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Abstract
Objective: Nearside impact collisions presenting with lateral mass fractures of atlanto-axial vertebrae 
contralateral to the impact site represents a rare fracture pattern that does not correlate with previously 
described injury mechanism. We describe our clinical experience with such fractures and propose a novel 
description of biomechanical forces involved in this unique injury pattern. The fi ndings serve to alert clinicians 
to potentially serious consequences of associated unrecognized and untreated vertebral artery injury. Material 
and Methods: In addition to describing our clinical experience with three of these fractures, a review of 
Crash Injury Research and Engineering Network (CIREN) database was conducted to further characterize such 
fractures. A descriptive analysis of three recent lateral mass fractures of the atlanto-axial segment is coupled 
with a review of the CIREN database. A total of 4047 collisions were screened for unilateral fractures of atlas 
or axis. Information was screened for side of impact and data regarding impact velocity, occupant injuries and 
use of restraints. Results: Following screening of unilateral fractures of atlas and axis for direct side impacts, 41 
fractures were identifi ed. Cross referencing these cases for occurrence contralateral to side of impact identifi ed 
four such fractures. Including our recent clinical experience, seven injuries were identifi ed: Five C1 and two 
C2 fractures. Velocity ranged from 14 to 43 km/h. Two associated vertebral artery injuries were identifi ed. 
Conclusions: Complexity of the atlanto-axial complex is responsible for a sequence of events that defi ne load 
application in side impacts. This study demonstrates the vulnerability of vertebral artery to injury under unique 
translational forces and supports the use or routine screening for vascular injury. Diminished sensitivity of plain 
radiography in identifying these injuries suggests that computerized tomography should be used in all patients 
wherein a similar pattern of injury is suspected.
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INTRODUCTION

Numerous reports of atlanto-axial injuries have described a 
variety of fracture patterns and proposed certain mechanisms 
responsible for their creation.[1-5] Recently, the authors 
have encountered three patients involved in automobile 
collisions who demonstrated unilateral isolated fractures 
of the axis or atlas lateral mass arising from forces that do 
not correlate with these previously described mechanisms 
of injury. In each instance, the injured subject was a belted 
occupant involved in a near-side lateral impact and presented 
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with lateral mass fractures contralateral to side of impact. 
The fractures were not visualized on plain radiographs 
and required computerized tomography (CT) scanning 
for identification. In addition, a review of the Crash Injury 
Research and Engineering Network (CIREN) database was 
conducted to further characterize such atlanto-axial fractures 
incurred from the near side impacts.

REPORTED CASES

Patient 1
An 87-year-old female was the restrained (three-point system) 
driver of a vehicle involved in a lateral collision to the driver’s 
side door. No airbag deployment occurred. On arrival to the 
emergency facility, she reported left  shoulder and cervical 
pain. She was neurologically intact and exhibited widespread 
contusions on the left  forehead and periorbital areas.

A radiographic survey (anterior/posterior, lateral, and open 
mouth odontoid X-ray fi lms) demonstrated no fracture. A CT 
scan of the cervical spine revealed a discrete fracture through the 
right C2 lateral mass extending into the foramen transversarium 
with minimal lateral avulsion of the fragment [Figure 1a]. A 
CT angiogram of the neck demonstrated normal vertebral 
arteries. Her fracture was managed with an 8-week period of 
immobilization in a rigid cervical orthosis.

Patient 2
A 31-year-old female was the restrained (three-point belt system) 
driver of a vehicle involved in a direct collision to the driver’s 
side door. Upon arrival to the hospital she described no loss 
of consciousness and cited positive frontal airbag deployment 
during the collision. She was neurologically intact and was 
noted to have a small area of soft  tissue swelling overlying the 
left  clavicle, but no facial edema or abrasions. While in the 

emergency facility, she described two brief episodes of self-
resolving vertigo.

While plain radiographs of the cervical spine were negative for 
fracture, CT scan of the cervical spine showed a linear fracture 
of the right C2 lateral mass with extension into foramen 
transversarium [Figure 1b]. CT angiogram showed narrowing of 
her right vertebral artery with an associated intimal irregularity. 
For treatment of her fracture, she was maintained in a rigid 
orthosis for 6 weeks. Her vertebral artery injury was managed 
with intravenous heparin, which was later transitioned to oral 
Coumadin prior to discharge. At 3-months follow-up, she was 
without subjective complaints and her arterial injury was no 
longer visualized on repeat CT angiography.

