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Abstract

Evidence indicates that the physical abuse of children is a significant healthcare problem in various different communities. 
Therefore, eradicating this phenomenon can significantly enhance healthcare outcomes. To adequately diagnose the affected 
children, taking a full history and full examination of the child is essential to formulating a proper decision. In the present 
literature review, we have discussed the importance of radiological skeletal assessment in the early detection of child abuse. 
Conducting radiological skeletal surveys can play a significant role in detecting findings that can indicate the presence 
of physical abuse. X-ray, bone scan, and bedtime ultrasonography can be used to achieve this with variable sensitivities. 
However, X-ray remains the most sensitive, and the other two modalities should be used when performing X-ray is not 
appropriate. Two modalities can also be used at a time for better performance and enhanced outcomes. Imaging should 
be undertaken by at least one experienced radiologist for better interpretation of the findings. Finally, radiological skeletal 
surveys may be optimal for children of approximately two years of age, while in other children ≥ five years old, a case-by-
case determination of assessment should be carried out.
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Introduction

Abusive injuries from caregivers that impact young 
children and infants are usually termed non-accidental 
injuries (1). Estimates indicate that such events are the most 
common causes of mortality and morbidity among children 
(2, 3). Increased risk of non-accidental injuries is usually 
highest in younger age groups, and caregivers are the main 
perpetrators  of such injuries.

Evidence indicates that physical abuse of children 
represents a significant healthcare problem in a variety of 
communities (4). Therefore, eradicating this phenomenon 
can significantly enhance healthcare outcomes. To 
adequately diagnose affected children, taking a full 
history and full examination of the child is essential when 
formulating a proper decision (5). It has been demonstrated 
that radiological skeletal assessment is a critical tool for 
assessing and adequately diagnosing the physical abuse of 
children. Accordingly, the radiologist plays an important 
role in these situations as their expertise can differentiate 
between the physical abuse of a child and findings that are 
attributable to other etiologies. The radiologist can also 
suggest the mechanism of injury, which may be important 
for legal purposes. In the present literature review, we aim 
to discuss the importance of a radiological skeletal survey 
for the early detection of child abuse.

Review
Studies in the literature have demonstrated the
importance and value of radiological skeletal assessment 
surveys for the early detection of child abuse events. 
Evidence indicates that whenever child physical abuse 
has been suspected in children ≥2 years old, performing 
radiological skeletal surveys should be mandatory. It 
should also be performed for older children with verbal 
difficulties and developmental delays as these children 
usually have difficulties with reporting, and therefore, it 
can be hard to clinically assess them. A further important 
indicator for conducting radiological skeletal surveys 
could be when that child abuse is detected in children, 
their siblings should also be assessed for suspected 
abuse (6). Evidence indicates that utilizing radiological 
skeletal surveys is usually limited to children >2 years 
old, and it has been demonstrated that the modality is 
of limited value beyond the age of 5 years old. In a 
previous review, the authors reported that the findings of 
physical abuse and skeletal injuries were similar on the 
radiological skeletal surveys performed for 24-36 and 
12-24 month-old children (7). It has also been suggested 

that a low threshold for 3-year-old children should be 
utilized for a radiological skeletal survey. Therefore, 
determining the value of conducting radiological skeletal 
surveys for children that are >5 years of age should be 
considered on a case-by-case basis (8). The modality has 
been recommended as the first-line approach in cases 
where child abuse is suspected and in such cases, whole 
skeletal imaging should to adequately establish a proper 
diagnosis. 

