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Long bone fractures in children under 3 years of age:
Is abuse being missed in Emergency Department presentations?
J Taitz,1 K Moran1 and M O’Meara2
1

Child Protection Unit and 2Emergency Department, Sydney Children’s Hospital, Randwick, NSW, Australia

Objective: Distinguishing injuries due to accidents from those due to child abuse in young children is important to prevent
further abuse. We aimed to study the presenting features, mechanism of injury, type of fracture and indicators of possible
abuse in children under 3 years of age, presenting to the Emergency Department (ED) of a tertiary referral Children’s
Hospital, to see whether those injuries that were more likely abusive were distinguished from those that were more likely
accidental.
Methods: We analysed the medical records from the Emergency Department Information System of all children below
3 years of age, who were treated for a long bone fracture at the Sydney Children’s Hospital, Randwick, NSW, over a 1-year
period. Demographic details, presenting complaint, mechanism of injury, type of fracture, other historical and examination
data and action taken were noted. Nine indicators that raise suspicion of abuse were developed from the literature. Using
these indicators, patients’ ED notes were reviewed to establish whether long bone fractures suspicious for abuse had been
referred for further evaluation.
Results: One hundred patients with a total of 103 fractures presented during the study period. No child had multiple
fractures at a single visit. The fractures included 36 radius/ulna, 27 tibia/fibula, 20 humeral, 17 clavicular and three femoral.
The mean age of patients was 21.6 months (range 13 days – 35 months). Fourteen patients were younger than 12 months.
Review of the notes revealed 31 children with indicators suspicious for abuse, of whom 17 children had one indicator, 11
children had two indicators, and three children had three indicators. Only one child was referred for further evaluation to
child protection.
Conclusion: Abuse cannot usually be determined by fracture type alone. Doctors in the ED miss indicators for abuse
because they do not look for these indicators in the history and examination. Knowledge of indicators that raise suspicion of
abuse is needed for a further forensic assessment to occur. The development of specific referral guidelines, ongoing
education and a comprehensive injury form may improve referral of children from the ED to child protection.
Key words: children under 3 years of age; indicators raising suspicion of abuse; long bone fractures.
Fractures of the extremities are the most common skeletal
injuries occurring in abused children and the incidence of
abusive fractures is highest in infants and young children.1–10
Eighty percent of the fractures due to child abuse occur in
children under 18 months of age.1 The reported frequency of
fractures associated with child abuse varies from 11 to 55%.2
Distinguishing accidental from abusive fractures in young
children is vital, as failure to recognize abuse may lead to
further abusive injuries and even death.2–4,8 An explanation that
is inconsistent with the injury always raises the suspicion of
abuse. However, the distinction between an abusive long bone
fracture and an accidental one cannot be made on the appearance of the fracture alone.1–4,6–9,11 Knowledge of the epidemiology and biomechanics of bone injury, child development and
other risk factors for abuse, such as associated unexplained
injury, may help heighten suspicion for abuse and lead to
referral for further assessment.2,3,6,9 We aimed to study the
presenting features, mechanism of injury and type of fracture in
children under 3 years of age presenting to the Emergency
Department (ED) of a Children’s Teaching Hospital over a
1-year period. Specific emphasis was placed on whether indicators suspicious for abuse were identified and documented
before a diagnosis of accidental injury was made. We hypothesized that if these indicators were not documented the diagnosis
of abuse was unlikely to be considered.

METHODS
We obtained the medical records from the Emergency Department Information System (EDIS) of all children under 3 years
of age who were treated for a long bone fracture at the ED
of the Sydney Children’s Hospital, Randwick, NSW, over a
1-year period from 1 January to 31 December 2000. The EDIS
database, a computerized database of all admissions to the ED,
was cross-referenced with the Child Protection Unit database to
ensure that all referrals from the ED to child protection were
included. Children were excluded from the study if the fracture
was thought to be due to a congenital disorder or illness (e.g.
metabolic bone disease) that weakened the bone. The EDIS
database was analysed by a general paediatrician and a child
protection specialist. We analysed demographic data, presenting complaint, mechanism of injury, other historical and examination data, and type of long bone fracture. Fracture pattern
was recorded by bone and by site (epiphysis, metaphysis,
diaphysis) and all patients’ X-rays were reviewed by JT/KM.
Referral and discharge patterns were also noted.
Nine indicators that have been cited as helpful in
distinguishing potential abusive from accidental injuries were
identified by reviewing the literature3,5–16 (Table 1). We
reviewed the ED notes to see whether these indicators were
documented by the emergency staff. The overall frequency of

Correspondence: Dr Jonathan Taitz, Level 3 Emergency Wing, Sydney Children’s Hospital, High Street, Randwick, NSW 2031, Australia.
Fax: +61 2 9927 7320; email: jtaitz@doh.health.nsw.gov.au
Accepted for publication 6 August 2003.

