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Abstract 
Background: Artificial cervical disc replacement has become an option for cervical radiculopathy. 
Previous studies have evaluated the efficacy of this alternative without the scientific rigor of a 
concurrent control population in oriental patients for long-term follow-up. Objective: Therefore, 
we asked whether the 1) clinical and 2) radiographic outcomes of Bryan cervical disc prosthesis 
were better than that of anterior cervical discectomy and fusion (ACDF) at single site, and whether 
the 3) occurrences of heterotopic ossifications (HOs) were associated to the function loss in the 
long-term follow-up. Methods: A total of 120 patients with cervical disc disease were randomly as-
signed to two groups (Bryan or ACDF), and 60-month follow-up is available for all the 120 patients. 
Clinical outcomes were assessed using Odom’s criteria, visual analogue pain scale (VAS) and Neck 
Disability Index (NDI). Radiographs were measured to determine the radiographic outcomes and 
occurrences of heterotopic ossifications (HOs). Results: The clinical outcomes are not significantly 
between the two groups (VAS, P = 0.7253; NDI, P = 0.5528). The radiographic outcome of Bryan 
cervical disc prosthesis is better than that of ACDF group at the index level (P < 0.05). 36 (60%) 
patients of Bryan group developed heterotopic ossification. But, there is not a significant associa-
tion between HOs and the loss of movement at the replacement level. Conclusions: The Bryan ar-
tificial disc replacement compares favorably to ACDF for the treatment of patients with 1-level 
cervical disc disease. And the Bryan disc may delay adjacent level degeneration by preserving 
preoperative kinematics at adjacent levels in oriental patients. 
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1. Introduction 
In recent years, much effort has been made to investigate the use of the artificial disc systems as an alternative to 
fusion. It is well-documented that the immediate and short-term results of artificial disc arthroplasty are equiva-
lent to those of ACDF [1] [2]. Disc arthroplasty has the additional advantages of being able to maintain cervical 
motion and reduce the incidence of adjacent segment degeneration. Several centers [3]-[6] have reported the use 
of the Bryan disc in the management of adjacent segment degeneration associated with previous fusion surgery 
and surgery at the cervicothoracic junction, and the short-term outcomes of Bryan disc replacement. However, 
there are not so much reports about the comparision with ACDF for a long-term follow-up, particularly in 
oriental patients. The Bryan Cervical Disc prosthesis was available in our hospital since January 2004 and used 
with great enthusiasm in the hope that it could prevent adjacent segment disease, which was a well known late 
complication of anterior cervical discectomy and fusion (ACDF). The clinical outcome of cervical arthroplasty 
in oriental patients is not often seen in English literature.  

Therefore, we collected and analyzed the data of the patients who underwent cervical arthroplasty with the 
Bryan Cervical Disc prosthesis to see whether the 1) clinical and 2) radiographic outcomes of Bryan cervical 
disc prosthesis were better than that of anterior cervical discectomy and fusion (ACDF) at single site, and 
whether the 3) occurrences of heterotopic ossifications (HOs) were associated to the function loss in the long- 
term follow-up.  

2. Patients and Methods  
From March 2004, we started an observational clinical study with the aim of evaluating the safety and efficacy 
of the Bryan disc arthroplasty for the treatment of cervical spondylosis. 

The study consisted of 120 patients with spondylotic myelopathy or cervical radiculopathy. All the patients 
signed the informed consent and an assurance of free X-ray examinations when they come back for the post-
operative follow-up visits to our hospital. The patients were randomized into 2 groups: 1) 60 patients underwent 
discectomy and implantation of the Bryan disc. The least follow-up period was 60 months. The study group 
consisted of 35 men and 25 women. The mean age was 41.0 years (27 to 51 y). The levels of surgery included 
C3/4 (6 patient), C4/5 (15 patients), C5/6 (33 patients), and C6/7 (6 patients) (Table 1); 2) 60 patients under-
went anterior cervical discectomy with fusion with autologous bone graft and all gained at least 60 months fol-
low-up. The study group consisted of 31 men and 29 women. The mean age was 44.0 years (27 to 62 y). The 
levels of surgery included C3/4 (5 patients), C4/5 (16 patients), C5/6 (30 patients), and C6/7 (9 patients) (Table 2).  

