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Kinematic analysis following implantation of the PRESTIGE LP

Izabela Kowalczyk, BHSca,b, Navjot Chaudhary, MDc, Neil Duggal, MD, MSc, FRCS(C)b,c,*
a Department of Medical Biophysics, University of Western Ontario, London, Ontario, Canada

b Centre for Functional and Metabolic Mapping, Robarts Research Institute, University of Western Ontario, London, Ontario, Canada
c Division of Neurosurgery, London Health Sciences Center, London, Ontario, Canada
Abstract

Background: The clinical success of cervical arthroplasty hinges on the ability to preserve or improve the biomechanics of the functional
spinal unit. The purpose of this study was to conduct a radiologic assessment of kinematic parameters preimplantation and postimplantation
of the PRESTIGE LP Cervical Disc System (Medtronic, Memphis, Tennessee).
Methods: A total of 120 radiographs of 20 patients following single-level implantation of the PRESTIGE LP were retrospectively
reviewed. Static and dynamic radiologic assessments were performed before surgery and at 1 year postoperation. Kinematic parameters
including range of motion (ROM), horizontal translation, center of rotation (COR X, Y), anterior disc height and posterior disc height, and
disc angle and shell angle were assessed for each spinal level using quantitative motion analysis software. Clinical outcomes were assessed
using the short form health survey physical component scores and mental component scores.
Results: The mean physical component scores and mental component scores of the short form health survey (SF-36) improved significantly
following surgery. At 1 year postoperation, ROM, translation, and COR X were preserved. The COR Y shifted superiorly from 3.17 �
2.08 mm preoperation to 0.98 � 2.23 mm postoperation (P o .001). The anterior disc height and posterior disc height were significantly
increased following surgery (3.97 � 1.01 to 4.78 � 1.11 mm and 3.04 � 0.69 to 3.66 � 0.61 mm, respectively; P o .01). The preoperative
disc angle was 3.321 � 2.921 and the postoperative shell angle was 1.111 � 4.291, with a mean change of �2.221 � 4.631 (P o .05).
Conclusions: The PRESTIGE LP maintained preoperative ROM, translation, and COR X values. The postoperative COR Y value changed
significantly by shifting superiorly, accompanied by an increase in DH. There was a loss of lordosis at the level of surgery, with the
PRESTIGE LP endplates having an almost parallel endplate configuration.
JC 2013 ISASS – The International Society for the Advancement of Spine Surgery. Published by Elsevier Inc. All rights reserved.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is the
most common surgical procedure for symptomatic cervical
spondylosis. Although fusion rates approach 95%, kine-
matics at adjacent segments may be altered.1,2 The proposed
underlying mechanism for the accelerated adjacent segment
disease (ASD) is increased motion and intradiscal pressure
at adjacent levels, thereby disrupting nutrient diffusion.3–8

Hilibrand et al.6 found that 2.9% of ACDF patients
developed symptomatic ASD per year. Goffin et al.5

reported 92% of fusion patients had radiologic ASD at a
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5-year follow-up. As a result, cervical arthroplasty has
emerged as an alternative to fusion.

The PRESTIGE LP (Medtronic Sofamor Danek, Mem-
phis, Tennessee) is a fifth generation artificial disc in the
PRESTIGE family and has several features that distinguish it
from its predecessors.9 The PRESTIGE LP is manufactured
from a unique titanium ceramic composite that is highly
durable and imaging friendly on magnetic resonance imag-
ing. In this study, our objective was to determine whether the
PRESTIGE LP preserves preoperative kinematic parameters.
Quantitative motion analysis (QMA) software (Medical
Metrics, Inc., Houston, Texas) was used to evaluate the
in vivo biomechanical effect of the PRESTIGE LP.

Materials and methods

A total of 22 patients with cervical spondylosis, present-
ing with radiculopathy or myelopathy or both were recruited
pine Surgery. Published by Elsevier Inc. All rights reserved.

 by guest on May 24, 2023om/

www.elsevier.com/locate/buildenv
dx.doi.org/10.1016/j.ijsp.2013.10.003
www.elsevier.com/locate/buildenv
dx.doi.org/10.1016/j.ijsp.2013.10.003
dx.doi.org/10.1016/j.ijsp.2013.10.003
dx.doi.org/10.1016/j.ijsp.2013.10.003
mailto:Neil.Duggal@lhsc.on.ca
http://ijssurgery.com/