Long bone fractures and missed abuse

171

Table 1

Indicators that increase suspicion of abuse3,5–16

No.

Indicator

1
2
3
4

Incompatible or inconsistent history
All children under 1 year of age with a fracture
All patients with other injuries suspicious of abuse and a long bone fracture
High-risk fractures (non-supracondylar fracture of the humerus under 18 months, femur fractures in children under 1 year of age, old or
healing fractures)
Previous presentation to the ED with a long bone fracture
Unreasonable or unexplained delay in presentation
All unwitnessed injuries
All patients who presented to the ED with more than one injury during the study period
All patients with more than one fracture during the study period

5
6
7
8
9

ED, Emergency Department.

each indicator documented was noted and the effect on subsequent referral patterns analysed.
RESULTS
The data consisted of 103 cases of long bone fracture. During
the 1-year period there was a total of 102 patients under 3 years
of age who presented to the ED with long bone fractures. Two
patients were excluded due to osteogenesis imperfecta. The
final sample consisted of 100 patients with a total of 103
fractures, as three patients presented twice during the year with
separate fractures. None of the patients was diagnosed as
having multiple fractures at a single presentation.
The mean age of the patients was 21.6 months (range
13 days – 35 months). Fourteen percent of patients were
younger than 12 months, 35% were between 23 and 35 months,
and 51% were between 24 and 35 months. Fifty-three percent
were boys and 47% were girls.
Twelve children with fractures were admitted to hospital.
The remainder were discharged and followed up at an outpatient fracture clinic. Only one child was referred to the Child
Protection Unit for further evaluation. This was the only child
who underwent a skeletal survey.
Of the 103 fractures, 36 were of the radius/ulna, 27
were tibia/fibula, 20 were humeral, 17 were clavicular and
three were femoral (Fig. 1). Forty-seven percent of fractures
were distal shaft, 35% were midshaft fractures and 17.5% were
proximal shaft. Of the 20 humeral fractures, five (25%) were
non-supracondylar. There were no classic metaphyseal fractures and no epiphyseal separation injuries. Figure 1 lists the
fractures by site.
Table 2 reviews the presenting complaint for each fracture,
as recorded by the ED staff. This was difficult to interpret as
most ED physicians limited their documentation to a single
presenting complaint. Apart from clavicular fractures, no

mention was made of a lump or swelling on examination. All
humeral fractures and 75% of radius/ulna fractures resulted in
children presenting with pain or not using a limb, while in the
lower limb all femoral fractures, and over half of tibia/fibula
fractures, presented with inability to bear weight. In some
fractures (radius/ulna and tibia/fibula) up to 15% of children
had their presenting complaint listed as crying with no initial
suspicion of a fracture. The most common reported mechanism
of injury in all fractures was a fall (79.6%; Table 3). Of the 82
children who fell, 55 (53.4%) fell from a height and 27 (26.2%)
fell while running or playing. We were unable to categorize the
height of the fall or the surface the child fell onto as this
information was only included in seven children’s notes. Ten
injuries were unwitnessed and three of the unwitnessed injuries
occurred in children less than 12 months of age. The mechanism of injury in two patients was not stated.
We analysed the patient’s notes to see whether any of the
indicators suspicious for abuse (Table 1) were documented. It
is possible that there was an even greater number of children
with indicators suspicious for abuse as a lack of documentation
in the chart made it difficult to be certain that a particular
indicator was looked for and not found (e.g. whether the child
had an unclothed examination or only the symptomatic limb
was examined, whether a developmental history was taken but
not recorded) as opposed to not being looked for at all. Tables 4
and 5 illustrate our findings. A total of 31 children had
indicators suspicious for abuse, of whom 17 children had one
indicator, 11 children had two indicators and three children had
three indicators. Only one of these 31 children was referred for
further assessment to our Child Protection Unit. The child
referred was an 18-month-old girl with an unwitnessed right
midshaft fibular fracture and an unexplained delay in presentation. This child was subsequently diagnosed as having been
abused on the basis of an inconsistent history and an incompatible mechanism of injury.
DISCUSSION

Fig. 1

Bone fracture by site. (), Proximal; (

), shaft; (), distal.

