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Abstract

The aim of this paper is to describe the varying clinical and imaging manifestations of Osteogenesis Imperfecta (OI) in the fetus,
the child, and the adult. OT is a genetic disorder with mutation of Type 1 and non-type 1 collagen genes that results in disruption
of multiple collagen based organ systems, most notably bones, often leading to “brittle bones” Additional features such as blue
sclera, dentinogenesis imperfecta, joint and ligamentous hyperlaxity, hearing loss and cardiac defects may be present. Currently,
there are at least 30 recognized genetic forms of OI. Given the multiple genes involved, variable genetic inheritance, and the wide
range in phenotype, diagnosis can be challenging. While OI may sometimes be diagnosed in the fetus, patients with mild forms
of Ol may be diagnosed in childhood or even in adulthood. Imaging, including ultrasound, radiography, computed tomography,
and magnetic resonance imaging, plays an important role in the diagnoses of OI in the fetus, the child, and the adult. Imaging
is also crucial in identifying the many multisystem manifestations of OI. In particular, imaging can help differentiate manifesta-
tions of OI from injuries sustained in non-accidental trauma. Age, severity and manner of presentation of OI vary broadly de-
pending on the specific genetic mutation involved, mode of inheritance, and age of the patient. Successful diagnosis of OI hinges
on a detailed knowledge of the variable presentation and complications that may be encountered with this disease. Conclusion.
In conclusion, OI comprises a heterogeneous group of genetic disorders responsible for bone fragility and additional connective
tissue disorders, which can result in specific clinical and imaging findings in the fetus, the child, and the adult.
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Introduction tems, most notably bones. The decreased osseous
strength is due to a combination of both poor bone
mineral density and overall poor quality from ab-
normal osseous matrix formation (3) which leads

to increased risk for fracturing that may occur in

Osteogenesis imperfecta (OI) is a rare genetic
disorder that results in fragile bones (1). The pro-
alpha 1 and pro-alpha 2 chains, which make up

type 1 collagen, are encoded by the COL1A1 or the
COLIA2 genes (2). The mutation of these genes
results in the various clinical symptoms. Although
it has been classically taught that OI encompasses
multiple subtypes of a genetic disease that affect
type 1 collagen fibers, as the understanding of this
disease grows, it is now known that multiple non-
type 1 collagen gene alterations exist. As a result
of these genetic abnormalities, patients possess
weakness in multiple collagen-based organ sys-

utero, postnatal, and beyond into adulthood. In
normal bones, stiffness which prevents bending of
bone from body weight, toughness which allows
energy absorption during impact, and strength
which is the load bearing capacity of bone com-
bine to prevent fracture (4, 5). With OI, abnormal
bone with low bone mass and increased mineral
concentration leads to abnormal bone matrix and
microstructure and overall increased fragility and
disrupted fracture repair (4, 5).
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While OI may sometimes be diagnosed in ute-
ro, patients with mild forms of OI may escape di-
agnosis until childhood or even in adulthood. Im-
aging plays an important role in the diagnoses of
Ol in the fetus, the child, and the adult, as well as
identifying the many multisystem manifestations
of OL In children, imaging is important in differ-
entiating OI from non-accidental trauma (NAT),
which is physical abuse purposefully imposed on
an infant or child, also commonly referred to as
“child abuse” or “shaken baby syndrome”.

Table 1.Imaging of Ol.

There is a high variability of clinical symptoms
associated with OI which vary with subtype, the
most common of which are frequent fractures and
bone deformities. Other common symptoms in-
clude blue sclera, short stature, dentinogenesis im-
perfecta, and hearing loss. Several current imaging
modalities play an important role in the diagnosis
and management of patients with OI, and several
new imaging methods are on the horizon (6, 7)
(Table 1).