I. Kowalczyk et al. / International Journal of Spine Surgery 7 (2013) e118–e122 e119
consecutively and underwent single-level anterior cervical
discectomy followed by implantation of the PRESTIGE LP.
Exclusion criteria included radiographic instability, active
infection, inability to visualize the affected disc space on
optimized lateral fluoroscopy, kyphotic alignment, and less
than 2 degrees of motion at the segment of question on
dynamic radiographs. Patients with previous cervical spine
surgery and follow up of less than 12 months were also
excluded from the study (n ¼ 2). Nerve root compression
was verified preoperatively using clinical assessment and
magnetic resonance imaging. Static and dynamic digital
radiographs were obtained preoperatively and at 12 months
postoperation. Radiographic technique has been described
previously.10 The PRESTIGE LP was inserted by a techni-
que described by Mummaneni et al.9 The Short Form Health
Survey (SF-36) questionnaire was used to determine the
general health outcome of the patient population. Clinical
evaluation included the physical health component score
(PCS) and the mental health component score (MCS). This
study was approved by the Health Sciences Research Ethics
Board at the University of the Western Ontario. Informed
consent was obtained from all patients.

Preoperative and postoperative standing lateral (neutral,
flexion, and extension) radiographs of the cervical spine
were analyzed using QMA software (Medical Metrics, Inc.,
Houston, Texas). This technique has been previously
described.9 This validated radiographic motion analysis
software uses advanced pattern recognition algorithms to
generate accurate measurements of range of motion (ROM),
translation, center of rotation in the X and Y direction (COR
X, Y), anterior disc height and posterior disc height (ADH
and PDH, respectively), and disc angle and shell angle (DA
and SA, respectively). The COR is the point about which
the superior vertebra rotates with respect to the inferior
vertebra. It was obtained for the index spinal levels and
reported as (X, Y) normalized from the midline of the
superior endplate of the inferior vertebral body.10,15
Fig. 1. There were no significant changes in the COR X values preoperatively (le
change in COR Y values postoperatively (dark circle), suggesting the ball-in-tro
disc space.
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Statistical analysis

ROM, translation, COR X and Y, ADH, PDH, DA, and
SA were compared longitudinally using a paired 2-tailed
Student's t test with the significance set at the 0.05 level. All
data is represented as the mean � the standard deviation.

Results

Patient population

A total of 120 radiographs in 20 patients (12 men and 8
women) with a mean age of 45.4 years (range: 28–58 years)
were analyzed. All patients had a single-level arthroplasty: 1 at
C3-4; 3 at C4-5; 13 at C5-6; and 3 at C6-7 disc level. The
mean preoperative PCS and MCS were 40� 15 and 56� 17,
respectively. Both scores improved significantly following
surgery (PCS: 71 � 20, P o .001; MCS: 84 � 12, P o
.001). The follow-up time was a minimum of 12 months.
There were no explanations or complications. There were no
cases of migration or subsidence of the prosthesis or osteolysis.

Kinematic parameters

Kinematic analysis demonstrated no significant change
from preoperative to postoperative ROM (7.221 � 3.541 to
9.671 � 5.231; P = .10), translation (0.79 � 0.45 to 0.93 �
0.44 mm; P = .33), and COR X (�0.93 � 0.95 to �0.65 �
1.14 mm; P = .32). The COR Y was significantly shifted
superiorly, from a preoperative location of 3.17 � 2.08 to
0.98 � 2.23 mm postoperation (P o .001; Fig. 1). At
1 year, both the ADH and PDH were significantly increased
(3.97 � 1.01 to 4.78 � 1.11 mm and 3.04 � 0.69 to 3.66 �
0.61 mm, respectively; P o .01; Fig. 2).

Alignment

The preoperative DA was 3.321 � 2.921 and the post-
operative SA was 1.111 � 4.291, with a mean change of
ft) compared with postoperatively (right). However, there was a significant
ugh design of the PRESTIGE LP shifted the COR superiorly toward the
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Fig. 2. The mean ADH and PDH values in the PRESTIGE LP Cervical
Disc. Bars represent the standard deviations. Asterisk (*) represents a
significance level of P o .05.
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�2.221 � 4.631 (P o .05; Fig. 3). These results suggest
that implantation of the PRESTIGE LP significantly
reduced segmental lordosis at the index level.
Discussion

The clinical success of cervical arthroplasty hinges on the
ability to preserve biomechanics of the functional spinal unit
(FSU). The present in vivo study demonstrated that PRES-
TIGE LP is able to maintain preoperative physiological
motion. There were no significant changes in ROM, trans-
lation, or COR X after implantation of the PRESTIGE LP.
There was, however, a significant change in COR Y values,
suggesting the ball-in-trough design of the PRESTIGE LP
shifted the COR superiorly toward the disc space. Like other
cervical disc replacements, the disc space height increased
following cervical arthroplasty. The SA was virtually paral-
lel, but decreased from the preoperative lordotic DA.