In 1946 Caffey described six children with subdural haematomas and clinically unsuspected fractures of the long bones
with no history of injury.17 He suggested these injuries might
be inflicted. A number of studies since then have examined the
patterns and distribution of long bone fractures in large groups
of abused children.1,3,6,9,10,18 Most of these found that long bone
fractures, which have low specificity for abuse, are the most
common injury in abused children. Classic metaphyseal lesions
have a high specificity for abuse but may not occur as commonly as long bone fractures, except in cases of fatal abuse.2,18
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Presenting complaint, as recorded by ED physician

Bone

n

Clavicle
Humerus
Radius/ulna
Femur
Tibia/ﬁbula
Total

17
20
36
3
27
103

Lump/swelling
n
%
9
–
–
–
–
9

Pain

52.9
–
–
–
–

n

%

5
8
9
–
–
22

29.4
40
25
–
–

Not using limb
n
%
3
12
18
3
9
45

17.6
60
50
100
33

Not weight bearing
n
%
–
–
3
3
14
20

Crying

–
–
8.3
100
51.8

n

%

–
–
6
–
4
10

–
–
16.6
–
14.8

ED, Emergency Department.

Table 3
study

Mechanism of injury for the 103 fractures recorded in this

Mechanism of injury
Fall from a height
Fall while running or playing
Unwitnessed
Unknown
Other (twist, blunt trauma, MVA)
Total

n

%

55
27
10
2
9
103

53.4
26.2
9.7
1.9
8.7
100

Table 4 Analysis of indicators that increase suspicion of abuse in the
103 fractures recorded in this study
No. indicators

n

%

1
2
3
Total
Cases referred to CPU

17
11
3
31
1

16.5
10.6
2.9
30
0.9

CPU, Child Protection Unit.
MVA, motor vehicle accident.

Abusive long bone fractures are almost always limited to
children under 3 years of age.1–11 Eighty percent of abusive
fractures are found in children under 18 months, whereas only
2% of accidental fractures are found in this group.1 In the 14
children we identified with two or more abuse indicators
(Table 4), eight out of 14 (57%) were under 1 year of age and
11 of the 14 (78.5%) were under 18 months of age. Leventhal
et al. identified 215 children under 3 years of age with long
bone fractures, 24% of whom were abused.3 Of the children
under 1 year, 39% had been abused while only 8% of the over
2 years age group had evidence of abuse. Loder and Bookout
similarly identified 75 children with abusive long bone fractures, of which 80% occurred in children under 2 years of age.6
While 10% of the children presented with crying without
parental suspicion of a fracture, 80% of these children were
under 1 year of age. Other common presenting complaints
included pain (16.5%), not using a limb (40%) and not weight
bearing (19.4%). A recent study on long bone fractures in
children under 3 years found similar presentations, with pain
(36%) being the commonest symptom followed by not using a
limb (23%).12 The nature of the presenting complaint, particularly in children under one, emphasizes the need for a thorough
history and good physical examination with low threshold for
X-ray to evaluate for possible fracture. Failure to do so may
result in missed fractures and inappropriate treatment. There
were no patients who presented with other injuries suspicious
for abuse and a long bone fracture.
The commonest mechanism of injury in our study was a fall
(79%). Falls from a height were twice as common as falls while
running or playing (53% vs 26%). This frequency contrasts
with other studies where falls accounted for 47 to 60% of
fractures.3,8,12 Falls account for most accidental injuries in the
USA.16 A fall is also the most common event offered as an
explanation for significant inflicted bony injury.7,8,10,16 Helfer
et al. found that of 246 children younger than 5 years with falls
from sofas, beds or a distance less than 90 cm, only seven (3%)

