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Abstract

Non-accidental injury (NAI), sometimes referred to as “the battered child syndrome” or simply, physical child abuse has been an
old social and medical problem that has plagued our societies for a very long time and still is a major cause of disability among
our children. The diagnosis of non-accidental injury is seldom easy to make and requires a careful consideration of socio-
behavioural factors and clinical findings (1). In reality, the possibility of child abuse is often overlooked in clinical practice (2).
Fractures are the second most common presentation of physical abuse after skin lesions, and more than a quarter of abused
children will eventually be seen by an orthopaedic surgeon (3-5). Thus, it is essential that the orthopaedic surgeon has a clear
understanding of the manifestations of physical abuse, to increase awareness, recognition and appropriate management.

There is no pathognomonic fracture pattern in abuse. Rather, the age of the child, the overall injury pattern, the stated
mechanism of injury and pertinent psychosocial factors must all be considered in each case (1). The differential diagnosis of NAI
includes other conditions that may cause fractures but, are not limited to accidental injury, birth trauma, osteogenesis
imperfecta, metabolic bone disease, congenital syphilis, leukemia and coagulation disorders. Management should be
multidisciplinary, with the key being recognition, as children suffering from NAI have a substantial risk of repeated physical
abuse and death. A case is presented focusing on the physical abuse with particular emphasis on fractures.

CASE REPORT

A seventeen-month old male child was brought to the
Accident and Emergency department by his twenty-year old
unemployed mother with a one-day history of discolouration
around the left eye with associated periorbital swelling. The
exact mechanism of injury was uncertain but mom assumed
that the child had fallen in her absence and hit his face on a
hard object resulting in bruising. This history was not
unusual for her, as the child had apparently fallen in the past.
There was no history of loss of consciousness, vomiting,
seizure like activity, anorexia, lethargy, ear, nose or throat
bleeding. She reported that though he remained active, he
was quite fussy. She also revealed that both parents and
occasionally the grandmother were the only adults that
looked after the child.

On examination, an unkempt, mildly undernourished, male
child was seen in no obvious distress however, he appeared
generally fussy and would cry intermittently for no apparent
reason.  His salivary pool was mildly decreased and several
crusted lesions were noted on his upper and lower limbs with
some evidence of infection to some of these lesions. There

was mild swelling of his left upper eyelid with surrounding
ecchymosis, the classical raccoon’s eye. The eyeball itself
was unremarkable and visual acuity appeared preserved.
There was no sclera discolouration and he had normal
dentition for his age. There were no lateralizing signs
detected, however in his musculoskeletal examination, he
was found to be guarding his right lower limb which was
swollen and tender around the ankle with decreased
function. Mild swelling and tenderness were also found at
the right proximal arm however, he was moving the limb
comfortably. A non-tender, bony hard swelling was palpable
over the middle one third of the left clavicle. He was
assessed as malnutrition with head injury secondary to a fall,
to rule out a base of skull fracture. A case of coagulopathy
and suspected child abuse were two other differential
diagnoses entertained.

The child received an intravenous access for hydration and
was investigated with a full blood count, bleeding indices
with blood film and white cell differential. Electrolytes,
urea, creatinine, proteins and liver function tests were also
done as initial investigations. He was radiographically
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investigated with a skeletal survey and a computerized
tomography scan of the brain was ordered. Blood
investigations showed a microcytic, hypochromic anaemia
with decreased albumin and an elevated urea. The skeletal
survey revealed:

            •           Minimally displaced fracture of the left mid
clavicle with exuberant callus formation

            •           Acute undisplaced spiral fracture through the
proximal shaft of the right humerus

            •           Old healed fracture of the anterior angle of
the fifth left rib

            •           Old healed fracture of the posterior angle of
the right ninth rib

            •           Possible healed fracture of the posterior angle
of the right eighth      rib

            •           Acute transverse fractures through the distal
metaphyses of the right tibia and fibula with periosteal
reaction of the tibia indicating subperiosteal haemorrhage
(See figures below).