Modality Clinical Indications Advantages Disadvantages and Limitations
Radiography - Fractures - Inexpensive - lonizing radiation
- Bone deformities - Widely available - Low fracture sensitivity in severe osteopenia
- Estimate of bone mineral - Skeletal deformity and fragility may limit
density positioning
Dual Energy - Assessment of bone - Relatively widely - lonizing radiation (low)
X-ray mineral density available - Relatively expensive

Absorptiometry
(DXA)

- Complicated interpretation with fractures,
hardware, bone deformities, and low body height

Ultrasound - Prenatal assessment - No ionizing radiation - Operator dependent

- Portable

- Widely available

- Relatively inexpensive
Computed - Fracture - Expensive
Tomography - Bone deformities - lonizing radiation
(CT) - Preoperative assessment = - May not be widely available

and planning - Skeletal deformity and fragility may limit
positioning
Magnetic - Fracture - No ionizing radiation - Expensive
Resonance - Bone deformities - High soft tissue - Long examination time
Imaging - Preoperative assessment resolution - May be contraindicated in patients with severe
(MRI) and planning claustrophobia
- Fetal evaluation - Contraindicated with certain implanted devices
- May not be widely available
- Skeletal deformity and fragility may limit
positioning

Peripheral - Assessment of bone - Rapid image acquisition - lonizing radiation (very low)
Quantitative mineral density, bone - Portable - Limited availability clinically
Computed microstructure, and - Inexpensive - May be limited by bone deformity
Tomography bone morphology in the - Allows multiple site
(pQCT) peripheral skeleton assessment
High-resolution - Assessment of bone - Rapid image acquisition - lonizing radiation (very low)
pQCT mineral density, bone - Allows multiple site - Limited availability clinically
(HR-pQCT) microstructure, and assessment - May be limited by bone deformity

bone morphology in the
peripheral skeleton

- Expensive
- Not portable

Slit Beam Digital
Radiography

Assessment of skeletal
alignment and deformity

- Lower radiation dose
than CT and radiographs
- 3D reconstruction

- Long acquisition times may have increased
motion artifact, especially in children

- Skeletal deformity and fragility may limit
positioning

- Limited availability

Quantitative
Ultrasound
(QUS)

Assessment of bone
quality and bone mass

- Ultrasound widely
available

- Limited data available




The aim of this paper is to describe the vary-
ing clinical and imaging manifestations of OI in
the fetus, the child, and the adult. This paper also
aims to describe several imaging modalities used
in evaluation of patients with OI, including several
important recent advancements in imaging.

OI: Subtypes

At present there are at least 30 recognized genetic
forms of OI and their subtype classification has
grown beyond the Sillence scheme developed in
1979 where patients were grouped into 4 subtypes
based on their disease severity, mild to lethal. It is
important to recognize that the increase in numer-

Table 2. Sillence Classification of Ol
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ical value does not correlate with disease severity
(3, 8) (Table 2). In 2015 the Nosology Group of the
International Skeletal Dysplasia Society added OI
subtype V to the 4 subtypes originally described
by Sillence (9). The phenotypically based Sillence
classification was preserved in the 2019 revision of
the Nosology (10).

A more modern approach to OI classification
takes into consideration the underlying genetic
abnormality (specific gene and role in abnormal
collagen synthesis), while still maintaining parts of
the Sillence classification system (3) (Table 3).

In the modern classification system of OI, the
majority of OI subtypes fall into group A, includ-
ing the original Sillence subtypes I-IV, and possess

Type Clinical severity Example features

Life expectancy

| Mild deformity ~ Mildly short stature or normal
height; blue sclera

Full life span.

I Perinatal Intrauterine rib and long bone Typically stillborn, or death within the first two months of life
lethality fractures; hypodense skull
11l Severe Severely short stature/dwarfism;  Typically full life span. Many develop severe neurological and/or
deformity severe spinal scoliosis respiratory complications in childhood due to bone weakness and fragility
IV Moderate Moderately short stature; mild to  Full life span
deformity moderate scoliosis

Table 3. Ol Classifications Based on Genetic Mutations While Still Maintaining Some Features of the Sillence Classification

