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АННОТАЦИЯ
Обоснование. Среди всего многообразия ортопедических патологий, характерных для пациентов с синдромом Дауна, 
патология шейного отдела позвоночника, на наш взгляд, является наиболее значимой. Различные варианты атланто-
аксиальных дислокаций могут приводить к выраженному неврологическому дефициту и, в свою очередь, значительно 
снизить качество жизни этой группы пациентов.
Цель. Анализ результатов скринингового обследования пациентов с синдромом Дауна на предмет наличия патологии 
шейного отдела позвоночника. 
Материалы и методы. Проанализированы функциональные рентгенограммы шейного отдела позвоночника в боковой 
проекции у 60 пациентов с синдромом Дауна в рамках скринингового обследования на базе НМИЦ ТО им. Н.Н. При-
орова с мая 2021 по январь 2023 года. 
Результаты. Из 60 пациентов, прошедших обследование, у 9 была обнаружена патология краниовертебральной обла-
сти. Зубовидная кость позвонка С2 присутствовала у 3 пациентов. Различные варианты ротационных атлантоаксиаль-
ных смещений определялись у 5 пациентов, и у 1 пациентки была выявлена гипоплазия мыщелков затылочной кости 
в сочетании с базилярной инвагинацией зуба позвонка С2.
Заключение. Нестабильность верхнего шейного отдела позвоночника — потенциально самое опасное проявление 
ортопедической патологии при синдроме Дауна. Следовательно, прохождение скринингового обследования с выпол-
нением функциональных рентгенограмм шейного отдела позвоночника в боковой проекции является рекомендован-
ным для данной группы пациентов. 

Ключевые слова: синдром Дауна; шейный отдел позвоночника; атлантоаксиальная дислокация; зубовидная кость; 
краниовертебральная область. 
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ABSTRACT 
BACKGROUND: Among all the variety of orthopedic pathologies typical for patients with Down syndrome, pathology of the 
cervical spine, in our opinion, is the most important. Various types of atlantoaxial dislocations can cause significant neurological 
deficits and decrease patients’ quality of life.
OBJECTIVE: To analyze the results of screening examination of patients with Down syndrome for the presence of cervical spine 
pathology.
MATERIALS AND METHODS: As part of the screening examination, functional radiographs of the cervical spine in the lateral 
projection of 60 patients with Down syndrome were evaluated. Priorov NMIC will operate from May 2021 to January 2023.
RESULTS: Nine of the 60 patients tested exhibited craniovertebral pathology. Three patients have Os odontoideum of the C2 
vertebra. In five patients, different types of rotational atlantoaxial displacements were found, and one patient had hypoplasia of 
the occipital condyles associated with basilar invagination of the C2 vertebral dentition.
CONCLUSION: The instability of the upper cervical spine is potentially the most dangerous manifestation of orthopedic pathology 
in Down syndrome. A screening examination with functional cervical spine lateral projection radiographs is recommended for 
this group of patients.
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INTRODUCTION
Children with Down syndrome are a special group of 

patients for physicians of any profile. They are usually 
characterized by the presence of several associated clinical 
conditions that can have a wide range of manifestations. From 
the point of view of an orthopedic trauma surgeon, these 
patients also deserve close attention because a significant 
proportion has orthopedic pathologies [1].

Most orthopedic disorders are associated with muscle 
hypotonia, joint hypermobility, weakness of the ligamentous 
apparatus, and decreased bone mineral density [2, 3]. 
Manifestations of orthopedic pathologies such as scoliosis, 
hip instability, displacement of the femoral head epiphysis, 
patellar instability, and foot deformity are the most common 
in patients with Down syndrome [4].

Along with these diseases, one-third of patients with 
chromosome 21 trisomy have some pathologies of the 
craniovertebral junction [4]. In 1961, Spitzer et al. described 
atlanto-occipital dislocation and hypoplasia of the atlas 
in Down syndrome [5]. Later, many researchers proved 
that atlanto-occipital and atlantoaxial hypermobility and 
vertebral developmental anomalies of the cervical spine are 
predisposing factors of atlanto-occipital and atlantoaxial 
instability, respectively [6, 7].

The instability of the craniovertebral junction in patients 
with Down syndrome may be caused by weakness of the 
transverse ligament of the atlantus, decreased muscle tone, 
excessive joint mobility, hypoplasia of the dentate process, 
and the presence of a dentate bone [4].

