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Abstract

Purpose Previous studies have demonstrated that total

cervical disc replacement (cTDR) represents a viable

treatment alternative to the ‘gold standard’ anterior cervical

discectomy and fusion for the treatment of well-defined

cervical pathologies at short- and mid-term follow-up (FU).

However, the implementation and acceptance of a non-

fusion philosophy is closely associated with its avoidance

of adjacent segment degeneration. Proof of the functional

sustainability and clinical improvement of symptoms at

long-term FU is still pending. The aim of this ongoing

prospective study was to investigate the clinical and radi-

ological results of cTDR at long-term FU.

Methods 50 patients were treated surgically within a non-

randomised prospective study framework with cTDR

(ProDisc CTM, Synthes, Paoli, PA, USA). Patients were

examined preoperatively followed by routine clinical and

radiological examinations at 1, 5 and 10 years after sur-

gery, respectively. In addition to the clinical scores, con-

ventional X-ray images of the cervical spine were taken in

anteroposterior and lateral view as well as flexion/exten-

sion images. Clinical outcome scores included parameters

such as the Neck Disability Index (NDI), Visual Analogue

Scale (VAS), arm and neck pain self-assessment ques-

tionnaires as well as subjective patient satisfaction rates.

The radiological outcome variables included the range of

motion (ROM) of the implanted prosthesis between max-

imum flexion and extension images, the occurrence of

heterotopic ossifications and radiographic signs of adjacent

segment degenerative changes. The reoperation rate fol-

lowing cTDR was recorded as a secondary outcome

variable.

Results A significant and maintained clinical improvement

of all clinical outcome scores was observed after a mean

FU of 10.2 years (VASarm 6.3–2.1; VASneck 6.4–1.9;

NDI 21–6; p\ 0.05). An increase in the incidence and the

extent of heterotopic ossifications was noted during the

post-operative course with a significant influence on the

function of the prosthesis, which, however, did not reveal

any detrimental effect on the patients’ clinical symptoma-

tology. Prosthesis mobility declined from 9.0� preopera-

tively and 9.1� at 1 year FU to 7.7� and 7.6� at the five- and

ten-year FU examinations, respectively. Radiological signs

of adjacent segment degeneration were detected in 13/38

(35.7%), however, in only 3/38 (7.9%) patients this radi-

ological changes were associated with clinical symptoms

requiring conservative treatment. Intraoperative technical

failure in two cases required interbody fusion with a cage

(2/50). One patient (1/48, 2.1%) treated this motion device

had revision surgery at the index level.

Conclusion Cervical total disc replacement with ProDisc

C demonstrated a significant and maintained improvement

of all clinical outcome parameters at a follow-up of

C10 years. The present long-term data reveal that with an

exceptionally low implant-related reoperation rate and low

symptomatic adjacent segment degeneration rate, cTDR

may be regarded as a safe and viable treatment option.
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Introduction

Over the past decade, total cervical disc replacement

(cTDR) has been established as a viable treatment option

for a variety of pathologies at a short- and mid-term follow-

up (FU). Clinical studies have demonstrated this procedure

to be a viable treatment alternative to the gold standard

anterior cervical discectomy and fusion (ACDF) [1–9].

However, the underlying fundamental rationale for the

development of this technology was to avoid and to reduce

the incidence of adjacent segment disease (ASD). As a

benchmark reference study, Hilibrand et al. [10] revealed

an incidence of 2.9% ASD annually over a ten-year period

following ACDF. In their cohort, more than 25% of

patients developed adjacent segment degenerative changes

within ten years postoperatively, and more than 2/3 of

these patients required further surgical intervention due to

failed conservative therapy.

To date, only a limited number of long-term studies

have investigated the role of cTDR in terms of both clinical

results as well as radiographic changes.

The primary aim of this current study was therefore to

evaluate the long-term clinical efficacy of this motion

preserving technology with ProDisc CTM (Synthes, Paoli,

PA, USA). The second goal was to establish whether, after

a ten-year period, the prosthesis remains functionally intact

and mobile, and to establish whether subsequent adjacent

segment degenerative changes can be avoided to a suffi-

cient extent.

