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Background: Child abuse is a serious threat to the physical and
psychosocial well-being of the pediatric population. Musculo-
skeletal injuries are common manifestations of child abuse.

There have been multiple studies that have attempted to identify
the factors associated with, and the specific injury patterns seen
with musculoskeletal trauma from child abuse, yet there have

been no large studies that have used prospectively collected data
and controlled comparisons. The purpose of our study was to
describe the patterns of orthopaedic injury for child abuse cases

detected in the large urban area that our institution serves, and
to compare the injury profiles of these victims of child abuse to
that of general (accidental) trauma patients seen in the emer-
gency room and/or hospitalized during the same time period.

Methods: This study is a retrospective review of prospectively
collected information from an urban level I pediatric trauma
center. Five hundred cases of child abuse (age birth to 48mo)

were identified by membership in our institution’s Suspected
Child Abuse and Neglect database collected between 1998 and
2007. These cases were compared against 985 general trauma

(accidental) control patients of the same age group from 2000
to 2003. Age, sex, and injury type were compared.
Results: Victims of child abuse were on average younger than
accidental trauma patients in the cohort of patients under

48 months of age. There was no difference in sex distribution
between child abuse and accidental trauma patients. When the
entire cohort of patients under 48 months were examined after

adjusting for age and sex, the odds of rib (14.4 times), tibia/
fibula (6.3 times), radius/ulna (5.8 times), and clavicle fractures
(4.4 times) were significantly higher in child abuse versus

accidental trauma patients. When regrouping the data based
on age, in patients younger than 18 months of age, the odds of
rib (23.7 times), tibia/fibula (12.8 times), humerus (2.3 times),

and femur fractures (1.8 times) were found to be significantly
higher in the child abuse group. Yet, in the more than 18 months
age group, the risk of humerus (3.4 times) and femur fractures

(3.3 times) was actually higher in the accidental trauma group
than in the child abuse group.

Conclusions: Patients who present to an urban level I pediatric
trauma center and are victims of abuse are generally younger,
and have an equal propensity to be male or female. It is

important for the clinician to recognize that the age of the
patient (younger or older than 18mo and/or walking age) is an
important determinant in identifying injury patterns suspicious
for abuse. Patients below the age of 18 months who present with

rib, tibia/fibula, humerus, or femur fractures are more likely to
be victims of abuse than accidental trauma patients. Yet, when
patients advance in age beyond 18 months, their presentation

with long bone fractures (ie, femur and humerus) is more likely
to be related to accidental trauma than child abuse.
Level of Evidence: level III, prognostic study.
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Child abuse is recognized as a serious threat to the
physical and psychologic well-being of the pediatric

population.1–7 With more than 899,000 known child
victims in the United States alone in 2005 (accounting
for 1460 deaths), physicians often treat the physical
and psychologic manifestations of abuse.1–6,8–23 Of the
myriad of medical specialties involved in the care of these
patients, the orthopaedic surgeon plays a critical role
as fractures account for the second most common
presentation of abuse behind soft-tissue injuries and
burns.24 As a result, many abused children present to
the emergency room with isolated musculoskeletal
injuries, and the orthopaedic surgeon may very well be
the only clinician who may be able to identify potential
wrongdoing. Therefore, orthopaedic surgeons must
not only be able to identify and treat the bony injuries
these children present with, but they also must be able
to differentiate accidental from nonaccidental trau-
ma.2–4,8,11,12,15,17,18,22,23,25–40

First described in 1962 by Kempe et al,7 the battered
child syndrome is a constellation of physical findings
of children who have been abused including failure to
thrive, subdural hematomas, multiple soft-tissue and bony
injuries, and poor hygiene. Orthopaedic signs of non-
accidental trauma have been identified as well, includingCopyright r 2009 by Lippincott Williams & Wilkins
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presentation to the emergency room with multiple
fractures, fractures in various states of healing, metaphy-
seal corner fractures, long bone fractures in children who
are not of walking age, spine fractures, scapular fractures,
rib fractures, epiphyseal separations, swelling not pro-
portional to injury type (ie, less swelling than would be
expected for an acute fracture), and fractures reported as
‘‘falls from a bed or couch’’ in those less than 1 year of
age.3,12,18,25,28,30,32,38,41–43