The first PRESTIGE implant was the Bristol-Cummins
disc developed in 1989.4 Between 1991 and 1996, 22 joints
Fig. 3. A histogram of the DA and SA in the PRESTIGE LP Cervical Disc. T
PRESTIGE LP disc, the mean SA was 1.111 � 4.291.
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were implanted in 20 patients.4 In 1996, 18 of these patients
were re-examined, and all but 2 were mobile at the
implanted level.4 In this historical cohort, 1 device was
removed owing to a hardware failure (screw breakage and
minor back-out).4 In a recent multicenter study, Mumma-
neni et al.11 prospectively randomized 541 participants to
the PRESTIGE ST (fourth generation) and ACDF. At the
12- and 24-month follow-up, they found PRESTIGE ST
patients had clinical improvement, higher rate of neuro-
logical success, lower rate of secondary revision and
supplemental fixation, returned to work 16 days sooner,
lower rates of adjacent-segment operation, and no cases of
implant failure or migration.11 The PRESTIGE LP is the
fifth generation artificial disc and differs from its prede-
cessors. The acute fixation is completed with a set of rails
that are placed directly on the intervertebral disc as opposed
to securing the implant to the intervertebral bodies with
screws. The ball-in-trough design allows for anterior-
posterior translation independent of flexion-extension
motion.

The authors found no significant changes in ROM or
translation after anterior cervical discectomy with implan-
tation of the PRESTIGE LP. Rousseau et al.12 used Spine-
View Software (Surgiview, Paris, France) to investigate the
intervertebral sagittal ROM and COR in 26 PRESTIGE LP
and 35 ProDisc-C (Synthes, West Chester, Pennsylvania)
patients in reference to the measurements of 200 healthy
cervical discs in vivo. They reported ROM was significantly
reduced with both types of arthroplasty when compared
with the normal control group. Our results suggest a trend
toward increased motion following arthroplasty. It is
important to note that the preoperative ROM in our study
represented the ROM of a degenerated cervical disc and
he mean preoperative DA was 3.321 � 2.921. After the insertion of the
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may not correspond with healthy volunteers. In another
study, Chang et al.3 tested 18 cadaveric human cervical
spines for different modes of motion (extension, flexion,
lateral bending, and axial rotation) up to 2 Nm in 3 groups
(PRESTIGE II, ProDisc-C, and ACDF). At the surgically
treated segment, the ROM was significantly increased for
both types of cervical discs compared with the fusion
group.3 Similar to our results, Robertson and Metclaf13

followed up with 17 patients who received the PRESTIGE I
device and reported that rotation, translation, and angulation
were maintained at the treated segment at 3 and 4 years
postoperation. In another study, Porchet and Metcalf
randomized 55 patients to PRESTIGE II and ACDF groups
and found that the PRESTIGE II maintained motion at the
treated level and adjacent segments at 24 months following
surgery.14 In addition, it has been demonstrated that the
PRESTIGE ST has the ability to maintain physiological,
segmental motion at the surgical level up to 24 months
postoperation.11 Segmental lordosis following arthroplasty
is affected by the design of the artificial disc.

Our study was unique in examining COR following
insertion of the PRESTIGE LP. The design of the PRES-
TIGE LP incorporates a “ball-and-trough” design, where
the ball is incorporated into the superior endplate. The COR
Y shifted superiorly by 1.87 � 2.07 mm following insertion
of the PRESTIGE LP (Fig. 1). The clinical consequences of
shifting the COR remains controversial. From an engineer-
ing and biomechanical perspective, the superior shift of the
COR may affect facet degeneration, quality of motion as
well as wear characteristics. In the cadaver study Rousseau
et al.12 found that although the COR remained within
normal range in most cases, it tended to be located more
anterior or superior or both than normal with both types of
prosthesis. In the PRESTIGE LP group (n ¼ 14), the COR
X was within normal range for 8 cases and displaced
anteriorly in 6 cases.12 This suggests the device was not
inserted posterior enough in its final placement.12 The COR
Y was within normal range for 10 patients and shifted
superiorly in 4 cases.12 The ball-and-trough design should
allow for pure translation, instead of rotatory translation as
seen in a ball-and-socket design. Incorporation of trans-
lation into the design should provide a mobile COR,
allowing the postoperative COR to mimic the preoperative
state. Our results would suggest that despite the role of the
facets and soft tissues in guiding the intervertebral kine-
matics, the influence of the articulating geometry of the
bearing surface should not be underestimated.12

Insertion of the PRESTIGE LP had a significant effect
on disc height. All 20 devices used in our series had a 5-mm
device height. At the surgical level, disc height in the
neutral position was significantly increased both anteriorly
and posteriorly (Fig. 2). The preoperative discs had
decreased height secondary to dessication, herniation, or
bulging. The postoperative increase in disc height may in
fact be a closer approximation of the properties of a healthy
native disc. The effect of disc height on alignment was
http://ijssurgery.cDownloaded from 
demonstrated by Johnson et al.7 who studied 13 patients
with a mean preoperative DA of 11 and noted that the
preoperative symptomatic disc was kyphotic because of a
loss of ADH. Further studies will be needed to further
examine the ideal disc height required to restore normal
kinematics to the index and adjacent levels following
cervical arthroplasty.

