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The article presents a literature review on intrauterine bone fractures in fetuses suffering from osteogenesis imperfecta.
Prenatal ultrasound investigation of the condition is made to identify pathologically changed bone tissue including shortened
and deformed limb segments and ribs, bone fractures and callus formation and widened intracranial sutures. Comprehensive
clinical, paraclinical and radiological evaluations are produced after the birth to determine treatment strategy. Skeletal
fractures in newborns are treated conservatively. With diagnosis of osteogenesis imperfect established medical treatment
with bisphosphonates is administered to inhibit osteoclast-mediated bone resorption, facilitate bone mineralization and lower
fracture incidence. The case report describes fractures of both femurs and left tibia in a female newborn suffering from
osteogenesis imperfecta type III diagnosed in utero with ultrasonographic screening. The case presented highlights infant’s

trauma-focused status, radiological findings and the treatment performed.
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INTRODUCTION

Different aspects of osteogenesis imperfecta
(OI) in children are fully enough described in
medical literature [1-4]. Case reports include
later types of the disorder mostly developing in
the postnatal period [5-7]. There is a paucity of

publications on intrauterine bone fractures and

practicing physicians might not be well acquainted
with the problem [8-10].

Objective. The purpose of this article is to provide
modern medical information on intrauterine bone
fractures in fetuses with OI for the greater orthopaedic

community and present a case report.

MATERIAL AND METHODS

A search of MEDLINE, PubMed, Ulrich’s

Periodicals Directory and cyberleninka.ru was
conducted for publications on intrauterine bone
fractures in fetuses with OI. The depth of literature
search was 15 years. A case report of a baby girl with OI

presented with intrauterine fractures of both femurs and

left tibia at birth is given as an instance to illustrate the
problem. Medical records from women’s health center
and maternity hospital including ultrasonographic fetal
assessment of a 34-year-old lady were used to establish
the diagnosis of OI made on clinical examination,

radiography and confirmed by genetic testing.

RESULTS

Literaturereview showsthat Ol is a genetic disorder
characterized by fragile bones, low bone mass,
short stature and other signs of bone and connective
tissues [11-14]. The main clinical manifestations
of the disease include multiple recurrent bone
fractures that may lead to physical disability,

impaired mobility and performance of ordinary

tasks of everyday living [15, 16]. The number of
people born with OI is approximately 0.5-1 in every
10,000 [17, 18]. It is now estimated that the disorder
is caused by autosomal dominant mutations in either
COL1A1 or COL1A2 genes encoding the chains of
type I collagen thus resulting in its quantitative and

qualitative reduction and associated musculoskeletal,
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cardiovascular, renal, dental, dermal, ocular and
hearing abnormalities [19-24].

D. Sillence et al. [25] formulated the classification
currently in use for Ol in 1979. The classification is an
artificial grouping based on clinical and radiographic
features with more types later revised by F.H. Gloriex
[26] and E.S. van Dijk et al. [11]. At present, 17
genetic causes of OI [27] and closely related disorders
have been identified and it is expected that more will
follow with molecular genetic studies [28].

Newborns with OI that sustain intrauterine
fractures can be classified as types II and III according
to D. Sillence et al. [25] being most severe conditions
that are difficult to treat having a poor prognosis [22,
23, 24, 29, 30]. OI type II accounts for 8.4 % of the
cases and type III, for 27.4 % according to Russian
National Federal Register. OI types I and IV account
for 59.0 and 1.7 % of the cases, correspondingly,
according to the above Register [31].

C.S. Greeley et al. [32] identified infants and
children with 10: type I, 34 %; type II, 2 %, type
III, 25 %, type IV, 35 % and unknown type, 4 %.
Population sampling of newborns affected with OI
indicated to 18.0 [3] to 32.0 % [31] of intrauterine
bone fractures with two or more postnatal fractures
detected in 10 % of the cases [32].

