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The following fictional case is intended as a learning tool within the Pathology Competencies for Medical Education (PCME), a set of national
standards for teaching pathology. These are divided into three basic competencies: Disease Mechanisms and Processes, Organ System Pathology,
and Diagnostic Medicine and Therapeutic Pathology. For additional information, and a full list of learning objectives for all three competencies,
see https://www.journals.elsevier.com/academic-pathology/news/pathology-competencies-for-medical-education-pcme.1
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Primary objective

Objective MS2.5: Pathologic fracture: Compare and contrast patho-
logic versus non-pathologic fractures including the potential for healing.

Competency 2: Organ system pathology; Topic: MS: Musculoskeletal
system; Learning goal 2: Non-neoplastic disorders of the musculoskeletal
system.

Secondary objective

Objective GM1.2: Inheritance patterns: Compare and contrast the
inheritance patterns of different types of Mendelian disorders and give
examples of each pattern.

Competency 1: Disease mechanisms and processes; Topic: GM: Ge-
netic mechanisms; Learning goal 1: Genetic mechanisms of development
and functional abnormalities.

Patient presentation

A two-week-old female infant born at 36 weeks gestational age is
brought to her pediatrician by her mother. The mother explains that she
inadvertently dropped the baby onto a “plush” carpet from a distance of
two feet while tripping due to fatigue, and the baby immediately became
fussy. There was no one around when this happened. The mother has a
robust family support system, no other children, and a husband who
recently began working as a firefighter who remains on-call throughout
the week. Her parents enjoy spending time as a family on the weekends.
The mother added that she did not have any prenatal care due to lack of
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insurance, but a blood sample was sent to the lab by the pediatrician at
the well-baby exam one week after birth due to a “genetic disorder with
problems with the bones.” The mother says she is unaware of anyone in
her family having a disease.

Diagnostic findings, Part 1

On physical examination (PE), the crown-heel length is 43 cm
(normal 51 cm at 38 weeks gestation), and the body weight is 3500 g
(normal 3500 g at 38 weeks gestation). The vital signs are blood pressure
90/45 mmHg, heart rate 120 beats per min, respiratory rate 30 breaths
per min, and temperature 99.0 �F. The infant's sclerae are slightly blue,
pupils are normal, the skull is soft to palpation, deformed limbs are
apparent, and no retinal hemorrhages are present. There is tenderness to
palpation of the right posterolateral chest wall and right distal humerus
without visible bruising. Fractures of the ribs, arm, and possibly the skull
in the patient are suspected based on PE. The child is clean, no burns are
present on the baby, and no pigeon breast deformity of the chest is noted.
The child is inconsolable during this portion of the examination. The
mother is concerned for her child.

Questions/discussion points, Part 1

What is in the differential diagnosis for suspected childhood
fractures?

The differential diagnosis includes child abuse (non-accidental trauma),
accidental injury (minor fall, motor vehicle collision (MVC),
700 West Olney Road, Norfolk, VA, 23507, USA.
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cardiopulmonary resuscitation (CPR)), osteogenesis imperfecta (OI),
osteopenia of prematurity, rickets, hypophosphatasia, skeletal dysplasia,
Menkes disease, Staphylococcus aureus osteomyelitis, Caffey disease, and
osteopetrosis.A clinically relevant scenario in the caseofmultiple suspected
fractures is recognizing child abuse fromagenetic disorder such asOI. Some
estimates indicate that approximately 7% of children with physical signs
thatcouldbemistaken for childabusehaveanunderlyingmedical condition
that explains the skeletalfindings.2 Around20%of child abuse victimswere
seen by a healthcare professional within 30 days of their homicidal death.3

Describe the clinical manifestations and bone findings in each of
the entities in the differential diagnosis

A child under three years of age is 24 times more likely to have
fractures stemming from child abuse rather than OI.4 The number one
cause of rib fracture in children less than 12 months old is physical
abuse.5 Posteromedial rib fractures in children have high specificity for
child abuse6 and are significantly rare in OI.7 High suspicion of child
abuse such as clinical or radiographic signs more consistent with physical
violence could be excluded by the presence of Wormian bones on con-
ventional radiographs and concomitant blue sclerae.7Wormian bones are
supernumerary bones most frequently found at the lambdoid or coronal
sutures of the skull due to abnormal ossification centers.8 Old skeletal
fractures are generally missed on physical examination, requiring a
radiographic survey and description of the stages of healing and all
anomalies to be documented when assessing OI versus child abuse.9

OI is a heterogeneous connective tissue disorder primarily caused by
mutations in the gene coding for type I collagen, affecting the skeleton,
sclerae, ears, joints, ligaments, skin, and teeth.10 Skeletal fragility in OI
predisposes to multiple fractures, sometimes the ribs, which explains
why OI is high on the differential in suspected child abuse cases. Espe-
cially in infants, rib fractures caused postnatally by OI are rare but still
possible,11 requiring careful radiographic examination of the rib frac-
tures to determine their temporal relationship to the encounter's date.
Prenatal rib fractures are common in OI, and rib fractures caused by child
abuse generally occur after birth. While there are 20 types of OI,
congenital rib fractures are more frequently encountered radiologically
in OI types II and III.12,13

Clinically, OI types I-IV are generally categorized by severity. OI type
II is the most severe (death in utero or days after birth14), OI type III is
severe, OI type IV is moderately severe, and OI type I is the least severe.15

For example, in the patient described in the clinical vignette who left the
hospital and returned to her pediatrician weeks later, OI type II as the
diagnosis is less likely than OI types I and IV based on clinical severity. Of
those children born with OI type II, incidence rate 1.6 per 100,000
people, as many as 90% die by four weeks of age, and of children born
with OI type III, incidence 1.45 per 100,000 live births, about one in four
survive to preschool age, and one in four die in the first year of life.16

The other possible causes of childhood rib fracture are osteopenia of
prematurity (OOP), osteopetrosis, osteomyelitis, and Caffey Disease.
OOP typically presents between weeks 5 and 11 after birth.17 Newborns
born at < 28 weeks gestation and very-low birth weight (<1500 g) or
extremely low birth weight (<1000 g) infants frequently have OOP.17

Preterm infants are susceptible to fractures as calcium and phosphate
skeletal accretion principally occur during the third trimester of preg-
nancy.18 In contrast, a child with osteopetrosis, which is characterized by
sclerotic bone, may present with fractures that arise from minor
trauma.19 The child is afebrile with no periosteal reaction of the ribs with
soft tissue swelling, fistula, localized erythema, warmth, or swelling at
the costochondral junction or posteriorly at the costovertebral angle,
ruling out Caffey disease and osteomyelitis.20–22

