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Object. The authors report the preservation of motion at surgically treated and adjacent spinal segments after plac-
ing an artificial cervical joint (ACJ) and they describe the influence of interbody fusion on changes in angulation occur-
ring in the sagittal plane at adjacent levels in the treatment of cervical spondylosis.

Methods. The authors conducted a prospective nonrandomized study of patients in whom an ACJ was placed or
autologous bone graft interbody fusion was performed. Angular measurements at levels adjacent to that surgically
treated were calculated using plain flexion—extension radiographs obtained at 6-month intervals. Analyses of qualita-
tive data, such as increase or decrease in adjacent-level motion, and the degree of disc degeneration were performec
Quantitative data were also analyzed. In the fusion group a significant increase in adjacent-level movement was
demonstrated at the 12-month follow-up visit compared with the group of patients in whom ACJs were ptaced (p
0.001). The increase in movement occurred predominantly at intervertebral discs that were preoperatively regarded as
normal (p< 0.02). An overall reduction in adjacent-level movement was observed in patients who underwent joint
replacement, although this was compensated for by the movement provided by the ACJ itself.

Conclusions. Fusion results in increased motion at adjacent levels. The increase in adjacent-level motion derives
from those discs that appear radiologically normal prior to surgery. It remains unknown whether ACJs have a protec-
tive influence on adjacent intervertebral discs.

Key Worbs « artificial joint e« cervical spondylosis ¢ spinal fusion

first described by Smith and Robingoand by with lumbar disease (Rapp S, unpublished data). In the
Cloward in the late 1950s. Although the proce- late 1980s Cummins, et altried to maintain motion in

dure has become popular with spine surgeons, recently, athe cervical spine by using a simple ball and socket—type
with procedures involving lumbar vertebral fusions, con- joint. Their technique was problematic, but in the majori-
cerns have been expressed that interbody vertebral fusioty of cases cervical vertebral motion was preserved. The
may result in an acceleration of adjacent-level diseaseauthors concluded that further investigation into artificial
Evidence of this comes from clinical experience, radio- joints was warrantedThe NFCJ was developed. It is a
logical studies, and biomechanical and mathematicalsemirestrained, two-component joint that allows move-
models’31722 Some patients subsequently undergo se-ment in both rotation and translation in three planes. The
guential intervertebral fusions (Fig. 1). goal is that this joint can replace the intervertebral disc at

Fusion alters the normal biomechanics of the spine. Theone or more levels in the cervical spine. Its design permits
consequent reoperation rate for adjacent-level disease ia variable axis of rotation and translation that mimics
2.9% per yea¥ and at 10 years following the initial oper- human vertebral movement in the middle to lower cer-
ation, 25% of patients exhibit symptoms of the adjacent-vical spine. Biomechanically the kinematics of the NFCJ
level diseas@Preserving the range of spinal motion rather closely reproduce normal cervical motion (DiAngelo, et
than fusing the degenerating spine may limit the segmen-al., unpublished data).
tal progression of disease that affects some patients. In the United Kingdom a prospective pilot study of the
Attempts at creating an artificial intervertebral disc have ACJ was conducted involving 15 end-stage patients in
met with limited success:* In most clinical experiences whom previous fusion had been performed or adjacent
- disc disease was present. Patients suitable for receiving an

Abbreviations used in this paper: ACJ = artificial cervical joint; ACJ were those most at risk of developing adjacent-level
MR = magnetic resonance; NDI = Neck Disability Index; NFCJ = disease were a standard fusion procedure to be performed.
New Frenchay Cervical Joint. The indications for cervical joint replacement included

Q NTERIOR cervical decompression and fusion were involving such implants, surgeons have treated patients
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TABLE 1
Inclusion criteria

joint replacement or single-level fusion

surgery between January & December 1998

minimum of 1 year follow up

high-quality radiographs & MR images w/ good visualization of adjacent
segments

fusion confirmed at 6 months on flexion—extension radiographs obtained
in patients receiving autograft

ment on flexion—extension x-ray films) by 6 months was
required in patients in the fusion arm of the study.

