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Background Context: Cervical disk arthroplasty (CDA) has been demonstrated to be a safe and effective method 

to treat myelopathy with the added benefit of preserving neck mobility compared to anterior cervical discectomy 

and fusion (ACDF). Few studies describe complications of trauma after CDA, and to our knowledge this is the 

only study describing a grossly intact artificial cervical disk (ACD) without extrusion after high energy trauma. 

Based on our case and a review of literature, we hypothesize that, given adequate osseous integration (OI), CDA 

may be a safe intervention despite their risk for higher energy trauma. 

Purpose: To present a rare case of high-energy trauma after CDA resulting in a Hangman’s fracture and grossly 

in-tact ACD and to engage a biomechanical discussion of trauma after CDA and ACDF utilizing a literature review. 

Study Design/Setting: Case-report with literature review and discussion 

Patient Sample: Electronic medical record data 

Outcome Measures: Computed Tomography, Magnetic Resonance Imaging, and X-Ray physiologic measures 

Methods: We report the case of a 44-year-old woman who received a C5-C6 level CDA with a (Synthes Prodisc- 

C©, Synthes Spine Company, L.P., West Chester, PA) and was subsequently involved in a high-speed motorcycle 

accident one-and-a-half years later resulting in a Hangman’s fracture. 

Results: Radiographic evidence after the motorcycle wreck demonstrated a minimally displaced Hangman’s frac- 

ture at the C2 vertebrae through the pedicles on both sides, partially involving the transverse foramina with 

approximately 5 mm of displacement. The ACD at C5-C6 was grossly intact and no malalignment was noted. 

Three years later the patient elected to have an ACDF due to recurrence of facet pain that appeared by way of 

selective medial branch block injections to originate posteriorly in the facets of C5-6. A literature review revealed 

reports of trauma induced adjacent disk herniation, metallosis, and implant extrusion after CDA. No accounts of 

intact hardware, or concomitant Hangman’s fracture after CDA were found following high-energy trauma. 

Conclusions: Our case reveals the first reported occurrence of a traumatic Hangman’s fracture with intact fusion 

hardware after CDA. We hypothesize that the preserved mobility in the affected spinal level after the CDA exerted 

a protective effect compared to an ACDF following the high-speed trauma, particularly on the adjacent segments. 

This case and included literature review, reveal the need for future research efforts to guide decision making in 

whether ACDF or CDA is superior in younger patients at higher risk for trauma. 
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urpose 

Cervical Disk Arthroplasty (CDA) has become an increasingly pre-

erred approach for the treatment of cervical radiculopathy (CR). [1–3]

ew studies have demonstrated risks associated with high-energy

rauma after CDA ( Table 1 ), and to our knowledge, this is the only
∗ Corresponding author: Requests for reprints: Carson Fuller, Address: 212 E Centr

E-mail address: carson.fuller@wsu.edu (C. Fuller). 

ttps://doi.org/10.1016/j.xnsj.2020.100007 

eceived 27 April 2020; Received in revised form 11 May 2020; Accepted 14 May 20

vailable online 21 May 2020 

666-5484/© 2020 The Authors. Published by Elsevier Ltd on behalf of North Ameri

icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
tudy describing a grossly intact artificial cervical disk (ACD) without

xtrusion after high-energy trauma. [6–12] While the risk of ACD

mplant translation remains, this case-report and literature review

nvestigate the question of whether CDA or anterior discectomy and

usion (ACDF) may be the preferred approach for younger patients at

igher risk for trauma. 
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Table 1 

Literature Review of Trauma after CDA/ACDF 

Source # of Patients Surgery/Level Implant Trauma Type Time between initial 

operation and 

trauma 

Result Outcome 

Our Patient 1 CDA/C5-C6 Synthes 

Prodisc-C©[1] 

High Speed 

somersault with 

anterior extension 

force 

18 months Hangman’s fracture at C2, 

disk grossly intact with no 

extrusion or malalignment 

Revision ACDF years later 

from soft tissue trauma 

Niu, T., 

et al [6] 

1 CDA/C4-C5 Synthes 

Prodisc-C©[1] 

Paragliding 

accident resulting 

in forced flexion 

14 months 4 mm anterior protrusion Removal and Fusion 

Brenke C 

et al [7] 

1 CDA/C5-C6 M6-C©[2] Unknown, 

potentially 

atraumatic 

8 years Core herniation with 

posterior migration of 

inferior disk segment 

Removal and Fusion 

Viezens L 

et al [8] 

1 CDA/C5-C6, 

C6-C7 

2 CTDR©

devices [3] 

Unknown, 

potentially 

atraumatic 

7 months Posterior disk herniation 

at C6/C7 with partial 

paraplegia 

Removal and 2-level 

fusion. Permanent lower 

extremity weakness with 

regained upper extremity 

sensation and strength 38 

months post-op 

Wagner, S. 