In many cases, the clinical presentation of a child withMenkes disease
is apparent by their kinky hair and myoclonic seizures.23,24 The “kinky
hair” in Menkes disease is a conspicuous feature clinically, and the hair
appears coarse, sparse, short, twisted, and hypopigmented.24,25 Howev-
er, metaphyseal fragmentation and subperiosteal reactive bone on
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conventional radiographs in Menkes disease could be misinterpreted as
stigmata of non-accidental trauma.26 The findings of Menkes disease,
caused by an X-linked recessive mutation in the copper transporter gene
ATP7A, may overlap with clinical signs of child abuse, including rib
fractures.24 A case report involving a male 5-month-old that presented
with multiple healing fractures and posterior rib fracture was initially
placed in a custody hold, but the child was proven to have Menkes dis-
ease before leaving the hospital.24 Seizures or fractures may also be
associated with child abuse23 and hypophosphatasia (HPP).27

Metabolic bone disease as a cause of childhood rib fracture is prev-
alent in developing nations or in certain religions where mothers wear
face and body coverings, which decreases vitamin D photoconversion
and synthesis.28 Rachitic rosary may be observed in rickets and OI.29

Fragile bones and fractures are frequently encountered in Menkes dis-
ease, vitamin D disorders, and OI; however, in OI, the predisposition to
fracture is more common than in these other genetic disorders.4

What are the next steps for the clinician in evaluating the patient
in the clinical vignette?

A skeletal survey is a series of radiographs that includes one view of
the patient's skull, chest, abdomen, pelvis, upper, and lower extremities.
It should be ordered when there is concern for child abuse or an under-
lying genetic disorder. This clinical suspicion may be based on a
discrepancy between the injuries and the history, inappropriate parental
affect, and changes in the child's behavior, particularly if the child is less
than one year of age. In this case, the baby was dropped only two feet
onto a soft surface but had bone deformities and multiple potential
fractures. The decision to contact social services must be made.

Diagnostic findings, Part 2

A radiographic skeletal survey is obtained (Figs. 1–3).

Questions/discussion points, Part 2

Describe the findings in the radiographs (Figs. 1–3)

Radiographs reveal generalized osteopenia, Wormian bones, several
lateral rib fractures with callus formation, acute oblique right humerus
fracture, and bowing and thickening of the bilateral femurs (Figs. 1–3).

These radiographic findings are consistent with osteogenesis imper-
fecta (OI); however, child abuse has to be considered in any child pre-
senting with multiple fractures.7 Perinatal rib fractures (Fig. 1), Wormian
bones (Fig. 2), femora abnormalities (Fig. 3), and blue sclerae favor the
diagnosis of OI type III in this patient.

What is the most likely diagnosis based on clinical and radiologic
information?

The patient most likely has OI based on history, PE, and conventional
radiographs.

What are the most clinically common types of OI and associated
defects?

The four main groups of OI were originally described by clinical and
radiological findings and pattern of inheritance by Sillence et al. in the
1979 publication Genetic Heterogeneity in Osteogenesis Imperfecta.30 The
syndromes were then given a Roman numeral in the order that they
appeared in the Sillence et al. publication for entry into the genetics
database, Mendelian Inheritance in Man (MIM).15 OI Types I and IV are
similar in that the phenotype is less severe, type II is perinatal lethal
(Fig. 4), and type III is progressive deforming.14 Type I OI usually
presents later in childhood with bone abnormalities (Fig. 5) and salient
blue sclerae in most cases, and type IV is common variable with



Fig. 1. Chest radiograph in a live newborn demonstrates a right humeral fracture (red arrow) and rib irregularities including bowing, healing fracture with callus
(arrowhead), suggestion of buckle fractures (white arrow), and fracture with callus distally (open circle).
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normal-appearing sclerae.15 Cardiac defects such as aortic root dilata-
tion and valvular dysfunction in adult patients, and multiple fractures
with osteopenic, thin ribs, are more common in OI type III.15 OI type V
was later described by distinctive clinical findings by Glorieux et al.,
which included calcified radioulnar interosseous membrane and hy-
perplastic callus.31 Like OI types I–IV, type V has an autosomal domi-
nant inheritance pattern but is not biochemically related to mutation in
the COL1A1/COL1A2 genes. Clinically, calcification of the forearm
interosseous membrane in OI type V significantly increases radial head
dislocation.32 Nursemaid elbow secondary to a parent pulling on the
child's arm by the wrist or hand should also be considered in the case of
radial head dislocation.

In the past decades since the original Sillence et al. classification, many
causal genes have been identified that produce a phenotype consistent
with OI. The International Nomenclature Group for Constitutional Dis-
orders ICGH of the Skeleton (INCDS) classification of OI further described
OI types using an Arabic numeral 1–5 that aligns phenotypic descriptions,
while keeping their original Roman numeral identification.33 The litera-
ture reports as many as 20 types of OI due to molecular genetic testing.34

The new classification type 1 OI remains non-deforming type I; type 2
encompasses the perinatal lethal and severe form of OI, namely, type II.
Type 3 OI includes types III, VI, VIII, IX, and X, the moderate to severe,
progressive deforming phenotypes. Type 4 OI includes types IV, VII, and
Fig. 2. Lateral skull radiograph demonstrates Wormian bones (arrow) and poor
mineralization of the calvarium.
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XI, XII, and XIII moderate severity group. Type 5 includes OI type V with
interosseous membrane calcification with or without hypertrophic
callus.33,35 Warman et al. grouped decreased bone density disorders with
OI types I–V in the 2010 revision: Nosology and classification of genetic
skeletal disorders based on the overlap of bone disorders with osteopenia
and OI syndromes.15,36 The OI classifications are summarized in
Table 1.15,33,35,36

While the general basis for OI classification maintains the Sillence
types (OI types I-IV), molecular bases for additional OI types are listed
individually, which is why there are 20 or more OI types presently.36 OI
Types I-IX are clinically more common than the rest. Of the most common
types, the spectrum of clinical severity from least to lethal perinatally are
type I < types IV-VII < types III and IX < type II.37 The defects, inheri-
tance patterns, and clinical signs of OI types I-IX are summarized in
Table 2.12,14,38–44
Describe the differences in a pathologic versus non-pathologic
fracture, including some of the factors that may predispose to a
pathologic fracture. What factors predispose to pathologic
fractures in OI?

