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ACKGROUND:Motion preservation prostheses were introduced to prevent adjacent disc degen-

eration (ASD) and to diminish neck disability in the postsurgical follow-up. However, it is still a

controversial issue, and the relationship between range of motion (ROM) and ASD has not been

studied.

PURPOSE: To compare the correlation between ROM of the cervical spine and the presence of

radiological ASD after anterior discectomy. Clinical outcome was also correlated to ROM and

ASD.

STUDY DESIGN: Retrospective cohort study.

METHODS: In all, 253 patients who underwent anterior discectomy for cervical radiculopathy

due to a herniated disc were analyzed for segmental and global cervical ROM and the presence of

ASD both preoperatively, and 12 and 24 months postoperatively. Patients who were included in

two randomized, double-blinded trials comparing anterior cervical discectomy with arthroplasty,

anterior cervical discectomy with intervertebral cage, or anterior cervical discectomy without

intervertebral cage for one level disc herniation were analyzed. ROM was defined by a custom-

developed image analysis tool. ASD was defined by decrease in disc height and anterior osteo-

phyte formation on X-rays. Clinical outcome was evaluated by means of the Neck Disability

Index (NDI).

RESULTS: Two years postoperatively, no correlation was demonstrated between ROM and

ASD. The incidence of ASD was comparable in the three groups, being 34% at baseline, and

58% at 2-year follow-up. Likewise, ASD progression was comparable in the three treatment

arms. No correlation was demonstrated between ROM and NDI or ASD and NDI.
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CONCLUSIONS: Since ROM is not correlated to ASD, and clinical outcome is not correlated to

ROM either, the relevance of continued ROM at the target level seems absent. © 2019 Elsevier

Inc. All rights reserved.
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Introduction

It was reported that cervical arthrodesis of a motion seg-

ment caused by fusion leads to increased mechanical load

at the adjacent levels [1]. Hypothetically, this can contrib-

ute to degeneration of the cervical discs at the adjacent lev-

els (ASD), which may cause neck pain and disability in

follow-up years [2,3]. Some researchers reported that

patients treated with anterior cervical discectomy with

fusion (ACDF) have higher rates of ASD than those who

underwent cervical arthroplasty (ACDA) during follow-up

[4−8].
A variety of studies demonstrate that ACDA is able to

maintain range of motion (ROM) at the index level [9−13].

Only a limited number of articles reported on the ROM of

the whole cervical spine (C2−C7) and examined whether

ACDA affected this differently in comparison to ACDF.

Sala et al. [14] and Wang et al. [15] demonstrated similar

cervical ROM in both ACDF and ACDA groups at the end

of follow-up, but Li et al. [16] and Grasso et al. [17]

reported the global cervical ROM in the ACDA group to be

larger than that in the ACDF. Although meta-analyses

reported that the incidence of ASD was lower in the ACDA

than ACDF [18,19], a recent study disputed this and demon-

strated that the presence of ASD was similar in the ACDA

and ACDF at 5-year follow-up, both clinically and radio-

logically [20]. Additionally, the problem with the vast

majority of studies is that the level of evidence is low to

very low, since risk of bias is high, methods to assess ROM

are insufficiently precise, and results are contradictory [21].

The objective of the current study is to study ROM in

patients who were included in two randomized double-

blind trials on patients treated by anterior cervical discec-

tomy with or without interbody fusion and arthroplasty for

cervical radiculopathy. The correlation between ROM at

the index level and the presence of ASD was studied. The

ROM at the index level was compared between the surgi-

cal methods, as well as the ROM of the total cervical

spine. Moreover, ASD and ROM were correlated to neck

disability.
Materials and methods

Study design

This is a retrospective cohort study using data from two

prospective, randomized double-blind trials: the NECK trial

and the PROCON trial.
NECK trial

A prospective, randomized double-blind multicenter

trial among patients with cervical radiculopathy due to

single-level disc herniation was conducted. Patients were

randomly assigned into three groups: anterior cervical dis-

cectomy with arthroplasty (ACDA; activC, Aesculap AG,

Tuttlingen, Germany), ACDF (Cage standalone), and ante-

rior cervical discectomy without fusion (ACD). Patients

(age 18−65-year-old) with radicular signs and symptoms

in one or both arms for at least 8 weeks, in who conserva-

tive therapy failed were eligible for inclusion. All patients

were diagnosed with cervical radiculopathy by a neurolo-

gist in one of the participating hospitals. If MRI demon-

strated a single-level cervical disc herniation and/or

osteophyte at one level (C3−C4 to C7−Th1) in accordance

with clinical signs and symptoms, patients could be

included as surgical candidates for the study by the con-

sulting neurosurgeon. Patients with previous cervical sur-

gery, absence of motion or increased anteroposterior (AP)

