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Study Design: Retrospective clinical study.
Purpose: To evaluate clinical results of the M6 cervical prosthesis.
Overview of Literature: Cervical disk prostheses have been developed to preserve motion and reduce degeneration in adjacent seg-
ments in degenerative disk diseases.
Methods: A retrospective evaluation was performed on 43 patients who received the M6 cervical disk prosthesis between 2012 
and 2016. Standard and dynamic radiographs, computed tomography, and magnetic resonance imaging were used to evaluate all the 
patients preoperatively and postoperatively. The Neck Disability Index (NDI) and Visual Analog Scale (VAS) scores were examined in 
evaluating the clinical and functional results of patients with collapsed disk herniation who had received the M6 cervical prosthesis 
and to evaluate whether the core structure of the prosthesis protects motion.
Results: The mean follow-up period was 34.12±6.70 months. Radiologically, the preoperative cervical segment ROM was measured 
as a mean of 5.77°±2.19° preoperatively and 8.49°±2.37° at the inal postoperative follow-up examination. In the patients with a pre-
operative disk height of <4 mm, the segmental ROM increased from 4.53°±2.79° preoperatively to 7.2°±3.18° postoperatively. In the 
patients with a preoperative disk height of >4 mm, the cervical segment ROM increased from 6.4°±1.45° preoperatively to 8.6°±2.02° 
at the inal postoperative follow-up examination. The NDI scores reduced from 53.86±9.77 preoperatively to 22.69±7.26 postop-
eratively and the VAS scores reduced from 8.74±0.58 to 1.88±1.14. During follow-up in any patient, no collapse of the levels at which 
surgery was performed was observed. No heterotopic ossiication or implant failure was recorded in any patient during the follow-up 
period.
Conclusions: The M6 new-generation cervical disk prosthesis had few complications. No heterotopic ossiication was observed in 
any patient, and lexion-extension ROM was maintained in all the patients, indicating the M6 prosthesis as a promising alternative.
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Introduction

Cervical disk prostheses have been developed to preserve 

motion and reduce degeneration in adjacent segments in 
degenerative disk diseases as an alternative to anterior cer-
vical discectomy and fusion (ACDF), considered the gold 
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standard treatment [1]. An increase in intradiscal pressure 
causes excessive motion in an adjacent segment follow-
ing single level fusion [2,3]. This causes the degeneration 
of the adjacent segment requiring further surgery [4]. In 
addition to adjacent segment degeneration, complications 
have been reported, including graft migration, non-union, 
and kyphotic malunion [5].

Cervical artificial disk prosthesis can be used with the 
aim of restoring and maintaining the mobility and func-
tion of the affected cervical level [6]. There has been a 
significant increase in the last decade in the number of 
different artificial disk replacement devices, and all of the 
largest manufacturers have at least one design of spinal 
implant on the market.

New-generation prostheses have been produced with 
the aim of mimicking normal biomechanics, whereas the 
production of the classic ball-and-socket type prostheses 
have started to decline. An example of the new prosthesis 
being developed is the M6 cervical disk prosthesis (Spi-
nal Kinetics, Sunnyvale, CA, USA). It has a compressible 
central core, allowing for free motion in six directions [7]. 
The compressible polymer core mimics the hardness and 
function of the normal disk. The polyethylene ring is de-
signed to mimic the annulus, and the polymer layer cov-
ers the core and fiber layer, preventing the growth of soft 
tissues and catching possible debris (Fig. 1A, B).

The aim of this study was to present the mid-term re-
sults obtained from 43 patients treated with a biomimetic 
cervical disk prosthesis, through clinical and radiological 
analysis, to evaluate complications frequently encoun-
tered, and report on the mid-term results regarding pros-
thesis survival.

Materials and Methods

The study protocol was approved by the Institutional Re-
view Board of Marmara Unıversity Health Science İnstitue 
(protocol no., 2018-174). Informed constent form was 
taken from all patient that were included in the study. Ret-
rospective evaluation was performed of 48 patients who 
received the M6 cervical disk prosthesis between 2012 
and 2016. The inclusion criteria for the study were treat-
ment with cervical disk prosthesis of patients aged >18 
years, with single level cervical discopathy and findings of 
radiculopathy or myelopathy, who were unresponsive to 6 
weeks of medical treatment.

The exclusion criteria were defined as kyphotic deformi-

ty, posterior longitudinal ligament ossification, pregnancy, 
facet joint arthrosis, trauma or instability, advanced osteo-
porosis, and inflammatory diseases such as rheumatoid 
arthritis, diffuse idiopathic hyperosteosis syndrome, and 
ankylosing spondylitis. Owing to the exclusion criteria, 
five patients were excluded from the study.