A non-pathologic fracture is defined as “a discontinuity of the
bone,”45 whereas pathologic fracture is defined as “Fractures that result
from relatively minor trauma to diseased or otherwise abnormal bone.”46

Weakening of bone due to an underlying disease differentiates pathologic
fracture from non-pathologic fracture.14 Non-pathologic fracture gener-
ally has a distinctive pattern due to mechanical injury and when bones
are soft during infancy, such as greenstick fracture.14

The basis for fracture in OI types I-IV is collagen defect caused by a
mutation in COL1A1 or COL1A2 genes. OI type I is primarily due to
insufficient collagen synthesis and sometimes OI type IV.15 A substantial
number of OI types I-IV cases are caused by glycine mutation to another
amino acid such as alanine or cysteine near the amino terminus of the
peptide chain,15 which predisposes to pathologic fracture due to the
quality of the bone being affected. Collagen fibers are comprised of three
left-handed alpha-helical subunits, which form a right-handed coil with
glycine residues buried. The backbone of collagen alpha-helices consists
of repeating Gly-X-Y amino acids. Glycine mutation causes delayed
protein subunit folding and excess post-translational modification,47

which disrupts the overall collagen fibril structure. Bone achieves its
maximum ductility and toughness by sufficient collagen scaffolding.48

Imperfection in collagen fiber structure due to deficiency or mutation
renders OI patients' overall bone architecture weak. Clinically, OI pa-
tients present with multiple pathologic fractures, especially in the more
severe phenotypes such as OI types II and III. Other causes of pathologic
fracture in children are osteomyelitis, benign neoplasm, or osteosarcoma.
Still, skeletal fragility in even the mildest forms of OI (OI type I) pre-
disposes to rib fracture postnatally.



Fig. 3. Anteroposterior radiograph of the lower extremity demonstrates bowing of the left and right femurs (arrows).
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When should a consult for suspected child abuse be ordered?

When there is a discrepancy between the injuries observed and the
proposed mechanism, social services should be consulted. If there is high
suspicion for an underlying disorder that explains the findings, request-
ing social services involvement will vary by state. A multidisciplinary
approach and legal system are prudent to each suspected child abuse
diagnosis and treatment.3 The American Academy of Family Physicians
offers an essential article about patient reporting.3
Discuss the difference between lamellar and woven bone

Lamellar bone is synthesized slowly and is highly organized, whereas
woven bone is made rapidly and arranged irregularly.45 Any woven bone
in the adult skeleton is abnormal.45 Cancellous and cortical bone in
adults is lamellar bone, comprised of lamellae sheets, each 3–7 μm
thick.49 Concentric layers of lamellae surround a central Haversian canal.
The collagen type I fibers that comprise each lamella are aligned; how-
ever, the “pitch” of the collagen fibers between successive lamella is
Fig. 4. Osteogenesis imperfecta (OI) type II stillborn baby at autopsy with
evident blue sclerae, enlarged calvarium and triangular face.
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nearly perpendicular, similar to plywood construction.49 Primary bone,
which is the first bone produced during fracture repair or development,
Fig. 5. Anteroposterior radiograph of the forearm demonstrates bowing of
radius and ulna. Growth arrest lines are noted at metaphases (arrow). A tug
lesion is incidentally noted at the diaphysis of the radius (arrowhead).



Table 1
Osteogenesis imperfecta (OI) classification.

INCDSa OI Type
(Arabic numeral)

OI Type (Roman numeral) Severity OI Syndrome Decreased bone density group

Type 133,35 Type I33,35 Mild33,35,36 Non-deforming33,36 with blue sclerae15

Type 233,35 Type II33,35 Severe33,35,36 Perinatal lethal15,33,36

Type 333,35 Types III, VI, VIII, IX, X33,35 Moderate to severe33,35,36 Progressive deforming15,33,36 Bruck syndrome type 133,35,36

Type 433,35 Types IV, VII, XI, XII, XIII33,35 Moderate33,35,36 Common variable with normal sclerae15

Type 533,35 Type V33,35 Moderate33,35,36 Calcification of interosseous membrane15,33 Bruck syndrome types 1 and 233,35,36

Osteopetrosis-pseudoglioma syndrome33,35,36

Idiopathic juvenile osteoporosis33,35,36

a INCDS: The International Nomenclature Group for Constitutional Disorders ICGH (International Congress of Human Genetics) of the Skeleton.

Table 2
Osteogenesis imperfecta (OI) types I-IX.

Biochemical defect OI type Inheritance pattern Gene affected (Protein affected) Clinical features

Collagen synthesis and structure38,39 I -Autosomal dominant14 COL1A1/2 (α1 (1) or α2 (1))14 -Blue sclerae14

-Dentinogenesis imperfecta14

-Postnatal fractures14

Collagen synthesis and structure38,39 II -Autosomal recessive (most)14

-Autosomal dominant (some)14
COL1A1/2 (α1 (1), α2 (1))14 -Blue sclerae14

-Death in utero or shortly after birth14

-Perinatal rib fractures12

-Crumpled femur12

Collagen synthesis and structure38,39 III -Autosomal dominant (75%)14

-Autosomal recessive (25%)14
COL1A2 (α2 (1))14 -Blue sclerae that become white14

-Dentinogenesis imperfecta14

-Multiple fractures14

-Thin ribs12

-Rib fractures12

-Growth retardation14

Collagen synthesis and structure38,39 IV Autosomal dominant14 COL1A2 (α2 (1))14 -White sclerae14

-Postnatal fractures14

-Short stature14

Bone mineralization38,39 V Autosomal dominant38,39 IFITM5 (BRIL)39 -Calcification of interosseous membranes39,41

-Hyperplastic callus formation39,42

-Radial head dislocation39,41

Bone mineralization38,39 VI Autosomal recessive38,39 SERPINF1 (PEDF)39 -Moderate to severe skeletal deformity41

-No fractures at birth40

-Frequent fractures40

-Increased alkaline phosphatase39

Collagen modification38,39 VII Autosomal recessive38,39 CRTAP (CRTAP)39 -White sclerae41

-Short humeri and femora43

-Severe rhizomelia39,42

-Coxa vara43

Collagen modification38,39 VIII Autosomal recessive38,39 LEPRE1 (P3H1)39 -White sclerae39

-Round face44

-Vertebral compression fractures44

-Severe rhizomelia39

Collagen modification38,39 IX Autosomal recessive38,39 PPIB (PPIB/CyPB)38,39 -Gray sclerae39

-Multiple long-bone fractures44
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lacks concentric lamellae and its collagen fibers, therefore, appear
“woven.”50 Woven bone is eventually replaced by secondary bone,
lamellar bone, but is limited in OI due to collagen deficiency or mutation.
Fracture healing in OI is a clinical concern since lamellar bone is difficult
to achieve. Additionally, pseudoarthrosis (a false joint) may occur in
nonunion due to pathologic healing in OI patients, leading to limb length
discrepancy requiring surgery in some cases.51

Diagnostic findings, Part 3

A histologic section from a patient with OI is shown in Figs. 6 and 7.