translation or very narrow (<3 mm) intervertebral space or

severe segmental kyphosis (>3˚) at the index level on static
or dynamic X-rays, neck pain only or symptoms, and signs

of chronic myelopathy were excluded. A randomized

design with variable block sizes was used, with allocations

stratified according to center. The protocol was approved

by medical ethics committees, including an approval for

randomization after anesthetic induction. All patients gave

informed consent.

The design and study protocol were published previously

[22]. The 2-year follow-up data revealed no differences in

clinical outcomes [23].
PROCON trial

The trial design was a prospective, double-blind, single-

center randomized study, with a three-arm parallel group.

Patients were randomly allocated into three groups: ACDA

(Bryan disc prosthesis, Sofamor Danek, Kerkrade, the

Netherlands), ACDF (Cage standalone, DePuy Spine, John-

son and Johnson, Amsterfoort, the Netherlands), and ACD.

Patients (age 18−55-year-old) were eligible for inclusion

with monoradicular syndrome in the arm due to one-level

cervical disc degeneration disease and/or an osteophyte at

MRI. The radiological findings should be in accordance

with the clinical presentation. The patients with myelopa-

thy, previous cervical surgery, psychiatric, or mental dis-

ease were excluded. The trial was approved by medical

ethics committee. All patients gave informed consent.



Table 1

The classification of ASD (from Goffin et al. [1])

Disc height Anterior osteophyte formation

Normal Same as adjacent disc No anterior osteophyte

Mild 75%−100% of normal disc Just detectable anterior osteophyte

Moderate 50%−75% of normal disc Clear anterior osteophyte <25% of AP diameter of

corresponding vertebral body

Severe <50% of normal disc Clear anterior osteophyte >25% of AP diameter of

corresponding vertebral body

ASD, adjacent segment degeneration; AP, anteroposterior.
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The design and study protocol were published previously

[24]. The follow-up data up to 8 years postsurgery revealed

no differences in clinical outcomes [25].

Clinical outcome measurement

Neck Disability Index (NDI) is a 10-item questionnaire

on 3 different aspects: pain intensity, daily work related

activities, and nonwork-related activities. Each item is

scored from 0 to 5 and the total score ranges from 0 (best

score) to 50 (worst score). This 50-point score was con-

verted to a percentage (50 points=100%). The NDI is a

modification of the Oswestry Low Back Pain Index and has

been shown to be reliable and valid for patients with cervi-

cal pathology [26−28].

Radiographic outcomes

Flexion-extension radiographs were obtained preopera-

tively and at 12 and 24 months postoperatively. The ROM

at the index level and of the total cervical spine (C2−C7)
was measured. The ROM at index level was defined as the

intervertebral sagittal rotation between full flexion and

extension. The ROM at index level was measured on

dynamic lateral radiographs with a custom-developed

image analysis tool (BMGO, KU Leuven, Belgium), which

has a measurement error of 0.3˚ and 0.3 mm and excellent

inter-rater and intrarater agreement (intraclass correlation

coefficient>0.75) [29]. Fusion was defined as ROM less

than 4˚ [30,31]. The Cobb angle of C2−C7 was measured

by the lines drawn parallel to the caudal endplate of C2

and C7.

Standing lateral radiographs of the cervical spine were

obtained with the patients in a neutral standing position and

instructed to look straight ahead, with hips and knees

extended.

ASD was evaluated based on the height of the adjacent

level disc and the anterior osteophyte formation on X-rays

according to the classification reported by Goffin et al. [1]

preoperatively and at 12 and 24 months postoperatively

(Table 1). Only if neither the superior nor inferior adjacent

level demonstrated loss of disc height or anterior osteophyte

formation, the patient was graded as “non-ASD.” Addition-

ally, in a separate analysis, “severe ASD” was defined as in

patients with the classification “moderate” or “severe” loss
of disc height or anterior osteophyte formation in either the

superior or inferior level. Finally, in order to study progres-

sion of adjacent level degeneration, “ASD progression”

was marked as positive or negative for patients who did or

did not increase in Goffin score during follow-up.

