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Abstract The objective of this study is to describe a series
of cranio-cervical dissociation victims and evaluate their
outcomes as well as discuss the clinical dilemmas we faced
in the context of current literature evidence. This is a retro-
spective cohort study of traumatic occipito-cervical dissoci-
ation in five patients (three males and two females) encoun-
tered between 2010 and 2016 at a tertiary care facility in the
Middle East region. All patients underwent occipito-cervical
fusion using screws and rods system with mean postopera-
tive follow-up period of 2.5 years. All patients survived, and
four were independently mobile and one wheel chair bound.
Most had some degree of neurological sequelae, often due to
associated injuries and all complained of limited neck range
of motion. Contemporary literature review shows that CT
scan with MRI is often the best diagnostic modality. Surgery
is usually indicated though rare cases treated conservatively
have been reported. The commonest predictor of mortality
is missed injury, associated head injury and wide separation
between the skull base and C1 on imaging studies.
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Introduction

Traumatic occipito-cervical dislocation (OCD), atlanto-
occipital dislocation (AOD) and cranio-cervical dissocia-
tion (CCD) all describe a catastrophic traumatic injury of the
ligaments binding the base of the skull to the upper cervical
spine. These lesions are typically due to high-velocity acci-
dents in particular motor vehicle injuries. Blackwood [18]
is credited with the first published report of this injury in
1908. Most of the series that have followed in subsequent
decades consists of small numbers of patients and report
high mortality rates. The literature from 1966 to 2001 has
reported only 135 survivors globally [15]. Survivorship has
progressively improved over the years, and Meuller reported
60% mortality in 2013 [23]. In the last 110 years or so, the
near 100% mortality for this injury has been substantially
reduced to almost 100% survival (in at least few reports by
Blellbarba and Ben Ghalim) [1, 2]. This reduction in mor-
tality has been attributed to the improving trauma salvage
services, enhanced imaging protocols leading to the early
detection of these injuries, the high index of clinical suspi-
cion entertained by the trauma team and the newer surgical
strategies for managing these complex injuries [18]. Addi-
tionally, it must also be recognized that the exact criteria for
diagnosis as well as the timing of diagnosis also might be
different in the various series.

The present work is a case series of all the patients treated
in a level 1 trauma center in the Middle East, from 2010 to
2016. The five cases detected and treated once they arrived
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at the hospital; all survived with varying degrees of residual
neurological impairments.

Materials and methods

This is a retrospective observational study based on the doc-
uments retrieved from the electronic database maintained at
a tertiary care and level 1 trauma center in the Sultanate of
Oman. All patients admitted with OCD with the orthopedic,
neurosurgical and general surgical services were retrieved.
The electronic hospital information system was also ana-
lyzed to identify occipito-cervical fusion surgeries for any
reason to identify potential traumatic CCD cases. The CT
scans were individually reviewed by the senior author to
confirm the diagnosis. The demographic features of all the

control
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Table 1 Demographics and outcomes of the patients in this cohort
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Fig. 1 Panel illustrating the cases reported in this series. Please note that the first case has chip fracture of the occipital condyle and case num-

ber 3 has fracture of the atlas vertebra in addition to the CCD lesion

Fig. 2 Panel demonstrating representative postoperative images of the CO—C3 fusion the authors used in all our cases and the CO-C4 fusion in

one case

Table 2 CT measurements undertaken for the five cases in this series

Case Gender Age (years) Power’sratio Harris lines CCI®
F 33 1.1 19 2

2 M 27 1.03 30 5

3? F 26 0.67 11 3
M 30 0.98 26 3

5 M 23 0.63 6 1

2A case of unilateral sublaxation

5Occipital condyle-C1 interval

neuro-rehabilitation service. At 12-month review, four of
the five cases were ambulant independently without sup-
port but complained of limited neck movements (Table 2).
Two patients had foot drop (both had associated complex
pelvic fractures), while one each had slurred speech and
weak hand grip. The patient with the GCS of 3 on admis-
sion was severely spastic upon 1-year review and was in a

wheel chair though he could stand with support. One case
also complained of urinary dysfunction.

Discussion

Evidently, there has been a significant reduction in the
mortality of traumatic CCD injuries from the turn of the
last century when it was first reported to the last decade
[1]. Early diagnosis, advanced emergency management,
meticulous and safe transport of the victim, modern imag-
ing techniques like pan CT, aggressive trauma care for
other systemic injuries have enhanced patient survival [1,
17]. Additionally, the techniques and implants for surgical
stabilization of the occipito-cervical junction have improved
tremendously in the last few decades [10, 16]. Nonetheless,
it must be remembered that the latter series are all hospital-
ized patients, and clearly, only a small percentage of these
injuries would actually survive to reach the hospital. Cooper
et al.’s report [7] from a level 1 trauma center in the USA
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suggests that 47 out of 69 cases were diagnosed postmortem
and of the 22 diagnosed in hospital only seven survived to
discharge [7]. Bucholz and Burkhead [5] have reported that
vast majority of the injuries occur in children, but their data
seem to be derived from fatal CCD injuries. In our cohort,
which was based on hospital data, there were no children
involved.