Patient 3
A 50-year-old female was the restrained (two-point belt system) 
right rear seat passenger in a vehicle that incurred direct side 
impact to the right front and rear door areas resulting in 
approximately 37 cm of occupant compartment intrusion. On 
arrival to the emergency department, she denied any loss of 
consciousness, but complained of axial neck and back pain. 
Examination demonstrated a 7 cm laceration extending from the 
superior lateral right orbit to the scalp, 3 cm laceration of the 
right upper extremity above the elbow, ecchymosis of the right 
periorbital area, and contusions of the right posterior thoracic 
region. Chest radiograph showed multiple fractures of the right 
posterior lateral ribs, and CT scan of the abdomen demonstrated 
a laceration of the liver. She was neurologically intact. Cervical 
spine radiographs were unremarkable for evidence of traumatic 
injuries, but cervical CT scan demonstrated a fracture of the 
C1 lateral mass with 2 mm displacement [Figure 1c]. CT 
angiogram was negative for vascular injury. Th e cervical fracture 
was managed with a rigid orthosis. At 2-month follow-up, 
lateral fl exion and extension radiographs of the cervical spine 
demonstrated an increase in the atlanto-odontoid (AO) interval 
with fl exion to 4 mm. Th is widening of the predental space 
was suggestive of possible att enuation of the transverse atlantal 
ligament. Follow-up magnetic resonance imaging, however, 
showed no defi nitive progression of possible ligamentous injury 
with the AO interval remaining stable.

Crash Injury Research and Engineering Network 
analysis
Th e CIREN consists of a catalogue of multiple discrete data 
fi elds concerning motor vehicle crashes.[6] Data sets date from 
1996 to present and include analysis of crash kinematics and 
medical injury profi les. At the time of this review, there were a 
total of 4047 cases within the database. Th e database was screen 
by two neurosurgeons for unilateral fractures of the atlas (C1) 
or axis (C2) secondary to side directed impacts. Th is search 
revealed 41 of such fractures. Cross referencing these cases for 
occurrence contralateral to the side of impact identifi ed only 
four fractures. Although the analysis was directed at identifying 
isolated C1 and C2 lateral mass fractures, the presence of 
transverse process (TP) fractures distal and in opposition to 

Figure 1: (a) Axial computerized tomography (CT) of c-spine 
shows a right C2 lateral mass fracture without signifi cant fragment 
evolution. (b) CT angiogram of the neck shows a right C2 lateral 
mass fracture with extension across the associated foramen 
transversarium. (c) CT of c-spine shows a left C1 lateral mass 
fracture with modest fracture displacement
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the lateral mass were noted in two of the CIREN subjects. Of 
note, all four of these cases exhibited fractures confi ned to the 
C1 vertebra and one case included concurrent vertebral artery 
injury. Th is latt er case was also notable as the singular instance, 
wherein side airbags were utilized. Despite the deployment 
of frontal, roof side-rail curtain, and seatback mounted torso 
airbags following a collision at an unknown speed, a contralateral 
fracture to the C1 TP and extensive systemic injuries were 
incurred. Among those CIREN cases where estimated speed of 
impact was known, velocity ranged from 14 to 43 km/h. Th e 
present series, therefore, is a combined analysis of the CIREN 
data and present clinical experiences [Table 1].

DISCUSSION

Gehweiler et al. reviewed 400 atlas fractures and noted that 
isolated lateral mass fractures were rare events, occurring in 
three patients. Th ey proposed that these injuries were the result 
of asymmetric axial loads.[3] Young et al. supported the unusual 
occurrence of this fracture patt ern fi nding only one such event in 
reviewing 112 C1 fractures.[7] Unilateral fractures of the axis are 
also unusual events, but their presence are cited more frequently 
than their counterpart in the atlas.[2,8-11]

Isolated fractures of the adjoining bony components to the 
lateral masses of the atlanto-axial complex are also uncommon 
fi ndings.[1,2] Inaoka et al. noted the exceedingly rare incidence 
of a singular break in the atlas ring in citing two cases. One of 
these cases was signifi cant for extension of the fracture in to the 
ipsilateral lateral mass.[12] Although Gehweiler et al. identifi ed 
no isolated fractures of the TP of the atlanto-axial complex, this 
study recognized two lateral mass fractures with extension into 
the foramen transversarium and the CIREN analysis identifi ed 
two isolated TP fractures [Table 1].

