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Abstract BACKGROUND CONTEXT: Whereas arthrodesis is the most common surgical intervention for
the treatment of symptomatic cervical degenerative disc disease, arthroplasty has become increas-
ingly more popular over the past decade. Although literature exists comparing the effects of anterior
cervical discectomy and fusion and cervical total disc replacement (CTDR) on neck kinematics and
loading, the vast majority of these studies apply only quasi-static, noninjurious loading conditions
to a segment of the cervical spine.
PURPOSE: The objective of this study was to investigate the effects of arthrodesis and arthro-
plasty on biomechanical neck response during a simulated frontal automobile collision with air
bag deployment.
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STUDY DESIGN: This study used a full-body, 50th percentile seated male finite element (FE)
model to evaluate neck response during a dynamic impact event. The cervical spine was modified
to simulate either an arthrodesis or arthroplasty procedure at C5–C6.
METHODS: Five simulations of a belted driver, subjected to a 13.3 m/s DV frontal impact with
air bag deployment, were run in LS-DYNAwith the Global Human Body Models Consortium full-
body FE model. The first simulation used the original model, with no modifications to the neck,
whereas the remaining four were modified to represent either interbody arthrodesis or arthroplasty
of C5–C6. Cross-sectional forces and moments at the C5 and C6 cervical levels of the neck, along
with interbody and facet forces between C5 and C6, were reported.
RESULTS: Adjacent-level, cross-sectional neck loading was maintained in all simulations without
exceeding any established injury thresholds. Interbody compression was greatest for the CTDRs,
and interbody tension occurred only in the fused and nonmodified spines. Some interbody separa-
tion occurred between the superior and inferior components of the CTDRs during flexion-induced
tension of the cervical spine, increasing the facet loads.
CONCLUSIONS: This study evaluated the effects of C5–C6 cervical arthrodesis and arthroplasty
on neck response during a simulated frontal automobile impact. Although cervical arthrodesis and
arthroplasty at C5–C6 did not appear to significantly alter the adjacent-level, cross-sectional neck
responses during a simulated frontal automobile impact, key differences were noted in the interbody
and facet loading. � 2014 Elsevier Inc. All rights reserved.

Keywords: Arthrodesis; Arthroplasty; ProDisc-c; Prestige ST; Finite element analysis; GHBMC

Introduction

The use of finite element (FE) methods for orthopedic
applications, particularly those involving the cervical spine,
began over 20 years ago with a simple two-dimensional
model used to study postlaminectomy deformities [1]. The
first FE study of an anterior cervical spine fusion was con-
ducted by Kumaresan et al. [2] to evaluate the effects of
fusion materials and surgical procedure on the biomechani-
cal response of a C4–C6 spine model. Since this publication,
close to two-dozen additional FE studies have been con-
ducted, evaluating the effects of both anterior cervical dis-
cectomy and fusion (ACDF) and cervical total disc
replacement (CTDR) on the biomechanics of the cervical
spine [3–25]. Typically, the implant was modeled between
either C4–C5 or C5–C6, and the simulations were run as
quasi-static events using an implicit FE solver (Table 1).
The present study uses a state-of-the-art full-body FE model
to evaluate dynamic neck kinematics and loading, with
simulated arthrodesis and arthroplasty at the C5–C6 level,
during a frontal automobile collision.

Materials and methods

General model overview

The Global Human Body Models Consortium
(GHBMC) 50th percentile seated male FE model (version
3.5) was used to study the cervical spine response because
of a simulated arthrodesis and arthroplasty [26,27]. The bi-
ofidelity of the neck (Fig. 1) has been rigorously validated
both at individual cervical segment levels and for the full
cervical spine [28–31]. Additionally, whole body validation

has been conducted for a number a different impact scenar-
ios [32–35]. Neck muscle activation, based on the experi-
mental volunteer studies, was included in the current
simulations [36]. The flexor and extensor muscles were ac-
tivated 74 ms after impact and remained active for 100 ms.

Cervical spine modifications for ACDF and CTDR

To mimic actual surgical technique for both these proce-
dures, the intervertebral disc (IVD), end plates, and anterior
longitudinal ligaments (ALL) associated with this level of
the cervical spine were removed from the model. Vertebral
body (VB) geometric modifications consistent with these sur-
geries were accomplished through a combination of select
element deletion and advanced morphing techniques using
HyperMesh version 11.0 (Altair Engineering, Troy, MI,
USA). The geometries of both CTDRs used in this studywere
reverse engineered from the corresponding physical implants.
The ACDF and CTDRs were secured to the VBs using tied
nodes to surface offset contacts. Material properties for the
IVDs, ACDF, and CTDRs are reported in Table 2 [24,37–42].

Arthrodesis at the C5–C6 cervical level was modeled
using two different methods, one involving constrained
nodal rigid bodies (CNRBs) and the other a cage, core,
and anterior plate (ACDF). The CNRB fusion rigidly con-
strained more than 100 individual node sets from the inferior
VB surface of C5 to the superior VB surface of C6. The geo-
metries of VB surfaces were not modified, and no additional
contacts were required because a physical implant was not
modeled. The ACDF was modeled as a 14�15�6 mm solid
organic polymer polyether ether ketone cage, 1 mm thick,
and a solid trabecular bone core (Fig. 2, Top Left). The C5
and C6 VBs were modified to create surfaces parallel to
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