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Background Context: For cervical disc replacements to be comparable to the gold standard of cervical discectomy and fusion (ACDF), disc replace-
ments must be able to provide motion as well as predictable and reliable correction of cervical alignment. The Synergy Disc was designed to provide 
alignment correction in the sagittal plane while restoring physiologic range of motion.
Purpose: This study evaluated whether the Synergy Disc provided preservation and/or restoration of sagittal alignment while normalizing kinematics 
and providing acceptable clinical outcomes. The alignment provided by the Synergy Disc was compared with a retrospective cohort of 30 single 
level ACDF patients
Study Design/Setting: The pilot trial was a multi-center, prospective, consecutive patient enrollment study using the Synergy Disc for the treatment 
of single and two-level degenerative disc disease of the cervical spine.
Patient Sample: The procedure was performed on 43 patients (45 implants) with follow-up on 40 patients (42 implants). For the historical cohort ACDF 
arm, 30 patients with similar follow-up with single level anterior discectomy, fusion and plating were used for segmental lordosis measurements.
Outcome Measures: For the Synergy Disc group, the kinematic outcome parameters included: range of motion (ROM), shell angle (SA), disc height 
(DH), sagittal plane translation and center of rotation (COR) in the X and Y direction. Standard assessments of clinical outcomes were also measured 
(Neck Disability Index, Visual Analog Scale). For the fusion arm, only functional spinal unit (FSU) angle was recorded using a single pre-operative 
and post-operative standing lateral cervical radiograph
Methods: In the Synergy Disc group, static and dynamic radiological assessments were performed in 43 consecutive patients prior to the placement 
of the Synergy Disc. Forty patients were studied for the course of the study protocol (3 patients lost to follow-up). For the Synergy Disc group, lateral 
cervical radiographs were evaluated for ROM, translation, COR, DH and SA before and at the longest follow-up post surgery. Neck Disability Index 
and Visual Analog Scale for arm and neck pain were collected and analyzed. For the fusion group, standing lateral radiographs were reviewed.
Results: At a mean of 28 months with all patients having a minimum of 24 month follow-up (40 patients, 42 implants), the average SA of the Synergy 
Disc was maintained at 6±2.7° of lordosis. Pre-operative ROM, translation and COR X did not change significantly following surgery. There was 
a significant superior shift in the COR Y. There was significant improvement in all clinical outcome measures. In the fusion group, with a similar 
follow-up period, there was a 4° increase in lordosis at the FSU. 
Conclusions: The Synergy Disc provided lordosis at the surgical level, while maintaining pre-operative ROM, translation and COR X. The lordosis 
of 6±2.7° provided by the Synergy Disc at 2 years following surgery was comparable to the lordotic correction provided by an anterior cervical 
discectomy with interbody fusion and plating.
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Servikal Disk Artroplastisinden Sonra Sagital Dizilimdeki Değişiklikler: 
24 Aylık Pilot Çalışmanın Sonuçları
 