Twelve patients in whom an ACJ replacement and 13
patients in whom a single-level autologous fusion had
been performed were identified as having complete sets of
plain cervical radiographs and MR images of sufficient
quality to assess adjacent-level motion and the degree
of disc degeneration. Angular measurements were taken
using an Oxford Cobbometéand rounded to the nearest
degree. The discs adjacent to the level undergoing surgery
were classified as either “normal” or “deteriorated” ac-
cording to the absence or presence of osteophytes and loss
of disc height demonstrated on preoperative plain radi-
ographs or evidence of disc bulging visualized on preop-
erative sagittal and axial MR images. Both quantitative

Fic. 1. Representative radiograph of a cervical spine obtained in@nd qualitative data were analyzed. Because of the diverse
a patient in whom an ACJ was placed at C3—4 after having previ- patient groups and small numbers in each arm of the study
ously undergone multiple cervical interbody fusions. a combination of nonparametric, chi-square, and Fisher

exact tests were used to analyze the data.
From the radiographs we calculated the angular dis-
placement of the adjacent vertebrae preoperatively and at
presentation with radiculopathy and/or myelopathy with 6 months and 12 months postoperatively. The reference
radiological evidence (computerized tomography or MR points for acquiring angular measurements were the ver-
imaging) of compression by osteophyte or herniated disctebral endplate lines or the spinous processes. Motion at
material, in the presence of an adjacent surgically createdhe ACJ was measured from the implant-endplate inter-
or congenital cervical fusion. An alternative entry catego- face for both components. The NDI scores were compared
ry was for patients with evidence of asymptomatic disc between the two groups of patients at the same time inter-
degeneration, adjacent to the symptomatic disc targetedials (Table 2).
for surgery, even if there had been no previous fusion. Radiographs and MR images were independently as-

Simultaneously a prospective observational study wassessed, and the measurements, obtained by two observers,
conducted of patients in whom standard single-level autol-were subjected to a paired t-test. There were no significant
ogous bone graft fusion for degenerative cervical spinedifferences between the observers’ measurements. The
disease was a primary intervention. data were grouped by any change in angular displacement

Using data prospectively obtained from both these stud-(either an increase or decrease=ofl’) and also by the
ies, we investigated the influence of an ACJ on adjacentnormal or deteriorated condition of the discs. Statistical
level vertebral motion. analysis of subgroup data were performed using the Fisher
exact test.

Clinical Material and Methods

A prospective nonrandomized study of patients man- ) )
aged with an ACJ or single-level autologous bone graft Demographic Variables
fusion was conducted with the aim of investigating two  There were no significant differences between the two
issues (Table 1). First we endeavored to assess changes in
vertebral angulation demonstrated on flexion and exten-
sion radiographs acquired in the sagittal plane and, sec TABLE 2
ondly, to determine if the preoperative condition of the )
adjacent intervertebral discs was associated with any ob Mean NDI scores for both groups of patients
served changes in angular displacement. We started with .

Results

S . g . N Time Interval ACJ Group (range) Fusion Group (range)
null hypothesis: “there is no difference in adjacent-level
motion in the spines of patients undergoing fusion com- preop 42.3 (2-74) 32.7 (0-86)
pared with those receiving an ACJ.” Radiological evi- 6mos 33.5 (2-70) 23.2 (0-64)
12 mos 335 (2-74) 23.8 (0-74)