Bone fractures resulting from intranatal injury are
rarely diagnosed in newborns not affected with OI. The
published incidence of at-birth fractures is 41 (0.41 %)
per 10,000 live births for clavicle [33], 10 (0.01 %) per
10,000 live births for humerus [34] and 1.3 (0.013 %)
per 10,000 live births for femur [35].

Although ultrasound is practical to diagnose OI
in utero it may fail to identify fractures in fetuses
[36-39]. According to T.N. Voitovich et al. [40],
A.B. Bourgeois et al. [23] OI symptoms can be
detected in fetuses by ultrasound screening at 13 to
14 weeks of gestation. M.]. Marion et al. [13] report
a 16-20 week screening pregnancy ultrasound to
be performed to identify the disease. Review of
medical records of 323 children with OI included in
the Federal Register of RF indicates to intrauterine
fractures diagnosed in 104 cases. A greater number
of bone fractures diagnosed in utero was recorded
in Moscow (n = 8) and Moskovskaya Oblast (n = 7)

from 61 subjects of the Russian Federation. No case of
prenatal diagnosis of OI was recorded in 17 (27.8 %)
regions of the country [31].

Major ultrasound findings of OI diagnosed in
utero include shortened limbs and deformed segments
of limbs and ribs, callus formation at bone fracture
site, poor calcification of cranium and endocranium,
macrocephaly and widened intracranial sutures
[40, 41]. More postnatal symptoms of OI are observed
todevelop with growth if an infant survives[1, 14, 27].
Clinical manifestations show aggravated changes in
limbs and ribs (100 %), multiplanar deformities of
spine and ribcage (80 %), hearing deficiencies (4 %),
dentinogenesis imperfecta (24 %), distinct blueness
of the sclerae (75 % of clinical observations). Other
Ol-associated features include visceral herniation,
joint hypermobility, aortic and mitral valvular
insufficiency due to impaired connective tissue
formation [40, 42] and nephrolithiasis [15, 16]. Only
65 % of the children affected by OI are able to walk
independently [43].

Differential diagnosis of bone fractures in
fetuses with OI is practical for in utero bone
fractures due to prenatal nerve and muscle diseases
[44-46] and osteopetrosis [47]. The differentiation
between Ol-associated bone fractures sustained
by infants in the first days and weeks of life and
child abuse with different clinical manifestations
of injury to soft tissues of the head, torso and limbs
is very important [2, 23].

Pathomorphological studies suggest that OI-
associated in utero bone fractures occur due to thin
(to full resorption) and sparse cortical bone and
intraosseous trabeculae [21, 41]. Muscle contraction
[13, 24].

Interestingly, the mean consolidation time in prenatal

facilitates fractures of weak bones
bone fractures is shorter than that in newborns with
similar fractures sustained during delivery [48].
There are controversies regarding the mode
of delivery for the fetus affected by OI. Several
authors support cesarean delivery as one of most
effective methods of fracture prevention extracting
the baby with caution [24, 49, 50]. There are reports
on at-birth fracture rates that do not differ based on

whether delivery is by vaginal route or by cesarean

Literature review



delivery [42, 51]. Confirming the above R. Cubert
et al. [52] report that 40 % of infants delivered
by cesarean section and 32 % of infants delivered
vaginally excluding those with in utero fractures
had new fractures at birth. C.P. Chen et al. [53]
support vaginal delivery in established diagnosis of
OL J. Ruiter-Ligeti et al. [54] made a retrospective
cohort studies of 7 287 994 births and encountered
295 (0.004 %) deliveries among women with OI
with 75 % of them delivered by cesarean section.
Infants born to a woman with OI can have healthy
skeleton [55] but there is evidence of infants with OI
born to patents who never suffered from any bone
pathology [29].

Most publications indicate to a high mortality rate
of infants in the first days and weeks of life, type II
Ol, in particular, termed as perinatal or lethal [25, 29,
30]. Lethal OI may be associated with pulmonary
hypoplasia, respiratory insufficiency and extensive
intracranial hemorrhage [10, 24].