C., et al. [9] 

1 CDA/C5-C6 Bryan Disc©[4] Low-energy 

posteriorly forced 

flexion from a 

falling book 

6 months 2 mm Anterior extrusion Revision based on CT, no 

recurrence of 

radiculopathy 

Fan, H., 

et al [10] 

1 CDA Bryan Disc©[4] Unknown, 

potentially 

atraumatic 

8 years Broken anterior 

polyurethane sheath 

Revision conversion to 

ACDF with cage 

Lebl DR, 

et al [11] 

5 CDA Synthes 

Prodisc-C©[1] 

1. C5/C6 MVA 23 months Anterior extrusion and 

Cervical fracture 

Removal, no further data 

2. C6/C7 MVA 23 months Anterior extrusion and 

Cervical fracture 

Removal, no further data 

3. C5/C6 Unknown trauma 32 months Posterior dislocation into 

spinal canal 

Removal, no further data 

4. C5/C6 MVA 36 months Anterior extrusion Removal, no further data 

5. C6/C7 Fall 4 months Posterior dislocation and 

cervical fracture 

Removal, no further data 

Yang, C. C., 

et al. [12] 

1 CDA/C6-C7 Bryan Disc©[4] Hyperflexion- 

extension whiplash 

injury from MVA 

8 years Metallosis and anterior 

migration of the superior 

disk aspect 

Removal and fusion with 

resolution of symptoms 

Watkins, R. 

G. t., 

et al. [15] 

3 ACDF/C3-C4, 

C4-C5, C4-C5 

Titanium-coated 

PEEK 

(polyetheretherke- 

tone) graft filled 

with iliac crest 

autograft and plate 

Anterior extension 

from return to 

sports 

1.7-8 years Adjacent disk disease ACDF of adjacent disk 

Maroon, J. 

C., 

et al. [16] 

1 ACDF/C4-C5 Anterior plate, no 

further data 

Return to football 

resulting in flexion 

trauma 

2 years Adjacent disk disease ACDF of adjacent disk 

Brauge, D., 

et al. [17] 

1 ACDF/C5-C7 Anterior plate, no 

further data 

Forced flexion 

injury after return 

to rugby 

4 years C3/C4 complete facet 

dislocation resulting in 

tetraplagia 

Open reduction and 

posterior fixation C3-C5 

Veli C., 

et al. [18] 

1 ACDF/C4-C6 Anterior plate, no 

further data 

MVA 2 years Broken Plate Revision ACDF 

Abbreviations: MVA (motor vehicle accident), CDA (Cervical disk arthroplasty), ACDF (Anterior cervical discectomy and fusion) 

Device References: 

1. Synthes Prodisc-C© (Synthes Spine Company, L.P., West Chester, PA) 

2. M6-C CAD (Spinal Kinetics, Sunnyvale, CA, USA) 

3. CTDR devices (Osteon ACD Device, ACD 1607; Osteon NV) 

4. Bryan Disc; (Medtronic Sofamor Danek, Memphis, TN) 
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ase Presentation 

nitial Operation 

A 44-year-old woman with a complex history of cervical pain who

reviously underwent a rhizotomy at levels C2-C3, C4-C5, and C5-C6

eturned to the clinic with worsening radiculopathy symptoms. She

as found to have mild degenerative changes and a herniated nucleus

ulposus at levels C5-C6 with concordant C6 distribution sensory

adiculopathy. She elected to undergo further surgery ( Fig. 1 ). A CDA

as advocated due to the patient’s age and lack of co-morbidities. She

v  
greed and underwent a CDA with insertion of an ACD at a median

eep designation of 5 mm ( Fig. 1 , Images B and C). The surgery

as uncomplicated, and she was discharged home with a successful

ostoperative course in the early and extended post-operative period. 

rauma 

Unfortunately, one-and-a-half years after her operation, she was in-

olved in a high-energy motorcycle accident involving deceleration into

 car with a helmet in place. The patient’s recollection of the trauma in-

olved a face-plant onto the windshield of an oncoming car in the oppos-
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Fig. 1. A T2 weighted MRI of the C5/C6 disk 

herniation at presentation (Image A) and Lat- 

eral/AP X-Ray of Post-Operative CDA (Images 

B and C). 

