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Abstract
Background Data: Atlantoaxial rotatory fixation is a relatively uncommon condition.
It remains a poorly understood entity despite many reports in the literature. There
is no consensus about the best imaging modality for the diagnosis and the best
therapeutic modality the patients benefit from.
Purpose: This study was conducted to determine the efficacy ofimaging modality and
treatment measures and to determine risk factors for recurrence in consideration of
the cause, management, and outcome.
Study Design: This is a retrospective clinical case study and a literature review.
Patients and Methods: Our hospital records were reviewed between January 1995
and December 2011. We were able to track 12 children with atlantoaxial rotatory
fixation treated by posterior fixation. The mean age was 8.6+2.4 years. Seven were
boys and 5 were girls. Sports injury was reported in 4 cases, falls in 3 cases, unknown
injury in 3 cases, and road traffic accident in 2 cases. All children had neck pain with
torticollis and decreased cervical motion. The mean duration of symptoms before
diagnosis was 21.3 days. All children were neurologically intact. All underwent plain
cervical radiographs and computed tomography to document atlantoaxial rotation.
All children were submitted to closed reduction with cervical traction followed by
posterior surgical fixation and fusion after failure of conservative treatment.
Results: All procedures went uneventfully with no added neurologic deficits and
a stable repair over at least 12 months follow-up period. Easiness of reduction
was affected by the duration of symptoms prior to traction. All had radiographic
documentation of stability and fusion. One girl had recurrent rotation two years
after modified Gallie fixation after minor head trauma. She was repaired using
Harms’ technique.
Conclusion: The optimal therapy of atlantoaxial rotatory fixation entails early
diagnosis with computed tomography. Reduction with cervical skull tongue traction
followed by posterior fixation and fusion accomplished reduction and was curative
to all patients. There was no correlation between recurrence and age, sex of the
child or the cause of rotation. (2012ESJ011)
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Introduction

Atlantoaxial rotatory fixation is a relatively
uncommon condition. ltremainsapoorly understood
entity despite many reports in the literature. The
term AARF was coined first by Fielding and Hawkins
in 1977%. In adults the condition is almost due to
trauma®?°, whereas in children it may results from
mild injuries, infections or congenital laxity of the
transverse ligaments, head and neck operation,
Down syndrome and Morquio’s syndrome®57:32,

The majority of patients presents with neck
pain and torticollis without neurological deficit.
Also the majority of patients respond well to
non-surgical treatment. However the condition
may recur or persist and this mandate surgical
treatment. Generally there is no consensus about
the best imaging modality for the diagnosis as well
as the best therapeutic options the patients benefit
from?1”18:27.2830 Different methods can be used in C1-
C2 fusion augmented with sublaminar wiring92
laminar clamps!®>33, transarticular screw?® C1 lateral
mass and C2 pedicle screw either screw plate®® or
polyaxial screw!® or C2 laminar screw?*. Although
the safety and efficacy of different techniques are
encouraging, nevertheless an acceptable rate of
morbidity was reported depending on the technique
itself32,

This retrospective study was conducted to
determine the efficacy of imaging modality and
treatment measures and to determine risk factors
for recurrence. Also the causes, management
measures, and outcome were analyzed.

Patients and Methods

Our hospital records were reviewed between
January 1995 and December 2011. A total of 53
patients were reported and managed for traumatic
atlantoaxial rotatory subluxation. After exclusion
of adults and conservatively managed patients we
were able to track 12 children with atlantoaxial
rotatory fixation treated by posterior fixation and
fusion. The relevant data are summarized in table 1.
The mean age was 8.6+2.4 years with a range of 4 to
12 years. Seven were boys and 5 were girls. Sports
injury was reported in 4 cases, minor trauma/falls
in 3, road traffic accident in 2, and unknown injury
in 3 cases. All children presented with neck pain,
torticollis and decreased range of cervical motion.
Rotation was anti clock wise (left side) in 9 cases
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and clock wise (right side) in 3 cases. The mean
duration of symptoms before diagnosis was 21.3
days and ranged from 7 to 42 days. All children were
neurologically intact. None of them had associated
systemic injuries. Three children reported upper
respiratory tract infection in the last 2 weeks prior
to presentation.