In the clinical setting, when encountered with a suspected
case of CCD there are several dilemmas that confront the
physician.

1. How to immobilize the cervico-cranium in the presence
of head injury?

2. How useful is the trauma series X-rays in detecting this

injury? What CT criteria are best to confirm the diag-

nosis?

How useful is MRI? Is it mandatory?

Is angiogram useful and necessary?

Is stress testing useful and recommended?

How to decide on management strategy? Is it necessary

to classify these lesions? Is there a role for conservative

care?

How quickly should the surgery be performed?

8. What is the optimal distal fusion level? Can the implant
be removed subsequently?

9. What is the outcome? How to prognosticate survival?

ok W

=

Needless to say, OCD injuries are rare and establishing
institutional guidelines for care based on personal experi-
ence therefore, difficult. Synthesizing evidence is also dif-
ficult since most publications on the subject have small num-
bers of patients and no form of randomization is possible
in this potentially fatal injury. Given these limitations, the
authors reviewed the current literature to try and best answer
these questions so that we can establish clear strategies for
the management of these complex injuries.

Plain X-rays are notoriously inadequate in diagnosing
cranio-cervical injuries [18]. CT scans are the imaging
modality of choice [5, 12, 20, 27, 28]. There is no consen-
sus on what diagnostic criteria are best on CT scans. Differ-
ent authors have reported different results in their respective
series [12, 21, 28]. Dahdaleh et al. [8] studied the various
radiological measures on CT scan and concluded that the
modified condyle-C1 interval (CCI) was the most sensitive
and reliable diagnostic parameter. This author’s work has
suggested that the revised CCI (> 2.5 mm) and condylar
sum (> 5 mm) might be more sensitive than the CCI meas-
urement alone on CT (Fig. 3). Ravindra et al. [27], Bertozzi
et al. [3] and Martinez-Del-Campo et al. [20] have also reaf-
firmed these observations in pediatric and adult patient pop-
ulations, respectively. Martinez-Del-Campo and colleagues
compared normal with injured cranio-cervical junctions and
reported that among the various craniometric parameters
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Fig. 3 Coronal CT view of a representative case demonstrating the
value of the condyle-C1 interval; values of more than 2 mm are sug-
gestive of OCD >

studied CCI (1.5 mm) and condylar sum (3 mm) had the best
sensitivity and specificity for these injuries [20]. Clearly,
these parameters have different values in adults compared
to children [11, 17]. Roy et al.’s [29] study demonstrated
that none of the conventional craniometric measures on CT
(ADI, AOI, BDI and Power’s ratio) (Figs. 4, 5) were abso-
lutely fool proof in diagnosing these lesions though ADI
appeared the most consistent. Meuller et al. [23] an asso-
ciates discuss the relevance of radiological parameters to
guide mortality and conclude that a BDI of > 16 mm is not
compatible with life though the current consensus is that
measurements on static images poorly reflect the dynamic
nature of the instability and does not correlate with mortal-
ity [1].

Given that the displacements observed on CT scan are
temporal and position dependent, it seems logical that
diagnosing ligament injuries is the real key to identifying
these potentially fatal injuries [5], hence the relevance of
MRI scanning in suspected CCD injuries. MRI has the
advantage of delineating the integrity of the ligaments
injured as well as the status of the spinal cord. Roy et al.
[29] and Nidecker and Shen [24] have recommended MRI
scans as diagnostic. Radcliff et al. [25], in a clinical series
of 18 cases, have demonstrated that the atlanto-occipital
capsule injury can be identified on MRI and its injury is
to be considered as critical to the stability of the CV junc-
tion. The cruciate ligaments appear less critical according
to these authors. However, the same authors, based on a
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Fig. 4 Sagittal CT section illustrating the technique of measuring the
Basion-Dens interval and basion-axial interval

cadaveric study, have suggested that the transverse and
alar ligaments are more critical that the capsule of the
atlanto-occipital joint [26]. Debernardi et al. [9] have rec-
ommended the usage of an MR-based scoring system to
determine instability and decide on surgical fusion. Roy
et al. [29] also suggest that the rule of Spence intended to
diagnose transverse ligament injury is often inadequate for
this purpose and that MRI appeared to be the best tool to
diagnose ligament injuries in this location. Needless to say
MRI has been increasingly used for cranio-cervical trauma
in recent years, and the optimal criteria for the diagnosis of
CCD lesions are yet to evolve. Vilela et al.’s [31] study has
recorded up to 50% vascular lesions picked up on angio-
graphic studies in CCD lesions, and they recommend both
MRI and angiograms in all cases.

Like the subaxial cervical spine injuries, it might seem
tempting to suggest stress imaging (traction or flexion/exten-
sion images) to diagnose ongoing instability. Child et al. [6],
in his study on cadaveric specimens, have demonstrated that
instability manifests as 2-mm distraction can be attained by
traction utilizing as less as 5-10 Ibs. weight. Nonetheless,
given the high morbidity and mortality of these lesions as
well as the ethical issues concerning such testing in the
clinical scenario, it is at best recommended in very selected
situations.

