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Abstract

Background Child abuse and neglect (CAN) is a serious
problem that has major implications for the welfare of the
child involved. Unexplained fractures are of particular
concern to the orthopaedic surgeon, who must often con-
sider alternative diagnoses to CAN.

Questions/purposes We therefore (1) determined which
bone diseases most commonly mimic CAN; (2) what types
of osteogenesis imperfecta (OI) are most commonly con-
fused with CAN and why; and (3) what specific findings in
OI and bone disease render a mistaken diagnosis of CAN
more likely.

Methods A systematic review of the literature was per-
formed. We identified studies that compared cases of CAN
with cases in which patients had bone disease that resulted
in an unexplained fracture. We also included studies in
which patients with fractures resulting from underlying
bony pathology were misclassified as CAN and were sub-
sequently reclassified as bone disease as a result of further
investigation. Our search netted only five studies that
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directly compared and contrasted CAN with metabolic or
genetic bone disease in the same study.

Results  The published literature suggests OI is most fre-
quently confused with CAN, although metaphyseal
dysplasia, disorders of phosphate metabolism, and tempo-
rary brittle bone disease are also documented in the
literature identified by our search. Difficulty in differenti-
ating these bony diseases from CAN stems from ambiguity
in the history and physical examination at the time of
presentation.

Conclusions Bone disease is a diagnosis of exclusion in
the differential diagnosis of CAN.

Introduction

Child abuse and neglect (CAN) is a serious problem, and
an improper diagnosis carries tremendous consequences for
the patient, his or her family, and the doctor. A substantial
degree of morbidity and mortality is associated with a
missed diagnosis, with a reinjury rate of 50% and a mor-
tality rate of 10% for unprotected children [6]. In addition,
the emotional trauma for the patient and family undergoing
a prolonged investigation by Child Protective Services (and
perhaps even the wrongful removal of custody) demon-
strates the power of a misguided diagnosis of abuse
[21, 22]. With fractures representing the second most
common manifestation of child abuse after soft tissue
trauma [14], orthopaedic surgeons are at the forefront of
evaluating patients with potential CAN.

Many studies have described the musculoskeletal man-
ifestations of child abuse: rib fractures, skull fractures,
humeral and femur fractures are among the most com-
mon [2, 7, 10, 12, 14-17, 19, 24, 33]. Recent studies
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demonstrated that the combination of patient age and
fracture location can reproducibly differentiate abuse from
accidental trauma [19]. Among these factors, a suspicious
history, physical or radiographic evidence of prior injury,
and age younger than 18 months are associated with
CAN [1].

In 1962, Kempe et al. introduced the concept of “bat-
tered child syndrome.” The authors included osteogenesis
imperfecta (OI) as part of the differential diagnosis of a
patient presenting with potential abuse [11]. The authors
noted that OI should be easily distinguishable from abuse
based on history and physical examination. Despite their
assertions, there is little evidence to suggest clinicians can
readily differentiate patients with OI (and other metabolic
bone disorders with a propensity for fracture) from those
who have sustained their fractures as a result of CAN
[21-23]. Although patients with OI/metabolic bone disease
can present with the “classic” features of OI (multiple
fractures after minor trauma at an early age, blue sclera,
osteopenia, wormian bones, dentinogenesis imperfecta, and
a family history of “easy” fractures and/or bone disease
[21-23, 29]), many times these features are not present [22,
23, 29]. In these cases, it is not clear how to further
investigate the presence of these rare conditions in a cost-
effective and directed manner for patients presenting with
potential abuse. Unfortunately, the burden falls on the
clinician to distinguish between these conditions with
limited data to guide the decision-making process.
Although there is an abundance of literature differentiating
abuse from accidental trauma, there exists relatively little
work on the role that bone diseases such as OI play in the
evaluation of a patient with suspected abuse.

Therefore, we addressed the following questions:
(1) What diseases and conditions that cause easy fracture
can be confused with CAN? (2) What types of OI are most
commonly confused with CAN and why? (3) What specific
findings in OI and bone disease render a mistaken diag-
nosis of CAN more likely?