In our opinion, dentition is the most critical in the 
manifestations of craniovertebral pathologies, as it is often 
accompanied by cervical myelopathy. The corresponding 
clinical manifestations presenting as severe neurologic deficits 
can be life-threatening. With this background, we conduct a 
screening study of the craniovertebral region in patients with 
Down syndrome at the Priorov Central Institute for Trauma 
and Orthopedics. This paper describes the algorithm of the 
screening examination of the cervical spine in children with 
Down syndrome and its results. A clinical case of the surgical 
treatment of a patient with severe atlantoaxial dislocation and 
pronounced neurologic deficit is also described.

This study aimed to analyze the results of the screening 
examinations of patients with Down syndrome to detect 
cervical spine pathologies.

MATERIALS AND METHODS
Study design

A clinical single-center observational open cohort study 
was performed.

Terms and conditions of the event
The cervical spine screening examination in children 

with Down syndrome was conducted from May 2021 to 

January 2023 at the Priorov Central Institute for Trauma and 
Orthopedics.

Eligibility criteria
During this period, 60 patients with Down syndrome aged 

4–17 years were examined. The average patient age was 
10.06 years. There were 28 boys and 32 girls.

Inclusion criteria:
 • Genetically confirmed Down syndrome regardless of 

form
 • Age 4–17 years
 • Ability to independently maintain an upright body 

position
 • Functional radiographs of the spine in lateral projection

Exclusion criteria:
 • Patients with genetic syndromes other than Down 

syndrome or nonsyndromic cases
 • Age <4 and >17 years

Methods for assessing targets
All patients with Down syndrome were examined 

according to a strict algorithm using clinical and radiation 
examination methods. In the first stage, patients underwent 
clinical examination, with a description of complaints, if any. 
Active and passive movements in the cervical spine and 
extremities were assessed, head position was evaluated, 
and neurologic status was assessed.

In the absence of signs of neurologic deficit, functional 
radiographs of the cervical spine were obtained in lateral 
projection in maximum flexion, extension, and neutral positions. 
This method of radial diagnosis allows us to fully assess the 
presence of instability in the craniovertebral junction and 
indirectly judge the magnitude of spinal canal stenosis and 
developmental anomalies of the cervical spine [8, 9] (Fig. 1).

Patients with an initial neurologic deficit or suspected 
craniovertebral pathologies requiring further surgical 
intervention underwent computed tomography (CT) and 
magnetic resonance imaging (MRI) of the cervical spine. 
These modalities were conducted to examine craniovertebral 
relationships and bone pathologies in more detail and assess 
the degree of spinal canal stenosis and presence of myelopathy.

All patients were given recommendations on orthopedic 
regimens following clinical and radiologic examinations. 
Patients with craniovertebral pathologies requiring surgical 
treatment were offered variants of surgical decompression-
stabilizing operations.

Statistical analysis
The sample size was not precalculated. Descriptive 

statistics of qualitative are presented as absolute (n) and 
relative (%) frequencies.

Ethical review
All procedures performed in the study involving human 

subjects conformed to the standards of the local ethics 
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committee and the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards. All patients 
(or their representatives) provided informed consent.

RESULTS
Most of the patients (n = 47) were admitted without 

musculoskeletal complaints to exclude craniovertebral 
pathologies and receive recommendations on the possibility 
of practicing active sports.

Of the 60 children with Down syndrome, 9 (15%) had 
craniovertebral pathologies, of which 2 had no complaints 
on presentation for the screening examination. Moreover, five 
patients were found to have different types of atlantoaxial 
rotational dislocations. Two patients had atlantoaxial 
rotational dislocations without torticollis, with a full range 
of motion in the cervical spine and no risk for spinal cord 
compression, corresponding to type I according to the 
Fielding–Hawkins classification. These patients were 
recommended further dynamic follow-up with the correction 
of the orthopedic regimen by limiting axial loads on the 
cervical spine. In the remaining three patients, atlantoaxial 
dislocations corresponded to types II and III with torticollis, 
significant restriction of the cervical spine rotation, and spinal 
canal stenosis at the C1–C2 level. These patients underwent 
surgery with correction of the C1 vertebral subluxation in a 
halo apparatus and further stabilization of C1–C2 with a screw 
system according to the Harms technique. No complications 
were noted. In the postoperative period, the head position 
was neutral in all patients.

