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BACKGROUND Upper cervical spine instability is one of the most serious orthopedic problems in patients with Down syndrome. Despite the recent
advancement of instrumentation techniques, occipitocervical fusion remains technically challenging in the very young pediatric population with small
and fragile osseous elements.

OBSERVATIONS A 27-month-old boy with Down syndrome was urgently transported to the authors’ hospital because of difficulty in standing and
sitting, weakness in the upper limbs, and respiratory distress. Radiographs showed os odontoideum, irreducible atlantoaxial dislocation, and substantial
spinal cord compression. Emergency posterior occipitoaxial fixation was performed using O-arm navigation. Improvement in the motor paralysis of the
upper left limb was observed from the early postoperative period, but revision surgery was needed 14 days after surgery because of surgical site
infection. The patient showed modest but substantial neurological improvement 1 year after the surgery.

LESSONS There are several clinical implications of the present case. It warns that Down syndrome in the very young pediatric population may lead to
rapid progression of spinal cord injury and life crisis. This 27-month-old patient represents the youngest case of atlantoaxial instability in a patient with
Down syndrome. O-arm navigation is useful for inserting screws into very thin pedicles.
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Upper cervical spine instability is one of the most serious orthope-
dic problems in patients with Down syndrome.1,2 In particular, symp-
tomatic patients with myelopathy from craniovertebral instability should
be strongly considered as candidates for a stabilization procedure.3

Despite the recent advancement of instrumentation techniques, occipi-
tocervical fusion (OCF) remains technically challenging in the very
young pediatric population with small and fragile osseous elements.4–6

Here, we report the successful treatment of atlantoaxial instability in
a 27-month-old patient with Down syndrome via posterior occipitoaxial
fixation with pedicle screws using intraoperative three-dimensional (3D)
computed tomography (CT)-guided navigation with an O-arm scanner.

Illustrative Case
A 27-month-old boy with Down syndrome was urgently transported

to our hospital because of difficulty in standing and sitting, weakness

in the upper limbs, and respiratory distress. His height was 80.5 cm,
and his weight was 8.7 kg. His oxygen saturation was 98% with 1 L/
min of oxygen administration, and his left upper limb was completely
paralyzed. He had poor food intake for 2 weeks before visiting our
hospital and had been infused with fluids by a previous doctor.

Imaging Data
Radiography and CT showed os odontoideum and irreducible at-

lantoaxial dislocation (Fig. 1A and B). CT demonstrated an atlas–dens
interval of 4.4 mm (Fig. 1B). Magnetic resonance imaging (MRI)
showed substantial spinal cord compression and high T2-weighted
signaling in the spinal cord (Fig. 2).

Surgical Technique
The patient was fitted with a halo vest (Lil’ Angel Halo, €Ossur)

under general anesthesia and placed prone on a Jackson table
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(Mizuho OSI). Ten scalp pins were inserted by probing with the fin-
gers (Fig. 3A). Initially, we planned OCF to C3 or C4. However, his
pedicles were very thin, and we could not find pedicles in the upper
cervical spine into which a pedicle screw could be inserted. Addi-
tionally, we decided that the anchorage of each screw was not
good because of poor bone quality, and it was necessary to extend
the anchor to the level of T2 to obtain sufficient stability to support
the weight of the head. Pedicle and occipital screws were placed at
C5, C7, and T2 (3.5-mm diameter, 5-mm length) using intraopera-
tive 3D CT image–guided navigation with an O-arm scanner as
previously described7–9 (Fig. 3B). A plate with rods was placed
(Synapse 4.0 Occipito-Cervico-Thoracic Fixation System, DePuy
Synthes) along with artificial bone (Grafton, Medtronic). The halo
vest was removed postoperatively with the patient under general

anesthesia, and a postoperative radiographic image was obtained
(Fig. 3C). The first surgery was performed urgently because of pro-
gressive respiratory dysfunction; the priority was to prevent the pro-
gression of exacerbation safely by reduction of the C1 ring and
stabilizing C1–2 as much as possible. Therefore, no posterior arch
resection was performed in the first operation.

Postsurgical Outcome and Revision Surgery
Improvement in the patient’s motor paralysis of the upper left

limb was observed from the early postoperative period, and he
could swallow breast milk from the 4th day of surgery. Oxygen ad-
ministration became unnecessary from the 10th day of surgery.
However, 14 days after surgery, the patient had a fever of 38�C
and a high inflammatory response in blood tests (Fig. 4A). MRI 2
weeks after surgery indicated a wound abscess and that C1–2 spi-
nal cord compression was relieved with decreased T2-weighted sig-
naling, but spinal cord compression was still observed (Fig. 4B). On
the basis of the above information, surgical site infection was sus-
pected, and wound debridement and posterior arch resection were
performed (Fig. 4C).

The patient’s fever disappeared from the 3rd day after the revi-
sion surgery, and his motor paralysis of the upper left limb improved
further. The patient was able to maintain a sitting position 4 weeks
after the reoperation and was discharged from the hospital. The pa-
tient showed modest but substantial neurological improvement 1
year after the surgery; he was able to maintain a standing position,
shake a toy with his left hand, ingest food orally, and interact
actively with his parents.

