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Abstract

For suspected physical abuse in infants and toddlers (<24 months), a radiographic skeletal survey and noncontrast head CT are usually 
appropriate first-line imaging, even if no injuries are apparent. These studies often reveal occult fractures or intracranial hemorrhages. 
For children >24 months without neurologic or visceral signs of injury, imaging is more targeted: radiographs of areas of concern are 
obtained, and skeletal surveys are used selectively, reflecting the lower yield of occult injuries in this older group. Neurologic symptoms 
or signs of head trauma warrant immediate neuroimaging; noncontrast head CT is the first-line acute study, with MRI reserved to 
further characterize brain injuries or subtle findings not seen on CT. For suspected visceral injury, contrast-enhanced abdominal CT is
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Disclaimer: The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for diagnosis and treatment of 
specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians in making decisions regarding radiologic imaging and treatment. 
Generally, the complexity and severity of a patient’s clinical condition should dictate the selection of appropriate imaging procedures or treatments. Only those examinations generally used for 
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specific radiologic examination or treatment must be made by the referring physician and radiologist in light of all the circumstances presented in an individual examination.

ª 2026 American College of Radiology. Published by Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar technologies. 

1546-1440/26/$36.00 n https://doi.org/10.1016/j.jacr.2026.02.017 1

Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
mailto:david.mirsky@cuanschutz.edu
mailto:david.mirsky@cuanschutz.edu
mailto:publications@acr.org
https://www.acr.org/Clinical%2DResources/Clinical%2DTools%2Dand%2DReference/Appropriateness%2DCriteria
https://www.acr.org/Clinical%2DResources/Clinical%2DTools%2Dand%2DReference/Appropriateness%2DCriteria
https://doi.org/10.1016/j.jacr.2026.02.017


usually appropriate to detect internal injuries. A skeletal survey remains fundamental for detecting occult fractures in young children, 
and if initial studies are negative, a repeat skeletal survey after about 2 weeks is usually appropriate to identify healing injuries.

The American College of Radiology Appropriateness Criteria are evidence-based guidelines for specific clinical conditions that are 
reviewed annually by a multidisciplinary expert panel. The guideline development and revision process support the systematic analysis 
of the medical literature from peer reviewed journals. Established methodology principles such as Grading of Recommendations 
Assessment, Development, and Evaluation or GRADE are adapted to evaluate the evidence. The RAND/UCLA Appropriateness 
Method User Manual provides the methodology to determine the appropriateness of imaging and treatment procedures for specific 
clinical scenarios. In those instances where peer reviewed literature is lacking or equivocal, experts may be the primary evidentiary 
source available to formulate a recommendation.

Key Words: Appropriateness Criteria, Appropriate Use Criteria, AUC, children, CNS injury, infants, suspected physical abuse, 
toddlers, visceral injury
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Variant 1. Child. 24 months of age or younger. Concern for physical abuse based on clinical presentation or history. 
Neurological, skeletal, or visceral injuries not clinically apparent. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

Radiography skeletal survey Usually Appropriate ☢☢☢
CT head without IV contrast Usually Appropriate ☢☢☢
Radiography area of interest May Be Appropriate (Disagreement) Varies

CT chest without IV contrast May Be Appropriate ☢☢☢☢
US abdomen Usually Not Appropriate O

US abdomen with IV contrast Usually Not Appropriate O

US head Usually Not Appropriate O

MRI head without and with IV contrast Usually Not Appropriate O

MRI head without IV contrast Usually Not Appropriate O

MRV head without IV contrast Usually Not Appropriate O

Bone scan whole body Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
CT chest with IV contrast Usually Not Appropriate ☢☢☢☢
CT chest without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT head with IV contrast Usually Not Appropriate ☢☢☢
CT head without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without and with IV 

contrast
Usually Not Appropriate ☢☢☢☢☢

ACR Appropriateness Criteria � Suspected Physical Abuse-Child: Update 2025. Variants 1 to 8 and Tables 1 and 2.
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Variant 2. Child. Greater than 24 months of age. Concern for physical abuse based on clinical presentation or history. 
Neurological, skeletal, or visceral injuries not clinically apparent. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

Radiography area of interest Usually Appropriate Varies

Radiography skeletal survey May Be Appropriate (Disagreement) ☢☢☢
US abdomen Usually Not Appropriate O