suffered a fracture.19 Nimityongskul and Anderson20 and Lyons
and Oates21 state that a long bone fracture due to a fall from a
bed or a cot in children who are not cruising is an unusual
occurrence and that when offered as an explanation, an alternative should be sought. Falls from greater heights, from the arms
of caretakers and falls downstairs may cause long bone fractures.16 Falls in children who are walking can result in long
bone fractures.9,13–15 In our study, six children who were not
cruising were reported to have sustained their injuries by falling
from a cot or bed. No further explanation for their long bone
fracture was sought by the ED staff and we feel that there
should have been a forensic assessment in these cases.
Another case of concern was that of a 1-year-old boy who
presented on four occasions during the study period. His first
presentation was that of an unwitnessed fall at home and
fracture of the proximal humerus was noted on X-ray. This is
an unusual injury in this age group and is often associated with
abuse. He was discharged for follow up at the Fracture Clinic.
Two months later he returned, having ‘tripped on a blanket’.
An X-ray revealed a fractured radius. Again, he was discharged
to the Fracture Clinic for follow up. Two months later he
presented with a laceration of his left arm following a fall from
his bike and was discharged with no follow up. Four months
later he was brought in unconscious, having had an unwitnessed fall from a 4-m-high window. Fortunately, a computed
tomography scan of his head was normal. He was discharged
home with a Head Injury form. At no time was a full developmental and social history taken. Certainly no thought was given
to indicators that might suggest abuse and no further assessment was undertaken.
The most frequently fractured long bone in abused children
varies from study to study. In three studies it was the
humerus,11,22,23 in two studies the femur5,24 and in one study
the tibia.6 In all of the above studies the radius/ulna was the
least-frequently fractured bone. In our study of children presenting to the ED, the radius/ulna was the most commonly
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Frequency of indicators that increase suspicion of abuse

Indicator

n

Incompatible or inconsistent history
All children under 1 year of age with a fracture
All patients with other suspicious injuries of abuse and a long bone fracture
High-risk fracture
Non-supracondylar humerus fracture under 18 months
Femur fracture in children under 1 year
Previous presentation to ED with a long bone fracture
Unreasonable or unexplained delay in presentation
All unwitnessed injuries
All patients who presented to ED with more than one injury during the study period
All patients with more than one fracture during the study period
Total

6
14
–
5
–
3
3
10
4
3
48

ED, Emergency Department.

fractured bone (35.5%) and the femur was the least-frequently
fractured bone (2.9%). An unpublished series of a similar group
has also found the radius/ulna to be the most common long
bone fracture in children under 3 years.12
Several studies have compared fracture types in young
children in an effort to distinguish abusive from accidental
injuries.1,3,5,6,9,11 Worlock et al.,1 Leventhal et al.3 and Thomas
et al.9 all found that humeral fractures, other than supracondylar fractures, were likely to be due to abuse, particularly in
children under 1 year. They also concurred that supracondylar
fractures are typically the result of accidents. However, in a
study by Strait et al., supracondylar fractures in children under
18 months had a high rate of being caused by abuse.5 In our
study, 25% of humeral fractures were non-supracondylar and
80% of these fractures were in children under 1 year. There
were two supracondylar fractures in children under 18 months.
Of the four children in our study under 1 year with nonsupracondylar fractures of the humerus, three were unwitnessed
injuries and the fourth child was a 10-month-old boy reported
to have fallen off a bed. None of these children had further
assessments.
A femoral fracture in a non-walking child is highly associated with abuse. There have been four large studies concerning
femoral fractures in young children.13–15,25 Dalton et al. state
that all femoral fractures in children under 3 years should evoke
suspicion of abuse.13 However, Schwend et al. believe that
abuse is very unlikely in femoral fractures in ambulant children, unless there is other evidence of abuse.25 They found a
42% risk of abuse in non-walking children, but only a 2.6% risk
in walking children. Support for this argument is lent by
Leventhal et al.3 who found 60% of infant femoral fractures
were due to abuse, but no children over 2 years of age with
femoral fractures were classified as abused. The consensus
from all the above authors is that abuse is much more likely in
non-walking children. All our femoral fractures were in ambulant children older than 18 months of age and all were thought
to be accidental.
The classic metaphyseal lesion, which is a fracture through
the metaphysis close to the physis and is seen on X-ray as a
‘corner’ or ‘bucket-handle’ fracture,6 is virtually diagnostic
of child abuse.18,26 However, unless specifically looked for
these will be missed.18 There is debate as to how frequently
these fractures occur. Some authors believe that metaphyseal
lesions are very common in abuse.6,21,26,27 Kleinman et al.
found 89% of long bone fractures in 31 infant fatalities to be
classic metaphyseal.26 King et al.11 and Worlock et al.1 found
diaphyseal lesions to be more common than metaphyseal

