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Abstract and Introduction
Abstract

Object: The authors evaluated cervical spine radiographs to determine sagittal alignment in patients who
underwent one- or two-level arthroplasty with the Bryan cervical artificial disc prosthesis.

Methods: The curvature of the surgically treated spinal segments and the overall curvature of the cervical
spine were evaluated in 13 patients who underwent 16 cervical arthroplasty device placements. Preoperative
and postoperative lateral radiographs were reviewed and compared using standardized techniques for
measuring spinal curvature.

Patients who underwent a single-level cervical arthroplasty had a 4.7° mean reduction (p < 0.05) in lordosis
after cervical artificial disc replacement. The three patients who underwent two-level cervical arthroplasty had
no significant changes in the sagittal alignment.

Conclusions: Patients who underwent arthroplasty with a Bryan cervical artificial disc had a focal loss of
lordosis (that is, kyphosis) at the treated levels after single-level procedures. Nevertheless, there was no
significant change in the overall sagittal curvature of the cervical spine after single-level artificial disc
replacements. The patients who underwent two-level artificial disc placement had no significant changes in
lordosis at the treated levels or in the overall curvature. The likely source of this outcome appears to be the
endplate milling procedures that reorient the vertebral endplates.

Introduction

Arthroplasty performed with artificial cervical discs has gained significant attention recently as an alternative
to traditional arthrodesis that can be used to maintain, preserve, and restore mobility and function in cervical
spinal segments 5610111416192 Tha importance placed on proper alignment in spinal reconstructive
procedures has evolved through experience to recognize that restoration or maintenance of a normal
cervical lordotic curvature is essential.®*>"! Patients with cervical sagittal malalignment may increase the
potential for pain and degenerative changes to develop at treated and adjacent segmental levels, which
could also accelerate these degenerative changes.®**?Y Consequently, the ideal cervical spinal arthroplasty
device and procedure would restore normal lordotic sagittal alignment as well as maintain segmental
mobility. It has been observed that patients undergoing arthroplasty with the Bryan cervical disc suffer a
segmental loss of lordosis (that is, kyphosis) at the treated level. The purpose of this study was to evaluate
the sagittal alignment of individual segments at the surgically treated level and the overall sagittal alignment
of the cervical spine in patients undergoing arthroplasty.

Clinical Material and Methods

The study group consisted of 13 patients who underwent spinal arthroplasty with placement of the Bryan
cervical artificial disc prosthesis. The C4-5 level was treated in three patients, C5-6 and C6-7 in six each, and
C7-T1 was treated in one patient. The pre- and postoperative, neutral-position, lateral radiographs were
evaluated for sagittal alignment.



There were 10 women and three men in the study group whose mean age was 42.2 years (range 27-54
years). These patients had symptomatic degenerative cervical disc disease that would usually be treated
with an anterior cervical discectomy and fusion procedure. They underwent an anterior cervical discectomy
and cervical arthroplasty with placement of the Bryan cervical artificial disc prosthesis (Medtronics, Inc.,
Memphis, TN) according to a standardized procedure that involves a precision placement technique in which
a frame with a jig is fastened to the ventral aspect of the surgically treated cervical spine.

Patients included in the study were selected from the US Investigational Device Exemption trial at our
institution with Institutional Review Board approval, and we also included patients who underwent cervical
disc arthroplasty outside the US and we followed them postoperatively. Patients from our institution were part
of an ongoing randomized study in which they underwent either disc arthroplasty or a conventional anterior
cervical discectomy and fusion with an allograft and plate fusion procedure (control group). The patients
treated outside the US were provided with courtesy postoperative care and evaluation by the surgeon who
had performed the operation.

The routine follow-up examination included general and neurological evaluations and lateral cervical
radiographs to assess the cervical spine reconstruction procedure. The radiographic parameters evaluated
included the treated segments where the Bryan disc was placed and the overall curvature of the cervical
spine. To ascertain the cervical angles measured to evaluate sagittal alignment, we used the techniques™®
in which the tangent to the posterior body line of the treated segments (Fig. 1 left) is calculated and the
overall cervical curvature is determined from the tangent of the posterior body line of C-2 and C-7 (Fig. 1
right). A kyphotic curvature is indicated by a positive value or by lordotic curvature and a negative value.
Standard statistical methods were applied using a Student t-test to analyze the difference, and statistical
significance was determined using commercially available software.
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Figure 1. Left: lllustrations showing the method used to determine specific cervical curvature at two
adjacent vertebral levels (22° at C4-5 in this panel). Right: lllustration showing the method used to determine
the overall cervical curvature between C-2 and C-7 (30° in this panel). Numbers designate cervical
segments.