US abdomen with IV contrast Usually Not Appropriate O

US head Usually Not Appropriate O

MRI head without and with IV contrast Usually Not Appropriate O

MRI head without IV contrast Usually Not Appropriate O

MRV head without IV contrast Usually Not Appropriate O

Bone scan whole body Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
CT chest with IV contrast Usually Not Appropriate ☢☢☢☢
CT chest without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT chest without IV contrast Usually Not Appropriate ☢☢☢☢
CT head with IV contrast Usually Not Appropriate ☢☢☢
CT head without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT head without IV contrast Usually Not Appropriate ☢☢☢
CT abdomen and pelvis without and with IV 

contrast
Usually Not Appropriate ☢☢☢☢☢
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Variant 3. Child. 24 months of age or younger. One or more physical examinations or clinical findings suspicious for CNS 
injury due to physical abuse: neurologic signs, symptoms, or other injuries (scalp bruises, hematoma, or skin injury to the 
head, neck, or spine). Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

Radiography skeletal survey Usually Appropriate ☢☢☢
CT head without IV contrast Usually Appropriate ☢☢☢
Radiography area of interest May Be Appropriate (Disagreement) Varies

MRI complete spine without IV contrast May Be Appropriate O

MRI head without IV contrast May Be Appropriate O

MRV head without IV contrast May Be Appropriate O

US head Usually Not Appropriate O

MRI cervical spine without and with IV contrast Usually Not Appropriate O

MRI cervical spine without IV contrast Usually Not Appropriate O

MRI complete spine without and with IV 
contrast

Usually Not Appropriate O

MRI head without and with IV contrast Usually Not Appropriate O

Bone scan whole body Usually Not Appropriate ☢☢☢☢
CT cervical spine with IV contrast Usually Not Appropriate ☢☢☢☢
CT cervical spine without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT cervical spine without IV contrast Usually Not Appropriate ☢☢☢☢
CT head with IV contrast Usually Not Appropriate ☢☢☢
CT head without and with IV contrast Usually Not Appropriate ☢☢☢☢
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Variant 4. Child. Greater than 24 months of age of age. One or more physical examinations or clinical findings suspicious 
for CNS injury due to physical abuse: neurologic signs or symptoms or other injuries (scalp bruises, hematoma, or skin injury 
to the head, neck, or spine). Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

Radiography area of interest Usually Appropriate Varies

CT head without IV contrast Usually Appropriate ☢☢☢
Radiography skeletal survey May Be Appropriate ☢☢☢
MRI complete spine without IV contrast May Be Appropriate O

MRI head without IV contrast May Be Appropriate O

MRV head without IV contrast May Be Appropriate O

US head Usually Not Appropriate O

MRI cervical spine without and with IV contrast Usually Not Appropriate O

MRI cervical spine without IV contrast Usually Not Appropriate O

MRI complete spine without and with IV contrast Usually Not Appropriate O

MRI head without and with IV contrast Usually Not Appropriate O

Bone scan whole body Usually Not Appropriate ☢☢☢☢
CT cervical spine with IV contrast Usually Not Appropriate ☢☢☢☢
CT cervical spine without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT cervical spine without IV contrast Usually Not Appropriate ☢☢☢☢
CT head with IV contrast Usually Not Appropriate ☢☢☢
CT head without and with IV contrast Usually Not Appropriate ☢☢☢☢

Variant 5. Child. 24 months of age or younger. One or more physical examinations or clinical findings suspicious for visceral 
injury due to physical abuse: abdominal pain or other injuries (bruising, hematoma, or skin injury to the chest wall or trunk). 
Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

Radiography skeletal survey Usually Appropriate ☢☢☢
CT abdomen and pelvis with IV contrast Usually Appropriate ☢☢☢☢
Radiography area of interest May Be Appropriate (Disagreement) Varies

CT chest with IV contrast May Be Appropriate ☢☢☢☢
CT chest without IV contrast May Be Appropriate ☢☢☢☢
US abdomen Usually Not Appropriate O

US abdomen with IV contrast Usually Not Appropriate O

Bone scan whole body Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
CT chest without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without and with IV contrast Usually Not Appropriate ☢☢☢☢☢
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Variant 6. Child. Greater than 24 months of age. One or more physical examinations or clinical findings suspicious for 
visceral injury due to physical abuse: abdominal pain or other injuries (bruising, hematoma, or skin injury to the chest wall or 
trunk). Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

