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Although anterior ACDF remains the gold standard 
for surgical management of DDD of the cervical 
spine,5,10,13 cervical arthroplasty has emerged and 

become popular in the past decade.6,11,21,23,24,26 Several ar­
tificial discs have been tested in large-scale, prospective, 
randomized, and controlled trials by the US FDA-IDE 
to compare with ACDF.2,4,9,16,19 These studies, in which 
the minimum follow-up period was 2 years, have dem­
onstrated that cervical arthroplasty is a safe and effective 
alternative to ACDF for 1-level cervical spondylosis or 
DDD.

The most currently accepted indication for cervical ar­
throplasty is 1- or 2-level DDD refractory to medical treat­
ment.3,17,18,28 However, the aforementioned FDA-IDE trials 
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Object. The most currently accepted indication for cervical arthroplasty is 1- or 2-level degenerative disc dis­
ease (DDD) refractory to medical treatment. However, the randomized and controlled clinical trials by the US FDA 
investigational device exemption studies only compared cervical arthroplasty with anterior cervical discectomy and 
fusion for 1-level disease. Theoretically, 2-level cervical spondylosis usually implicates more advanced degeneration, 
whereas the 1-level DDD can be caused by merely a soft-disc herniation. This study aimed to investigate the differ­
ences between 1- and 2-level cervical arthroplasty.

Methods. The authors analyzed data obtained in 87 consecutive patients who underwent 1- or 2-level cervical 
arthroplasty with Bryan disc. The patients were divided into the 1-level and the 2-level treatment groups. Clinical 
outcomes were measured using the visual analog scale (VAS) for the neck and arm pain and the Neck Disability 
Index (NDI), with a minimum follow-up of 30 months. Radiographic outcomes were evaluated on both radiographs 
and CT scans.

Results. The study analyzed 98 levels of Bryan cervical arthroplasty in 70 patients (80.5%) who completed 
the evaluations in a mean follow-up period of 46.21 ± 9.85 months. There were 22 females (31.4%) and 48 males 
(68.6%), whose mean age was 46.57 ± 10.07 years at the time of surgery. The 1-level group had 42 patients (60.0%), 
while the 2-level group had 28 patients (40.0%). Patients in the 1-level group were younger than those in the 2-level 
group (mean 45.00 vs 48.93 years, p = 0.111 [not significant]). Proportional sex compositions and perioperative 
prescription of nonsteroidal antiinflammatory drugs were also similar in both groups (p = 0.227 and p = 1.000). The 
2-level group had significantly greater EBL during surgery than the 1-level group (220.80 vs 111.89 ml, p = 0.024). 
Heterotopic ossification was identified more frequently in the 2-level group than the 1-level group (75.0% vs 40.5%, 
p = 0.009). Although most of the artificial discs remained mobile during the follow up, the 2-level group had fewer 
mobile discs (100% and 85.7%, p = 0.022) than the 1-level group. However, in both groups, the clinical outcomes 
measured by VAS for neck pain, VAS for arm pain, and NDI all significantly improved after surgery compared with 
that preoperatively, and there were no significant differences between the groups at any point of evaluation (that is, 
at 3, 6, 12, and 24 months after surgery).

Conclusions. Clinical outcomes of 1- and 2-level cervical arthroplasty were similar at 46 months after surgery, 
and patients in both groups had significantly improved compared with preoperative status. However, there was a 
significantly higher rate of heterotopic ossification formation and less mobility of the Bryan disc in patients who un­
derwent 2-level arthroplasty. Although mobility to date has been maintained in the vast majority (94.3%) of patients, 
the long-term effects of heterotopic ossification warrant further investigation.
(http://thejns.org/doi/abs/10.3171/2012.2.SPINE111066)
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were all specifically designed to investigate the results of 
1-level cervical arthroplasty. On the other hand, 2-level 
cervical spondylosis or DDD is also very commonly en­
countered during clinical practice.25 Nevertheless, there is 
a lack of reports in the literature comparing the differences 
between 1- and 2-level cervical arthroplasty.