Maintaining alignment of the spine is integral to any
surgical procedure, whether it is a fusion or arthroplasty.
We found a preoperative DA of 3.321 � 2.921 and a
postoperative SA of 1.111 � 4.291, with a mean change of
2.221 � 4.631 (Fig. 3). The endplate alignment of a disc
replacement can be influenced by a number of factors
including the angle of disc insertion as well as the extent of
bone removal and endplate preparation. Pickett et al.15

studied the Bryan disc and found that both, the endplate
angle of the treated disc space and the angle of the FSU,
became kyphotic after insertion of the Bryan prosthesis.
Anakwenze et al.16 reported an increase in the operative
level and total cervical lordosis following ProDisc-C
insertion. Similarly, Ahn et al.17 show that ProDisc-C
replacement corrected segmental degenerative kyphosis at
the surgical level. Du et al.18 reported that the insertion of
the Discover disc increased the FSU and global ROM
angles at the index segments. However, incorporation of
lordosis into the endplates of a ball-and-socket design
articulation simply only recenters motion. For instance, if
the surgical level has a 01 disc space angle, adding a device
with 61 endplates will result in the development of kyphosis
in the endplates, not correction of the disc space angle to 61.
Studies have also illustrated a loss of lordosis at the
operative level at the early follow-up period followed by
an increase in lordosis at the late (4 2 years) follow-up
periods.17–19 This might be owing to patients not cooperat-
ing in the flexion-extension radiographs to their full ability
because of postoperative pain.17–20 Our study suggests that
device endplate angle was almost parallel. Given that
PRESTIGE LP has a ball-and-trough design, it does not
have any design features that would allow it to provide,
preserve, or restore lordosis. In fact, parallel endplates is the
preferred endplate configuration to maximize ROM. Peng
et al.21 recently analyzed 40 patients with 59 PRESTIGE
LP discs and found that global alignment was maintained
up to 2 years postoperation. Lazaro et al.20 showed the
ProDisc-C maintained the ROM at the implanted level with
a slightly lordotic SA of 1.11 � 3.61 with 15% of patients
demonstrating worsening kyphosis and 15% showing
hyperlordosis. In another study, Oh et al.22 compared 10
Bryan disc patients with 15 PRESTIGE LP patients. Post-
operative cervical (C2-7) curvature was more lordotic in the
PRESTIGE LP patients. The PRESTIGE LP was able to
restore global cervical curvature and potentially protect the
adjacent levels. Interestingly, we found a loss of 21 of
lordosis at the surgical level after placement of the
PRESTIGE LP. Harrison et al.23 studied 252 subjects who
were asymptomatic and found that the average lordosis
 by guest on May 24, 2023om/
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between cervical vertebrae was between 61 and 71. These
results would suggest that to restore sagittal alignment, as
performed in fusion surgery, ideally a disc replacement
should introduce or maintain approximately 61 of lordosis at
the index level.

The objective of our study was to examine the bio-
mechanical properties of the PRESTIGE LP. Only the index
level was measured to determine the effect of the prosthesis
on the kinematic parameters and alignment. Others have
reported the clinical results and adjacent-level parameters
following PRESTIGE LP insertion.3,13 Robertson and
Metcalf13 examined the clinical effect of arthroplasty in
17 patients who received the PRESTIGE I and found good
improvement at 3- and 4-year follow-ups using the Neck
Disability Index and Short Form Health Survey question-
naires. DiAngelo et al.24 reported that the PRESTIGE LP
did not change the motions patterns at the index or adjacent
levels.

The current study is limited by a short follow-up time of
1 year and a small sample size of 20 patients. In previous
studies, we have demonstrated that the kinematic parame-
ters of a cervical disc replacement are reliable and static
after a 1-year follow-up period.20 Our study also carries the
inherent limitations of the QMA software, addressing only
flexion/extension ROM and does not characterize the
biomechanical behavior of the PRESTIGE LP in axial
rotation or lateral bending. Furthermore, although QMA
software has demonstrated good reliability and accuracy,
the analysis may be limited by patient factors including
cervical pain, out-of-plane motion, and patient body
habitus.9

Conclusion

The PRESTIGE LP maintains preoperative ROM, trans-
lation, and COR X at the index level. Postoperatively, COR
Y changed significantly compared with preoperative values
and was shifted superiorly. The superior location of COR Y
may be explained by device design, as the ball is located on
the superior rather than the inferior endplate. As expected,
the ADH and PDH increased postoperatively, more closely
approximating the properties of a healthy native disc. There
was a 21 loss of lordosis at the surgical level.
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