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Abstract

Osteogenesis imperfecta is caused by mutations in the COL1A1 or COL1A2 genes, resulting in defects in collagen structure

or quantity. The clinical spectrum ranges from mild bone fragility to perinatal lethality. Clinical presentation is variable and

may include recurrent fractures, osteopenia, hearing loss, vascular fragility, blue-gray sclera, and skeletal deformities. Prenatal
diagnosis and monitoring typically involve US and chorionic biopsy with genetic testing, while postnatal evaluation includes
radiography, dual-energy x-ray absorptiometry, and confirmatory genetic testing. Management focuses on reducing fracture risk
and improving function through bisphosphonates, physical therapy, and surgical stabilization.

Keywords: musculoskeletal, bones, congenital, syndrome

Case Summary

A 5-week-old neonate presented to the
emergency department with decreased
movement of the right lower extremity.

Imaging Findings

Initial radiograph of the right femur
(Figure 1) revealed a transverse, angulated
fracture. A subsequent skeletal survey
(Figure 2) demonstrated multiple rib
fractures, a left clavicle fracture, a fracture
through the C2 vertebral body, and
numerous Wormian bones within the
skull. Head CT (Figure 3) confirmed the
C2 vertebral body fracture and multiple
Wormian bones and additionally showed
absence of the lamina dura surrounding
unerupted teeth.

Diagnosis

Osteogenic imperfecta.

The differential diagnosis in a child with
frequent fractures includes nonaccidental
trauma, idiopathic juvenile osteoporosis,
hypophosphatemia rickets, osteopetro-
sis with renal tubular acidosis, as
well as various skeletal disorders such
as Cole-Carpenter syndrome, Bruck
syndrome, severe fibrous dysplasia
of bone, and idiopathic autosomal
recessive hypophosphatasia. In infants,
additional differential diagnoses can
include achondrogenesis type 1 and
thanatophoric dysplasia.

Discussion

Osteogenesis imperfecta, also known as
brittle bone disease, is most commonly an
autosomal-dominant disorder, occurring
in approximately 1 in 15,000-20,000
live births.' The condition encompasses
multiple subtypes, with severity ranging
from mild bone fragility to perinatal
lethality in type 2 disease.” An overview
ofthe 4 most common subtypesisincluded
in Table 1.
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Figure 1. Radiograph of the right femur
showing a transverse fracture of the mid
diaphysis.

Most cases are caused by mutations
in the COL1A1 and COL1A?2 genes,
which encode type 1 collagen, leading
to either reduced collagen production
or structural abnormalities.” In osteo-
genesis imperfecta type 1, frameshift
mutations with premature stop codons
result in decreased collagen synthesis,
a thinner bone matrix, and impaired
skeletal mineralization.” In contrast,
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Figure 2. (A) Frontal image of the chest, (B) oblique view of the chest, (C) and lateral view of the skull and cervical spine obtained as part of a skeletal
survey show multiple healing rib fractures (arrowheads), including multiple fractures within the same rib, a left clavicle fracture (arrow), a fracture
through the pedicles of C2 (white arrow), and multiple Wormian bones (dashed arrow).

Figure 3. (A) Axial CT image through the C2 vertebral body showing a fracture of both pedicles
(arrowheads). (B) Axial CT image through the mandible showing the absence of the normal lamina
dura surrounding the teeth (arrow). (C) 3-dimensional reconstruction of the skull showing multiple

Wormian bones (dashed arrow).

types 2-4 are typically associated with
substitution or deletion mutations that
produce structurally defective collagen,
causing bone fragility and abnormal bone
matrix formation.?

Clinically, osteogenesis imperfecta is
characterized by recurrent fractures, often
beginning in early childhood with the
onset of ambulation.” Additional skeletal
findings include osteopenia, short stature,
scoliosis, pectus excavatum, and hearing
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loss.? Beyond the skeleton, the connec-
tive tissue disorder affects multiple organ

systems, leading to features such as blue
or gray sclera, dentinogenesis imperfecta
with translucent teeth, joint hyperlaxity,
restrictive pulmonary disease, sensory
and motor disturbances, vascular fragility,
and nephrolithiasis.>*

Diagnosis of osteogenesis imperfecta
involves a combination of clinical
evaluation, imaging, and genetic testing.

In patients with a known family history,
prenatal evaluation typically begins with
chorionic villus sampling and DNA
sequencing.* Alternatively, incidental
findings on routine prenatal US, such
as bone shortening, decreased bone
echogenicity, fractures, and rib beading,
may raise suspicion for osteogenesis
imperfecta and prompt further genetic
testing.’ US can also be used to monitor for
complicationsin fetuses known to have the
condition.* Transvaginal US is preferred
for its ability to detect skeletal abnor-
malities as early as 14 weeks of gesta-
tion, with 3-dimensional imaging offering
superior diagnostic detail when combined
with 2-dimensional images.*® Fetal MRI
can provide additional information,
particularly for evaluating extra-skeletal
complications such as restricted lung
volume in osteogenesis imperfecta type 2.*
When diagnostic evaluation begins
postnatally, radiography is typically the
initial imaging modality of choice.
Skeletal surveys are particularly useful
for monitoring patients with osteogene-
sis imperfecta, especially during periods
of rapid growth. Radiographic findings
may include fractures and diaphyseal
bone deformities, flattening of the
skull base, basilar invagination, multiple
Wormian bones, rib beading, and
generalized osteopenia.*® In osteogenesis
imperfecta type 3, characteristic features
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Table 1. Overview of the 4 Most Common Subtypes of Osteogenesis Imperfecta,
Including Inheritance Pattern, Pathophysiology, Unique Clinical Features, and

