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Objective: The purpose of this study is to find the clinical and radiographic characteristics
of traumatic craniocervical junction (CCJ) injuries requiring occipitocervical fusion (OC
tusion) for early diagnosis and surgical intervention.

Methods: We retrospectively reviewed 12 patients with CCJ injuries presenting to St. Mi-
chaels Hospital in Toronto who underwent OC fusion and looked into the following vari-
ables; (1) initial trauma data on emergency room arrival, (2) associated injuries, (3) imag-
ing characteristics of computed tomography (CT) scan and magnetic resonance imaging
(MRI), (4) surgical procedures, surgical complications, and neurological outcome.
Results: All patients were treated as acute spinal injuries and underwent OC fusion on an
emergency basis. Patients consisted of 10 males and 2 females with an average age of 47
years (range, 18-82 years). All patients sustained high-energy injuries. Three patients out
of 6 patients with normal BAI (basion-axial interval) and BDI (basion-dens interval) values
showed visible CCJ injuries on CT scans. However, the remaining 3 patients had no clear
evidence of occipitoatlantal instability on CT scans. MRI clearly described several findings
indicating occipitoatlantal instability. The 8 patients with normal values of ADI (atlanto-
dens interval interval) demonstrated atlantoaxial instability on CT scan, however, all MRI
more clearly and reliably demonstrated C1/2 facet injury and/or cruciate ligament injury.
Conclusion: We advocate measures to help recognize CCJ injury at an early stage in the
present study. Occipitoatlantal instability needs to be carefully investigated on MRI in addi-
tion to CT scan with special attention to facet joint and ligament integrity.

Keywords: Craniocervical junction injuries, Occipitocervical fusion, Ligament injury,
High-energy injuries, Magnetic resonance imaging

Emergency Department (ED) can have potentially devastating
consequences.' Unfortunately, an accurate diagnosis is frequent-

Although advances in universal spine precautions and spine  ly not established at the time of initial evaluation because al-

stabilization techniques have increased the number of patients  tered level of consciousness of patients due to the presence of

surviving acute traumatic instability at the craniocervical junc-  head injury and multiple other life-threatening injuries could

tion (CCJ), a delay in diagnosis and mismanagement in the =~ complicate the process of diagnosis.” Furthermore, difficulty
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and inexperience in radiological analysis of CCJ anatomical re-
lationships is another possible cause for misdiagnosis.” There-
fore, clarification of specific characteristics of trauma and imag-
ing clues suggestive of CCJ injuries is extremely important to
raise awareness for this pathology. The advent of magnetic res-
onance imaging (MRI) revolutionized the assessment of trau-
matic CCJ injuries by providing unique and accurate informa-
tion about the integrity of the CCJ ligaments, based on which
surgical indication could be determined.’

The purpose of this study is to find the clinical and radiogra-
phic characteristics of traumatic CCJ injuries requiring occipi-
tocervical fusion (OC fusion) for early diagnosis and surgical
intervention.

MATERIALS AND METHODS

1. Data Collection

We conducted a retrospective study of traumatic CCJ injury
cases who required OC fusion at St. Michael's Hospital in To-
ronto, from 2013 to 2018. All of these cases were preoperatively
diagnosed with occipitoatlantal instability on computed tomog-
raphy (CT) scan and MRI with radiological findings as follows;
fracture dislocation and/or disruption of ligaments in the oc-
cipitoatlantal segment. Traumatic CCJ injuries requiring only
C1-2 fusion were excluded. Following institutional review board
approval, 12 consecutive cases were identified. All medical re-
cords and spinal imaging studies were retrospectively reviewed
to identify the following variables: (1) initial trauma data on ED
arrival, (2) associated injuries, (3) imaging characteristics of CT
scan and MRI, (4) surgical procedures, surgical complications,
and neurological outcome. Based on these data, key points lead-
ing to early identification of surgical candidates and surgical out-
comes are investigated.