Questions/discussion points, Part 3

Describe the histologic findings observed in the bone section
(Figs. 6 and 7)

The section of long bone shows a markedly thin cortex with hyper-
cellular woven bony trabeculae (Figs. 6 and 7). Healing fractures show
5

irregularly arranged trabeculae with callus formation of woven bone and
cartilaginous proliferation (Fig. 6).

What is the diagnosis based on clinical findings, imaging, and
histology?

The microscopic findings in this patient demonstrate reduced
lamellar bone and healing fractures with callus formation but normal
mineralization. Based on similar long bone histology as the patient in the
clinical vignette and clinical severity, including right humeral fracture
and bowed and thickened femora, the diagnosis is more consistent with
OI type III.

Describe the histology of some of the most clinically common OI
types

Bone volume and trabecular number are generally decreased on his-
tology in OI types I–IV,39,52,53 and a mixture of woven and lamellar
patterns is seen.54 The fully lamellar state in OI bone tissue is rarely



Fig. 6. Section of long bone from a 36-week gestation live born infant showing
markedly thin cortex with healing fracture. The physis is not shown but was
normal. The trabeculae are thin and hypercellular due to decreased osteoid
matrix production. The healing fracture shows callus production consisting of
woven bone (arrowhead) and cartilage (*). (H&E, Intermediate power).
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reached, which is especially evident in the more severe types of OI as the
woven bonematrix predominates.54 The cellular nature of severe OI bone
on histology is described by active osteoblasts, prominent oval osteocytes
within a scant matrix, and regularly sized osteoclasts.54 Perinatal lethal
type II-A OI has been histologically characterized by irregular trabeculae
with numerous fractures and hypercellularity.13 The phenotypically less
severe OI cases on histology show a propensity for lamellar bone for-
mation, apparent osteoid seams, hypercellularity, and morphologically
enlarged osteocytes and osteoblasts accompanying areas of immature
woven bone.54

On histology, children with OI types I, III, and IV demonstrate normal
mineralization with significant reductions in iliac bone cortical width,
cancellous volume, trabecular number, and trabecular width.53 Type IV
OI iliac bone show thinner lamellae than controls.31 The hallmark of type
V OI is the “mesh-like lamellation,”39 whereas buildup of unmineralized
osteoid is distinctive in type VI OI.55 Cortical width in type V OI is
decreased compared to type IV, and cancellous bone volume is consis-
tently diminished across types IV, and V.31 Lamellae are disorganized
with a ‘fish-scale’ appearance under polarized light in OI type VI,
Fig. 7. Higher magnification of trabeculae from Fig. 6. The trabeculae are
delicate and hypercellular. The trabeculae are calcified but the amount of
osteoid is diminished. The osteoid seams are increased. (H&E, intermedi-
ate power).
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whereas a relatively normal lamellae pattern is observed in type IV OI.40

A relatively normal lamellae pattern microscopically in OI type IV helps
to explain the moderate severity phenotype clinically.

Describe the Mendelian and non-Mendelian inheritance patterns
of osteogenesis imperfecta I-XX

OI is a genetically heterogenous connective tissue disorder, affecting
one in 15–20,000 births.39 The Mendelian inheritance pattern in most OI
cases is autosomal dominant, and the rest are primarily autosomal reces-
sive. OI types I–V have an autosomal dominant (AD) inheritance pattern,
and only one mutated gene (COL1A1 or COL1A2) is typically present14;
however, in many cases of AD disorders, two alleles need to be affected to
clinically manifest disease. OI types VI-XVIII and XX are autosomal
recessive, requiring both copies of the gene to be defective for the person
to have OI, but the mother and father do not show clinical signs.42,56 The
skeletal abnormalities associated with OI types I–IV are a result of a
dominant negative mutant allele that interferes with normal allele func-
tion.57 OI types II, III, and IV are caused by qualitative defects in type I
collagen synthesis, whereas haploinsufficiency mutations lead to the
phenotypes seen in OI type I.55 Because autosomal dominant inheritance
only requires one gene to be defective, OI types I–V are more common. It
was previously estimated that 90% of OI cases are due to mutations in the
COL1A1 or COL1A2 genes, which accounts for OI types I–IV.13

While OI's inheritance patterns sometimes violate Mendelian laws,
there are no other known causes such as environmental or dietary defi-
ciency. In rare instances, parents with no clinical signs of OI may have
more than one affected progeny, a phenomenon known as gonadal
mosaicism.56 Gonadal mosaicism occurs due to a postzygotic mutation,
which affects gonadal cells during early embryogenesis. Somatic cells
remain normal, but gametes have the mutation that causes OI. It is
estimated that these abnormal pedigrees occur in 3–5% of cases.12 A new
dominant mutation that happens before the pregnancy in either the
responsible sperm or oocyte, which occurs during cell division, is another
possible cause of OI.57 Since the mother or father is not affected by OI, it
is also possible that this patient had a new dominant (a type of de novo)
mutation, which caused OI. The OI cases that do not arise from parents
arise de novo. Some estimates are that de novo mutations account for
most perinatal lethal (OI type II) OI cases.12 The clinical relevance of
gonadal mosaicism or de novo mutations is that a family history of
recurrent bone fractures is generally absent, like the patient in the clin-
ical vignette, requiring further testing.

The physician may decide to order genetic testing in some cases of OI
for definitive diagnosis using a blood sample. An OI-specific genetics
panel is ordered, which screens for the common genes mutated, such as
COL1A1 and COL1A2. Most clinical genetic tests utilize next-generation
sequencing (NGS) presently, which has the advantage of screening
multiple genes.56 NGS may help to diagnose a majority of OI cases.55

Diagnostic findings, Part 4

The blood results previously taken one week after delivery at the well-
baby visit for molecular genetic testing are obtained from the lab by
request. The genetic results indicate a COL1A2 gene mutation deter-
mined by NGS.

