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Introduction
Atlantoaxial subluxation (AAS) refers to misalignment 

of the C1-C2 vertebrae that may impair cervical rotation 
or movement. Cervical spine trauma, even when mild or 
unrecognized, may instigate AAS. On the other hand, Grisel’s 
syndrome (GS), both rare and nontraumatic, causes AAS 
typically from surrounding soft tissue in lammation [1]. 
The overwhelming majority of those who suffer AAS are 
pediatric, with 90% of patients under twenty-one [2] and 
of those, approximately 68% under twelve [3]. Children are 
more vulnerable due to their larger head size, more lexible 
joints and ligaments, a shallower and more horizontally 
positioned facet joint, more retropharyngeal lymph nodes, 
and generally richer lymphatic system [4]. Patients tend to 

have a history of head or neck infection or recent maxillofacial 
or otorhinolaryngology procedures [1]. Moreover, they may 
also have conditions associated with ligamentous laxity, 
such as Down syndrome, Marfan’s syndrome, Klippel-Feil 
syndrome, osteogenesis imperfecta, neuro ibromatosis, or 
any conditions that increase ligamentous injury, degenerative 
changes, or affect spinal stability [1,5,6].

The majority of patients present with persistent torticollis, 
sometimes painful, along with neck stiffness [4,7]. They also 
have an abnormal head posture, or “Cock Robin” tilt, in which 
the chin is rotated to one direction while the neck has been 
tilted or lexed to the opposite side [4]. Early GS may only show 
rotational deformity of the atlantoaxial joint as described by 
the Fielding and Hawkins’s graded classi ication, each type 
requiring speci ic treatment (Figure 1) [8].

Abstract 

Objective: Atlantoaxial subluxation (AAS) occurs when there is misalignment of the 
atlantoaxial joint. Several etiologies confer increased risk of AAS in children, including neck 
trauma, infl ammation, infection, or inherent ligamentous laxity of the cervical spine.

Methods: A single-center, retrospective case review was performed. Thirty-four patients with 
an ICD-10 diagnosis of S13.1 were identifi ed. Demographics and clinical data were reviewed for 
etiology, imaging techniques, treatment, and clinical outcome.

Results: Out of thirty-four patients, twenty-two suff ered cervical spine trauma, seven 
presented with Grisel’s Syndrome, four presented with ligamentous laxity, and one had an 
unrecognizable etiology. Most diagnoses of cervical spine subluxation and/or instability were 
detected on computerized tomography (CT), while radiography and magnetic resonance imaging 
(MRI) were largely performed for follow-up monitoring. Six patients underwent cervical spine 
fusion, fi ve had halo traction, twelve wore a hard and/or soft collar without having surgery or halo 
traction, and eight were referred to physical therapy without other interventions. 

Conclusion: Pediatric patients with atlantoaxial subluxation may benefi t from limited 3D 
CT scans of the upper cervical spine for accurate diagnosis. Conservative treatment with hard 
cervical collar and immobilization after reduction may be attempted, but halo traction and halo 
vest immobilization may be necessary. If non-operative treatment fails, cervical spine internal 
reduction and fi xation may be necessary to maintain normal C1-C2 alignment.
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Methods
Overview

A single center, retrospective review of patients was 
performed to evaluate and improve our ability to identify, 
diagnose, and treat children with AAS. Data from 2005 to July 
2020 were reviewed.

Study population

Patients were identi ied for potential inclusion in the 
data analysis through a Level III, single-center, retrospective 
case series. Using the electronic medical record (EMR) 
General Electric (GE) Centricity database, a chart review/
report was done for patients with any diagnosis of ICD-10 
S13.1, which refers to the “...subluxation and dislocation 
of cervical vertebrae” (2020 ICD-10-CM Diagnosis Code 
S13.1: Subluxation and dislocation of cervical vertebrae). 
Additionally, a review of patients with cervical spine instability 
was done (ICD-10 M53.2) to be certain no patients were 
missed. This became the preliminary inclusion criteria for 
the patient review. After combing through this patient pool, 
only patients whose chart history con irmed AAS by physician 
clinical diagnosis were included. From there, a total of thirty-
four patients were selected from the database to be analyzed 
for this study.

Results
In our cohort of thirty-four patients, twenty-two (64.7%) 

suffered cervical spine trauma, seven (20.6%) presented with 
GS, two of which underwent prior tonsillectomy, four (11.8%) 
presented with ligamentous laxity likely secondary to Down 
syndrome, and one patient (2.9%) had an unrecognizable 
cause.

Data on imaging modalities were collected and analyzed. 
Accounting for the total number of times radiological tests 
performed across the cohort, cervical spine subluxation and/
or instability was detected on nine out of eighteen radiographs, 
nineteen out of twenty- ive computerized tomography (CT) 
scans, and twelve out of fourteen magnetic resonance imaging 
studies (MRI).

