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Summary: Cervical spinal cord compression managed via an anterior approach with an
arthrodesis is associated with a decreased range of motion and accelerated adjacent
segment degeneration. Artificial cervical disc replacement may address these problems.
A series of seven cases (three women, two men; age 31–55 years) of anterior cervical
decompression and placement of an artificial disc prosthesis is presented. A total of nine
Bryan cervical disc prostheses (Spinal Dynamics Corp., Mercer Island, WA) were
placed. Clinical and radiologic follow-up was performed at 24 hours, 6 weeks, 3 months,
6 months, and then yearly (mean follow-up period 6.29 months, range 1–17 months).
There were no complications. There was an improvement in Nurick grade by 0.72 grade
(P < 0.05) and Oswestry Neck Disability Index score by 51.4 points (P < 0.0001).
Motion was preserved. Improvement in lordosis occurred in 29% of cases. The spinal
cord was decompressed on postoperative imaging. Cervical arthroplasty after anterior
cervical decompression at one or more levels represents an exciting tool in the manage-
ment of spinal cord compression secondary to spondylotic disease or acute disc prolapse.
This is the first study that looks specifically at cervical arthroplasty for cervical myelop-
athy. Longer follow-up will reveal any delayed problems with artificial disc im-
plantation, but in the short term, this technique offers an excellent outcome. Key
Words: arthroplasty, Bryan disc, cervical myelopathy, fusion, stenosis

INTRODUCTION

Cervical myelopathy and cord compression due to
spondylotic disease (cervical spondylotic myelopathy
[CSM]) or acute disc herniation is a common spinal dis-
order, with controversy over the role and timing of surgi-
cal intervention as well as the optimal treatment.1–8 Over
the last 50 years, various combinations of anterior and
posterior instrumented surgeries have been devised and
refined and continue to be used. In the absence of arthrod-
esis, kyphotic deformity is always a feared complica-
tion.9,10 The problem with interbody or posterior cervical
fusion is that typically a reduction in effective motion
occurs and there are significant morbidities associated

with bone graft harvest.11 Coupled with this, the incidence
of adjacent segment deterioration, requiring reoperation,
has been quoted as being as high as 3% per year.12 Con-
sequently, there has been a more recent emphasis on sur-
gical techniques such as cervical laminoplasty or cervical
disc arthroplasty to maintain motion, avoid deformity, re-
duce adjacent segment stresses, and allow for an adequate
decompression without having to use bone graft.

This study reports the use of artificial disc implantation
in the management of spinal cord compression and cervi-
cal myelopathy. Although the use of the Bryan disc (Spi-
nal Dynamics Corp., Mercer Island, WA) in cervical spine
disease has been reported before,13,14 this is the first series
specifically evaluating the use of cervical arthroplasty in
spinal cord compression due to spondylotic disease or
acute disc herniation.

PATIENTS AND METHODS

Seven patients were presented in this study, recruited
over a 16-month period from July 2001 until November
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2002, with all surgeries performed by a single surgeon. All
patients had preoperative magnetic resonance imaging
(MRI) scans of the cervical spine demonstrating spinal
cord compression and/or had a clinical cervical myelopa-
thy. All would normally have qualified for and be offered
an anterior cervical decompression and fusion with iliac
crest autograft and instrumentation. Exclusion criteria for
this group included kyphotic deformity, severe multilevel
spondylotic disc degeneration, spinal cord injury with pos-
sible instability, and pure radiculopathy secondary to pos-
terolateral disc protrusion or foraminal stenosis. If the af-
fected disc space could not be visualized on a lateral
supine cervical x-ray, cervical arthroplasty was not of-
fered. The group was not randomized but prospectively
followed. All patients requested cervical arthroplasty
when the various surgical options were discussed.