The Society for Pediatric Radiology, together with the 
American College of Radiology, have previously 
collaborated to establish proper and consistent 
guidelines to adequately conduct a radiological skeletal 
assessment for children that are suspected of being 
exposed to child abuse (9). Compelling evidence of the 
presence of a skeletal injury and the adequate diagnosis 
of child abuse can be obtained from skeletal surveys, 
although it has been previously demonstrated that 
skeletal injuries are not usually life-threatening. 
Identification of the patterns of the skeletal injury can 
be obtained by conducting relevant skeletal surveys, and 
some of the potential findings may include posterior rib 
fractures, and corner or bucket-handle fractures, which 
refer to long bones-related classical metaphyseal lesions 
(10-12). These two findings have been reported to be 
significant indicators of the presence of underlying child 
abuse and significantly add to the diagnostic value when 
other clinical data are missing. Performing radiological 
skeletal surveys can identify the timing of the injury 
and can also examine and quantify the perpetrators of 
abuse, in addition to helping with the identification of 
whether caregivers were innocent or perpetrators of 
abusive behavior. It should also be noted that the 
findings of the radiological skeletal surveys can also be 
demanded for legal proceedings to providing a complete 
picture of the underlying cause (13). As a result, those 
performing radiological skeletal surveys should be 
careful to conduct the survey properly to adequately 
identify any underlying pathology and help establish an 
accurate diagnosis. This can be done by using rigorous 
protocols and imaging systems with high-detailed 
qualities, in addition to providing adequate consideration 
to the conning and centralizing of the imaging technique 
according to the targeted body parts and shading of 
other parts. Adequate attention should also be given to 
the position of the patient using restraining modalities 
(14-16). High-quality images of the targeted skeletal 
parts can be easily obtained using these approaches, in 
addition to minimizing the degree
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of radiation exposure to a reasonable level that does not 
affect the targeted findings (9). Every different anatomical 
region should be captured in a single image, although it 
has also been suggested that some anatomical regions 
may require more than one imaging projection for easy 
interpretation of the findings and a proper diagnosis. 
For instance, it has been previously demonstrated that 
to successfully detect suspected rib fractures, combining 
the left and right oblique views of the thorax is 
recommended as a valid imaging protocol (9). Evidence 
indicates that rib fractures are important parameters that 
can help identify a potential underlying trauma both 
to adults and adolescents. However, it is known that 
deformities can form before fractures occur in younger 
children who have been exposed to a traumatic event. 
Accordingly, the ability to detect rib fractures in children 
has been demonstrated to be very limited because of the 
plasticity of their ribcage. It has also been demonstrated 
that rib fractures can be accidentally identified as an 
occult trauma (17). Therefore, studies have indicated 
that detecting rib fractures at an early age is a significant 
indicator of the presence of trauma secondary to child 
abuse (18). Antero-posterior compression of the chest is 
also an important mechanism that can lead to rib fractures 
(19, 20). In a previous investigation by Barsness et al. 
(21), the authors evaluated the positive predictive value 
of detecting child abuse based on the radiological skeletal 
assessment of rib fractures. The authors indicated that 
the positive predictive value for diagnosing child abuse 
was 95%, which has been validated on 316 rib fractures 
among 62 children <3 years old. A further investigation 
also indicated that rib fractures usually require stronger 
forces to induce fractures in children than those that may 
induce fractures for older age groups (22). Although it 
has been demonstrated that evaluation of a potentially 
underlying medical condition (including metabolic 
diseases and skeletal disorders) might exhibit a wider 
imaging view of the skeleton and can be associated with 
better imaging modalities, and can also be theoretically 
more valuable than conducting skeletal surveys, 
however, it should be noted that the role of “babygram” 
in these situations is limited concerning the diagnosis of 
child abuse (8, 9).

A radiologist must be present at the time of interpretation 
of the radiological images to adequately report the 
findings and/or request additional imaging if the first 
skeletal survey was not satisfactory, or no findings 
could be interpreted despite the high index of suspicion. 
Furthermore, it has been demonstrated that some 