Concerning treatment, six patients (17.6%) underwent 
cervical spine fusion surgery, ive (14.7%) had a halo placed, 
twelve (35.3%) wore a hard and/or soft cervical collar 
without having surgery or a halo, and eight (23.5%) were 
referred to physical therapy without any other intervention. 
The mean follow-up length in weeks was 39.8 for surgery, 
59.4 for halo treatment, 44.3 for cervical collar use without 
surgery or a halo, and 60 weeks for physical therapy without 
any other intervention. It is important to note, however, that 
the mean follow up length may not be very indicative of the 
ef iciency of different treatment options as external factors 
can greatly in luence follow up times. For instance, three of 
the eight patients referred to physical therapy had no follow 
up after the initial visit.

Case reports
Patient 1

A ten-year-old male patient with “Cock-Robin” torticollis 
and Down Syndrome presented to the clinic and was sent to 
the emergency room (ER). Although the initial x-ray report 
of the cervical spine only reported slight torticollis, the child 
could not turn his head. MRI of the cervical spine without 
contrast revealed subluxation without spinal injury. He was 
subsequently started on muscle relaxant (oral Baclofen), 
manually reduced, and placed in a hard collar. The atlantoaxial 
subluxation recurred, and another manual reduction and 
orthosis application performed. 

However, after AAS recurred three times, the child 
was placed in halo traction, and then a halo vest. Halo 
immobilization was maintained for four months. A CT study 
of the cervical spine without contrast and a 3D reconstruction 
scan done a week after halo placement demonstrated 
improved alignment. A follow-up CT study 3D reconstruction 
done three months later showed no subluxation. After 
removal of halo immobilization, the patient wore a hard collar 
for two months, then a soft collar for two months along with 

Figure 1: Drawing of Fielding and Hawkins classifi cation of the atlantoaxial joint 
deformity. Type I (A) no subluxation but rotation of atlas (less than 3mm of atlas 
anterior displacement). Type II (B) unilateral subluxation of one joint with atlas 
anterior displacement of 3-5 mm; possible defi cient transverse ligament. Type III 
(C) ventral subluxation of atlas in both joints, atlas anterior displacement greater 
than 5 mm, defi cient transverse and alar ligaments. Type IV (D) dorsal subluxation 
of atlas, posterior atlas displacement and defi cient odontoid process; possible 
fractured Dens axis or congenital Dens-aplasia. (Reprinted with permission 
from Barcelos ACES, Patriota GC, Netto AU. Nontraumatic atlantoaxial rotatory 
subluxation grisel syndrome. Case report and literature review. Global Spine J. 
2014; 4: 179-186).
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physical therapy. Follow up cervical spine radiograph studies 
with lateral, frontal, and open-mouth views done on both 
three months and seven months after the collar was removed 
con irmed subluxation resolution.

Patient 2

A seven-year-old girl presented with neck pain and 
torticollis after falling from her bed. Her pediatrician referred 
her to a pediatric orthopedic surgeon after several days of 
a “Cock-Robin” head position. The child was neurologically 
intact except for persistent torticollis and pain. Cervical spine 
x-rays were reported as “normal”, except for a fractured 
clavicle (Figure 2). The patient was referred to pediatric 
neurosurgery after several weeks. The child was seen and 
referred to the emergency room (ER) where a computed 
tomography (CT) and 3D reconstruction of the cervical spine 
were ordered. CT revealed C1-C2 subluxation. An MRI of the 
cervical spinal canal done was unremarkable. The patient was 
started on muscle relaxants and manually reduced. When the 
child was in a neutral position, a hard collar was applied. 

Despite application of the cervical orthosis, the following 
day, the “Cock Robin” head position recurred. After three 
attempts and recurrent subluxation, the patient underwent 
halo traction. Once cervical spine x-rays demonstrated C1-
C2 alignment, a halo vest placement was performed. Follow-
up CT demonstrated improved alignment. After halo vest 
immobilization was maintained for three months, a hard 
collar was worn for two months followed by a soft collar. 
Neck strengthening with physical therapy was recommended. 
Follow-up radiographs performed ive and nine months after 
the trauma con irmed proper cervical spine alignment.