In the present study we aimed to investigate the dif­
ferences between 1- and 2-level cervical arthroplasty in 
which the Bryan artificial disc (Medtronic Spine and 
Biologics, Memphis, TN) was used. We compared de­
mographic data, clinical outcomes, and the radiographic 
findings with specific analysis of the incidence of HO 
determined by CT. This is the first study to specifically 
address the diversity of 1- and 2-level/multiple-level cer­
vical DDD treated by arthroplasty.

Methods
Inclusion and Exclusion Criteria

We reviewed data obtained in consecutive patients 
who underwent 1- and 2-level cervical arthroplasty with 
the Bryan disc between October 2006 and March 2009 
at our institutions. The study was approved by the insti­
tutional ethics committee. Surgical indications included 
radiculopathy and/or myelopathy caused by 1- or 2-level 
cervical DDD. Loss of segmental mobility (resulting from 
severe spondylotic osteophytes or facet joint degenera­
tion), target segmental instability (> 3 mm translational 
instability or > 15° angular motion), collapse of the inter­
vertebral disc space by 50% of its normal height, incom­
petent facet joints, ossification of posterior longitudinal 
ligament, and diffuse idiopathic skeletal hyperostosis27 
were not considered candidates for cervical arthroplasty. 
Patients with osteoporosis (T score less than −2.5), ma­
lignancy, metabolic bone disease, infection or severe sys­
temic diseases, and traumatic disc disease with ligament 
injury were also excluded.

Operative Techniques and Perioperative Management
We routinely performed generous decompression of 

neural elements (that is, resection of the bilateral unco­
vertebral joints, including the asymptomatic side, and the 
posterior longitudinal ligament) prior to insertion of the 
Bryan artificial disc. Also, we always applied copious ir­
rigation with normal saline during the entire process of 
milling (that is, endplate preparation) and drilling. Ag­
gressive hemostasis was also achieved intraoperatively 
with routine placement of a drainage catheter before the 
wound closure.

Perioperative nonsteroidal NSAIDs were routinely 
prescribed if not otherwise contraindicated by chronic 
renal insufficiency, acute gastritis, or a history of peptic 
ulcer. No neck collar therapy was suggested, and every 
patient was encouraged to undertake early postoperative 
ambulation. The surgical techniques and management 
policy were consistent with, and have been described in, 
our previously published report.25

Clinical and Radiographic Evaluations
All data were prospectively collected. Standard an­

teroposterior, lateral, and flexion-extension radiographs 

were taken within 5 days of surgery and at approximately 
3, 6, 12, and 24 months postoperatively. Clinical outcome 
assessment was made during the same clinical visit by 2 
special nursing assistants using the VAS and NDI under 
physicians’ supervision. Segmental mobility at the index 
level was determined using the quantitative measurement 
analysis software, SmartIris (Taiwan Electronic Data Pro­
cessing Co.).

Radiographic interpretations, including segmental 
mobility and HO formation, were made by independent ra­
diologists and 2 neurosurgeons. Multidetector CT scans re­
constructions of the cervical spine were acquired at follow-
up after more than 12 months postoperatively to detect and 
grade the HO (Figs. 1–3). For any ambiguity or discrep­
ancy, the CT scans were used for the final determination of 
HO. The grading of HO was defined by the classification 
proposed by McAfee et al.14 Although the classification 
system was originally proposed for the lumbar artificial 
disc, it is the best currently available grading system for 
HO after spinal arthroplasty. The absence of a range of mo­
tion of greater than 3° on dynamic radiographs was defined 
as immobile or loss of arthroplasty function.

Statistical Analysis
All statistical analyses were performed using the 

SPSS software (SPSS Inc.). Independent t-tests and paired 
t-tests were used for continuous variables, and the Fisher 
exact test was applied for categorical data. A p value of 
0.05 was considered statistically significant. In text and 
tables, the mean value is presented ± the SD.