The radiographs were independently evaluated by one

senior neurosurgeon dedicated to spine surgery and a

junior medical doctor educated for this purpose. The

reviewers were not provided with any clinical information

of the included patients. Before the evaluation of radio-

graphs, the reviewers met in person to evaluate and refine

the definitions.

Correlating ROM to ASD

In order to study the relationship between ROM and

ASD, subjects were dichotomized according to the presence

of ASD, irrespective of the surgical method. ROM can be

studied as ROM at the index level or ROM of the total cer-

vical spine. ASD can be studied as “non-ASD” versus

“ASD,” as “mild ASD” versus “severe ASD,” or as

“negative progression of ASD” versus “positive progression

of ASD.”

Statistical analysis

Patients in the NECK trial and the PROCON trial were

subject of this study. All the data were presented as mean§
standard deviation. Baseline and follow-up characteristics

of the ACD, ACDF, and ACDA treatment group were com-

pared using analysis of variance for continuous data and

chi-square test for categorical data. Student t test was used

to compare continuous data between groups. Logistic

regression tests were applied to evaluate correlations

between ROM and ASD and ROM and NDI. Chi-square

tests or Fisher’s exact test were applied to correlate the

dichotomized ROM at the target level to the presence of

ASD. Tests were two tailed, and a p value of <.05 was con-

sidered significant. SPSS software, version 23.0, was used

for all statistical analyses (SPSS, Inc., Chicago, IL).

Results

In the NECK trial, 111 patients were included and ran-

domly assigned to ACD (38 patients), ACDF (38 patients),



Table 2

Patient demographics

ACD ACDF ACDA Total p Value

Population 83 85 85 253 −
Age (y, mean§SD) 45.3§6.7 45.6§7.6 44.8§7.7 45.2§7.3 .787

BMI (mean§SD) 26.2§3.8 26.6§4.7 26.7§4.1 26.5§4.2 .726

Gender (male) 42 37 43 122 .939

Smoking 33 40 41 118 .305

Alcohol 46 52 55 153 .565

Herniated level

C4−C5 1 2 0 3 −
C5−C6 46 39 40 125 −
C6−C7 36 43 45 124 −
C7−Th1 0 1 0 1 −

ACD, anterior cervical discectomy; ACDF, anterior cervical discectomy with fusion; ACDA, anterior cervical discectomy with arthroplasty; SD, standard

deviation; BMI, body mass index.

Table 3

Patients with fusion (ROM<4˚)

Follow-up ACD ACDF ACDA Total

1-year follow-up 91.5% 79.6% 33.8% 66.5%

2-year follow-up 95.7% 86.4% 36.8% 70.1%

ROM, range of motion; ACD, anterior cervical discectomy; ACDF,

anterior cervical discectomy with fusion; ACDA, anterior cervical discec-

tomy with arthroplasty.
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or ACDA (35 patients). At baseline, X-ray data were

available for 107 patients and for 98 patients at 2-year

follow-up.

In the PROCON trial, 142 patients were randomized into

ACD (45 patients), ACDF (47 patients), or ACDA (50

patients). At baseline, X-ray data were available for 121

patients and for 70 patients at 2-year follow-up.

Demographics

Baseline characteristics are presented in Table 2. The

mean age of the study population was 45.2§7.3 years, rang-

ing from 27 to 70 years. There was no difference regarding

baseline characteristics between treatment groups. Surgery

was most frequent at levels C5−C6 and C6−C7.
ROM

In Fig. 1, the segmental ROM were not statistically dif-

ferent at baseline (p=.744). At both 1- and 2-year follow-

up, the ROM at the index level of patients with ACDA was

significantly higher than the ROM in patients with ACD

and ACDF (p<.001, Table S1).
Fig. 1. ROM of index level.
ROM at the target level was not consequently absent

(“fused”) in the ACD and ACDF groups, and not conse-

quently maintained (“mobile”) in the ACDA group. If a

cut-off value of 4˚ movement was taken into consideration,

it was demonstrated that 96% of patients in the ACD group

and 86% of patients in the ACDF group were fused at

2 years’ follow-up, and that 63% of patients in the ACDA

group maintained mobile (Table 3). If the 63% of patients

in the ACDA group who maintained mobile were consid-

ered, the ROM at the target level was 10.1˚§3.9˚.

In Fig. 2, ROM of the total cervical spine was compara-

ble for all patients at baseline (p=.523). The patients in the

ACDA group had a higher global ROM than those in the
Fig. 2. ROM of total cervical spine.