All underwent cervical plain radiographs anterior-
posterior and lateral views, and cervical Computed
Tomography to document atlantoaxial rotation. Only
5 children had 3D-Computed Tomography. Nine
children had Magnetic Resonance Imaging study.
Plain radiographs could not give the final diagnosis
in all cases as well as MRI. The final diagnosis was
retrieved from CT-study in all cases. Eight children
were classified according to Fielding and Hawkinss’
classification as type-Il, two as type-l, two as type-
I1l, and none were type-1V. We were not able to
report any deformity of the axis lateral mass in our
5 cases with 3D-CT. None had associated cervical
spine boney injuries.

Accordingto our medical records, all children were
initially submitted to successful closed reduction
with cervical traction followed by the application
of hard neck collar. Skull tong traction of 5-9 kg
was used in a period varied from 2 to 5 days with
CT follow-up in order to document full reduction
of the rotation. They were discharged and followed
regularly at the outpatient clinic. Then they reported
recurrence of torticollis again during follow-up,
where recurrent AARF were proved radiologically
again. So it was decided to offer them posterior
surgical fixation and fusion. It was observed that
there was no correlation between recurrence of
rotation and the cause of rotation, age, or sex of
the child. Also easiness of reduction was affected
by the duration of symptoms prior to traction. Early
presented cases were easily reduced than later
presented cases. A total of 3 cases were offered
modified Gallie fusion®, 3 were offered atlantoaxial
transarticular screw fixation?3, and 6 were offered
Harms’ atlas lateral mass and axis pedicle polyaxial
screw posterior fixation?® (Figure 1).

All were fused using autologous chipped iliac
crest bone grafting. All surgical procedures went
uneventful. Mean hospital stay was 5 days, with a
range of 4-12 days including preoperative traction
time. Children were discharged in hard collar for
8 weeks and were followed-up at the outpatient
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clinic. Children were assessed at follow-up both clinically and plain radiographicaly at 1, 3 months then at 6
months intervals. Follow-up ranged from 12 to 48 months with average of 21.7510.7+ months (Table 1).

Table 1. Data of 12 children reported in study.

B

Figure 1. Case
number 7, 8

years boy with
sports injury. A;
Axial CT showing
type-I clockwise
recurrent AARF. B;
Axial CT showing
reduction of the
AARF. C; Operative
image showing
screws and rod

in situ with iliac
crest grafting. D;
Postoperative
plain radiograph
showing adequate
screw purchase.

No. Age in years /Sex Cause Type Operation Follow-up/months
1 9/M Sport 2 Trans-articular 36
2 7/M unknown 3 Trans-articular 24
3 9/F unknown 2 Trans-articular 12
4 8/F Minor fall 2 Modified Gallie > Harms’ 48
5 6/M RTA 2 Modified Gallie 18
6 7/F Minor fall 2 Modified Gallie 24
7 8/M Sport 1 Harms’ 15
8 10/M Minor fall 2 Harms’ 24
9 4/M unknown 1 Harms’ 18
10 12/F Sport 2 Harms’ 15
11 11/F Sport 3 Harms’ 15
12 12/M RTA 2 Harms’ 12
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Results

At last clinical follow-up all children were pain free
with normal position of head and neck without any
apparent deformity. All children had insignificant
limitation in the range of their neck of motion. All
were neurologically intact and has no limitation of
their ordinary life activities. Plain radiographic study
of our cases showed that metal constructs were
stableinall patients but one (N=11) with documented
sound boney fusion in 83% of cases (N=10). Post-
operative CT-scan showed adequate purchase of all
screws through both C1 lateral mass and pedicle of
C2 vertebrae. The bi-cortical screw purchase of C1
lateral mass in cases managed with Harm’s fixation
has been documented in postoperative CT-scan in
all cases (N=6). Post-operative CT-scan had shown
reduction of the rotation as well as the anterior
atlantodental interval (ADI) space in all patients.
There was no reported morbidity either related
to the traction, operative procedure or the donor
site. There was no correlation between failure of
conservative treatment and age, sex of the child or
the cause of rotation.

An 8 years old girl (child number 4, Table 1) had
recurrent painful torticollis after minor trauma
two years after modified Gallie’s fixation. She had
recurrence of clock wise rotation this time instead
of anti-clock wise rotation at the first injury. Here
CT-scan documented C1-2 rotation, graft resorption
and wire break. After skeletal traction and reduction
of her rotation she was repaired using Harms’
technique. She had a smooth operative and a
postoperative follow-up for 2 years.

