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Occult spinal canal stenosis due to C-1 hypoplasia in

- children with Down syndrome

SHUNJI MATSUNAGA, ML.D., PH.D.,' TAKANORI IMAKIIRE, M.D.,!

Hiroak1 KoGa, M.D., Pa.D.,! YASUHIRO ISHIDOU, ML.D., PH.D.,> HIROMI SASAKI, M.D.,?

En1 Takeroml, M.D., PH.D.,* MASARU HiGO, M.D., PH.D.,* HIROSHI TANAKA, M.D., PH.D.}
AND SETSURO Komrya, M.D., PR.D.? :

'Department of Orthopaedic Surgery, Imakiire General Hospital; *Department of Orthopaedic
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Orthopaedic Surgery, Kagoshima Red-Cross Hospital,; *Deparmment of Orthopaedic Surgery,
Kagoshima Prefectural Crippled Children’s Hospital; and *Department of Pediatrics, Kibougaoka
Hospital, Kagoshima, Japan

Object. Little has been published about subclinical spinal canal stenosis due to C-1 hypoplasia in patients with Down
syndrome. In this paper the authors performed a matched comparison study with cross-sectional survey to investigate
occult spinal canal stenosis due to C-1 hypoplasia in children with Down syndrome.

Methods. A total of 102 children with Down syndrome ranging in age from 10 to 15 years were matched according
to age and physique with 176 normal children. In all participants, the anteroposterior (AP) diameter of C-1 and the
atlas—dens interval (ADI) were measured on plain lateral x-ray images of the cervical spine. The cross-sectional area of
the atlas was also measured from a cross-sectional computed tomography image of C-1.

Results. Eight children (6.7%) with Down syndrome developed atlantoaxial subluxation associated with myelopa-
thy. The difference in the ADI between the patients and controls was not statistically significant. The average AP diam-
eter of the atlas and the spinal canal area along the cross-section of the atlas were significantly smaller in children with
Down syndrome than those in the control group.

Conclusions. Atlantoaxial instability and occult spinal canal stenosis due to C-1 hypoplasia in patients with Down
syndroime may significantly increase the risk of myelopathy. (DOI: 10.3171/PED-07/12/457)

KEy WORDs ¢ atlantoaxial subluxation + atlas—dens interval ¢ Down syndrome °
hypoplasia of atlas + myelopathy + pediatric neurosurgery

atlantoaxial subluxation associated with os odontoid-

eum may cause neurological symptoms.**4!¢ However,
C-1 hypoplasia has not been recognized as a risk factor for
occurrence of myelopathy. Subclinical spinal canal stenosis
due to a hypoplastic posterior arch of the atlas has been re-
ported in patients with Klippel-Feil syndrome."'? However,
little has been published on the occurrence of myelopathy
related to atlantoaxial subluxation in children with Down
syndrome, especially in conjunction with subclinical spinal
canal stenosis due to hypoplasia of the atlas. We performed
a matched comparison study with cross-sectional survey to
confirm the existence of spinal canal stenosis due to hypo-
plastic posterior arch of the atlas in children with Down
syndrome.

I Tis Well known that in children with Down syndrome,

Abbreviarions used in this paper: ADI = atlas—dens interval; AP =
anteroposterior; CT = computed tomography.

J. Neurosurg: Pediatrics / Volume 107 / December, 2007

Clinical Material and Methods

This study was designed as a matched comparison study
with a cross-sectional survey. There were 102 children (70
boys and 32 girls) with Down syndrome who ranged in age
from 10 to 15 years. These patients were age matched with
176 asymptomatic children (110 boys and 66 girls). The
height and weight of children in the two groups were
matched (Table 1). The asymptomatic children were chil-
dren of the authors and their friends. The diagnosis of Down
syndrome was made based on the characteristic clinical fu-
tures and chromosome abnormality (trisomy 21). The necks
of the children were positioned carefully so that accurate
lateral radiographs could be obtained. Radiographs were
obtained with a constant tube-to-film and spine-to-film dis-
tance of 150 cm. In all candidates, the AP diameter of the
atlas and ADI were measured from plain lateral flexion and
extension dynamic x-ray images of the cervical spine. The
cross-sectional area of the atlas (Fig. 1) was also measured
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TABLE |