Th e present report, therefore, describes three isolated lateral 
mass fractures (one atlas and two axis) presenting within a 
2 month period and associated with near-side vehicle collisions. 
Th is chronologic patt ern suggests that such injuries may be 
more common than previously recognized. Plain radiographs 
failed to diagnose these injuries, which were only identifi able 
on CT scanning. Th is limitation in the diagnostic value of plain 
radiographs may off er some additional explanation for the 

limited reports of such injuries and supports the development of 
routine diagnostic protocols utilizing CT evaluation in all cases 
where atlanto-axial fractures are suspected.

In all cases within the present report, the atlanto-axial complex 
was subject to similar occupant kinematics and patt ern of load 
application. Th e subjects incurred initial movement toward the 
side of impact resulting in contact with the structures of the 
occupant compartment.[13] Impact of the lateral and frontal 
calvarium will cause a reversal of the head-neck complex motion 
with lateral bending toward the side contralateral to the impact 
[Figure 2]. Th e complexity of the atlanto-axial complex is 
responsible for a sequence of events that defi ne load application 
in these impacts. Motion of the atlanto-axial complex is 
considerably restricted by the alar ligaments which are relatively 
inelastic.[14] Th ese ligaments function to limit axial rotation 
and are coupled with the transverse ligament which may also 
provide a constraining component in this diff erential motion. 
Th e corresponding capsular ligaments at this level are loose and 
allow signifi cant lateral motion. Th erefore, the capsular ligaments 
will allow potentially excessive lateral bending while the alar 
ligaments serve to supply the necessary centripetal force to 
counter the axis in forced rotation.[15] In these near side impacts, 
the atlanto-axial complex contralateral the side of impact may be 

Table 1: Combined analysis of the CIREN data and present clinical experiences
Age Sex Level Structure Side of Impact Speed Injuries

41 F C1 LM Passenger 43 km/h Acetabular fracture, pulmonary contusion, 
splenic laceration, SAH, SDH

40 M C1 TVP Driver 14 km/h Mandible, humerus, and clavicle fractures
81 F C1 LM Driver 19 km/h Rib fractures
56 M C1 TVP Driver Unknown SAH, SDH, splenic laceration, pulmonary 

contusion, vertebral artery occlusion
87 F C2 LM Driver Unknown none
31 F C2 LM Driver 64 km/h Vertebral artery dissection
50 F C1 LM Passenger Unknown Rib fractures

LM = lateral mass, Km/h = kilometers per hour; TVP = transverse process; SAH = subarachnoid hemorrhage; SDH = subdural hemorrhage

Figure 2: A schematic illustration portrays an occupant subject to 
direct side-impact with initial movement towards the side of impact 

followed by reversal of the head-neck complex motion with lateral 
bending toward the side contralateral to the impact
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exposed to adverse compression loads causing the lateral masses 
and TPs to incur this unique fracture patt ern as well as potential 
injury to the corresponding vertebral artery.

Numerous articles have documented that trauma to the posterior 
elements of the cervical spine will have a risk of associated blunt 
vertebral artery injury (BVAI). Evidence of facet, lateral mass, 
TP, or C1-C3 fractures are noticeably relevant to such vascular 
trauma.[16-19] Ringer et al., proposed that energy suffi  cient to 
produce such injuries would also suffi  ce to cause vertebral artery 
injury. Th ese authors noted that in a series of 114 patients with 
cervical fractures, 30.7% showed angiographic evidence of blunt 
cerebrovascular injury.[19] Miller et al., reviewed 109 angiographic 
studies in patients cervical fractures and found 36 patients (33%) 
with vertebral artery injury. Twenty-eight of these patients 
had foramen transversarium involvement. Of the remaining 
eight patients, fi ve individuals exhibited facet subluxation.[18] 
Vives et al. authored a review of the natural history, incidence, 
diagnosis, and management option for vertebral artery injury 
in the sett ing of blunt trauma to the cervical spine. Th is 
review supported the contention that BVAI is a fairly common 
occurrence in the cervical spine trauma with incidence ranging 
from 20% to 26% and potential neurologic sequele from 
0.7% to 24%, respectively.[20] Stein et al., in evaluating blunt 
cerebrovascular injuries, noted a 26% rate of stroke in untreated 
patients compared with 4% in treated patients.[21] While these 
fi nding as well as other published reports support the general 
argument that therapeutic intervention mitigates the risk of 
stroke as well as well as decreases the severity of such events, 
no such consensus exists regarding the most effi  cacious therapy. 
Anticoagulation, antiplatelet, and interventional have all been 
applied with varying levels of success. In this regards, the 
effi  cacious results with aspirin have innumerous advocates.[22] 
Th ese fi ndings support that both the fracture patt ern described 
above and facet dislocations are a strong indicator of potential 
BVAI. As CT angiography has shown a 99% accuracy compared 
with conventional angiography in the identifi cation of such 
injuries, these studies are likely responsible for the recent 
marked increase in detection of BVAI and should be used in 
the screening for all patients with this patt ern of atlanto-axial 
injury.[17] Th ese considerations emphasize that the recognition of 
a potential BVAI is critical to the implementation of a relatively 
safe, simple, and eff ective protective therapy.