Results
Overall Demographics

A total of 87 consecutive patients who underwent 1- 
or 2-level cervical arthroplasty with the Bryan disc were 
enrolled in the present study. Seventy patients (80.5%) had 
complete radiological evaluations (including CT scans) 
and clinical follow-up exceeding 2.5 years and were ana­
lyzed. Seventeen patients (19.5%) were lost to follow-up 
or had inadequate evaluations (including those who re­
fused to undergo CT). Among the 70 patients, there were 
22 females (31.4%) and 48 males (68.6%) whose mean 
age at the time of surgery was 46.57 ± 10.07 years.

There were 42 patients (60.0%) who underwent 1-lev­
el Bryan disc replacement and 28 (40.0%) who had 2-lev­
el Bryan disc replacement. The mean follow-up duration 
was 46.21 ± 9.85 months (Table 1).

The distribution of the arthroplasty levels is summa­
rized in Table 2. For 1-level surgery, C5–6 was the most 
frequent level (66.7%), whereas C4–6 accounted for the 
most frequently treated levels (60.7%) in 2-level arthro­
plasty.

One-Level Versus Two-Level Cervical Arthroplasty
Among the 70 patients in whom findings were ana­

lyzed, 42 (60.0%) were in the 1-level group and 28 (40.0%) 
were in the 2-level group. There were 98 overall levels 
treated with Bryan discs (42 one-level and 56 two-level, 
42.9% and 57.1% per disc level, respectively) (Table 3).

The mean age of patients in the 1-level group (45.00 
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± 11.22 years) was lower than that in the 2-level group 
(48.93 ± 7.65 years) by almost 4 years, but this differ­
ence did not achieve statistical significance (p = 0.111). 
Proportional sex compositions in both groups were also 
not significantly different (p = 0.227). The perioperative 
prescription of NSAIDs was similar in both groups (p = 
1.000).

The 2-level group had significantly greater EBL dur­
ing arthroplasty than the 1-level group (220.80 ± 218.95 

vs 111.89 ± 77.63 ml, respectively; p = 0.024). The aver­
age increase in EBL for the 2-level surgery was almost 
twice that for the 1-level surgery, as one would expect. 
Both thin-cut CT scans and radiographs were combined 
for detection of HO formation. Overall, HO was found 
in 38 patients (54.3%). The 1-level group had 17 patients 
(40.5%) in whom HO was identified around the arthro­
plasty device. Moreover, it must be noted that the inci­
dence of HO was significantly higher in the 2-level group 

Fig. 1.  Radiographs (A–C) and CT scans (D and E) obtained in a 23-year-old man who underwent Bryan arthroplasty at 
C5–6. There was no HO formation at 24 months postoperatively. AP = anteroposterior.

Fig. 2.  Radiographs (A–C) and CT scans (D–F) obtained in a 45-year-old woman who underwent Bryan cervical arthroplasty 
at C4–5 and C5–6. There was no HO formation at 23 months postoperatively.
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(21 patients) than in the 1-level group (75.0% vs 40.5%, 
respectively; p = 0.009).

Despite HO formation in many of these patients, 
most (94.3%) of the artificial discs in this series remained 
mobile. Significantly more mobile artificial discs were 
found in the 1-level group than the 2-level group (100% 
vs 85.7%, p = 0.022) (Table 3).

The clinical outcomes measured by VAS for neck 
pain, VAS for arm pain, and NDI significantly improved 
after surgery in both treatment groups. There were also 
no significant differences between the 1-level and 2-level 
groups at each time point of evaluation (that is, preopera­
tively, at 3, 6, 12, and 24 months postoperatively) (Fig. 4). 
Furthermore, these clinical outcomes were not affected 
by the development of HO at each follow-up evaluation 
(Fig. 5). The formation of HO had no adverse impact, at 
least for the 2-year follow-up period.

