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the lateral radiographs.

MATERIALS AND METHODS

Patients population
The study included 24 patients who had undergone cervical 

TDR (Mobi-C® disc; LDR Medical, Troyes, France) with at least 
12 months follow-up period at a single university hospital be-
tween February, 2008 and May, 2012. The demographic and 
clinical data were collected after careful review of medical re-
cords and radiologic imaging studies with approval of institu-
tional review board. The inclusion criteria in this retrospective 
series were the patients with TDR due to the radiculopathy and/
or myelopathy from disc herniation and other degenerative 
changes in single level cervical disc disease. The exclusion crite-
ria were multilevel disc operation, hybrid technique, and unsat-

INTRODUCTION

Over the last several years, cervical total disc replacement 
(TDR) surgery has become an increasingly popular alternative 
to anterior cervical discectomy and fusion (ACDF) in the treat-
ment of refractory cervical spondylosis. Cervical TDR for pre-
serving motions of the operative level has been promoted as a 
method of decreasing the rate of adjacent segment disease, and 
lowering the rate of adjacent segment degeneration, compared to 
ACDF9,12,14,15). Cervical TDRs have been gaining popularity, but 
relatively few studies have been conducted to know the impact 
of the asymmetry of cervical TDR in correlation to the radio-
logic and clinical outcome. Herein, the authors conducted this 
study to evaluate the clinical outcomes and radiological results 
after cervical TDR with Mobi-C® according to the asymmetry of 
TDR device in the postoperative anterior-posterior (AP) and 
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with a period of 1 month, 6 months, and 1 year, with the numer-
ic rating scale (NRS), visual analog scale (VAS), and Oswestry 
disability index (ODI) score4). Two independent neurosurgeons 
and one outpatient nurse assessed all clinical outcome data.

Radiographic assessment
AP, lateral (LAT), flexion, and extension radiographs were 

obtained preoperatively and postoperatively with a period of 1 
month, 6 months, and 1 year. We defined AP asymmetry as a 
distance from the midline of implant to the midline of cervical 
spine on AP radiographs and lateral asymmetry as distance 
from the midline of vertebral body to the midline of device on 
lateral radiographs (Fig. 1). Upper adjacent angle was measured 
by using Cobb method drawing a line along the superior end-
plate of upper level vertebral body and surgical level vertebral 
body. Lower adjacent angle was measured by drawing a line 
along the superior endplate of surgical level vertebral body and 
lower level vertebral body. All angles on all preoperative and 
postoperative films were checked. The presence of adjacent seg-
ment degeneration (ASD) was defined as the pre-established 
criteria; new anterior osteophyte formation or enlargement of 
existing osteophytes, new or increased narrowing of a disc space 
(>30%), new or increased calcification of the anterior longitudi-
nal ligament and the formation of radial osteophytes16). All mea-
surements were performed with picture archival and communi-
cation system software (M-view 5.4; Marotech, Seoul, Korea). 

Statistical analysis
Data were expressed as mean±standard deviation. Student t-

test analyses were used to compare outcomes between groups. 
One-way analysis of variance test were performed for some 
variables. Data were analyzed using a commercially available 
statistical software package, SPSS 22.0 software for windows 
(SPSS Inc., Chicago, IL, USA). A p-value<0.05 was considered 

isfactory follow-up period lesser than 12 months. The age of the 
patients at the time of surgery was 41.50±8.35 years (range, 24–
54 years). All patients had a history of radiculopathy or my-
elopathy refractory to conservative treatments for a minimum 
of 6 weeks, with a mean duration of 17.8 months (range, 2–120 
months). The preoperative signs and symptoms were radicu-
lopathy in 16 patients (66.7%), myelopathy in 4 patients (16.7%), 
and combined radiculopathy and myelopathy in 4 patients 
(16.7%). All operations were conducted by one surgeon with the 
same surgical protocol.

Surgical technique
A standard Smith-Robinson approach was used to expose 

the treatment levels in all patients11). The cartilaginous endplate 
was removed with a curette, and care was taken not to damage 
the bony endplate. The uncovertebral joints were left intact. The 
arthroplasty used an artificial disc (Mobi-C® disc). The Mobi-C® 
disc prosthesis is a 3-piece, biarticulating, metal-on-polyethyl-
ene, semiconstrained device. It consists of 2 metal base plates 
with an ultra-high molecular weight polyethylene insert. The 
insert is considered to have a mobile-bearing technology that 
allows greater range of motion (ROM)18). There are 2 lateral 
stops on the inferior endplate that limits the movement of the 
insert. The Mobi-C® artificial disc has received approval from 
the Food and Drug Administration to undergo an Investiga-
tional Device Exemption trial in the United States. All study pa-
tients had prophylactic non-steroidal anti-inflammatory drugs 
administered. It has an effect of delaying bone formation and re-
ducing incidence of heterotrophic ossification after other total 
joint replacement procedures7). No patient used a cervical collar 
after cervical TDR.