The demographics of the patients selected for this study
are summarized in Table 1. There were four men and three
women with ages ranging from 31 to 55 years (mean age
42.9 years), and symptoms were present from 0.75 to 72
months (mean 16 months). Two of seven patients (29%)
were active cigarette smokers. All patients had a detailed
neurologic examination and Nurick grading15 preopera-
tively. All patients completed an Oswestry Neck Disabil-
ity Index assessment (ONDI)16 and also scored their neck
and arm symptoms from 0 to 3 (0 � nil, 1 � mild, 2 �
moderate, 3 � severe). All patients had preoperative static
and dynamic cervical spine x-rays, MR scanning, and
computed tomography (CT) scanning of the cervical
spine. All imaging studies were independently reviewed.
It was explained that if intraoperatively arthroplasty could
not be done, an interbody fusion would be performed.

Preoperative assessment revealed three of seven pa-
tients (43%) had myelopathic dysfunction of at least
Nurick grade II. Five of seven patients (71%) had symp-
toms or signs of radiculopathy in addition to myelopathic
symptoms or signs. No patient had pure radiculopathy.
Four of seven patients (57%) had high signal in the spinal
cord, suggesting edema or myelomalacia on T2-weighted
MRI. Typical preoperative imaging is shown in Figure 1.
Osteophytic compression was present in six of seven cases
(86%), with two of seven cases (29%) having significant

disc herniation. No patient had preoperative kyphotic de-
formity, but six of seven did have loss of normal cervical
lordosis (86%). Dynamic cervical x-rays preoperatively
showed no evidence of instability or hypermobility.

Surgical intervention followed the recommendations by
the designers of the Bryan cervical disc prosthesis (Spinal
Dynamics Corp.). The operative technique has been de-
scribed elsewhere.13,14 In brief, after the administration of
general anesthesia, endotracheal intubation was effected
and the procedure performed in the supine position under
fluoroscopic control. The head was placed on a soft cush-
ion in gentle extension with a rolled towel behind the
neck. For single-level disease, a left-sided transverse cer-
vical skin incision was used, and for two-level disease,
either this incision or an oblique left-sided paramedian
incision was used. On two occasions, the C6–C7 disc
space was difficult to visualize radiographically in the
supine position, although it had been well visualized in the
erect position and careful arm retraction as well as digital
fluoroscopy coned down to the affected level was re-
quired. No case was abandoned because of this problem.
An extensile exposure of the anterior cervical spine was
effected, and after standard microsurgical decompression
of the spinal cord, one or more artificial disc prostheses
were placed. The posterior longitudinal ligament was ex-
cised in every case. The sizes of the prosthesis ranged in
diameter from 14 to 17 mm (see Table 3). No collar was
placed postoperatively. All patients were monitored in our
high-dependency unit overnight and mobilized the day
following surgery. All patients were discharged within
48–72 hours after surgery. All patients returned to work
within 2–4 weeks after surgery.

Postoperative evaluations incorporated the same inter-
val clinical and radiologic evaluations that were per-
formed preoperatively. Postoperative evaluation was per-
formed at 24 hours, 6 weeks, 3 months, 6 months, and then
yearly. An independent radiologist assessed all imaging.
Static and dynamic x-rays were performed at every fol-
low-up point, but MR scanning was done only at 6 weeks
and 12 months. CT scanning was performed at 24 hours
and then 6 and 12 monthly. Follow-up periods ranged
from 1 to 17 months (mean 6.3 months). An assessment of

TABLE 1. Patient demographics

Patient
no.

Age
(yrs) Sex

Preop.
Nurick
grade

Preop.
neck

symptomsa

Preop.
arm

symptoms
Preop.
ONDI Smoker

Acute disc
herniation

Cervical
spondylosis

Duration of
symptoms

(mos)

Cord
compression

on MR scanning

Cord signal
change
of MR

Preop.
cervical

deformity

1 38 M II 1 0 42 No No Yes 3 Y Y Loss of lordosis
2 55 F I 2 3 76 No No Yes 6 Y N Loss of lordosis
3 46 M 1 1 3 66 Yes Yes Yes 0.75 Y N Loss of lordosis
4 47 M III 1 1 34 No No Yes 4 Y Y Loss of lordosis
5 49 F 1 2 3 58 No No Yes 9 Y Y Loss of lordosis
6 31 M 1 3 1 80 No No Yes 72 Y N Nil
7 34 F III 2 3 42 Yes Yes Yes 18 Y Y Loss of lordosis

a0 � nil symptoms; 1 � mild symptoms; 2 � moderate symptoms; 3 � severe symptoms.
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overall surgical outcome was made using Odom’s crite-
ria17 (Table 2) in addition to the other outcome measures
discussed previously. The surgical and postoperative out-
comes are summarized in Table 3. The pre- and postop-
erative Nurick grades, ONDI scores, and arm and neck
symptom scores were compared using two-sample t tests

paired for means. A P value of <0.05 was regarded as
significant. All scores were expressed as means ± SEM.

