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Abstract

Introduction: Atlantoaxial instability occurs in 10 to 30% 
of Down Syndrome patients, with symptomatic disease 
ranging from 1 to 2%. Due to the infrequency of neurological 
compromise in this context, the classic radiographic screen-
ing guidelines for atlantoaxial instability in children with 
Down Syndrome have been questioned since they were first 
issued. In relation to a rare clinical case, the authors present 
a review on screening and treatment guidelines on atlanto-
axial instability in Down Syndrome.

Case description: We report the case of a 4-year-old pa-
tient with Down Syndrome who presented with quadripa-
resis after minor cervical trauma. Imaging studies revealed 
atlantoaxial dislocation associated with os-odontoideum. 
The patient was submitted to posterior C1-C2 arthrodesis 
(Harms technique) with iliac bone graft. At three months 
post-surgery the patient exhibited complete neurological 
recovery and remained neurologically intact and asymp-
tomatic over the actual 10 years of follow-up.

Discussion: Historically, screening guidelines for atlan-
toaxial instability in Down Syndrome have been subject to 
controversy. Several authors have questioned the value of 
lateral cervical radiographs in screening Down Syndrome 
patients at risk for developing myelopathy, even in athletes 
participating in Olympic-type sports. Currently, the focus 
has been placed on clinical surveillance and the search for 
subtle signs of myelopathy. In patients with neurological 
compromise or in asymptomatic patients with an atlanto-
dens interval superior to 10 mm, surgical fixation is consid-
ered. The presence of os-odontoideum, which in itself does 
not constitute a surgical indication, may, however, hinder 
vertebral realignment. When warranted, stable fixation 
with posterior screws appears to be the surgical technique 
of choice.

Conclusion: Down syndrome patients should be screened
for myelopathic signs and symptoms. Cervical imaging 
should be reserved for symptomatic patients and surgery 
for patients with neurological compromise or an atlanto-
dens interval superior to 10 mm.

Keywords: Atlantoaxial instability; Down syndrome; Os 
odontoideum; Screening guidelines; Harms technique. 
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Introduction

Etiology and clinical presentation

Atlantoaxial Instability (AAI) occurs in 10% to 30% of Down 
Syndrome (DS) patients, with symptomatic disease ranging 
from 1% to 2% [1,2]. It is the most common radiographically 
observed abnormality of the craniovertebral junction in DS pa-
tients [1].

Previous studies have concluded that AAI in DS patients is 
mainly attributed to transverse ligament laxity secondary to col-
lagen defects and the existence of bony anomalies, such as Os-
Odontoideum (OsO). Other factors include low bone mineral 
density, low muscle tone and the weakening of the ligamentous 
structures by a chronic inflammatory state [3]. OsO occurs in 
approximately 6% of children with DS [4]. It consists of an os-
sicle of varying size and shape, separated from the hypoplastic 
odontoid process by a gap that extends above the superior ar-
ticular facets of C2. Instability in DS patients with OsO is more 
likely to develop during childhood and adolescence compared 
to adulthood, when ligament laxity is less prominent [5].

Clinical presentation of AAI can range from acute neurologi-
cal compromise after minor trauma to progressive neurologi-
cal deterioration [6-8]. Signs and symptoms suggestive of AAI 
include neck pain, changes in gait, lack of coordination, changes 
in bowel and bladder function, hyperreflexia, extensor-plantar 
reflex, muscle weakness, quadriparesis/quadriplegia and/or 
torticollis [9,10]. The latter is associated with C1-C2 rotatory 
subluxation.

Screening guidelines 

With growing participation of DS individuals in sports events, 
in 1983, the Special Olympics mandated that athletes with DS 
undergo radiographic screening of the cervical spine before 
joining a Special Olympics event. This became the stepping-
stone towards later establishing standard routine radiographic 
screening for all children with DS. In 2001, the American Acad-
emy of Pediatrics (AAP) recommended that routine lateral cer-
vical radiographs be obtained during preschool years (between 
3-5 years) [11]. Normal cervical radiographs before this age 
would not rule out AAI, due to insufficient bone formation. Lat-
eral cervical radiographs were taken in the neutral, flexed and 
extended position, the Atlanto-Dens Interval (ADI) was mea-
sured, and AAI was considered when the ADI was superior to 
4.5 mm [3]. Since they were issued, these recommendations 
have been subject to criticism over the years and some authors 
have attempted to suggest alternative screening guidelines. 
Currently, performing routine screening radiographs for poten-
tial atlantoaxial instability in asymptomatic children is no longer 
recommended [12].