Materials and Methods

We searched the Medline and EMBASE computerized
literature databases from January 1950 to June 2009.
Articles were identified using an electronic search of key-
word terms and their respective combinations (Table 1).
The search was guided by our institution’s research
librarian on August 22, 2009 . A total of 104 unique ref-
erences were identified with this search. Reference lists
from the articles retrieved were further scrutinized as well
to identify any additional studies of interest (Fig. 1). All
studies from the mentioned searches were then reviewed.
Studies were included in this systematic review if they
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Table 1. This list includes search terms entered into the Medline and
EMBASE search engines for identification of human studies in
English from the year 1950 to June 2009

Number Search term

1 exp Child Abuse/

2 exp Shaken Baby Syndrome/

3 exp Brain Injuries/

4 1 and 3

5 nonaccidental trauma.mp.

6 exp Osteogenesis Imperfecta/

7 unexplained fractures.mp.

8 exp Bone Diseases, Metabolic/

9 brittle bone.mp.

10 battered child.mp.

11 lorl0or?2

12 4or7or5

13 8 or 6 or 9

14 11 and 12

15 11 and 13

16 13 and 12

17 limit 16 to (English language and humans
and “all child [0 to 18 years]”)

18 14

19 limit 18 to (English language and humans
and “all child [0 to 18 years]”)

20 15

21 limit 20 to (English language and humans
and “all child [0 to 18 years]”)

22 (1 or5or7or10) and (6 or 8 or 9)

23 limit 22 to (English language and humans

and “all child [0 to 18 years]”)

matched the following criteria: (1) they were in English
language; (2) they had a Level I, II, III, or IV study design
by “Journal of Bone and Joint Surgery” criteria (http://
www.2.ejbjs.org/misc/instrux.dt levels); (3) they had a
minimum of 10 patients in their series with bony injury;
(4) both patients with CAN or a condition that results in a
bone disease with a propensity for fracture with minimal
trauma were present in the study or patients were included
who were diagnosed with CAN that subsequent investi-
gation revealed to be bone disease; and (5) the patients
were younger than 18 years old, or older patients could not
be distinguished from younger ones in the body of the text
or tables. We excluded review articles, case reports, or
studies in which the inclusion criteria were not explicit.
Two authors performed the initial search (AK, KB) and
then three of the authors (AK, KB, NP) independently
reviewed the 104 references and selected the appropriate
studies based on these criteria. If one or more author
selected a paper, it moved on to the next phase; in the final
phase of review (elimination by full text review), there was


http://www.2.ejbjs.org/misc/instrux.dt
http://www.2.ejbjs.org/misc/instrux.dt
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Fig. 1 This flow diagram presents the
systematic review process used in this

study. Medline Search (n=85)

Other databases (n=0)
Duplicates (n=15)

Unique citations identified by title (n=104)

EMBASE Search (n=34)

Excluded based on title (n=47)

Failed criteria (n=37)
Clearly a review, editorial, or erratum (n=10)

Excluded based on abstract (n=37)
Failed criteria (n=11)

Clearly a review, editorial, or erratum (n=26)

Excluded based on full text (n=15)

Failed criteria (n=10)
Clearly a review, editorial, or erratum (n=5)

Steiner 1996

Total retained references (n=>5)
Horan 1980; Paterson 1989, 1993, 2006;

Additional articles found by search of
references of primary articles (n=1)

Rejected by abstract (n=0)
Rejected by full text (n=1)

Total references for systematic review (n=5)

Steiner 1996

Horan 1980; Paterson 1989, 1993, 20006;

no disagreement over which papers would be ultimately
included (Fig. 1).