In addition, there have been several studies in the
literature that have examined patterns of orthopaedic
injuries from child abuse at large tertiary referral centers
or from national databases.12,16,18,25,26,31,32,39,40,44 Even
though these studies have large sample sizes and provide
conclusions that can be generalized to the larger pediatric
population, there has not been a single recent study that
has looked at a large group of patients (500 or more) who
were prospectively identified as child abuse cases (non-
accidental trauma) from an independently collected data-
base, and then compared them with children who were
victims of accidental trauma at the same institution, during
the same extended time period (greater than 3 years).

Our institution is a large pediatric tertiary care
center with level I trauma status with a large referral base.
An extensive database has been maintained, which
examines all potential cases of suspected child abuse
and/or neglect. In addition, a general trauma database
has been maintained, which contains information in
reference to patients who presented to the hospital
with traumatic injuries. Examining fracture patterns in
children under the age of 48 months as has been done
before,12,16,32,33,39,44,45 the purpose of our study was to
describe the patterns of orthopaedic injury for child abuse
cases detected in the large urban area that our institution
serves, and to compare the injury profiles of these victims
of child abuse with that of general (accidental) trauma
patients seen in the emergency room and/or hospitalized
during the same time period. This 2-fold purpose will
hopefully allow us to answer the following question: can
we more distinctly define accidental versus nonaccidental
trauma utilizing controlled comparisons? Determining
the answer to the above question is critical for the
orthopaedic surgeon called to evaluate pediatric patients
presenting with musculoskeletal injuries to both better
define potential cases of abuse, and begin the process of
multidisciplinary intervention.

We hypothesized that there would be a distinct
difference in terms of fracture type between patients
who experience accidental as opposed to nonaccidental
trauma.

METHODS
This study is a retrospective review of prospectively

collected information from an urban level I pediatric
trauma center. After Institutional Review Board approval
was obtained, the Suspected Child Abuse and Neglect
(SCAN) database at our institution from 1998 to 2007
was reviewed for children from birth to 48 months of age.

In addition, the general trauma database from our
institution for all children presenting to the emergency
room and/or hospitalized with traumatic injuries was
reviewed for children of the same age from 2000 to 2003
(the database was most complete during this time period).
These 2 databases represent a pool of patients from which
we could generate both ‘‘child abuse’’ and ‘‘control’’ (ie,
accidental) cases of trauma.

Patients were included in the SCAN database if
hospital personnel determined that the patient was a
victim of abuse or neglect. The SCAN team consisted
of an independent team of physicians, nurses, and social
workers with advanced training in child abuse that
examined these children in the emergency room and
made the determination if the patients should be included
in the SCAN database as a victim of abuse (and
subsequently activated mechanisms for child protective
services at the time of evaluation). Patients were included
in the general trauma database if they presented to the
emergency room and were hospitalized with organ system
trauma that necessitated an evaluation from the hospital’s
trauma service, died in the emergency department as a
result of their traumatic injuries, or were initially seen in
the emergency department and transferred to another
trauma center for management of traumatic injuries.
Both databases were collected and maintained outside of
the orthopaedic department at our institution, and were
initiated many years before the retrospective review of the
data that was performed by the authors.

Data collected from both databases included age at
the time of injury, sex, and injuries sustained. Injury
categories included non-bony head injuries (ie, subdural/
epidural hematoma, diffuse axonal injury) and fractures
of the skull, rib, femur, tibia/fibula, humerus, radius/ulna,
clavicle, foot, spine, or hand. Patients were included in the
study as a child abuse case by membership in the SCAN
database. Patients were included in the study as a control
(accidental) trauma case if they were found in the general
trauma database, and were also not found in the SCAN
database. Patients were excluded from the study if they
were found to be older than 48 months of age (except for
one patient, the SCAN database contained only patients
48mo of age and younger), adequate determination could
not be made if the case represented child abuse or
accidental injury due to incomplete medical records, and
cases were erroneously placed in either of the 2 databases
(ie, did not represent either child abuse or accidental
trauma).