Arka Plan İçeriği: Servikal disk replasmanlarının altın standart olan servikal diskektomi ve füzyonla (ACDF) karşılaştırılabilir düzeyde olması 
için disk replasmanları hem normal hareket erimi (ROM)   hem de servikal dizilimde öngörülebilir ve güvenilir bir düzelme sağlayabilmesi gerekir. 
Fizyolojik hareket açıklığını sağlarken sagital düzlemde dizilimi düzeltmek üzere  Synergy Disc tasarlanmıştır.
Amaç: Bu çalışma, Synergy Disc’in kinematiği normalleştirip kabul edilebilir klinik sonuçlar sağlarken  sagital düzlemde dizilimi düzelttiği ve/veya  
koruyup koruyamadığını değerlendirmiştir.Synergy Disc ile sağlanan dizilim 30 adet tek seviyeli ACDF uygulanmış bir retrospektif kohortunkiyle 
karşılaştırılmıştır.
Çalışma Tasarımı/Ortamı: Bu çalışma servikal omurganın tek ve iki seviyeli dejeneratif disk hastalığının tedavisinde Sinergy Disc’in kullanıldığı çok 
merkezli, prospektif ardışık hasta katılımlı bir pilot çalışma idi.
Hasta Evreni: Kırk üç hastanın (45 implantla)  katıldığı, 40 hasta (42 implantın) takip edildiği bir uygulama yapılmıştır. Retrospektif kohort olan ACDF 
kolunda, segmental lordoz ölçümleri için  tek seviyeli anterior diskektomi, füzyon ve plakla tespit  yapılmış benzer takip süreli 30 hasta mevcuttu.
Sonuç Ölçümleri: Synergy Disc grubu için kinematik sonuç ölçümleri, hareket açıklığı (ROM), kabuk açısı (SA), disk yüksekliği (DH), sagital 
planda kayma (translasyon), X ve Y eksenlerinde dönme merkezini (COR) içermiştir. Klinik sonuçların standart ölçümleri de yapılmıştır (örn: Boyun 
Disabilite İndeksi, Görsel Analog Ölçeği). Füzyon yapılan çalışma kolunda ameliyat öncesi ve sonrası ayakta çekilen tek bir servikal radyogramda 
yalnızca fonksiyonel spinal birim açısı (FSU) kaydedilmiştir.
Yöntemler: Synergy Disc grubunda , Synergy Disc yerleştirilmeden önce 43 ardışık hastada statik ve dinamik radyolojik değerlendirmeler yapılmış-
tır. Çalışma protokolü sürecinde 40 hasta çalışılmıştır (3 hasta takibe gelmemiştir). Synergy Disc grubunda hareket açıklığı, dönme merkezi, disk 
yüksekliği ve kabuk açısı için hem ameliyat öncesinde hem de postoperatif en uzun takipte lateral servikal radyogramlar değerlendirilmiştir. Kol ve 
boyun ağrısı için Boyun Disabilite İndeksi ve Görsel Analog Ölçeği puanları toplanmış ve incelenmiştir. Füzyon grubunda ayakta çekilen lateral 
radyogramlar gözden geçirilmiştir.
Bulgular: En azından 24 ay izlenen hastaların tümünde (40 hasta, 42 implant) ortalama 28 ayda Synergy Disc’in  ortalama kabuk açısı (SA) 6 
± 2.7° lordozda sabitlenmiştir. Cerrahi sonrasında ameliyat öncesi hareket açıklığı, translasyon  ve X ekseninde dönme merkezi anlamlı derecede 
değişmemiştir. Dönme merkezinde Y-ekseninde anlamlı derecede yukarıya doğru yer değişimi olmuştur. Tüm klinik sonuç ölçümlerinde önemli bir 
iyileşme meydana gelmiştir. Benzer  takip dönemli füzyon grubunda spinal birim açısında lordozda 4o artış olmuştur.
Sonuçlar: Synergy Disc, preoperatif hareket açıklığını, translasyon ve X-ekseninde dönme merkezini  koruyarak cerrahi düzeyde lordoz sağlamıştır. 
Cerrahiden 2 yıl sonra Synergy Disc ile sağlanan 6 ± 2.7° lordoz, intervertebral füzyon ve plakla fiksasyonla birlikte uygulanan anterior servikal 
diskektomiye karşılaştırılabilir düzeydeydi.

Anahtar kelimeler: sagital denge, kifoz; servikal artroplasti; servikal sagital dizilim; Synergy Disc, kinematik, dönme  merkezi. yapay disk
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INTRODUCTION

Degenerative disc disease (DDD) can result in 
loss of focal cervical lordosis and disc height 
(1). When surgery is required for refractory ra-
diculopathy or myelopathy, the goals of ante-
rior cervical discectomy and fusion (ACDF) 
have included correction or preservation of 
sagittal balance following neural decompres-
sion (2). Cervical arthroplasty has emerged as an 
alternative treatment option in treating cervi-
cal DDD, providing the advantage of preserv-
ing motion and potentially preventing adjacent 
segment disease (ASD) (3,4). For intervertebral 
disc replacements to be comparable to the gold 
standard of ACDF, however, disc replacements 
must be able to provide motion as well as pre-
dictable and reliable correction of cervical 
alignment. 

The Synergy Disc (Synergy Disc Replace-
ment, Inc., Toronto, Canada) incorporates a 
geometry that provides controlled alignment 
correction in the sagittal plane while restor-
ing physiologic range of motion (ROM). The 
Synergy Disc has a titanium-on-polyethylene 
articulation with a mobile center of rotation 
(COR) and varying degrees of alignment cor-
rection incorporated into the polyethylene core 
(Figure 1). 

The kinematic outcome of a small subset of 

single level Synergy Disc patients has been pre-
viously compared with Bryan and ProDisc-C 
patients (5). Crawford et al. previously reported 
cadaveric biomechanical and finite element 
analysis results with testing of alignment con-
trol with the Synergy Disc (6). The goal of the 
present study was to report the 2-year results of 
the Synergy cohort to determine if it can pro-
vide a sagittal alignment correction comparable 
to ACDF. 