The prosthesis was applied at the C5–6 level in 25 pa-
tients, at the C6–7 level in 13 patients and at the C4–5 
level in five patients.

1. Surgical procedure

The patients were positioned supine under general anes-
thesia. Surgical exposure was established with a transverse 
incision from the contralateral side. Over-dissection of the 
ligamentum coli was avoided. A first Caspar retractor was 
placed in the mediolateral plane in parallel with the ante-
rior background when the surgical level was determined 
(Fig. 2A, B). All anatomical structures causing compres-
sion were removed, including the posterior longitudinal 
ligament and uncinate process. Following the completion 

Fig. 1. (A) Core structure of the prosthesis. (B) External structure and 
general appearance of the prosthesis.
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of decompression, the appropriate prosthesis size and 
central location of the prosthesis was determined under 
fluoroscopy control and then implanted (Fig. 2C–F). It 
was preferable that the prosthesis completely covered the 
endplate on the foreground and that the prosthesis covers 
the anterior bone boundary. A soft neck collar was applied 
for 1 week postoperatively. Heterotopic ossification pro-
phylaxis of 15 mg meloxicam per day was administered 
for 3 weeks.

2. Radiological and clinical evaluation
 
All the patients were evaluated preoperatively with stan-
dard and dynamic radiographs, computed tomography, 
and magnetic resonance imaging, and postoperatively 
with standard and dynamic radiographs. The range of mo-
tion (ROM) and segmental lordosis angles were measured 
radiologically (Fig. 3). The Neck Disability Index (NDI) 
and Visual Analog Scale (VAS) scores were examined 
for the evaluation of the clinical and functional results. 

Fig. 3. (A) Preoperative axial magnetic resonance imaging C5–C6 disk hernia. (B) Postoperative anteroposterior X-ray. (C) Postoperative lateral flex-
ion X-ray. (D) Postoperative lateral extension X-ray.

Fig. 2. (A) Determination of the surgical level. (B) Placing of Caspar retractor and checking with scopy. (C) Placing 
of the trial prosthesis and control of the placement in the anteroposterior plan with scopy. (D) Control of the place-
ment of the trial prosthesis in the mediolateral plan with scopy. (E) Appropriate size prosthesis placement. (F) Final 
position of the prosthesis following placement in the anteroposterior plane.

A B C

D E F

A B C D



İsmail Oltulu et al.916 Asian Spine J 2019;13(6):913-919

The patients were separated into two groups according to 
preoperative disk heights of <4 mm (n=15) and >4 mm 
(n=28), respectively, and the effect of disk height on ROM 
was investigated.

3. Statistical analysis

NCSS software 2007 (NCSS Statistical Software, Kaysville, 
UT, USA) was used to perform statistical analyses. 
Descriptive statistical methods (mean, standard devia-
tion, median, frequency, percentage, minimum, and 
maximum) were used when evaluating the study data. 
Repeated measures variance analysis was used to evalu-measures variance analysis was used to evalu-easures variance analysis was used to evalu-variance analysis was used to evalu-ariance analysis was used to evalu-analysis was used to evalu-nalysis was used to evalu-
ate variables showing normal distribution and, in paired 
comparisons, the Bonferroni test was used. In the evalu-
ation of variables not showing normal distribution, the 
Friedman test was applied; in paired comparisons, the 
Wilcoxon signed ranks test was used. A value of p<0.05 
was accepted as statistically significant.

Results

The mean age of the patients was 42.46±5.92 years and 
the mean follow-up period was 34.12±6.70 months. Ra-
diologically, the preoperative cervical segment ROM was 
measured as a mean of 5.77°±2.19° preoperatively and 
8.49°±2.37° at the final postoperative follow-up examina-
tion. In patients with a preoperative disk height of <4 mm, 
the segmental ROM increased from 4.53°±2.79° preopera-
tively to 7.2°±3.18° postoperatively. In the patients with 
a preoperative disk height of >4 mm, the cervical seg-
ment ROM increased from 6.4°±1.45° preoperatively to 
8.6°±2.02° at the final postoperative follow-up examina-
tion. No statistically significant difference was determined 
in either group with respect to the change in cervical seg-
ment ROM (p>0.05).