RESULTS

A total of nine prostheses were inserted in seven pa-
tients. In this group, 88% of patients had either the C5–C6
or the C6–C7 level instrumented. There were no compli-
cations in the intraoperative or postoperative period, and
all patients noted immediate improvement in preoperative
symptoms. There were no deaths. No patients were lost to
follow-up, and two patients were seen 1 month after sur-
gery as the latest review. All patients had returned to work
by 2–4 weeks postoperatively. The postoperative outcome
scores listed in Table 3 are the most recent.

Looking first at clinical outcome, it is apparent from
Table 3 that there was a significant improvement in sub-
jective neck and arm symptoms. Neck symptom scores
improved from 1.71 ± 0.29 to 0.43 ± 0.30 (P < 0.01). Arm
symptom scores improved from 2.00 ± 0.49 to 0.29 ± 0.29
(P < 0.01). The ONDI improved from 56.9 ± 6.8 to
5.40 ± 2.30 (P < 0.0001). Both smokers had excellent
outcomes. On clinical assessment, there was a statistically
significant improvement in the Nurick grade from
1.71 ± 0.36 to 1.00 ± 0.00 (P < 0.05). No patient had
persisting weakness. Patient 2 did complain of intermittent
left arm pain in the C6 distribution but felt it had improved
from preoperatively and on imaging there was no residual
neural compression. At last follow-up, this patient had
persistence of preoperative neck and shoulder discomfort
of a lesser degree postoperatively but was able to return to
her previous occupation.

Radiologic imaging performed postoperatively is rep-
resented in Figures 2–4 and in Table 3. A typical set of
postoperative static and dynamic series of x-rays are
shown in Figures 2 and 3. Significantly, loss of lordosis
was a common preoperative deformity, present in 86% of
cases, but some degree of correction did occur in two of
seven patients with restoration of cervical lordosis on
postoperative imaging. All patients demonstrated a good
range of cervical motion on fluoroscopic screening at the
final postoperative assessment. It is notable that the in-

FIGURE 1. Preoperative axial CT scan (A) and sagittal MR scan
(B), both showing spinal cord compression secondary to spondy-
lotic disease. There is high signal in the spinal cord on the MR
scan, and compression is primarily secondary to spondylotic os-
teophytes, best visualized on the CT.

TABLE 2. Odom’s criteria17

Grade Definition

Excellent All preoperative symptoms relieved, able to carry out daily
occupations without impairment

Good Minimum persistence of preoperative symptoms, able to
carry out daily occupations without significant
interference

Fair Relief of some preoperative symptoms, but whose physical
activities were significantly limited

Poor Symptoms and signs unchanged or worse
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crease in the height of the disc space was less than that
attained by placing an anterior interbody strut graft.

CT scanning was often more reliable in assessment of
placement of the artificial disc prosthesis postoperatively,
particularly with reconstructed views, and clearly showed
the adequacy of decompression, as demonstrated in Fig-

ures 3 and 4. The titanium shells did produce artifact on
MRI, making the adjacent spinal canal difficult to assess.
This occurred in only two of seven patients, but subse-
quent CT scanning was able to confirm adequate decom-
pression. High signal change in the spinal cord demon-
strated on preoperative MR scanning was persistent

FIGURE 2. Postoperative anteroposterior (A) and lateral (B) x-rays after placement of an artificial disc prosthesis at the C6–C7 level in case
3. The prosthesis is centered on the disc space. Minimal change in disc height occurs compared with preoperative films.

TABLE 3. Patient results

Patient
no.

