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Abstract
ervical arthroplasty involves
replacement ofthe interver-
tebral disc spacewith apros-
thetic device designed to maintain

motion. Tha interestin cervicalarthro- -

plasty hasincreased of late because of
the perceived shorteomings of cervical
fusion surgery. The Bryan® cervical
disc progthesis is the only currently
availablacervicaldisc prosthesis. Over
the past four years, over 5,500 im-
plants have been surgically placed in
patients whopredominantly had nsural
compression. The use of arthroplasty
for the management of neck pain is
being examined. The {ong-term impli-
cations of arthroplasty are not Known
but inthe sher-tarmhospital staysare
short, motion is maintained, hip graft
complications arg avoided and a cervi-
cal collar is not required. The real
issues relate to longevity of the im-
plants, wear and particle debris, and
potential protection of adjacent seg-
mentsfromdegeneration. it will take at
least 10 years of careful foliow-up be-
fore the answers to these quesiions
arederived.

Introduction
Surgaryiorspinaldisorders hasbeen
performed foroverStyears. Tradition-
ally, the indications for spinal surgery
fordegenerative disease have been for
neural compression. Simple laminec-
iomy has besn complemented by an-
terior procedures where total
discectomy is performed. A variety of
procaduras are periormed after this,
including no placemeant ofimplants, or
"~ more commonly intervertebral bone
grafting and sometimes plating. Sur-
gery for primary axial neck painis less
welldefined. Cord compression dueg to
spondylctic disease termed cervical
spondylitic myelopathy {CSM}, and
acuie disc herniation, are common
spinal disorder with controversy over
thercle andtiming of surgicalinterven-
fion as well as the optimal treatment.’
8&8.151820 (ver the past 50 vears, vari-

a0y

ous combinations of anterior and pos-
teriorinstrumented surgerisshavebean
devised and refined and continuatobe
utilized. Inthe absence of anhrodesis,
kyphatic deformity is always afeared
complication.®” The problem with
intarbody or posteriorcarvical fusionis
that typically a reduction in effective
motion occurs and there are significant
morbidities associated with bone graft
harvest.' Coupled with this, the inci-
dence of adjacent segment deteriora-
tion, requiring reoperation, has been
gquoted as being as high as 3% per
year.** Consequently, there has been
a more recent emphasis on surgical
techniques such as cervical
laminoplasty or cervical disc arihro-
plasty to maintain motion, avoid de-
formity, reduce adjacent sagmeni
strasses, and aliow for an adequate
decompression without having to use
bone graft. The precise indications for
arthroplasty are currently being ex-
plored and the biomechanics and
changes wilh disease assessed.

History

Spinal arthroplasty has a relatively
short history. The aims of the ideal
intervertebral disc prosthesis have in-
cluded praservation of normai motion,
ease of implantation, ease of revision,
minimal wear, longevily, sase of revi-
sionandease of postoperativaimaging.
Allthese goals have been achieved in
avariety of permutations over the past
40 years. Despite the ease of access
in the gervical spine, spinai disc re-
placement surgery has historically
concentratedonthe lumbar spine.” 810
Fernsirom’ In 1986 introduced an
intracorporal endoprosthesisthatcon-
sisted of a stainless steel bal! inssrted
into the centre of a lumbar disc after
laminectomy. Although Fernstrom fo-
cusedoniumbar discs prostheses, he
also placed these prostheses in the
cefvical spine. Cummins more recantly
has described his experience withthe
Cummins artificial cervical joint.” This
prosthesis was basically a stainlass
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Figure 1. The Bryan disc prosthesis
showing the milled endplales thal
allow for an interference fit of the
prosihesis