MATERIALS AND METHODS

Patient population
Forty-three consecutive patients with objective 
clinical and radiographic evidence of DDD caus-
ing refractory radiculopathy and/or myelopathy 
were prospectively enrolled in this pilot safety 
study with Synergy Disc insertion. In all cases, 
patients underwent anterior cervical discectomy 
(ACD) with excision of the posterior longitudi-
nal ligament, followed by implantation of the 
Synergy Cervical Disc prosthesis. 

Patient Selection Criteria
Surgery was offered to patients who had failed 
non-surgical management, demonstrated clini-
cal history, physical findings and MR imaging 
that was consistent with cervical radiculopa-
thy and/or myelopathy. Pre-operative radio-
graphs exhibiting only single-level or 2-level 
DDD were included in this study. Ten patients 

Figure 1. Synergy disc showing device endplates maintained at a 6° lordotic configuration in the neutral position. 
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had pre-operative straightening of the cervi-
cal spine, while eight patients had a reducible 
kyphosis. The remaining 22 patients demon-
strated a pre-operative cervical lordosis. Exclu-
sion criteria included previous cervical spine 
surgery, trauma, active infection, osteoporosis, 
multilevel spondylotic disc degeneration and 
radiographic signs of instability. A standard, 
right-sided cervical approach for ACD was per-
formed in all patients. Patients were positioned 
supine with the neck in neutral alignment. After 
removal of the disc material and decompression 
of the spinal cord/nerve roots, minimal endplate 
preparation was needed for device insertion. 
The posterior longitudinal ligament was divid-
ed in all cases. Under fluoroscopy monitoring, 
the device was inserted. 

For the retrospective fusion arm, 14 patients had 
a normal pre-operative lordosis, 10 had pre-op-
erative straightening of the cervical spine, and 6 
had focal kyphosis at the surgical level.

Clinical Evaluation
All patients undergoing Synergy Disc insertion 
underwent routine general and neurological 
evaluations and were asked to pre-operatively 
complete the Neck Disability Index (NDI) ques-
tionnaire and visual analog scale (VAS) for arm 
and neck pain in order to measure disease spe-
cific and overall well-being outcomes. These 
questionnaires were re-administered at the 1.5, 
3, 6, 12 and at 24-months post-operatively.

Radiographic Analysis
For the Synergy Disc arm, independent prospec-
tive x-ray analysis of radiographs was carried 
out by Medical Metrics, Inc., Houston, TX. Stat-
ic and dynamic standing upright neutral, flexion 
and extension cervical radiographs were ob-
tained pre-operatively and at all post-operative 
follow-up visits to assess device kinematics and 
alignment. Validated radiographic Quantitative 
Motion Analysis (QMA) software (Medical Met-

rics, Inc., Houston, TX), was used to analyze the 
kinematics at the index level(s) (3). The software 
uses an advanced pattern-recognition algorithm 
to generate accurate measurements of ROM, 
shell angle (SA), disc height (DH), sagittal plane 
translation and COR in the X and Y direction. 

For the fusion arm, the FSU was retrospective-
ly calculated by an independent observer on 3 
separate occasions for each radiograph and aver-
aged to ensure accurate measurement of the FSU 
angle.

Synergy Disc Description

The Synergy Cervical Disc is a MRI prosthesis 
made with a titanium-on-polyethylene articula-
tion, with a mobile COR and varying degrees 
(0° and 6°) of lordotic correction incorporated 
into 5-6 and 6-7 mm height devices. The sagit-
tal and coronal alignment control is incorporated 
into the polyethylene. Fully coupled ROM is 
possible. The insertion technique is ACDF-like, 
incorporating a lordosis trial before insertion of 
the device. For this pilot study, 6° lordotic cores 
with a 5-6 mm height were used in all cases.

Statistical Analysis
Mean values and standard deviations (repre-
sented after ±) were determined for ROM, SA, 
DH, translation and COR X and Y. Analysis was 
completed using a two-tailed Student’s t-test 
with an alpha level set at 0.05. A paired t-test 
was further used to assess any significant differ-
ences between pre and post-operative NDI and 
VAS scores.