Fig. 2. Day 1 of traumatic motorcycle accident. Images A and B: Axial CT Scan demonstrating Hangman’s fracture through the pedicles of C2 on both sides. Image 

C; Sagittal CT Scan of the Hangman’s fracture of C2. Image D: T2 MRI Showing Herniation at C4/C5 with improved C5/C6 level. 
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ng lane, followed by multiple somersaults on the pavement ending up in

he sitting position in a conscious state. The initial impact of the accident

esulted in a hyperextension force of the neck, which was followed by

epeated neck compression and flexional forces during the somersaults.

he sustained a compound left humerus fracture, and a Hangman’s frac-

ure at C2 (Levine and Edwards Type II) [20] through the pedicles on

oth sides, partially involving the transverse foramina with approxi-

ately 5 mm of displacement ( Fig. 2 ). The ACD at C5-C6 was grossly in-

act and no malalignment was noted on CT scan ( Fig. 3 ). She underwent

c  
pen reduction and internal fixation of her humeral fracture, and her

angman’s fracture was managed non-operatively with a cervical collar.

eoperation 

In time the Hangman’s fracture healed, however, three years after

he accident she presented with a radiographically inconclusive facet

rthropathy at C5-C6, likely due to whiplash trauma during the ac-

ident. She subsequently underwent an ACDF at C5-C6 with removal
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Fig. 3. 4 Months Post Trauma. Image A and B: Lateral X-Ray of extension and 

flexion with in-tact C-Disk. 

Fig. 4. ACDF 3 years after Trauma. Image A and B: AP/Lateral X-Ray of Synthes 

Vectra Planting System. 
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Fig. 5. CDA at C4/C5 Image A and B: AP/Lateral X-Ray of disk placement at 

C4/C5 with complete fusion of C5/C6 and removal of anterior plate. 
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f the artificial disk, allograft fusion into the interspace, and fusion

ith an anterior plating system ( Fig. 4 ). At her most recent follow-up,

pproximately 4.5 years after the most recent operation, the patient

eports excellent progress with a pain score of 4/10 at its worst. 

As demonstrated in Figures 1 and 2 , the patient had evidence of

4/C5 disk herniation before her accident. Thus, the progression of

4/C5 disk disease led to a CDA in 2019 ( Fig. 5 ). 

iscussion 

ACDF is the most common modality of treating cervical radiculopa-

hy associated with cervical disk disease, and complication rates are

ell known. [14] In recent years, the emergence of CDA has proved

o be a safe and effective alternative, with the added advantages of

etained mobility in the affected segment, and faster recovery. [1–5]

he literature on trauma after both ACDF and CDA is sparse and

rimarily limited to case reports ( Table 1 ). [6–12 , 15–18] Furthermore,

ur patient sustained a high-speed traumatic axial (C2) fracture 1.5

ears after an CDA resulting in an intact ACD implant; an incidence

hat has not been described in any case-report to our knowledge.

ur discussion will provide a review of current literature describing

omplications due to trauma after CDA and ACDF, a biomechanical
iscussion of forces required to illicit device migration and Hangman’s

racture, and a hypothesis to guide further research. 

rauma After CDA and ACDF 

Accounts of trauma after CDA are elicited in numerous case reports

 Table 1 ). Based on our literature review, the most common implant-

elated failure after trauma is artificial disk extrusion. [6 , 8 , 9 , 11] These

omplications are primarily reported within shorter post-operative time-

rames, spanning from 6 months to 3 years. Other cases describing more

are complications such as metallosis, artificial disk core herniation, or

roken anterior disk sheaths have been associated with much longer

ost-operative timeframes, at 8 years on average. [7 , 10 , 12] Additionally

t should be noted that due to a lack of information, these three com-

lications may have occurred in the absence of major trauma. [7 , 8 , 10] 

Atraumatic complications of ACDF are well-described in literature,

nd implant-related failure is among the minority of the composition

f complications. [22] Case reports of trauma after ACDF are limited

nd the majority of them describe adjacent disk disease rather than

mplant-related trauma. [15–18] One case report mentioned an anterior

late fracture from a motor vehicle accident (MVA) two years after a

wo-level ACDF. [18] 

Based on our literature review, major differences in trauma-related

omplications after CDA compared to ACDF are due to dissimilar points

f maximal stress between implant types. Generally speaking, implants

ail at the point of maximal stress. In CDA, with the implantation of a

rosthetic ball-in-socket artificial disk, physiologic motion is preserved

n the affected disk. [4 , 5] As a result, there is less change in translational

orce among adjacent cervical disks leading to a reduction in adjacent

isk strain relative to ACDF. [2–5] Thus, the point of maximal stress in

n artificial disk is located in the bone-to-disk interface, with a strong

eliance on osseous integration (OI). On the contrary, in ACDF, the

oints of maximal stress may be situated in the adjacent disks above

nd below fixation, the screw-bone interface, within the plate, or within

he screw. [22] 