Questions/discussion points, Part 4

What is the utility of genomic analysis in cases of OI versus child
abuse?

Although the diagnosis of this patient is consistent with OI in general
based on the clinical presentation, imaging, and histology, genomic
analysis supports the diagnosis. Additionally, genetic testing for COL1A1
or COL1A2 gene mutation may rule out child abuse. Most OI types have
COL1A1/2mutations. A blood sample was sent at the well-baby visit one
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week after birth due to the presence of mildly blue sclerae, a soft skull,
and short and deformed limbs. A COL1A2 mutation is detected by NGS,
supporting an autosomal recessive variant of OI as the diagnosis.
Discuss the possible treatments of osteogenesis imperfecta and
associated outcomes

While there is no cure for OI, nutrition, medications, and orthopedic
care are all ways to manage the symptoms. The non-pharmacologic
therapies include careful intake of nutritional amounts of calcium and
vitamin D, routine physical weight-bearing activity, aquatherapy for se-
vere OI cases, and occupational therapy for OI cases involving the upper
extremities.33 The standard of care pharmacotherapy in moderate and
severe OI cases has been bisphosphonates such as pamidronate and
zoledronic acid.33 Bisphosphonates are pyrophosphate analogs that work
by inhibiting osteoclast resorption of bone to increase bone mineral
density and reduce fracture risk and pain.33 Bisphosphonates given
intravenously over orally have an enhanced effect in increasing bone
mineral density.58 While high doses of bisphosphonates to treat cancer
have been reported to cause osteonecrosis of the jaw in adults, this has
not been reported in children.59 Denosumab, a human monoclonal
antibody targeting the NFκ-B (nuclear factor kappa-B) receptor activator
(RANKL) expressed by osteoblasts, inhibits osteoclastic maturation and
increases bone density but has had variable results in pediatric patients
with OI type VI that responded poorly to bisphosphonate therapy.59
Discuss the possible orthopedic interventions for mild to
moderate forms of OI

One of the clinical options for OI patients with osteopenia, high fre-
quency of fracture, and bone deformities is orthopedic intervention.13

Themainstays in orthopedic treatments for OI type III and IV patients and
occasionally in OI type I are intramedullary rod,13 and supplemental
plate using screw fixation to treat nonunions.41 Anterior cruciate liga-
ment (ACL) tear in an OI type I patient has been successfully managed
with bone-patellar tendon-bone allograft instead of autograft to avoid the
added patella and tibia donor site defect related to pathologic healing.60

Teaching points

� Osteogenesis imperfecta (OI) is a genetic connective tissue disorder
with multiple subtypes causing variable effects on bone and extra-
skeletal tissues.

� OI and child abusemay have overlapping clinical signs, but radiology,
histomorphometry, and molecular genetic tests help confirm the
diagnosis.

� OI has significant variability in clinical phenotypes ranging from no
obvious signs to perinatally lethal.

� Most patients with OI have a defect in the COL1A1 and COL1A2
genes, which encode collagen type I.

� Autosomal dominant inheritance pattern is seen in most patients with
OI, but no family history may be present in OI type 2 (perinatal le-
thal), which commonly arises due to de novo mutations.

� Non-pathologic fracture occurs due to mechanical injury and when
bones are soft during infancy, which results in a distinctive pattern
such as greenstick. Pathologic fracture is due to an underlying
weakness of the bone.

� OI is one cause of pathologic fracture. OI may not have a distinctive
pattern of injury, and aberrant healing may be observed as a result of
collagen type I defect.

� Glycine mutation predisposes to pathologic fracture in OI due to
insufficient scaffolding of type I collagen in bone.

� Imaging findings in OI include osteopenia, long bone deformity, and
diaphyseal fractures with hypertrophic callus formation.
7

� Posterior rib fractures are highly specific for child abuse, while
diaphyseal long bone fractures are the most common type of fracture
noted in OI.

� The healing of pathological fractures is different from non-
pathological fractures. Fractures in OI patients demonstrate hyper-
plastic callus formation, and pseudoarthrosis may form at the site of
healing fractures.

� On histology, many OI subtypes show immature and disorganized
matrix.

� Treatments for OI include bone cell modulating pharmacotherapies
and orthopedic surgery.

Author's note

We wish to acknowledge Dr. Samantha Vergano, Eastern Virginia
Medical School, for reviewing this manuscript. Figs. 4, 6 and 7 were
obtained during the scope of federal employment for Dr. Conran.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.
Declaration of competing interest

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

References

1. Knollmann-Ritschel BEC, Regula DP, Borowitz MJ, Conran R, Prystowsky MB.
Pathology competencies for medical education and educational cases. Acad Pathol.
2017;4. doi:10.1177/2374289517715040

2. Wardinsky TD, Vizacarrondo FE, Cruz BK. The mistaken diagnosis of child abuse: a
three-year USAF Medical Center analysis and literature review. Mil Med. 1995;
160(1):15–20.

3. Kodner C, Wetherton A. Diagnosis and management of physical abuse in children.
Am Fam Phys. 2013;88(10):669–675. doi:10.1016/S0002-838X(13)60330-5

4. Marlowe A, Pepin MG, Byers PH. Testing for osteogenesis imperfecta in cases of
suspected non-accidental injury. J Med Genet. 2002;39(6):382–386. doi:10.1136/
jmg.39.6.382

5. Pereira EM. Clinical perspectives on osteogenesis imperfecta versus non-accidental
injury. Am J Med Genet Part C Semin Med Genet. 2015;169(4):302–306. doi:10.1002/
ajmg.c.31463

6. Paine CW, Fakeye O, Christian CW, Wood JN. Prevalence of abuse among young
children with rib fractures: a systematic review. Pediatr Emerg Care. 2019;35(2):
96–103. doi:10.1097/PEC.0000000000000911

7. D'Eufemia P, Palombaro M, Lodato V, et al. Child abuse and osteogenesis imperfecta:
how can they be still misdiagnosed? a case report. Clin Cases Miner Bone Metab. 2012;
9(3):195–197.