jurisdictions use the experience of two radiologists for 
better interpretation of the findings, which can help 
formulate evidence (23, 24). In this context, a previous 
investigation reported that repeated radiological skeletal 
surveys are recommended in cases where the first one 
did not show adequate findings, or when the interpreted 
findings were abnormal or inconsistent with those 
suspected based on the clinical information and history 
of the abused child. Such follow-up procedures were 
reported to increase the probability of the detection of 
occult fractures that were not detectable during the initial 
survey, can effectively estimate the age of the detected 
fracture, and can significantly quantify the indeterminate 
findings (8, 25). This was further demonstrated in 2013 
when a large prospective investigation indicated that 
21.5% of their included cases benefited from performing 
a follow-up or repeat radiological skeletal surveys.  
Subsequently, they were able to detect fractures that were 
not detectable in the initial presentation, and they were 
also able to facilitate the interpretation of indeterminate 
findings (26). Omitting images of the pelvis, skull, and 
spine may also be a sound approach during follow-
up assessment as a result of the demand to reduce the 
frequency of radiation exposure, in addition to the low 
probability of getting additional information from these 
approaches in such situations (27, 28).
For adequate complementation of the radiological 
skeletal surveys, radionuclide bone scans can be 
utilized. The modality has been reported to have a higher 
sensitivity than X-rays in detecting subtle shaft fractures 
of the long bones and rib fractures (Figure 1). 

However, evidence shows that X-ray has a higher 
sensitivity when examining and evaluating a classical 
metaphyseal lesion. Furthermore, it is well known that 
skull fractures are not always obtained by bone scan, 
and therefore, more than one X-ray image should be 
taken of the skull to adequately view the underlying 
fracture. Evaluation of the abnormal findings on a bone 
scan should be additionally undertaken using X-ray for 
potential detection of an underlying fracture that bone 
scan cannot reliably detect. In a previous review, the 
authors concluded that using a single modality of either 
X-ray or bone scan did not obtain better outcomes when 
compared to the combined use of both modalities (30). 
However, evidence also indicates that for the detection 
of occult trauma, the gold standard in these situations is 
to perform oblique radiological skeletal surveys on the 
affected ribs.
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Figure 1. A case of child abuse is indicated by the findings of X-ray (29).
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In a separate context, recent investigations show that 
bedside ultrasound can be used within the emergency 
department to evaluate and detect long bone and skull 
fractures (31, 32). However, it should be noted that the 
application of ultrasound in these situations is usually 
done as an adjacent approach to the routine imaging 
technique, in addition to being performed secondary to 
the initial physical assessment of the affected regions. 
Ultrasound waves are completely reflected by intact 
cortical bones, and therefore, breaking this pattern 
is a significant indicator of fractures in the affected 
area. In cases of children suffering from indeterminate 
physical abuse, ultrasound imaging can help with the 
identification of an unsuspected or occult periosteal 
hematoma, or a  bone injury (31). However, it should be 
noted that this approach should only be conducted under 
the supervision of an experienced physician to enhance 
the outcomes and better interpret the findings. Moreover, 
physicians should be aware that fracture injuries can 
sometimes be missed by ultrasound imaging techniques. 
For example, a previous investigation indicated that 

ultrasound imaging of an area of hematoma of the skull 
may not obtain the suspected findings in cases when the 
skull fracture is not located under the skull hematoma 
(32). Although evidence indicates that bedside ultrasound 
imaging may offer some validity in detecting skeletal 
traumas to a potentially similar value to that of bone 
scans and X-rays, it should not be relied on solely for the 
evaluation and diagnosis of physical abuse in children. It 
should also be noted that the interpreted findings should 
be saved in a medical record in the healthcare settings for 
additional quality review and legal purposes.

Conclusion
Conducting radiological skeletal surveys can play a 
significant role in detecting findings that can indicate the 
presence of physical abuse. X-ray, bone scan, and bedtime 
ultrasonography can be used to achieve this with variable 
sensitivities. However, X-ray remains the most sensitive, 
and the other two modalities should be used when 
performing X-ray is not appropriate. Two modalities 
can also be used at a time for better performance and 
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enhanced outcomes. Imaging should be undertaken by at 
least one experienced radiologist for better interpretation 
of the findings. Ultimately, radiological skeletal surveys 
may be optimal for children of approximately 2 years of 
age, while in children that are ≥5 years old, a case-by-
case determination of assessment should be carried out.
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