Height and weight of patients with Down
syndrome and control individuals by age™

Height (cm) Weight (kg)
Age (yrs), Patients w/ Control Patients w/ Control

Sex Down Syndrome  Individuals Down Syndrome  Individuals
10, M 134.8 = 2.7 1353 £ 29 346 £27 34322
10, F 1359 =45 1363 £ 3.1 337 £44 333 %39
i1, M 1417 £ 42 141827 387 £4.8 38828
I, F 141.8 =34 1423+39. 378 %35 37.2 £ 37
12,M 1529 = 4.4 153.1 £33 434 =44 43.1 £ 36
12, F 150.1 = 3.9 150.7 = 4.2 441 £3.1 43.7= 49
i3, M 1574 £ 42 1579 £ 338 472 =32 46.9 = 3.1
13,F 1540 £32 .1542+% 44 46.5 £3.8 46.2 £ 4.1
14, M 160.8 * 4.] 161.2 = 4.7 56.8 = 3.1 563+ 40
14, F 156.1 + 3.3 1564 * 4.8 509 £3.9 50.2 = 3.1
15, M 165.8 = 4.1 166.2 * 4.7 58.8 £3.7 58242
15,F 1578 £ 4.1 1579 £ 36 533 3.1 529 £ 41

* Values are presented as the mean = standard deviation. The probabili-
ty values of age- and weight-matched patients were not significant.

from a cross-sectional CT image of the atlas. The cross-sec-
tional area was divided into small grid cells and analyzed
with a computer by using an integration method. All the
measurements were completed at the first examination. We
obtained the informed consent from the individuals and
their parents prior to the examination and obtaining ra-
diographs and CT scans. The parents were fully aware that
the data from the cases and controls would be submitted for
publication, and the approval was also obtained from our
institutional review board.

Statistical Analysis

Parametric statistical analysis was performed using Stu-
dent t-test with a 95% confidence interval.

Results

Eight children with Down syndrome (three boys and five
girls, age range 10-13 years) were identified with atlanto-
axial subluxation (Table 2); an incidence of 6.7% (4.3% in
boys and 15.7% in girls). Two of the eight children had
fixed atlantoaxial subluxation and the remaining six chil-
dren had reducible atlantoaxial subluxation. The condition
of four patients was complicated by os odontoideum. All
patients with atlantoaxial subluxation exhibited spastic gait,
hyperreflexia, pathological reflex, and disturbance of finger
movement. We recommended surgery to the eight patients,

FiG. 1. Ilustrations showing the method of measurement of the
C-1 cross-sectional area on the CT scans. Left: The line indicates
the slice level of the atlas that will be used for the CT scan. Right:
The shaded area indicates the cross-sectional area of C-1.

458

- TABLE2
Characteristics of patients who exhibit atlantoaxial subluxation™®

Case Age (yrs),

No. Sex ADI (mm) Os Odontoideum Hyperreflexia Spastic Gait

10, M
10, F
ILM
10,F
I1,F
12, F
12, F
13, M

00~ O AW N
O 00 00 ) O ) 0O O
L+ 1+
e e S R RS
I R N A AR

* + = present, — = absent.

but we could not obtain agreement. The ADI ranged from 6
to 9 mm among the patients who exhibited atlantoaxial sub-
luxation, and all patients exhibited hypoplasia of atlas. The
mean (* standard deviation) ADI was 2.5 + 1.0 mm in all
children with Down syndrome and 2.2 * 1.0 mm in healthy

children. The difference between the two groups was not

statistically significant in boys or girls. The average AP di-
ameters of the atlas were significantly smaller in patients
with Down syndrome than in controls. The results were the
same in boys and giris (Table 3). The cross-sectional area of
the atlas was significantly smaller in children with Down
syndrome than in the control group (Table 4). Figure 2 pro-
vides an example of CT images of a patient with Down syn-
drome and a healthy male control of the same age. The AP
diameter and cross-sectional area of the atlas were smaller
in the patient with Down syndrome.