Levels
replaced

Size of
prosthesis

(mm)
Follow-up

(mos)

Postop.
Nurick
gradeb

Postop.
Neck

symptomsa,c

Postop.
arm

symptomsa,d Postop. deformity
Postop.
ONDIe

Outcome according
to Odom’s criteria

1 C5–C6 15 17 I 0 0 Lossoflordosis 2 Excellent
2 C5–C6 14 14 I 2 2 Lossoflordosis 8 Good
3 C6–C7 15 6 I 0 0 Lossoflordosis 16 Excellent
4 C6–C7 17 3 I 0 0 Lossoflordosis 0 Excellent
5 C5–C6, C6–C7 16 × 2 2 I 0 0 Nil 2 Excellent
6 C6–C7 15 1 I 1 0 Nil 10 Good
7 C4–C5, C5–C6 15, 16 1 I 0 0 Nil 0 Excellent

a0 � nil symptoms; 1 � mild symptoms; 2 � moderate symptoms; 3 � severe symptoms.
bWhen compared with preoperative values, statistically significant difference, P < 0.05.
cWhen compared with preoperative values, statistically significant difference, P < 0.01.
dWhen compared with preoperative values, statistically significant difference, P < 0.01.
eWhen compared with preoperative values, statistically significant difference, P < 0.0001.
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postoperatively, despite adequate decompression, suggest-
ing this was due to myelomalacia or gliosis rather than
edema.

Surgical outcome when measured using Odom’s crite-
ria17 suggested 100% of patients had a good or excellent
outcome (see Table 3).

DISCUSSION

This study presents seven patients with clinical or ra-
diologic spinal cord compression who underwent spinal
cord decompression and cervical arthroplasty. Although
follow-up periods were relatively short, at most recent
follow-up, all had good or excellent outcomes with radio-
logic evidence of spinal cord decompression and improve-
ment in clinical myelopathy. Motion was preserved. In-
terestingly, there was also commonly an improvement in
associated neck pain, which would suggest predominantly
nonmechanical causes of pain. Although the numbers are
small, smoking did not adversely affect outcome. This is
an important finding that needs further exploration be-
cause of the impact of smoking on spinal arthrodesis. Fi-
nally, some minor correction of deformity did occur in
two patients with restoration of a normal lordosis. No
attempt was made to perform arthroplasty in patients with
cervical kyphosis for fear of premature failure of the pros-
thesis due to excessive loading, but minor deformity did
not appear to impact adversely on the outcome.

CSM is the most common acquired cause of spinal cord
dysfunction. Described first by Stookey in 1928,18 it was
initially attributed to cord compression by cartilaginous
nodules of degenerated disc material. The definition of
CSM, as a distinct clinical entity, was refined by Clark and
Robinson in 1956, when they distinguished this degenera-

tive condition from myelopathy caused by acute disc pro-
lapse.19 CSM is characterized by a progressive chronic
segmental compression of spinal cord due to spondylotic
change and is the leading cause of spinal cord dysfunc-
tion.20–22 The principal neuropathologic features are cystic
cavitation, gliosis, degeneration, wallerian degeneration of
posterior columns, and posterolateral tracts and anterior
horn cell loss at the site of compression.22,23 The patho-
logic findings and clinical severity of disease show an
excellent correlation.24 Although there have been exten-
sive reports on clinical and pathologic aspects of CSM,
little is known regarding the biochemical and molecular
mechanisms of neuronal and axonal degeneration in
CSM.24 There is general agreement that apoptosis, or pro-
gramed cell death, could play a significant role in the
delayed death of oligodendrocytes.

Anterior cervical decompression and fusion, with or
without instrumentation, is a widespread surgical interven-
tion for CSM and cord compression due to acute disc
prolapse. Cervical anterior interbody fusion has, however,
been widely accepted as leading to a reduction in normal
cervical spine motion and increasing the stress at adjacent
levels.25–27 Hilibrand et al12 confirmed a rate of 2.9% per
year of developing adjacent segment disease after anterior
interbody fusion requiring cervical intervention. Tradi-
tionally, the outcome from anterior cervical surgery has
been more favorable when compared with posterior de-
compression, when used in the context of cervical my-
elopathy.28,29 The reasons for failure of posterior laminec-
tomy alone are unclear, but the development of kyphotic
deformity or microinstability may be contributory. Cervi-
cal laminoplasty30–33 and lateral mass plating in combi-
nation with laminectomy34 may hold more promise for
both a better clinical outcome and less adjacent segment
disease. Ventral pathology causing spinal cord compres-
sion is still generally better dealt with by an anterior ap-
proach, especially when confined to one or two levels.

