diagnosis, and relationship of CASP with patient demographics. Longitudinal retrospective

case-control analysis was used to assess the correlation of CASP to PROs and radiographic adjacent segment pathology
(RASP).

Results: Kaplan-Meier estimates indicated significantly lower probability of CASP over time for 1-level (P¼ .002)

and 2-level (P¼ .008) CDA patients. Treatment with ACDF and younger age were associated with higher CASP risk.
CDA was more effective than ACDF (70.5%; 95% CI ¼ 45.1, 84.2; P , .0001) at preventing CASP. Case-control
analysis indicated increased probability of CASP for patients with grade 3/4 RASP, but the difference was not
statistically significant. When we pooled CASP patients, the median grade of RASP at the visit prior to surgery was 1,

with only 6 patients presenting with grade 3/4 RASP.
Conclusions: Patients treated with CDA have a lower incidence of CASP than do patients treated with ACDF,

although the mechanism remains unclear. CASP and RASP remain uncorrelated in this large data set, but other

predictive variables such as treatment, age, and number of levels should be further investigated.

Cervical Spine
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INTRODUCTION

Anterior cervical discectomy and fusion (ACDF)
has been the ‘‘gold standard’’ used to treat patients
with symptomatic cervical degenerative disc disease.
However, long-term follow-up has suggested that
25% of patients receiving ACDF surgery could
develop new disease at an adjacent level within 10
years.1 Cervical disc arthroplasty (CDA) was
introduced as an alternative surgical treatment to
preserve motion at the operative level and was
hypothesized to limit degeneration at the adjacent
segments. Adjacent segment pathology (ASP) rates
for patients treated with ACDF and CDA have

been reported in the form of radiographic and

clinical adjacent segment pathology (RASP and

CASP, respectively). Part 1 of this publication

included results on RASP; here in part 2 we analyze

the same patient population for CASP.

CASP is the development of clinical symptoms at

the level adjacent to the previously treated level and

has been most frequently reported as radicular

symptoms. When necessary, subsequent adjacent-

level surgeries are performed to alleviate these

symptoms and should be considered as another

clear indicator of CASP. According to Jackson et

al,1 subsequent 5-year surgeries involving an adja-
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cent level occurred at a significantly lower rate in
patients with CDA than in those treated with
ACDF at both 1 and 2 levels. This is supported by
multiple independent studies comparing ACDF and
CDA with various discs.2–6

Lee et al7 looked retrospectively at a large series
of patients following cervical spine surgery with
ACDF, CDA, posterior decompression, or lamino-
plasty to determine risk factors of CASP in the form
of secondary adjacent surgical intervention and
found that women (aged 40–60 years) and smokers
were at higher risk of developing CASP. Other
authors have found predictors of CASP to be age
over 50 years at the time of surgery, developmental
canal stenosis, preoperative degeneration of adja-
cent segments, and postoperative imbalance of
sagittal alignment.8,9

Whereas RASP and CASP have been widely
reported in the literature, the hypothesis that a
correlation exists between them remains unproven.
Often publications include the results of both RASP
and CASP rates within the studied population, but
attempted correlation is not reported.10–20 The
pivotal paper by Hilibrand et al21 was the only
exception: The authors found a significant inverse
correlation of patients with diagnosed CASP and
their degree of radiographic changes. However, this
does not account for potential asymptomatic RASP
patients, leaving the predictive value of RASP
unknown.

Here in part 2 of this publication, we evaluate the
incidence of CASP resulting in subsequent surgery,
attempt to identify factors that might affect CASP,
and analyze the association of CASP with patient
reported outcomes (PROS) and RASP.

METHODS

As previously reported, all data were prospec-
tively collected during a US Food and Drug
Administration randomized, multicenter, investiga-
tional device exemption (IDE) trial comparing CDA
(Mobi-C; Zimmer Biomet, Westminster, CO) with
ACDF. Patients were diagnosed with symptomatic
degenerative disc disease at 1 or 2 contiguous levels
from C3-7. Enrollment in the 1-level arm included
164 patients treated with CDA and 81 patients with
ACDF, whereas the 2-level arm included 225
patients treated with CDA and 105 patients with
ACDF. Details and overall results of the trial have
been reported previously.3,22–26

Study Design

Part 2 of this analysis includes a post hoc study of

CASP resulting in surgery, as well as its correlation
to RASP, for patients treated with CDA and ACDF

over 7 years. In the present study, we define CASP
as a secondary surgical intervention at a level

adjacent to the index surgery. Patient demographics
were collected including age, race, gender, height,

weight, and body mass index (BMI.) PROs included
neck disability index (NDI), visual analog scale
(VAS) arm and neck, and the 12-item Short-Form

Health Survey mental and physical components
(SF-12 MCS and SF-12 PCS).