2.1. Clinical Analysis 
The routine follow-up examination included general and neurologic evaluations. Clinical outcomes were  
 
Table 1. Patient’s demographics (Bryan and ACDF artificial disc).                                                      

 Bryan ACDF 

Number of patients 60 60 

Mean age (y) 41 (27-51) 44 (27-62) 

Gender (male:female) 35:25 31:29 

Radiculopathy 52 55 

Myelopathy 8 5 

Level implanted C3/4 (n = 6); C4/5 (n = 15);  
C5/6 (n = 33); C6/7 (n = 6) 

C3/4 (n = 5); C4/5 (n = 16);  
C5/6 (n = 30); C6/7 (n = 9) 
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assessed by an independent third party (unaware of relevant patient details) using the Neck Disability Index 
(NDI) [7] and Odom’s scale. The Odom’s scale is the most commonly used scale and is relatively simple. We 
evaluated the patients’ pain relief using VAS pain score.  

2.2. Radiologic Analysis 
Radiologic examinations are performed preoperatively and at each follow-up visit. Each year, a radiologist eva-
luates whether there is fusion on CT and plain X-ray. The radiographic results were assessed by taking AP, lat-
eral, bending, flexion, and extension radiographs of cervical spine in the postoperation 1, 12, 24, 36, 48, 60 
months follow-up to find out the range of motion (ROM) and device position. To analyze movement at the 
treated level, we measured the functional spinal unit (FSU) angle, Cobb angles of the cervical spine (from the 
lower end plate of C2 to the inferior end plate of C7), and adjacent segment angles (Figure 1). All parameters 
were measured by Quantitative Motion Analysis software (QMA; Medical Metrics Inc., Houston, TX, USA). In 
this study, radiological signs of degenerative changes at the upper and lower functional adjacent levels have 
been assessed using the McAfee classification [4] in the 120 patients.  
 
Table 2. McAfee classification.                                                                                  

Grade Description 

Grade 0 Segments without any new HO formation after prosthesis implantation. 

Grade I Segments with new HO formation not reaching the intervertebral space. 

Grade II HO reaches the intervertebral space but segmental movement is not limited. 

Grade III Important bridging ossifications with limited, but possible movement. 

Grade IV Segmental fusion. 

 

 
Figure 1. The FSU (a) and overall cervical (C2-7) align-
ment; (b) were measured by Cobb’s method.                          
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2.3. Statistical Analysis 
A paired t test was used to assess the statistical significance of postoperative score change from the preoperative 
in NDI and VAS. It was also used for analysis of motion parameters at the treated level when change from 
preoperative angulation was recorded. SPSS for Windows (version 17.0.1; SPSS Inc., Chicago, IL, USA) was 
used for the analysis. A P < 0.05 was customarily considered significant. 

3. Results 
3.1. Clinical Outcomes  
The mean NDI before surgery was not statistically different between groups: 45.5 (Bryan) and 46.2 (control). 
one-month postoperative NDI is 14.2 (Bryan) and 15.4 (control) (P = 0.013). At 1-year follow-up, NDI for the 
Bryan group is 10.2 and the control group is 15.4 (P = 0.005). At 3-year: 8.4 (Bryan) and 10.2 (control) (P = 
0.005). The final follow-up: 7.2 (Bryan) and 8.8 (control) (P = 0.005) (Figure 2). The mean arm pain VAS be-
fore surgery was 75 (Bryan) and 74 (control). At 1-month follow-up, Bryan arm pain VAS was 18 and control 
22 (P = 0.032). At 1-year follow-up, the average arm pain VAS for the Bryan group was 17 and control 19 (P = 
0.036). At 3-year follow-up, the average arm pain VAS for the Bryan group was 14 and control 18 (P = 0.035). 
The final follow-up: 12 (Bryan) and 17 (control) (P = 0.031) (Figure 3). The mean neck pain VAS before sur-
gery was 75 (Bryan) and 78 (control). One-month follow-up scores were 23 (Bryan) and 36 (control) (P = 0.05). 
At 1 year: 27 (Bryan) and 30 (control) (P = 0.037). At 3 years: 20 (Bryan) and 27 (control) (P = 0.013). The fi-
nal follow-up: 22 (Bryan) and 26 (control) (P = 0.033) (Figure 4). When surgical outcome was measured using 
Odom criteria, as assessed by the surgeon who had performed the operation, it was observed that most of the pa-
tients had a satisfactory outcome (excellent, good or fair) and no patient was allocated to “poor” (Table 3). 
 

 
Figure 2. Neck dysfunction score indicators (Neck Disability Index, NDI).            