Table 5

Table 4

The incidence of ASD

ACD ACDF ACDA Total p Value

ASD Baseline 38.0% (27) 36.3% (29) 28.6% (22) 34.2% (78) .428

1-year FU 49.2% (32) 44.3% (27) 46.7% (35) 46.8% (94) .855

2-year FU 62.5% (35) 54.9% (28) 55.7% (34) 57.7% (97) .674

Severe ASD Baseline 15.5% (11) 13.8% (11) 13.0% (10) 14.0% (32) .905

1-year FU 21.5% (14) 23.0% (14) 14.5% (11) 19.3% (39) .393

2-year FU 28.6% (16) 25.5% (13) 19.7% (12) 24.4% (41) .522

Positive ASD progression 1-year FU 24.5% (13) 17.3% (9) 21.0% (13) 21.0% (35) .662

2-year FU 32.6% (15) 25.0% (12) 30.9% (17) 29.5% (44) .693

ASD, adjacent segment degeneration; ACD, anterior cervical discectomy; ACDF, anterior cervical discectomy with fusion; ACDA, anterior cervical dis-

cectomy with arthroplasty; FU, follow-up.
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ACD group and ACDF group, at both 1- and 2-year follow-

up (p<.001 and p=.016, Table S1).

ASD and ROM in the ACDA group

Mobile* Fusedy p

ASD 31.6% (18) 22.8% (13) .384

Non-ASD 31.6% (18) 14.0% (8)

Severe ASD 8.8% (5) 8.8% (5) .473

Mild ASD 54.4% (31) 28.1% (16)

Positive ASD progression 17.6% (9) 9.8% (5) 1.0

Negative ASD progression 49.0% (25) 23.5% (12)

ASD, adjacent segment degeneration; ROM, range of motion; ACDA,

anterior cervical discectomy with arthroplasty.
ASD

The incidence of ASD was summarized in Table 4. No

significant difference could be detected between three treat-

ment arms at both baseline, 1- and 2-year follow-up, neither

the incidence of ASD nor the incidence of severe ASD.

Similarly, positive progression of ASD was comparable

between three groups at 1 year and 2 years after surgery.
* Range of motion more than 4˚.
y Range of motion less than 4˚.
Correlation between ROM and ASD

At 2-year follow-up, no correlation between segmental

ROM and the presence of ASD was demonstrated (p=.766).

Neither was there such a correlation if the ROM of the

whole cervical spine was considered (p=.087). Moreover,

neither segmental ROM nor global ROM was correlated

with either severe ASD or positive progression of ASD

(p>.05).
As we stated above, 63% of patients with ACDA had

radiographic preserved ROM (>4˚) versus 37% who did

not at 2-year follow-up. In the ACDA group exclusively, no

correlation could be demonstrated between preserved ROM

and the presence of ASD, severe ASD, nor positive ASD

progression (Table 5).

Furthermore, if the patients were studied irrespective of

surgical method, no significant correlation could be

detected between preserved ROM and ASD, with the
Table 6

ASD and ROM

ASD Non-ASD p Value Severe ASD

1-year FU Mobile* 14.8% (25) 19.5% (33) .493 5.3% (9)

Fusedy 32.0% (54) 33.7% (57) 13.0% (22)

2-year FU Mobile* 14.4% (21) 15.8% (23) .115 4.1% (6)

Fusedy 43.2% (63) 26.7% (39) 20.5% (30)

ASD, adjacent segment degeneration; ROM, range of motion; FU, follow-up.

* Range of motion more than 4˚.
y Range of motion less than 4˚.
exception of the 2-year results, if ASD is dichotomized in

“mild ASD” and “severe ASD” (p=.042; Table 6).
Correlation between ROM and neck disability

If the 4˚ cut-off value for ROM at the index level was

used to study the correlation between ROM and NDI, no

significant correlation could be demonstrated, neither at

baseline, 1-year nor 2-year follow-up (p>.05).
Correlation between ASD and neck disability

No correlation was found between neck disability with

the presence of ASD, mild ASD nor positive ASD progres-

sion (Table 7).
Mild ASD p Value

Positive ASD

progression

Negative ASD

progression p Value

29.0% (49) .493 5.0% (7) 32.4% (45) .072

52.7% (89) 16.5% (23) 46.0% (64)

26.0% (38) .042 8.6% (11) 24.2% (31) .636

49.3% (72) 20.3% (26) 46.9% (60)