Treatment guidelines and surgical approaches

To our knowledge, there are no current guidelines for treat-
ment of AAI. Indications for surgery remain controversial and 
appear to be based on individual clinical experience. In patients 
with neurological symptoms, early fusion is recommended 
[13,14]. Various techniques have been described in the surgical 
management of AAI. Early methods involving posterior wiring 
yielded discouraging results, with high incidence of non-union 
[15,16]. Meanwhile, posterior screw fixation has become the 

mainstay in surgical treatment of symptomatic AAI in DS pa-
tients [17-19]. In 2002, Harms and Melcher presented a tech-
nique for posterior fusion using polyaxial screws placed in the 
lateral masses of C1 and pedicles of C2 [20]. This technique 
overcame some anatomical difficulties related to previous pos-
terior fixation techniques and proved to be a safe and efficient 
approach for C1-C2 fusion. 

The aim of this article is to review the evolution of screening 
guidelines and to present the main aspects of AAI treatment, 
based on a rare clinical case.

Case description

A 4-year-old female patient with Down Syndrome presented 
to the local hospital with a two-week course of gate instability 
and lower limb weakness, following a sudden neck movement 
while having her hair brushed by her mother. The child fell over 
from the lavatory where she was seated, and the mother un-
intentionally pulled her hair to prevent her from falling on the 
floor.

Her clinically relevant personal medical history included con-
genital cardiopathy with ventricular septal defect, atrial septal 
defect and a patent ductus arteriosus, surgically corrected two 
months after birth. She had no history of previous radiographic 
screening for AAI.

After initial clinical evaluation at the local hospital, a cervi-
cal CT scan and MRI were performed demonstrating anterior 
C1 dislocation with a rotatory component, associated with the 
presence of OsO (Figure 1), and spinal cord injury (Figure 2). She 
was transferred to our hospital on a rigid spine board. Upon ar-
rival, the patient was hemodynamically stable and eupneic. She 
presented with torticollis associated with a neck “cock robin” 
posture and quadriparesis (grade 2/5 on her upper extremities 
and grade 3/5 on her lower extremities).

The patient was admitted under the care of the Neurosur-
gery Department with a cervical collar, spinal injury precautions 
and intravenous dexamethasone. At one week she had regained 
full motor function in the lower extremities and left upper limb 
while maintaining motor deficits in her right upper limb (grade 
3/5). Despite asymptomatic she kept the “cock robin” defor-
mity. At two weeks, the case was discussed with our team at 
the Orthopedics Department and the patient was scheduled for 
surgery. By that time, the patient had regained normal motor 
function in the right C5/C6 myotomes, although maintaining a 
muscle function grade of 3/5 in C7/C8. A posterior reduction 
followed by C1-C2 fixation (Harms technique) was performed, 
supplemented with autologous iliac bone graft (Figure 3). Sur-
gery went uneventfully with complete restauration of the cer-
vical alignment and three-months postoperatively the patient 
displayed a normal neurological exam. Follow-up radiographs 
confirmed successful C1-C2 fusion with maintenance of appro-
priate cervical alignment (Figure 4). The patient remained neu-
rologically intact (ASIA grade E) and asymptomatic. At 10 years 
of follow-up, the patient remains asymptomatic exhibiting a 
solid fusion and no junctional instabilities (Figure 5).
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Figures 1,2: Preoperative cervical CT scan. (A) Axial and (B) sagittal 
images demonstrating C1 anterior dislocation associated with OsO 
(white arrows); the measured ADI was 6.1 mm. Three-dimensional 
reconstruction with (C) lateral and (D) posterior views of the cervi-
cal spine highlighting anterior C1 dislocation with a rotatory com-
ponent.