Discussion

Rotatory subluxation of the atlantoaxial joint
was described for the first time by Corner* in
1907. Persistent subluxation causing torticollis was
termed as atlantoaxial rotatory fixation (AARF) by
Wortzman and Dewar**in 1968, followed by Fielding
and Hawkins®®in 1977. AARF is relatively uncommon
condition that requires a high suspicion index for
diagnosis. Simple X-ray or CT is used for the diagnosis
of atlantoaxial rotatory subluxation. Correct
diagnosis with X-ray is usually difficult because the
patient has severely bended head and stiff neck
in many cases. Mandibular and occipital bone can
be overlapped and makes it difficult for diagnosis.
Although CT scan minimizes these problems, 3D CT
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provides accurate diagnostic image of atlantoaxial
relation in these cases?>?*. This condition responds
well for conservative treatment in the majority of
cases. Conservative treatment is often unsuccessful
in patients with a chronic irreducible or recurrent
unstable AARF7#17.2232 that requiring surgical
treatments”!%1%?7 |n this conditions, the majority of
surgeons favor surgical treatments®2017.22.27,

In this report we operated on 12 out of total 53
patients with AARF after failure of conservative
treatment during the last 15 years. In this study, the
mean age was 8.6+2.4 years, and 7 were boys and 5
were girls. Most reported cases were due to minor
traumatic events including sports injury in 4 cases,
falls in 3 cases, unknown injury in 3 cases, and road
traffic accident in 2 cases. Our epidemiological data
matches most reports in the literatures'®:3%32 \We
reported no associated injuries in our study. This
can be explained by the minor trauma as a causative
factor. In adult, trauma is the major reported cause
of AARF?. In their study, Kim et al., reported a
high incidence of associated head and cervical
injuries and all their patients but one were males.
All patients presented with neck pain, torticollis,
and were neurologically intact. These also were
reported by different authors?%:30:32,

In this study all patients had examined by X-Ray,
CT scan, and MRI. However, CT was the key stone for
the diagnosis of AARF. Although CT scan facilitated
the diagnosis of this condition, still normal
atlantoaxial rotation makes a challenge. Functional/
dynamic CT has been recommended by many
authors for diagnosis of a fixed AARF before the
decision of surgery is taken and to exclude normal
atlantoaxial rotation®!9212732 Normal atlantoaxial
rotation has to be excluded in order to avoid miss
diagnosis of AARF. Monckeberg et al.,in their study
concluded that there is a risk of overdiagnosis and
overtreatment (C1-C2 arthrodesis) when evaluating
upper cervical spine rotational problems. The
concept of both rotatory fixation and subluxation
should be revised, and quantifying the rotational
angle and contact surface loss between C1-C2 can
be very useful?®.

The pathogenesis of irreducible or recurrent
AARF remains unknown?’. The results of our study
demonstrated that the rotation was easily corrected
in cases encountered shortly after the initation
of symptoms. This was observed by different
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authors”?”3%32 |n our study all cases were corrected
with tong skull traction with 5-9 Kg during a period
of 2-5 days. For irreducible cases, Crockard and
Rogers® used the extreme lateral approach to break
the atlantoaxial lateral mass fusion bilaterally. They
managed their cases with the transarticular screw
fixation technique. Govender and Kumar* used the
transoral route to release atlantoaxial fxation, then
they posteriorly fixed the reduced segment. These
two studies reported more than 3 months symptoms
duration prior to management. Different causes
for irreducibility have been postulated including;
ligamentocapsular contractures?®, the adherent and
inflamed synovial fringes, fibrous interposition in
the joint>'*2° or C1-2 osseous union.

Casenumber4inourstudy(Table1)hadrecurrence
of rotation and failure of 2 years old atlantoaxial
modified Gallie. This has not been reported in the
literature before but by in our previous study®.
Short term recurrence with failure of conservative
therapy is common. Recurrences were thought to
be caused by overstretching of stabilizing ligaments,
overdistension and subsequent laxity of the joint
capsule®, or excessive rotatory movement following
damage to the articular surfaces of the C1-2 joint”3°.

Various operative procedures have been
advocated for atlantoaxial fixation32. Currently
we are using the Harms’ procedure for treating
recurrent AARF. We reported no neurological or
vascular injury. Stability and fusion were reported in
all 6 cases of Harms’ procedure. Our results as well
as others® suggest the safety and efficacy of this
procedure in recurrent AARF.

Conclusion

The optimal therapy of atlantoaxial rotatory
fixation entails early diagnosis and computed
tomography study. Easiness of reduction was
affected by the duration of symptoms prior to
traction. There was no correlation between
recurrence and the cause of rotation, age, or sex
of the child. Reduction with cervical skull tongue
traction followed by posterior fixation and fusion
accomplished reduction and was curative all
patients of recurrent AARF.
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