When duplicate cases were found in either database
(by name, medical record number, or date of birth), all
the visits were pooled and analyzed as one case if they
were separate visits to the hospital. If duplicate cases were
listed but actually represented the same visit, the duplicate
cases were ignored and the case was treated as a single
visit. If patients were found in both the SCAN database
and the general trauma database for the same visit,
the patients were classified as a child abuse case. These
patients appeared in the trauma database simply as
function of their traumatic injuries.
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Statistical Methods
Raw data from the databases were pooled, and

means, standard deviations, and percentages were calcu-
lated for age, sex, and injury type. Specific injury types
examined were non-bony head injury, skull fracture,
rib fracture, femur fracture, tibia/fibula fracture, humerus
fracture, radius/ulna fracture, clavicle fracture, foot
fracture, spine fracture, and hand fracture. In addition,
due to the fact that earlier studies have indicated that
certain fracture patterns may be more or less prevalent
based on the ability of the patient to walk (18mo of
age),26 both the child abuse and control trauma groups
were broken down into subcohorts based on age (less
than 18mo and greater than 18mo).

Student t test for independent samples was used to
determine the significance of the difference in mean age
between the child abuse and control group. The w2 test
was used to determine differences in sex and specific
injury occurrence between the child abuse and control
trauma groups. In addition, the binomial test with the
null hypothesis that 50% of the injuries would occur in
each group using exact approximation and the z test was
used to determine differences in specific injury type within
both the child abuse and controls group for children less
than 18 months of age versus those greater than 18
months of age. This test was also performed comparing
specific injury-type occurrence between child abuse and
control patients less than 18 months of age, and once
again for child abuse and control patients greater than 18
months of age.

Odds ratios for each type of injury were calculated
comparing child abuse cases with those of control trauma
cases. In addition, binary logistic regression was used
to calculate adjusted odds ratios for each injury. The
‘‘enter’’ method was used to determine adjusted odds
ratios, because we wished for each parameter to stay in
the model regardless of statistical significance. Age and
sex were used as covariates to determine adjusted odds
ratios. Finally, adjusted odds ratios were also calculated
in our age subcohorts (less than 18mo and greater
than 18mo) comparing child abuse cases with those of
control patients. This was performed only on 4 specific
fracture types (femur, humerus, rib, and tibia/fibula)
these have been cited in earlier studies as markers of
abuse.3,18,26,31,32,41,46

On the basis of our power analysis (for a power of
0.08 and an a value of 0.05), using an overall incidence
of fractures in child abuse cases of 28%, and an overall

incidence of fractures in the control/accidental trauma
patients of 19%,40 273 patients were necessary in each
group for our study to detect a 9% difference in fracture
incidence. If the assumption was made that the overall
incidence of fractures in the control/accidental trauma
patients was higher at 21%, 466 patients were necessary
in each group to detect a 7% difference in fracture
incidence, a sample size we exceeded.

Appropriate Boneferroni correction was made to
determine the P value, which was significant. A signi-
ficance level of P r0.0045 was necessary to control for a
total familywise error rate of 0.05. This test was also
performed comparing specific injury type occurrence
between child abuse and control patients less than 18
months of age, and once again for child abuse and
control patients greater than 18 months of age. Here a
significance of P r0.0063 was necessary to control for a
familywise error rate of 0.05. Data were analyzed by all
the authors in the study; statistical analysis was primarily
performed by one of the authors (K.B.).

RESULTS
There were 500 child abuse trauma patients

identified from the SCAN database from 1998 to 2007
with a mean age of 11.7 months (SD=12.0mo). Of these
500 patients, 377 were less than 18 months of age, and 123
patients were more than 18 months of age.

From the general trauma database from 2000 to
2003, 985 control (accidental) trauma patients were
identified with a mean age of 22.1 months (SD=14.4mo).
Of these 985 patients, 425 patients were less than 18
months of age, and 560 patients were greater than 18
months of age.

Selected demographic data are displayed in Table 1.
The mean age of the child abuse patients was younger
(P <0.001) than that of the control patients; indicating
that in the cohort of patients less than 48 months of age,
child abuse is more common in younger children than in
older children.

