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Abstract
Background context: Synergy disc is a new cervical disc prosthesis that incorporates alignment restoration
while providing full intervertebral disc kinematics.
Purpose: This follow-up study with 40 Synergy Disc patients with 24-month follow-up compared cervical
alignment changes with a retrospective cohort of 30 single level anterior cervical discectomy and fusion (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 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, all kinematic parameters were examined at
a minimum of 24 months follow-up. 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. 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 of the FSU.
Conclusion: The Synergy Disc had an endplate angle of 6 ± 2.7˚ at 2 years following surgery. This was
comparable to the lordotic correction provided by an anterior cervical discectomy with interbody fusion and plating.

Keywords: Sagittal balance; Kyphosis; Cervical arthroplasty; Cervical
sagittal alignment; Synergy Disc; Kinematics; Center of rotation;
Artificial disc

Introduction
Degeneration of the cervical disc can result in loss of disc height,
resulting in disc space narrowing and collapse [1]. In symptomatic,
degenerated segments with parallel or kyphotic vertebral endplates, the
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goal of reconstruction of the disc space after decompression
incorporates a strategy to recreate segmental cervical lordosis [2].
Adjacent segment disease (ASD), which is a suspected consequence
of anterior cervical discectomy and fusion (ACDF), can be potentially
delayed by preserving disc space kinematics of the functional spinal
unit with cervical arthroplasty [3,4]. The Synergy Disc, a new cervical
disc replacement, has been designed to create or preserve segmental
lordosis following discectomy. Early theoretical and clinical experience
suggests it has alignment advantages over existing cervical disc
replacements [5,6]. The goal of the present study was to report the 2-
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year results of the Synergy cohort and to determine if it can provide a
sagittal alignment correction comparable to the gold standard of
ACDF.

Materials and Methods

Statistical analysis
Mean values and standard deviations (represented after ±) were
determined for DH, ROM, translation, SA and COR X and Y. A twotailed Student’s t-test with an alpha level set at 0.05 was used. A paired
t-test was further used to assess measure differences between pre-and
post-operative VAS and NDI scores.

Patient population
Inclusion and exclusion criteria were used to identify 43 consecutive
patients with refractory radiculopathy and/or myelopathy requiring
surgical intervention. Patients were prospectively enrolled in a pilot
safety study with Synergy Disc, after approval from the Research Ethics
Board at Dokuz Eylul University. In all cases, a standard right-sided
cervical approach was undertaken to perform an anterior cervical
discectomy (ACD), with excision of the posterior longitudinal
ligament, followed by implantation of the Synergy Cervical Disc
prosthesis. Patients were positioned supine with the neck in neutral
alignment for the surgery and a 6˚ lordotic implant with a 5mm height
were used in all cases.

Patient selection criteria
Exclusion criteria included previous cervical spine surgery, trauma,
active infection, osteoporosis, multilevel spondylotic disc degeneration
and radiographic signs of instability. Pre-operative radiographs
recorded ten patients with pre-operative straightening of the cervical
spine, while eight patients had a reducible kyphosis. The remaining 22
patients demonstrated a pre-operative cervical lordosis.
For the retrospective fusion arm, 14 patients had a normal preoperative lordosis, 10 had pre-operative straightening of the cervical
spine, and 6 had focal kyphosis at the surgical level.

Results
Synergy disc group
Patient population: Forty patients (38 patients with 1-level and 2
patients with 2-level) met the minimum requirement of 24 months
post-operative follow-up. The mean age was 45.8 years (18 females and
22 males). All device sizes were used (medium 47%; small 35% and
large 18%). There were no device or instrument related complications.
No delayed device complications, such as subsidence and migration,
were demonstrated on imaging and clinical follow-up.
Clinical outcomes: VAS neck pain score improved statistically at the
last follow-up (8.9 ± 1.0 pre-operatively vs. 0.5 ± 0.5 post-operatively,
p<0.05). Arm pain VAS scores also improved (8.3 ± 0.6 pre-operatively
vs. 0.9 post-operatively, p<0.05). Over the 24-month period, mean
NDI scores changed significantly (4.1 ± 0.8 pre-operatively vs. 1.3 ± 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 average SA of the Synergy Disc was 6 ± 2.7˚
of lordosis, demonstrating a significant increase in lordosis at the index
level p= 0.007 (Figure 1).