Typical Severity of Presentation

Inheritance

Pathophysiology

Unique Clinical Features Severity

Type 1 Autosomal Reduced amount of Minimal deformities, Mild
dominant collagen with normal  blue sclera, conductive
structure hearing loss,
mildly impaired
growth, dentinogenesis
imperfecta in subtypes
1B/1C
Type 2 Autosomal Severe disruption of Extreme bone fragility, Severe to lethal
dominant OR collagen function beaded ribs, crumpled
recessive femora on radiograph
Type 3 Autosomal Reduced amount Blue sclera in infancy, Mild to severe
dominant OR and/or structural severe bone fragility with
recessive dysfunction of progressive deformities,
collagen basilar invagination,
brittle teeth
Type 4 Autosomal Reduced amount Normal sclera, moderate Moderate to
dominant OR and/or structural to severe bone severe
recessive dysfunction of deformity, impaired

collagen

growth, dentinogenesis
imperfecta in subtype 4B

There are at least 17 additional subtypes that have been identified.®

include a “bamboo cane” appearance

of abnormally remodeled long bones
and “popcorn” calcifications around the
knees.* Definitive genetic diagnosis of
osteogenesis imperfecta is confirmed via
skin biopsy.*

Because radiography lacks sensitivity
for assessing bone density, dual-energy
x-ray absorptiometry (DXA) is often used
to supplement evaluation and monitoring
of osteopenia in patients with osteogen-
esis imperfecta.’ CT and MRI are not
routinely used but may be helpful for
better visualization of cranial structures
or soft tissues in select cases.**

As there is no known cure for
osteogenesis imperfecta, management
relies on a multidisciplinary approach
aimed at reducing fractures and
maximizing mobility. Bisphosphonates,
such as cyclic intravenous pamidronate
and oral risedronate, are commonly
used to increase bone density and
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reduce fracture risk." Surgical stabili-
zation with intramedullary rods and
physical therapy are also frequently
employed.’ Emerging treatments under
investigation include mesenchymal stem
cell therapy, setrusumab (a sclero-
stin-neutralizing antibody), and bone

marrow transplantation.””*

Conclusion

Osteogenesis imperfecta is caused by
mutationsinthe COL1A1 or COL1A2 genes,
resulting in defects in collagen structure
or quantity. The clinical spectrum ranges
from mild bone fragility to perinatal
lethality. Clinical presentation is variable
and may include recurrent fractures,
osteopenia, hearingloss, vascular fragility,
blue-gray sclera, and skeletal deformi-
ties. Prenatal diagnosis and monitoring
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typically involve US and chorionic biopsy
with genetic testing, while postnatal
evaluation includes radiography, DXA, and
confirmatory genetic testing. Manage-
ment focuses on reducing fracture

risk and improving function through
bisphosphonates, physical therapy, and
surgical stabilization.

References

1) Botor M, Fus-Kujawa A, Uroczynska M, et al.
Osteogenesis imperfecta: current and prospective
therapies. Biomolecules. 2021;11(10):1493. doi:10.
3390/biom11101493

2) Rossi V, Lee B, Marom R. Osteogenesis
imperfecta: advancements in genetics and
treatment. Curr Opin Pediatr. 2019;31(6):708-715.
doi:10.1097/MOP.0000000000000813

3) Maioli M, Gnoli M, Boarini M, et al.
Genotype-phenotype correlation study in 364
osteogenesis imperfecta italian patients. Eur

J Hum Genet. 2019;27(7):1090-1100. doi:10.1038/
$41431-019-0373-x

4) Weaver JS, Revels JW, Elifritz JM, et al.

Clinical manifestations and medical imaging of
osteogenesis imperfecta: fetal through adulthood.
Acta Med Acad. 2021;50(2):277-291. doi:10.5644/
ama2006-124.343

5) Gazzotti S, Sassi R, Aparisi Gémez MP, et al.
Imaging in osteogenesis imperfecta: where we
are and where we are going. Eur J Med Genet.
2024;68:104926. doi:10.1016/j.ejmg.2024.104926

6) Deguchi M, Tsuji S, Katsura D, et al. Current
overview of osteogenesis imperfecta. Medicina.
2021;57(5):464. d0i:10.3390/medicina57050464

7) Sagar RL, Astrom E, Chitty LS, et al. An
exploratory open-label multicentre phase I/II trial
evaluating the safety and efficacy of postna-

tal or prenatal and postnatal administration of
allogeneic expanded fetal mesenchymal stem
cells for the treatment of severe osteogenesis
imperfecta in infants and fetuses: the BOOSTB4
trial protocol. BMJ Open. 2024;14(6):e079767. doi:
10.1136/bmjopen-2023-079767

8) Glorieux FH, Langdahl B, Chapurlat R,

et al. Setrusumab for the treatment of osteo-
genesis imperfecta: 12-month results from the
phase 2b asteroid study. J Bone Miner Res.
2024;39(9):1215-1228. doi:10.1093/jbmr/zjae112

https://doi.org/10.37549/JPCR-26-0110


https://doi.org/10.37549/10.37549/JPCR-26-0110

	Osteogenesis Imperfecta
	Case Summary
	Imaging Findings
	Diagnosis
	Discussion
	Conclusion