Radiography area of interest Usually Appropriate Varies

CT abdomen and pelvis with IV contrast Usually Appropriate ☢☢☢☢
Radiography skeletal survey May Be Appropriate (Disagreement) ☢☢☢
CT chest with IV contrast May Be Appropriate ☢☢☢☢
CT chest without IV contrast May Be Appropriate ☢☢☢☢
US abdomen Usually Not Appropriate O

US abdomen with IV contrast Usually Not Appropriate O

Bone scan whole body Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
CT chest without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without and with IV contrast Usually Not Appropriate ☢☢☢☢☢

Variant 7. Child. 24 months of age or younger. Suspected physical abuse. Negative initial skeletal survey and CT head. 
Follow-up imaging within 10 to 14 days.

Procedure Appropriateness Category Relative Radiation Level

Radiography skeletal survey Usually Appropriate ☢☢☢
MRI head without IV contrast May Be Appropriate (Disagreement) O

Bone scan whole body May Be Appropriate ☢☢☢☢
CT chest without IV contrast May Be Appropriate ☢☢☢☢
US abdomen Usually Not Appropriate O

US abdomen with IV contrast Usually Not Appropriate O

US head Usually Not Appropriate O

MRI cervical spine without and with IV contrast Usually Not Appropriate O

MRI cervical spine without IV contrast Usually Not Appropriate O

MRI complete spine without and with IV contrast Usually Not Appropriate O

MRI complete spine without IV contrast Usually Not Appropriate O

MRI head without and with IV contrast Usually Not Appropriate O

MRV head without IV contrast Usually Not Appropriate O

CT abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
CT chest with IV contrast Usually Not Appropriate ☢☢☢☢
CT chest without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without and with IV contrast Usually Not Appropriate ☢☢☢☢☢
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Variant 8. Child. 24 months of age or younger. Asymptomatic, who shares a home with a child with suspected or known 
physical abuse. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

Radiography skeletal survey Usually Appropriate ☢☢☢
MRI head without IV contrast May Be Appropriate (Disagreement) O

CT head without IV contrast May Be Appropriate (Disagreement) ☢☢☢
US abdomen Usually Not Appropriate O

US abdomen with IV contrast Usually Not Appropriate O

US head Usually Not Appropriate O

MRI head without and with IV contrast Usually Not Appropriate O

MRV head without IV contrast Usually Not Appropriate O

Bone scan whole body Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without IV contrast Usually Not Appropriate ☢☢☢☢
CT chest with IV contrast Usually Not Appropriate ☢☢☢☢
CT chest without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT chest without IV contrast Usually Not Appropriate ☢☢☢☢
CT head with IV contrast Usually Not Appropriate ☢☢☢
CT head without and with IV contrast Usually Not Appropriate ☢☢☢☢
CT abdomen and pelvis without and with IV contrast Usually Not Appropriate ☢☢☢☢☢

Table 1. Appropriateness category names and definitions

Appropriateness 
Category Name

Appropriateness
Rating Appropriateness Category Definition

Usually Appropriate 7, 8, or 9 The imaging procedure or treatment is indicated in the specified clinical 
scenarios at a favorable risk-benefit ratio for patients.

May Be Appropriate 4, 5, or 6 The imaging procedure or treatment may be indicated in the specified clinical 
scenarios as an alternative to imaging procedures or treatments with a 
more favorable risk-benefit ratio, or the risk-benefit ratio for patients is 
equivocal.

May Be Appropriate 
(Disagreement)

5 The individual ratings are too dispersed from the panel median. The different 
label provides transparency regarding the panel’s recommendation. “May 
be appropriate” is the rating category and a rating of 5 is assigned.

Usually Not 
Appropriate

1, 2, or 3 The imaging procedure or treatment is unlikely to be indicated in the specified 
clinical scenarios, or the risk-benefit ratio for patients is likely to be 
unfavorable.