Fig. 5 Powers’ ratio measured on the sagittal CT section in the same
case

Once instability has been diagnosed in a case of CCD, it
would appear rational to surgically stabilize the injury [1,
18]. Nevertheless, there is a role for conservative manage-
ment in selected cases. Kaplan reported excellent outcomes
with conservative treatment in one patient; these authors
also pointed out that current literature review demonstrates
uniformly poor outcomes for such management [17]. They
treated their patient in a halo vest for 6 months. Kato et al.
[19] also recommend long-term halo vest immobilization
and postural adjustments in the halo to maintain reduction.
Halo cervical immobilization has also been reported to
have successful results in children, but in adults the uni-
form recommendation is surgery [11]. The current role of
non-operative treatment seems optimal for MRI-positive
but CT-negative cases of OCD based on the experience of
Horn et al. [16] with 33 patients. Vacarro et al. [30] have
summarized the indications for surgical treatment based on
classification systems (he and coauthors use the Anderson
and Montesano schema for occipital condyle fractures and
recommends fusion for type III lesions). Brotis et al. [4] have
not found such approach evidence-based because they have
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reported 20 classifications for injuries in the cranio-vertebral
junction region with 72 individual injury patterns and only
two of these have been independently validated.

Cranio-cervical disjunction is routinely stabilized through
the posterior approach. The extent of instrumentation
depends on the associated injuries. Typically, CO—C2 is the
fusion level, but this may need further downward extension
based on other cervical injuries. The authors have chosen
C3 instead of C2 because purchase in a single distal seg-
ment was perceived to be inadequate in all the cases in this
series. Goel has described an alternate anterior approach
to instrument from the clivus to the C2 vertebra, but this
technique has not been uniformly popular [13]. Grob [14]
has published an elegant technique of trans-articular screw
fixation for the cranio-cervical junction. Clearly, the ear-
lier the surgery is performed the better the likely outcome,
though there is little evidence to actually substantiate this
concept [10, 18].

As described earlier, survival has dramatically improved
in many of the CCD injuries (Table 3). All the same
Mendenhalls et al.’s [22] study demonstrated 26% mortal-
ity in the first 3 months. Their most important predictor of
mortality was missed diagnosis. Fard et al. [10] reported that
the only important prognostic indicator is associated head
injury. Cooper et al. [7] have also added BDI (Basion-Dens
interval) > 16 mm as a predictor of near certain mortality.
Gregg, Mueller and others [15, 16, 23] have recorded sur-
vival but with significant residual neurological disabilities.
Mueller et al.’s [23] study is based on the review of 2616 CT
scans of the skull and cervical spine in a University Center
in Germany. They had five cases (0.2%) of CCD and 31
(1.19%) patients with occipital condyle fractures without
subluxation. In the former five, three patients also had a con-
dyle fracture. They treated all their cases with halo immobi-
lization and secondarily were converted to OC fusion. The
authors report 60% mortality, all within the first fortnight,
and these were attributed to concomitant head injury. These
authors also suggest that an initial Glasgow Coma of < 3 is
consistent with a fatal outcome in this cohort. Horn et al.

Table 3 Survival data for OCD lesions from 2003 to 2015

Bellabarba 2006 17 100%

Ben Ghalim 2008 6 100%

Cooper 2010 22 69.20%

Horn 2007 28 82%

Astur 2013 14 100%

Hosalkar 2005 62.50% Children
Mendenhall 2015 31 74%

Mueller 2013 5 40%

Dahdaleh 2015 6 83%

Govinder 2003 100%

@ Springer

[16] also conclude that traumatic brain injury is the common
denominator for a fatal outcome in these patients.

With the available literature evidence, a current guideline
may be formulated as follows:

e CCD lesions are best diagnosed with thin slice CT com-
bined with MRI scans. On CT scan, the modified CCI
appears to give the most consistent results. Angiograms
are recommended in obvious neurological deficits and
unconscious patients. Stress testing is not recommended.

e Once diagnosed, these lesions are best treated surgically
by occiput to C2 or C3 stabilization through the posterior
approach.

e Conservative treatment with halo is suitable for children
and MRI-positive but CT-negative cases of CCD.

e Residual neural dysfunction can be anticipated though
substantial recovery is often expected.

e Mortality is usually related to missed lesions and associ-
ated head injury as well as wide distraction (> 16 mm)
on initial imaging studies.

The emergency management of OCD injuries is beyond
the scope of this study. Nevertheless, it is evident that stand-
ard extrication collars of the cervical spine do not immo-
bilize the cranio-cervical junction adequately. Emergency
intubation, often indicated for gross hemodynamic and
ventilatory instability or associated head injury, is clearly
best performed under fiberoptic assistance to minimize
the manipulation of the neck. Routine cervical spine lat-
eral X-rays do not reveal the catastrophic CCD lesion, and
trauma pan CT is mandatory to salvage these patients. Long-
term neuro-rehabilitation is often a rule than an exception in
most of the studies referred to in Table 3.
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