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baseline characteristics, and control for those
that are unequally distributed between
treatment groups.

The definiton of the different classes
of evidence is available on page 83.

ABSTRACT
Study design: Randomized controlled trial.

Objective: To compare fusion rates, time to fusion, complication rates and
subsidence between 1) a static, 2) a dynamic angulation, and 3) a dy-
namic translation plate in anterior cervical discectomy and fusion for
symptomatic degenerative cervical disease.

Methods: Thirty-six patients with two level, symptomatic cervical degen-
erative changes requiring surgery were randomized in a blinded fash-
ion to receive a statically locked plate, Cervical Spine Locking Plate
(CSLP) (Synthes, Paoli, PN, USA), an Atlantis Vision® Anterior Cervical
Plate System (Medtronic, Memphis, TN, USA) which allows angular
dynamization, or a Premier® Anterior Cervical Plate System (Medtron-
ic) which allows translational dynamization. Structured data collection
and measurement protocols were used. Intervertebral composite al-
lograft cages were used in all groups. Identical external immobilization
and antiinflammatory medication protocols were followed. X-rays were
obtained at preset time points postoperatively. Assessment of the pri-
mary outcomes was blinded. Rate of and time to fusion, graft/instru-
mentation complications, subsidence, and reoperation for adjacent level
disease were measured. Paired t-test and three-way Analysis of Vari-
ance test (ANOVA) were used to assess statistical differences between
groups.

Results: The three groups were similar demographically. Fusion rates in
the CSLP, Atlantis and Premier plate groups were 100%, 91%, and 92%
respectively. Mean time to fusion was 6.1, 8.3 and 6.3 months respec-
tively but differences were not statistically significant. Mean subsidence
in the groups was 1.9, 1.6, and 2.6 mm respectively. Subsidence was
found even for the static (CSLP) plate, but no statistically significant dif-
ferences were found.

Conclusions: We found no clinical advantage of dynamic plates over static
plates with regards to fusion rates, time to fusion, subsidence, complica-
tions, or adjacent-level surgery. Static plating allows for subsidence at
similar levels to dynamic plating.

There is no financial disclosure for this study.
University of Mississippi IRB approval 2004.
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STUDY RATIONALE

Anterior cervical decompression and fusion is considered
a gold standard for the treatment of symptomatic spon-
dylosis following failure of appropriate nonsurgical care.
Favorable clinical outcomes following anterior cervical
discectomy and fusion (ACDF) have been attributed to
successful healing/fusion of the interbody graft [1, 2].
Anterior fixation with plate and screw devices have been
recommended for patients requiring multilevel fusions
and may play a beneficial role in maintaining or restor-
ing physiologic alignment of an operated neck while as-
suring a best possible fusion rate, especially when non-
autologous structural bone-graft sources are wused.
Studies have investigated various factors that may en-
hance fusion rates, including the use of anterior plating
[1, 2, 3, 4]. Rigid plate and screw implants had been a
mainstay of fixation. Questions, however, have been
raised whether these implant designs may adversely af-
fect bone healing due to stress shielding and prevention
of settling, as has been shown in biomechanical cadav-
eric studies [5, 6]. These concerns have led to the devel-
opment of implants with the stated goal of enhancing
fusion rates by providing improved load sharing through
the anterior interbody grafts and the anterior spinal col-
umn. A variety of implant designs have been introduced,
some with angulating screws, others with intrinsic
mechanisms to allow for compression of structural grafts
across the anterior spinal column. These types of im-
plants, however, are invariably more complex and ex-
pensive than more conventional rigid locking plates.
These “dynamic” implants have been called into ques-
tion due to their potential to allow for an unwanted col-
lapse and the potential for implant migration. Can the
theoretical advantages of dynamization of plates be sub-
stantiated in the clinical setting based on radiographic
findings? Do “dynamic loading plates” have improved
fusion rates and radiographic outcomes compared with
conventional rigid locking plates?

OBJECTIVE

To compare the difference in fusion rates, time to fusion,
subsidence levels, complication rates between 1) a static,
2) a dynamic angulation, and 3) a dynamic translation
plate and between dynamized plates in general and stati-
cally locked plates.

METHODS

Study design: Randomized controlled trial.

Inclusion criteria: Patients with symptomatic degen-

erative conditions resulting in radiculopathy or
myelopathy who would benefit from a two-level
anterior cervical discectomy and fusion (ACDF)
with anterior plating.