Clinical outcome assessment
Patients were evaluated preoperatively and postoperatively 

Fig. 1. Normal position and anterior-posterior (AP)/lateral (LAT) asymmetry of total disc replacement (TDR). A : AP asymmetry was measured as the 
distance between the midline of cervical spine and the midline of implant on AP radiographs. B : LAT asymmetry was measured as the distance be-
tween the midline of cervical spine and the midline of implant on lateral radiographs.
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statistically significant.

RESULTS

Twenty-four patients (10 men and 14 women) with a mean 
age of 41.5±8.4 years (range, 24–54 years) were included in this 
study. The mean follow-up period was 24.4±14 months (range, 
12–66 months). All patients underwent a single-level cervical 
TDR. C5–6 level was most numerous instrumented level (1 pa-
tient at C3–4 level, 3 patients at C4–5 level, 16 patients at C5–6 
level, and 4 patients at C6–7 level). Table 1 shows demographic 
characteristics of patients. No patients underwent reoperation 
in the follow-up period, obvious cervical prosthesis subsidence, 

excursion or spontaneous fusion of the treated segment. 
AP and LAT films were reviewed for AP and LAT asymmetry. 

The mean AP asymmetry was 0.9±0.7 mm (range, 0.0–2.9 mm). 
The mean lateral asymmetry was 2.1±1.38 mm [range, -0.8 
(posterior asymmetry)–4.3 mm (anterior asymmetry)]. Cases 
were grouped according to the degree of AP asymmetry (lesser 
or more than 5 mm or 10 mm) and LAT asymmetry (lesser or 
more than 10 mm or 20 mm). There were no statistically signifi-
cant differences in age, sex, smoking, diabetes mellitus, hyper-
tension, estimated surgery blood loss, operation time, and sur-
gery level. 

Clinical results such as NRS for neck pain, VAS for arm pain, 
and ODI according to the asymmetry in AP asymmetry were 
summarized in Table 2. The degree of AP asymmetry (lesser or 
more than 5 mm or 10 mm) was not associated with clinical 
outcomes (NRS, VAS, and ODI) from preoperative status to 12 
months follow-up period. Table 3 summarized the clinical re-
sults according to the asymmetry in LAT asymmetry, the de-
grees of LAT asymmetry (lesser or more than 10 mm or 20 mm) 
were also not associated with clinical outcomes (NRS, VAS, and 
ODI) from preoperative status to 12 months follow-up period. 
But, ASDs were checked differently as indicated in Table 4. The 
AP asymmetry according to the lesser (2 in 7, 22.2%) or more 
than 5 mm (7 in 15, 46.7%) showed no difference of prevalence of 
ASD (p=0.250), but the prevalence of ASD was significantly in-
creased in the more than 10 mm AP asymmetry group compared 
to the lesser than 10 mm AP asymmetry group [3 in 15 (20.0%) 
vs. 6 in 9 (66.7); p=0.022]. The LAT asymmetry lesser than 10 

Table 1. Demographic data

Clause Values
Total case (n) 24
Age (years) 41.50±8.35 (24–54)
Male (n, %) 10 (41.67)
Height (cm) 162.50±8.39 (146–178)
Weight (kg) 62.96±9.16 (46–83)
BMI (kg/m2) 23.81±2.81 (18.4–31.9)
TDR level (n, %)

C3/4 1 (4.17)
C4/5 3 (12.50)
C5/6 16 (66.66)
C6/7 4 (16.67)

BMI : body mass index, TDR : total disc replacement

Table 2. Clinical result according to the asymmetry in the anterior-posterior images

n Preoperative 1 month f/up 6 month f/up 12 month f/up
NRS (neck pain)