We obtained 85 articles from Medline and 34 articles
from EMBASE for a total of 119 articles from these
searches. After removal of 15 duplicate studies, a total of
104 papers were reviewed from the combined MedLine
and EMBASE searches. Duplicates were electronically
confirmed with use of RefWorks bibliographic software
(ProQuest, LLC, Bethesda, MD). We initially excluded
47 articles by title for irrelevance to the topic in question, if
they were picked up by chance, or if they were designated
as reviews, editorials, or commentaries. An additional
37 articles were eliminated after reviewing the abstract; we
eliminated articles by abstract only if they were case
reports, erratum, reviews, or small case series (less than
10 study subjects). If there was any question over inclusion,

we undertook a review of the full text of the work. We then
reviewed the full text of the remaining 20 articles, of which
15 articles failed to meet our inclusion and exclusion cri-
teria. This systematic review left five articles for analysis
[8, 21-23, 29] (Appendix 1). The references of these arti-
cles (along with the prior individual searches) were
manually searched for other potential articles of interest.
One further article was identified in the references, but this
article was eliminated because it only had two patients with
bony injury [32].

Study quality was assessed by considering controls for
bias, confounding, and chance within each study as sug-
gested by the MOOSE group for meta-analysis of
observational studies [30]. No study had a control group to
control for chance; although some rudimentary statistical
analyses were used, no study used logistic regression to
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control for confounding factors. No blinding was used, and
no controls for selection bias were present in controlling
for the sample population.

Pooling the identified studies resulted in a total of
914 patients, 155 of whom represented cases mistakenly
diagnosed as CAN. The most common condition mistaken
for CAN was OI with 80% of our articles meeting criteria
that dealt with this diagnosis [21-23, 29]. Pooling the
studies in which confirmed cases of metaphyseal dysplasia/
OI were present, there was an 18.7% (162 of 866) rate of
initial misdiagnosis of CAN or bone disease [8, 21-23] and
a 12.5% (six of 48) rate of OI in the study in which all
children with suspected CAN were examined [29]. The
mean age at which patients with Ol were mistakenly
diagnosed with CAN at the time of first fracture (data
available for 26 patients) was 8.38 £+ 7.76 months [22, 23].

Because the outcomes, design, and (in many cases) the
study population of each study were too heterogeneous to
compare directly, even with random effects models, we
used data from individual studies to generate statistics
(Table 2). In cases in which the data were similar between
studies, we pooled the results for the purposes of generat-
ing percentages, but no statistics were generated because of
concerns for heterogeneity. Additionally, because none of
these studies produced effect sizes, forming some

quantitative measure of heterogeneity would be arbitrary.
Within each individual study to test hypotheses that find-
ings were independent of etiology versus the alternative
that they were related, the chi square test with Yates cor-
rection or the Fisher’s exact test was used. These statistics
were calculated using Java stat two-way contingency table
analyses [5].

Results

Although many case reports and larger reviews suggest
several conditions, including biliary atresia [3], dietary
deficiencies [4, 28], rickets [9, 20], metabolic bone disease
[31], and copper deficiency [25], can mimic CAN, the five
articles that met our inclusion criteria only discussed
metaphyseal dysplasias and OI as possible diagnoses that
may be confused with CAN [8, 21-23, 29].

Sillence Type IV OI [26, 27] (Table 3) was most fre-
quently mistaken for CAN [22, 23]. From the studies in our
review, 25.5% (44 of 172) of patients with Type IV OI
(compared with only 13.1% [77 of 589] of patients with
other OI types) were confused with CAN [22, 23]. This
corresponds to an odds ratio of 2.2 (1.4-3.4) for a greater
likelihood of confusion of Type IV OI with CAN as

Table 2. Data for articles examining the etiology of children’s presenting fracture*

Study lead author Year Journal Initial Number Number of Pathology
misdiagnosis  of confirmed confirmed bone
of CAN CAN disease
Horan and Beighton [8] 1980 J Bone Joint Surg Br ~ N/A 7 6 Metaphyseal dysplasia;
hypo-/hyperphosphatasia
Paterson and McAllion [22] 1989 BMJ 111* 0 802 OlI (various types)
Paterson et al. [21] 1993  Am J Med Genet 327 0 39 Temporary brittle bone
disease/ OI
Steiner et al. [29] 1996  J Pediatr N/A 42 6 Ol
Paterson and McAllion [23] 2006 Clin Orthop Relat Res 12t 0 12 Ol

* One hundred eleven parents were accused of CAN at some point in the child’s illness; most parents were vindicated in 1 week or less, 15 went
to formal litigation, and one case was prosecuted but later acquitted; 732 patients in this series had an initial diagnosis of CAN; the remaining
seven had an initial diagnosis of OI; ¥12 patients were initially believed to have fractures resulting from CAN but were later discovered to have
OI; CAN = child abuse and neglect; Ol = osteogenesis imperfect; N/A = not applicable.