During the CIREN review this rare fracture pattern was 
identified in a case wherein side impact airbags were 
deployed. It has been shown that side airbag deployment 
significantly reduces neck/cervical injury severity in near-
sided impact collisions.[23] However, it is unknown whether 
the increasing utilization of side airbags may be a causative 
factor in the formation of uncommon fractures secondary to 
occupant-compartment contact or may change the relative 
frequency of cervical fractures by providing disproportionate 
protection across the known range of injuries. Given the 
increasing utilization of side airbags in modern automobile 
production, an additional biomechanical investigation, using 
a different epidemiological database such as the National 

Automotive Sampling System, would be needed to better 
understand the full implication of side airbag deployment in 
cervical trauma.

Analysis of human cervical spine uncovertebral joint anatomy 
has demonstrated that larger and more well developed joints 
are found at the mid and lower cervical levels.[24] Th e paucity 
of well-developed articulations at the atlanto-axial level may 
modify the coupled kinematics of the cervical spine in lateral 
impact injury signifi cantly. Th is variation may diminish load 
sharing in a fashion that contributes to the patt ern of injury 
noted in this series. Understanding this complex boney anatomy 
in combination with the unique arrangement of muscular and 
ligamentous att achments at these levels is key to explaining 
these rare fractures observed in the C1 and C2 vertebrae under 
signifi cant translational forces.

CONCLUSIONS

Th e complexity of the atlanto-axial complex is responsible 
for a sequence of events that defi ne load application in these 
side impacts. Th is study demonstrates the vulnerability of the 
vertebral artery to injury under these unique translational forces 
and supports the use or routine screening for vascular injury. 
In addition, the diminished sensitivity of plain radiography in 
identifying these injuries suggests that CT should be utilized in 
all patients, wherein a similar patt ern of injury is suspected.

ACKNOWLEDGMENT

Th is research was supported in part by US DOT NHTSA Cooperative 
Agreement DTNH22-10-H-00292 and by the Department of Veterans 
Aff airs Medical Research. Th e views expressed are those of the authors 
and do not represent those of the funding agency.

REFERENCES 

1.  Abel MS. Occult traumatic lesions of the cervical vertebrae. CRC Crit Rev 
Clin Radiol Nucl Med 1975;6:469-553.

2. Abel MS, Teague JH. Unilateral lateral mass compression fractures of the axis. 
Skeletal Radiol 1979;4:92-8.

3. Gehweiler JA, Duff DE, Martinez S, Miller MD, Clark WM. Fractures of the 
atlas vertebra. Skeletal Radiol 1976;1:97-102.

4. Hadley MN, Browner C, Sonntag VK. Axis fractures: A comprehensive 
review of management and treatment in 107 cases. Neurosurgery 
1985;17:281-90.

5. Lui TN, Lee ST, Wong CW, Yeh YS, Tzaan WC, Chen TY, et al. C1-C2 fracture-
dislocations in children and adolescents. J Trauma 1996;40:408-11.

6. Stein DM, Kufera JA, Ho SM, Ryb GE, Dischinger PC, O’Connor JV, et al. 
Occupant and crash characteristics for case occupants with cervical spine 
injuries sustained in motor vehicle collisions. J Trauma 2011;70:299-309.

7. Young M, Thiel H, Thorkeldsen A. Fracture of the lateral mass: A case report 
and literature review. Br J Chiropr 1999;3:56-8.

8. Aydin K, Cokluk C. A fracture of unilateral pars interarticularis of the axis: 
A case report. Turk Neurosurg 2007;17:155-7.

9. Barker EG Jr, Krumpelman J, Long JM. Isolated fracture of the medial portion 
of the lateral mass of the atlas: A previously undescribed entity. AJR Am J 
Roentgenol 1976;126:1053-8.