Treatment of infants with OI is provided by
neonatologist physician at the neonatal intensive care
unit (NICU) with assistance of related specialties
[37, 38]. Symptomatic therapy is indicated for the
patients depending on clinical manifestations of OI
symptoms [8, 19]. Infants with bone fractures can be
immobilized with casts, splints or soft wraps [3, 20,
56, 57]; correcting osteotomies of limb segments and
prophylactic reinforcement with metal constructs can
be offered for children at an older age [5, 6, 12, 58].

Since 1987 bisphosphonate therapy has been
introduced for early application in OI providing a
more normal balance between osteoblast-mediated
synthesis and osteoclast-mediated bone resorption
[22-24, 59, 60]. Bisphosphonate therapy is to be
administered in a team approach with geneticist,
endocrinologist, radiologist, general surgeon,
ophthalmologist, neurologist, dentist and, routinely,
orthopedic and trauma surgeon involved [43].
J.J. Sinikumpu et al. [2] advocate intravenous
administration of bisphosphonates for newborns
shortly after Ol is established.

Case report

Our case report presents an infant with OI type II1. A

baby girl aged 1 day was referred to the NICU unit from
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maternity hospital with tentative diagnosis of congenital
malformation of locomotor system due to OI.

Life history. The baby was born at full-term
pregnancy gravida 4, second emergency spontaneous
vaginal delivery, 39 weeks of gestation presented
by cranium. Her birth weight was 3740 g, birth
length, 54 cm, head circumference, 35.5 cm, ribcage
circumference, 32 cm. Apgar score was 7 at 1 minute
and 7 at 5 minutes. Pregnancy was complicated by
vaginal yeast infection at 9 weeks, asymptomatic
bacteriuria at 18 to 23 weeks, placenta dysfunction and
vegetative-vascular dystonia of hypotonic type at 23 to
27 weeks and excessive weight gain at 32 to 39 weeks.

Medical history. Fetal ultrasound imaging of
34-35-weeks’ gestationshowed signsof hypomineralized
skull, head deformity with probe pressure, shortening
of long bones by 6/, weeks, varus deformity of tibiae,
fractures of both femurs (Fig. 1, a, b) and the left tibia
(Fig. 1, ¢), and hypoplastic nasal bone.

The findings

symptoms of OI. The previous fetal ultrasound

indicated to fetal ultrasound
examinations performed at 12-to-13-week and 20-to-
21-week gestations showed no bone abnormalities.
Parents and the family reported no history of skeletal
systemic diseases.

Objective status. General condition of the baby
was rated as severe due to congenital malformation
of locomotor apparatus. Nutrition was satisfactory.
Physical development was appropriate for gestational
age. Condition and functioning of organs and systems
but neurological status matched baby’s age.

Local status of musculoskeletal system showed
adequate head position without fixed deformities and
pathologies. Good alignment of upper limbs with
sufficient passive range of motion in major joints.
Pathological mobility was palpated neither in the
clavicle nor in the upper limb segments. Ribcage
halves were symmetrical and not deformed. The spine
axis matched according to age. Femoral alignment
was visually good and tibiae were in varus. No
pathological mobility was observed palpating femurs
and pathological mobility noted at palpation in mid
third of the left tibia without evident crepitation of
bone fragments. No fixed deformities and pathologies

observed in the feet.
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Fig. 1 Fetal ultrasound images showing in utero fractures of the right (a), left (b) femurs and left tibia (c)

No traumatic injuries were seen in the
radiographs of upper limbs, clavicles and ribcage.
Radiographs of lower limbs showed consolidating
fractures of the right and left femurs in the middle
third and transverse fracture of the right tibia in the
middle third (Fig. 2). General clinical, biochemical
and functional examinations of the newborn were
performed in dynamics including consultations from
orthopaedic and trauma surgeon, endocrinologist,
geneticist, neurologist and general surgeon. Clinical

diagnosis made on the basis of medical history,

clinical diagnostic tests, examinations of related
specialties included congenital malformation of
locomotor apparatus: OI type III, consolidation
fracture of the right and left femurs, and the left
tibia, cerebral ischemia grade II, acute symptomatic
cramps, patent arterial duct, patent foramen ovale,
cephalohematoma in the left parietal bone, positional
plagiocephaly.