2. Initial Patient Management

On arrival at St. Michael's Hospital, patients were evaluated
according to standard Advanced Trauma Life Support proto-
col.* A cross-table lateral conventional radiograph of the spine
was obtained as part of the initial trauma evaluation. Head and
cervical CT scans (occiput-T3) were routinely obtained in all
patients because of the high-energy mechanism of their inju-
ries. Some patients had been seen at outside hospitals for triage
and were re-evaluated as acute trauma patients in the aforemen-
tioned manner after transfer to St. Michael's Hospital. Once trau-
matic CCJ injury was identified or suspected, patients were kept
on spinal precautions and provisional stabilization secured by a
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rigid cervical collar or halo vest. Cervical spine MRI was then
performed to evaluate the presence of hematoma, ligamentous
disruption, facet injury, intervertebral disc injury, and spinal
cord injury (SCI).

3. Operative Technique

All cases underwent rigid OC fusion using occipital plates,
rods, and screws as soon as the physiological general conditions
of patients permitted and prepared for surgery. Surgical proce-
dure was conducted in the operating room in the following se-
quence. We achieved a fiberoptic awake intubation in the su-
pine position and checked the patient’s neurological status to
confirm no neurological deterioration was caused by the intu-
bation. The patient was then placed in the spine position on a
spinal surgery operating table (Jackson Table; OSI, Union City,
CA). At this point, we performed closed reduction and adjust-
ment of cervical alignment under fluoroscopic guidance with
great care before the patient was rotated 180°. Rigid titanium
screws, rods, and plate devices (Stryker Spine, Allendale, NJ,
USA) were used to fixate the affected segments with 3-dimen-
sional navigation (Stryker Spine, Allendale, NJ, USA) or fluoro-
scopic guidance (Ziehm Vision FD vario 3D, Ziehm Imaging,
Nuremburg, Germany). Arthrodesis was undertaken by putting
local bone from spinous processes of the affected levels on the
decorticated laminae and facet joints.

4. Postoperative Clinical and Radiographic Assessment
Postoperative external immobilization was achieved with a
cervical brace. Postoperative cervical CT scans and radiographs
were obtained to assess spinal alignment and the adequacy of
screws and plates locations. After discharge, radiographic and
clinical follow-up data were obtained at the outpatient clinic.
Upright flexion-extension lateral radiograph was evaluated for
assessment of spinal alignment in all patients on a periodic basis.

RESULTS

1. Initial Trauma Assessment

Table 1 provides a summary of initial trauma assessment data
acquired in emergency room. All patients were treated as acute
spinal injuries and underwent OC fusion on an emergency ba-
sis. Patients consisted of 10 males and 2 females with an average
age of 47 years (range, 18-82 years). In all cases, the patients
sustained high-energy injuries, such as motor vehicle collision
(MVC) with ejection (4 patients) or without ejection (3 patients),
fall from height (3 patients), or assault (2 patients). Eight patients
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exhibited transient or protracted loss of consciousness at the
scene and reduced Glasgow coma scale (GCS) was noted in 7
cases on ED arrival including 3 cases of severely impaired con-
sciousness (GCS 3 and 6).

2. Associated Injuries
Associated injuries were summarized in Table 2. Six cases

Table 1. Summary of initial trauma data

with closed head injury (CHI) were noted on head CT scan.
While only 1 case underwent emergency craniotomy, 5 other
cases with CHI were treated conservatively. Seven cases sus-
tained scalp injury or facial fracture, or facial laceration. Subax-
ial cervical spine injuries were detected in 5 cases, while thorac-
ic or lumbar spine injury was seen in only 1 case. Carotid or
vertebral artery injuries were found in 3 cases (1 case had coex-