Three patients with dentition of the second cervical 
vertebra were identified. All patients with dentition had 
a pronounced neurologic deficit (1 and 2 patients with 
Frankel A and C, respectively). These patients underwent 
decompressive-stabilizing surgeries with intraoperative 
restoration of craniovertebral relations using halo-
traction and dorsal stabilization using a metal structure. 
Occipitospondylosis C0–C2 was performed in two patients 
using a customized occipital plate and guides for screw 
insertion into the C2 vertebra. In one patient, C1–C2 

fixation with screws according to the Harms technique was 
performed using a 3D model of the craniovertebral region 
with visualization of the vessels and spinal cord and guides 
for inserting the screws into the C1 and C2. No complications 
were noted. In the postoperative period, all patients showed 
positive dynamics, i.e., a decrease in the degree of neurologic 
deficit (Frankel A to B, Frankel C to D and E).

In one patient, radiography, CT, and MRI of the cervical 
spine revealed hypoplasia of the occipital condyles combined 
with basilar invagination of the tooth of the second cervical 
vertebra. The patient had an initial neurologic deficit 
(Frankel C). Surgical treatment was proposed but was 
rejected by the patient’s parents.

Clinical example
A 14-year-old female teen was admitted for a cervical 

spine screening examination in individuals with Down 
syndrome. She complained of progressive weakness in the 
upper and lower extremities and forced head position with 
rotation to the right for the past 3 months. Results of the CT 
and MRI of the cervical spine led to the following diagnosis: 
Down syndrome, rotational atlantoaxial blockage, left-sided 
chronic transligamentous subluxation of the C1 vertebra with 
spinal canal stenosis (Fielding–Hawkins type II), cervical 
myelopathy, and deep tetraparesis (Frankel C) (Fig. 2).

CT revealed gross violations of craniovertebral 
relationships: the Cruveilhier joint gap (atlantodental interval 
[ADI]) was 1.06 cm, and the space available for the spinal 
cord at the C1 level (SAC C1) was 5.17 mm. These changes 
indicate gross stenosis of the spinal canal. A bone block 
developed in the left lateral atlantoaxial joint (Fig. 3)

Given the gross atlantoaxial dislocation with spinal 
canal stenosis, spinal cord compression, and bone block 
formation in the left lateral atlantoaxial joint, correction of 
C1 subluxation under intraoperative halo-traction with the 
release of the left lateral atlantoaxial joint was decided. To 
improve the quality of preoperative planning and reduce the 
risks of a. vertebralis injury during the release of the lateral 
atlantoaxial joint, the patient underwent CT and myelo- and 
angiography of the cervical spine (Fig. 4). A customized 3D 

Fig. 1. Functional radiography of the cervical spine in lateral projection: a — in flexion position, b — in neutral position, c — in extension 
position.

a b c
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Fig. 2. Instrumental methods of examination: a — MRI picture of transligamentous subluxation with spinal canal stenosis and myelopathy 
at the level of C1-C2, b — 3D CT reconstruction, c — CT scan of the cervical spine, sagittal slice with visualization of disturbed cranio-
vertebral relations. MRI — magnetic resonance imaging, CT — computed tomography.

a b c

Fig. 3. Bone fusion in the region of the left lateral atlantoaxial joint.

a b

Fig. 4. CT myelography and angiography: a — sagittal slice of CT myelography, b — 3D reconstruction of CT angiography. CT — computed 
tomography.

Fig. 5. 3D model of the patient’s cervical spine with visualization of the a. vertebralis and spinal cord: a — anterior view, b — lateral 
view, c — posterior view with the cervical vertebral arches removed.

a b c

model of the craniovertebral region was made, showing the 
vertebral arteries and spinal cord based on CT myelography 
and CT angiography (Fig. 5).

The surgical treatment included the release of the left 
lateral atlantoaxial joint from the dorsal access, correction 
of C1 vertebral subluxation with intraoperative halo-traction, 
indirect decompression of the spinal cord at the C1–C2 level, 
and dorsal fixation of C1–C2 with a metal structure using the 
Harms method.
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The subluxation of the C1 vertebra was fully repaired 
with restoration of all craniovertebral ratios: the ADI and SAC 
were 2.82 mm and 1.72 cm, respectively. The spinal canal 
stenosis at the C1–C2 level was eliminated, and the fixation 
elements were appropriately implanted (Fig. 6).