RESULTS

SYNERGY DISC GROUP

Patient population
Forty patients (38 patients with 1-level and 2 pa-
tients with 2-level) were assessed at a minimum 
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of 24 months following surgery. The mean age 
was 45.8 years (22 males and 18 females). Three 
patients did not have the required minimum 24 
month follow-up evaluation and were excluded. 
The 3 excluded patients, however, they did not 
demonstrate any complications at the time of 3 
and/or 6-month follow-up. All device sizes were 
used (small 35%; medium 47% and large 18%). 
All inserted devices had a 6-degree core with a 
5-6 mm height. There was immediate relief of 
radiculopathy and/or myelopathy in all cases, 
with no complications related to the surgical 
approach, instrumentation or the device. No ex-
plantations or reoperations were performed and 
no delayed device complications including mi-
gration, subsidence, fusion or heterotopic ossi-
fication as identified by lateral radiographs was 
encountered at any time-points in the follow-up 
period. 

Clinical Outcomes
There was a significant improvement in the 
mean VAS neck pain score at the last follow-
up (8.2±1.0 pre-operatively vs. 0.5±0.5 post-
operatively, p<0.05). Similarly, mean VAS arm 

pain scores improved significantly (7.9±0.6 pre-
operatively vs. 0 post-operatively, p<0.05). Over 
the 24 month period, mean NDI scores also im-
proved significantly (4.1±0.8 pre-operatively vs. 
1±0.2 post-operatively, p<0.05). 

Radiographic Outcomes 
The mean pre-operative disc angle (DA) was 
4.28±5.45°. In all cases, a 6° lordotic core was 
inserted into the device. At 24 months the aver-
age SA of the Synergy Disc was 6±2.7° of lordo-
sis. There was a significant increase in lordosis 
at the index level p= 0.007. There were no cases 
of post-operative kyphosis. 

ROM was maintained at the index level 24 
months following surgery (12±5.2° pre-opera-
tively vs. 9.7±4.2° post-operatively; p>0.05; Fig-
ure 2). Pre-operatively, the mean DH was 3.5±0.8 
mm. Following insertion of the 5-6 mm Synergy 
Disc, the DH increased significantly (3.5±0.8 
mm pre-operatively vs. 4.8±1.0 mm post-oper-
atively, p<0.05). Sagittal plane translation did 
not change following surgery (1.4±1.0 mm pre-
operatively vs. 1.6±1.2 mm post-operatively, 

Figure 1. Extension (A), neutral (B) and flexion (C) lateral radiographs 24 months following insertion of Synergy Disc demonstrating 
13.9 degrees of ROM from extension to flexion and an upright (B) disc angle of 6.7 degrees of lordosis in neutral.
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p>0.05). Similarly, COR X remained unchanged 
(-0.8±0.9 mm pre-operatively vs. -0.3±0.7 mm 
post-operatively, p>0.05) while a superior shift 
occurred in COR Y (3.8±2.3 mm pre-operatively 
vs. 2.3±2.4 mm post-operatively; p<0.05). 

FUSION GROUP

Thirty patients with single level ACDF were ret-
rospectively reviewed for FSU angle measure-
ments pre and a mean of 19 months post ACDF. 
The pre-operative FSU angle measurement at 
the index level was 0.71±3.95°. Following sur-
gery, the FSU angle increased to 4.74±2.42°, 
representing a significant increase in lordosis 
at the surgical level, p<0.05 (Figure 3). Post-
operatively, 27 patients demonstrated lordosis at 
the surgical level, with only 3 cases of a parallel 
configuration at the surgical level.

DISCUSSION

The Synergy Disc is unique by its variable lordo-
tic core, designed to correct pre-operative sagit-
tal alignment and maintain cervical lordosis. Our 
pilot results demonstrated physiological ROM 
with a maintained 6° of lordosis in the implant 
at 24 months post-surgical follow-up. In 18 Syn-

ergy cases, there was pre-operative straightening 
of the cervical spine or a focal reducible kyphotic 
segment. The 6° Synergy Disc provided 6±2.7° 
of lordosis to the surgical level in all patients. To 
relate the lordosis correction of the Synergy Disc 
with the gold standard, we retrospectively col-
lected 30 ACDF cases with comparable follow-
up and analyzed the FSU for this retrospective 
series of fusion cases. Both the Synergy Disc 
and ACDF provided improved sagittal balance 
post surgery.