Table 2. Summary of associated injuries

Variable Value Variable No. (%)
Sex, male:female 9:3 Closed head injury 6 (50)
Age (yr), mean (range) 47 (18-82) Scalp or facial injuries
Injury mechanism Scalp injury 3(25)
MVC 7 Facial injury or fracture 4(33)
Fall down 3 Subaxial C-spine injuries
Assault 2 C2/3 jumped facet 1(8)
Ejection from vehicle C4 vertebral body fracture 1(8)
Yes 4 C6 facet fracture 1(8)
No 3 C7 facet fracture 1(8)
NA 5 C7 lamina fracture 1(8)
GCS score, mean + SD 11.6+1.3 T- or L-spine injuries
LOC T3 compression fracture 1(8)
Yes 8 Vascular injuries
No 4 Carotid artery injury 2(17)
MVC, motor vehicle collision; NA, not applied; GCS, Glasgow coma Vertebral artery injury 2(17)

scale; SD, standard deviation; LOC, loss of consciousness.

Table 3. Imaging characteristics of CT scan and MRI

Cia\?; CT findings (I’]?l?rll) (ri?rf) (ilr)rf) MRI findings
1 C1 fracture, O/C1 and C1/2 dislocation 18 15 7 NA
2 C1 fracture, O/C1 and C1/2 dislocation 7 3 1 ALL injury, O/C1 and C1/2 facet injury, cruciate ligament injury
3 C1 and C2 fracture, O/C1 and C1/2 dislocation 10 3 1 Spinal cord injury, O/C1 and C1/2 facet injury
4 C2 fracture, C1/2 dislocation 10 8 1 O/C1 facet injury, cruciate ligament injury
5 C1 fracture, C1/2 dislocation 14 12 2 O/C1 and C1/2 facet injury, cruciate ligament injury
6 C2 fracture, C1/2 and C2/3 dislocation 7 8 1 ALL injury, O/C1 and C1/2 facet injury, cruciate ligament injury
7 C2 fracture, C1/2 dislocation 19 8 1 ALL injury, O/C1 and C1/2 facet injury cruciate ligament injury
8 Cl1 fracture, O/C1 and C1/2 dislocation 19 2 4 ALL injury, O/Cl facet injury cruciate ligament injury
9 C1 fracture, O/C1 and C1/2 dislocation 2 2 1 ALL injury, O/C1 and C1/2 facet injury cruciate ligament injury
10 C1 and C2 fracture, O/C1 and C1/2 dislocation 11 12 7 O/CI and C1/2 facet injury cruciate ligament injury
11 Condyle fracture, O/C1 and C1/2 dislocation 11 12 1 O/C1 and C1/2 facet injury
12 C1 fracture, C1/2 dislocation 5 4 5 O/CI and C1/2 facet injury cruciate ligament injury

Abnormal values of BAI BDI, ADI are highlighted and underlined.

CT, computed tomography; MRI, magnetic resonance imaging; BAI, basion-axial interval; BDI, basion-dens interval; ADI, atlanto-dens inter-

val; NA, not applied; ALL, anterior longitudinal ligament.
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isting carotid and vertebral artery injuries). Antiplatelet therapy
was initiated following the surgical procedure and maintained
throughout the acute critical management in all cases.

3. Imaging Characteristics of CT Scan and MRI

The abnormal imaging findings that suggested the presence
of traumatic CCJ injury are summarized in Table 3. Head and
cervical spine CT scans (Occipital bone to T3) was obtained in
all patients because of the high-energy mechanism of their in-
juries after patients were optimized hemodynamically. All but 1
case (case 1) underwent both of cervical spine CT scan and MRIL.
Case 1 was in a state of deep coma with unilateral blown pupil
due to CHI (GCS 3) on arrival and emergency decompressive
craniectomy and OC fusion was performed without obtaining
MRI. Bony displacement and malalignment were measured and
reported in all patients on CT scans. Overall, 6 patients (cases 1,
5,7, 8, 10, 11) had values of basion-axial interval (BAI; normal
<12 mm) and/or basion-dens interval (BDI; normal <10 mm)
outside of normal limits and 4 patients (cases 1, 8, 10, 12) showed
abnormal values of atlanto-dens interval (ADI; normal <3 mm),
respectively. Three patients (cases 2, 3, 9) out of 6 patients (cases
2,3,4,6,9, 12) with normal BAI and BDI values showed visible
occipitoatlantal facet joint dislocation or diastasis based on CT
scans. However, the remaining 3 patients (cases 4, 6, 12) had no
clear evidence of occipitoatlantal instability on CT scans. MRI
clearly described several findings indicating occipitoatlantal in-
stability, such as anterior longitudinal ligament injury, cruciate