 

 
Figure 3. Neck visual VAS score.                                              
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Figure 4. Upper limb pain visual score.                                            

 
Table 3. Clinical results of Odom’s criteria.                                                                             

 N Excellent (%) Good (%) Fair (%) Poor (%) 

Bryan 60 37 (61.7) 18 (30.0) 5 (8.3) 0 (0) 

ACDF 60 29 (60.0) 23 (33.3) 8 (6.7) 0 (0) 

3.2. Radiological Outcomes  
Sagittal ROM at the operated level was greater in patients with Bryan disc (7.25 degrees; SD, 1.5 degrees) than 
patients with ACDF (0.80 degrees; SD, 0.84 degrees) at the time of the late follow-up evaluation (P < 0.001). 
There were no other statistically significant differences in kinematic parameters between the two groups at the 
two immediately adjacent rostral spinal levels. Late follow-up kinematic data at adjacent spinal levels is pre-
sented in Figure 4. A nonpaired t test demonstrated significantly (P < 0.05) increased translation at the surgical 
level in Bryan (7.2%; SD, 4.5%) in comparison to all patients before surgery (4.7%; SD, 3.5%), whereas ROM 
did not differ significantly (P > 0.5) between all patients preoperatively (6.4 degrees; SD, 3.7 degrees).  

One month after surgery, cervical lordosis fell from 28.55 to 27.54 in the Bryan group and from 26.27 to 
24.69 in the ACDF group. In the Bryan group, lordosis increased during the immediate postoperative period and 
then decreased to preoperative levels. In the ACDF group, however, lordosis decreased gradually, and could not 
return to preoperative levels (Figure 5). Segmental ROM of the treated level changed from 6.50 to 7.25 in the 
Bryan group and fell from 7.00 to 0.82 in the ACDF group. Although segmental lordosis in the Bryan group 
maintained more than preoperative levels, the lordosis became a little more kyphotic than before surgery in the 
ACDF group (Figure 6). Upper segmental ROM of the Bryan group decreased one month after the surgery, 
from 12.82 to 8.70, whereas upper segmental ROM of the fusion group increased, from 11.8 to 8.36 (P > 0.05) 
(Figure 2(c)). Although upper segmental ROM increased postoperatively in both groups, the increase was high-
er in the Bryan group than in the ACDF group (from 8.7 to 11.40 vs. from 8.30 to 10.2, P > 0.05) (Figure 7). 
Although lower segmental ROM of the both groups decreased one month after the surgery, increased postopera-
tively gradually, the increase was still higher in the Bryan group than in the ACDF group (from 7.70 to 7.80 vs. 
from 6.30 to 6.70, P > 0.05) (Figure 8). 

At 12-month follow-up, in the Bryan group, HO of Grade 0-II was present in 54 (91%) of treated levels and 
significant HO (Grade III) in another 6 (9%). Segmental fusion (Grade IV) was not observed. At 3-year follow- 
up, HOs of Grade 0-II was present in 51 (85%) of treated levels, important HO (Grade III) in 15 (15%). At 5- 
year follow-up, HO of Grade 0-II was present in 45 (75%), important HO (Grade III) in 12 (20%) and segmental 
ankylosis (Grade IV) in 3 (5%) treated levels. At the final follow-up, the HO in the ACDF group is 100%. 

4. Discussion 
The long-term clinical benefit of maintaining motion is postulated to be the delay or avoidance of adjacent level  
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Figure 5. C2-7 Cobb angle.                                                   

 

 
Figure 6. ROM of the treated level.                                             

 

 
Figure 7. FSU adjacent segmental ROM of upper segment.                           

 
degeneration [9]-[12]. Disc replacement aims to preserve the normal kinematics in the spine. The Bryan disc is 
one of several arthroplasty systems currently being investigated for use in the cervical spine. While each of these 
devices has early outcome data, long-term studies of comparison Bryan disc arthroplasty with ACDF, also as-
sessing adjacent segment degeneration are still pending, particularly in oriental patients. Therefore, we asked 
whether the 1) clinical and 2) radiographic outcomes of Bryan cervical disc prosthesis were better than that of 
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anterior cervical discectomy and fusion (ACDF) at single site, and whether the 3) occurrences of heterotopic os-
sifications (HOs) were associated to the function loss in the long-term follow-up.  

In our study, we have got good clinical results. All of the patients were satisfied with the surgical results by 
Odom’s criteria, and showed significant improvement by VAS and NDI score (P < 0.05) from pre-op to final 
follow-up. The Odom’s criteria, VAS and NDI score were not determined to be significantly different between 
Bryan and ACDF groups at adjacent segments. 