Spinal arthroplasty has a relatively short history. De-
spite the ease of access in the cervical spine, spinal disc
replacement surgery has historically concentrated on the
lumbar spine.35–37 Fernstrom38 in 1966 introduced an in-
tracorporal endoprosthesis that consisted of a stainless-
steel ball inserted into the center of a lumbar disc after
laminectomy. Although Fernstrom focused on lumbar disc
prostheses, he also placed these prostheses in the cervical
spine. Cummins et al35 more recently have described their
experience with the Cummin artificial cervical joint. This
prosthesis is basically a stainless-steel ball-and-socket
joint. A major shortcoming of this design has been the
inability to instrument more than one level.

The Bryan cervical disc prosthesis (Spinal Dynamics
Corp.) was first reported as being used for the manage-
ment of cervical spondylotic disease in 2002 by Goffin et

FIGURE 3. Lateral flexion/extension x-rays after placement of a
C5–C6 artificial disc prosthesis from case 2. Note that normal
movement occurs at the instrumented level, as demonstrated by
the crowding, then splaying of the C5 and C6 spinous process.
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al13 and subsequently by Sekhon.14 This cervical disc
prosthesis consists of a polyurethane nucleus designed to
fit between two titanium alloy shells. Each shell has an
outer titanium porous coating to encourage bony ingrowth
and long-term stability. A polyurethane sheath surrounds
the nucleus and is attached to the shells with titanium wire,
forming a closed compartment. Sterile saline is placed into
the prosthesis, and titanium alloy seal plugs provide for its
retention. This prosthesis requires precise milling for its
placement, and the technique aims at meticulous centering
of the prosthesis. Multiple levels can be instrumented but
must be visualized on fluoroscopy. Goffin et al13 de-
scribed the use of cervical arthroplasty in an attempt to
maintain cervical motion and avoid arthrodesis after de-
compression. In their study, 60 patients underwent single-
level anterior cervical decompression and placement of an
artificial disc prosthesis. Of note is that 93% of the pa-
tients of Goffin et al. predominantly had radiculopathy.
They reported follow-up at 12 months with clinical suc-
cess reported at between 85% and 90%. No subsidence of

the devices was noted, and possibly two patients had de-
vice migration. No spondylotic bridging occurred at the
implanted disc space. Range of motion was preserved, and
no device had been explanted or surgically revised.

The pitfalls of anterior cervical decompression and fu-
sion have been discussed, and the risks of adjacent seg-
ment disease have fueled the search for alternative inter-
ventions. It is hoped that by combining arthroplasty with
anterior cervical decompression, the traditionally good
outcomes attained by anterior decompressive procedures
can be married to the known advantages of maintenance
of normal motion.

CONCLUSION

Artificial cervical disc placement combined with ante-
rior cervical decompression promises to usher in a new era
in the management of cervical spine disease. Low mor-
bidity combined with an excellent postoperative outcome
and avoidance of the known problems associated with

FIGURE 4. Postoperative axial CT scan (A) and sagittal MR scan (B), showing the artificial disc prosthesis after surgery in case 3. On the
CT, it is evident that the prosthesis occupies most of the space previously occupied by the intervertebral disc. The MR reveals that the
titanium shells do cause artifact with this modality, but the canal is still able to be visualized. This was not the case in every postoperative
MR scan.
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cervical arthrodesis or allograft/autograft usage suggests
that this procedure will play an important role in the man-
agement of CSM. Smokers appear to fare as well as non-
smokers. Multicenter studies are underway, and longer
follow-ups are required. The issue of multilevel disc re-
placement needs contemplation for its potential implica-
tions, as does its use in correcting deformity or after pre-
vious cervical surgery, but nevertheless this limited series
demonstrates that cervical arthroplasty can be successfully
used for one- or two-level anterior cord compression in the
cervical spine.
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