8. Bellary SS, Steinberg A, Mirzayan N, et al. Wormian bones: a review. Clin Anat. 2013;
26(8):922–927. doi:10.1002/ca.22262

9. Altalib A, Althomali A, Alshahrani A, Alfrayyan A, Aljughaiman MS. Osteogenesis
imperfecta and child abuse from a forensic point of view. Cureus. 2021;13(1). doi:
10.7759/cureus.12790

10. Garcia RA, Klein MJ, Demicco EG, Schiller AL. Bones, joints, and soft tissue. In:
Strayer DS, Saffitz JE, Rubin E, eds. Rubin's Pathology: Mechanisms of Human Disease.
eighth ed. Wolters Kluwer Health; 2020:1384–1390.

11. Avann C, Chapman S, Shaw N. G68 case series: rib fractures in infants with
osteogenesis imperfecta. Arch Dis Child. 2017;102:A28.2–A29. doi:10.1136/
archdischild-2017-313087.67

12. Wu Q, Wang W, Cao L, Sun L, Xu Y, Zhong X. Diagnosis of fetal osteogenesis
imperfecta by multidisciplinary assessment: a retrospective study of 10 cases.
Fetal Pediatr Pathol. 2015;34(1):57–64. doi:10.3109/15513815.2014.962198

13. Van Dijk FS, Cobben JM, Kariminejad A, et al. Osteogenesis imperfecta: a review
with clinical examples. Mol Syndromol. 2011;2(1):1–20. doi:10.1159/000332228

14. Horvai A. Bones, joints, and soft tissue tumors. In: Kumar V, Abbas A, Aster JC,
Turner JR, eds. Robbins and Cotran Pathologic Basis of Disease. tenth ed. Elsevier;
2021:1171–1216.

15. Van Dijk FS, Sillence DO. Osteogenesis imperfecta: clinical diagnosis, nomenclature
and severity assessment. Am J Med Genet Part A. 2014;164(6):1470–1481. doi:
10.1002/ajmg.a.36545

16. Ablin DS, Greenspan A, Reinhart M, Grix A. Differentiation of child abuse from
osteogenesis imperfecta. Am J Roentgenol. 1990;154(5):1035–1046. doi:10.2214/
ajr.154.5.2108539

http://dx.doi.org/10.1177/2374289517715040
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref2
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref2
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref2
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref2
http://dx.doi.org/10.1016/S0002-838X(13)60330-5
http://dx.doi.org/10.1136/jmg.39.6.382
http://dx.doi.org/10.1136/jmg.39.6.382
http://dx.doi.org/10.1002/ajmg.c.31463
http://dx.doi.org/10.1002/ajmg.c.31463
http://dx.doi.org/10.1097/PEC.0000000000000911
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref7
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref7
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref7
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref7
http://dx.doi.org/10.1002/ca.22262
http://dx.doi.org/10.7759/cureus.12790
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref10
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref10
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref10
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref10
http://dx.doi.org/10.1136/archdischild-2017-313087.67
http://dx.doi.org/10.1136/archdischild-2017-313087.67
http://dx.doi.org/10.3109/15513815.2014.962198
http://dx.doi.org/10.1159/000332228
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref14
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref14
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref14
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref14
http://dx.doi.org/10.1002/ajmg.a.36545
http://dx.doi.org/10.2214/ajr.154.5.2108539
http://dx.doi.org/10.2214/ajr.154.5.2108539


J. Light et al. Academic Pathology 9 (2022) 100025
17. Faienza MF, D'Amato E, Natale MP, et al. Metabolic bone disease of prematurity:
diagnosis and management. Front Pediatr. 2019;7(143):1–8. doi:10.3389/
fped.2019.00143

18. Rayannavar A, Calabria AC. Screening for metabolic bone disease of prematurity.
Semin Fetal Neonatal Med. 2020;25(1):101086. doi:10.1016/j.siny.2020.101086

19. Glass RBJ, Norton KI, Mitre SA, Kang E. Pediatric ribs: a spectrum of abnormalities.
Radiographics. 2002;22(1):87–104. doi:10.1148/radiographics.22.1.g02ja1287

20. Popescu B, Tevanov I, Carp M, Ulici A. Acute hematogenous osteomyelitis in
pediatric patients: epidemiology and risk factors of a poor outcome. J Int Med Res.
2020;48(4). doi:10.1177/0300060520910889

21. Idrissa S, Tazi M, Cherrabi H, et al. Multifocal rib osteomyelitis in children: a case
report and literature review. J Surg Case Rep. 2017;2017(7):1–3. doi:10.1093/jscr/
rjx142

22. Kutty N, Thomas D, George L, John TB. Caffey disease or infantile cortical
hyperostosis: a case report. Oman Med J. 2010;25(2):134–136. doi:10.5001/
omj.2010.36

23. Carrasco MM, Wolford JE. Child abuse and neglect. In: Zitelli B, McIntire S,
Nowalk A, eds. Zitelli and Davis' Atlas of Pediatric Physical Diagnosis. seventh ed.
Elsevier Inc.; 2018:171–235.

24. Droms RJ, Rork JF, McLean R, Martin M, Belazarian L, Wiss K. Menkes disease
mimicking child abuse. Pediatr Dermatol. 2017;34(3):e132–e134. doi:10.1111/
pde.13106

25. Choudhary S, Gadegone R, Koley S. Menkes kinky hair disease. Indian J Dermatol.
2012;57(5):407–409.

26. Flaherty EG, Perez-Rossello JM, Levine MA, et al. Evaluating children with fractures
for child physical abuse. Pediatrics. 2014;133(2):e477–e489. doi:10.1542/
peds.2013-3793

27. Simon S, Resch H, Klaushofer K, Roschger P, Zwerina J, Kocijan R.
Hypophosphatasia: from diagnosis to treatment. Curr Rheumatol Rep. 2018;20(11):
18–24. doi:10.1007/s11926-018-0778-5

28. Lazol JP, Çakan N, Kamat D. 10-year case review of nutritional rickets in Children's
Hospital of Michigan. Clin Pediatr (Phila). 2008;47(4):379–384. doi:10.1177/
0009922807311397

29. Qadar LT, Ochani RK, Shaikh A, Arsalan Q, Ali R. A unique association of
osteogenesis imperfecta with bilateral renal osteodystrophy and gastroenteritis
in a three-year-old boy. Cureus. 2019;11(4). doi:10.7759/cureus.4467