Table 4. Surgical procedures and surgical complications

Variable No. (%)
Surgical levels (most caudal level)
C2 1(8)
C3 5(42)
C4 5(42)
T4 1(8)
Other surgeries
Craniotomy 1(8)
Internal fixation of the midfoot 1(8)
Fixation of craniofacial fracture 1(8)
Tracheostomy 2(17)
Ventriculoperitoneal shunt 1(8)
Postoperative complications
Surgical site infection 1(8)
Deep venous thrombosis 1(8)
Hydrocephalus 1(8)
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ligament injury, or occipitoatlantal facet injury. The 8 patients
(cases 2, 3,4, 5, 6, 7,9, 11) with normal values of ADI demon-
strated atlantoaxial malalignment and facet diastasis on CT scan
and a diagnosis of atlantoaxial instability was established on CT
scans. However, all MRI more clearly and reliably demonstrated
C1/2 facet injury and/or cruciate ligament injury. No patient
had an isolated occipitoatlantal dislocation without atlantoaxial
instability.

4. Surgery, Surgery-Related Complications, and

Neurological Outcome

There were no cases of occipitocervical and occipitothroacic
pseudoarthrosis or hardware failure. A postoperative surgical
site infection occurred in 1 patient (case 5), who was success-
fully treated with irrigation and debridement, revision of hard-
ware, and antibiotic agents. One patient (case 7) was complicat-
ed by postoperative deep venous thrombosis, which was also
successfully treated with anticoagulation therapy. Another pa-
tient (case 11) who developed hydrocephalus following CHI
received ventriculoperitoneal shunt successfully. The mean fol-
low-up duration was 12 months (range, 6-24 months). No pa-
tients experienced worsening of neurological symptoms post-
operatively. Seven patients (58%) exhibited normal neurologi-
cal functions (American Spinal Injury Association impairment
scale [AIS] grade E) and 5 (42%) suffered incomplete SCI pre-
operatively. The severity of SCI was AIS grade C (3 patients)
and AIS grade D (2 patients). All SCI patients (AIS grade C-D)
made improvement by at least one AIS grade postoperatively
(Tables 4, 5).

5. Illustrative Case (Case 5)

The patient was an 18-year-old man who was involved in an
MVC. He was initially taken to an outside hospital and subse-
quently transferred to St. Michael's Hospital. There was no loss
of consciousness. Head CT and CT angiography showed no ev-

Table 5. Neurological outcome

Preoperative AIS Postoperative AIS grade

grade A B C D E
A 0 0 0 0 0
B 0 0 0 0 0
C 0 0 0 2 1
D 0 0 0 0 2
E 0 0 0 0 7

AIS, American Spinal Injury Association impairment scale.
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Fig. 1. (Case 5) Preoperative computed tomography scan (A, B), preoperative magnetic resonance imaging (C, D), postoperative
x-ray (E). Avulsion fractures of anterior arch of atlas with widening of BDI (A; arrow), cephalad displacement of atlas (A; arrow-
head), malalignment of the atlantooccipital joints with posterior widening of the O/C1 facet joints (B; arrow) and C1/2 facet
joints. Severe injury of anterior longitudinal ligament and anterior atlantooccipital membrane (C; arrow), tectorial membrane
and cruciate ligaments (C; arrowhead). There was apparent distraction of the O/C1 (D; arrow) and C1/2 facet joints with inter-

facet fluid signal. OC3 fusion was successfully performed (E).