Heller et al. [12] declared that at 48 months there had been no degradation of functional outcomes from 24 to 
48 months for NDI, VAS of neck and arm (Table 4). One of the potential criticisms about artificial discs is that 
in the absence of fusion there may be further pain. Our analysis of VAS and NDI shows that this has not been a 
problem in our patients. Kim et al. [13] and Rick et al. [14] showed decreased VAS and NDI scores on last fol-
low up, but they announced that it was due to the initial surgical decompression and removal of pathologically 
herniated discs. Our study found similar results. We believe that it may due to the aging and degeneration at ad-
jacent segments. 
 

 
Figure 8. FSU adjacent segmental ROM of lower level.                           

 
Table 4. Published data on the follow-up of Bryan disc arthoplasty.                                                       

Study 
Mean  

follow-up 
(months) 

Number of 
patients 

(Bryan vs 
ACDF) 

Mean age 
(years) 

(Bryan vs 
ACDF) 

Clinical outcomes improvement at 
final follow-up (%)  

( improvement or score) 

Radiographic outcomes  
at final follow-up 
(Bryan vs ACDF) 

HOs (%) 
(Bryan vs 
ACDF) NDI Neck VAS Arm VAS Mean ROM Upper  

adjcent 
Lower  
adjcent 

Seok Woo 
Kim  

et al. [13] 

19 vs 20 
(Bryan) vs 
(ACDF) 

51 vs 54 43.85 vs  
46.44 7.2 vs 7.6 38 vs 37 12.1 vs 2.3 9.5 vs 

10.2 
9.2 vs 
10.8 

12.82 vs 
23.07  

(Grade 0) 
Ben J.  

Garrido  
et al. [8] 

48 47 
(21 vs 26) 

40.0 vs  
43.3 

80% vs  
69% 

82% vs  
67% 

86% vs  
73% 

Not  
reported 

Not  
reported 

Not  
reported 

Not  
reported 

Clarence 
Leung  

et al. [7] 
12 90 (Bryan) 45 Not  

reported 
Not  

reported 
Not  

reported 
Not  

reported 
Not  

reported 
Not  

reported 
6.7  

(>Grade 3) 

Shik Shim  
et al. [6] 6 61 (Bryan) 45.6 22.9% over 50% over 50% 6.7 (preop):  

8.5 (postop) 
Not  

reported 
Not  

reported 
Not  

reported 

Powell JW 
et al. [10] 24 48 

(22 vs 26) 
40.0 vs  

43.3 
Not  

reported 
Not  

reported 
Not  

reported 
8.4 (Bryan): 
0.92 (ACDF) P > 0.4 P > 0.3 11 vs 8 

Rick C. 
Sasso  

et al. [14] 
24 463 

(221 vs 242) 
44.4 vs  

44.7 
Not  

reported 
Not  

reported 
Not  

reported 
7.95 (Bryan): 
0.87 (ACDF) 

9.1 
(Bryan) 

6.58 
(Bryan) 94.4 (ACDF) 

Current 
study At least 60 120  

(60 vs 60) 
41.0 vs  

44.0 7.2 vs 8.8 22 vs 26 12 vs 17 7.25 vs 0.80 11.40 vs 
10.2 

7.80 vs 
6.70 

15 vs 100 
(>Grade 3) 
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Heterotopic ossification (HO) is a well-known complication after joint replacements which may be responsi-
ble for the loss of cervical funtion. Cervical total disc replacements have been performed and investigated wide-
ly in recent years, but the significance and incidence of HO associated with cervical total disc replacement are 
still pending at present time. However, in our study, we found that 15% of our patients have developed at least 
Grade III HOs. We thought that it was due to the Chinese people’s physical characteristics. We also found that 
there was an association between heterotopic ossification and the loss of movement at the level of cervical disc 
replacement. This may be the reason why there is a degradation of range of motion. 

At 60-month follow-up, our study showed that the Bryan disc maintained mobility at the level of the prosthe-
sis, comparable with the ACDF. It is therefore postulated that the Bryan disc decreases risk for degenerative 
translational motion. Although there is still a theoretical advantage that cervical arthroplasty has a potential to 
prevent accelerated degeneration of adjacent. However, we feel that this outcome study in Chinese patients sug-
gests that the Bryan Cervical Disc prosthesis has some problems yet to be solved. It would be wise to apply this 
new technology more carefully to a more specifically selected patient. 
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