A statistically significant increase was observed in the 
segmental lordosis angle from 1.98°±2.32° preoperatively 
to 5.3°±2.17° at the final postoperative follow-up (p<0.05). 
Anterior disk height in the surgical site increased from 
4.36±0.99 mm to 6.33±0.96 mm and this difference was 
determined to be statistically significant (p<0.05). The 
posterior disk height increased from 4.11±1.02 mm to 
6.05±1.04 mm and this difference was determined to be 
statistically significant (p<0.05). The NDI scores reduced 
from 53.86±9.77 preoperatively to 22.69±7.26 postop-
eratively and the VAS scores reduced from 8.74±0.58 

to 1.88±1.14; these differences were determined to be 
statistically significant (p<0.05). No adjacent segment 
disease was observed in any patient. No collapse was 
observed during follow-up of the levels at which surgery 
was performed in any patient. No heterotopic ossification 
or implant failure was observed in any patient during the 
follow-up period.

Complications were as follows: dysphagia was reported 
in three patients (15%) and dysphonia in two patients 
(10%) in the postoperative period. The symptoms in all 
the fi ve patients recovered in 1 week with medical treat-five patients recovered in 1 week with medical treat- patients recovered in 1 week with medical treat-
ment.

Discussion

Cervical disk prostheses were introduced to eliminate the 
complications that can develop as a result of fusion. Over 
a short period, several different designs of cervical disk 
prosthesis began to be used for this purpose. Of the cervi-
cal prostheses recently developed to mimic the normal 
biomechanical structure, the M6 cervical disk prosthesis 
has started to be widely used. Its short-term results have 
been particularly promising. Compared with other pros-
theses, the M6 prosthesis has advantages in axial rotation, 
translation, and lateral bending motions in addition to 
flexion and extension motions. While this mimics the bio-
mechanics better theoretically, the body of the prosthesis 
is also considered to mimic the cervical disk better biome-
chanically. Despite the theoretical consideration that there 
is an increase in ROM in all the planes, this has not been 
shown in clinical studies yet [7,8].

Although heterotopic ossification was first defined fol-
lowing total hip arthroplasty procedures, its occurrence 
has started to be observed frequently following cervical 
disk prosthesis surgery. Despite high rates of heterotopic 
ossification reported in the literature, risk factors, such 
as those in total hip arthroplasty, have not been well-de-
fined. Heterotopic ossification has been reported at rates 
of 10.3% and 15% following surgical intervention with 
ProDesk C and Bryan cervical prostheses, respectively [9-
11]. Yi et al. [12,13] stated that heterotopic ossification 
may be associated with the type of prosthesis, and report-
ed rates of 21.0% for the Bryan disk prosthesis, 52.5% for 
the Mobi-C prosthesis and 71.4% for the ProDisc C pros-
thesis. In the present study, no heterotopic ossification was 
observed, which can be attributed to not over-dissecting 
the longus colli as far as the lateral during surgery, careful-
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ly minimizing bleeding within the bone using bone wax, 
and the administration of meloxicam prophylaxis in the 
postoperative period. Prosthesis design can be considered 
important in the formation of heterotopic ossification, 
and the flush placement of the prosthesis to the posterior 
without leaving an open space is considered to reduce the 
risk of heterotopic ossification. However, there is a need 
for further, prospective randomized studies to be explain 
the association with prosthesis type.

Cervical disk prostheses were developed as an alterna-
tive to ACDF in cervical degenerative diseases. Although 
similar results are obtained neurologically and in terms of 
pain relief, motion is preserved with the use of a cervical 
disk prosthesis. Furthermore, it was reported in a recent 
study that recurrent radicular symptoms developed sec-
ondary to adjacent segment degeneration during long-
term follow-up in 25% of patients treated with ACDF [14]. 
In a prospective, randomized, multicenter study by Mum-
maneni et al. [15], comparisons were made of a 276-pa- et al. [15], comparisons were made of a 276-pa-, comparisons were made of a 276-pa-
tient cervical disk replacement (CDR) group treated with 
the prestige ST prosthesis and 265 patients treated with 
ACDF. Over a 2-year follow-up period, 80% of the CDR 
group and 75% of the ACDF group were contacted and 
evaluated. Although not at a clinically significant level, the 
results of the CDR group were improved. A statistically 
significant difference was observed in the rates of adjacent 
segment degeneration associated with the surgery, with 
1.1% reported in the CDR group and 3.4% in the ACDF 
group [15]. Although there was no control group treated 
with ACDF in the present study, no adjacent segment 
problems were observed during the follow-up in any pa-
tient treated with a cervical disk prosthesis.

In a 4-year follow-up period of patients treated with a 
Sasso Bryan disk prosthesis, 79% success was reported 
in terms of NDI scores [16], and in a 7-year follow-up 
of patients treated with the Burkus Prestige Disk, 83.4% 
success was reported in terms of NDI scores [17]. Dejae-
gher et al. [18] reported the 10-year follow-up results of 
patients treated with the Bryan cervical disk prosthesis 
as neurological recovery in 89% of patients, and signifi-
cant improvement in NDI, MCS and PCS scores com-
pared with the baseline values. In the present study, the 
NDI scores improved from 53.86±9.77 preoperatively to 
22.69±7.26 postoperatively, and the VAS scores reduced 
from 8.74±0.58 to 1.88±1.14. These results were consistent 
with the findings in the previous literature.