All available radiographs were analyzed preop-
eratively and postoperatively at years 1 to 5 and

year 7. Radiographic evaluations of RASP were
performed by independent radiologists (Medical

Metrics Inc, Houston, TX). RASP was evaluated
according to the Kellgren-Lawrence (K-L) Scale
(Table 1) as modified for cervical spine.27,28

A thorough description of the methods and
results of RASP in this same population was

reported in part 1 of this publication.

Statistical Methods

Clinical Adjacent Segment Pathology

CASP was defined as a secondary surgical interven-

tion involving at least 1 adjacent level. Surgical
intervention due to trauma was excluded from this
analysis. The event time for CASP was defined as

the time to first occurrence of an adjacent-level
surgery.

Kaplan-Meier estimates of time to CASP were
calculated separately for ACDF and CDA groups

for the 1-level and 2-level cohorts. The Kaplan-
Meier estimates were compared using the log-rank

test. Poisson incidence rates of CASP and corre-
sponding confidence intervals were included on each
Kaplan-Meier plot and presented as the number of

new cases of CASP as a percentage per patient-year
(%/pt-yr).

Table 1. Kellgren-Lawrence (K-L) Scale modified for the cervical spine.

K-L Grading Scale:

Grade 0: No degeneration
Grade 1: Minimal anterior osteophytosis
Grade 2: Definite anterior osteophytosis, possible narrowing of disc
space

Grade 3: Moderate narrowing of disc space, sclerosis, osteophytosis
Grade 4: Severe narrowing of disc space, sclerosis, large osteophytes
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Descriptive statistics were used to illustrate
whether a relation exists between pooled patients
with CASP and their RASP grade and/or change in
RASP grade just prior to the secondary surgery. In
addition, multivariate Cox proportional hazard
models were used to determine whether time to
CASP was associated with preoperative patient
characteristics and preoperative and postoperative
radiographic characteristics. Preoperative covariates
included treatment group, levels treated, age, sex,
race, BMI, NDI score, and SF-12 MCS and SF-12
PCS scores. Postoperative covariates included C2-7
Cobb angle at 6 weeks, mean flexion-extension
range of motion of the index level(s) at 3 months,
and mean functional spinal unit (FSU) height of the
index level(s) at 6 weeks postoperative. Interactions
between treatment and the other covariates were
assessed in a serial fashion with bivariate models to
determine whether covariates modified the effect of
treatment. Estimates of CDA efficacy in preventing
CASP were defined as 1 minus the hazard ratio for
CDA versus ACDF and presented as a percentage.
An efficacy of 0% indicates no benefit of CDA in
preventing CASP as compared with ACDF, where-
as an efficacy near 100% indicates great benefit.29

Association of CASP With PROs and RASP:
Retrospective Case-Control Analysis

Using a matched longitudinal retrospective case-
control analysis, we assessed the correlation of
CASP to PRO scores and RASP grade. Cases were
matched in a 1:3 ratio using a nearest-neighbor
method, matching on sex, levels treated, treatment,

age, and baseline NDI score. Generalized estimating
equations models were used to model longitudinal
outcomes. Inverse-probability weighting was used
to adjust for missing data and censoring. Participant
outcomes were censored after having subsequent
surgical intervention of any kind.

P values less than .05 were considered statistically
significant.

RESULTS

Clinical Adjacent Segment Pathology

CASP occurred in 24 patients treated with
ACDF, 12 at 1 level and 12 at 2 level, and 17
patients treated with CDA, 7 at 1 level and 10 at 2
level, over a 7-year follow-up.

When pooled, patients with CASP did not have
elevated rates of RASP prior to their secondary
surgery, with a median grade of 1, and only 6
patients presented with grade 3/4 RASP. Of the 6
patients with grade 3/4 RASP prior to surgery, 4 did
not experience any change in score from baseline, so
the RASP was preexisting.