Table 3. Sillence types of OI*

OI type Clinical features Inheritance pattern

I Normal stature, little bony deformity, blue sclerae, 50% incidence of hearing loss AD

1I Lethal in the perinatal period AD; AR (rare)

11T Progressive deformity, moderate at birth, hearing loss, short stature, variable sclera AD; AR (uncommon)
v Normal sclera, mild deformity, variable short stature, variable hearing loss AD

* Further subclassification can be made within each OI type: subgroup A notation indicates no dentinogenesis imperfect; subgroup B notation
indicates the presence of dentinogenesis imperfecta [26]; Ol = osteogenesis imperfecta.
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opposed to non-Type IV (I-III) forms. Furthermore, nine of
these patients with Type IV (5.3%) versus only six (1.1%;
p < 0.001) of other OI types led to legal proceedings [22].

The difficulty in differentiating CAN from bone disease
is complicated by marked variability in the manifestations
of “classic” findings. Three of our articles described
patients with OI who had an atypical history and physical
findings such as a lack of osteopenia (three of four) [29],
lack of wormian bones (nine of 28) [22, 23, 29], and a lack
of OI family history (21 of 33) [22, 23, 29]. Furthermore,
the lack of dentinogenesis imperfecta has been suggested
as a possible reason that milder forms of OI are mistaken
for CAN [21]. However, the largest series in our review
(with 802 total cases) [22] reported no difference between
the groups of patient who were initially misdiagnosed with
CAN as opposed to OI in terms of the presence of den-
tinogenesis imperfecta. Data were also pooled from these
articles for the scleral color of these patients and family
history (at the time of presentation with fracture) for the
patients who were initially misclassified as CAN [22, 23,
29]: 72.7% (24 of 33) of patients had an abnormal scleral
color (blue, pale blue, or gray) [22, 23, 29], 50% (three of
six) of patients had a family history of multiple fractures
[29], and 36.4% (12 of 33) of patients had a family history
of OI yet were still misclassified as CAN victims [22, 23,
29]. Substantial data examined fracture location in patients
with OI misdiagnosed as CAN. From those papers [22, 23],
18 of 27 patients with OI presented with femur fractures,
nine with tibia fractures, eight with humerus fractures, four
with clavicle fractures, and four with rib fractures. Patients
with OI either had multiple fractures on presentation or
had radiographic evidence of old fractures in 19 of the
27 patients [22, 23].

In addition to fracture location, bone quality was con-
sidered by a subset of papers in our study. Patients with
“temporary” brittle bone were noted to have metaphyseal
abnormalities 76% of the time, rib fractures in 72% of
cases, and periosteal reaction without fracture in 49% of
cases [21]. Patients in the metaphyseal dysplasia series had
a variety of historical and radiographic signs such as
bowing of long bones, diaphyseal sclerosis, and epiphyseal
separation; these findings, along with notes that suggested
trauma, led the authors to reclassify them as CAN [8].

Discussion

Child abuse is frequently encountered by orthopaedic sur-
geons, because fracture is the second most common
presenting symptom [14]. Although extensive literature has
described the injury patterns in abusive versus accidental
trauma [7, 10, 12, 14-19, 24, 33], there has been a dearth of
literature differentiating pediatric fractures caused by bone

disease versus CAN; only one article [23] from this decade
met our inclusion and exclusion criteria. The morbidity and
mortality of a missed diagnosis of CAN has been well
documented [6], although the emotional, psychologic, and
financial burdens to both the family and child of false CAN
accusations (in the context of underlying bone disease) can
be presumed high as well. This systematic review sought to
answer the following questions. First, what other condi-
tions mimic CAN with enough regularity that they are
represented in the literature to warrant a case series? Sec-
ond, what types of OI are most frequently mistaken for
CAN and why? Third, what specific features of underlying
bone disease increase the likelihood of mistaken CAN?