Table 2 summarizes the frequency of occurrence of
each injury in our child abuse and control trauma groups.
The most prevalent injury in both the abuse and control
group was non-bony head injury with 213 (42.6%) and
329 cases (33.4%), respectively. In the child abuse group,
the most prevalent injuries following non-bony head
injury were skull fractures (106 cases; 21.2%), followed
by rib fractures (94 cases; 18.8%) and femur fractures

TABLE 1. Demographic Data for Both Child Abuse and Control Cases

Variable Child Abuse Controls P

Age (mo) 11.7 (12.0) 95% CI: 10.6-12.7 22.1 (14.4) 95% CI: 21.22-24.02 <0.001*
Sex (male : female) 275 : 225 591 : 394 0.065

*Statistically significant.
Standard deviation in parentheses. Age based on t test for independent samples, sex based on the w2 test for

independence.
CI indicates confidence interval.
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(73 cases; 14.6%). In the control group, skull fractures
were the most common fracture (216 cases; 21.9%)
followed by femur fractures (140 cases; 14.2%) and
humerus fractures (102 cases; 10.3%). There was a
significantly (P<0.001) greater percentage of non-bony
head injuries, rib, tibia/fibula, radius/ulna, and clavicle
fractures in the child abuse group compared with the
control group.

Table 3 summarizes the frequency of occurrence of
each injury when the child abuse and control groups were
redistributed into groups based on age (younger than
18mo and older than 18mo). Within the child abuse
group, all injuries/fractures occurred significantly more
frequently in children less than 18 months of age except
for foot, hand, spine, and clavicle fractures for which
there was no difference. Within the control trauma group,
non-bony head injuries (P<0.001) and skull fractures
(P<0.001) occurred significantly more frequently in
those less than 18 months of age whereas femur fractures
(P<0.001) and humerus fractures (P<0.001) occurred
more frequently in those greater than 18 months of age.

When comparing the frequency of occurrence of
each injury between the child abuse and control trauma
groups for all children under 18 months of age, rib
fractures (P<0.001), tibia/fibula fractures (P<0.001),

humerus fractures (P<0.001), radius/ulna fractures
(P=0.001), and clavicle fractures (P=0.004) occurred
more frequently in the child abuse group than in the
control group; femur fractures showed a trend toward
significance (P=0.057). Skull fractures (P=0.002)
occurred more frequently in the control trauma group
as opposed to the child abuse group. When comparing the
frequency of the occurrence of each injury between child
abuse and control trauma groups for all children over
18 months of age, non-bony head injuries (P<0.001)
occurred more frequently in the child abuse group than
in the control trauma group. Skull fractures (P<0.001),
femur fractures (P<0.001), and humerus fractures
(P<0.001) occurred more frequently in the control
trauma group as opposed to the child abuse group.

Odds ratios and adjusted odds ratios were calcu-
lated using binary logistic regression. Table 4 summarizes
the results. The odds of non-bony head injury (1.5 times),
rib fracture (20.5 times), tibia/fibula fracture (7.5 times),
radius/ulna fracture (6.7 times), and clavicle fracture
(4.8 times) were found to be significantly higher in child
abuse versus control trauma patients before adjustment
for age and sex. After adjusting for age and sex, the
odds of rib fracture (14.4 times), tibia/fibula fracture
(6.3 times), radius/ulna fracture (5.8 times), and clavicle
fracture (4.4 times) were found to be significantly higher
in child abuse versus control trauma patients. The odds of
having a skull fracture were higher in the control trauma
population (Table 4).

Odds ratios were also recalculated for selected
fractures for children less than 18 months of age and
more than 18 months of age (between the child abuse
and control groups). Table 5 and Figure 1 summarize the
results. In the under-18-month age group, the odds of
rib fracture (23.7 times), tibia/fibula fracture (12.8 times),
humerus fracture (2.3 times), and femur fracture (1.8
times) were found to be significantly higher in the child
abuse group than in the control group (Table 5). In
the more than 18 months age group, the odds of a rib
fracture (9.1 times) were higher in the child abuse groups,
whereas the odds of humerus (3.4 times) and femur
fracture (3.3 times) were higher in the control trauma
group (Table 5).