≤5 mm 9 3.89±1.54 1.78±0.97 1.44±1.01 2.33±2.00
>5 mm 15 3.67±1.59 2.60±1.30 2.53±1.46 2.60±2.03
p-value 0.740 0.116 0.062 0.757
≤10 mm 15 3.87±1.55 2.20±1.21 1.93±1.33 2.33±2.09
>10 mm 9 3.56±1.59 2.44±1.33 2.44±1.51 2.78±1.86
p-value 0.642 0.649 0.396 0.605

VAS (arm)
≤5 mm 9 5.56±0.88 2.78±0.67 2.22±0.97 2.67±0.50
>5 mm 15 5.33±1.05 3.87±0.96 2.33±1.11 2.27±0.59
p-value 0.600 0.175 0.807 0.105
≤10 mm 15 5.47±0.74 2.67±0.73 2.27±0.96 2.40±0.63
>10 mm 9 5.56±1.32 2.11±1.05 2.33±1.22 2.44±0.53
p-value 0.753 0.139 0.883 0.861

ODI
≤5 mm 9 15.11±5.90 9.00±4.61 8.33±3.67 8.78±4.27
>5 mm 15 16.60±6.08 12.53±5.96 12.27±6.05 11.00±7.26
p-value 0.563 0.142 0.930 0.415
≤10mm 15 15.93±5.47 10.47±4.69 9.93±4.64 9.20±4.77
>10 mm 9 16.22±6.98 12.44±7.14 12.22±6.87 11.78±8.33
p-value 0.911 0.420 0.339 0.343

NRS : numeric rating scale, VAS : visual analog scale, ODI : Oswestry disability index
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mm showed significant increase of the ASD prevalence com-
pared to the more than 10 mm LAT asymmetry [5 in 7 (71.4%) 
vs. 4 in 17 (23.5%), p=0.027], and this inclination also be ob-
served in the comparison of lesser or more than 20 mm in LAT 
asymmetry [7 in 13 (53.9%) vs. 2 in 11 (18.2%); p=0.078].

DISCUSSION

For cervical degeneration and cervical disc herniation, ACDF 
is the standard surgical treatment for symptoms for more than 50 
years, with high fusion rate and excellent clinical outcomes3,6,10). 

However, some studies reported that ACDF also reduces the 
ROM, and increases adjacent segment degeneration and ossifi-
cation rate. Over the past decade, cervical TDR emerged as an al-
ternative option for moderate spondylosis and some degree of 
disc collapse to preserve joint function, reported 1-level and 
2-level TDR with overall clinical success rate5,8,13,15). 

During the surgical procedure with TDR, the surgeons ob-
tained the appropriate implant height and position using fluo-
roscopy and provided trial instruments. However, the technical 
variation and local anatomic constraints can result the implants 
failure such as the center positioned off and/or angulated. Clini-

Table 3. Clinical result according to the asymmetry in the lateral images

n Preoperative 1 month f/up 6 month f/up 12 month f/up
NRS (neck pain)

≤10 mm 7 4.57±0.79 2.86±1.21 2.57±1.51 3.14±1.77
>10 mm 17 3.41±1.66 2.06±1.20 1.94±1.34 2.24±2.05
p-value 0.094 0.153 0.324 0.318
≤20 mm 13 3.69±1.38 2.23±1.17 2.08±1.32 2.15±1.72
>20 mm 11 3.82±1.78 2.36±1.36 2.18±1.54 2.91±2.26
p-value 0.847 0.799 0.859 0.363

VAS (arm)
≤10 mm 7 5.43±0.98 2.43±0.98 2.00±1.00 2.43±0.53
>10 mm 17 5.41±1.00 2.47±0.87 2.41±1.06 2.41±1.06
p-value 0.970 0.928 0.391 0.951
≤20 mm 13 5.62±0.96 2.31±1.03 2.46±1.13 2.31±0.63
>20 mm 11 5.18±0.98 2.64±0.67 2.09±0.94 2.55±0.52
p-value 0.287 0.376 0.397 0.331

ODI
≤10 mm 7 19.86±4.67 14.29±5.99 13.00±6.76 13.43±7.48
>10 mm 17 14.47±5.78 9.94±5.18 9.88±4.91 8.82±5.42
p-value 0.102 0.088 0.218 0.104
≤20 mm 13 16.15±6.07 11.54±6.01 10.77±6.11 9.85±7.00
>20 mm 11 15.91±6.06 10.82±5.50 10.82±5.10 10.55±5.66

p-value 0.922 0.764 0.983 0.793
NRS : numeric rating scale, VAS : visual analog scale, ODI : Oswestry disability index