The limitations of our study and the literature are not
trivial. First, there is no gold standard test for diagnose
CAN; it remains a synthesis of history, physical examina-
tion, and radiographic findings. In many instances, a
physician’s own instincts make the diagnosis. Therefore,
any study of CAN is fraught with the danger of mis-
classification. Second, the literature directly comparing
bone diseases with CAN is sparse. As such, it is difficult, if
not impossible, to describe the data in quantitative terms.
Third, the methodology of the papers reviewed does not
provide controls for bias confounding or chance; articles
were mainly descriptive in nature. As such, our study is
simply an observational study of observational studies but
does provide an overview of the literature available, which
directly compares the two conditions. Weaknesses inherent
to the member studies are not improved by aggregating
them.

The condition that was most frequently mistaken for
CAN was OI, although one additional included article
examined metaphyseal dysplasias. The most common form
of OI mistaken for CAN was Silence Type IV. With the
information as to what general condition (OI and a specific
type) most commonly mimics CAN, it would seem logical
that these readily distinguishable history, physical exami-
nation, and imaging characteristics can aid in making the
proper diagnosis. However, patients with OI who were
mistakenly considered victims of CAN had a wide range of
history, physical examination, and radiographic findings,
particularly for features considered “typical” for OI
[22, 23, 29]. In fact, patients in our series with OI who were
wrongly diagnosed with CAN lacked “classic” osteopenia
and wormian bones. This could potentially explain why
these patients’ caretakers were wrongly accused of CAN.

The difficulty in diagnosing OI may stem from the fact
that fracture patterns in the patients with OI did not differ
from those in patients with CAN. From papers presenting
fracture data in our review [22, 23], femur fractures were
the most common (66.6%) in patients with OI followed by
tibia (33.3%), humerus (29.6%), and rib fractures (14.8%).
In addition, in 70.3% of cases, patients with OI had
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multiple fractures or radiographic evidence of old fractures
on presentation [22, 23]. This is similar to data presented in
prior studies in patients younger than 18 months; the odds
of rib, tibia/fibula, humerus, and femur fracture are higher
in patients with CAN, and multiple fractures and fractures
in multiple stages of healing are indicative of CAN [14,
19]. Furthermore, Steiner et al. observed no difference
between patients with OI (33%) and those with CAN (39%)
in terms of the presence of fractures with a “high” speci-
ficity [13] for abuse (ie, metaphyseal, posterior rib,
scapular, spinous process, or sternal fractures) or for frac-
tures with a “moderate” specificity for abuse as outlined by
the authors [29].

The lack of dentinogenesis imperfecta has also been
suggested as a possible reason some milder forms of OI can
be mistaken for CAN [21]. However, the largest series in our
review [22] found no difference between the groups of
patients who were initially misdiagnosed in terms of the
presence of dentinogenesis imperfecta. Furthermore, bone
quality was examined by a subset of papers in our study. A
similar problem existed for patients with metaphyseal dys-
plasia, in which mistaken diagnoses were made in the setting
of heterogeneous historical and radiographic signs [8].
Clearly, these results challenge the notion that patients with
Ol are mistaken for victims of CAN as a result of the fact that
they are “atypical” from the common presentation of OI.