lesions in abused children. In a study of 35 children, Worlock
found only 11% of abusive fractures to be metaphyseal. Possible reasons for the difference relate to the different study
populations. Kleinman’s observations were in younger children
who died from abuse. We found no classic metaphyseal lesions
and although there are reports that cartilaginous epiphyseal
plate injuries are common in abused infants,10,26 we found no
epiphyseal separation injuries.
On review of the medical records using the nine indicators
for suspicion of abuse (Table 1), we found a total of 31 children
who had one or more indicators that merited further analysis
before a diagnosis of accident could be assigned. This high
number is in agreement with a recent study from Wales where
in a study group of 97 children, they found 32% of children
with one risk factor for abuse, 11% of children with two risk
factors and 2% of children with three risk factors.12 In the
Welsh study 12.4% of children were referred for further
assessment whereas in our study the referral rate was only
0.9%. This poor referral rate, despite identifying risk indicators,
suggests that ED and orthopaedic staff are unaware of the
significance of these indicators.
When taking a history from a caregiver of a young child in
the ED, emphasis should be placed on demographic, developmental and other factors, as well as features of the fracture
itself, in order to distinguish accident from abuse.1,2,6,7,11 An
inconsistent mechanism of injury, an injury that is incompatible
with a child’s development, an unreasonable or unexplained
delay in presentation or a history of unwitnessed injury should
alert nursing and medical staff to the possibility of an abusive
injury. Of particular concern is any long bone fracture in a nonambulant child. These flags should not be ignored. Further
detailed history taking, review of developmental milestones
and discussion with senior ED staff and/or the Child Protection
Unit should be initiated when they are present.
Referral to a specialist team for further medical and psychosocial assessment plays a vital role in the multidisciplinary
approach in the management of potentially abused children.
Such a team was consulted only once during the entire study
period despite there being ready access to such a service. The
reasons for the poor referral rate remain unclear. Possible
explanations are an unfamiliarity with the indicators of potential abuse in young children, difficulty in being sure about
the mechanism of injury in a particular case or a concern on the
part of the doctor that obtaining more details about the injury
may lead to delay in seeing other patients in a busy ED.
There may also be a reluctance to jeopardize the rapport with
the family, the perception that one should be certain of the
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diagnosis of abuse before referring the patient, and anxiety
about potential legal consequences.28,29
This audit, like previous studies,29–31 also highlights that
documentation of childhood injuries in the ED is inadequate,
making any assessment for abuse difficult. Hospital notes that
include entries such as ‘Fracture radius and ulna – refer Fracture Clinic’ are unacceptable and do not do anyone justice,
particularly the patient. Even though many of the fractures may
seem trivial, it is important that the ED doctors screen for
children at risk for abuse by asking the correct questions, and
do not simply treat the fracture in isolation. It is well recognized that child abuse may present in the form of a single acute
long bone fracture,1,2,4,6,9,11 and emergency staff may miss
these children if they are not educated and directed to consider
other factors that will help make the diagnosis.
CONCLUSION
Doctors in the ED miss clues for abuse because they do not
look for them in the history and examination. They also
document their findings poorly. As a result, many children that
require further assessment for abuse do not get referred. Potentially, these children may go on to further abuse. The need for a
more formalized approach to young children with fractures in
the ED has been highlighted.
In order to address the problem we have instituted a series of
education sessions for Emergency staff, a new Injury Assessment form for young children that includes the nine indicators
noted above, and the development of specific referral guidelines. All children under 1 year who have a fracture will be
automatically reviewed by the Child Protection Team. A year
after the introduction of these new measures, we aim to re-audit
a similar group of ED presentations. We hope that better
education and awareness of the potential indicators of child
abuse will translate into better recognition and appropriate
referral.
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