Discussion
Etiology

While cervical spine trauma may cause AAS, in some 
cases there does not appear to be any apparent trauma. Mild 
trauma with certain underlying etiologies may predispose 
children to atlantoaxial subluxation. Described as the “two-
hit hypothesis”, Battiata and Pazos de ine the irst “hit” as a 
pre-existing cervical ligament laxity in pediatrics at baseline 
(4.5 mm) compared to normal adults (2.5 to 3 mm) [9]. Such 
predisposition may arise from genetic disorders, particularly 
Down Syndrome in which there is a manifestation of lat, 
wide occipital condyles and lat C1 articular surfaces [10]. 
The second hit is a cervical muscle spasm most likely caused 
by in lammation or infection which may occur in the para-
pharyngo-vertebral area [7]. In lammatory processes in the 
neck’s soft issues, such as postoperative in lammation after 
an adenoidectomy, peritonsillar, or retropharyngeal abscess, 
may lead to ligamentous laxity [11]. Since the pharyngo-
vertebral veins drain the nasopharynx and connect to the 
periodontoid venous plexuses, any pharyngeal in lammatory 
process may cause contiguous spread to the atlantoaxial 
ligaments [12,13]. Spreading infection or in lammation in the 
surrounding tissues and prevertebral facia induces ligament 
laxity, and may affect nearby muscles and thus causing the 
AAS [14]. 

Another theory suggests cervical lymphadenitis after a 
nasopharyngeal infection may instigate torticollis through 
suboccipital and paravertebral muscle spasms [4,8]. Thus, 
previous in lammation in the C1-C2 prevertebral soft tissue 
increases risk of subluxation [7]. In a study of sixteen pediatric 
GS patients, 81.25% developed GS from an upper respiratory 
tract infection (URTI) and 18.75% from surgical interventions 
[13]. Such URTIs include pharyngitis, adenotonsillitis, tonsillar 
abscesses, cervical abscesses and otitis media [5,13]. 

Bolstering this claim, a literature review of 103 GS patients 
found that 48% of the cases were caused by infection, followed 
by postoperative cases (40%) [6]. Of the infection cases, 
URTIs caused 83% of the cases, retropharyngeal abscess 11%, 
otitis media 4%, and mumps 2% [6]. Of the postoperative 
cases, 78% adenotonsillectomy, 15% post-pharyngoplasty, 
2.5% post-otoplasty, 2.5% post-tympanomastoidectomy, and 
2.5% post-grommets [6]. Other surgical interventions may 
also lead to GS, such as tonsillectomy, adenoidectomy, and 
mastoidectomy [13].

Imaging techniques

Like other neurosurgical conditions, AAS is diagnosed using 
both clinical and radiological evaluation. While computerized 
tomography (CT) is regarded as the optimal imaging technique 
for the cervical spine, its high levels of radiation exposure 
present a concern, especially for children, due the proximity 
of the thyroid to the atlantoaxial region. Modalities with lower 

Figure 2: Image of cervical x-ray of patient upon presentation to ER. While read 
as unremarkable except for a fractured clavicle during the time, it is quite clear 
that AAS is present, as indicated by the quite prominent “Cock Robin” head 
position displayed above.
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or no radiation doses, such as radiography and magnetic 
resonance imaging (MRI), have also been used to image and 
diagnose potential AAS. Thus, it is important to understand 
the risks and bene its associated with different imaging 
techniques to accurately detect instability and subluxation 
while limiting radiation exposure in children.

Cervical spine x-rays often serve as the irst form of imaging 
for potential neck injuries due to its availability and relatively 
low radiation dosage [16]. Compared to a cervical spine CT 
scan, which produce an average effective radiation dosage of 
six millisieverts (mSv), a ive-view cervical spine x-ray series 
produces an average effective dosage of 0.2 mSv [17,18]. 
A variety of angles are required for adequate visualization 
of the bony contours of the cervical spine, including lateral, 
anteroposterior, and open-mouth views [19]. Radiographs 
can also suggest bone injuries through indirect signs such as 
soft tissue swelling. Radiography has a sensitivity of around 
90% for detection of bony cervical spine injuries, making it 
an adequate screening method for patients who show no 
neurological abnormalities upon examination [16]. For infants 
and young children, cervical spine x-rays may be dif icult to 
interpret due to obstruction of the view of C1 and C2 by the 
mandible. Infants and children may be uncooperative during 
imaging studies.

The common imaging modality of choice for imaging the 
cervical spine is CT scan due to its sensitivity of around 98% - 
100% for detecting cervical spine injury [16,20]. By de ining the 
location and, through three dimensional (3D) reconstruction, 
the orientation of displaced vertebrae in relation to the spinal 
canal, CT scans provide a high resolution image of potential 
cervical spine abnormalities. Flexion-extension studies can 
also address ligamentous injuries potentially indicative of 
atlantoaxial instability and subluxation, although most infants 
in children with AAS cannot perform lexion and extension of 
the cervical spine [19,21].

