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Abstract

Introduction: Osteogenesis imperfecta is the most common genetic
disorder of bone and is characterised by growth retardation, bone fragility,
deformity and joint hyperlaxity. Severe disease causes pain and limitation
of function.

Case Report: An 8-year old male with multiple lower limb deformities,
growth retardation and inability to stand upright and walk since birth.

Conclusion: Surgery in a child with severe osteogenesis imperfecta with
multiple lower limb deformities could be safe, effective and improves
function. At 3 years following surgery, the child’s lower limbs remain well
aligned, he is a community ambulator and is able to perform self-care:
toileting, dressing and grooming.
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Introduction

Osteogenesis imperfecta (OI) is a genetic connective tissue disorder that
commonly results from mutation in type I collagen genes and is typically
inherited as an autosomal dominant trait [1]. It is the most common
genetic disorder of bone and is characterised by growth retardation, bone
fragility, deformity and joint hyperlaxity [2]. The point prevalence of OI
is approximately 5-6.7/100,000 live births. The condition varies broadly in
severity with a wide range of clinical manifestation from mild symptoms to
perinatal lethality. The outcomes following treatment of OI depends on the
type or grade of the disease [2].

Genetic basis and classification of osteogenesis imperfecta

The disease is classified into four sub-types, ranging from mild to lethal,
on the basis of clinical severity (Sillence, 1979). Osteogenesis imperfecta
type I is mild, type II is lethal in the neonatal period, type III is the most
severe type and type IV is intermediate in severity, between type I and II.
Long-bone deformities are common in children with types III and IV disease
and corrective surgery is indicted [3,4]. Recently new genes for OI have been
discovered prompting a modification of Sillence’ classification system into
sub-types. In the modified classification system the sub-types of the disease
are based on the underlying genetic abnormality. The majority of patients
with OI fall into group A sub-types which result from abnormalities in
collagen synthesis, processing and structure. However, the new subtypes
of OI are extremely rare. Between 85 and 90% of patients with OI have
mutations in COLIA1 and COLIA 2 genes that encode alphal and alpha 2
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chains of type 1 collagen [5]. Additionally, mutations in the
BMP1 gene underline a recessive form of OI that falls under
group A OI. The group B sub-types are caused by mutations
in genes that modulate post- translational modification of
collagen and are recessively inherited. They present in early
infancy and underlie severe disease. Group C subtypes of
OI are moderate to severe in clinical manifestation and have
dominant or recessive inheritance [6,7]. Sub-types of group
C are caused by mutations in genes responsible for collagen
folding and crosslinking. A mild OI phenotypic expression,
may result from heterozygous mutations in P4HB gene
[1,5,8]. The mutations in the PAHB gene are responsible for
the Cole-Carpenter syndrome in which craniosynostosis,
hydrocephalus and proptosis may be associated with the
disease [8]. Patients with group D sub-types of OI have
abnormalities of mineralization. Mutations in [IFTMS5 produce
an autosomal dominant form of the disease characterized
by increased mineralization of bone whilst SERPINFI
mutations cause a recessive form of OI with reduced bone
mineralization. Group E sub-types of the disease are caused
by mutations in osteoblast differentiation genes SP7, WNT1
and CREB3L1 and exhibits recessive inheritance [5].

Orthopaedic management of deformities of

osteogenesis imperfecta

The limb deformities of OI are multiplanar and their
management is complex, and challenging. The principle of
management is to reduce pain and improve function in patients
affected by the disease. The management is multidisciplinary
and includes orthotists, physiotherapists, endocrinologists and
rheumatologists. Treatment commences in early childhood.
Maximising function is the primary indication of deformity
correction in OI. In 1950, Sofield described multiple long
bone osteotomies with intramedullary nail fixation, which
still applies in current orthopaedic practice [5,9]. In Sofield
procedure, all the deformities in a long bone are corrected
at a single surgical sitting with intramedullary nail fixation
of the osteotomies, as a method of choice. Telescopic rods:
Fassier-Duval and Sheffield systems may be used in the
stabilisation of osteotomies in skeletally immature patients.
They are however, associated with high rates of re-operation
for delayed or nonunion [9-15]. There is limited literature on
outcomes of surgical treatment of OI, particularly in Low-
and Middle-income countries [16].

Case Report

We report our findings in the operative management of an
8-year old male, who was seen at our clinic with complaints,
by his parents, of multiple lower limb deformities, growth
retardation and inability to stand upright. The child was
delivered via spontaneous vaginal delivery at term to a 28-
year old nulliparous mother and a 34-year old father and
weighed 1.8kg at birth. The mother of the child had no
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known history of exposure to teratogenic agents such as
x-rays or hormonal contraceptives and had no family history
of congenital anomalies nor birth defects in her community.
The mother had an up-to-date immunization status, did not
smoke cigarette in pregnancy, was a regular attendant at the
antenatal clinic and had no illness during pregnancy. Physical
examination revealed a small for age child with blue sclerae
and severe multiplanar deformities involving the lower limbs.
There was no dental or cardiovascular abnormalities and no
hearing impairment.