Kaplan-Meier estimates (Figures 1 and 2) show
significantly higher probability of CASP over time
for patients with ACDF than for patients with CDA
for both the 1-level (P¼ .002) and 2-level (P¼ .008)
cohorts. For the 1-level cohort, the annual inci-
dences of CASP were 2.7 (95% CI¼1.4, 4.7) and 0.7
(95% CI ¼ 0.3, 1.4) per 100 person-years for the
ACDF and CDA groups, respectively. For the 2-
level cohort, the annual incidences of CASP were
2.1 (95% CI¼ 1.1, 3.6) and 0.7 (95% CI¼ 0.3, 1.3)

Figure 1. Kaplan Meier: One-level patients time to grade 3/4 clinical adjacent

segment pathology (CASP).

Figure 2. Kaplan Meier: Two-level patients time to grade 3/4 clinical adjacent

segment pathology (CASP).

Nunley et al.
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per 100 person-years for the ACDF and CDA
groups, respectively.

A multivariate Cox model showed significant
associations between the risk of CASP and treat-
ment and age (Table 2). Treatment with ACDF and
younger age were associated with greater risk of
CASP. Patients aged 21 to 34 years at surgery were
10 times more likely to develop CASP than patients
aged 50 to 67 years (P¼.0013). No other covariates
were significantly associated with the risk for CASP.
The overall efficacy of CDA preventing CASP
compared with ACDF was 70.5% (95% CI ¼ 45.1,
84.2; P , .0001). There were no significant effect
modifications of treatment by the other covariates
(Table 3).

Clinical Adjacent Segment Pathology and Patient-
Reported Outcomes

As we previously reported, the RASP case-
control analysis showed an increased probability
of CASP for patients with grade 3/4 RASP;
however, the difference was not statistically signif-
icant. In this case-control analysis, CASP patients
trended with higher NDI and VAS scores prior to
their surgeries than did control patients at the same
follow-up time point, but these differences were not
statistically significant (Figures 3 and 4). Sensitivity
analyses using multivariate models illustrated sim-
ilar results.

DISCUSSION

The article by Hilibrand et al21 remains the
pivotal publication on CASP following ACDF
surgery. The reported rates were an average of
2.9% annually, with predictions of 25.6% by 10
years. Hilibrand defined CASP as ‘‘the presence of
new radicular symptoms or myelopathic symptoms
referable to an adjacent degenerated level on two
consecutive visits.’’21 The definition of CASP has
since evolved to include adjacent-level surgeries and
PROs.30 The varied definitions of CASP make
comparisons across the literature difficult. On the
basis of our analysis that PROs trend higher with
both RASP and CASP with no significance, our
focus remained on surgery at the adjacent level as
our definition of CASP.

We report a CASP rate for 1 level as 3.7% CDA
versus 13.6% ADCF (P , .05) and 2 level as 4.4%
CDA versus 11.4% ACDF (P , .05). Burkus et al31

reported CASP rates over a 7-year follow-up on the

Prestige disc of 4.6% for CDA and 11.9% for
ACDF (P ¼ .008). However, the Kineflex 1-level
data indicated no difference between CDA (7.6%)
and ACDF (6.1%) over 24 months. Noteworthy
was that 78% of the Kineflex CASP cases occurred
within 12 months of the index surgery.32 Secure-C
CASP was 1.7% (CDA) and 1.4% (ACDF) at 24
months.33 A 10-year follow-up of Bryan reported
fewer CDA patients with CASP, 9.7% versus 15.8%
for ACDF, although the difference was not
statistically significant (P ¼ .146).34 Outside the
United States, the Discover disc also had similar
CASP rates: 2.4% (CDA) and 2.9% (ACDF).35

Nunley et al36 combined patients receiving 1- or 2-
level CDA from 4 FDA studies. They reported 5.3%
of CDA patients received a secondary surgery by
last follow-up (mean follow-up¼ 56 months).36

Table 2. CASP estimated hazard ratio (HR) of CDA versus ACDF, unadjusted

and adjusted for baseline and postoperative covariates

Variable HR 95% CI P Valuea

Univariate
ACDF 1
CDA 0.29 (0.16, 0.55) , .001

Multivariate
ACDF 1
CDA 0.23 (0.08, 0.68) .0073
1-level 1
2-level 1.03 (0.54, 1.97) .93