Although the initial design specifications of a 
cervical disc replacement was the maintenance 
of motion, concerns regarding cervical align-
ment have increasingly become prevalent in the 
literature (8,10,11,15). Pickett et al. initially reported 
a loss of lordosis (mean of 6°) at the surgical 
level following insertion of the Bryan cervical 
disc (8). In a larger combined series, Pickett et al. 
found that 49% of inserted artificial discs (n=96) 
demonstrated varying degrees of kyphosis on 
lateral neutral radiographs (16). Kim et al found 
only 36% of patients with a pre-operative lor-
dotic alignment were able to maintain lordosis 
following surgery (15). Although no studies have 
specifically looked at cervical disc replacement 
kyphosis and neck pain, studies involving cer-

Figure 3. In the ACDF group, the pre-operative Functional Spinal Unit (FSU) angle measurement at the index level was 0.71± 3.95°. At, 
the FSU angle increased to 4.74± 2.42°, representing a significant increase in lordosis at the surgical level, p<0.05. Error bars represent 
standard deviation.
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vical fusion have reported new onset of axial 
symptoms and accelerated ASD related to seg-
mental kyphosis at the surgical level (2,17). Design 
limitations and technical nuances may contrib-
ute to the poor results in segmental alignment 
reported with some current cervical disc replace-
ments (18,19). Factors such as neck positioning in 
extension, overdrilling, asymmetry of vertebral 
endplates, angle of disc insertion, pre-existing 
kyphosis and the structural absence of lordosis 
incorporated into the device have been implicat-
ed in the development of post-operative kypho-
sis (10,15,20). As stated by Kim et al., “artificial disc 
prosthesis has a passive nature in its design, and 
is not designed to correct kyphosis; hence one 
would expect that it would be unable to restore 
lordosis to the spine (15).” In our pilot, no cases 
of post-operative kyphosis were encountered. 
Neck pain, which is commonly associated with 
post-operative kyphosis, was negligible as dem-
onstrated by the VAS neck pain scores (17). In a 
retrospective study by Tracey et al., single level 
cervical disc arthroplasty was compared with 
single level anterior discectomy and fusion (21). 
In this cohort of 259 patients, the arthroplasty 
group (n=171) had a 15.8% (n=27 patients) 
rate of persistent neck pain, whereas the fusion 
group had a 12.5% (n=11 patients) rate of pain. 
Although the authors did not describe alignment 
measures for both groups, it is possible that the 
rates of reported neck pain were related to post 
operative sagittal alignment.

Previous studies have demonstrated that the Pro-
Disc-C had a slightly lordotic SA of 1.1±3.6º, 
with 15% of patients demonstrating worsening 
kyphosis and 15% demonstrating hyperlordosis 
(5. Similar studies by Anakwenze et al. and Ahn 
et al. suggest that the ProDisc-C can provide a 
modest increase in lordosis at the index level 
(22,23). Rabin et al., however, demonstrated that a 
lordotic configuration of ProDisc-C endplates at 
the surgical level was associated with restricted 
segmental ROM and translation from neutral to 

extension (24). Similar to other ball-and-socket 
disc replacements, the ProDisc-C was not de-
signed to actively correct sagittal alignment. Du 
et al. recently described early clinical results 
with the Discover Cervical Disc (DePuy Spine, 
Raynham, MA, USA) (25). The Discover disc in-
corporates 7º of lordosis evenly distributed in 
the device endplates, requiring precise endplate 
preparation and sculpting to receive the prosthe-
sis (25). Despite the lordotic endplates, however, 
the Discover disc has been reported to assume 
a kyphotic orientation (25). It remains to be seen 
whether incorporation of lordosis into the end-
plates and polyethylene core are equally effec-
tive in preserving and/or correcting pre-operative 
sagittal balance.

Preservation or the correction of sagittal balance 
in the cervical spine has become an important 
and recognized goal in cervical spine surgery 
(7,8). DDD is characterized by deterioration and 
collapse of the intervertebral disc accompanied 
by alterations of the spinal curvature (2). Shim 
et al. reported a pre-operative disc angle (at in-
dex level) to be -0.7° (n=47 patients) in patients 
presenting with symptomatic degenerative disc 
disease (9). Fong et al. studied 10 patients under-
going Bryan cervical disc arthroplasty and found 
that 40% had pre-operative angles between 1-2° 
lordosis and 30% were straight (parallel with 0°) 
(10). Similarly, Johnson et al. studied 13 patients 
with a mean pre-operative angle of 1° and noted 
that the symptomatic segment was kyphotic be-
cause of a loss of anterior DH (11). In a larger se-
ries (n=242), Takeshima et al. described 22% of 
DDD patients having a straight spine and 43% 
having a kyphotic angulation (12). Traditional 
fusion strategies have incorporated techniques 
for restoration of appropriate sagittal balance 
(2,12,13). Harrison et al. studied 252 asymptomatic 
subjects and found that the average lordosis be-
tween cervical vertebrae was between 6 and 7 
degrees (14). In our study, for the fusion group, the 
pre-operative FSU angle measurement at the in-
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dex level was 0.71±3.95°, consistent with loss of 
anterior disc height and paralleling of the verte-
bral endplates associated with disc degeneration. 
Following surgery, the FSU angle increased to 
4.74±2.42°, representing a significant increase in 
lordosis at the surgical level, p<0.05. For all fu-
sion cases, lordotic allograft and cervical plates 
were utilized. For the Synergy group, the mean 
pre-operative DA was 4.28±5.45°. Following 
disc replacement, the SA demonstrated 6±2.7° 
of lordosis. Hence, both ACDF and the Synergy 
Disc provided an increase in lordosis at the sur-
gical level.