The CT brain was an unremarkable study with no fractures
or acute intracranial pathology detected.

The child was admitted to the ward with a diagnosis of non-
accidental injury and malnutrition.  The patient was referred
to the orthopaedic surgical team for assessment and
management of his fractures.  There was no gross movement
at the proximal right humeral fracture on examination and a
decision was made to treat conservatively, out of a cast. His
right lower limb was placed in a below knee, Plaster of Paris
cast and he was commenced on oral analgesia. Both parents
were thoroughly interviewed after discussion of the findings.
Mother and father denied any knowledge of abuse and
confirmed that the grandmother is the only other adult who
cares for the child. The social worker and the Child
Development Agency were invited to investigate the case.
The child spent a total of eight weeks in hospital during
which his malnourished state and fractures were addressed
and was subsequently discharged to a children’s home with
supervised visitation of the parents. One year follow up
revealed a healthy, relatively playful child with no functional
deficits from his multiple fractures.

Figure 1

Figures 1-6. Plain radiographs showing multiple fractures in
different stages of healing (red arrows)

Figure 2

Figures 1-6. Plain radiographs showing multiple fractures in
different stages of healing (red arrows)
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Figure 3

Figures 1-6. Plain radiographs showing multiple fractures in
different stages of healing (red arrows)

Figure 4

Figures 1-6. Plain radiographs showing multiple fractures in
different stages of healing (red arrows)
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Figure 5

Figures 1-6. Plain radiographs showing multiple fractures in
different stages of healing (red arrows)

Figure 6

Figures 1-6. Plain radiographs showing multiple fractures in
different stages of healing (red arrows)

DISCUSSION

Non-accidental injury or child maltreatment as it is now
referred to, was uniformly defined by the Centre for Disease
Control and Prevention in 2008 as  “any act or series of acts
of commission or omission by a parent or other caregiver
that results in harm, potential for harm, or threat of harm to a
child” (6). The diagnosis of child maltreatment is not easy to

make and manifestations of physical abuse involve the entire
child, therefore a thorough history and a complete
examination are essential. The abuse of children is a
universal problem, affecting children from all social classes
races and religious groups. The surgeon who is suspicious of
abuse should not only notify the appropriate state agencies
as required by law but, because of the association between
parental stress and maltreatment, the proactive paediatric
Orthopaedic surgeon should also strongly consider referring
the parents or guardians to social services for counselling
(7). Demographic analysis has shown that those most at risk
for maltreatment include first-born children, unplanned
children, premature infants, stepchildren, and handicapped
children. In addition, children of single-parent homes, drug
abusing parents, parents who were themselves abused,
unemployed parents, and families of lower socioeconomic
status were shown to be at increased risk (8, 9). Many of
these risk factors mentioned can easily be identified in the
index case. Failure to recognize injuries due to child abuse
can be fatal (10). Children who have been physically abused
represent a small proportion of the total number of childhood
fractures. Most children who sustain fractures do so from
falls, motor vehicle accidents, or other non-abusive trauma
(11). However, although abuse is common, it may be
difficult to discern the true cause of an injury and it is
estimated that approximately 7% of children who have signs
suggestive of abuse actually have an underlying medical
condition that explains their injuries (12). Medical
conditions such as osteogenesis imperfecta, metabolic bone
disease, congenital syphilis, leukemia and coagulation
disorders are some of the more common conditions
mimicking fractures in physically abused children. Fractures
are second only to bruising in frequency with physical
abused children (13). Skeletal fractures are diagnosed in up
to a third of children who have been investigated for
physical abuse (14). Fractures from abuse are more common
in younger children, who are at greater risk because of the
diminished structural and mechanical properties of the
developing skeleton and because they are demanding,
defenseless, and non-verbal. In addition, long-bone fractures
in pre-ambulatory infants in the absence of metabolic bone
disease are more often inflicted than accidental (1). Coffey et
al in a retrospective case series of 4942 children
demonstrated that nearly one third of children younger than
18 months old admitted to the trauma service were victims
of child abuse. Furthermore, nearly 75% of patients younger
than 18 months with a lower extremity fracture were injured
because of child abuse (15). In another retrospective analysis
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of 467 children presenting or referred with a suspicion of
non-accidental fractures, Carty et al found that 91% were
less than 2 years old (16). The index case falls into the
category of children with the highest incidence of skeletal
trauma due to physical abuse.