Discussion

Atlantoaxial dislocation in patients with Down syndrome
was reported by Tishler and Martel'® in 1965 and by Dze-
nitis® in 1966. Since then, many articles>5*51112 have ap-
peared in the literature detailing imaging-documented at-
lantoaxial instability in children with Down syndrome.

The present study suggests that occult spinal canal steno-

TABLE 3
Anteroposterior diameter of C-1 on plain lateral x-ray images

AP Diameter in mm (no. of children)

Sex Patients w/ Down Syndrome Control Individuals p Value*

boy 16.1 £ 2.5 (70) 21321 (110) <0.005
girl 15.3 £2.9(32) 19.4 £23(66) <0.005
total 15.8 = 2.7 (102) 203 £2.2(176) <0.005

* Values are statistically significant.

TABLE 4
Cross-sectional area of C-1 on CT scanning

Area in mm? (no. of children)

Sex Patients w/ Down Syndrome  Control Individuals p Value*

boy 523.7 £ 523 (70) 615.9  51.1 (110) <0.005
girl 498.3 = 49.6 (32) 589.8 £ 51.9 (66) <0.005
total 505.6 £ 51.9 (102) 602.7 =.51.6 (176) <0.005

* Values are statistically significant.

J. Neurosurg: Pediatrics / Volume 107 / December, 2007
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Fic. 2. Computed tomography scans obtained in a 10-year-old
patient with Down syndrome (/eft) and a 10-year-old healthy indi-
vidual (right). The cross-sectional area of C-1 was 512 mm? in the
patient and 690 mm? in the control.

sis exists in patients with Down syndrome. To our knowl-
edge, this is the first matched-comparison study that has ex-
amined occult spinal canal stenosis due to hypoplasia of the
C-1 posterior arch in patients with Down syndrome. In
1992, Martich et al.® reported hypoplastic posterior arch of
atlas in children with Down syndrome; however, that study
was not a matched comparison, and the children were youn-
ger (2-3 years old). In our swdy, the hypoplasia of C-1 in
children with Down syndrome was statistically significant.
The pathomechanism of myelopathy in patients with Down
syndrome has not been clarified. However, the occult spinal
canal stenosis due to C-1 hypoplasia must be a risk factor of
myelopathy for patients with Down syndrome. All patients
with atlantoaxial subluxation in the current study exhibited
myelopathy. The ADI among the patients who exhibited
myelopathy was less than 9 mm, which did not indicate se-
vere atlantoaxial subluxation.

Conclusions

When dealing with children with Down syndrome, it must
be remembered that the patients may have occult spinal ca-
nal stenosis which can cause myelopathy.
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Ossification of the posterior
longitudinal ligament of the
thoracic spine in association
with polycystic ovary
syndrome

Sir, )

A 24-year-old woman visited our hospital with a three-week
history of muscle weakness and sensory disturbance of bilateral
lower extremities. She exhibited moon-face, hepertrichosis,
obesity and hyperglycemia, which are findings typical of
Cushing’s syndrome. However, this patient did not have a
pituitary tumor. Tomography of the thoracic spine revealed
ossification of the posterior longitudinal ligament (OPLL) at
levels T'6 to T9 [Figure 1] and severe compression of the spinal
cord was found on magnetic resonance imaging [Figure 2].
Myelography and computer tomography were performed and
OPLL was recognized at levels T3 to T9 of the spine [Figure
3]. She was diagnosed with thoracic myelopathy due to OPLL.
Hypercholesterolemia and abnormally high testosterone level
were found. She had also polycystic lesions in both ovaries
[Figure 4] on magnetic resonance imaging and the diagnosis of
polyeystic ovary syndrome was established. Her neurological
symptoms aggravated rapidly and she developed paraplegia.
Emergency T3 to T9 laminectomy was performed {Figure 5]
and her neurological symptoms were improved by surgery and
she began to walk by eight weeks after surgery.