To date, no secondary surgery (for example, revision, 
removal, fusion, or reoperation) has been performed in the 
current series. One patient had postoperative hoarseness 
that resolved 6 months after surgery, and another patient, 
in whom a cerebrospinal fluid leak occurred intraopera­
tively, was free of clinical symptoms or wound compli­
cations. No other complications (for example, instrument 
failure, wound infection, or worsened neurological symp­
toms) were found in the present series. Also, there have 
been no symptomatic adjacent-segment diseases identi­
fied to date (the longest follow-up duration was > 5 years).

Discussion
In this study we analyzed 98 Bryan artificial discs in 

70 (of 87 consecutive) patients with symptomatic cervical 
DDD who underwent 1- or 2-level arthroplasty. The mean 
clinical follow-up was 46.21 ± 9.85 months, with a follow-
up rate of 80.5%. The 1-level group was composed of 42 
patients, whereas the 2-level group was composed of 28 
patients. Patients in the 1-level group were a mean of 3.93 
years younger than those in the 2-level group, but the dif­
ference was not statistically significant. Other demograph­

TABLE 1: Clinical and demographic characteristics in 70 patients 
who underwent cervical arthroplasty

Characteristic Value (%)

sex
  male 48 (68.6)
  female 22 (31.4)
mean age (years) 46.57 ± 10.07
mean follow-up (mos) 46.21 ± 9.85
mean EBL (ml) 155.81 ± 159.12
operated level
  1-level 42 (60.0)
  2-level 28 (40.0)
NSAID prescription
  yes 55 (78.6)
  no 15 (21.4)

TABLE 2: Level distributions

Arthroplasty Span Level No. of Patients (%)

1-level C3–4 6 (14.3)
C4–5 6 (14.3)
C5–6 28 (66.7)
C6–7 2 (4.7)

2-level C3–4, C5–6 1 (3.6)
C3–5 1 (3.6)
C4–6 17 (60.7)
C5–7 9 (32.1)

Fig. 3.  Radiographs (A–C) and CT scans (D–F) acquired in a 34-year-old man who underwent Bryan cervical arthroplasty at 
C5–6 and C6–7. The arrows indicate the formation of HOs at 24 months postoperatively.
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ic features, such as sex composition and perioperative 
prescription of NSAIDs, were similar in both groups. As 
expected, the 2-level group had significantly greater EBL 
during surgery than the 1-level group. The VAS neck pain 
scores, VAS arm scores, and NDI values were significantly 
improved after surgery compared with preoperatively in 
both groups. Moreover, there were no significant inter­
group differences at each time point of evaluation (that is, 
preoperatively, at 3, 6, 12, and 24 months postoperatively) 
regarding the treated levels or the formation of HO (Figs. 
4 and 5). However, the incidence of HO was significant­
ly higher in the 2-level group than that the 1-level group 
(75.0% vs 40.5%, p = 0.009), and significantly more mobile 
Bryan discs were found in the 1-level group than the 2-level 
group (100% vs 85.7%, p = 0.022).

In the present series, the midterm clinical outcomes 
(mean follow-up duration 46 months) in 1- and 2-level 
groups were very similar. Despite the significantly more 

frequent formation of HOs in patients with 2-level disease, 
clinical correlation was still vague. However, 2-level cer­
vical DDD requiring surgical treatment usually implies 
substantially spondylotic changes of the cervical spine. It 
is reasonable to infer that 2-level cervical spondylosis was 
in a more advanced degenerative stage than the 1-level 
cases. More importantly, the higher incidence of HO in 
the 2-level group may also suggest that the degeneration 
continued even after cervical arthroplasty. Thus, the im­
planted 2-level arthroplasty devices might be more vul­
nerable to adverse events related to continuous degenera­
tion. Further investigation with a longer-term follow-up is 
required to clarify this issue.