Skeletal survey and bone scintigraphy are utilized in imaging
for identification of skeletal injuries in cases of suspected
child abuse. Utilization of both imaging modalities allows
increased identification and documentation of these injuries
(17). The British Society of Paediatric Radiology and the
American Academy of Paediatrics  (AAP) Guidelines state
that a skeletal survey should be mandatory in all cases of
suspected physical abuse in children less than 2 years. The
AAP recommends that both skeletal survey and bone scan
have little value as a screening examination in children over
5 years of age. The 2–5-year age group should be handled on
an individual case basis (18). However, in recent times, the
optimal investigation strategy to identify all fractures in
children with suspected abuse was deemed to include a
skeletal survey including oblique views of the chest, which
has a much higher sensitivity for identifying rib fractures
than a standard chest radiograph (19, 20). Skeletal survey is
useful in documenting and dating multiple episodes of
trauma (21). Bone Scintigraphy on the other hand, is deemed
more sensitive than skeletal surveys especially in detecting
any occult injuries, rib and long bone fractures. A bone scan
however requires radionuclide exposure, lacks specificity,
requires sedation, is not readily available, has limited
expertise, is more expensive and time consuming. It is also
difficult to detect epiphysio-metaphyseal injuries due to
normally increased activity in these areas in childhood (22).
Repeat radiographs of doubtful areas should be obtained
after one to two weeks, to identify callus (to assist with
approximate dating of injuries) and previously occult
injuries (23).

No fracture, on its own, can distinguish an abusive from a
non-abusive cause. During the assessment of individual
fractures, the site, fracture type, and developmental stage of
the child can help to determine the likelihood of abuse (24).
Multiple fractures in different stages of healing and unusual
fractures should alert the orthopaedic surgeon to non-
accidental injury (11). Worlock et al found a highly
significant association between multiple fractures in the
absence of metabolic bone disease, and abuse. In their study
seventy-four (74%) percent of abused children had two or
more fractures compared with sixteen (16%) percent of non-
abused children (25). Single fractures do occur in NAI,

however these are usually found in older children. Therefore,
it is not wise for the orthopaedic surgeon to assume that a
single fracture is as a result of non-abusive trauma. Almost
every fracture has been described in NAI, however the
commonest fractures patterns occur in the femur, humerus
and ribs. Each fracture identified in physically abused
children has been studied with respect to the degree of
specificity in NAI (26). O’Connor et al in their study on
dating fractures assessed the specificity of musculoskeletal
radiologic findings in child abuse as follows:

High specificity

–Metaphyseal corner lesions

–Posterior rib fractures

–Scapular fractures

–Spinous process fractures

–Sternal fractures

Moderate specificity

–Multiple fractures

–Fractures of different ages

–Physeal separations

–Vertebral body fractures

–Digital fractures

–Complex skull fractures

Low specificity

–Clavicle fractures

–Long bone shaft fractures (femur, tibia, humerus)

–Linear skull fractures

Some of the more important and common fracture patterns
observed in NAI are discussed. In the absence of a
confirmed traumatic cause, rib fractures have the highest
probability (71%) of being caused by abuse. Humeral
fractures have a one in two chance of being the result of
abuse, and for femoral or skull fractures, the estimated
probability is one in three (24).