Group Subtype Gene(s) Mechanism
A | COL1AT or COL1A2 Defective collagen synthesis,
I COL1AT or COL1A2 processing, and structure formation
1] COLTAT or COL1A2
[\ COL1AT or COL1A2
X BMP1
B Vi CRTAP Defective post-translational modification of collagen
Vil LEPRET
IX PPB
XV TMEM38B
@ X SERPINH1 Defective collagen folding and/or crosslinking
Xl FKBP10
° PLOD2
= P4HB
D Vv IFTM5 Defective bone mineralization
Vi SERPINF1
B XIl SP7 Defective osteoblast differentiation
XV WNT1
XVI CREB3L1
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a mutation in the COLIIA and COLIA2 genes re-
sulting in reduced collagen production and poor
fiber assembly (3). Nearly all of group A subtypes
are inherited in an autosomal dominant fashion,
in comparison to the remaining groups where au-
tosomal recessive inheritance predominates (3).
Group B mutations result in poor post-translation
modification of collagen, resulting in severe sub-
types of OI that typically present in infancy (3).
Group C patients possess mutations that would
normally regulate collagen folding and crosslink-
ing causing moderate to severe forms of OI (3).
One syndromic form of OI that falls into Group Cis
Cole-Carpenter syndrome which in addition to OI
includes craniosynostosis, proptosis, hydrocepha-
lus, and abnormal facial features (3, 11). Group
D subtypes of OI involve abnormalities in bone
mineralization, both increased and decreased (3).
Lastly, group E sub-
types possess genetic
mutations that affect
osteoblast differen-
tiation (3). Screen-
ing for mutations at
these gene locations
are useful for diag-
nosis. Furthermore,
genetic testing for
the parents may also
uncover genetic mu-
tations in an asymp-
tomatic parent.

OI in Fetus

Ultrasound (US) is
the main modality
for the in-utero di-
agnosis of OI, which

may be discov-
ered on the routine
anatomical  survey

around 20 weeks of
gestation. However,
the varied pheno-
type and severity of

skeletal dysplasia makes it difficult to diagnose ac-
curately with only 65% of suspected OI diagnoses
made on prenatal US found to be accurate (12).
OI types I and IV are generally mild without many
bone fractures, and variable degrees of hearing
loss and dentinogenesis imperfecta. Type II is a
lethal form and type III is progressive with short
stature, dentinogenesis imperfecta, and hearing
loss. US has been shown to be helpful in the di-
agnosis of Type II and deforming type III OI (13).
US features of OI include short extremities, bone
fractures/increased bone plasticity, and decreased
mineralization with decreased echogenicity of the
skeletal structures (14) (Figure 1). Less specific
findings such as intrauterine growth retardation
or hydramnios may also be present. 3 dimensional
(3D) rendering US has been shown to help im-
prove diagnosis and disease detection (15) and to

Figure 1. Fetal US images of a 20 week 4 day intrauterine demise secondary to Ol. (A) Right
femur deformity (white arrow) with bending at the diaphysis indicating fracturing. (B) Multiple
right rib fracture deformities (black arrow) in transverse axis (heart denoted by *, umbilical
cord by curved arrow for orientation). (C) Same rib fractures (white arrowhead) in long axis. (D)
Right radius/ulna with bending (black arrowhead) at the diaphysis indicating fracturing (foot
denoted by curved arrow for orientation).
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Figure 2. Postmortem ra-
diographs of fetus in Fig-
ure 1. Radiographs of the
chest (A) and pelvis/lower
extremities (B) show mul-
tiple rib and long bone
fractures.

be superior when used in adjunct with 2D US in
the prenatal diagnosis of fetal anomalies (Figure 1).
Postmortem radiographs are important adjuncts
to confirming and specifying the fetal bone abnor-
malities in lethal cases of OI (Figure 2).

On prenatal US, OI lethality risk stratification
can be performed by multiple means by compar-
ing femur length, abdominal circumference, and
chest circumference. Femur length to abdominal
circumference ratio of less than 0.16 represents a
lethal skeletal dysplasia in 92-96% of cases (16).
When this finding is combined with polyhydram-
nios, the ability to predict lethality can be as high
as 100% (16). Chest circumference to abdominal
circumference ratio of less than 0.6 represents a le-
thal skeletal dysplasia in 86.4% of cases (17).

In cases of doubtful diagnosis of OI on prenatal
US, low dose computed tomography (CT) with 3D
reconstructions can be helpful in assessment of the
entire fetal skeleton, performed after 26 weeks of
gestation to aid diagnostic accuracy (18) (Figure 3).