The best candidates for cervical arthroplasty are 
young patients with a 1-level herniated disc causing cer­
vical radiculopathy and no facet joint abnormality. The 
FDA-IDE trials have successfully demonstrated the effi­
cacy and safety of 1-level cervical arthroplasty compared 

TABLE 3: Comparison of variables between the 1- and 2-level groups

Variable Total (%)
Group (%)

p Value1-Level 2-Level

no. of patients 70 42 28
age (years) 46.57 ± 10.07 45.00 ± 11.22 48.93 ± 7.65 0.111
sex 0.227
  male 48 (68.6) 26 (54.2) 22 (45.8)
  female 22 (31.4) 16 (72.7) 6 (27.3)
EBL (ml) 155.81 ± 159.12 111.89 ± 77.63 220.80 ± 218.95 0.024*
NSAIDs 1.000
  yes 55 (78.6) 33 (78.6) 22 (78.6)
  no 15 (21.4) 9 (21.4) 6 (21.4)
HO formation 0.009*
  yes 38 (54.3) 17 (40.5) 21 (75.0)
  no 32 (45.7) 25 (59.5)  7 (25.0)
mobility† 0.022*
  yes 66 (94.3) 42 (100) 24 (85.7)
  no 4 (5.7) 0 (0) 4 (14.3)

*  Statistically significant at p < 0.05. 
†  Mobility was defined as range of motion at the index level of Bryan disc greater than 3° on dynamic lateral radiographs.

Fig. 4.  Comparison of the clinical outcomes between the 1- and 2-level Bryan cervical arthroplasty groups at up to 24 months 
postoperatively. In both groups the VAS neck pain, VAS arm pain, and NDI scores all significantly improved after surgery com-
pared with preoperative scores. Moreover, there were no significant intergroup differences at each time point of evaluation (that 
is, preoperatively, at 3, 6, 12, and 24 months postoperatively).
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with ACDF.2,3,7,9,16,19 There is no doubt that not all patients 
are candidates for arthroplasty, but nevertheless there is 
this option for patients with 1-level cervical disc disease 
and competent facets to undergo arthroplasty. Given the 
successful experiences with 1-level diseases, 2-level ar­
throplasty makes intuitive sense and appears to be very 
appealing in the management of cervical DDD, especially 
with preservation of segmental spinal motion. However, 
due to the lack of large-scale, randomized, and controlled 
trials, the extension of this option of cervical arthroplasty 
to treat 2-level or more levels of cervical DDD should be 
considered with caution. Although the HO reported is of­
ten asymptomatic, the long-term effects of this unwanted 
bony growth are unknown.

The true cause of HO after cervical arthroplasty re­
mains unclear. Previously published papers have suggested 
that the risk factors for HO may include old age, male sex, 
surgical indications, techniques, and multilevel arthroplas­
ty.12,15,18,22,25 In the literature, there is also quite a disparity 
in the reported incidence rates of HO after cervical arthro­
plasty. The formation of HO has been reported from none 
to more than two-thirds in various series of cervical artifi­
cial discs. In studies of ProDisc-C arthroplasty high rates 
have been reported of HO: 68% in 60 levels and 66.2% in 
77 levels.15,22 The authors of a report on Mobi-C arthro­
plasty indicated a rate of 67.1% in 76 treated levels.1 For 
Bryan disc placement, the reported HO rates have included 
48.1% in 52 levels, 29% in 59 levels, and 17.8% in 90 lev­
els.8,12,25 Nevertheless, in the 4 largest multicenter, prospec­
tive, randomized, and controlled trials by the US FDA-IDE 
for PRESTIGE ST, Bryan, ProDisc-C, and Kineflex-C, the 
incidence rate of HO with osseous fusion was 1 of 276, 0 
of 242, 3 of 103, and approximately 1% of 136 patients, 
respectively.2,4,9,16,19 This huge discrepancy in the reported 
incidences can be attributed to differences in management 
protocols (that is, perioperative use of NSAIDs, selection 
of patients, or techniques of insertion), method of HO de­
termination (CT is certainly more sensitive than plain ra­
diography), and device related (that is, biomechanics and 
composite materials).20