Clinical evaluation
Synergy Disc patients completed visual analog scale (VAS) for arm
and neck pain and the Neck Disability Index (NDI) questionnaires in
order to measure disease specific and overall well-being outcomes.
Questionnaires were administered pre-operatively and at 1.5, 3, 6, 12
and at 24-months post-operatively.

Radiographic analysis
Medical Metrics, Inc., Houston, TX provided independent
prospective x-ray analysis of cervical spine radiographs. Upright
neutral, flexion and extension cervical x-rays were obtained before
surgery and at regular post-operative time points. Quantitative Motion
Analysis (QMA) software was used to analyze the kinematics at the
surgical level(s) [7]. The kinematic parameters that were examined
included disc height (DH), sagittal plane translation, ROM, shell angle
(SA) and center of rotation (COR) in the X and Y direction.
For the fusion arm, the FSU was retrospectively calculated by an
independent observer on 3 separate occasions for each radiograph and
averaged to ensure accurate measurement of the FSU angle.

Figure 1: Pre-and post-operative lateral neutral radiographs
demonstrating correction reducible segmental kyphosis following
insertion of the 6˚ Synergy disc.

Synergy disc description
Synergy Disc is a 3-piece design that has either 0˚ or 6˚ of lordosis
incorporated into a 5 or 6 mm height MRI compatible prosthesis. The
sagittal and coronal alignment control is incorporated into the
polyethylene. The prosthesis allows for a mobile COR, with fully
coupled ROM.
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ROM at the surgical level at 24 months post-operatively was
unchanged (11 ± 5.2˚ pre-operatively vs. 9.7 ± 4.2˚ post-operatively;
p>0.05; Figure 2). The mean DH increased significantly (3.8 ± 0.8 mm
pre-operatively vs. 4.9 ± 1.0 mm post-operatively, p<0.05). Sagittal
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plane translation did not change (1.7 ± 1.0 mm pre-operatively vs. 1.6
± 1.2 mm post-operatively, p>0.05).

Figure 2: 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.
COR X remained unchanged (-0.9 ± 0.9 mm pre-operatively vs. -0.3
± 0.7 mm post-operatively, p>0.05). A shift superiorly occurred in
COR Y (3.9 ± 2.1 mm pre-operatively vs. 2.3 ± 2.4 mm postoperatively; p<0.05).

Fusion group
Thirty patients with single level ACDF were retrospectively
reviewed for FSU angle measurements 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 surgery, the FSU angle increased to
4.74 ± 2.42˚, representing a significant increase in lordosis at the
surgical level, p<0.05 (Figure 2). Post-operatively, 27 patients
demonstrated lordosis at the surgical level, with only 3 cases of a
parallel configuration at the surgical level.