In summary, there are no high-quality studies examining
the differences between underlying bone disease and CAN.
Based on this review, OI (in particular Sillence Type IV) is
the most common condition mistaken for CAN. Patients
with OI wrongly diagnosed with CAN have fracture pat-
terns that are indistinguishable from patients with CAN, and
they may or may not have “classic” findings of OI. Well-
designed case-control studies might address some of the
injury patterns observed in CAN and compare them directly
with one or more bone diseases. Furthermore, currently,
bone disease is a diagnosis of exclusion, and current rec-
ommendations are that the prevalence in the general
population is too low for the test to be useful unless clinical
suspicion exists. Ultimately, the clinician should have O/
metaphyseal dysplasia in the differential diagnosis of child
abuse. Although clearly, examining dentition, radiographs
of the skull for wormian bones, scleral examination, and
personal or family history of easy fractures can be helpful,
these conditions are inconsistently present and may miss
cases of bone disease. Clinicians must keep child welfare as
the top priority; because child abuse is more common and is
a high morbidity and mortality condition, bone disease
remains a diagnosis of exclusion.
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Appendix 1
Summary of CAN Versus Bone Disease Articles

Horan and Beighton in 1980 reviewed material in Sir
Thomas Fairbank’s collection of metaphyseal dysplasias
and dysostoses in the radiology museum of the Royal
National Orthopaedic Hospital in London [8]. They were
able to review long-term fracture followup information on
13 patients. Using criteria for “battered-child syndrome”
established by Kempe et al., the authors set out to determine
if the true diagnosis in these patients was CAN (child abuse
and neglect) or metaphyseal dysplasia [8, 11]. The authors
do not describe their specific criteria, and Kempe in his
original article is nebulous, saying that “The battered-child
syndrome may occur at any age, but, in general, the affected
children are younger than 3 years. In some instances the
clinical manifestations are limited to those resulting from a
single episode of trauma, but more often the child’s general
health is below par, and he shows evidence of neglect
including poor skin hygiene, multiple soft tissue injuries,
and malnutrition. One often obtains a history of previ-
ous episodes suggestive of parental neglect or trauma.
A marked discrepancy between clinical findings and his-
torical data as supplied by the parents is a major diagnostic
feature of the battered-child syndrome” [8, 11]. Using these
criteria, the authors found a 53.8% (seven of 13) misdiag-
nosis rate. Whereas six of the patients had the correct
diagnosis of metaphyseal dysplasia as their fracture etiology
(including two with Jansen dysplasia, one with hyperphos-
phatasia, one with Schmidt-type chondrodysplasia, one with
spondylometaphyseal dysplasia, and one with hypophos-
phatasia), seven were actually found to have sustained
fractures resulting from CAN, not underlying bone disease.

Paterson and McAllion reviewed a series of 802 cases
with the confirmed diagnosis of OI (osteogenesis imper-
fecta) [22]. The purpose of their study was to determine the
extent to which these children initially were believed to
have sustained nonaccidental trauma on presentation with a
fracture. They found in 691 of 802 (86.1%) cases there
were no difficulties with the diagnosis of OI, in 96 of 802
(11.9%) cases there was at least one accusation of CAN,
which resulted in an investigation of less than 1 week
(clearing the caretakers of abuse), and in 15 of 802 (1.8%)
cases, CAN was again suspected yet it led to prolonged
proceedings (case conferences, social work meetings,
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police involvement, etc). The greatest percentage of these
accusations of CAN were seen in patients with Type IV
Sillence-type OI (23.3% [39 of 167]) [22].

In asecond article, Paterson et al. examined a variant form
of OI, which they termed “temporary brittle bone disease”
[21]. In this study, they examined 39 patients with fractures
that transiently occurred in the first year of life (with ces-
sation of fractures after this time period). In seven of 39
(17.9%) of the patients, the initial diagnosis was OI, whereas
the rest were diagnosed incorrectly with CAN. These
patients with temporary OI shared radiographic character-
istics such as metaphyseal abnormalities (76%), rib fractures
(72%), diaphyseal fractures (57%), periosteal reaction
without fracture (49%), delay in bone age (35%), expanded
costochondral junctions (34%), and overt osteopenia (31%).
In addition, many of these patients clinically had vomiting
(71%), diarrhea (50%), apnea attacks (32%), hepatomegaly
(35%), and hemoglobin less than 10 g/dL (40%).