Results



There were 13 patients in the study group, in whom 16 treated levels were evaluated. There were 10 patients
who underwent a single-level and three who underwent a two-level cervical arthroplasty. Of the latter group,
two patients had a two-level cervical arthroplasty at contiguous levels and one had two levels treated at distal
ends of a previous fusion. One patient underwent a single-level arthroplasty adjacent to a previous two-level
fusion procedure.

Spinal Curvature and Single-Level Bryan Artificial Disc Placement

The mean preoperative cervical curvature at the level of the disc to be treated in the single-level arthroplasty
group was +1° and the postoperative curvature was -3.7°, which represented a statistically significant mean
loss of 4.7° of lordosis (p < 0.05, Table 1). The overall preoperative cervical lordosis (that is, C2-7) was
+10.7°, and postoperatively it was +8°, or a loss of 2.7°, which was not statistically significant (p > 0.05). A
clinical case that was closely consistent with this observation is depicted in Fig. 2.
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Figure 2. Preoperative (left) and postoperative (right) lateral cervical radiographs of a C5-6 Bryan disc
arthroplasty showing changes in sagittal alignment from 0 to -5° at the treated segment.

Spinal Curvature and Two-Level Bryan Artificial Disc Replacement

The mean preoperative cervical curvature at the treated levels in the patients undergoing two-level
arthroplasty was -2.5° and the postoperative curvature was -2.3°, resulting in no apparent changes. The
overall preoperative cervical curvature in the patients who underwent two-level arthroplasty was +4.7° and
the lordosis increased to +7.3°, for an increase in lordosis to +2.6°; none of these was statistically significant
(Table 2). A clinical case of a two-level arthroplasty is depicted in Fig. 3.


http://www.medscape.com/content/2004/00/49/64/496417/496417_tab.html#Table 1.
http://www.medscape.com/content/2004/00/49/64/496417/496417_tab.html#Table 2.
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Figure 3. Preoperative (left) and postoperative (right) lateral cervical radiographs of a two-level C5-6 and C6-
7 Bryan disc arthroplasty revealing minimal changes in sagittal alignment.

Discussion
Overview of the Procedure

Sagittal balance in the spinal column has become an important and recognized goal in any spinal
reconstructive surgical procedure. The normal anatomical configuration of the spinal column has four
primary, well-known curves that include cervical and lumbar lordosis and thoracic and sacral kyphosis. The
normal cervical spine has a lordosis angle that ranges from 10 to 40° and has a wide range of individual
variability.">*¥ There is also a well-known variability of angulation between adjacent vertebral segments, and
a single abnormal segment within the spinal column can have an adverse effect on the clinical symptoms.

Previous spinal arthrodesis reconstruction procedures in the cervical and lumbar regions have often resulted
in loss of lordotic curvature, which is now recognized as a less than desirable outcome.™ Indeed, some of
these patients have clinically significant problems relating to iatrogenically produced loss of lordosis at
treated segments, and a significant body of knowledge has been generated from the surgical revision
procedures performed to correct these abnormalities.®** It is now generally recognized that any surgical
reconstructive procedure in the cervical and lumbar spine should have as one of its major goals either the
maintenance or restoration of appropriate lordotic curvature.®*®

Rationale for Cervical Arthroplasty

Degenerative cervical disc disease causing radiculopathy or myelopathy has been successfully treated with
arthrodesis for nearly 50 years. The anterior cervical discectomy procedure has become a standardized
operation that has matured significantly in recent years, with predictable results and outcomes. Despite the
high rate of satisfactory outcomes, degenerative changes can occur adjacent to the treated segment if
enough time elapses.



The interest in cervical arthroplasty has evolved from many years of experience and there is recognition that
degenerative changes adjacent to an arthrodesis will occur predictably; several articles that are widely cited
have established a basis for this observation.?#'**! Additionally, there has been a general observation that
any malalignment in a particular spinal segment may accelerate degenerative changes.®** Subsequently,
an arthrodesis in combination with spinal malalignment may produce even greater adjacent-segment
stresses and subsequent acceleration of degenerative changes, thus stimulating further interest in
procedures and techniques that maintain both motion and sagittal alignment.