dence of complete fusion at the operative level (no move-
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TABLE 3 TABLE 4
Demographic data obtained in both treatment groups Motion occurring at the level at which the ACJ was placed
No. of Patients Time Interval Mean Measurement (°)
Characteristic ACJ Group Fusion Patients preop 6.6
6 mos 7.2
no. of patients 12 13 12 mos 7.1
age in years (range) 49 (31-74) 57.8 (27-85)
sex
male 9 10
femal 3 3 . . . -
Smiﬂqje 5 5 tial NDI scores were higher in the group receiving the
involved in litigation 2 0 ACJs, we are cautious about interpreting this finding
receiving Workers' Compensation 0 0 (Table 2).
Discussion
groups in terms of age, sex, smoking status, litigation, or There is considerable controversy regarding the opti-
Workers’ Compensation status (Table 3). mum treatment: spinal fusion or preservation of inter-
segmental motion. Robinson and Srithoted that
Preservation of Motion undesirable osteophytes located at the level of the fu-

sion spontaneously regress once a stable fusion has been
tween flexion and extension. This ranged from 2 to 13° achieved, and this has been interpreted as a desirable event.
: o : Others have clearly seen an acceleration of degenerative
with a mean of 7.1° of motion at 12 months (Table 4). . ; : :
Translation in an anteroposterior direction of 2 mm was change in the discs and vertebrae adjacent to a fusion mass
|£Oth in the lumbar and cervical regicig&**2 There is,

achieved, although this was more apparent in cases i owever. no clear correlation between chan L

. ; . . ) ges seen radio
which ACJ was placed in the upper cervical spine. graphically and the clinical condition of patiefts.
Adjacent-Level Motion Increasing attention is being paid to the incidence of

) o . . adjacent-level disease following successful fusion. In our

Preoperatively there was no significant intergroup dif- department a retrospective study of patients who under-
ference in the adjacent-level movement. By 12 monthswent anterior cervical decompression and fusion revealed
postoperatively, however, a significant difference had de-a subsequent adjacent-level operation rate of 2% per year
veloped (Mann-Whitney U-test, p = 0.011). _ (Grundy & Nelson, unpublished data). Hilibrand and col-

In the fusion group there was a significant increase injeague&® reported a similar rate of 2.9% per year and
adjacent-level movement at follow up (range 2-17"; meansypsequently demonstrated that at 10 years post-fusion, up
9") compared with an overall reduction in adjacent-level to 250 of patients were symptomatic from adjacent level
movement in patients who had received an ACJ (Fig. 2)disease. Does fusion or preservation of motion influence
(p < 0.001). In patients who had undergone fusion, adja-the natural history of degenerative cervical disease?
cent-level motion increased from preoperative levels by  Examination of retrospective data derived from proce-
5% at 6 months to 15% at 12 months (Fig. 3). At all stagesqyres performed via the posterior approach to remove lat-
in the assessments, proportionately more movement wagra| soft-disc herniation provides some clues. In using this

observed at the upper cervical levels than the lower onesapproach segmental motion is preserved and the reopera-
A cumulative increase of 20" was achieved at upper levels

compared with 10° at lower levels by 12 months in the

fusion group (Fig. 4). . i
There was a highly significant difference €p0.001) total change in adjacent movement

demonstrated for increased adjacent motion in the fusior for fusion & joint groups

group compared with decreased adjacent motion in the

ACJ group (Table 5). Subgroup analysis in which the 250

In all cases the joint demonstrated angular motion be-

Fisher exact test was used showed that increased motio |
occurred at normal discs but not at deteriorated dises (p 200 1 _ B
0.02) (Table 5). § 150 - L -y ?.pre-op

An overall slight reduction was observed in the angular 2 '06 months
displacement at adjacent levels in patients in whom the & 100 | /@12 months
ACJ was implanted, although movement provided by the =
joint itself compensated for this. Motion provided by the 50
joint was similar to motion demonstrated preoperatively at 0 .
the level undergoing surgery (Table 4). 1 2

Comparison of the NDI scores, determined at 12
months postoperatively using a two-tailed paired t-test, Fusion Joint
showed a significant improvement in the ACJ groug:(p Fic. 2. Bar graph showing total cumulative change in adjacent-