Age, y
21–34 1
35–49 0.58 (0.25, 1.35) .20
50–67 0.1 (0.02, 0.41) .0013
Female 1
Male 1.09 (0.55, 2.19) .80
Non-White 1
White 0.97 (0.29, 3.24) .96
BMI , 30 1
BMI � 30 0.74 (0.34, 1.58) .43
Preop NDI , 50 1
Preop NDI � 50 0.71 (0.34, 1.47) .36
Preop PCS , 35b 1
Preop PCS � 35 0.71 (0.35, 1.45) .35
Preop MCS , 45 1
Preop MCS � 45 0.72 (0.37, 1.42) .34
Postop Cobb Angle: Neutralc 1
Postop Cobb Angle: Kyphotic 0.81 (0.27, 2.44) .70
Postop Cobb Angle: Lordotic 0.92 (0.44, 1.92) .82
Postop ROM , 28d 1
Postop 28 � ROM � 88 1.98 (0.86, 4.59) .11
Postop ROM . 88 1.52 (0.41, 5.62) .53
Postop FSU height , 30 mme 1
Postop FSU Height � 30 mm 0.61 (0.3, 1.25) .18

Abbreviations: ACDF, anterior cervical discectomy and fusion; BMI, body mass
index; CDA, cervical disc arthroplasty; FSU, functional spinal unit; MCS, mental
components score; NDI, neck disability index; PCS, physical components score;
ROM, range of motion.
aP value compares subgroup HR to baseline subgroup (HR ¼ 1).
bPCS and MCS thresholds taken from median baseline scores.
cPostop Cobb angle is C2-7 Cobb angle at 6 weeks postoperative. Kyphotic: angle
, �58. Neutral: angle between�58 and 58. Lordotic: angle . 58.
dPostop ROM refers to average ROM at the index level(s) at 3 months
postoperative
ePostop FSU height is average FSU height at the index level(s) at 6 weeks
postoperative.
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Chang et al37 included the data from these studies
and many others for a robust review of 1864
patients treated with CDA and 1572 treated with
ACDF. They37 reported overall combined CASP of
3.1% (range, 0.0%–7.1%) for CDA and 6.0%
(range, 1.0%–11.9%) for ACDF.

Xu et al38 published a similar meta-analysis in
2018, although they did not report significant
differences between CDA and ACDF. According
to the researchers,38 CASP was 2.4% (CDA) and
4.5% ACDF with an odds ratio (OR) of 0.97. A
third meta-analysis confirmed significant differences
in favor of CDA (OR¼ 0.43, 95% CI¼ 0.29, 0.64; P
, .0001).39

Our analysis indicated the risk of CASP was
significantly correlated to treatment and age, with
ACDF and younger patients at higher risk. Other

analyses40–46 found potential CASP risk factors
included preexisting disease, age less than 60 years,
level-treated osteopenia, lumbar degenerative disc
disease, disruption of the adjacent segment (includ-
ing increased motion after surgery), and sagittal
balance. Younger age as a risk factor is supported
by other trials and is believed to be related to longer
time, allowing for natural progression of disease.40

Boden et al47 also supported natural progression of
the disease, reporting that 19% of asymptomatic
patients had an abnormality noted on MRI. This
percentage increased to 28% for patients over 40
years old.47

Whereas our analysis did not indicate postoper-
ative range of motion to be an independent risk
factor, earlier disruption to the adjacent segment
from increased range of motion should still be

Table 3. Estimated incidence of CASP and efficacy of CDA in preventing CASP from months 0 to 84, by participant characteristics.a

Variable

ACDF CDA CDA Efficacy

n CASP Person-years Rateb n CASP Person-years Rateb % (95% CI) P Valuec

Overall 186 24 1018.3 2.4 389 17 2443.8 0.7 70.5 (45.1, 84.2) , .0001
Levels treated
1 81 12 442.4 2.7 164 7 1019.7 0.7 81.1 (�46.4, 97.6)
2 105 12 576.0 2.1 225 10 1424.1 0.7 74.7 (35.8, 90.1) .65

Age, y
21–34 12 3 60.8 4.9 48 4 269.0 1.5 69.9 (�34.6, 93.3)
35–49 123 20 636.6 3.1 234 11 1479.2 0.7 76.4 (50.8, 88.7)
50–67 51 1 320.9 0.3 107 2 695.7 0.3 7.5 (�92.6, 91.6) .54

Gender
Female 105 17 578.0 2.9 198 7 1255.0 0.6 81.0 (54.1, 92.1)
Male 81 7 440.4 1.6 191 10 1188.8 0.8 47.4 (�38.2, 80.0) .12

Raced

Other 18 2 103.4 1.9 25 1 148.7 0.7 65.3 (�282.7, 96.9)
White 168 22 914.9 2.4 364 16 2295.1 0.7 71.0 (44.8, 84.8) .89