TABLE 2. Injury Patterns Among Child Abuse and Control
Cases

Injury Child Abuse Controls P

Non-bony head injury 42.6% (213/500) 33.4% (329/985) <0.001*
Skull fracture 21.2% (106/500) 21.9% (216/985) 0.75
Rib fracture 18.8% (94/500) 1.1% (11/985) <0.001*
Femur fracture 14.6% (73/500) 14.2% (140/985) 0.85
Tibia/fibula fracture 11% (55/500) 1.6% (16/985) <0.001*
Humerus fracture 8.6% (43/500) 10.3% (102/985) 0.28
Radius/ulna fracture 4.6% (23/500) 0.7% (7/985) <0.001*
Clavicle fracture 4.25 (21/500) 0.9% (9/985) <0.001*
Foot fracture 1.2% (6/500) 0.6% (6/985) 0.23
Spine fracture 0.8% (4/500) 1.0% (10/985) 0.68
Hand fracture 0.4% (2/500) 1.3% (13/985) 0.09

*Statistically significant.
Raw numbers in parentheses. Significance based on the w2 test for

independence.

TABLE 3. Injury Patterns Divided Among Age (<18 mo and >18 mo) for Child Abuse and Control Cases

Injury Child Abuse (<18mo) Child Abuse (>18mo) Controls (<18mo) Controls (>18mo)

Non-bony head injury 46.7% (176/377) 30.1% (37/123) 44.0% (187/425) 25.4% (142/560)
Skull fracture 24.4% (92/377) 11.4% (14/123) 33.2% (141/425) 13.4% (75/560)
Rib fracture 22% (83/377) 8.9% (11/123) 1.2% (5/425) 1.1% (6/560)
Femur fracture 17.5% (66/377) 5.7% (7/123) 10.6% (45/425) 17.0% (95/560)
Tibia/fibula fracture 13.3% (50/377) 4.1% (5/123) 1.2% (5/425) 2.0% (11/560)
Humerus fracture 9.8% (37/377) 4.9% (6/123) 4.5% (19/425) 14.8% (83/560)
Radius/ulna fracture 5.0% (19/377) 3.3% (4/123) 0.7% (3/425) 0.7% (4/560)
Clavicle fracture 4.2% (16/377) 4.1% (5/123) 0.7% (3/425) 1.1% (6/560)
Foot fracture 0.8% (3/377) 2.4% (3/123) 0% (0/425) 1.1% (6/560)
Spine fracture 0.8% (3/377) 0.8% (1/123) 0.7% (3/425) 1.3% (7/560)
Hand fracture 0.3% (1/377) 0.8% (1/123) 0.7% (3/425) 1.8% (10/560)

Raw numbers in parentheses.
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In summary, the entire cohort of child abuse
patients under 48 months of age was more likely to have
non-bony head injury, rib fractures, tibia/fibula fractures,
radius/ulna fractures, and clavicle fractures than the
control trauma group. In the cohort of patients under 18
months of age, fractures of the ribs, tibia/fibula, humerus,
and femur were more likely in the child abuse rather than
the control trauma group. In the cohort of patients over
18 months of age, rib fractures continued to be more
likely in the child abuse group, tibia/fibula fractures could
no longer be used to differentiate abuse from accidental
trauma, and humerus and femur fractures became more
likely in the control trauma group as opposed to the child
abuse group.

DISCUSSION
Although there have been several studies in the

literature that have examined patterns of orthopaedic
injuries from child abuse at large tertiary referral centers
or from national databases, there has not been a single
recent study that has looked at a large group of patients
(500 or more) who were prospectively identified as child
abuse cases (nonaccidental trauma) from an indepen-
dently collected database, and then compared them with
children who were victims of accidental trauma at the
same institution, during the same extended time period

(more than 3 years).12,16,18,25,26,31,32,39,40,44 Our study was
designed to fill this void to better define accidental versus
nonaccidental orthopaedic trauma using controlled com-
parisons. The results of our study supported our hypo-
thesis that there would be a distinct difference in terms
of fracture type between patients who experienced abuse
as opposed to accidental trauma, and furthermore, that
victims of abuse were more likely to present with long
bone fractures than victims of accidental trauma;
particularly when they are less than 18 months of age
(ie, not walking).