0.002). A similar trend in improvement was seen in the level movement for both groups preoperatively and at 6 and 12
fusion group (p = 0.052). As anticipated, because the ini- months postoperatively.
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% change in adjacent level movement TABLE 5
for fusion & joint groups Number of patients in both groups with increased motion,
J g P increased motion at deteriorated discs, and increased
20 motion at normal discs 12 months postoper atively
Increased Motion ACJ Group  Fusion Group Total No.
10 -
o overall*
o yes 1 9 10
E 0 [J6 months no 11 4 15
o B 12 months total no. of patients 12 13 25
2 -10 ot at deteriorated discst
yes 2 6 8
-20 no 5 5 10
total 7 11 18
-30 at normal discst
£ o yes 1 12 13
fusion joint no 6 3 9
Fic. 3. Graph showing the mean percentage change in adjacent- total 7 15 22
level movement at 6 months and 12 months postoperatively. * chi-square test = 12.35 ¢p 0.001).

T p=0.225 (Fisher exact test).
¥ p=0.02 (Fisher exact test).

tion rate is approximately 1%!°The anterior approach
is, however, favored in the cervical spine because it pro-
vides good access to the majority of the symptom-induc-not conclusive, regarding the role of ACJs and their effect
ing disease. Subsequent fusion reduces spinal mobilityon adjacent levels. To determine if a clinical advantage
and the adjacent-level operation rate is increased threecan be gained using an ACJ a prospective randomized trial
fold. Motion at the ACJ was approximately half of that is required. Long-term follow-up studies will be required
normally reported for cervical vertebral motion according to determine if changes in adjacent-level movement can
to several authors623In their studies measurements were influence the natural history of the disease in a clinically
obtained in healthy, young, asymptomatic volunteers. Insignificant way.
our study there was on average a half-degree difference
between the preoperative motion at the level undergoing Conclusions
surgery and the postoperative motion provided by the
ACJ. We believe that preexisting degenerative changes in This is the first study to show that intervertebral disc
the facet joints and neighboring spinal ligaments deter-replacement may have an influence on adjacent vertebral
mine the range of movement of the NFCJ. Thus the rangdevels and that it may maintain motion at the site that
of motion is physiologically appropriate to each individ- would otherwise be subjected to fusion. Additionally, us-
ual patient. ing the NDI score we have demonstrated that an operation

We believe that in patients in whom the ACJ is implant- to relieve pain and preserve motion in the neck can signif-
ed because of previous fusions increased adjacent-levekantly improve a patient’s disability postoperatively.
movement may already have been established, and what The main role for ACJs remains to be clarified. They
we observed could have been a gradual reversal of thisould be reserved for use in patients with advanced dis-
process. An alternative explanation is that the patients inease and previous fusions, with the primary goal of pre-
the ACJ group were younger than those in the fusionserving motion at the operative site. Alternatively, there
group and that the latter represented a cohort with unusumay eventually be a convincing argument to introduce
ally advanced degenerative spine disease. This theory is
supported by the NDI scores obtained in the patients in the
ACJ group, which were higher than those in the fusion .
group. The natural history of advanced disease in these change of angle in degrees
patients may be progression of degeneration at severe at 12 months
levels simultaneous with an associated loss of motion af
all motion segments. If this should prove to be the case, 30
then the ACJ in this study simply acted as a spacer tha

preserved motion at the operative level but will possibly 29 "
not influence the natural history of cervical spondylosis at § 1o | mupper levels|

other levels. We do not know what effect the ACJ-related £ Dlower levels |
range of motion has on the facet joints, but we have notg 0 ;
observed any changes at the facet joints. 10 -
Our observations do not clarify whether increased ~
movement at adjacent levels is disadvantageous; howeve 20

Shea, et ak® have demonstrated that cervical discs are fusion joint
more prone to failure in the lower cervical spine where Fg 4. Graph showing cumulative changes in motion in which
motion Is greatest. proportionately greater movement occurred at upper cervical levels

We suggest that these results are of interest, althougtin both groups.
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ACJ therapy, the goal of which would be to prevent pro- 11.

gression of cervical spondylosis. Additional studies with

large patient populations may resolve these issues.
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