steel ball-and-socket joint. A major
shortcoming of this design has been
the inability to instrument more than
one level, They described implantation
of 22 devices, designed within their
unit, in 20 patients. Two patients were
fost to follow up. Of the 18 remaining
patients, x-raysdemonstrated nomove-
ment atthe level ofimplantation intwo
palients. This rate of failure ta preserve
normal motion can be considerad un-
acceptably high. Wigfield ef a# modi-
fied the Frenchay joint to aliow mere
physiological motion. They published
apilot study in 2002 inwhichthe device
wasimplantedin 15 patients. The study
demonstrated that implantation ofthe
device is safe, and that motion is well
preserved with the modified device in
the short terrn. Follow up reports stifl
supponthese conclusions 2 Pointillart
described a prosthesis in 2001 that
allowed motion between a titanium
based prosthesis with a carbon sur-
face that articulated with the inferior
endplate ofthe veriebra above the pros-
thesis, " However eight of ten patients
fused within two years. New prosthe-
sesare axpected to become available
over the next few years.

The Bryan® cervical disc prosthesis
(Medtronic-Sofamor Danek, Memphis,
TN, see Fig. 1) was first reported as
baing used for the management of
cervical spondyiotic disease in 2002
by Goftin et af? and subseguenily by
Sekhon.? This cervical disc prosthe-
sis consists of a polyurethane nucleus
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designied 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 aitached to the shells
with titanium wire, forming a closed
compartment. Sterile saline is placed
into the prosthesis and titanium alioy
seal phigs provide for its retention. This
prosthesis requires precise milling for
its piacement and the technigue aims
atmeticuious centering ofthe prosthe-
sis. Multiple levels can bainstrumentsd
but must be visualized on fluoroscopy.
Goffin et al'® described the use of
cervical arthroplasty in an atiempt io
maintain cervical motionand avoid ar-
throdesis afterdecompression. Intheir
study, 60 patients underwent single
level antefior cervical decompression
and placementof an artificial disc pros-
thasis. Of note is that 93% of Goffin's
patients had radiculopathy predomi-
nantly. They reported foliow up at 12
months, with clinical success reported
at betweean 85% and 90%. No subsid-
ence of the devices was noted and
possibly two patiants had device mi-
gration. Mg spondylofic dridging oc-
curred at the implanted disc space.
Rangs of motion was preserved and no
device had been explanted or surgi-
cally revised. They have subseguently
reported on three-year results in this
group and a similar one-yearfollow up
on bi-tevel replacements, with egually
acceptable results. "

Indications
The commonestindication for cervi-
cal arthroplasty is as an intervertebral
disc replacement atter totaldiscectomy
isperformed. Atypical casaisshownin
Figs. 2 aand 2b. Acute disc herniations
need to be distinguished from cervical
spondylotic disease. Over time, the
large andvaried range of motion of this
region places siresses on the cervical
_spine, resulting in inevitable degen-
erative changes, including desicca-
tion of the discs, disc bulging, facet
joint nypertrophy, narowing of facst
joints, and hyperirophy of ligaments.
This process, ubiguitous in the adult
population, isknownascervical spondy-
losis. Theabove changes may resultin
narrowing of the spinai canal or of the
interventebral foramen (or both) and
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“younger population

subsaquently com-
pression of the spinal
cord or cervical nerve
roots respectively may
ensue, Acute cervical |
disc herniation, uniike
spondylotic diseass,
tends to affect a

group. Thay may be
associated with
trauma, particularly
with acute hypet-
flexion, rotation, or
both. The anuius fibro-
sig and posterior lon-
gitudinal igamentmay
tear, allowing part of
the nucleus pulposusg
tohemiateintothaspi-
nal canal or interveriebral foramen.
Again sither the cervical spinal cord
and/orthe cervical nerve roots may be
involved. However, unlikethe casewith
spondylosis, it is the nerve roots that
arg most commonly affected. Fre-
guently an acute disc hamiation may
besuperimposed uponexisting spondy-
flitic change to cause a clinical prob-
lem.