Discussion
The 6˚ Synergy Disc provided 6 ± 2.7˚ of lordosis to the surgical
level in all patients. To relate the lordosis correction of the disc
replacement with the gold standard (ACDF), we retrospectively
collected 30 ACDF cases with comparable follow-up and analyzed the
FSU for this retrospective series of fusion cases. The FSU angle for
fusion patients was 0.71 ± 3.95˚ pre-operatively and 4.74 ± 2.42˚ at last
follow-up, representing a significant improvement in segmental
lordosis. Following cervical discectomy, both the Synergy Disc and
traditional fusion provided segmental alignment restoration.
Increasingly, cervical disc replacement has been found to have an
unpredictable impact in segmental alignment [8-15]. In two case
series, Pickett et al. reported a loss segmental lordosis as high 49% of
inserted Bryan artificial discs (n=96) [8,16]. Similar results have been
demonstrated by other groups, with Kim et al. demonstrating only 36%
of patients with a pre-operative lordotic alignment were able to
maintain lordosis following surgery [15]. The literature regarding
cervical fusion have reported the development of neck pain and
accelerated ASD related to segmental kyphosis at the surgical level
[2,17]. There is no current literature confirming a relationship between
segmental alignment and neck pain in cervical arthroplasty pain. In
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our prospective series with the lordotic Synergy Disc, neck pain was
negligible as demonstrated by the VAS neck pain scores [17].
Engineering and surgical nuances can alter endplate configuration
with the current ball and socket cervical disc replacements [18,19].
Factors such as intraoperative positioning, asymmetry of vertebral
endplates, angle of prosthesis insertion and a pre-existing straight or
kyphotic segmental alignment have been implicated in the postoperative endplate alignment of ball and socket prosthesis [10,15,20].
In a retrospective cohort of 259 patients, neck pain was more common
in the arthroplasty group at 15.8% (n=27 patients) when compared to
the fusion group at 12.5% (n=11 patients) [21]. Although some authors
have suggested that ball and socket can provide a modest increase in
alignment, Rabin et al. demonstrated that a lordotic configuration of
ProDisc-C endplates was associated with restricted motion from
neutral to extension [5,22-24]. Similarly, Du et al. described that even
with a ball and socket design that incorporated 7˚ of lordosis in
endplates (Discover Cervical Disc, DePuy Spine, Raynham MA, USA),
there were reported cases of device endplate kyphsis [25].
In a study by Harrison et al. the average segmental cervical lordosis
in 252 asymptomatic subjects was between 6 and 7 degrees [14].
Degenerative disc disease, however, results in collapse of the disc space,
with resulting changes in cervical alignment [2,7,8]. In patients with
degenerative discs having surgery, the average pre-operative disc angle
was reported be -0.7˚ (n=47 patients) [9]. Another series found that
40% of patients undergoing surgery had pre-operative angles between
1-2˚ lordosis and 30% were straight (parallel with 0˚) [10]. Loss of
anterior DH has been implicated most important indicator predicting
change in the disc space angle [11]. In a cohort of 242 patient, 43% of
patients demonstrated a kyphotic angulation while 22% of patients had
a straight spine. Because patients in our series had a pre-operative FSU
angle of 0.71 ± 3.95˚, traditional fusion techniques, including lordotic
allografts and plates, were used to restore cervical alignment [2,12,13].
In our fusion cohort, the FSU angle increased significantly to 4.74 ±
2.42˚. For the Synergy group, the mean post-operative SA
demonstrated 6 ± 2.7˚ of lordosis. Hence, both ACDF and the Synergy
Disc restored DH an increase in lordosis at the surgical level [26].
Patient selection has continued to evolve since the early experience
with cervical disc replacement. Juhl et al. found only 60% of
asymptomatic volunteers had a lordotic spine, while 19% and 21% had
either a straight or kyphotic curvature, respectively. With reported
cases of endplate kyphosis, patients with straight or kyphotic spinal
alignment have been a relative contra-indication for disc replacement.
Selection of our disc replacement group demonstrated this bias, with
the mean pre-operative DA being 4.28 ± 5.45˚ while the preoperative
FSU angle for the fusion group was 0.71 ± 3.95˚. Given this bias, direct
comparison of the groups was impossible. In our patient cohort, the
Synergy Disc did provide alignment restoration in patients with
straight or kyphotic cervical alignment (Figure 1) [27].

Study Limitations
The goal of this pilot study was to indirectly compare alignment
changes between ACDF and cervical arthroplasty (Synergy Disc).
Although the Synergy cohort was prospectively collected, it was
compared to retrospective fusion data, precluding a direct statistical
comparison. This study was not designed to randomize patients into
either disc replacement or fusion. The sample size was limited and the
duration of follow-up relatively short (24 months) to assess the impact
on adjacent segment changes.

Volume 6 • Issue 6 • 1000400

Citation:

Yucesoy K, Yuksel KZ, Altun I, Yuksel M, Kalemci O (2017) Can Cervical Arthroplasty Impact Alignment? A Comparison of the Synergy
Disc with Cervical Fusion. J Spine 6: 400. doi:10.4172/2165-7939.1000400

Page 4 of 4

Conclusion
Studies utilizing imaging analysis are typically limited by patient
factors including body habitus, out of plane motion, patient effort and
variability in radiographic techniques. Because fusion prevented the
assessment of endplate angle, the FSU angle was calculated for the
fusion patients while the more accurate assessment of SA was made for
the cervical arthroplasty group. This study addresses only sagittal plane
ROM and did not assess axial rotation or lateral bending. Finally, a 24
months follow-up period was based on results by Ryu et al. which
found no change in SA 12 months following surgery [28]. Ideally,
longer-term follow-up is needed to address the durability of sagittal
alignment correction by a disc replacement.
This pilot study demonstrated that traditional fusion and Synergy
Disc restored and maintained segmental alignment after anterior
cervical discectomy.
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