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ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. Physical child abuse is a well-known global health problem. Considerable efforts have been devoted to
identifying predictors of physical abuse.

METHODS.METHODS. This study included all 397 cases in the cohort of children aged 0-18 years referred to the Department of Forensic
Medicine, Aarhus University, Denmark, between 2000 and 2020 on suspicion of exposure to physical abuse. The number,
character and location of skin lesions were described. Bone fractures were recorded. A total of 59 cases involving weapons
and sharp force violence related to attack or fighting between young people were assessed as a separate group.

RESULTS.RESULTS. The annual number of cases referred increased. The male-to-female ratio in the cohort was 6:4. Bruising was the
most common skin manifestation in the blunt force violence (BFV) group; 72.2% of the individuals had skin lesions on the head
and neck, thus visible on a normally dressed child. Lesions on the hands and arms were present in 69.8% of the BFV cases and
may partially reflect defensive reactions. One or more bone fractures were recorded in 19.5% of the BFV group. Occult
fractures were observed in 40% of the children in the BFV group ≤ 2 years of age.

CONCLUSIONS.CONCLUSIONS. More than 70% of the children in the BFV group had lesions on the head and neck visible on a normally
dressed child. Skin lesions on hands and arms, which are visible on a lightly dressed child, were just as frequent. Persons with
close relation to children should be aware of this opportunity to spot non-accidental skin injuries.

FUNDING.FUNDING. none.

TRAIL REGISTRATION.TRAIL REGISTRATION. not relevant.

Reports on the prevalence of child abuse reflect multifactorial social and cultural differences between countries
[1, 2]. Difficulties in recognising child abuse have been suggested as a reason for underestimation of the number
of victims of physical child abuse and fatal cases [2-4]. Unfortunately, consequences of physical abuse are often
identified late in the process [5, 6]. Abusive injuries may appear as non-specific or discrete and thus be missed as
they do not raise suspicion of physical abuse [5-7]. Knowledge about non-incidental injuries is therefore
important for the first suspicion of physical child abuse to be raised among family, caregivers and
schoolteachers, etc. [8]. The initial suspicion is essential for further appropriate measures to be taken by
professionals. It was reported that physicians have failed to recognise signs of physical abuse preceding more
severe abusive trauma or even fatalities [5, 6, 9, 10]. In recent years, efforts among researchers and
paediatricians have focused on identifying characteristics of injuries of physically abused children to raise
awareness of such findings among health professionals and caregivers alike [11, 12]. Specific lesion patterns
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have been suggested as predictors in the evaluation of potential physical abuse of injured children [6, 12, 13]. In
past years, a number of screening tools for identifying children exposed to physical abuse have been developed,
and clinical application of such tools has shown potential to improve the recognition of physical abuse [12].
However, systematic reviews have concluded that: “… there is no gold standard for identifying child abuse” [13].
Furthermore, the need for further knowledge and improved awareness was emphasized [1, 6, 7, 9-11, 13].

In Denmark, questionnaire surveys of Danish school children revealed that about 5% reported a history of
physical abuse [14, 15]. Until now, no systematic investigation has been published on the lesion patterns in
Danish children referred for forensic examination as suspected victims of violence. The aim of the present study
was to characterise skin lesions and their localisation in the entire cohort of children referred for forensic
medical examination at the Department of Forensic Medicine, Aarhus University, Denmark, during a 21-year
period.

METHODSMETHODS

The study included all 0-18-year-old children who due to suspicion of physical abusive trauma were referred by
the police for forensic medical examination at the Department of Forensic Medicine, Aarhus University,
Denmark, between 2000 and 2020.

All records, reports and further documentation were reviewed and evaluated by the authors. For each case, the
following data were collected: age and gender, type of lesion, localisation and number of skin lesions. All skin
lesions were recorded irrespective of abusive or non-abusive character. Individual diagnoses of occult bone
fractures were recorded. A total of 59 cases involving attack with a sharp weapon in relation to assault and/or
fighting were grouped separately as sharp force violence (SFV). The remaining 338 cases were grouped as blunt
force violence (BFV).

Trial registraton: not relevant.

RESULTSRESULTS

The number of children examined annually increased during the observation period (Figure 1Figure 1). The BFV
category comprised 338 children; 143 females, 195 males with a mean age of 7.4 years; (Table 1Table 1 and Figure 2Figure 2).
Infants and toddlers dominated. The SFV category counted 59 children; 15 females, 44 males with a mean age of
16.0 years (Figure 3Figure 3).
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In the BFV group, skin lesions were most frequently recorded on the hands/arms (28.9%), feet/legs (24.9%) and
the head (20.8%). At the individual level, one or more lesions on the head, hands and arms were present in a
considerable number of individuals (72.2% and 69.8%, respectively), followed by truncus (59.5%) and feet/legs
(37.3%) (Table 1). The mean number of lesions per individual was 11.8 (range: 1-63). A total of 19.5% of the BFV
individuals had one or more fractures. Moreover, 82% of the fractures were found in children ≤ 2 years old,
meaning that 42.1% of the examined children ≤ the age of two years had occult fractures.

Bruises were the most prevalent type of lesion in the BFV group (Table 1).

Stab wounds dominated the SFV group and were seen in 50% of the group. Bruises were observed in 17%; skin
abrasions in 22%; scars in 2%. The mean number of lesions per individual was 6.9 (range: 1-32). The most
prevalent lesion locations were the truncus (66% of the group), hands and arms (64%). The prevalence of
individuals with one or more lesions in the head was 46%; neck 29%; feet and legs 36%; nates/genitals 11.8%.
Three individuals (5%) had bone fractures; two of these were restricted to nose fractures.