MRI of the cervical spine can also be useful in detecting 
AAS. Although not the best imaging technique for the cervical 
vertebrae or bone, MRI generates high quality images of soft 
tissue, making it an appropriate tool for detecting in lammation 
or laxity of cervical ligaments or injury of the spinal cord.16 
In a report of an eight year old female presenting with 
torticollis and neck pain following Mycoplasma pneumoniae 
infection, MRI of the brain and cervical spine showing signs 
of in lammation in adjacent neck tissue allowed the authors 
to make a diagnosis of Grisel’s Syndrome secondary to M. 
pneumoniae infection [22]. Moreover, though it is limited in 
availability, time, and cost, the major bene it of MRI is its use of 
magnetic ields and radio waves instead of ionizing radiation, 
suggesting its role as a valuable tool for long-term monitoring 
of the cervical spine [16].

In assessing the difference between radiography and CT, 
cervical subluxation or instability were present in 50% of the 

radiographs done before treatment while they were present 
in 76% of the CT scans done before treatment in our cohort 
of cases. Furthermore, in a case of a two year old female, a CT 
scan con irming a fracture of the anterior arch of the atlas was 
performed after persistent neck pain despite an unremarkable 
initial radiograph study [19]. Hale, et al. compared the quality 
of radiograph and CT scan for detecting cervical spine injuries 
from various cases, concluding a 98% sensitivity for CT and 
only 52% for radiography, where there were no injuries 
detected on a radiograph that were not also detected on a 
CT scan [20]. In consideration of the ossi ication process 
spanning much of childhood, with cervical spine ossi ication 
not completing until ive to nine years of age, this distinction 
is likely due to the greater resolution of CT [19]. Thus, it is 
recommended for patients presenting with continuous neck 
pain and for those at a particularly high-risk of cervical 
subluxation and/or instability to have CT scans performed 
instead of plain radiographs as missing cervical spine injuries 
could have severe consequences.16 Nonetheless, radiography 
serves as a useful tool for ensuring optimal positioning of the 
spine and halo and monitoring the progression of treatment 
due to the lower radiation dosage [23].

Collectively, it is suggested that CT scans provide greater 
quality imaging for detecting cervical spine instability and 
subluxation than radiography and MRI; however, it should 
be used conservatively, particularly in cases with severe 
symptoms and high suspicion for subluxation [9,16,19]. Since 
recurrent subluxation has been described, follow up imaging 
may be recommended. In many cases, cervical spine x-rays or 
MRI may be suf icient [13].

Additional studies

Additional studies such as blood culture, erythrocyte 
sedimentation rate (ESR), C reactive protein (CRP) and 
procalcitonin, may be useful to evaluate in lammation and 
infection in children with suspected GS [13]. Once infection 
or in lammation has resolved, and subluxation has been 
corrected, the risk of recurrence is minimal [6].

Treatment options

Treatment of AAS depends on both the etiology and 
severity. While mild to moderate AAS could be resolved with 
manual manipulation, severe cases require Halo traction 
or cervical spine fusion.22 Moreover, mild to moderate 
subluxation secondary to GS can be effectively resolved by 
treating the infectious process with antibiotics and steroids 
[22]. Fielding, et al. summarized an overall classi ication for 
AAS that can be used to determine the appropriate treatment 
plan for a patient (Table 1). In the patient sample presented in 
this report, the majority underwent non-invasive treatments: 
use of cervical collars or physical therapy. Only 11 patients 
required Halo placement or fusion surgery. While the mean 
follow-up duration was the lowest for cervical spine fusion 
surgery, follow up length may not be a signi icant factor in 
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assessing the ef iciency of different treatment options due 
to variability in patient adherence. Thus, treatment options 
should be discussed largely in terms of the presentation of 
AAS.

Conclusion
Atlantoaxial subluxation (AAS) refers to the imperfect 

alignment of the C1-C2 vertebrae that may result from 
cervical trauma or precipitate from infection and consequent 
in lammation to the cervical tissue, known as Grisel’s 
syndrome. Regardless of the etiology, AAS must be diagnosed 
early to prevent further physical and possible neurological 
damage. We recommend that certain imaging modalities, 
speci ically a CT scan, be performed from the outset to verify 
or reject the possibility of subluxation. 3D reconstruction 
views, in particular, are helpful. Occiput to C4 or C5 scans may 
limit or reduce radiation; however, CT scans must be used 
sparingly due to its relatively higher dosage of radiation in 
comparison with other imaging methods, especially within 
the pediatric population. Once AAS has been diagnosed, we 
recommend reduction following conservative treatment 
with a hard-cervical collar. However, when these methods 
prove unsuccessful, halo traction and the use of a halo vest 
immobilization may be necessary. If non-operative treatment 
fails, cervical spine internal reduction and ixation to correct 
AAS should be considered.
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