Femurs and tibiae were immobilized with posterior
plaster cast and pelvic support after radiological

assessment of traumatic injuries (Fig. 3).

Fig. 2 Radiographs of lower limbs of a one-day-old newborn Sh. showing (a) consolidating fracture of the right femur and varus
deformity of the right tibia; (b) consolidating fracture of the left femur and left tibia
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Fig. 3 Photograph of the 2-day-old baby girl showing lower limbs fixed with plaster cast

Infusion, anesthesia, antibacterial, anticoagulation
and calcium-rich therapy was provided for the baby
girl at the NICU. Bisphosphonates (Rezoklastin FS
(zoledronic acid) at the dose of 0.05 mg/kg) were
administered by interdisciplinary team’s decision.
Neither arterial blood pressure measurement with the
cuff nor baby weighing were performed to prevent
acute bone fractures of upper limbs. The baby girl

was treated in an open NICU system using corrective
mattress. Both mother and baby were discharged
from the NICU after 16 days with the care for NICU
graduate discussed in details. Immobilization of
lower limbs with plaster cast lasted throughout the
admission at the NICU and terminated before the
discharge. Meanwhile no clinical symptoms of acute
clavicle, rib, long bone fractures were recorded.

DISCUSSION

Literature review shows that prenatal diagnosis of
Ol is based on ultrasound findings of bone pathology,
primarily in skull bones and limb segments [36,
38]. Pregnant women affected by OI should be
closely monitored to assess fetal well-being and
detect pregnancy related complications. There is no
identifiable relationship between affected pregnancy
and fetus with OI. OI can be suspected in a fetus of an
unaffected mother when ultrasound shows shortened
and deformed segments of limbs and ribs, acute
fractures or bone callus in long bones and insufficient
skull mineralization [2, 13, 23, 40]. Pregnant women
at risk of fetal OI should be made aware of various
complications that can be associated with OI and
pregnancy. Discussion would include the availability
of various prenatal diagnosis techniques to direct the
remainder of the prenatal care including accuracy
of the diagnosis, severity of the disorder, prognosis
for survival and development, and mode of delivery.
Consultationsr with orthopaedic and trauma surgeon,
neurologist are arranged for the newborn shortly at
birth and the baby is referred to NICU from maternity
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hospital to facilitate further diagnostic tests, assessment
(primarily radiological) and involvement of other
relevant professionals to identify treatment tactics. If
a bone fracture is detected radiologically it is managed
with immobilization using plaster cast for acute
cases [2, 24]. The possibility with preventive neonatal
reinforcement of long bones in the manner applied for
older children [6, 7] is not discussed in the literature.

The case presented is characterized by late
ultrasound diagnosis of bone softening and fractures.
Literature review shows that bone abnormalities of OI
types Il and III can be identified with ultrasonography
at the end of the first trimester or early in the second
trimester and radiograph of the fetus is used to
confirm the diagnosis [22]. In utero bone fractures
were not timely detected in the case reported but
identified only at 34-35-week gestation. Severity
of the condition required appropriate treatment
that included immobilization of broken bone with
plaster cast, drug therapy using bisphosphonate
(Rezoklastin FS) and measures undertaken to prevent
skeletal fractures.
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CONCLUSION

Review of the current medical literature shows causes for OI have not yet been identified pathogenetic
that OI related issues of diagnosis and prognosis have  mechanisms of the debilitating disorder are often
been largely resolved in recent years. Ultrasonography  difficult to be managed. But cautious optimism of some
is acknowledged as a reliable diagnostic modality reputable researchers brings hope of a breakthrough in

for the prenatal diagnosis of OI. Because all genetic  this very important aspect [4, 13, 19, 20, 28].
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