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Spinal complications in osteogenesis imperfecta

47 patients 1-16 years of age

Raoul H H Engelbert!, Willem J M Gerver2, Liesbeth J Breslau-Siderius?,
Yolanda van der Graaf?, Hans E H Pruijs®, Jaap M van Doorne5, Frits A Beemer® and

Paul J M Helders'

We examined in a cross-sectional study, 47 children
{mean age 7.7 (1-16) years) with osteogenesis im-
perfecta (Ol) to find the prevalence of spinal deformi-
ties and to correlate these observations with anthro-
pometry. The associations between dentinogenesis
imperfecta, joint hypermobility and spinal deformi-
ties were also studied.

Disproportion in stature in Ol type | and type IV
was mainly caused by spinal involvement, as evi-
denced by a greater decrease in body height than in
leg length. In Ol type | , the decrease in sitting height
was mainly caused by platyspondyly, whereas in Ol

types Hl and IV, it was also caused by progressive
scoliosis and kyphosis. Scoliosis was present in 22
children, and pathological kyphosis in 18, mainly in
the severe Ol types. Basilar impression was ob-
served in 10 children, mainly in type lil.

Children with dentinogenesis imperfecta seemed
to be prone to develop scoliosis, pathological ky-
phosis and basilar impression. Children with gener-
alized joint hypermobility were less prone to develop
scoliosis and basilar impression. Our observations
may contribute to a better understanding of the risk
factors for progressive spinal deformities in Ol.
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Major clinical characteristics of Ol are osteopenia and
fragility of bone, variable degrees of short stature and
progressive skeletal deformities. Data regarding spi-
nal deformities in childhood are scarce and have been
reported to be between 11% and 92%, depending on
the system of classification used (King and Bobechke
1971, Falvo et al. 1974, Hoek 1975, Benson et al.
1978, Ishikawa et al. 1996). Patients with the severest
types of Ol had a higher incidence of scoliosis.

We assessed the prevalence of spinal deformities
and basilar impression in 47 children with OI and cor-
related these observations with anthropometry. The
associations between the presence of dentinogenesis
imperfecta, joint hypermobility and spinal deformi-
ties were also studied.

Children and methods

In a cross-sectional study, we examined 47 children
with OI, who regularly attended the Wilhelmina Chil-
dren’s Hospital, which is a national referral center for
the treatment of children with OI. These children are a

representative sample of children with this condition.
Mean age of the study population was 7.7 (1-15)
years. We divided our patients into 6 types (IA, IB, II,
I, IVA and IVB) (Sillence et al. 1979, Sillence
1994). Height, sitting height, leg length and head cir-
cumferences were measured in a standardized way
and compared to reference values for Dutch children
(Gerver et al. 1989). Generalized hypermobility of the
joints was determined according to Bulbena et al.
(1992). Dentinogenesis imperfecta was diagnosed, if
the teeth were opalescent, discolored or fragile. If the
presence of dentinogenesis imperfecta was doubtful,
microscopic examination of the deciduous teeth was
performed.

Spinal radiographs were taken in all children and
measurements were obtained regarding the presence,
localization and severity of scoliosis (Cobb 1948).
Scoliosis of 10° or more and kyphosis of more than
40° or less than 10° were considered pathological
(Propst-Proctor and Beck 1983). The lateral radio-
graph of the spine was mainly used to determine the
location of platyspondyly and biconcave vertebrae.
Basilar impression was measured on a plain lateral
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Table 1. Patient characteristics related to the various types
of osteogenesis imperfecta

Oltypel  Oltypelll Ol type IV
(n 17) (n 16) (n 14)
Mean age, years 6.8 7.3 9.5
range 1-15 2-12 2-15
Boys/girls, n 5/12 8/8 9/5
Joint hypermability, n 15 0 1
Dentinogenesis
imperfecta, n 4 14 3
Scoliosis, n 2 10 10
Mean Cobb angle (°) 5 18 17
range 0-20 0-60 0-46
Kyphosis, n 4 10 3
Mean Cobb angle (°) 21 29 30
range 0-52 -10-55 -10-48
Location of
platyspondyly, n
entire spine 3 15 6
thoracal 0 4 2
lumbar 3 0 2
thoraco-lumbar 2 12
Basilar impression 0 7 1

skull radiograph in 42 children, using the McGregor
line in relation to the position of the odontoid and it
was confirmed by MRI when positive or doubtful on
the radiograph (McGregor 1948).