A third article by Paterson et al. examined 12 patients
with OI who were initially diagnosed with CAN when in
fact the true cause of their fractures was underlying bone
disease [23]. The purpose of this study was to identify the
clinical and radiographic factors that led to the initial
incorrect diagnosis of CAN (and the removal of seven of
12 children from their homes). The presence of unexplained
fractures in different stages of healing, apparently normal
bone density on radiographs, negative family history, non-
diaphyseal fractures, lack of wormian bones, normal
anterior fontanelles, and normal scleral color were all fac-
tors found in these patients, which were atypical of patients
with OI. They concluded OI should always be considered in
the differential of suspected cases of CAN even with the
lack of “typical” features; it is in the absence of these
typical features that a diagnosis can be missed.

Finally, an article by Steiner et al. aimed to determine
whether analysis of collagen synthesized by dermal fibro-
blasts could help to correctly identify children with OI
among a group of children suspected to have been the
victims of CAN [29]. The authors examined 48 children
who had been referred to them to specifically distinguish
OI from child abuse. Examining for the COL1A1 gene, the
authors found an OI rate of 12.5% (six of 48) in children
with suspected CAN in whom the diagnosis of OI was
entertained. In 83.3% (five of six) of the children with
biochemically proven OI, the diagnosis of OI was strongly
suspected on clinical grounds before the diagnosis. These
clinical findings included blue sclera (83%) and a family
history of fracture (50%), whereas osteopenia (25%),
wormian bones (0%), and a family history of OI (0%) were
not as clinically reliable. The authors concluded routine
biochemical evaluation of all patients with suspected abuse
for OI is not warranted because the determination can be
largely made based on history and physical examination. In

cases in which diagnostic uncertainty remains, biochemical
studies may be a useful adjunct.

References

1. Baldwin K, Pandya, NK, Wolfgruber, H, Drummond, DS,
Hosalkar, HS. Femur fractures in the pediatric population: abuse
or accidental trauma. Clin Orthop Relat Res. 2010 Apr 7. [Epub
ahead of print].

2. Coffey C, Haley K, Hayes J, Groner JI. The risk of child abuse in
infants and toddlers with lower extremity injuries. J Pediatr Surg.
2005;40:120-123.

3. DeRusso PA, Spevak MR, Schwarz KB. Fractures in biliary
atresia misinterpreted as child abuse. Pediatrics. 2003;112:
185-188.

4. Duncan AA, Chandy J. Case report: multiple neonatal fractures—
dietary or deliberate? Clin Radiol. 1993;48:137-139.

5. Fleiss J. Statistical Methods for Rates and Proportions (2nd Ed.).
New York, NY: John Wiley & Sons; 1981.

6. Green M HR. Physically Abused Children. Philadelphia, PA: WB
Saunders; 1968.

7. Hennrikus WL, Shaw BA, Gerardi JA. Injuries when children
reportedly fall from a bed or couch. Clin Orthop Relat Res.
2003;407:148-151.

8. Horan FT, Beighton PH. Infantile metaphysial dysplasia or
“battered babies”? A reassessment of material in the Fairbank
Collection. J Bone Joint Surg Br. 1980;62:243-247.

9. Keller KA, Barnes PD. Rickets vs. abuse: a national and inter-
national epidemic. Pediatr Radiol. 2008;38:1210-1216.

10. Kemp AM, Dunstan F, Harrison S, Morris S, Mann M, Rolfe K,
Datta S, Thomas DP, Sibert JR, Maguire S. Patterns of skeletal
fractures in child abuse: systematic review. BMJ. 2008;337:a1518.

11. Kempe CH, Silverman FN, Steele BF, Droegemueller W, Silver
HK. The battered-child syndrome. JAMA. 1962;181:17-24.

12. King J, Diefendorf D, Apthorp J, Negrete VF, Carlson M.
Analysis of 429 fractures in 189 battered children. J Pediatr
Orthop. 1988;8:585-589.