idence of CHI or craniocervical vessel injury. He was found to
have right lung pneumothorax and a nondisplaced mandible
fracture, both of which were managed conservatively. He had
avulsion fractures of anterior arch of C1 with widening of the
BAI and BDI. There was posterior widening of the occipitoat-
lantal facet joints and atlantoaxial facet joints (Fig. 1A, B). Cer-
vical spine MRI showed severe injury of ALL, the tectorial mem-
brane, and cruciate ligament (Fig. 1C) with apparent distraction
of the occipitoatlantal and atlantoaxial facet joints with inter-
facet fluid signal (Fig. 1D). Preoperative diagnosis was occipi-
toatlantal and atlantoaxial instability with C1 fracture. OC3 fu-
sion was performed (Fig. 1E), however, he developed surgical
site infection, which was successfully cured by wound reopen-
ing, irrigation, and debridement. He made significant recovery
without any neurological symptoms at follow-up in the outpa-
tient clinic.

DISCUSSION

The difficulties in prompt diagnosis of traumatic CCJ injury
were highlighted and recognized over the past decade.””'" As
mortality rates are reportedly extremely low in patients who are
correctly diagnosed with CCJ injury on initial trauma evalua-

12-14

tion,"*** we need to identify the characteristics of the trauma

and imaging clues serving as warning signs for CCJ injury at

https://doi.org/10.14245/ns.2142860.430

the initial trauma assessment. In the present study, all patients
were involved in high-energy injuries mainly affecting head and
face. Eight patients had transient or protracted loss of conscious-
ness on arrival, indicating severe blow to the brain. Closed head
injuries were present in 6 patients (50%) and impaired conscious-
ness with reduced GCS was noticed in 6 cases (50%). Altered
level of consciousness due to brain injury, hemodynamic insta-
bility, or alcoholic consumption as well as severe pain that dis-
tracts from traumatic CC]J injuries contributed to diagnostic
difficulties. We also found high rate of scalp or facial injuries,
which are suggestive of CCJ injury. Spinal cord deficits were
identified in 5 patients on initial evaluation (42%) in the pres-
ent study; which were AIS grade C or D deficits. Neurological
symptoms caused by SCI could facilitate the identification of
C(C]J injury.

In recent years, the preference of initial imaging has shifted
from x-ray to CT scans, since CC] injuries are often overlooked
in x-ray imaging."” The analysis of the present study demon-
strated generally accepted indexes (BAL BDI, and ADI) on CT
scans were not reliable enough and other CT scan findings such
as facet diastasis and facet dislocation were particularly useful
findings. Facet diastasis and facet dislocation are closely related
to the damage of ligaments.'>'¢ Several important ligaments
hold bony structures and facet joints in the CC]J, including the
cruciate ligament, the paired alar ligaments, the tectorial mem-

www.e-neurospine.org 745



Shiraishi D, et al.