Discussion
There are several clinical implications of the present case. It

warns that Down syndrome in the very young pediatric population
may lead to rapid progression of spinal cord injury and life crisis. It
is very rare and challenging to demonstrate cervical spine fusion in
pediatric patients younger than 3 years old, and, to our knowledge,
this 27-month-old patient represents the youngest case in a patient
with Down syndrome. Postoperative surgical site infection and insuf-
ficient decompression with reduction of atlantoaxial instability oc-
curred, and revision surgery was required; however, a good clinical
outcome and bone fusion were observed 1 year after surgery.

Despite the reported 15% incidence of upper cervical (craniocer-
vical and atlantoaxial) instability in Down syndrome, symptomatic
upper cervical instability has been described to occur in as little as
1%–2% of individuals with Down syndrome.1,10 Atlantoaxial instabili-
ty is a common cause of cervical pain, torticollis, and neurological
dysfunction. Although very rare, the instability can rapidly lead to
respiratory dysfunction and dysphagia because of spinal cord disor-
ders, which can cause sudden death.1–3 In the present case, emer-
gency surgery was inevitable. Radiographic studies have been
conducted to evaluate the instability of the upper cervical spine in
young patients with Down syndrome and to predict the appearance
of future symptoms, but no consensus has yet been obtained.11,12

The present case highlights that upper cervical instability due to
Down syndrome may cause rapid spinal cord injury.

A recent systematic review and meta-analysis of surgical correc-
tion of atlantoaxial instability in patients with Down syndrome indi-
cated that a total of 149 patients with Down syndrome and
atlantoaxial instability treated with upper cervical fusion have been
reported. The mean age of the patients was 13.2 years, and the

FIG. 1. Preoperative radiography (A), CT (B), and 3D model (C) dem-
onstrated os odontoideum and atlantoaxial dislocation. The posterior
arch of the atlas and odontoid process were hyperplastic.White arrows
indicate the os odontoideum.
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youngest patient was 3.8 years old.10,13 Surgical treatment for up-
per cervical instability in skeletal dysplasia is challenging, especially
in very young pediatric patients because of their small and fragile
musculoskeletal structures. There are few reports of surgical treat-
ment for upper cervical instability in patients younger than 3 years
old with skeletal dysplasia due to chondrodysplasia and posttrau-
matic instability.14,15 The present case shows that intraoperative 3D
CT image–guided navigation with an O-arm scanner was useful for
inserting screws into very thin pedicles. To our knowledge, this 27-
month-old boy is the youngest patient with Down syndrome to un-
dergo posterior occipitoaxial fixation.

Orthopedic surgery for patients with Down syndrome is known to
be associated with an increased risk of surgical site infection and
bone union failure.2 Approximately 40% of all patients with Down
syndrome who undergo cervical spine surgery have perioperative
complications, and approximately 30% require revision surgery.1,10

Although revision surgery was required because of postoperative sur-
gical site infection, substantial improvement in neurological symptoms
was observed 1 year after surgery. No obvious bone fusion was
found on CT 1 year after surgery, so we plan to conduct careful fol-
low-up. The present case shows that even in a very young pediatric
patient with Down syndrome, we were able to achieve good results
using intraoperative 3D CT image–guided navigation with an O-arm
scanner, although perioperative complications should also be noted.

Observations
The main observations of the present case are the following. A

27-month-old boy with Down syndrome showed rapid exacerbation
of neuropathy and respiratory dysfunction. Although the bone struc-
ture, including the pedicle, was very small and fragile, rigid posterior
fusion could be performed using intraoperative 3D CT image–guided
navigation with an O-arm scanner. Although revision surgery was re-
quired because of postoperative surgical site infection, substantial im-
provement of neurological symptoms was observed 1 year after

surgery. Several cases of patients with Down syndrome and atlan-
toaxial instability treated with upper cervical fusion have been re-
ported. The mean age of these patients was 13.2 years, and the
youngest was 3.8 years.10,13 Therefore, we consider that the present
report is important because our 27-month-old patient is the youngest
patient with atlantoaxial instability to be described to date, with the
challenges of extremely small and fragile osseous elements.

Lessons
There are a few clinical implications of the present case. It

warns that Down syndrome in the very young pediatric population
may lead to rapid progression of spinal cord injury and life crisis.
This 27-month-old patient represents the youngest case of atlan-
toaxial instability in a patient with Down syndrome. O-arm naviga-
tion is useful for inserting screws into very thin pedicles.
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FIG. 4. Postoperative changes in inflammatory response in blood tests
(A). MRI 2 weeks after surgery indicated a wound abscess (yellow ar-
row) and that C1–2 spinal cord compression was relieved with de-
creased T2-weighted signaling, but spinal cord compression (white
arrow) was still observed (B). Wound debridement and posterior arch
resection were performed (C). CRP = C-reactive protein; Ope = opera-
tion; WBC = white blood cells.
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