 
Figure 3: Intraoperative imaging documenting the placement of 
polyaxial screws in the lateral masses of C1 and pedicles of C2 
(Harms technique).

 
Figure 4: Follow-up radiography demonstrating adequate cervical 
alignment and successful C1-C2 fusion.

Figure 5: Cervical radiographs at the 10-year follow-up appoint-
ment.

Discussion

Evidence of pathological motion at the atlantoaxial segment 
in DS patients was first described in 1965 by Tischler and Martel 
[21], with a case of symptomatic atlantoaxial subluxation being 
reported for the first time the following year [22]. Significant 
effort has been made to identify anatomical abnormalities pres-
ent at the craniovertebral junction that predispose to sublux-
ation and subsequent neurological compromise. In a number of 
studies conducted on AAI in DS, OsO has been identified in a sig-
nificant percentage of patients [2,23]. With growing evidence 
that the incidence of OsO is higher in patients with conditions 
characterized by instability at the craniovertebral junction, dis-
cussion on whether this is the cause or effect arose. Since the 
traumatic etiology for OsO is gaining general acceptance, the 
association can be explained by the frequent hypermobility at 
the atlantoaxial complex in DS patients causing repeated minor 
trauma and fracturing the odontoid process [2,24]. Because the 
OsO is not attached to the odontoid, which produces a gap that 
extends above the superior articular facets of C2, the transverse 
ligament becomes incompetent [2].

Due to the potentially catastrophic consequences of AAI, 
significant concerns were raised regarding the participation of 
DS patients in sports events. Consequently, in 1983, the Spe-
cial Olympics issued the requirement that lateral cervical radio-
graphs be performed before DS patients participate in athletic 
competitions. Those with radiographic evidence of instability 
were banned from activities associated with increased risk of 
atlantoaxial dislocation [25].

In 2001, the AAP published recommendations that sug-
gested screening for AAI in all children with DS between the 
ages of 3 and 5 years with lateral cervical radiographs in the 
neutral, flexes and extended position [11]. Since then, contro-
versy has developed around the value of lateral cervical radio-
graphs in detecting patients at risk for developing myelopathy. 
In fact, research conducted over the following years provided 
evidence that argued against it. Arguments included the rarity 
of neurological compromise in patients with documented AAI, 
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the possibility that a patient’s radiologic status can change over 
repeated screening and the absence of evidence that radio-
graphic screening is effective in preventing the development of 
symptomatic AAI [26]. Finally, the inherent technical difficulties 
associated with the lack of cooperation from young patients 
also posed a limitation.

It was only in 2011 that the AAP published new guidelines for 
health supervision in children with DS promoting radiographic 
evaluation only in patients with clinical evidence of AAI [27]. 
Finally, in 2015, the Special Olympics replaced radiographic 
screening by a focused neurological evaluation [28].

A recent study has provided evidence in support of the de-
escalation of screening recommendations [29]. Of 1566 DS pa-
tients included in the study, the authors identified only three 
children (0.19%) who might have benefited from radiographic 
screening before the development of neurological symptoms. 
This study also reported on a patient who underwent radio-
graphic screening with normal cervical radiographs and later 
developed AAI requiring surgical intervention.

Although the clinical case we present dates to early 2012, 
shortly after the new screening guidelines were implemented, 
our patient had no history of previous radiographic screening 
for AAI. Therefore, it is not possible to make any tentative con-
clusions on whether radiographic screening could have led to 
earlier diagnosis or prevented the development of neurological 
symptoms in this case.

The current norm, according to the latest AAP guidelines is-
sued in 2022, remains careful screening for signs and symptoms 
of myelopathy over standard radiographic screening. Of note, 
patients who are symptomatic should first undergo cervical 
spine radiography in the neutral position; flexion and extension 
radiographs are warranted if no significant radiographic abnor-
malities are present in the neutral position [12]. Correspond-
ingly, in a retrospective study reviewing the efficiency of neu-
tral position lateral cervical radiographs compared to flexion/
extension radiographs, only one of 88 patients presented with 
abnormal findings on flexion/extension that were not detected 
on neutral position cervical radiographic imaging [30].