Clinical and Radiological Clues of Traumatic Craniocervical Junction Injuries

brane, the apical ligament, and the anterior and posterior atlan-
tooccipital membranes.””"* Although these ligaments play piv-
otal roles for stabilization, traumatic CCJ injuries have histori-
cally been recognized as osseous fractures.”*' Ligamentous in-
juries at the CCJ can cause bony dislocations and facet diastasis
leading to severe and insidious instability without associated
fractures. We encountered several cases with obvious bony dis-
locations and facet diastasis on CT scans, however, we should
emphasize the existence of cases with the ligamentous injuries
without clear evidence of osseous displacements on CT scans.
Atlantoaxial instability could be made diagnosis solely by de-
tailed analysis of CT scans based on facet dislocations and facet
diastasis even with normal values of ADI though the diagnosis
should be confirmed using MRI, which more clearly and reli-
ably demonstrated atlantoaxial facet injury and/or cruciate liga-
ment injury. On the other hand, several reports emphasized the
existence of trauma patients of occipitoatlantal instability with
normal or near-normal CT scans, which were narrowly diag-
nosed on MRI.>? It is extremely difficult to detect occipitoat-
lantal instability solely by CT scans in patients who demonstrate
normal values of the BAI, BDI with no clear evidence of occipi-
toatlantal malalignment or diastasis of the occipitoatlantal facet.
These clear differences in the process of diagnosis between oc-
cipitoatlantal and atlantoaxial instability may come from the
differences of function and range of motion between these facet
joints. Atlantoaxial facet joints are structurally more complicat-
ed and more mobile with wide range of axial rotation (48.53°
on average) than occipitoatlantal facet joints with flexion-ex-
tension motion (18.7° on average).”* Therefore, diastasis of the
occipitoatlantal facet joints occurring after traumatic CCJ inju-
ry may be more likely to spontaneously reduce with normal
joint heights even as the patient has significant occipitoatlantal
instability. Therefore, CT measurements alone can overlook
purely ligamentous injuries, and additional MRI analysis is es-
sential particularly in occipitoatlantal instability. This is espe-
cially true of unconscious patients who cannot complain of any
subjective symptoms and cannot take neurological assessment.”*
The present study showed occipitoatlantal injury was accompa-
nied by concomitant atlantoaxial injury even as isolated atlan-
toaxial injury is frequently observed.” This unique traumatic
relationship was clearly verified by MRI assessment. In this con-
text, the possible coexistence of occipitoaxial instability should
be born in mind once atlantoaxial dislocation is suspected. MRI
is currently an integral part of diagnostic process in CCJ inju-
ries, however, Dyas et al.”” indicated the disruption of alar liga-
ments, one of the main ligamentous stabilizers in CCJ, was dif-
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ficult to be recognized on MRI. The whole ligamentous struc-
ture of CCJ needs to be evaluated because identification of in-
dividual ligament may be difficult. The ability of MRI to detect
the integrity of the ligaments is not always perfect depending
on the imaging quality of MRI,** therefore comprehensive as-
sessment of mechanism of injury, associated injury, neurologi-
cal symptoms, and consciousness status is essential to accurate-
ly reach the diagnosis.

Rigid cervical orthosis or halo immobilization should be con-
tinued until the patient is prepared for surgical intervention. The
most appropriate preoperative provisional stabilization has to
be decided considering the timing of surgery, the degree of in-
stability, and the patient’s general condition, neurological status,
and other spine injuries. Traumatic CCJ injury mainly compris-
es ligamentous disruption and could lead to significant neuro-
logical deterioration without surgical intervention.” Posterior
OC fusion is the treatment of choice in most cases™ and the de-
velopment of plate, rod, and screw system has allowed us to at-
tain successful outcomes without the need for postoperative halo
immobilization®"*?
90%.'

In summary, as CCJ stability is largely dependent on ligamen-
tous integrity,”** MRI has greater sensitivity for detecting CCJ

instability by analysis of disc disruption, facet injuries, and liga-

with high bony fusion rate of more than

ment injuries than CT scans or x-ray alone' and the addition of
MRI to CT scans can alter patient management.”***” The clas-
sification system where MRI findings are fully integrated needs
to be developed particularly for occipitoatlantal instability.

CONCLUSION

We advocate measures to help recognize CCJ injury at an
early stage in the present study. Firstly, these measures have put
emphasis on the identification of clinical clues (high-energy
trauma, transient or protracted loss of consciousness, reduced
consciousness level, CHI, scalp, or facial injury). Secondly, care-
ful imaging assessment is necessary based on both CT scan and
MRI. Occipitoatlantal instability is carefully investigated on
MRI in addition to CT scan with special attention to facet joint
and ligament integrity. OC fusion using occipital plate, rod, and
screws in a timely manner brings great outcomes. We found
that following these measures give great chances to functionally
improve even patients with severe neurological symptoms. More
cases with CCJ injury are needed to be accumulated to investi-
gate and establish correct diagnostic criteria for CCJ instability.
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