It is hypothesized that OI balance plays a vital role in device

tability. Too much OI will likely result in heterotopic ossification,

 well-defined phenomenon that can lead to hyper-rigidity of the

mplant. [19] Conversely, Inadequate OI is a risk for device migra-

ion. Accounts of disk migration after CDA in shorter post-operative

imeframes are likely due to inadequate OI. 
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xial Fracture Pathophysiology 

Traumatic spondylolisthesis of the axis (Hangman’s fracture) ac-

ount for nearly one-third of cervical spine fractures and are due to a

yperextension-distraction force resulting in a bilateral fracture of the

ars interarticularis of C2. [20,21] 

The Levine and Edwards classification [20] divides Hangman’s

ractures into four types: 

Type I: fracture without an angular deviation and translational

eviation of less than 3.5 mm that occurs due to hyperextension and

xial compression; 

Type II: fracture with a significant translational or angular deviation

hat occurs due to hyperextension and axial compression combined

ith a mechanism of flexion-compression; 

Type IIa: fracture with a small translational deviation and wide

ngulation, with an increase in posterior disc space between C2-C3

pon application of traction that occurs due to a flexion-distraction; and

Type III: fracture with a large translational and angular deviation,

hich is associated with unilateral or bilateral dislocation of the C2-C3

oint facets and occurs due to a flexion-compression mechanism. 

onclusion 

Based on the complex mechanism of injury after our patient’s high-

peed motorcycle wreck resulting in a somersault on the pavement,

t is difficult to assume the primary forces involved on her cervical

pine. We hypothesize that the Hangman’s fracture was likely due to

 hyperextension-distraction force from the initial head impact on the

ar, and with the subsequent tumble the weight of her helmet exerting

 linear force vector away from her body. However, it is likely that

he also experienced a hyperextension-flexion (whiplash) force at some

oint during the wreck. 

Some possible explanations for why our patient did not suffer im-

lant extrusion or more severe morbidity after the wreck are as follows:

1. The presence of an ACD allowed for physiologic translation of

force along the cervical spine. Had she initially been treated with

an ACDF, we believe this would have introduced a weak point in

her cervical spine above and below the implant. Brauge, D., et al.

presents a case report of a facet dislocation of C3-C4 resulting in

quadriplegia after a C5-C7 ACDF. [17] 

2. Our patient likely achieved optimal OI. Multiple case reports of disk

extrusion after CDA were in the early postoperative period and were

hypothesized to be due to inadequate OI. Our patient was relatively

young at 44 years, without co-morbid conditions preventing bone

healing. Furthermore, the accident occurred 1.5 years postopera-

tively. The combination of these two details supports a probable

hypothesis that she achieved ideal OI to prevent implant extrusion. 

3. Lastly, it could be the case that the forces she experienced during

her wreck were isolated from the potential traumatic translation of

the ACD. The majority of cases in our literature review involving

ACD failure were due to flexion or hyperextension forces. However,

the sparsity in data and potential confounding variables prevent us

from deducing which specific forces could result in ACD translation.

We conclude that the ACD implant may have exerted a protective

ffect during our patient’s high-speed motorcycle wreck relative to an

CDF. This assumption is supported by literature describing retained

obility in the affected segment after CDA, as well as case-reports

f trauma after ACDF and CDA. [4–19] However there are drawbacks

o this conclusion, as we cannot accurately quantify the forces she

xperienced during her wreck. Additionally, our patient did eventually

ave a revision ACDF three years after the motorcycle accident due

o the recurrence of a C5-C6 arthropathy at the level of the C5-C6

hat was likely due to soft tissue injury or facet trauma rather than

icro-extrusion of the ACD. We arrived at this conclusion based on

he administration of two medial nerve branch blocks that temporarily
esolved symptoms, as well as a sequential imaging each year post-

rauma that failed to provide any evidence of ACD positional change.

iterature on the limited role of radiographic evidence after whiplash

njury also supports this hypothesis. [23,24] 

In summary, this is the first reported case of high-energy trauma fol-

owing a CDA, resulting in a Hangman’s fracture and grossly in-tact ACD.

he uniqueness of this case allows for a discussion of previous instances

f trauma following CDA and ACDF, as well as the hypothesis of a pro-

ective effect of artificial disks compared to ACDF in the event of trauma

iven adequate OI. We believe this case should be presented in the con-

ext of younger patients who engage in higher-risk activities and are de-

iding between ACDF and CDA in the treatment of cervical myelopathy.

s risk of traumatic disk extrusion after CDA remains, further research

hould focus on which treatment modality may be safer in individuals at

igher risk of trauma, as well as how to maximize OI of artificial disks.
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