Materials and methods

Study design

Within the framework of a prospective, non-randomised

study, all patients who were treated with a ProDisc CTM

artificial disc prosthesis at a single large spine center

between 10/2003 and 08/2005 were consecutively included

in this study following their written consent. The investi-

gation included pre-operative data as well as 1-, 5- and

10-year post-operative FU results.

The inclusion and exclusion criteria of this study were

clearly defined prior to the initiation of this study

(Table 1). Primary inclusion criteria included cervical

degenerative disc disease and clinical symptoms of nerve

root compression associated with intractable radiculopathy

with and without neurological deficits between the levels

C3/4 to C6/7, which had proven unresponsive to non-op-

erative treatment.

Clinical, radiological and socio-economic outcome

parameters were determined by means of self-assessment

questionnaires, NDI (Neck Disability Index), VAS (Visual

Analogue Score) arm and neck pain and were completed by

all patients individually. Standardized questions relating to

patient satisfaction and employment status were likewise

completed at each FU stage of the investigation.

Radiological examinations entailed X-ray images of the

cervical spine in two planes as well as flexion/extension

images. Measurements of the prosthesis range of motion

(ROM) as well as of the adjacent segments disc space

heights were performed with Impax software (IMPAX EE,

Agfa Healthcare N.V.).

The extent of heterotopic ossifications (HO) was graded

according to the modified McAfee classification system for

lumbar disc prostheses as previously described by Mehren/

Suchomel et al. (Table 2) [11].

The measurement of the prosthesis’ long-term mobility,

the grading of HO and of adjacent segment degeneration

(ASD) was performed by two independent observers.

Table 1 Inclusion and exclusion criteria for total cervical disc

replacement

Inclusion criteria Exclusion criteria

Symptomatic cervical disc

disease (DDD)

Infection, tumour

Soft disc herniation Metabolic bone diseases

Cervical spinal stenosis/

hard disc

Translational instability

Adjacent segment

degeneration in fusion

cases

Ankylosing spondylitis, rheumatoid

arthritis

Degeneration C1 segment Myelopathy

Level C3–C7 Ossification of the PLL or diffuse

hyperostosis

Severe osteoarthritis with loss of

intervertebral space height of more

than 80%

Table 2 Characterization of the different grades of heterotopic

ossification (HO) in total cervical disc replacement (cTDR)

Grade 0 No HO present

Grade I HO detectable in front of the vertebral body but not in the

anatomic inter-discal space

Grade

II

HO extending into the disc space. Possible affection of the

function of the prosthesis

Grade

III

Bridging ossifications, which still allow movement of the

prosthesis

Grade

IV

Complete fusion of the treated segment without movement

in flexion/extension
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Adjacent segment degeneration was recorded in the pres-

ence of radiographic anomalies such as the occurrence of

osteophyte formations, reduced height of the intervertebral

disc space or a pathological increase of the segmental

mobility in comparison to the pre-operative images.

In contrast to the work of Hilibrand et al. [10], an post-

operative MRI investigation of the cervical spine was not

routinely included in the present study.

Implant and surgical technique

The ProDisc CTM implant (Synthes Inc., Paoli, PA, USA),

which was used exclusively in this study, was the first gen-

eration of a metal-on-polyethylene, ball-and-socket type

articulating device. Primary stability is provided by keels

which are attached to the endplates and which fit into a

chiseled slot in the cranial and caudal adjacent vertebral

bodies. Long-term stability is provided by a plasma-sprayed

titanium surface which is intended to promote secondary

bony ingrowth. A right-sided anterolateral, microsurgically

modified approach was routinely used as the surgical access

as previously described by Caspar et al. [12].

The discectomy and decompression of the spinal canal

was performed with the assistance of a surgical

microscope.