Victims of abuse in our study were found to be
younger (11.7mo vs. 22.1mo) than accidental trauma
patients, and there was no difference in sex distribution.
This is similar to the results of Loder and Feinberg18 who
examined 1794 cases of abuse and found that nearly one
half of the children were under the age of 1 year, and
that both sexes were equally represented. Furthermore,
DiScala et al,27 analyzed a 10-year time period at their
institution comparing child abuse to accidental trauma
patients under 4 years of age, and found that the mean
age of abuse patients (12.8mo) was significantly younger
than those of accidental trauma patients (25.5mo), very
similar to the results in our study. As a result, when
beginning to understand the demographic characteristics
that may increase the likelihood that a child is a victim of
abuse, younger age should heighten suspicion whereas sex

TABLE 4. Odds Ratios and Adjusted Odds Ratios for Victims of Child Abuse Compared Against Control Patients of Similar Ages

Injury Odds Ratio for Abuse (95% CI) P Odds Ratio for Abuse Adjusted for Age and Sex (95% CI) P

Non-bony head injury 1.5 (1.2-1.8) 0.001* 1.1 (0.8-1.3) 0.65
Skull fracture 1.0 (0.70-1.2) 0.75 0.6 (0.5-0.8) <0.001*
Rib fracture 20.5 (10.9-38.7) <0.001* 14.4 (7.5-27.6) <0.001*
Femur fracture 1.0 (0.8-1.4) 0.84 1.0 (0.7-1.4) 0.87
Tibia/fibula fracture 7.5 (4.2 – 13.2) <0.001* 6.3 (3.4-11.4) <0.001*
Humerus fracture 0.8 (0.6-1.2) 0.28 1.1 (0.7-1.7) 0.63
Radius/ulna fracture 6.7 (2.9-15.8) <0.001* 5.8 (2.4-14.3) <0.001*
Clavicle fracture 4.8 (2.2-10.5) <0.001* 4.4 (1.9-10.2) 0.001*
Foot fracture 2.0 (0.6-6.2) 0.24 3.6 (1.1-12.2) 0.04
Spine fracture 0.8 (0.3-2.5) 0.69 1.1 (0.3-3.7) 0.93
Hand fracture 0.30 (0.1-1.3) 0.11 0.5 (0.1-2.2) 0.34

*Statistically significant.
Age and sex-adjusted odds ratios calculated using binary logistic regression, without eliminating variables for lack of significance (enter method).
CI indicates confidence interval.

TABLE 5. Odds Ratios for Comparing Subsets of Children With Given Injuries for
Membership in the Abuse Group Versus the Control Group in Patients Less Than 18 mo Old
and Greater Than 18 mo Old

Injury

Odds Ratio for Abuse

<18mo (95% CI) P
Odds Ratio for Abuse

> 18 mo (95% CI) P

Rib fractures 23.7 (9.5-59.2) <0.001* 9.1 (3.3-25.0) <0.001*
Tibia/fibula fracture 12.8 (5.1-32.6) <0.001* 2.1 (0.7-6.2) 0.172
Humerus fracture 2.3 (1.3-4.1) 0.004* 0.29 (0.1-0.7) 0.005*
Femur fracture 1.8 (1.2-2.7) 0.005* 0.30 (0.1-0.7) 0.003*

*Statistically significant.
Age and sex-adjusted odds ratios calculated using binary logistic regression, without eliminating variables for lack of

significance (enter method).
CI indicates confidence interval.
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seemingly should not play a role. Injury type should be
the next piece of information that can help to differentiate
accidental from nonaccidental trauma.