BMI
, 30 134 18 735.0 2.4 277 14 1712.7 0.8 66.7 (32.9, 83.4)
� 30 52 6 283.4 2.1 112 3 731.1 0.4 80.6 (22.5, 95.2) .49

NDI
, 50 69 12 401.3 23.0 160 6 1028.8 0.6 80.3 (47.6, 92.6)
� 50 117 12 617.0 1.9 229 11 1415.0 0.8 60.3 (10.0, 80.5) .28

SF-12 PCS
, 35 120 17 654.4 2.6 244 10 1508.6 0.7 74.5 (44.3, 88.3)
� 35 66 7 364.0 1.9 145 7 935.2 0.7 61.1 (�11.0, 86.4) .53

SF-12 MCS
, 45 107 16 574.4 2.8 222 10 1386.6 0.7 74.1 (42.9, 88.2)
� 45 79 8 444.0 1.8 167 7 1057.2 0.7 63.4 (�0.9, 86.7) .60

C2-7 Cobb angle
� 0 36 6 180.2 3.3 62 3 389.6 0.8 77.3 (9.4, 94.3)
. 0 150 18 838.1 2.1 327 14 2054.2 0.7 68.2 (36.0, 84.2) .66

ROM
� 28 129 14 732.8 1.9 5 0 35.6 NA NA NA
. 28 57 10 285.5 3.5 384 17 2408.2 0.7 79.8 (55.9, 90.8) .60

FSU height
, 30 mm 111 16 596.8 2.7 156 9 928.3 1.0 63.9 (18.2, 84.0)
� 30 mm 75 8 421.5 1.9 233 8 1515.5 0.5 72.2 (26.0, 89.6) .69

Abbreviations: ACDF, anterior cervical discectomy and fusion; BMI, body mass index; CDA, cervical disc arthroplasty; FSU, functional spinal unit; MCS, mental
components score; NA, not applicable; NDI, neck disability index; PCS, physical components score; RASP, radiographic adjacent segment pathology; ROM, range of
motion; SF-12, Short-Form Health Survey with 12 items.
aDemographic and patient-reported outcomes were taken from preoperative assessments. Radiographic measures are for the first available postoperative assessment
bRate ¼ 100 3 (No. with RASP / No. person-yrs)
cP values compare CDA efficacy among the groups within a given covariate.
dFor race/ethnicity, Asian, Black, Hawaiian/Pacific Islander, Hispanic, Native American/Alaska Native, and multiracial individuals are grouped together as ‘‘Other’’ due
to small sample size.
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considered. It is also possible that in our models the

effect of range of motion was largely captured in the

effect of treatment modality.

Many hypothesize that the increased length of

construct or number of levels treated would increase

the risk of CASP. Literature48 supports our findings

that the risk of CASP is not correlated to number of

levels treated for CDA or ACDF. However, it is

important to understand that CASP rates could be

affected by conservative index treatment. Of the

CASP patients in our analysis, 4 had a RASP grade

of 3/4 at the time of index surgery, potentially

indicating that the index surgery was conservative.

The Kineflex trial reported 78% of the CDA CASP

occurred in the first 12 months following index

treatment.32 The early timing of these adjacent-level

surgeries leads us to question whether the adjacent-

level pathology was present at the initial surgery.

Lundine et al45 reviewed preoperative MRIs of

patients who underwent 1- and 2-level ACDF. They

found evidence of preoperative disc degeneration at

the nonoperative levels, with the degeneration at

adjacent levels being significantly more advanced.45

As early as 1990, Boden et al47 reported that

imaging alone is not a good predictor of disease,

given that 19% of asymptomatic patients presented

with abnormalities identified on imaging. Surgeons

are in a delicate position, needing to evaluate

radiographs and correlated symptoms to ensure

they are treating all the symptomatic levels while not

overtreating.

This analysis contains limitations because it is a
post hoc analysis of a prospective study, not a
prospectively planned analysis of CASP. Radio-
graphic variables were fixed at early time points to
determine whether early radiographic measurements
could predict CASP. However, many of these
radiographic characteristics are dynamic, and we
did not capture their changes with time in our
analyses. Prospective analyses powered to capture
differences in RASP and CASP should be consid-
ered.

CONCLUSION

The data remain consistent that CDA provides
protection against CASP, with both lower incidence
of symptomatic radiculopathy and lower risk of
secondary surgery. A correlation of CASP with
RASP remains unproven, and other predictive
variables, such as treatment, age, and number of
levels, should be considered and investigated fur-
ther. Although the mechanism remains unclear, our
study and multiple other publications indicate that
the risk of CASP is increased in patients treated
with ACDF rather than CDA.37,38,49
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