The midline was marked under a-p fluoroscopy. The

segment was held in distraction by retaining screws. A trial

implant with the appropriate footprint and height was

adequately placed in the intervertebral space. The slots for

the keels were chiseled, guided by the trial implant, which

was followed by the final insertion of the device into the

prepared disc space. Bone wax was used to seal the holes of

the retaining screws, but not for other open bony surfaces

due to the keel-based implantation mechanism. With

regards to post-operative care, a soft collar was used until

wound healing was completed. Non-steroidal anti-inflam-

matory medication was not used routinely.

Statistical analysis

The level of significance was established using the Wil-

coxon test. A p value of less than 0.05 was considered

statistically significant. Interobserver reliability was deter-

mined using the Dahlberg method. A value of [1 was

assumed to represent a statistically sufficient reliability.

Results

Patient characteristics

50 patients were initially included in this study. N = 2

patients experienced intraoperative complications with

fractures of the posterior wall of the vertebral body, which

subsequently required interbody fusion with a cage.

Another patient was excluded at his own request. In this

case, the implant had to be replaced ahead of 1-year FU by

a cage due to ongoing neck pain and significant psycho-

logical distress experienced by the patient.

The average age was 44.8 years (range 25–67 years)

with an equal gender distribution (23f/24m). A total of 70

prostheses were implanted from C3/4 to C6/7 as outlined in

Table 3.

A monosegmental prosthesis was implanted in 27 cases

(57.4%), bisegmental cTDR in 17 cases (36.2%) and a

three-segmental disc replacement was performed in n = 3

cases (6.4%), respectively. The mean FU was 10.2 years

(range 9.6–11.7 years), with a FU rate of 80.9% (n = 38).

Clinical outcome scores

A statistically significant improvement of VAS and NDI

scores was noted at all FU examinations. The VAS for arm

and neck pain improved over the entire course of the

observation period from 6.3 and 6.4 preoperatively to a

stable value of 2.1 and 1.9 at the 10-year FU, respectively

(p\ 0.005).

Likewise, the NDI revealed a significant improvement

(p\ 0.005) from 21 points preoperatively to six points at

the last FU (Fig. 1).

This highly significant improvement of VAS and NDI

scores was reflected in similarly high patient satisfaction

rates at the 10-year FU examination. 78.9% (n = 30/38) of

all patients reported a highly satisfactory outcome, 21.1%

(n = 8/38) a satisfactory outcome and 89.5% (n = 34) of

Table 3 Patient characteristics

Number of patients initially

included

50

2 intraoperative conversions to

fusion

1 revision with fusion

9 patients lost to FU at 10 years

Gender distribution

(female/male)

23:24

Mean age (range) 44.8 (25–67)

Single-level surgery 27 (57.4%)

Two-level surgery 17 (36.2%)

Three-level surgery 3 (6.4%)

Level operated

C3/4 3 (6.4%)

C4/5 10 (21.3%)

C5/6 28 (59.6%)

C6/7 29 (61.7%)

Total number of implants 70

FU rate after 10 years 80.8%
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all patients reported that they would, when asked retro-

spectively, opt to undergo surgery again. The remaining

10.5% (n = 4) of all patients did not wish to provide their

subjective outcome.

Up until the final 10-year FU examination, none of the

patients had to be re-operated on for symptomatic adjacent

segment degeneration. Three patients received conserva-

tive treatment including selective fluoroscopically guided

spine infiltrations due to symptoms of recurrent neck pain,

which provided a sustained improvement of their

complaints.

Thus, the overall reoperation rate in this cohort was

2.1% (1/48).

Radiological findings

No cases of prosthesis dislocations were observed in n = 70

implanted devices. A significant subsidence of the cranial

implant component was observed in one case where the

patient was involved in a motor vehicle accident 6 months

after surgery. Conservative therapy and immobilization of

the cervical spine with a brace over a 3-month period served

to achieve a complete remission of symptoms.

The subsequent course revealed an anterior bony

bridging with complete fusion of the affected segment.