The Synergy Disc maintained ROM comparable 
to other devices (3,5). The DH at the index level 
following insertion of the 5-6 mm device was 
37% greater than the pre-operative DH of to 3.5 
mm. Garcia et al., CSRS 2006, suggested that 
overstuffing of the disc space may lead to de-
creased ROM, without any significant improve-
ment in foraminal height (26). The Synergy Disc 
provided pure translation, with no significant 
change in translation demonstrated between pre 
and post-operative radiographs. Following in-
sertion of the device, there was an insignificant 
change in COR X values but a significant 1.3 
mm superior shift in the COR Y value. The clini-
cal consequences of shifting the COR by 1.3 mm 
remain unknown.

Juhl et al. reviewed asymptomatic individuals 
and found only 60% of individuals had a pre-
served cervical lordosis, while 19% and 21% 
had either a straight or kyphotic curvature, re-
spectively (27). As such, the indication for cervical 
arthroplasty in our practice and in the literature 
has progressively narrowed, excluding patients 
without a normal pre-operative cervical lordo-
sis (4). This is reflected in our selection bias for 
arthroplasty cases, with the mean pre-operative 
DA for the Synergy group being 4.28±5.45° and 
the preoperative FSU angle for the fusion group 
being 0.71±3.95°. Given this bias, we did not 

directly compare the groups. In our small pilot 
study, however, the Synergy Disc did provide 
acceptable lordotic correction in patients with 
pre-operative straightening or a focal, reduc-
ible kyphosis, much like an ACDF. Alignment 
incorporating disc replacements may present an 
opportunity to improve sagittal alignment and 
potentially expand the indication for cervical ar-
throplasty.

Study limitations
The goal of this pilot, feasibility study was to 
determine if the Synergy Disc could provide a 
predictable impact on sagittal alignment at the 
surgical level. As such, this study was not de-
signed to randomize patients into a control arm 
with either fusion or an existing cervical disc re-
placement that does not actively correct sagittal 
deformity. 

Software analysis of in vivo kinematics may be 
limited by patient factors. Out-of-plane motion, 
pain and patient effort may introduce variability 
over sequential films. Body habitus may obscure 
anatomical detail in the caudal segments of the 
cervical spine and contribute to error within all 
kinematic measures (3). This study addresses only 
flexion/extension ROM and does not character-
ize the biomechanical behavior of any of the de-
vices in axial rotation or lateral bending. Analyz-
ing patients after the first 6 months theoretically 
decreases the influence of post-operative pain 
and patient’s discomfort on overall sagittal mo-
tion, allowing the cervical prosthesis to settle 
and the muscles and facet joints to adapt. In a 
5-year retrospective study on cervical arthro-
plasty by Ryu et al, they found little long-term 
change in kinematic parameters, including SA, 
after the 6 months follow-up period (28). Because 
it is impossible to assess DA following fusion, 
the ACDF group had FSU angle measurements. 
Further follow-up in the Synergy patient group 
will address the durability of sagittal alignment 
correction and the long-term clinical outcomes. 



8

K. Yücesoy, K. Z. Yüksel, M. Yüksel, O. Kalemci, İ. Altun

Sinir Sistemi Cerrahisi / Cilt 6 / Sayı 1, 2016

Summary

Concerns regarding the preservation and resto-
ration of cervical sagittal balance have become 
increasingly prevalent in the literature. This in 
vivo pilot study demonstrated that the Synergy 
Disc provided predictable lordotic alignment as 
did ACDF. 

REFERENCES

1. Rechtman AM, Boreadis Borden AG, Gershon-Co-
hen J. The lordotic curve of the cervical spine. Clinical 
Orthopaedics 1961;20:208-16.