The role of magnetic resonance imaging (MRI)
is limited but this imaging modality can be useful
for assessment of associated abnormalities and the
fetal lung volume which can stratify lethality (Fig-
ure 4). While MRI has many advantages, such as no

Figure 3. Low dose CT 3D reconstructions of a second trimes-
ter fetus of a mother with history of Ol. (A, B) Fetal rib (arrow-
head) and femoral (arrows) fractures. The mother (C) also has
chronic pelvic deformities and a right femoral fracture.
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ionizing radiation and high soft tissue resolution,
it also has many limitations, such as long exami-
nation times, expense, and safety considerations
when implanted medical devices are present.

Figure 4. Fetal echo planar MR image of a 31 week 1 day
old fetus with Ol, showing angulation of the femur (arrow)
(pelvis denoted by P for orientation). (Image courtesy of
Katherine Epstein, MD)

Regardless of imaging modality used, it is im-
portant to look for associated abnormalities that
can be seen in OI. Rare anomalies that have been
previously described in the literature include mi-
crocephaly (19), congenital heart defects (19), an-
encephaly (20), and encephalocele (21). Given the
rarity of the aforementioned neurologic and cardi-
ac abnormalities amongst OI cases, their incidence
and order of prevalence is difficult to determine.

OI in Infancy and Childhood

The clinical presentation of OI in newborns, neo-
nates and children is highly variable in both fea-
tures and severity. The most common abnormali-
ties include osteoporosis with increased osseous
fragility, blue sclera, dentinogenesis imperfecta,
and hearing impairment. Other features include
ligamentous laxity, hypermobility of the joints,
short stature and vascular fragility leading to easy
bruising. There is known association of OI with

congenital cataracts (22). The diagnosis is most
commonly made at birth, but in the diagnosis of
milder forms such as OI type I, can be delayed well
past age 4 years (23).

Radiography is the preferred initial modality
for the assessment of OI in pediatric patients. The
main radiographic features of OI are osteopenia,
bone fractures, and bone deformities. The bones
may be profoundly osteopenic with cortical thin-
ning and increased lucency at the medullary cavity
due to rarefication of the trabeculae. However, os-
teopenia is often difficult to accurately diagnose on
radiographs, as images may appear normal until
~50% of the bone has been lost (18). Dual energy
x-ray absorptiometry (DXA) is a sensitive imag-
ing modality to assess and monitor osteopenia.
However, the presence of osseous fractures and
deformities, orthopedic hardware, and low body
height in OI can make DXA evaluation difficult in
patients with OI (24). It is important to remember
that osteopenia is not specific for OI and can be
seen in variety of metabolic disorders (18).

Multiple fractures are a hallmark of OI, affect-
ing both the axial and appendicular skeleton. Frac-
tures may be caused by minimal trauma but are
similar in distribution to those in healthy children,
most commonly affecting the diaphysis of the long
bones. The callus associated with healing may be
hyperplastic, particularly in OI type V (25) (Figure
5). These findings are not specific to OI and can be
seen in NAT, more so when there is calcification
of a healing subperiosteal hematoma. Hyperplastic
osseous calluses can also be seen in cases of spinal
dysraphism, bleeding disorders and neurofibro-
matosis (18). Pseudoarthrosis may develop at the
site of healing fractures and bones may become
deformed (Figure 6).

Axial skeletal abnormalities in cases of OI
include calvarial enlargement, Wormian bones
(subset of the small intrasutural ossification cen-
ters interposed between the cranial sutures) (Fig-
ure 7), delayed closure of the fontanelle, scoliosis,
vertebral compression fractures, codfish vertebrae,
as well as basilar invagination (invagination of the
base of the skull with the top of the C2 vertebra
migrated upward which may cause narrowing of
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Figure 7. Axial CT image of the head in a 7 month old with
Ol shows multiple small bones along the right lambdoid su-
ture, consistent with Wormian bones.

Figure 5. Frontal radiograph of the femur in a 13 year old
with Ol, demonstrating hyperplastic callus at a mid-femoral
fracture, transfixed with two flexible intramedullary nails.