Anecdotally, all spinal surgeons who have been in practice for many years will eventually see patients in
whom adjacent-segment degenerative changes have developed and will recognize that these are indeed
multifactorial processes. The number of patients with accelerated degeneration from multilevel arthrodesis
has not been clearly established but this phenomenon is to be expected. Subsequent to degeneration, the
role for one-level (or more) arthroplasty procedures as described in this study is presently a small one.
Nevertheless, the need for these procedures may be a better indication for arthroplasty; this need is logical
and will increase over time.

Sagittal Alignment in Cervical Arthroplasty

Although the major goal of cervical arthroplasty is the maintenance of motion, there has been little written in
the current literature regarding the effects of these procedures on spinal alignment. In our study we have
demonstrated that the focal symptomatic segment within the cervical spine is usually kyphotic because of
loss of disc height. We have also shown that cervical arthroplasty with the Bryan disc, with its current
configuration and placement techniques, is limited in its ability to produce significant correction of the loss of
height and restoration of lordotic angulation.

This study is indeed limited to the radiographic evaluation of sagittal alignment alone and is not correlated
with clinical symptoms, which is a necessary next step. Nevertheless, because essentially all patients have
experienced a loss of lordosis of nearly 5° after the arthroplasty procedure, there is no direct comparison.
Potentially, this variable can be compared as an independent variable to other cervical arthroplasty devices
to determine if this is an important factor. Because sagittal alignment is considered to be an important factor
in arthrodesis, we would expect that it is also an important variable in arthroplasty; however, the preservation
of mobility in all spinal segments with the latter procedure may allow for some postural compensation. There
was no significant change in the patients undergoing two-level arthroplasty, but the small number of patients
limits our ability to draw any significant conclusions.

The role of endplate milling in the Bryan procedure has not resulted in significant settling in previous studies,
but clearly more longitudinal investigations are needed.?*%* Even if no settling occurs, the amount of milling
in the procedure may require some modification to reduce the amount of endplate removed, thus reducing
the loss of vertebral height and subsequent loss of lordosis that occurs with the operation. Further refinement
of the milling procedure directed at performing a lordotic milling may also reproduce the desired lordotic
angulation. Another possibility is some lordotic modification of the arthroplasty device to recreate the desired
lordotic curvature.

Conclusions

Cervical disc arthroplasty has the potential to allow surgeons to treat patients with symptomatic degenerative
disc disease with a motion-preserving procedure. Among the many technical issues involving the device's
design and placement is restoration and maintenance of sagittal balance. The Bryan disc placement and
vertebral endplate milling procedures may require revisions to optimize the function of this unique
arthroplasty implant.

Tables



Table 1. Sagittal Alignment (°) After Single-Level Bryan Disc Replacement
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At Op Level Orverall Cervical Curvature

Level Preop Postop Change Preop Postop Change

C4-5 +9 —4 -13 +8 +1 -7
C4-5  —13 —14 +1 +8 +7 -1
C5-6  +6 0 -6 +25 +12 —13
C5-6 0 -5 -5 +20 +15 -5
ci6 -1 —11 10 +10 +15 -5
56 +2 +8 +6  +37 +29 -8
C6-7 0 -5 -5 -3 -3 2
c6-7 -4 —6 -2 +6 +18 +12
C6-7 41 —4 -5 +12 +6 -6
C6-7 +6 0 -6 +8 -19 -27
mean +10  —37  —4T7* 4107 +8.0 —27

* Significant difference (p << 0.03) determined using the Student t-test.
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Table 2. Sagittal Alignment (°) After Two-Level Bryan Disc Replacement
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At Op Levels Orverall Cervical Curvature
Level Preop  Postop  Change Preop  Postop  Change
C5-6 & C6-7 —12 —12 0 +5 +10 +2
+6 +9 +3
C5-6 & C6-7 -1 -7 —6 +6 +5 -1
-2 +6 +8
C4-3 & CI-T1 -1 -5 —4 0 +7 +7
=5 -5 0
mean® —25 -3 402 +4.7 +7.3 +2.7

* Mo differences were statistically significant.
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