2. Katsuura A, Hukuda S, Saruhashi Y, Mori K. 
Kyphotic malalignment after anterior cervical fusion is 
one of the factors promoting the degenerative process 
in adjacent intervertebral levels. European spine jour-
nal : official publication of the European Spine Society, 
the European Spinal Deformity Society, and the Euro-
pean Section of the Cervical Spine Research Society. 
2001;10(4):320-4.

 https://doi.org/10.1007/s005860000243
3. Pickett GE, Rouleau JP, Duggal N. Kinematic analy-

sis of the cervical spine following implantation of an 
artificial cervical disc. Spine 2005;30(17):1949-54.

 https://doi.org/10.1097/01.brs.0000176320.82079.ce
4. Mummaneni PV, Robinson JC, Haid RW, Jr. Cervi-

cal arthroplasty with the PRESTIGE LP cervical disc. 
Neurosurgery 2007;60(4 Suppl 2):310-4; discussion 
4-5.

 https://doi.org/10.1227/01.NEU.0000255376.42099.13
5. Lazaro BC, Yucesoy K, Yuksel KZ, et al. Effect of ar-

throplasty design on cervical spine kinematics: analysis 
of the Bryan Disc, ProDisc-C, and Synergy disc. Neu-
rosurgical Focus 2010;28(6):E6.

 https://doi.org/10.3171/2010.3.FOCUS1058
6. Crawford NR, Arnett JD, Butters JA, et al. Biome-

chanics of a posture-controlling cervical artificial disc: 
mechanical, in vitro, and finite-element analysis. Neu-
rosurgical Focus 2010;28(6):E11.

 https://doi.org/10.3171/2010.3.FOCUS1063
7. Katsuura A, Hukuda S, Imanaka T, Miyamoto K, 

Kanemoto M. Anterior cervical plate used in degenera-
tive disease can maintain cervical lordosis. Journal of 
Spinal Disorders 1996;9(6):470-6.

 https://doi.org/10.1097/00002517-199612000-00003
8. Pickett GE, Mitsis DK, Sekhon LH, Sears WR, Dug-

gal N. Effects of a cervical disc prosthesis on segmen-
tal and cervical spine alignment. Neurosurgical Focus 
2004;17(3):E5.

 https://doi.org/10.3171/foc.2004.17.3.5
9. Shim CS, Lee SH, Park HJ, Kang HS, Hwang JH. 

Early clinical and radiologic outcomes of cervical ar-
throplasty with Bryan Cervical Disc prosthesis. Journal 
of Spinal Disorders & Techniques 2006;19(7):465-70.

 https://doi.org/10.1097/01.bsd.0000211235.76093.6b
10. Fong SY, DuPlessis SJ, Casha S, Hurlbert RJ. De-

sign limitations of Bryan disc arthroplasty. The Spine 

Journal: Official Journal of the North American Spine 
Society 2006;6(3):233-41.

 https://doi.org/10.1016/j.spinee.2006.01.007
11. Johnson JP, Lauryssen C, Cambron HO, et al. Sagit-

tal alignment and the Bryan cervical artificial disc. Neu-
rosurgical focus 2004;17(6):E14.

 https://doi.org/10.3171/foc.2004.17.6.14
12. Takeshima T, Omokawa S, Takaoka T, Araki M, 

Ueda Y, Takakura Y. Sagittal alignment of cervical 
flexion and extension: lateral radiographic analysis. 
Spine 2002;27(15):E348-55.

 https://doi.org/10.1097/00007632-200208010-00014
13. Rajshekhar V, Arunkumar MJ, Kumar SS. Changes 

in cervical spine curvature after uninstrumented one- 
and two-level corpectomy in patients with spondylotic 
myelopathy. Neurosurgery 2003;52(4):799-804; dis-
cussion -5.

14. Harrison DD, Harrison DE, Janik TJ, et al. Model-
ing of the sagittal cervical spine as a method to dis-
criminate hypolordosis: results of elliptical and circular 
modeling in 72 asymptomatic subjects, 52 acute neck 
pain subjects, and 70 chronic neck pain subjects. Spine 
2004;29(22):2485-92.

 https://doi.org/10.1097/01.brs.0000144449.90741.7c
15. Kim SW, Shin JH, Arbatin JJ, Park MS, Chung YK, 

McAfee PC. Effects of a cervical disc prosthesis on 
maintaining sagittal alignment of the functional spinal 
unit and overall sagittal balance of the cervical spine. 
European Spine Journal: Official Publication of the 
European Spine Society, the European Spinal Defor-
mity Society, and the European Section of the Cervical 
Spine Research Society 2008;17(1):20-9.