Figure 8. Lateral lumbar spine radiograph in patient 24 year
old with OI (A) shows multiple biconcave (codfish) vertebral
bodies. A lateral thoracic spine radiograph (B) in a 6 year old
with Ol shows platyspondyly (multiple flattened vertebral
bodies).

the foramen magnum), and platyspondyly (Figure
8,9). Pectus excavatum or carinatum may be seen,
as well as coxa vara (Figure 10). In the appendicu-

Figure 6. Frontal radiograph of the left clavicle in a 28 year . .
old with Ol, with a pseudoarthrosis at the site of prior frac- lar skeleton, bowing and gracile appearance of the
ture. long bones is frequent (Figure 11).
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Figure 9. Sagittal CT of the cervical spine in a 34 year old
with Ol showing basilar invagination with proximal migra-

tion of the dens (black circle).

o~y

Figure 10. Lateral chest radiographs showing sternum pro-
truding anteriorly (A) in an 8 year old with Ol with pectus
carinatum and (B) depressed in a 15 year old patient with
Ol with pectus excavatum.

In younger children, the long bones may dem-
onstrate a “bamboo cane appearance”, where bones
are thick and broad with lack of osseous remodel-
ing. Children with type OI may have scalloping at
the bone metaphyses and epiphyses with popcorn
calcifications, most commonly in OI type III (Fig-
ure 12). This tends to occur in the metaphyseal
and epiphyseal regions of the knee and may result
in leg length discrepancy (26).

Figure 11. Lateral radiograph of the tibia/fibula, showing
long bone bowing in a 4 year old with Ol.

Cyclic administration of bisphosphonates is
often used as treatment for OI. Bisphosphonates
can induce the formation of dense metaphyseal
bands and occasionally epiphyseal and apophyseal
bands, secondary to failure of remodeling of the
primary to secondary spongiosa at the physis, cre-
ating the “zebra stripe sign” (27-31) (Figure 13).
When these lines are present, care should be taken
that bone mineralization density is not overesti-
mated on imaging.




Figure 12. Frontal shoulder radiograph of a 14 year old with
type 3 Ol, showing coarse “popcorn” calcifications within
the left proximal humeral metaphysis.

Postnatal CT is usually not necessary, but may
be helpful to better assess Wormian bones (Figure
7). Otosclerosis is best evaluated with a temporal
bone CT (32). Basilar invagination may be identi-
fied on cervical spine CT and MRI (Figure 9).

In a pediatric patient that presents with mul-
tiple fractures, there are several differential con-
siderations, including OI, particularly type I and
IV, as these patients may have near normal bone
mineralization. However, the most common cause
of multiple injuries remains NAT (33, 34). There
is considerable overlap between fractures that oc-
cur due to accidental trauma and NAT and certain
fractures have been found to be highly specific for
NAT. Metaphyseal corner fractures are thought to
be due to shearing of the weak metaphysis in the
growing child when the child is shaken and as such
are thought to be pathognomonic of NAT (Figure
14). Rib fractures are not particularly common in
OI, but they are often seen in NAT, particularly
at the posterior ribs, thought to be related to the
anteroposterior compression of the rib cage as the
child is shaken (22) (Figure 15).

Skull fractures are common in accidental trau-
ma and NAT, but are not particularly common in
OI. Additional findings that raise concern for NAT

Jennifer S. Weaver et al: Imaging of Osteogenesis Imperfecta

Figure 13. Frontal radiograph of the femur in a 5 year old
with Type 4 Ol shows an intramedullary nail transfixing the
femur, with a healing fracture (arrowhead) of the proximal
lateral femoral cortex. Multiple alternating dense (white ar-
rows) and lucent bands are present in the metaphysis (“ze-
bra stripe sign”), presumably due to cyclic bisphosphonate
therapy.
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Figure 14. Frontal radiograph of the tibia and fibulainan 11
day old neonate with NAT, showing proximal and distal me-
taphyseal “corner” fractures (arrows) in the tibia and fibula
with extensive soft tissue swelling.