In our entire cohort of patients under 48 months of
age, victims of child abuse had a higher odds of rib
fracture (14.4 times), tibia/fibula fracture (6.3 times),
radius/ulna fracture (5.8 times), and clavicle fracture
(4.4 times) whereas the odds of having a skull fracture
(1.67 times) were higher in the control trauma population.
In contrast to our study, Loder and Feinberg18 found
in their review of child abuse cases that the most common
orthopaedic injuries were fractures of the humerus and
femur. Furthermore, Leventhal et al32 in a 4-year review
of children presenting to their emergency room with
fractures, identified radius/ulna, tibia/fibula, femur (in
children less than 1 year of age), and humerus fractures
(all ages) as indicative of abuse. King et al31 examined
189 battered children and found that fractures of the
humerus, tibia, and femur were the most common
fracture type. Fong et al12 examined patients admitted
with the diagnosis of child abuse over an 8-year period,
and found forearm and rib fractures as the most common
sites of fracture. In addition, there have been multiple
studies that have looked specifically at humerus, tibia,
and femur fractures, and have linked them to child
abuse.36,39,41,47,48 With these multiple conflicting reports,
the question naturally arises: What accounts for the
differences in the fracture patterns between our study and
the other studies cited?

First, both the work of King et al31 and Leventhal
et al32 were performed in the late 1980s/early 1990s,
representing patterns of child abuse from nearly 20 years
ago, which perhaps may be changing as reflected in our
current study. Second, the work of Fong et al12 was
performed in Hong Kong where cultural and socio-
economic factors may lead to different patterns of abuse

than those of the United States. Yet, the most plausible
explanation for the difference in study outcomes can be
related to the different study designs.

Of the studies cited above, the work of Leventhal
et al32 was the only study which examined both victims of
child abuse and accidental trauma. It is essential to have
this controlled comparison to be able to calculate odds
ratios for the occurrence of certain fracture types in abuse
as opposed to accidental trauma. This is the specific
diagnostic dilemma that the clinician will be faced with
in the emergency room. Furthermore, it is important
for potential cases of child abuse in these studies to be
identified both prospectively and independently in the
clinical setting (as was done through the SCAN team at
our institution) rather than retrospectively upon data
review as was done in the study by Leventhal et al.32 This
allows for a more accurate and unbiased identification of
child abuse cases.

As a result, we believe that the prospective and
independent identification of child abuse and accidental
trauma cases coupled with controlled comparisons of
injury frequency in these 2 groups (at the same institution
over the same time period) allowing for odds ratio
calculation elicits data that best reflects patterns of injury
in child abuse patients. Coupling this with the fact that
our data are recent, not only accounts for the differences
between our results and those of earlier studies, but
perhaps reflects a more accurate assessment of child abuse
and accidental trauma injury patterns in patients under
48 months of age.

Yet, at the same time, we believe that all children
under 48 months of age represent a rather heterogeneous
group, and that fracture patterns should differ within this
large group based upon age. With the onset of walking,
children are subject to an increased risk of falls,49 and
therefore different injury patterns should be present.
This subgroup analysis based on ages less than 12 to 18
months has been done in earlier studies,25,26,30,32,37,40,50,51

and was performed in our study for children less than and
greater than 18 months of age.

In the under 18 months age group, the odds of rib
fracture (23.7 times), tibia/fibula fracture (12.8 times),
humerus fracture (2.3 times), and femur fracture (1.8
times) were found to be significantly higher in the child
abuse group. In the more than 18-month age group, the
odds of a rib fracture (9.1 times) continued to be higher in
the child abuse group, whereas the odds of humerus
(3.4 times) and femur fractures (3.3 times) were higher in
the control trauma group. As a result, patients under
18 months of age with long bone fractures are more likely
to be victims of child abuse whereas those greater than
18 months of age with long bone fractures (excluding
tibia/fibula fractures) are more likely to have undergone
accidental trauma. In addition, rib fractures, regardless of
age, are indicators of abuse. This is similar to the results
of Coffey et al,26 who examined 5497 lower extremity
pediatric trauma patients admitted to their hospital over a
4-year period. They found that in the under 18-month age
group, femur and tibia fractures were the most common

FIGURE 1. Odds ratio for injury representing abuse in children
less than 18 months (body A) and greater than 18 months
(body B) for rib, humerus, tibia/fibula, and femur fractures.
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lower extremity fracture type in victims of abuse.26 In
addition, Worlock et al,40 examined 35 children with
fractures from abuse and 826 accidental trauma patients
and found that 1 in 8 children less than 18 months of
age who sustain a fracture may be a victim of abuse.
Furthermore, Kemp et al51 found in their systematic
review of 32 studies of child abuse and fracture patterns
that rib fractures had the highest probability for abuse,
abuse is more common in children under 18 months of
age, and femur (1 in 3 to 4 chance) and humerus fractures
(1 in 2 chance) are highly linked to abuse as well.