Plain radiography is the most common imaging mo­
dality for arthroplasty follow-up, but it may not be suf­
ficiently sensitive to pick up small HOs around the neural 
foramen. In our previous study, we described concordance 

and discrepancy between CT scans and radiographs for 
determining HO.25 It is not ideal to grade HO after cervi­
cal arthroplasty using the McAfee classification14 because 
it was originally designed for lumbar arthroplasty. A spe­
cifically tailored classification system for HO in cervical 
arthroplasty would be helpful to reduce the discrepancies 
in its identification. Also, a CT scan is perhaps necessary 
for detection of those tiny HOs that might be overlapped 
by the metallic opacity on plain radiographs.

There are several limitations of this study. The rela­
tively small sample size and short follow-up period may 
be insufficient to detect the clinical outcome differences 
in the 2 groups. However, the results of these standardized 
outcome measurements were comparable with other pub­
lished reports. A larger sample size and longer follow-up 
duration are necessary to determine whether the clinical 
improvement in the 2-level group would remain as good 
as the 1-level group. Also, in the present study the hetero­
geneity between the two levels in the 2-level group could 
have been overlooked. This disparity, again, could be better 
addressed by having a larger sample size. Moreover, there 
is a gray zone between 1- and 2-level DDD requiring surgi­
cal treatments. In some scenarios, inclusion of an adjacent-
level disc disease into the operation is surgeon dependent 
and can be arbitrary. This ambiguity might be even more 
prominent in arthroplasty than in fusion surgery.

There are several characteristics of this study that 
merit notice. First, CT scans were used for the determi­
nation of HO in every patient. Unlike other studies based 
on plain radiographs only, the HO in all 70 of our patients 
was graded on CT scan. Thus, the HO was analyzed with 
significantly higher sensitivity and specificity. Second, this 
is the first study focusing on a comparison of 1- and 2-level 
Bryan cervical arthroplasty with an average follow-up of 
almost 4 years. The findings may shed light on our under­
standing of the effects of arthroplasty in multilevel cervical 
spondylosis. Third, a uniform type of arthroplasty device 
(Bryan) was implanted using the same technique by the 2 
senior surgeons (W.H. and H.C.) with similar periopera­
tive management. The confounding covariates in clinical 
practice were thus reduced. However, there is no doubt 
that further investigations are necessary to corroborate the 
findings and improve the understanding of arthroplasty as 
a treatment for multilevel cervical DDD.

Fig. 5.  Comparison of the clinical outcomes between the patients with and without the formation of HOs after Bryan cervical 
arthroplasty. In both groups the VAS neck pain, VAS arm pain, and NDI scores were significantly improved after surgery com-
pared with preoperative scores. Moreover, there were no significant intergroup differences at each time point of evaluation (that 
is, preoperatively, at 3, 6, 12, and 24 months postoperatively).
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Conclusions
Clinical outcomes after 1- and 2-level cervical ar­

throplasty were similar at 46 months after surgery. How­
ever, there was a significantly higher rate of HO formation 
and less Bryan disc mobility in patients who underwent 
2-level arthroplasty. Although the vast majority (94.3%) 
of arthroplasty-treated patients have maintained their 
disc mobility to date, the long-term effects of HO warrant 
further investigation.

Disclosure

The authors report no conflict of interest concerning the mate­
rials or methods used in this study or the findings specified in this 
paper.

Author contributions to the study and manuscript prepara­
tion include the following. Conception and design: Ko, JC Wu. 
Acquisition of data: Huang, Tsai, Fay, Tu, CL Wu. Analysis and 
interpretation of data: Ko, Tsai, Tu, CL Wu. Drafting the article: JC 
Wu, Huang, Tsai, Fay, Tu, CL Wu. Critically revising the article: 
all authors. Reviewed submitted version of manuscript: all authors. 
Approved the final version of the manuscript on behalf of all authors: 
Ko. Statistical analysis: Ko, Tsai. Administrative/technical/material 
support: JC Wu, Huang, Cheng. Study supervision: Huang, Cheng.