Statistics

Anthropometric measurements were transformed into
Z-scores, which were related to an external reference
population (Gerver et al. 1989). Data within 2 stan-
dard deviations were considered normal. Z-scores
were compared with the Student’s t-test. The associa-
tion of categorical variables was expressed as an odds
ratio. The odds ratio can be viewed as a relative risk.
For example, an odds ratio of 2.0 for pathologic ky-
phosis in children with scoliosis means that the risk of
having pathological kyphosis is twie as great in chil-
dren with scoliosis as in children without scoliosis.

Comparison of categorical variables was calculated
with chi-square analysis. A p-value of <0.05 was
considered significant.

Results

17 children had OI type I, 16 had type III and 14 had
type IV (Table 1). 16 children (34%), 15 of them with
OI type I, were classified as having generalized hy-
permobility.

Dentinogenesis imperfecta (DI) was present in 21
children. In type I, DI was found in 4 children wheras
DI was uncertain in 2 children. DI was present in 14
children with type III and was uncertain in I child. DI
was observed in 3 children with type IV, whereas in 1

child the presence of DI was uncertain. In a 2-year-
old child, DI could not be evaluated because no pri-
mary dentition was present.

Scoliosis

22 children had scoliosis of 10° or more, mainly those
with type IIT or IV. A double curve scoliosis devel-
oped in 9 children with OI types III and IV.

In the 13 children younger than 5 years of age,
scoliosis was detected in 2 children with type III and
in 3 children with type IV. In the 13 children older
than 5 years of age, scoliosis was found in 2 children
with type I, in 8 with type Il and in 7 with type IV. No
significant relation between age and the presence of
scoliosis was present (p = 0.3).

Kyphosis

17 children had pathological kyphosis. 9 children had
kyphosis of more than 40° (type I 1, type III: 6, type
IV: 2). 9 children had kyphosis of less than 10° (type
I: 1, type I1I: 6, type IV: 2). There was no relation be-
tween age and the presence of pathological kyphosis
(P=0.3).

Platyspondyly

36 children had wedge-shaped or biconcave vertebrae
(platyspondyly) (Table 1). The entire spine was in-
volved in 24 children, mainly in type III. 12 children
had local involvement of the spine, especially in the
lumbar and thoracolumbar regions, mainly in types I
and IV.

Basilar impression

8 children had a basilar impression and were older
than children with no basilar impression (p = 0.002).
There was no significant relation between the Z-score
of the head circumference and the presence of basilar
impression (p = 0.9).

Anthropometry

Intype I children, the mean Z-score for height was
—1.6 (SD 1.3). Decreased height was mainly caused
by a decrease in sitting height, rather than in leg
length (mean Z-score sitting height: —3.4 (1.0), mean
Z-score leg length: 0.5 (1.8)).

In type III children, mean Z-score for height was
—8.0 (2.0). This was caused by almost equal decreases
in sitting height and leg length (mean Z-score sitting
height: 7.6 (2.1), mean Z-score leg length: —6.4
(2.1)).

In type IV children, the mean Z-score for height was
—2.8 (1.7). Decreased height was mainly due to a de-
crease in sitting height (mean Z-score sitting height: —
4.4 (1.6), mean Z-score leg length: 0.8 (1.8).
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Table 2. Association of categorical variables in osteogenesis
imperfecta (odds ratio and 95% confidence interval)