In the early postoperative period, the patient demonstrated 
increased muscle strength in the upper extremities, 
indicating positive dynamics in the neurological status. The 
wound healed with primary tension. No complications were 
observed. On day 7, the patient was discharged for outpatient 
follow-up in satisfactory condition.

During the 6-month follow-up, the patient had fewer 
signs of cervical myelopathy and tetraparesis, indicating 
clear positive dynamics in her neurological status. The patient 
began to walk independently. The strength of the upper limb 
muscles was fully restored. Mild spastic lower paraparesis 
4 b. (Frankel C before surgery and Frankel E 6 months after 
surgery) remained.

DISCUSSION
Some patients with Down syndrome may have 

craniovertebral pathologies that may be asymptomatic for 
a long time or even for life [8]. Thus, we partly recommend 
screening for all patients with Down syndrome, as 
unstable malformations of the craniocervical junction are 
often incidental radiologic findings or manifest neurologic 
symptoms. Thus, even asymptomatic potentially unstable 
malformations, such as aplasia of the dentition and 
dentoalveolar malformation, may require prophylactic 
instrumental stabilization [10].

Pain syndrome and neck deformity, according to the 
current literature, occur in 40% of confirmed cases of 
upper cervical spine pathologies. Patients most commonly 
present with neck and occiput pain, which may significantly 
worsen with axial load [11, 12]. A forced head position with 
a right or left tilt is also a common sign. This symptom 
usually indicates the presence of some forms of rotational 
atlantoaxial dislocation [13].

Neurologic deficits are quite common in patients with 
craniovertebral pathologies, and its presence generally 
depends on a specific nosology. Neurologic deficit occurs in 
80% of patients with dentoalveolar bone. However, rotational 
atlantoaxial dislocations, particularly when combined 
with anteroposterior dislocations, are also associated 
with spinal canal stenosis and, consequently, myelopathy. 
Myelopathy development at the level of the cervical spine 
initially manifests as weakness in the upper extremities, and 
with prolonged spinal cord compression gait disturbances 
and weakness in the lower extremities occur. In the most 
unfavorable situations, deep tetraparesis or tetraplegia with 
complete loss of active movements develops [8, 14].

Based on the above, orthopedic trauma physicians should 
pay close attention to the complaints of parents of children 
with Down syndrome, such as changes in the behavior of 
the child. Unreasonable general weakness, gait disturbances, 
frequent stumbles, and falls can be formidable precursors to 
cervical myelopathy.

Parents and orthopedic trauma physicians should also 
observe for visible abnormalities such as forced head 
posture, restricted movements of the cervical spine, and pain 
in this area.

Thus, in our opinion, screening examination of patients 
with Down syndrome for cervical spine pathologies may be 
important in the practice of a trauma orthopedic surgeon, as 
it reliably verifies the absence or presence of cervical spine 
pathologies in these patients.

Functional cervical spine radiography in the lateral 
projection may be sufficient to visualize pronounced 
atlantoaxial displacements. Moreover, if the child has a 
clear neurologic deficit on clinical examination, functional 
radiography of the cervical spine may be risky as it may 
exacerbate the neurologic deficit. Thus, this method should 
be abandoned in favor of CT and MRI of the cervical spine.

CONCLUSION
Approximately 20% of the total number of patients with 

Down syndrome present some forms of musculoskeletal 

Fig. 6. Рostoperative radiology examination: a — CT sagittal slice, b — 3D reconstruction of cervical CT, c — MRI sagittal slice with 
elimination of spinal canal stenosis and residual myelopathy. CT — computed tomography, MRI — magnetic resonance imaging.

a b c
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abnormalities [1]. Undoubtedly, the instability of the upper 
cervical spine is potentially the most life-threatening 
orthopedic manifestation of Down syndrome, which can cause 
various life-threatening neurologic symptoms. Approximately 
1.3%–3% of patients with Down syndrome have a dentate 
bone, which may cause upper cervical spine instability [4, 
15, 16].

In addition, children with Down syndrome often have 
various dislocations caused by alterations in the ligamentous 
apparatus stabilizing the atlantoaxial complex [17]. Therefore, 
these patients should undergo a comprehensive screening 
examination, including functional radiography of the cervical 
spine. If any pathology of the craniocervical junction is 
detected, CT and MRI should be performed to assess possible 
spinal cord compression and determine further treatment 
[13, 17].
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