While screening guidelines have been the point of debate 
regarding AAI in DS patients, literature concerning treatment 
guidelines is contrastingly sparse. Although many authors have 
suggested protocols based on their individual clinical experi-
ence, to our knowledge, there are no current guidelines for 
treatment. The main indication for surgical treatment of AAI is 
the presence of associated neurological symptoms [2,13,14,31]. 
According to some authors, an ADI greater than 10mm despite 
the presence of symptoms also constitutes an indication for 
surgery [31]. While there is no established timing for surgery, 
early fixation is recommended [13,32]. Nevertheless, placing 
the patient under traction for a period of time preoperatively 
has been proposed to aid in reduction, particularly in patients 
with OsO [13,32]. In fact, the presence of OsO in association 
with C1-C2 subluxation may pose a significant challenge to re-
duction [2].

Case series describing the outcomes of traditional implants, 
including cables and wires, demonstrated high postoperative 
complications, such as nonunion and high reoperation rates 
[15]. Neurological compromise was often reported, particularly 
in sublaminar wiring [33,34]. Although fusion rates of tradition-
al implants could be augment by postoperative halo-vest im-

mobilization, this has been associated with significant comor-
bidities [17].

Since the development of recent implants, such as screws 
and screw-rod constructs, studies describing the outcomes of 
these techniques have been limited to small sample sizes. Nev-
ertheless, clinical outcomes appear to be promising. In a case 
series of twelve patients with DS, B.W. Yang et al. reported a 
complication rate of 41.7% (nonunion, wound breakdown and 
vertebral artery injury), with a revision rate of 33.3%. At final 
follow-up 100% of patients obtained radiographic union [31]. Li 
et al. reported on five DS patients with the diagnosis of OsO and 
spinal cord injury secondary to AAI treated with posterior screw 
fixation. At follow-up all patients presented with evidence of fu-
sion and an ASIA grade E [35]. Similarly, our case illustrates a 
successful example of neurological recovery and stable fixation 
after posterior screw instrumentation.

In most cases of AAI requiring surgical treatment, C1-C2 pos-
terior screw fixation is currently recommended [2,17,20,35]. 
The first posterior screw fixation techniques were developed 
using transarticular screws. The use of this technique presented 
a challenge in cases of anatomic variants of the vertebral artery, 
in which bilateral placement of these screws might be preclud-
ed [2,17,20]. The first screw-rod system developed by Harms 
and Melcher, using polyaxial screws for C1 lateral mass and C2 
pedicle fixation, presented as a safe alternative with high fusion 
rates, overcoming the anatomical limitations associated with 
transarticular screw placement [17,20]. This consists of an ad-
aptation of the biomechanical principals behind Goel’s screw-
plate system into a screw-rod construct [36]. Despite the fact 
that several modifications to the original screw-rod technique 
have been reported, the technique developed by Harms and 
Melcher remains the most popular for posterior atlantoaxial 
fixation [37]. Therefore, the surgical technique and clinical out-
comes described in our illustrative case are in line with current 
tendencies in management of AAI.

Conclusion

The clinical case we present constitutes a paradigmatic ex-
ample of AAI in DS. Despite the scarcity of cases of atlantoaxial 
dislocation in DS patients described in literature and treated in 
our hospital, the potential severity associated with this injury 
renders this topic highly relevant. Considering the current un-
derstanding that radiographic screening for AAI is not a strong 
predictor of the risk of atlantoaxial dislocation and neurologi-
cal injury, our general recommendation is that cervical spine 
radiographs should be performed only in cases of neurological 
symptoms. Patients and their families need to be alerted to po-
tential signs of AAI and cervical spine precautions in daily activi-
ties must be discussed.

In our experience, even in cases of atlantoaxial instability 
with associated myelopathy, the prognosis after surgical treat-
ment is favorable. Finally, we strongly believe that this knowl-
edge is of utmost relevance to any physician taking DS patients 
under their care.
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Informed consent has been obtained by the patient’s guard-
ian.
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