Table 4. Adjacent segment degeneration according to the asymmetry in the anterior-posterior and lateral images

Location Asymmetry n Deg. in upper and lower Deg. in upper Deg. in lower 
Anterior-posterior <5 mm 9 2 (22.2%) 1 (11.1%) 1 (11.1%)

>5 mm 15 7 (46.7%) 3 (20.0%) 6 (40.0%)
p-value 0.250 0.591 0.144
<10 mm 15 3 (20.0%) 1 (6.7%) 2 (13.3%)
>10 mm 9 6 (66.7%) 3 (33.3%) 5 (55.6%)
p-value 0.022* 0.097 0.027*

Lateral <10 mm 7 5 (71.4%) 2 (28.6%) 4 (57.1%)
>10 mm 17 4 (23.5%) 2 (11.8%) 3 (17.7%)
p-value 0.027* 0.337 0.056
<20 mm 13 7 (53.9%) 3 (23.1%) 6 (46.2%)
>20 mm 11 2 (18.2%) 1 (9.1%) 1 (9.1%)
p-value 0.078 0.382 0.049*

*Statistical significance. Deg. : degeneration change, upper : upper adjacent segment, lower : lower adjacent segment
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cally, a minimal malposition of implant can be seen occasional-
ly after cervical anterior fusion. We can see that it does not have 
an effect on clinical and radiological course, but there is no evi-
dence or any systematic study of this idea. However, severe mal-
position of implants can be associated with direct injury of the 
sympathetic trunk, vertebral artery, or spinal nerve roots. Most 
of the related studies were reported in the relationship of ACDF 
cage implant or plate position and clinical courses. In the study 
of Ipsen et al.12), there was no significant association between 
lateralized or rotated plates or plates placed in proximity to adja-
cent disc spaces, but a worsening short-term clinical outcomes. 
Yamagata et al.19) also reported that ACDF cage of subsidence 
resulted in early deterioration of local angle and total alignment 
of the cervical spine. Amevo et al.1) concluded that the center of 
rotation at each level of the cervical spine is variable and con-
stantly changing. This conclusion suggests an association be-
tween non-centered implant position and the disturbance of the 
physiologic center of rotation, which can lead to abnormal move-
ment of cervical spine and adjacent degeneration. 

Controversy to the result of ACDF studies, only few studies 
focused on the relationship of TDR implant malposition or an-
gulation and clinical course or vertebral alignment deteriora-
tions2,17,20). Our study focused on the relationship of AP and 
LAT asymmetry of the implant. The asymmetrical location of 
TDR is not related to the clinical outcomes, but is related to the 
risk of radiographic adjacent disc segment degeneration. Inter-
estingly, the ASD prevalence was lower in more than 10 mm LAT 
asymmetry. This result is similar to the result of Rong et al.17) 
which reported that the deviated center of rotation in single-
level cervical TDR had negative correlation with the flexion-ex-
tension ROM. We also agreed with the opinion of single-level 
cervical TDR restored the natural cervical kinematics with 
more anteriorly repositioned to preoperative status. Therefore, 
the change of center of rotation could affect the more favorable 
ASD result in LAT displaced TDR. Beaurin says the mean cen-
ter of rotation on lateral X-rays was moved from posterior one 
third of vertebral body to the posterior half part of the inferior 
vertebral body after cervical TDR surgery20). So, Mobi-C® im-
plant is originally designed to adapt to the instantaneous axis of 
rotation through its self-adjusting mobile core1). 

In this study, there were few limitations. First of all, this study 
was designed as retrospective chart and image review, so it is 
hard to have a precise conclusion between the clinical result and 
ASD according to the asymmetry of cervical TDR. Secondly, 
the total number of cases were small and clinical follow-up pe-
riods were short, so it could not provide the exact evidence of 
this topic. The time may have not been sufficient enough to ob-
serve the occurrence of symptom since the ASD began. There-
fore, well designed large sized controlled study could provide 
the evidence of this result. However, until now, only this study 
provides evidence for this interesting topic, what happens when 
the TDR device is misplaced. The authors considered that this 
article is the pioneer to explore the unknown medical events.

CONCLUSION

In conclusion, asymmetrical location of TDR is not related to 
the clinical outcomes, but related to the risk of radiographic ad-
jacent disc segment degeneration in this retrospective analysis. 
A large size with long follow-up period is needed to determine 
the conclusive result of TDR implant asymmetry in clinical out-
comes and adjacent segment degeneration.
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