Variables Odds ratio  95%Cl
Hypermobility/dentinogenesis imperf. 0.3 0.05-1.3
Hypermability/scoliosis 0.08 0.01-05
Hypermability/kyphosis 0.2 0.04-12
Hypermobility/basilar impression 0 010
Dentinogenesis imperf./scoliosis 34 08-151
Dentinogenesis imperf./kyphosis 58 1.2-298
Dentinogenesis imperf./basilar impr.  infinite
Scoliosis/kyphosis 2.1 0.6-8.3
Scoliosis/basilar impression 11 0.6-23.9
Kyphosis/basilar impression 35 06-233

Associations of clinical characteristics (Table 2)
Children with dentinogenesis imperfecta had scolio-
sis, pathological kyphosis and especially basilar im-
pression more frequently and generalized hypermo-
bility of the joints less frequently. Basilar impression
was more commonly associated with kyphosis than
with scoliosis. Children having scoliosis ran twice the
risk of also having pathological kyphosis. Children
with generalized joint hypermobility had a lower inci-
dence of scoliosis and pathological kyphosis. No chil-
dren with basilar impression had generalized hyper-
mobility.

Discussion

Benson and Newman (1981) stated that scoliosis in
OI was rare before the age of 6 years. After this age, a
rapid progression of a scoliotic deformity occurred,
Hanscom et al. (1992) described the natural history of
spinal deformities in OI. They classified spinal defor-
mities radiologically and divided Ol into types Ato E,
depending on the degree of severity. They concluded
that the natural history of scoliosis in patients who
had types B, C, D or E was progression of the curve.

We observed that basilar impression in OI types III
and IV children was closely linked to the presence of
dentinogenesis imperfecta. Sillence (1994) reported
the highest frequency of basilar impression in types
IB and IVB where dentinogenesis imperfecta was
also present. He suggested possible explanations for
the presence of basilar impression in type I'V patients.
Besides greater osseous plasticity in OI type 1V, he
thought an earlier upright posture or sitting position in
these children might afect the initiation of basilar im-
pression. Charnas and Marini (1993) observed basilar
invagination in 8 of 76 patients with types III and IV.
Of these 8 persons, 5 were children.

Benson and Newman (1981) stated that the laxity
of spinal ligaments reduces vertebral stability and al-

lows for progressive spinal curvature. We found no
association between generalized hypermobility and
scoliosis. We believe that (micro)-fractures of the ver-
tebrae cause wedge-shaped deformities and spinal
collapse. We agree with Ishikawa et al. (1996), who
concluded that the presence of 6 biconcave vertebrae
or more before puberty indicated that a severe scolio-
sis of more than 50° was likely to develop. In our
study, children with the severest types of OI had
platyspondyly in almost the entire spine and had the
most severe spinal deformities.

Our study showed that decreased height in types I
and IV was primarily due to spinal involvement.
These observations conflict with those of Beighton et
al. (1983}, who found trunk shortening in only 11 of
79 patients with OI type I. However, comparison is
difficult because patients from 2 months to 69 years
of age were included. Since the prevalence of Ol is
low, the accrual of large numbers of affected children
occursonly in specialized referral centers. Our center
has a bias towards younger children, because of its re-
search focus on early intramedullary rodding and ear-
ly ambulation. Therefore, comparison with studies
concerning spinal involvement in O is difficult, since
most of these combined data about children and adults.

Wenstrup et al. (1990) reported 2 major biochemi-
cal phenotypes in OL In one group, cells secreted
about half the normal amount of normal type I procol-
lagen and no identifiable abnormal molecules. These
patients were generally of normal stature, rarely
showed bone deformity or dentinogenesis imperfecta
and had blue sclerae. In the other group, cells pro-
duced and secreted normal and abnormal type I pro-
collagen molecules. Many such patients were short,
had bone deformities and dentinogenesis imperfecta
and had blue-grey sclerae. Most children in the first
group had mild Ol (type I), while in the other group
more severe types of Ol (types IIl and IV) were
present. We used the classification of Sillence be-
cause collagen studies were not performed in all chil-
dren.

We conclude that in children with OI types Il and
IV, with dentinogenesis imperfecta, progressive de-
formities such as platyspondyly, scoliosis, pathologi-
cal kyphosis and basilar impression are more likely to
occur than in children with type 1.
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