DISCUSSIONDISCUSSION

The present study includes the cohort of children referred for forensic medical examination at our institute
during a 21-year period. The referral area of the Department covers approximately 40% of the Danish
population. The investigation of the entire cohort during such a long time period is unique and allows for
documentation of a wide array of diagnostic and causative factors related to the medical assessment of children
who are suspected victims of physical child abuse. This initial presentation of our study focuses mainly on skin
lesions.

Young children dominated the BFV category, which includes battered child cases. In the group of children aged
≤ 2 years (37.2% of the cohort), we found that in addition to skin lesions and other lesions, 42.2% of this group
had occult fractures. Eismann et al. [6] reported comparable findings: between 14% and 25% of children with
occult fractures among 378 infants presented with visible injuries to a paediatric emergency department.

The study shows that 72.2% of the children in the BFV group had skin lesions in the head, which could be
observed on a normally dressed child (face, ears and scalp) and were thus visible to any person who came into
close contact with the child (family, caregivers and schoolteachers, etc.). A high prevalence of lesions on the
head is in accordance with previous studies [6, 12]. Pierce et al. [12] compared abusive and non-abusive injuries
in young children and found that the strongest differentiator of bruising characteristics between abusive and
non-abusive lesions was bruised body region [12]. Non-abusive injuries were most commonly seen in regions
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overlying bony prominences. Ear, neck, fleshy part of the cheeks and angle of the jaw were regions more
frequently affected in abused children than in non-abused children [12]. In the present study hands, arms, feet
and legs were almost equally affected, which is of importance for caregivers, doctors and other professionals
who see the child partially or totally undressed. The fact that hands and arms were affected in 69.8% of the BFV
cases may, at least partially, reflect defensive reactions but may also include non-abusive trauma common in
skin regions overlaying bony prominences in these regions.

Abusive physical trauma may involve multiple impacts inflicted over a period of time, resulting in a picture of
both fresh and fading bruises and skin abrasions [6, 12], which were the predominant skin lesions in the BFV
category. Scars were observed in 17.6% of the BFV group and may reflect longer-lasting exposure to physical
abuse, contrary to the SFV group representing cases of more spontaneous single events.

The SVF group differed significantly from the rest of the cohort by the fact that physical trauma were related to
attack, assault or fighting with sharp weapons, primarily knifes. The pattern and character of injuries differed
from the remaining cohort and the circumstances of the cases as described in the reports appeared to be
spontaneous single events (data not shown).

To arrive at the suspicion of physical abuse, assessment of the overall lesion pattern and distribution of lesions is
important [3, 5-8, 11-13]. This is highlighted in recently suggested decision rules for improved recognition of
physical abuse [12]. A validated screening tool has shown promising potential for distinguishing between
abusive and non-abusive trauma in children [12]. Our finding of a high prevalence of skin lesions in the head and
neck area and the pattern of bruising on the truncus is in accordance with the lesion pattern observed in
physically abused children that may be identified by using the clinical decision rule screening tool on bruising
[12]. Our study underlines the importance of increased awareness when skin lesions, even discrete or fading
ones, are observed in non-prominent areas that are at low risk of accidental trauma, particularly in the head,
neck and truncus region.

The additional finding that more than 40% of the 0-2-year-old children and 19.5% of the total BFV group had one
or more occult bone fractures not recognised during the clinical examination underpins the importance that the
medical examiner identifies hidden inflicted lesions in young children. Our results thus emphasise the
importance of following the American Academy of Pediatrics (AAP) recommendation that a full body X-ray
examination should always be performed in children under the age of two years who are suspected for physical
child abuse [16]. Supplementary X-ray examination may also be a relevant consideration in selected cases of
older children. Recent decision models are available [8].

Our study is limited to the group of suspected physically abused children undergoing police investigation and
forensic medical examination. An estimated approx. 3-4% of the children undergoing evaluation in the Danish
“Børnehuse” (Child Protection Houses) are referred for forensic medical examination [15]. Our study thus covers
a minor part of the children who are suspected to be physically abused and represents a selection of cases that
have attracted special attention. For this reason, our results cannot be directly extrapolated to broader groups of
children. However, for both caregivers and health professionals, our results underline the importance of
noticing even subtle signs of recent or fading skin lesions, not least in the head and neck area, especially in
locations that are not obviously at risk of being exposed to accidental trauma (not overlaying bony
prominences).

During our study period, an increasing number of children were referred for forensic medical examination. Our
data do not allow for interpretation of the cause or causes explaining this. In recent decades, new Danish
legislation and regulations have been adopted to improve the rights of children who are at risk of maltreatment,
which may have had an impact on the number of cases initiated [17].
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CONCLUSIONSCONCLUSIONS

In this long-term full cohort of children being referred for forensic medical examination on suspicion of
physical child abuse, approx. 70% of the children in the BFV group had one or more lesions in the head region
and on hands and arms in locations that are often visible on a normally dressed child. Caregivers and
professionals should be aware of this. If lesions are observed in areas that are less likely to be exposed to non-
abusive trauma, careful attention should be given to the cause of the lesions. For medical professionals, our
study underlines the importance of following the guidelines for radiological examination of traumatised children
since more that 40% of the examined children aged ≤ 2 years had occult fractures. Among the entire BFV group,
almost 20% of the examined children had fractures.

If health professionals overlook the often obvious, but discrete, signs of inflicted violence, they may fail to
suspect child abuse, leaving the child without the help it needs and potentially putting the childʼs life at risk [3-5,
8-11].
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