The index segment revealed a mean pre-operative ROM

(range of motion) of 9.0�. This ROM declined to 7.6� and

7.7� at the 5- and 10-year FU examination, respectively

(p = 0.03). The median prosthesis ROM was 9.1� preop-

eratively, 9.0� at the 1-year FU examination and 7.7� and

7.6� at the 5- and 10-year FU as outlined in Fig. 2,

respectively.

In addition, the incidence of heterotopic ossifications

had a significant influence on the device mobility from

grade 3 HO onwards with significantly reduced ROM

values (Fig. 3).

A significantly increasing incidence and severity of

heterotopic ossifications was furthermore observed during

the post-operative course (Fig. 4). Ultimately, at 10-year

FU, grade 0 ossifications were observed in 10% of all

cases, grade 1 in 10% of cases, grade 2 in 22% of cases,

grade 3 with functional impairment of the prosthesis in

32% of cases and grade 4 with solid fusion of the index

segment in 26% of cases.

There was no significant correlation between the

occurrence of heterotopic ossifications and the clinical

outcome parameters in terms of VAS neck scores up
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Fig. 1 Clinical parameters at the 1-, 5- and 10-year follow-up (FU) examination
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Fig. 2 Pre- and post-operative range of motion (ROM) of the index

segment
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until the 10-year FU (NDI: p = 0.34; VAS arm:

p = 0.60).

According to well-defined pre-operative criteria, radio-

logical signs of adjacent segment degeneration (ASD) were

observed in 35.7% (n = 13) of all radiologically evaluated

cases at the 10-year FU. A cranial ASD was detected in

n = 10 cases, and caudal adjacent level degenerative

changes in n = 3 cases.

The correlation between the device mobility and the

occurrence of ASD is shown in Fig. 5. A highly significant

difference can already be detected preoperatively with

respect to the prosthesis mobility and the occurrence of

ASD at later post-operative FU stages. (p = 0.0024). This

discrepancy became even more pronounced in the subse-

quent long-term course (p\ 0.0006).

The radiological changes became clinically symp-

tomatic as an ASD in n = 3 patients with axial neck pain

as the leading complaint (n = 3/38; 7.9%). All three

patients were treated conservatively. Physiotherapy and

fluoroscopically guided spine infiltrations of the adjacent

level facet joints led to a satisfactory improvement of the

clinical symptomatology. With the exception of the case

described above, no secondary revision surgery was nec-

essary for any of the patients right up to the last FU.

Discussion

The effectiveness of cTDR has been under investigation for

many years. One of the major challenges for cTDR

includes the highly satisfactory clinical results of the ‘‘gold

standard’’ treatment ACDF. At short term FU, no signifi-

cant differences can be found between both technologies as

long as the same adequate decompression techniques are

performed. Numerous studies have demonstrated, however,

that both cTDR and ACDF achieved comparatively similar

improvements in all clinical outcome parameters

[3, 4, 6, 8, 9, 13, 14]. However, a number of studies

demonstrated that at short- and mid-term FU, the rates of

post-operative revision surgeries were significantly lower

and in favour of cTDR [1, 3, 5, 15]. The underlying reasons
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for this observation included implant and technique-related

issues, which were linked to the fusion of the segments (i.e.

non-union, implant subsidence and others). However, the

ultimate proof that motion preservation with cTDR devices

may result in lower rates of adjacent segment degeneration

as well as lower reoperation rates is still pending.

Long-term follow-up of clinical outcome parameters

The present study cohort revealed a significant and main-

tained improvement of all clinical outcome parameters

(NDI, VAS arm, VAS neck) at all post-operative stages in

comparison to baseline levels up until the 10-year FU

examination.

Similar observations were verified in a number of

studies, which demonstrated comparable post-operative

scores at different long-term observation periods, ranging

between 4 and 30 years, and irrespective of the type of

prosthesis used [2–4, 16–19].

However, a systematic review which compared cTDR

with ACDF did not detect any relevant differences in dis-

ability, pain, general state of health, neurological success

and satisfaction parameters at 2 years of FU [13].