13. Kleinman P. Diagnostic Imaging of Child Abuse. Baltimore, MD:
Williams and Wilkins; 1989.

14. Kocher MS, Kasser JR. Orthopaedic aspects of child abuse. J Am
Acad Orthop Surg. 2000;8:10-20.

15. Leventhal JM, Larson IA, Abdoo D, Singaracharlu S, Takizawa C,
Miller C, Goodman TR, Schwartz D, Grasso S, Ellingson K. Are
abusive fractures in young children becoming less common?
Changes over 24 years. Child Abuse Negl. 2007;31:311-322.

16. Leventhal JM, Thomas SA, Rosenfield NS, Markowitz RI.
Fractures in young children. Distinguishing child abuse from
unintentional injuries. Am J Dis Child. 1993;147:87-92.

17. Loder RT, Bookout C. Fracture patterns in battered children.
J Orthop Trauma. 1991;5:428-433.

18. Loder RT, Feinberg JR. Orthopaedic injuries in children with non-
accidental trauma: demographics and incidence from the 2000 kids’
inpatient database. J Pediatr Orthop. 2007;27:421-426.

19. Pandya NK, Baldwin K, Wolfgruber H, Christian CW,
Drummond DS, Hosalkar HS. Child abuse and orthopaedic injury
patterns: analysis at a level I pediatric trauma center. J Pediatr
Orthop. 2009;29:618-625.

20. Paterson CR. Vitamin D deficiency rickets simulating child
abuse. J Pediatr Orthop. 1981;1:423-425.

21. Paterson CR, Burns J, McAllion SJ. Osteogenesis imperfecta: the
distinction from child abuse and the recognition of a variant form.
Am J Med Genet. 1993;45:187-192.

22. Paterson CR, McAllion SJ. Osteogenesis imperfecta in the dif-
ferential diagnosis of child abuse. Bmj. 1989;299:1451-1454.

@ Springer



812

Pandya et al.

Clinical Orthopaedics and Related Research®

23.

24.

25.

26.

217.

28.

Paterson CR, McAllion SJ. Classical osteogenesis imperfecta and
allegations of nonaccidental injury. Clin Orthop Relat Res.
2006;452:260-264.

Scherl SA, Miller L, Lively N, Russinoff S, Sullivan CM,
Tornetta P, 3rd. Accidental and nonaccidental femur fractures in
children. Clin Orthop Relat Res. 2000:96-105.

Shaw JC. Copper deficiency and non-accidental injury. Arch Dis
Child. 1988;63:448-455.

Sillence D. Osteogenesis imperfecta: an expanding panorama of
variants. Clin Orthop Relat Res. 1981;159:11-25.

Sillence DO, Senn A, Danks DM. Genetic heterogeneity in
osteogenesis imperfecta. J Med Genet. 1979;16:101-116.

Slovis TL, Chapman S. Evaluating the data concerning vitamin D
insufficiency/deficiency and child abuse. Pediatr Radiol. 2008;
38:1221-1224.

@ Springer

29.

30.

31.

32.

33.

Steiner RD, Pepin M, Byers PH. Studies of collagen synthesis and
structure in the differentiation of child abuse from osteogenesis
imperfecta. J Pediatr. 1996;128:542-547.

Stroup D, Berlin, JA, Morton, SC, Olkin, I, Williamson, DG,
Rennie, D, Moher, D, Becker, BJ, Ann Sipe, T, Thacker, SB.
Meta-anaysis of observational studies in epidemiology. JAMA.
2000;283:2008-2012.

Taitz LS. Child abuse and metabolic bone disease: are they often
confused? BMJ. 1991;302:1244.

Wardinsky TD, Vizcarrondo FE, Cruz BK. The mistaken diag-
nosis of child abuse: a three-year USAF Medical Center analysis
and literature review. Mil Med. 1995;160:15-20.

Worlock P, Stower M, Barbor P. Patterns of fractures in acci-
dental and non-accidental injury in children: a comparative study.
Br Med J (Clin Res Ed). 1986;293:100-102.



	Unexplained Fractures: Child Abuse or Bone Disease? A Systematic Review
	Abstract
	Background
	Questions/purposes
	Methods
	Results
	Conclusions

	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	Appendix 1
	Summary of CAN Versus Bone Disease Articles

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