References

  1.  Beaurain J, Bernard P, Dufour T, Fuentes JM, Hovorka I, Hup­
pert J, et al: Intermediate clinical and radiological results of 
cervical TDR (Mobi-C) with up to 2 years of follow-up. Eur 
Spine J 18:841–850, 2009

  2.  Burkus JK, Haid RW, Traynelis VC, Mummaneni PV: Long-
term clinical and radiographic outcomes of cervical disc re­
placement with the Prestige disc: results from a prospective 
randomized controlled clinical trial. Clinical article. J Neu-
rosurg Spine 13:308–318, 2010

  3.  Coric D, Cassis J, Carew JD, Boltes MO: Prospective study of 
cervical arthroplasty in 98 patients involved in 1 of 3 separate 
investigational device exemption studies from a single inves­
tigational site with a minimum 2-year follow-up. Clinical ar­
ticle. J Neurosurg Spine 13:715–721, 2010

  4.  Coric D, Nunley PD, Guyer RD, Musante D, Carmody CN, 
Gordon CR, et al: Prospective, randomized, multicenter study 
of cervical arthroplasty: 269 patients from the Kineflex|C arti­
ficial disc investigational device exemption study with a mini­
mum 2-year follow-up. Clinical article. J Neurosurg Spine 
15:348–358, 2011

  5.  Fraser JF, Härtl R: Anterior approaches to fusion of the cervi­
cal spine: a metaanalysis of fusion rates. J Neurosurg Spine 
6:298–303, 2007

  6.  Goffin J, Geusens E, Vantomme N, Quintens E, Waerzeggers Y, 
Depreitere B, et al: Long-term follow-up after interbody fusion 
of the cervical spine. J Spinal Disord Tech 17:79–85, 2004

  7.  Goffin J, van Loon J, Van Calenbergh F, Lipscomb B: A clini­
cal analysis of 4- and 6-year follow-up results after cervical 
disc replacement surgery using the Bryan Cervical Disc Pros­
thesis. Clinical article. J Neurosurg Spine 12:261–269, 2010

  8.  Heidecke V, Burkert W, Brucke M, Rainov NG: Intervertebral 
disc replacement for cervical degenerative disease—clinical 
results and functional outcome at two years in patients im­
planted with the Bryan cervical disc prosthesis. Acta Neuro-
chir (Wien) 150:453–459, 2008

  9.  Heller JG, Sasso RC, Papadopoulos SM, Anderson PA, Fessler 
RG, Hacker RJ, et al: Comparison of BRYAN cervical disc 
arthroplasty with anterior cervical decompression and fusion: 
clinical and radiographic results of a randomized, controlled, 
clinical trial. Spine (Phila Pa 1976) 34:101–107, 2009

10.  Hilibrand AS, Balasubramanian K, Eichenbaum M, Thinnes 
JH, Daffner S, Berta S, et al: The effect of anterior cervical 
fusion on neck motion. Spine (Phila Pa 1976) 31:1688–1692, 
2006

11.  Hilibrand AS, Carlson GD, Palumbo MA, Jones PK, Bohlman 
HH: Radiculopathy and myelopathy at segments adjacent to 
the site of a previous anterior cervical arthrodesis. J Bone 
Joint Surg Am 81:519–528, 1999

12.  Leung C, Casey AT, Goffin J, Kehr P, Liebig K, Lind B, et 
al: Clinical significance of heterotopic ossification in cervi­
cal disc replacement: a prospective multicenter clinical trial. 
Neurosurgery 57:759–763, 2005

13.  Matz PG, Pritchard PR, Hadley MN: Anterior cervical ap­
proach for the treatment of cervical myelopathy. Neurosur-
gery 60 (1 Supp1 1):S64–S70, 2007

14.  McAfee PC, Cunningham BW, Devine J, Williams E, Yu-Yahi­
ro J: Classification of heterotopic ossification (HO) in artificial 
disk replacement. J Spinal Disord Tech 16:384–389, 2003