In a human cadaver study by Patwardhan et al. [7], a 

greater increase was determined in flexion and extension 
compared with pre-implantation, and reductions in lateral 
bending and axial rotation were observed. However, it was 
stated this may be different in an in vivo environment [7]. 
Bogduk and Mercer [19] determined a significant increase 
in mean flexion and extension movements compared with 
preoperative values, with the segmental lordosis angle in-
creasing from 1.98° to 5.3°. In another study by Anderson 
et al. [1], a 4° increase was reported in the adjacent seg-, a 4° increase was reported in the adjacent seg-
ment of both the ACDF group and the prostheses group. 
Dejaegher et al. [18] reported that the mean ROM was >7° 
in patients treated with a cervical disk prosthesis, and mo-
bility in the prosthesis was maintained in 80% of patients 
following a 10-year follow-up period. In the present study, 
cervical segment ROM was determined to have increased 
from 5.77°±2.19° to 8.49°±2.37° and the segmental lordo-
sis angle increased from 1.98°±2.32° to 5.3°±2.17°.

In addition to the design of the prosthesis, the surgical 
technique affects ROM. Over-distraction of the disk gap, 
protection of the anterolateral annulus and/or posterior 
longitudinal ligament, protection of the uncinate process, 
and leaving osteophytes can cause restriction in motion 
[20]. In the present study, full decompression was ap-
plied to all the patients. The anterolateral annulus and the 
posterior longitudinal ligament were excised, and over-
distraction was avoided. No patient had any complaints 
of restricted motion in the postoperative period. The in-
crease in ROM observed in the postoperative period can 
be considered to be associated with the surgical technique 
used. However, a limitation of the study is, with the excep-
tion of flexion and extension radiographs, no radiological 
studies were performed to measure lateral bending and 
axial rotation.

The association between preoperative and postopera-
tive disk height and ROM has not been clarified fully. In 
a study by Peng et al. [21], patients were treated with Pro-. [21], patients were treated with Pro-, patients were treated with Pro-
Disc C, and improvement in ROM was greater following 
CDR in patients with <4 mm disc collapse preoperatively, 
with the optimal postoperative disc height reported to be 
5–7 mm. These criteria were applied to the present study 
and, in the 15 patients with a preoperative disc height of 
<4 mm, ROM increased from 4.46° to 7.13°. In the 28 
patients with a preoperative disc height of >4 mm, ROM 
increased from 6.37° to 8.59°. Although a greater ROM 
increase was determined in patients with a preoperative 
disc height of <4 mm, no statistically significant difference 
was determined between the two groups (p>0.05).
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The complications reported by Thomas et al. [8] in a 
study of 35 patients treated with the M6 prosthesis in-
cluded subsidence in two patients, aseptic loosening in 
one patient, heterotopic ossification in one patient, and 
neurological deficit associated with hematoma develop-
ing 24 hours postoperatively in one patient, in addition to 
dysphagia or dysphonia lasting >4 weeks in three patients. 
In the present study, complications in the postoperative 
period were that of dysphagia in three patients (15%) and 
voice restriction in two patients (10%); the symptoms 
in all the five patients recovered in 1 week with medical 
treatment.

The low number of patients and the absence of a com-
parative group were major limitations of the present study. 
Therefore, there is a need for further randomized, pro-
spective studies. Another limitation was, although motion 
of the prosthesis in all planes has been claimed, no lateral 
bending radiographs of the patients were taken and no 
preoperative clinical measurements were made of lateral 
bending or axial rotation. Although it is difficult to take 
correct in vivo measurements in the mediolateral plane 
and the axial plane, future studies should be conducted 
in a way that these lateral bending and axial rotation mo-
tions can be evaluated.

Conclusions

ACDF is often applied in current cervical radiculopathy 
and myelopathy surgery and is the currently the accepted 
gold standard treatment. Cervical disc prostheses applied 
with appropriate indications have certain advantages over 
ACDF in the long term. The M6 new-generation cervical 
disc prosthesis mimics the cervical motion unit with mo-
tion in six planes. From the results of the present study 
and previous data in the literature, the fact that there are 
few complications in the mid-term, no heterotopic ossfi-
cation was present in any patient in the present study, and 
flexion-extension ROM was maintained in all the patients, 
make the M6 prosthesis a promising alternative to ACDF.
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