Table 7

ASD and NDI

ASD Non-ASD p Value

Baseline 40.3§15.1 39.2§15.6 .615

1-year FU 14.5§13.8 15.8§16.4 .593

2-year FU 16.0§16.8 16.6§16.3 .837

Severe ASD Mild ASD p Value

Baseline 40.6§12.7 39.4§15.8 .668

1-year FU 13.8§13.7 15.5§15.5 .578

2-year FU 18.2§15.5 15.6§15.5 .438

Positive ASD progression Negative ASD progression p Value

1-year FU 15.4§14.8 14.1§14.0 .704

2-year FU 15.9§15.1 16.5§16.4 .864

ASD, adjacent segment degeneration; NDI, Neck Disability Index; FU, follow-up.
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Discussion

The rationale for cervical motion preserving devices is to

reduce accelerated degeneration at adjacent levels. It is

thought that this will result in reduction of ASD and better

functional outcome in the long term. We demonstrated

that ROM, neither at the target level nor of the whole cervi-

cal spine, was correlated to ASD 2 years after surgery.

Moreover, we demonstrated that there was no difference

in ASD in patients who were subjected to cervical anterior

discectomy with fusion and patients who received a pros-

thesis, which is in line with the recent published results of

MacDowall et al. [20], who demonstrated that clinical and

radiological ASD were comparable between fusion and

arthroplasty cohorts. In some patients, accelerated degener-

ation at the adjacent levels can lead to clinical symptoms,

like neck pain, radiculopathy, and disability, which can be

represented by the NDI value. In agreement with earlier

reports [23] in which the NDI was demonstrated not to dif-

fer between the ACD, ACDF, and ACDA treatment arms,

ASD did not demonstrate a correlation to NDI.

In the ACDA group, 63% patients with a preserved

ROM (>4˚) did not show a significantly lower incidence of

ASD or less positive ASD progression than patients with an

immobile cervical segment. Therefore, the rationale for cer-

vical motion preserving devices to reduce accelerated

degeneration at the adjacent levels is not confirmed in the

present study.

Disc degeneration and osteophyte formation are physio-

logical processes, and therefore some extent of degenera-

tion at the adjacent disc levels is expected to be already

present at baseline in a population with a mean age of 45.

In accordance, our study documented that this type of

degeneration existed in 34% of the patients at baseline. A

similar result was reported previously by Coric et al. [4],

who demonstrated that ASD was present in more than 50%

of patients before undergoing ACDF or ACDA. In the

2-year follow-up period of our patients, the ASD increased

to 58%, irrespective of surgical treatment. It is generally

presumed that the development of ASD is a slow process,
and that therefore long-term follow-up periods are essential

in order to properly judge the occurrence of ASD. Never-

theless, an increase of circa 20% of ASD (or 20% of

patients with progression of ASD) in a group of 250

patients, within the first 2 years after surgery, without a dif-

ference between the three groups, justifies the conclusion

that ASD is not significantly dependent on ROM of the tar-

get level. Our results are in contradiction to several studies

demonstrating that ACDA results in a lower incidence of

ASD [4−8,32] in comparison to ACDF. However, the

majority of these studies failed to provide ASD information

on baseline, introducing selection bias.

A limitation of the current study may be that determining

ROM on X-ray will depend on the ability and willingness of

the patients to reach full flexion and extension of the cervi-

cal spine. Unfortunately, there is no method to improve it.

The quality of X-ray is important as well, because the

angles will be influenced by angling of the cervical verte-

brae in the coronal plane. Another flaw is the focus on

radiological ASD. Clinical ASD would be represented by

invalidating radicular symptoms due to a herniated disc at

the adjacent level. In ultimo, if these complaints would be

significantly invalidating, subsequent surgery would follow.

The number of reoperations in the three groups for this

diagnosis would therefore be a suitable measure for clinical

ASD. In an earlier publication, Donk et al. [33] showed that

reoperations were more prevalent in the ACDF group than

in the other two groups, but that differences were very

small. Likewise, in the NECK trial, reoperation rates were

very low. Therefore, numbers are too small to draw mean-

ingful conclusions.
Conclusions

ROM is not correlated to ASD, and clinical outcome is

not correlated to ROM following anterior cervical discec-

tomy. Therefore, the relevance of maintaining ROM at the

index level seems absent. However, the follow-up of 2 years

may be too short to draw firm conclusions.
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