Exclusion criteria: Exclusion criteria included trauma

to the cervical spine, corpectomy, revision surgery,
or previous posterior cervical surgery.

Patient population and interventions compared (Fig 1):

Of 97 patients who were assessed for eligibility, 61
did not meet inclusion criteria or were excluded as
described above. None were lost to follow-up,
however, one patient’s x-rays could not be ade-
quately measured due to the patient’s morbid obe-
sity, leaving 35 patients available for a follow-up
rate of 97% at 12 months.

All surgeries were performed using the same tech-
nique and postoperative regimen by the same sur-
geon, including use of the same intervertebral al-
lograft cage without use of supplemental graft
materials.

Patients were randomly assigned to one of three
plate designs: the cervical spine locking plate
(CSLP, Synthes) or the Atlantis (Medtronic); or
the Premier (Medtronic). The CSLP plate is a static
locked plate that theoretically does not allow set-
tling. The Atlantis and the Premier provided con-
trolled settling.

Device description

Biomechanical Device name/

Implant type concept manufacturer

Static locking plate Rigid fixation CSLP/ Synthes,
Paoli, PN, USA

Semi rigid Angular screw Atlantis / Medtronic,

locking plate transformation in plate  Memphis, TN, USA

Translational
loading plate

Controlled plate
collapse

Premier / Medtronic,
Memphis, TN, USA

Patients were randomized in blinded fashion
where the assistant nurse selected a folded paper
which contained the name of the plate from an
envelope, without the knowledge of the surgeon.

Outcomes:

At follow-up, patients’ charts were analyzed for
age and gender, smoking status and litigation. If
chart data were insufficient, patients were con-
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tacted individually and interviewed via telephone
and asked to obtain one last x-ray.

e Only radiographic criteria and measurements
were evaluated, as the main purpose of this study
was the effect of the plate on radiographic out-
come and not clinical outcome. X-rays were evalu-
ated by observers blinded to patient history at 0
and 6 weeks, 3, 6, and 12 months, and at the time
of most recent follow-up. X-rays were graded as
fused or not fused. Criteria for fusion included the
presence of bridging trabeculae across the graft
site and the lack of radiolucency between the graft
and the adjacent vertebral body.

e Standardized radiographic measurements for set-
tling, plate migration, subsidence and linear trans-
lation were used (see web appendix for details).
Three independent observers provided the mea-
surements and graded fusion by assessing incor-
poration of the graft as “healed” or “unclear or not
healed”. These observers were also asked to asses
implant integrity and hardware loosening.

Analysis:

¢ Measurements were made from each lateral radio-
graph to assess 1) fusion rates, 2) time to fusion, 3)
subsidence, 4) linear translation, and 5) angular
variation [7] (Fig 2).

e After comparison between the three groups was
completed, patients with dynamic plates were
grouped together (Premier and Atlantis), and
compared with the patients with the static plate
(CSLP patients).

e Statistical analysis was performed using ANOVA
for three-way comparison for the different type of
plates. Unpaired Student t-tests were used when
the two dynamic plates were grouped and com-
pared against the static plate for the variable val-
ues, while chi-square tests were used for categori-
cal values. Results were considered statistically
significant when P < .05.

Additional detail regarding methods can be found in
the web appendix at www.aospine.org/ebsj.
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Fig1 Patient sampling and selection

® GroupA(CSLP) — > Losttofollow-up — ™ Analyzed
(n=12) (n=0) (n=12)

Received allocated
intervention (n=12)

Assessed ——> Enrollment — > Randomized ——> Group B (Atlantis) ——» Lost to follow-up ———» Analyzed
for eligibility (n=36) treatment (n=12) (n=1) (n=11)
(n=97) assignment

Received allocated
intervention (n=12)

Could not assess x-rays

Did not meet inclusion (n=37) due to obesity

* 36 had one-level ACDF
* 1 had three-level ACDF

> Group C (Premier) ——» Lostto follow-up ———» Analyzed
Based on exclusion criteria (n=23) (n=12) (n=0) (n=12)
* prior revision, corpectomy or instability

} Received allocated
due to trauma, posterior surgery,

intervention (n=12)
Refused to participate (n=1)

Fig2 Figure showing points of reference used for measurements.

w
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RESULTS

No statistical differences with regard to sex, age, fol-
low-up period or smokers were found. (Table 1 and
web appendix).

In the CSLP group, all levels fused. One pseudoar-
throsis was found in each of the dynamic plates.
These differences were not statistically significant
(P=.61).