The patient presented here also had obesity and other
abnormalities including hyperinsulinemia and
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Letters to Editor

Figure 1: OPLL (arrows) was found at levels T6 to T9 on tomography

Figure 2: Severe compression of the spinal cord was found on
magnetic resonance imaging; A: T1 weighted image, B: T2 weighted
image

Figure 3: Computer tomography associated after myelography
revealed OPLL (arrows) at levels T3 to T9

hyperandrogenemia. Hyperinsulinemia has been reported as a
factor possibly related to the oceurrence of OPLL.!" Polyeystie
ovary syndrome is characterized by polycystic lesions of both
ovaries, oligoovulation, obesity, virilism, insulin resistance
compensatory hyperinsulinemia and hyperandrogenemia.”! The
prevalence rates of polyeystic ovary syndrome for Black and

¥,
Figure 4: Magnetic resonance imaging revealed polycystic lesions
{arrows) in both ovaries

Figure 5: Intraoperative finding at T3 to T9 laminectomy

‘White women were reported to be 8.0 and 4.8%."%! Our survey
revealed no paper reporting the occurrence of OPLL in patients
with polyeystic ovary syndrome. However, the patients with
polycystic ovary syndrome had been treated by gynecologists
and the survey of the spine was not performed. The OPLL
association with polycystic ovary syndrome might not be
accidental. The characteristic findings of obesity, insulin
resistance compensatory hyperinsulinemia, increased levels of
free insulin-like growth factor-1 (IGF-I)"*! and
hyperandrogenemia in patients with polyeystic ovary syndrome
are suspected to be related to the occurrence of OPLL. The
stature of female patients with OPLL in the thoracic spine
corresponds to patients with polyeystic ovary syndrome. IGF-I
was reported to be involved in the development of QPLL.1?)
Hormonal surveys for patients with OPLL in the thoracic spine
may be useful for clarifying the pathogenesis of OPLL.

Neurology India | December 2006 | Vol 54 | Issue 4
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Occipitocervical Fusion for an Upper Cervical Rheumatoid
Arthritis Lesion :
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BEES Y Y FICH T B ENBEHRTICH L THESEHRBBREM 217 - 1 44 Bl (FHETIIFEH 65
B OARBEREFREL:. MEBHEEFSERMES £770.8%, EUMTHERE IR TH L. M
BB EA - BREEOE LR . BHEAEREF A% T, BEHGO 1 fITHEREIEELEFHE
ELf. HERTUBHEEOREICSL 3BEMER 125% T, BICHENEEANOBRBEEN TR >
o, REMTEIOLERTE - MEFRIRFT, FREPRFIARICEMMEOERSBBEICH L TREE
BICFEHRET>TH.

We evaluated 44 patients with rheumatoid arthritis(RA) who underwent occipitocervical fusion for an
upper cervical lesion at Nishitaga National Hospital. The average duration of the RA was 16 years, and mean
age at the time of surgery was 65 years. The survival rate 5 years postoperatively was 79.8%. The mean age at
death was 71 years. The preoperative occipital pain was reduced and the myelopathy improved in every
patient. The bone fusion rate was 91%. One patient required additional surgery because of pseudarthrosis, and
four patlents( 12.5%) required additional surgery because of the development of a subaxial lesion during post-
operative follow-up. The O-C2 angles were measured in all patients, and two patients with negative 0-C2
angles developed retrolisthesis of the mid-cervical spine. Occipitocervical fusion for upper cervical lesions in
RA is useful for reducing the occipital pain and improving the myelopathy and improving prognosis.
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