Cervical nerve root compression typi-
cally results in neck pain and armpain
in a radicuiar distribution. The most
commonily affected cervical nerveroots
are C8 and C7. Paragsthesia may
accompany the pain and these are
typically dermatomal in distribution.
Associated sensoty 10as, typically 1o
pain and temperature, again in a
dermatomal distribution, is not uncom-
mon. Weakness and hyporefiexia (that
is, fower motor neuron weakness) may
aizo be present. The onset of these
symptoms may be sudden orinsidious
and progressive. A chronic episodic
presentationismore commaonly caused
by spondylitic change; however, an
acute pnset can imply either an acute
disc herniation or spenadylitic change.
The presence or absence of frauma
canbe animportantditferentiating fac-
tor.

Cearvical cord comprassion due to
degenerative disease can presaniwith
a variety of syndromes. Most com-
mondy patiants describe stiffness in
the upperand lower limbs and difficulty
with fine movements in the hands.
Examination generally reveals weak-
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Figure 2. Preoperative {a} axial CT and (b} sagittal MR
scans of the cervical spine showing typically
spondylotic or disc bulges causing neural compressicn
in a patient ideal for cervical arthroplasty

ness below the leval of compression,
with hypertonicity and exaggerated
deep tendon reflexas including an ex-
tensor plantar response. Sansory
changestendtobe less marked. Other
spinal cord syndromes which may be
associated with cervical cord com-
pressionincludecentral cord syndroms,
Brown-Sequard syndrome and ante-
rior spinal artery syndrome. Typically
withacirtecervical disc herniationthese
syndromes will develop rapidly. An
episodic and insidious onset implies
sponcylosis as the cause. Gord com-
pression and myslopathy ar rootcom-
pression and radiculopathy can occur
concurrently in either acute cervical
disc herniation or carvical spondylo-
sis.

When |looking at axial neck pain, the
selaction of patients becomes more
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difficult. Arthroplasty is not suitable for
patients who have neck painwherethe
cause is thought to be myofascial
disease, Tacet degeneration, or de-
formity. Neck pain related to degenera-
tive disc disease is the only aetiology
potentially treated with this interven-
tion. Sekhon veported in seven pa-
tients that, if surgery was performedfor
cervical decompression of the gpinal
cord, neck pain often improved.2' All
these patients had surgery for neural
compression and the improvement in
neck painwas an incidental finding. In
patients with neck pain as their pri-
mary sympiom, selection is the key.
CT scanning, static and dynamic fluor-
oscopy, MR scanning, and possibly
muttileve! provocative discography are
aliusedtotry and localize atleastone
painful disc segment. However, aside
from exclusion, there is no clear diag-
nostic test. SPECT scanning with CT
does not appear to have the same
sensitivity in the cervical spine as it
does in the lumbar spine and subile
spondylotic disease infacet jpints does
not appear o be as readily defined on
CT. Subtie deformity piays a greater
role in potential cornplications afier
surgery than in the lumbar spine and,
with currentdesigns, particularlyinthe
cass of unconstrained devices such as
the Bryan®prothesis, surgery is best
avoidad if kyphosisis present. Studies
are currently underway toevaluate pri-
mary axial neck pain and its potential
correction with arthroplasty but at the
moment ideal candidates are those
with a singie degenerative disc on MA
scanning, negative coriisone facet in-
jections, negative bone SPECT scans,
minimal posterior element facet
spondylotic disease on CT, normal
cervical lordosis or a strayght cervical
sping and motion on dynamic films
withno evidence of instability, Therale
of discography ig unclaar,