No statistical differences between the plates were
seen with regard to time to fusion (P=.59), or total
subsidence (P=.63) (Table 2).

No statistical differences were found when dynamic
plates were grouped together and compared with
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Linear translation or migration differences were
found (Table 2). The only statistical difference was
found comparing the Premier plate to the Atlantis
where P < .05. Overlap of the upper end of the plate
with the adjacent disc mostly occurred with the Pre-
mier plate (Fig 3). To date, none of these patients has
required a repeat or adjacent level surgery. Therefore,
whether or not a statistical difference was observed,
the differences in time to fusion or subsidence were
not clinically significant and no patients required any
further treatments.

Angular variation of the upper screws in the Atlantis
plate changed from 101.7° to 98.7° (mean degrees for
the upper and 2.4° for the middle screws).

static plates (Table 3).

Table 1 Demographic and baseline characteristics of intervention groups

CSLP Atlantis Premier
N=12 N=11 N=12
Age (years) 58+ 15 51+£23 47+ 14
Female (%) 8 (67%) 9 (829%) 6 (50%)
Smokers 1 (1%) 0 0
Litigation 0 0 0
Follow-up (months) 24 (12-42) 29* (12-49) 22 (12-43)
N= number enrolled in study
* One patient returned for follow-up 5 years after his surgery.
Table2 Summary of radiographic findings at last follow-up
CSLP Atlantis Premier
N=12 N=11 N=12 P - value
Fusion 12 (100%) 10 (91%) 11 (92%) 61
Time to fusion(months) 6.1+ 4.5 85%6.5 77+48 .59
Subsidence (mm) 1.9+09 23+16 26+24 .63
Linear translation/proximal plate migration (mm) 22%15 1.5£0.7 39+24 .018

N reflects the number of patients with data available at last follow-up (after loss to follow-up)
P-values are for statistical tests across all three groups. For categorical measures, chi-square analysis was used, and for continuous measures, three way
ANOVA was used.

Table3 Comparison of static plate to dynamic plates grouped together

Static plate Dynamic plates

N=12 (grouped) N=23 P - value
Fusion 12/12 (100%) 22/24 (95%) 44
Time to fusion (months) 6.1+4.5 82+58 32
Subsidence (mm) 1.9+09 21+17 58
Linear translation 22+15 2.8+21 47

N reflects the number of patients with data available at last follow-up (after loss to follow-up)
P-values are for statistical tests across all three groups. For categorical measures, chi-square analysis was used, and for continuous measures, unpaired
Student t-tests were used.
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Fig 3a

Fig 3b

DISCUSSION

There does not appear to be a clear clinical advantage
of dynamic plates over statically locked plates with
regard to fusion rates, subsidence and complication
rates.

In one retrospective comparative study by Du Bois et
al. [7], the fusion rate was higher with dynamic
plates. In contrast, our study showed a similar fusion
rate for all comparison groups. This difference could
be attributed to the retrospective, non-randomized
study design used by Du Bois, which included one,
two and three level surgery, with patients receiving
allograft or autograft intervertebral grafts. In our
study, these variables were not present.

Another prospective comparative study [8] did not
correlate the fusion rates with the type of plate used.
The radiographic correlation was beyond the scope of
that study. On the contrary, our study was mainly
focused on the radiographic results.

Strengths: Ours is a randomized controlled trial
where potential differences between comparison
groups (ie, potential confounding factors) other than
those related to anterior fixation choice were kept to
a minimum.

Limitations: The number of patients in each group
was small and the study may have been underpow-
ered to detect statistical differences between groups.
Precise time to fusion would probably require week-
ly x-rays to be assessed, which would be ethically
suspect due to increased radiation exposure and lack
of clinical benefit. However, we chose the time points
where x-rays are usually obtained in clinical set-
tings, for patient convenience and from a practical
stand point. Thus, the exact time results obtained in
this study may be limited. Since the same points in
time were used for all three plates to assess fusion,
our results, however, could be considered a trend or
an extrapolation for time to fusion.

SUMMARY AND CONCLUSIONS

This is the first randomized study to compare the ra-
diographic outcomes of three different types of plates
(one static and two dynamic) in patients who would
benefit from two-level ACDF.

Use of a dynamic or static plate did not make a differ-
ence on any of the radiographic outcomes measured.
Conclusions drawn from biomechanical studies were
not substantiated in this small randomized con-
trolled trial.

Additional randomized studies with larger sample
sizes are needed to further evaluate the benefits of
dynamic versus static plating.
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