These findings can, however, no longer be upheld based

on the data from current comparative long-term studies, as

previously published RCTs demonstrated statistically sig-

nificantly superior clinical results for the cTDR group in

comparison to the patients treated with ACDF [3, 4]. As an

explanation for these findings, the significantly lower long-

term revision rates, especially at the adjacent segment,

should be taken into consideration. Janssen et al. published

their data from a prospective randomised U.S. FDA

investigation device exemption study of the Prodisc C with

7 years of follow-up. The authors found similar clinical

outcomes between the Prodisc C (n = 103) and ACDF

group (n = 106), however, with lower rates of second

surgery observed in the cTDR cohort. Loumeau et al. [3]

assessed the data from an RCT and compared the results

from monosegmental treatments between Prodisc C versus

ACDF with 7 years of FU. Revision surgeries had to be

carried out in 27% of all cases in the cohort of fusion

candidates, 9% thereof at the adjacent segment and 18% at

the index segment due to pseudoarthrosis. Conversely,

however, no revision surgery was required in the cTDR

cohort. In a similar randomised study setting comparing

monosegmental fusion with plate versus Prodisc C, Dela-

mater et al. [20] reported somewhat lower reoperation rates

at the 5-year FU. The ACDF group demonstrated a five

times higher reoperation rate (16/106), mainly due to

pseudoarthrosis (6/106) and symptomatic adjacent segment

degeneration (8/106).

In comparison, the reoperation rate following total cer-

vical disc replacement appeared to be low with only 2.9%

(2/103 revision cases performed at the index segment;

1/103 at the adjacent segment), which was one of the main

findings of the study.

In the current study, after an average FU of 10.2 years,

only one reoperation was required in a patient with per-

sisting neck pain and concomitant psychological distress,

which was referred to the prosthesis and which therefore

necessitated a conversion to an ACDF. There were no

further cases, which required reoperation due to implant

failure or adjacent segment disease. Hisey et al. reported

the similar results of a RCT study comparing Mobi C with

ACDF at 48 month of follow-up with only 0.6% of patients

that underwent subsequent surgery to treat symptoms

arising from the adjacent level to the index level in the

TDR group in comparison to 3.7% in the fusion group [15].

Therefore, those patients treated with disc prosthesis

demonstrated a 2% reoperation rate in this present long-

term FU investigation. Including the two cases which

required an interbody fusion with a cage resulting from

intraoperative complications due to technical failures, the

overall ‘‘intent to treat’’ reoperation rate was 3/50 (6%).

This low incidence of revision cases over a long-term

FU in particular is one of the key arguments, which pro-

motes the use of cTDR, irrespective of potentially con-

comitant radiological changes or the occurrence of

heterotopic ossifications.

Adjacent segment degeneration

Up until the last FU, after an average of 10.2 years, adja-

cent segment degenerative changes such as disc height

reduction, endplate sclerosis or development of spondylo-

phytes were observed in 35.7% of all patients that were

available for radiological assessment (n = 13/38). This

rate of adjacent level degenerative changes does not differ

substantially from the repeatedly cited work from Hili-

brand et al. [10] with respect to the annual incidence of

2.9% of an adjacent segment degeneration following

fusion.

Nunley et al. [21] previously reported similar observa-

tions. After a median of 4 years of FU, the authors reported

symptomatic ASD following total cervical disc replace-

ment with an annual incidence of 3.1%. Jawahar et al. [22]

also reported a comparable incidence of ASD. In a RCT, 93

patients were included (59 cTDR versus 34 cases of

ACDF). After a median FU of 37 months (24–49 months),

ASD was diagnosed in 16% of the cTDR patients and in

18% of patients with ACDF.