Investigations

Plainx-rays, CT, MR, and bone scan-
ning alt play a role in the work-up of
patients for polential cervical arthro-
piasty. Plain x-ray is often the first
investigation utilised by clinicians.
Farticular features of interest in this
setting are the overall balance of the
cervical spine, defarmity, if any, and
any potential instabitity on dynamic
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films, Coupled with
this, motiecnmustbe
demonstrated at
any levels where
arthroplasty is con-
tempiated. Aside
from lack of motion
or instability, other
confraindicalionsto
cervical arthro-
plasty inciude ac-
tive infection, anin-
ability to visualize
the disc space on
lateral x-ray, oste-
operosis, or ossifi-
caticn of the poste-
rioriongitudinal liga-
ment (OPLL}.
Computed tom-
cgraphy is also a
usefutinvestigation,
primarily asitallows
for accurate pre-
cperative planning
af prosthetic size.
The Bryan® disc
rangesin size from
14 mm o 18 mm
and cccasionally in
smallindividualsthe
smallest prosthesis
availabls istooiarge
and arthroplasty in
not advisable, It is fkely that smalier
prastheses willbe available inthefuture.

Surgicaltechnique

Tha initial portion of surgery where
cervical arthroplasty is performed is
identical to thatforananterior cervical
decompression and fusion. Implanta-
tion of the Bryan® disc uses a simple
gravitationa! reference systemtoiden-
tify the centre of the disc space. A
series of levels and plumb lines help
determine the centre of tha implanta-
tion site. This will change with fulure
incarnations and different implants,
Thereciprocating vertebralbodies are
milledto precisionto maich exacily the
implants convex outer surface. Bony
ingrowth occurs into the roughened
outer surface over time. This tight fit

-provides stability to the endplate. The

and result is shown in Fig. 3, with
postoperativeimages showninFig. 4.
Thecurrentprocedureis verydepend-
ent on infraoperative tiucroscopy.

Do Wot Copy, Distribute, or Civeulate

Figure 3. Infraoperative Image of the Bryan disc prosthesis

Flgure 4. Postoperative (a) lateral extenrsion and {b) flexion
filmg showing the normal motion at the level of the
arthroplasty. The titanium shells but not the inner nucieus
are visuafized on this imaging.

Wear and particle debris

In a situation analogous to hip and
knee arthroplasty, thera have been
concemsraised intermsolthelongev-
ity of cervical implants, potential parti-
cleand wear debris and the complica-
tionsthat may occur with these. Again,
the Bryan®cervical disc prothesis ap-
pears to be the most robust and most
thoroughly tested. Anderson efaipub-
lished their datz last year on their
biomechanics of the prosthesis and
wear characteristics.* Using cervical
spine motion simuiators, they reported
minimal wear at 10 million cycles of
motion, with 500,000 — 1,000,000 cy-
cles being deemed egquivalent to one
year of normal cervical motion, Animal
studies showed the polyethyiena in-
sert led 10 wear particles of a smaller
size than that seen after hip and knee
arhroplasty, but in the absence ofan
inframmatory reaction. Mo osteclysis
was seen and thay felt that the wear
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characteristics were acceptable. No
one knows how long the Bryan® disc
prosthesis will fast. Estimates suggest
survivals of at least 10 years but pos-
sibly as high as 20-40 years, quite
differenttothose seen afterlarge syno-
vial joint surgery. To date no implant
has been removed because of device
failure and particle dabris seams only
to be of theoretical concern.

The future

It is possible, that the current pros-
theses available will not be the same
used in 5-10 years. Refinements in
technigues, clarification of indications,
as well as improvements in
biomaterials, should be raalised over
the next 10-20 years. The true
incidences of adjacent segment dis-
easenegdiobefurtherrealised andal
some stags in the future, facet joint
replacemert may also be possible.

Conclusions

Cervicalarthroplasty hasarrived, yet
caution needs 10 be exercised in its
use. The ideal patient has a soft disc
herniation with normal lordosis. The
limiations and indications are currently
being defined. Long-term dataare still
rieeded. Az newer prostheses become
available and more data are made avail-
able onthe results of current desfigns,
we will become more adeguatsly
eguipped to use a powerful newtoolin
tha management of cervical spine dis-
ease.
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