The child mobilized by crawling and could not stand
erect. Physical examination of the chest and abdomen was
uneventful and there was no cognitive impairment found.
A diagnosis of osteogenesis imperfecta, type III, was made.
Figure 1, shows the child in the crawling position and the nature
of the lower limb deformities before surgery was performed.
Chest x-ray and abdominal ultrasound scan showed normal
findings. Multiple osteotomies of both femora and tibiae
were performed at the apex of the deformities, under general
anaesthesia and fluoroscopic guidance. The osteotomies were
closing wedge at the convex surfaces of the deformities of the
left femur, right femur, left tibia and the right tibia. Oblique
proximal osteotomy of the fibulac was performed to allow
for correction of the tibia. The osteotomies were stabilized
with 3.0mm flexible titanium intramedullary nails. The nails
were introduced after recanalization of the both femora and
tibiae as their intramedullary canals were obliterated. The
femoral nails were passed retrograde and those of the tibiae,
antegrade. The surgical incisional sites were closed in layers.
The post-operative radiographs of the lower limbs are shown
in Figure 2. The construct was buttressed with an above knee
circular Plaster-of-Paris cast, on both lower limbs, shown in
Figure 3. The surgery was performed at a tertiary hospital on
12% April, 2021.

Figure 1: An 8-year-old child with osteogenesis imperfecta, type
III: unable to stand upright (left), severe deformities of both lower
limbs (right).
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The above knee circular casts were removed 6 weeks
following surgery, shown in Figure 3. A repeat x-ray showed
healed osteotomies. The patient commenced weight bearing
at 8 weeks and underwent an active rehabilitation programme
after cast removal. This included gradual weight bearing,
practicing self-care skills, gait training, periodic assessment
of function and parental education on handling.

Figure 2: Post-operative x-rays of both femora and tibiae (left) and
middle and the knee joints, femora and pelvis (right).
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Figure 3: Post-operative day 1, showing the patient in a bilateral
above knee circular cast (left), the appearance of the lower limbs
after removal of the cast at 6 weeks (middle) and the child standing
upright at 3 years following surgery (left).
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Assessment of treatment Outcome

At three (3) years following surgery, we assessed
functional outcome using the Paediatric Evaluation of
Disability Inventory (PEDI) instrument. The PEDI has been
shown to be valid and reliable in evaluating function in
children with OI and can be administered to patients from 6
months to 21 years of age [17]. The assessment was performed
with the aid of a physiotherapist through parent interview and
an observation of the child’s performance. Each item was
scored 1 or 0, indicating able (1) or unable (0), to perform
a task, including dressing, grooming and toileting, and the
raw score was translated into scaled scores and summed up
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[16]. A score of 100 indicates full function and 0, no function.
Since social and cognitive impairment are not known features
of OI, the social function domain of PEDI was not tested in
our patient. The modified Bleck scale (non-ambulator = 0,
therapeutic ambulator = 1, household ambulator = 2, limited
community ambulator = 3, full community ambulator = 4),
was used to measure the level of ambulation of the patient at 3
years [6,18]. Our patient was a limited community ambulator
at three years, and had a PEDI score of 70.

Discussion

The child of our report had severe osteogenesis imperfecta
with multiple lower limb deformities and inability to stand
upright and walk at 8 years. Following multiple osteotomies
involving the lower limbs, the child’s lower limb deformities
were corrected and was able to stand erect and walk 8 weeks
after surgery. In addition, at 3 years after surgery, the child’s
lower limbs remain well aligned, he is a community ambulator
and is able to perform self- care such as toileting and tasks such
as dressing and grooming. Our findings corroborate those of
several other authors who have reported that in osteogenesis
imperfecta with lower limb deformities, surgery has a role
of correcting the deformities, relieving pain and improving
function for independent living [2,18,19]. A study by
Montpetit and colleagues, reported significant improvement
in function in a cohort of children with severe osteogenesis
imperfecta compared to a control group of children that were
matched for age and OI type [19]. Furthermore, we observed
in the patient of this report that in spite of the disease
severity, the osteotomies healed sufficiently to permit weight
bearing at 8 weeks. Similarly, a number of authors have
reported, that despite the bone fragility and the increased
fracture risk, fractures and osteotomies tend to heal in
osteogenesis imperfecta [2,10,18] In our case, we performed
multidirectional, closing wedge osteotomies at the apices of
the deformities of the affected long bones and stabilized the
osteotomies with intramedullary nails. Similarly, in a study of
aroadmap to surgery in osteogenesis imperfecta, Sakkers and
others, recommended multilevel osteotomies at the apices of
long bone deformities with intramedullary nail stabilization
and bony shortening [20]. In the patient of our study,
immobilisation of the limbs in plaster cast was performed
to provide further support to the long bone osteotomies, and
weight bearing was delayed until after adequate healing of the
osteotomies. This supports the observation by other authors
that following osteotomies in patients with osteogenesis
imperfecta weight bearing should be delayed until healing
of osteotomies [20,21]. Bisphophonates have been used by
some authors as an adjunct to operative treatment and have
been observed to improve bone mineralisation and healing
[22]. In our patient, however, bisphosphates were not used
and union of the osteotomies was achieved. Since, recurrent
fractures are a feature of the disease, our patient will be
followed up regularly, at least, until skeletal maturity.
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Conclusion

In a patient with severe osteogenesis imperfecta with
multiplanar lower limb deformities, improvement in
function and self-care could be achieved after lower limb
reconstruction. Surgery, performed in a low-resource setting,
could be safe and effective in a child with severe osteogenesis
imperfecta.

Clinical Message

Surgical correction of lower limb deformities, could
improve function in a patient with severe osteogenesis
imperfecta.
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