By
Figure 15. Frontal radiograph of the chest in an 11 day old
neonate with NAT, showing posterior rib fractures (arrows).

includes multiple skull fractures or fractures that
involve more than one bone or cross sutures, as
well as depressed skull fractures. Diastatic sutures
are also associated with NAT. Scapular and sternal
fractures, as well as distal clavicular fractures are
suggestive of NAT and not commonly seen with OI
(33). NAT disproportionately affects very young
children. In the 1980s it was found that nearly one-
third of all cases occurred before 6 months of age,
one-third occurred between 6 months and 3 years
and one-third occurred in children over the age of
three (35).

Other differential considerations when pre-
sented with a patient with multiple fractures may
include osteopenia of prematurity, osteomalacia,
juvenile osteoporosis, hypophosphatemia, Rickets,
copper deficiency, scurvy, and Menkes syndrome.

Ol in Adults

Rarely, very mild forms of OI may remain unde-
tected until adulthood and may be diagnosed in-
cidentally following a fracture. OI should be con-
sidered in the differential diagnosis for an adult
with an unexplained fracture, prior to expected
age-related osteoporosis and without any known
disease that may lead to osteoporosis. Additional
differential considerations for unexplained adult




fractures include Gaucher disease, Marfan syn-
drome, hypophosphatemia, and various causes of
hypogonadism (36).

Recent research has focused on improving the
characterization of OI in adulthood, particularly
mild forms of OI, which has previously been poor-
ly understood relative to pediatric OI. Increased
awareness and continued improved treatment of
OI in recent years have contributed to progres-
sively increased life expectancy and quality of life
in OI patients.

Radiographs remain the primary modality for
diagnosis and follow-up of fractures in adult OI
patients. As in children, the primary and least vari-
able symptom of OI in adults is brittle bones. Frac-
ture rates decline with skeletal maturity; however,
approximately 25% of Ol-related fractures occur
in adults (37). In ambulatory adults, fractures of
the vertebral bodies, hips, and feet are common,
with as many as 50% of fractures involving the
spine (37).

Serial radiographs are useful in these patients
to evaluate fracture healing, while additional im-
aging such as CT may be of use if intervention is
planned. Manifestations of OI in adults are highly
variable, and are not limited to brittle bones and
frequent fractures; the multisystem manifestations
of OI are often of concern (38).

Fractures in adults with OI may present addi-
tional challenges to the orthopedic surgeon relative
to the general population. While OI does not pro-
long fracture healing, OI patients have higher rates
of malunion and nonunion, and up to 20% of OI
patients experience nonunion of at least one frac-
ture (37). Nonsurgical management of fractures is
often preferred. Hip arthroplasties are associated
with a higher complication rate in patients with
OI, and vertebroplasties are generally contraindi-
cated in treatment of spinal fractures due to high
risk of cement extravasation (37). There are several
additional musculoskeletal manifestations of OI in
adults. These may be diagnosed incidentally on ra-
diographs following a fracture or by MRI for eval-
uation of musculoskeletal pain. Not infrequently,
acetabular protrusio can be seen in adult patients
with OI (Figure 16). Osteoarthritis is common,

Jennifer S. Weaver et al: Imaging of Osteogenesis Imperfecta

Figure 16. Frontal pelvis radiograph (A) and 3D CT recon-
struction (B) of the pelvis in a 45 year old patient with Type
4 Ol, demonstrating osteopenia, lumbar scoliosis, and se-
vere bilateral acetabular protrusio.

with nearly half in an online survey of adults by
the OI Foundation reporting a formal diagnosis
of arthritis (39). Post-traumatic osteoarthritis is
also common and the periarticular bone dysplasia
and subchondral insufficiency may contribute to
rapid progression of osteoarthritis (37). Joint lax-
ity is relatively common, and some patients may
benefit from assistive devices originally developed
for management of Elhers-Danlos Syndrome (36).
Tendinopathy and tendon rupture may also occur.
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This has been less well characterized and overall
prevalence is unknown; however, approximately
one third of patients in the OI Foundation survey
reported prior tendon rupture (39). MRI and diag-
nostic ultrasound may be useful if tendon pathol-
ogy is suspected.