 https://doi.org/10.1007/s00586-007-0459-y
16. Pickett GE, Sekhon LH, Sears WR, Duggal N. Com-

plications with cervical arthroplasty. Journal of neuro-
surgery Spine. 2006;4(2):98-105.

 https://doi.org/10.3171/spi.2006.4.2.98
17. Kawakami M, Tamaki T, Yoshida M, Hayashi N, 

Ando M, Yamada H. Axial symptoms and cervical 
alignments after cervical anterior spinal fusion for pa-
tients with cervical myelopathy. Journal of Spinal Dis-
orders 1999;12(1):50-6.

 https://doi.org/10.1097/00002517-199902000-00008
18. Sears WR, Sekhon LH, Duggal N, Williamson OD. 

Segmental malalignment with the Bryan Cervical Disc 
prosthesis--does it occur? Journal of Spinal Disorders 
& Techniques 2007;20(1):1-6.

 https://doi.org/10.1097/01.bsd.0000211262.13250.f8
19. Sears WR, Duggal N, Sekhon LH, Williamson OD. 

Segmental malalignment with the Bryan cervical disc 
prosthesis--contributing factors. Journal of spinal dis-
orders & techniques. 2007;20(2):111-7.

 https://doi.org/10.1097/01.bsd.0000211264.20873.78
20. Yoon DH, Yi S, Shin HC, Kim KN, Kim SH. Clinical 

and radiological results following cervical arthroplasty. 
Acta Neurochirurgica 2006;148(9):943-50.

 https://doi.org/10.1007/s00701-006-0805-6
21. Tracey RW, Kang DG, Cody JP, Wagner SC, Rosner 

MK, Lehman RA, Jr. Outcomes of single-level cer-
vical disc arthroplasty versus anterior cervical discec-
tomy and fusion. Journal of clinical neuroscience: Offi-
cial Journal of the Neurosurgical Society of Australasia 
2014;21(11):1905-8.

 https://doi.org/10.1016/j.jocn.2014.05.007



9

Changes in Sagittal Alignment After Cervical Disc Arthroplasty: Results of 24 Month Pilot Study

Sinir Sistemi Cerrahisi / Cilt 6 / Sayı 1, 2016

22. Anakwenze OA, Auerbach JD, Milby AH, Lonner 
BS, Balderston RA. Sagittal cervical alignment after 
cervical disc arthroplasty and anterior cervical discec-
tomy and fusion: results of a prospective, randomized, 
controlled trial. Spine 2009;34(19):2001-7.

 https://doi.org/10.1097/BRS.0b013e3181b03fe6
23. Ahn PG, Kim KN, Moon SW, Kim KS. Changes in 

cervical range of motion and sagittal alignment in early 
and late phases after total disc replacement: radiograph-
ic follow-up exceeding 2 years. Journal of Neurosur-
gery Spine. 2009;11(6):688-95.

 https://doi.org/10.3171/2009.7.SPINE0946
24. Rabin D, Bertagnoli R, Wharton N, Pickett GE, 

Duggal N. Sagittal balance influences range of mo-
tion: an in vivo study with the ProDisc-C. The Spine 
Journal: Official Journal of the North American Spine 
Society 2009;9(2):128-33.

 https://doi.org/10.1016/j.spinee.2008.01.009
25. Du J, Li M, Liu H, Meng H, He Q, Luo Z. Early fol-

low-up outcomes after treatment of degenerative disc 

disease with the discover cervical disc prosthesis. The 
spine Journal: Official Journal of the North American 
Spine Society 2011;11(4):281-9.

 https://doi.org/10.1016/j.spinee.2011.01.037
26. Garcia MGA, Tzermiadianos M, Voronov L, Cahill 

P, Rinella A, Carandang G, Abjornson C, et al. Ef-
fect of Cervical Disc Prosthesis Height on Kinematics 
and Foraminal Size. Cervical Spine Research Society; 
Nov 30-Dec 2, 2006; Palm Beach, Florida2006.

 https://doi.org/10.1016/j.spinee.2006.06.181
27. Juhl JH, Miller SM, Roberts GW. Roentgenographic 

variations in the normal cervical spine 1. Radiology 
1962;78(4):591-7.

 https://doi.org/10.1148/78.4.591
28. Ryu WH, Kowalczyk I, Duggal N. Long-term kine-

matic analysis of cervical spine after single-level im-
plantation of Bryan cervical disc prosthesis. The spine 
Journal: Official Journal of the North American Spine 
Society 2013;13(6):628-34.

 https://doi.org/10.1016/j.spinee.2013.02.046