30. Sillence DO, Senn A, Danks DM. Genetic heterogeneity in osteogenesis imperfecta.
J Med Genet. 1979;16(2):101–116. doi:10.1136/jmg.16.2.101

31. Glorieux FH, Rauch F, Plotkin H, et al. Type V osteogenesis imperfecta: a new form of
brittle bone disease. J Bone Miner Res. 2000;15(9):1650–1658. doi:10.1359/
jbmr.2000.15.9.1650

32. Hui PKT, Tung JYL, Lam WWM, Chau MT. Osteogenesis imperfecta type V. Skeletal
Radiol. 2011;40(12):1633. doi:10.1007/s00256-011-1230-3

33. Thomas IH, DiMeglio LA. Advances in the classification and treatment of
osteogenesis imperfecta. Curr Osteoporos Rep. 2016;14(1):1–9. doi:10.1007/s11914-
016-0299-y

34. Etich J, Leßmeier L, Rehberg M, et al. Osteogenesis imperfecta—pathophysiology
and therapeutic options. Mol Cell Pediatr. 2020;7(1):1–9. doi:10.1186/s40348-020-
00101-9

35. Sam J, Dharmalingam M. Osteogenesis imperfecta. Indian J Endocrinol Metab. 2017;
21(6):903–908. doi:10.4103/Fijem.IJEM_220_17

36. Warman ML, Cormier-Daire V, Hall C, et al. Nosology and classification of genetic
skeletal disorders: 2010 revision. Am J Med Genet Part A. 2011;155(5):943–968. doi:
10.1002/ajmg.a.33909

37. Himakhun W, Rojnueangnit K, Prachukthum S. Perinatal lethal osteogenesis
imperfecta in a Thai newborn: the autopsy and histopathogical findings. J Med Assoc
Thail. 2012;95(Suppl 1):190–194.

38. Marini JC. The basics of OI: genetics and clinical management [Conference
presentation]. OIF 2020 Virtual Conference; 2020, July 10-12. https://oif.org
/virtualconference/.

39. Forlino A, Marini JC. Osteogenesis imperfecta. Lancet. 2016;387(10028):1657–1671.
doi:10.1016/S0140-6736(15)00728-X
8

40. Glorieux FH, Ward L, Rauch F, Lalic L, Roughley PJ, Travers R. Osteogenesis
imperfecta type VI: a form of brittle bone disease with a mineralization defect. J Bone
Miner Res. 2002;17(1):30–38. doi:10.1016/S8756-3282(02)00790-1

41. Franzone JM, Shah SA, Wallace MJ, Kruse RW. Osteogenesis imperfecta: a pediatric
orthopedic perspective. Orthop Clin North Am. 2019;50(2):193–209. doi:10.1016/
j.ocl.2018.10.003

42. Chetty M, Roomaney IA, Beighton P. The evolution of the nosology of osteogenesis
imperfecta. Clin Genet. 2021;99(1):42–52. doi:10.1111/cge.13846

43. Fassier AM, Rauch F, Aarabi M, Janelle C, Fassier F. Radial head dislocation and
subluxation in osteogenesis imperfecta. J Bone Jt Surg - Ser A. 2007;89(12):
2694–2704. doi:10.2106/JBJS.F.01287

44. Marginean O, Tamasanu C, Mang N, Mozos I, Brad F. Therapy with pamidronate in
children with osteogenesis imperfecta. Drug Des Dev Ther. 2017;11:2507–2515. doi:
10.2147/DDDT.S141075

45. Garcia R, Demicco E, Klein M, Schiller A. Bones, joints and soft tissue. In: Strayer D,
Rubin E, Saffitz J, Schiller A, eds. Rubin's Pathology: Clinical Pathologic Foundations of
Medicine. seventh ed. Wolters Kluwer Health; 2015:1305–1380.

46. Mayersak RJ. Initial evaluation and management of orthopedic injuries. In:
Tintinalli JE, Ma OJ, Yealy DM, et al., eds. Tintinalli's Emergency Medicine: A
Comprehensive Study Guide, 9e. McGraw-Hill Education; 2020. http://accessmedicine
.mhmedical.com/content.aspx?aid¼1167029098

47. Forlino A, Cabral WA, Barnes AM, Marini JC. New perspectives on osteogenesis
imperfecta. Nat Rev Endocrinol. 2011;7(9):540–557. doi:10.1038/nrendo.2011.81

48. Viguet-Carrin S, Garnero P, Delmas PD. The role of collagen in bone strength.
Osteoporos Int. 2006;17(3):319–336. doi:10.1007/s00198-005-2035-9

49. Mescher AL. Bone. In: Junqueira's Basic Histology Text and Atlas. vol. 16e. McGraw
Hill; 2021. http://accessmedicine.mhmedical.com/content.aspx?aid¼1180412551

50. Paulsen DF. Bone. In: Histology and Cell Biology: Examination and Board Review. fifth
ed. McGraw-Hill; 2010. http://accessmedicine.mhmedical.com/content.aspx?ai
d¼57093237

51. To M, Gupta V, Chow W. Surgical management of long bone pseudarthrosis with
severe limb length discrepancy in osteogenesis imperfecta. J Pediatr Orthop Part B.
2013;22(1):63–69. doi:10.1097/BPB.0b013e32834de542

52. Marini JC, Hopkins E, Glorieux FH, et al. Positive linear growth and bone responses to
growth hormone treatment in children with types III and IV osteogenesis imperfecta:
high predictive value of the carboxyterminal propeptide of type I procollagen. J Bone
Miner Res. 2003;18(2):237–243. doi:10.1359/jbmr.2003.18.2.237

53. Rauch F, Travers R, Parfitt AM, Glorieux FH. Static and dynamic bone
histomorphometry in children with osteogenesis imperfecta. Bone. 2000;26(6):
581–589. doi:10.1016/S8756-3282(00)00269-6

54. Kocher MS, Shapiro F. Osteogenesis imperfecta. J Am Acad Orthop Surg. 1998;6(4):
225–236. doi:10.5435/00124635-199807000-00004

55. Trejo P, Rauch F. Osteogenesis imperfecta in children and adolescents—new
developments in diagnosis and treatment. Osteoporos Int. 2016;27(12):3427–3437.
doi:10.1007/s00198-016-3723-3

56. Genetic disorders. In: Kumar V, Abbas AK, Aster JV, Turner JR, eds. Robbins and
Cotran Pathologic Basis of Disease. tenth ed. Elsevier; 2021:141–188.