Nontraumatic spinal pathologies, including ky-
phoscoliosis and spondylolisthesis, are more com-
mon in adults with OI compared with the general
population. Progressive spinal deformity may ex-
acerbate pulmonary dysfunction particularly in
more severe forms of OI. Craniocervical junction
abnormalities, including basilar invagination, bas-
ilar impression, and platybasia, are also seen, more
commonly in severe OI. Lateral radiographs of the
cervical spine remain most useful in diagnosis of
craniocervical abnormalities, while CT may help
better evaluate osseous structures (Figure 8, 9).

The most severe craniocervical junction ab-
normality, basilar impression, typically presents
with nonspecific neurological symptoms includ-
ing headache, vertigo, torticollis, and abnormal
reflexes (Figure 9). Rapid diagnosis and treatment
are important, as untreated basilar impression may
lead to severe neurological consequences includ-
ing paralysis and death. As with other craniocer-
vical junction abnormalities, radiographs and CT
are useful for characterization of osseous struc-
tures, while MRI should be considered for better
evaluation of neurological structures if basilar im-
pression is suspected.

Dentinogenesis imperfecta is common in pa-
tients with OI because part of the dentine of teeth
is made up of type 1 collagen resulting in brittle
yellow-brown teeth that are at risk of fracturing,
decay, and infection (40). Presence of dentino-
genesis imperfecta is variable, and the association
between dentinogenesis imperfecta and collagen
gene mutations is poorly understood. Diagnosis
of dentinogenesis imperfecta is often made using
clinical and radiographic findings. Dental infec-
tion may rarely exacerbate or lead to osteonecro-
sis of the jaw in patients receiving bisphosphonate
therapy.

Hearing loss affects approximately 48-72% of
adult OI patients (41). This is most commonly

conductive type with symptoms beginning at the
second through fourth decades of life, and later
progressing to a mixed type (conductive and sen-
sorineural) (41). CT and MRI of the temporal
bone may be of use in evaluating hearing loss in
OI to assess for otosclerosis.

Cardiovascular disease is common in adults
with OI, often after age 40 and includes aortic and
mitral insufficiency, heart failure, and aortic root
dilation (42). Hypertension is seen in up to 40% of
adults with OI (37) and may be exacerbated by fre-
quent NSAID treatment of musculoskeletal con-
ditions as well as physical inactivity that may be
secondary to musculoskeletal deformities.

New Horizons in Imaging of Patients with OI

There have been several important recent advance-
ments in imaging that are useful in evaluating pa-
tients with OI, to include peripheral quantitative
computed tomography (pQCT), high-resolution
peripheral quantitative computed tomography
(HR-pQCT), slit-beam digital radiography, and
quantitative ultrasound (QUY).

pQCT allows for evaluation of volumetric bone
mineral density in the peripheral rather than the
axial skeleton, can separately quantify trabecular
and cortical volumetric bone mineral density, and
has been used in several clinical studies involving
OI therapy (43-45). HR-pQCT can further assess
bone geometry, volumetric bone mineral density
(separately quantifying trabecular and cortical
volumetric bone mineral density) and microar-
chitecture in the peripheral skeleton, and has been
used in several clinical studies involving OI thera-
py (46-53). A slit-beam digital radiography system
allows for simultaneous acquisition of tangential
images of the entire body with three-dimensional
reconstructions, allowing for assessment of skele-
tal alignment and deformity (54). QUS may have a
useful role in the evaluation of patients with OI in
the future, particularly in geographical areas where
other imaging modalities are not available; how-
ever, QUS data is currently scarce. QUS attempts
to measure bone quality and bone mass (55, 56).




Conclusion

OI comprises a heterogeneous group of genetic
disorders responsible for bone fragility and ad-
ditional connective tissue disorders. The osseous
hallmarks of this “brittle bone disease” can affect
any collagen containing structures resulting in
frequent fractures, ligamentous hyperlaxity, and
neurologic and cardiovascular abnormalities. Dif-
ferentiating OI from NAT can cause significant
consternation, and correlation with family history
and presence of non-skeletal manifestations of OI
may aide in diagnosis.
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