However, it needs to be highlighted that a routine MRI

investigation of the cervical spine was not included in the

present study protocol. Conversely, the presence of ASD

was determined based on lateral X-ray images by two

independent observers according to previously established
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and well-defined criteria. Similar radiological criteria were

used by Lee et al. [23]. They found adjacent segment

degeneration in 35.7% in the cervical disc arthroplasty

group and in 57.1% in the fusion group at a mean follow-up

of 43.4 resp. 44.6 months for the fusion group. Interest-

ingly, the ASD appeared earlier in the fusion group. The

risk factor analysis indicated a higher lordosis angulation

from C3 to C7 for non-ASD-patients in both groups and the

development of heterotopic ossifications in the arthroplasty

group was associated with the presence of ASP. Contrary

to this study, Di Martino et al. [24] conclude in a sys-

tematic review regarding the cervical spine alignment in

disc arthroplasty that the overall cervical alignment after

TDR tends towards a loss of lordosis. Some studies

demonstrated that focal or global kyphosis after ACDF is

associated with the appearance of adjacent segment disease

[25, 26]. The topic of post-operative cervical alignment as

an influencing factor for ASD has to be studied more in

detail in further investigations.

As outlined in Fig. 5, lower ROM values preoperatively

were already positively correlated with the occurrence of

adjacent level degenerative changes at later post-operative

FU stages.

One possible explanation of the present results could be

that an impaired pre-operative mobility of the motion

segment had already taken effect on the natural course of

degeneration in the adjacent segment. In addition, the

significant decrease in the ROM during the post-operative

course may be interpreted as an indicator of the importance

of maintained motion preservation of the index segment.

At later FU stages, an increase in high-grade ossifications

of the prostheses was noted, which was associated with a

significant reduction in range of motion. Despite the fact

that this had no significant adverse effects on the clinical

outcome parameters, as noted in other studies [27–33],

efforts should be made to avoid the occurrence of HO.

Ament et al. conclude in a cost-effectiveness study

regarding cTDR and ACDF for the treatment of two-level

cervical degenerated disc disease that cTDR appears to be a

highly cost-effective surgical modality compared with

ACDF. Qureshi et al. analysed the cost-effectiveness

comparing single level TDR and ACDF and conclude also

that cTDR and ACDF are cost-effective procedures, but

cTDR must remain functional for at least 14 years to

establish greater cost-effectiveness than ACDF [34]. The

appearance of HO right up to solid fusion (Grade 4) is a

well known complication in cervical total disc replacement

which can affect the motion, respectively, the function of

the prosthesis [31, 32, 35] regardless the implant-type

[7, 11, 17, 27, 28, 36–39]. The progression of HO into

higher grades over time was also seen in other studies

[28, 32]. Up to now there is no study available that could

demonstrate a significant effect of the use of NSAID in the

early post-operative period to avoid or reduce the incidence

of HO. Nevertheless, at least a trend toward less HO for-

mation and fewer immobile discs in patients who used

NSAID’s after could be observed [29, 39, 40]. Further

possible underlying causes for the high incidence of

heterotopic ossifications may include the preparation of the

end plates as well as the opening of the cortex resulting

from the chiseling of the keels during implant insertion

[39, 41]. Future studies should therefore investigate whe-

ther further developments and design changes which serve

to avoid damages to the vertebral body surface may ulti-

mately reduce the incidence of heterotopic ossifications.

Study limitations

One of the limitations of this present investigation is a

potential selection bias, which may be attributed to the fact

that the data are derived from a non-randomised case

series.

In addition, an adequate assessment of adjacent segment

degenerative changes is challenging without post-operative

MRI imaging of the cervical spine. However, due to the

above mentioned and previously defined radiological cri-

teria examined in conjunction with an additional clinical

deterioration, an adjacent segment disease can still be

diagnosed adequately.

Conclusions

Cervical artificial disc replacement with ProDisc C

demonstrated a maintained, significant and satisfactory

improvement of all clinical parameters over a long-term

FU. Although a substantial rate of high-grade ossifications

(grade 3 and 4) have previously been published, the present

data did not reveal any detrimental effect on the patient’s

clinical symptomatology. With low implant-related reop-

eration rates and low symptomatic adjacent segment

degeneration rates after a FU period of 10.2 years, artificial

cervical disc replacement can be regarded as a safe and

effective treatment option.
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