57. Cannizzaro L. Developmental and genetic disorders. In: Strayer D, Rubin E, Saffitz J,
Schiller A, eds. Rubin's Pathology: Clinicopathologic Foundations of Medicine. seventh
ed. Wolters Kluwer Health; 2015:243–298.

58. Bains JS, Carter EM, Citron KP, et al. A multicenter observational cohort study to
evaluate the effects of bisphosphonate exposure on bone mineral density and other
health outcomes in osteogenesis imperfecta. JBMR Plus. 2019;3(5), e10118. doi:
10.1002/jbm4.10118

59. 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

60. Park JY, Cho TJ, Lee MC, Han HS. Successful anterior cruciate ligament
reconstruction and meniscal repair in osteogenesis imperfecta. Knee Surg Sports
Traumatol Arthrosc. 2018;26(8):2297–2301. doi:10.1007/s00167-018-4901-y

http://dx.doi.org/10.3389/fped.2019.00143
http://dx.doi.org/10.3389/fped.2019.00143
http://dx.doi.org/10.1016/j.siny.2020.101086
http://dx.doi.org/10.1148/radiographics.22.1.g02ja1287
http://dx.doi.org/10.1177/0300060520910889
http://dx.doi.org/10.1093/jscr/rjx142
http://dx.doi.org/10.1093/jscr/rjx142
http://dx.doi.org/10.5001/omj.2010.36
http://dx.doi.org/10.5001/omj.2010.36
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref23
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref23
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref23
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref23
http://dx.doi.org/10.1111/pde.13106
http://dx.doi.org/10.1111/pde.13106
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref25
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref25
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref25
http://dx.doi.org/10.1542/peds.2013-3793
http://dx.doi.org/10.1542/peds.2013-3793
http://dx.doi.org/10.1007/s11926-018-0778-5
http://dx.doi.org/10.1177/0009922807311397
http://dx.doi.org/10.1177/0009922807311397
http://dx.doi.org/10.7759/cureus.4467
http://dx.doi.org/10.1136/jmg.16.2.101
http://dx.doi.org/10.1359/jbmr.2000.15.9.1650
http://dx.doi.org/10.1359/jbmr.2000.15.9.1650
http://dx.doi.org/10.1007/s00256-011-1230-3
http://dx.doi.org/10.1007/s11914-016-0299-y
http://dx.doi.org/10.1007/s11914-016-0299-y
http://dx.doi.org/10.1186/s40348-020-00101-9
http://dx.doi.org/10.1186/s40348-020-00101-9
http://dx.doi.org/10.4103/Fijem.IJEM_220_17
http://dx.doi.org/10.1002/ajmg.a.33909
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref37
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref37
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref37
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref37
https://oif.org/virtualconference/
https://oif.org/virtualconference/
http://dx.doi.org/10.1016/S0140-6736(15)00728-X
http://dx.doi.org/10.1016/S8756-3282(02)00790-1
http://dx.doi.org/10.1016/j.ocl.2018.10.003
http://dx.doi.org/10.1016/j.ocl.2018.10.003
http://dx.doi.org/10.1111/cge.13846
http://dx.doi.org/10.2106/JBJS.F.01287
http://dx.doi.org/10.2147/DDDT.S141075
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref45
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref45
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref45
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref45
http://accessmedicine.mhmedical.com/content.aspx?aid&equals;1167029098
http://accessmedicine.mhmedical.com/content.aspx?aid&equals;1167029098
http://accessmedicine.mhmedical.com/content.aspx?aid&equals;1167029098
http://dx.doi.org/10.1038/nrendo.2011.81
http://dx.doi.org/10.1007/s00198-005-2035-9
http://accessmedicine.mhmedical.com/content.aspx?aid&equals;1180412551
http://accessmedicine.mhmedical.com/content.aspx?aid&equals;1180412551
http://accessmedicine.mhmedical.com/content.aspx?aid&equals;57093237
http://accessmedicine.mhmedical.com/content.aspx?aid&equals;57093237
http://accessmedicine.mhmedical.com/content.aspx?aid&equals;57093237
http://dx.doi.org/10.1097/BPB.0b013e32834de542
http://dx.doi.org/10.1359/jbmr.2003.18.2.237
http://dx.doi.org/10.1016/S8756-3282(00)00269-6
http://dx.doi.org/10.5435/00124635-199807000-00004
http://dx.doi.org/10.1007/s00198-016-3723-3
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref56
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref56
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref56
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref57
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref57
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref57
http://refhub.elsevier.com/S2374-2895(22)00014-8/sref57
http://dx.doi.org/10.1002/jbm4.10118
http://dx.doi.org/10.1097/MOP.0000000000000813
http://dx.doi.org/10.1097/MOP.0000000000000813
http://dx.doi.org/10.1007/s00167-018-4901-y

	Educational Case: Osteogenesis imperfecta
	Primary objective
	Secondary objective
	Patient presentation
	Diagnostic findings, Part 1
	Questions/discussion points, Part 1
	What is in the differential diagnosis for suspected childhood fractures?
	Describe the clinical manifestations and bone findings in each of the entities in the differential diagnosis
	What are the next steps for the clinician in evaluating the patient in the clinical vignette?

	Diagnostic findings, Part 2
	Questions/discussion points, Part 2
	Describe the findings in the radiographs (Figs. 1–3)
	What is the most likely diagnosis based on clinical and radiologic information?
	What are the most clinically common types of OI and associated defects?
	Describe the differences in a pathologic versus non-pathologic fracture, including some of the factors that may predispose  ...
	When should a consult for suspected child abuse be ordered?
	Discuss the difference between lamellar and woven bone

	Diagnostic findings, Part 3
	Questions/discussion points, Part 3
	Describe the histologic findings observed in the bone section (Figs. 6 and 7)
	What is the diagnosis based on clinical findings, imaging, and histology?
	Describe the histology of some of the most clinically common OI types
	Describe the Mendelian and non-Mendelian inheritance patterns of osteogenesis imperfecta I-XX

	Diagnostic findings, Part 4
	Questions/discussion points, Part 4
	What is the utility of genomic analysis in cases of OI versus child abuse?
	Discuss the possible treatments of osteogenesis imperfecta and associated outcomes
	Discuss the possible orthopedic interventions for mild to moderate forms of OI

	Teaching points
	Author's note
	Funding
	Declaration of competing interest
	References