15.  Mehren C, Suchomel P, Grochulla F, Barsa P, Sourkova P, 
Hradil J, et al: Heterotopic ossification in total cervical artificial 
disc replacement. Spine (Phila Pa 1976) 31:2802–2806, 2006

16.  Mummaneni PV, Burkus JK, Haid RW, Traynelis VC, Zde­
blick TA: Clinical and radiographic analysis of cervical disc 
arthroplasty compared with allograft fusion: a randomized 
controlled clinical trial. J Neurosurg Spine 6:198–209, 2007

17.  Mummaneni PV, Haid RW: The future in the care of the cervi­
cal spine: interbody fusion and arthroplasty. Invited submis­
sion from the Joint Section Meeting on Disorders of the Spine 
and Peripheral Nerves, March 2004. J Neurosurg Spine 1: 
155–159, 2004

18.  Mummaneni PV, Robinson JC, Haid RW Jr: Cervical arthro­
plasty with the PRESTIGE LP cervical disc. Neurosurgery 
60 (4 Suppl 2):310–315, 2007

19.  Murrey D, Janssen M, Delamarter R, Goldstein J, Zigler J, Tay 
B, et al: Results of the prospective, randomized, controlled mul­
ticenter Food and Drug Administration investigational device 
exemption study of the ProDisc-C total disc replacement ver­
sus anterior discectomy and fusion for the treatment of 1-level 
symptomatic cervical disc disease. Spine J 9:275–286, 2009

20.  Smith HE, Wimberley DW, Vaccaro AR: Cervical arthro­
plasty: material properties. Neurosurg Focus 17(3):E3, 2004

21.  Steinmetz MP, Patel R, Traynelis V, Resnick DK, Anderson PA: 
Cervical disc arthroplasty compared with fusion in a workers’ 
compensation population. Neurosurgery 63:741–747, 2008

22.  Suchomel P, Jurák L, Benes V III, Brabec R, Bradác O, El­
gawhary S: Clinical results and development of heterotopic 
ossification in total cervical disc replacement during a 4-year 
follow-up. Eur Spine J 19:307–315, 2010

23.  Traynelis VC: Cervical arthroplasty. Clin Neurosurg 53:203–
207, 2006

24.  Traynelis VC: Spinal arthroplasty. Neurosurg Focus 13(2): 
E10, 2002

25.  Tu TH, Wu JC, Huang WC, Guo WY, Wu CL, Shih YH, et al: 
Heterotopic ossification after cervical total disc replacement: 
determination by CT and effects on clinical outcomes. Clini­
cal article. J Neurosurg Spine 14:457–465, 2011

26.  Tumialán LM, Pan J, Rodts GE, Mummaneni PV: The safety 
and efficacy of anterior cervical discectomy and fusion with 
polyetheretherketone spacer and recombinant human bone 
morphogenetic protein–2: a review of 200 patients. J Neuro-
surg Spine 8:529–535, 2008

27.  Verlaan JJ, Boswijk PF, de Ru JA, Dhert WJ, Oner FC: Dif­
fuse idiopathic skeletal hyperostosis of the cervical spine: an 
underestimated cause of dysphagia and airway obstruction. 
Spine J 11:1058–1067, 2011

28.  Wu JC, Huang WC, Mummaneni PV: Prestige cervical arthro­
plasty. Tech Orthop 25:108–113, 2010

Manuscript submitted December 8, 2011.
Accepted February 21, 2012.
Please include this information when citing this paper: published 

online March 23, 2012; DOI: 10.3171/2012.2.SPINE111066.
Address correspondence to: Chin-Chu Ko, M.D., Department of 

Neurosurgery, Neurological Institute, Taipei Veterans General Hos­
pital, Room 509, 17F, No. 201, Shih-Pai Road, Sec. 2, Beitou, Taipei 
11217, Taiwan. email: hansamu0627@gmail.com.