10. Greene KA, Dickman CA, Marciano FF, Drabier JB, Hadley MN, Sonntag VK. 
Acute axis fractures. Analysis of management and outcome in 340 consecutive 
cases. Spine (Phila Pa 1976) 1997;22:1843-52.



37

Journal of Craniovertebral Junction and Spine 2014, 5:7 Lozen, et al.: Contralateral atlanto-axial fractures in near side collisions

11. Lo PA, Drake JM, Hedden D, Narotam P, Dirks PB. Avulsion transverse ligament 
injuries in children: Successful treatment with nonoperative management. 
Report of three cases. J Neurosurg 2002;96:338-42.

12. Inaoka T, Ohashi K, El-Khoury GY. A single fracture in the atlas ring: Report 
of two cases and a review of the literature. Emerg Radiol 2007;14:191-4.

13. Smith KM, Yoganandan N, Pintar FA, Kurpad SN, Maiman DJ. Atlantooccipital 
dislocation in motor vehicle side impact, derivation of the mechanism of injury, 
and implications for early diagnosis. J Craniovertebr Junction Spine 2010;1:113-7.

14. Möller J, Nolte LP, Visarius H, Willburger R, Crisco JJ, Panjabi MM. Viscoelasticity 
of the alar and transverse ligaments. Eur Spine J 1992;1:178-84.

15. Clark C. The Cervical Spine. 4th ed. Philadelphia PA: Lippincott Williams & 
Wilkins; 2005.

16. Cothren CC, Moore EE, Biffl  WL, Ciesla DJ, Ray CE Jr, Johnson JL, et al. 
Cervical spine fracture patterns predictive of blunt vertebral artery injury. 
J Trauma 2003;55:811-3.

17. Eastman AL, Chason DP, Perez CL, McAnulty AL, Minei JP. Computed 
tomographic angiography for the diagnosis of blunt cervical vascular injury: 
Is it ready for primetime? J Trauma 2006;60:925-9.

18. Miller PR, Fabian TC, Croce MA, Cagiannos C, Williams JS, Vang M, et al. 
Prospective screening for blunt cerebrovascular injuries: Analysis of diagnostic 
modalities and outcomes. Ann Surg 2002;236:386-93.

19. Ringer AJ, Matern E, Parikh S, Levine NB. Screening for blunt cerebrovascular 
injury: Selection criteria for use of angiography. J Neurosurg 2010;112:1146-9.

20. Vives MJ, Khamsi B, Gupta G, Prestigiacomo C, Gandhi G. Vertebral artery 
injury in blunt cervical spine trauma: A review of literature. Spine Line N Am 
Spine Soc 2011;12:12-23.

21. Stein DM, Boswell S, Sliker CW, Lui FY, Scalea TM. Blunt cerebrovascular 
injuries: Does treatment always matter? J Trauma 2009;66:132-43.

22. Alterman DM, Heidel RE, Daley BJ, Grandas OH, Stevens SL, Goldman MH, et al. 
Contemporary outcomes of vertebral artery injury. J Vasc Surg 2013;57:741-6.

23. Loftis KL, Weaver AA, Stitzel JD. Investigating the effects of side airbag 
deployment in real-world crashes using crash comparison techniques. Ann 
Adv Automot Med 2011;55:81-90.

24. Kumaresan S, Yoganandan N, Pintar FA. Methodology to quantify the uncovertebral 
joint in the human cervical spine. J Musculoskelet Res 1997;1:131-9.

How to cite this article: Lozen AM, Pace J, Yoganandan N, Pintar FA, 
Cusick JF. Unilateral atlanto-axial fractures in near side impact 
collisions: An under recognized entity in cervical trauma. J Craniovert 
Jun Spine 2014;5:33-7.
Source of Support: Nil, Confl ict of Interest: None declared.

Staying in touch with the journal

1) Table of Contents (TOC) email alert 
 Receive an email alert containing the TOC when a new complete issue of the journal is made available online. To register for TOC alerts go to 

www.jcvjs.com/signup.asp.

2) RSS feeds 
 Really Simple Syndication (RSS) helps you to get alerts on new publication right on your desktop without going to the journal’s website. 

You need a software (e.g. RSSReader, Feed Demon, FeedReader, My Yahoo!, NewsGator and NewzCrawler) to get advantage of this tool. 
RSS feeds can also be read through FireFox or Microsoft Outlook 2007. Once any of these small (and mostly free) software is installed, add 
www.jcvjs.com/rssfeed.asp as one of the feeds.