As a result, the following guidelines for differentiat-
ing abuse from accidental trauma can be developed for
the orthopaedic surgeon when evaluating patients less
than 48 months of age. The clinician should first note that
sex has no bearing on the potential risk for abuse, and
that younger patients will be more likely to be victims of
abuse than accidental trauma. Noting the specific age of
the patient is critical for the clinician: particularly greater
or less than 18 months of age. If a patient is less than 18
months of age, and has suffered a tibia/fibula, humerus,
or femur fracture the likelihood of abuse is higher than
that of accidental trauma. If the patient is greater than
18 months of age, and possesses a femur or humerus
fracture, accidental trauma is more likely than abuse. The
clinician should also keep the following points in mind:
rib fractures, regardless of age are markers of abuse, and
tibia/fibula fractures in those greater than 18 months of
age do not help to differentiate abuse from accidental
trauma. As a result, with these diagnostic tools at their
disposal, the orthopaedic surgeon can more easily assess
the likelihood of child abuse as opposed to accidental
trauma.

There are several limitations in our study. First, the
mechanism of injury (actual and/or purported) of our
patients was not noted in our study. This could allow for
a better understanding of fracture patterns seen, and
typical stories given by the families of abused and
accidental trauma patients. Yet, there is no reliable way
to determine if the mechanism of injury from history is
actually true as relayed by parents and/or relatives
who may be the perpetrators of abuse. Second, a larger
sample size would have allowed us to detect statistically
significant differences between abuse and accidental
trauma cases in some of the less common fracture types
(hand, spine, foot, etc.). Although we did have a large
enough sample size in both groups (985 and 500) with
sufficient power to detect a difference as small as 7%
between injury type, some of the statistically significant
differences between injury type that were found (particu-
larly less common fractures) had absolute differences of
less than the 7%. This must be kept in mind when
interpreting statistical significance in some of the less
common fracture types. Third, radiographic analysis of
specific fracture patterns was not performed. Further
study would allow us to better define whether there are
certain fracture patterns within each bone (ie, location,
direction, number of fracture fragments) that can better
differentiate abuse from accidental trauma. Finally, due

to the fact that child abuse is largely a social diagnosis,
there exists no test that can confirm the presence or
absence of child abuse with a high level of specificity or
sensitivity. Yet, we believe that inclusion in the SCAN
database as a marker of child abuse was the best proxy
available. Inclusion in the SCAN database is determined
by an independent group of social workers, nurses, and
physician at the time the child presents to the emergency
room all of whom have advanced training in child abuse
(and are independent from the authors), and is also used
for a clinical purpose (ie, activating child protective
interventions).

Although of critical importance, fracture type alone
cannot definitively distinguish children who have been
victims of abuse from those of accidental trauma. Yet,
due to the frequency of fractures in victims of abuse, and
the volume of fractures that the orthopaedic surgeon
treats in the pediatric setting, it is essential for the ortho-
paedic surgeon to have a framework to identify potential
cases of abuse, and begin the process of multidisciplinary
intervention. When examining a child in the emergency
room, the orthopaedic consultant should pay careful
attention to the age/walking status of the child, and the
presence of long bone and rib fractures. When children
are under 18 months of age, humerus, femur, and tibia/
fibula fractures should heighten the suspicion for abuse.
Above the age of 18 months, humerus and femur
fractures are less likely to occur as a result of abuse,
and are more likely to be the result of accidental trauma.
Rib fractures, regardless of age, continue to be a marker
of child abuse. Other factors such as the appearance of
the child, interaction with caregivers, and inconsistent
history are also important factors and the entire clinical
picture should be considered by the clinician when
evaluating these patients. With these thoughts in mind,
the orthopaedic surgeon can more accurately differentiate
abuse from accidental trauma when evaluating fractures.
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