Metaphyseal corner lesions have been thought for a very
long time to be the most valuable single sign of non-
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accidental injury (27). The most subtle indication of injury is
a transverse lucency within the sub-epiphyseal region of the
metaphysis. The fracture may be visible in only one
projection and its appearance is influenced by the severity of
the bony injury, the degree of displacement of the fragments
and the chronicity of the process (28).

In the absence of prematurity, birth injury, metabolic
disorders, bone dysplasias and major trauma such as road
traffic accidents, rib fractures can be considered almost
specific for abuse. Rib fractures are common in physical
abuse and can result from anteroposterior (AP) or lateral
compressive forces associated with squeezing, direct impact
from striking, or oscillation and compression during violent
shaking (1). Literature review on the location of rib fractures
does not confirm the widely held belief that posterior
fractures are discriminators for abuse. However, multiple rib
fractures in any location, in the absence of overt trauma, are
strongly associated with abusive injury (24).

Femoral fractures are quite common, occurring more
commonly in the younger age groups. It was once thought
that mid-shaft spiral fractures due to a twisting force were
characteristic of child abuse however, transverse fractures
are also very common among abused children. In fact, there
has been no real difference in patterns of diaphyseal
fractures of the femur between abuse and non-abuse (15,
29). Tornetta et al retrospectively reviewed 456 fractures in
two level I paediatric trauma centres and found that a
transverse fracture of the femur was in fact the commonest
pattern seen in abuse cases overall but was under-
represented in those referred for investigation. They
concluded that this suggests that practitioners are more likely
to view transverse fractures as accidental and have a lower
index of suspicion for abuse in these cases (30). Such bias
may lead to missed cases of abuse in children with
transverse fractures. Importantly, Schwend et al looked at
motor milestones and it was found that femoral fractures
from abuse were significantly more common in children who
were not walking (31).

Supracondylar fractures were more likely to be associated
with non-abusive injury. This was confirmed in a large cross
sectional study that looked specifically at displaced
supracondylar fractures in 388 children of all ages. Seventy
nine per cent of these fractures occurred after a fall, and only
0.5% were the result of abuse. The authors cautioned that a
supracondylar fracture should not be assumed to have non-
abusive causes without careful consideration. The most
common type of humeral fracture from abuse in children

under 15 months of age was a spiral/oblique fracture.

Physical abuse should be considered in the differential
diagnosis when an infant (under 18months) presents with a
fracture in the absence of an overt history of important
trauma or a known medical condition that predisposes to
bone fragility. The following indicators can be used to
inform decisions about the likelihood of child abuse:

- Multiple fractures are more common after physical abuse
than after non-abusive

traumatic injury

- A child with rib fractures has a 7 in 10 chance of having
been abused

- A child with a femoral fracture has a 1 in 3-4 chance of
having been abused

- Femoral fractures resulting from abuse are more commonly
seen in children who are not yet walking

- A child younger than three years with a humeral fracture
has a 1 in 2 chance of having been abused

- Mid-shaft fractures of the humerus are more common in
abuse than in non-abuse,

whereas supracondylar fractures are more likely to have non-
abusive causes

CONCLUSION

We know that children who have been physically abused
often sustain bony fractures and different fracture types have
variously been described as having a high probability for
abuse. However, no one fracture in isolation is specific for
physical abuse. Rib fractures, regardless of type, are highly
suggestive of abuse in the absence of an overt traumatic or
organic cause. Fractures from child abuse are significantly
more common in children under 18 months of age than in
older children. In this younger age group, any significant
injury to the lower extremity that lacks a plausible
mechanism merits a thorough investigation. The case
presented above was investigated because of a high index of
suspicion but in retrospect one would realize that there were
several indicators in his environment that increased his risk
of non-accidental injury. He was the result of an unplanned
pregnancy and the first born to a young unemployed mother.
In addition he presented with multiple fractures including
multiple rib fractures at different stages of healing.
Unexplained fractures are of particular concern as missing
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these potential cases of NAI can lead to serious morbidity
and mortality.
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