Journal of the American College of Radiology 7
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SUMMARY OF LITERATURE REVIEW 

Introduction/Background
Child maltreatment is a global health emergency. The World 
Health Organization characterizes child maltreatment as 
“physical and/or emotional ill-treatment, sexual abuse, neglect, 
negligence, and commercial or other exploitation, which re-
sults in actual or potential harm to the child’s health, survival, 
development, or dignity in the context of a relationship of 
responsibility, trust or power” [1]. According to the United 
States Children’s Bureau of the Health and Human 
Services’ Administration, in 2019, there were 3.5 million 
investigations of suspected child abuse and neglect in the 
United States and 656,000 victims of maltreatment. Of 
those, 61% were neglected, 10.3% were physically abused, 
7.2% were sexually abused, and more than 15.5% were 
victimized in a combination of subtypes [2]. Approximately 
28.7% of victims were <3 years of age, and 15.3% of 
victims <1 year of age. That year, child fatalities related to 
abuse or neglect were 1,770, equating to 4 to 5 child deaths 
each day. Of the children that died, more than two-thirds 
(70.6%) were <3 years of age and almost one-half (46.6%) 
were <1 year of age. However, the full extent of child abuse 
and neglect is unknown as the incidence is likely under-
reported [2]. Factors that place a child at higher risk of 
physical abuse include pre-existing neurological and psychi-
atric conditions, physical or development issues, and care-
giver features such as being young or single and having a 
history of substance abuse and/or depression. Additionally, a 
challenging living environment, such as poverty, contributes 
to the risk [1-3].

Physically abused children may present with neurolog-
ical injuries, hollow viscus and solid-organ injuries, super-
ficial and deep soft-tissue injuries, thermal injuries, and/or 
fractures. Imaging plays an important role in the detection 
and documentation of physical injury. Fractures are a 
common type of injury diagnosed radiographically in 
abused infants. Fractures highly suggestive of physical abuse 
include posterior rib fractures, classic metaphyseal lesions

(CMLs), fractures that are unsuspected or inconsistent with 
the provided history or unusual for the child’s age, multiple 
fractures involving more than one skeletal area, and frac-
tures of differing ages [4-6]. Head injury is also common in 
young abused children [7] and is among the leading causes 
of child maltreatment fatalities. On imaging, subdural 
hematomas (SDHs), skull fractures, and injured bridging 
veins are common. The type and extent of imaging 
performed in a child who is a suspected victim of abuse 
depends on the child’s age, signs, symptoms, and other 
social considerations, such as being the sibling of a 
physically abused infant [8,9]. Diagnosing child abuse 
requires differentiating anatomical and developmental 
variants from pathology [10], as well as considering possible 
underlying metabolic [6] and genetic conditions [11]. No 
single injury is diagnostic of child abuse. Instead, the 
combination, severity, and/or age of injuries along with 
inconsistencies or lack of credibility in the provided clinical 
history, provide indications of the diagnosis. Ultimately, a 
thorough clinical evaluation by a multidisciplinary team is 
required to make the determination of abuse.

Special Imaging Considerations
Identifying imaging abnormalities suggestive of child abuse 
can raise complex medical, social, and legal issues. Diag-
nosing these abnormalities is often critical in supporting or 
ruling out the diagnosis of abuse and impacts decisions 
made in nonmedical settings such as safety planning and 
legal investigations. Therefore, it is paramount that diag-
nostic imaging adheres to the highest quality standards for 
examination techniques, particularly concerning the spe-
cifics of anatomic coverage and the number of skeletal 
survey radiographic views required for diagnosing known or 
suspected physical child abuse, as defined by professional 
multisociety recommendations. See the “ACR-SPR Practice 
Parameter for the Performance and Interpretation of Skel-
etal Surveys in Children” [12], Society for Pediatric 
Radiology (SPR), American Society of Pediatric

Table 2. Relative radiation level designations

RRL
Adult Effective Dose 
Estimate Range (mSv)

Pediatric Effective Dose 
Estimate Range (mSv)

O 0 0
☢ <0.1 <0.03
☢☢ 0.1-1 0.03-0.3
☢☢☢ 1-10 0.3-3
☢☢☢☢ 10-30 3-10
☢☢☢☢☢ 30-100 10-30

Note: Relative radiation level (RRL) assignments for some of the examinations cannot be made, because the actual patient doses in these 
procedures vary as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is 
used). The RRLs for these examinations are designated as “varies.”
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Neuroradiology, and the Consensus Statement on Abusive 
Head Trauma (AHT) in Infants and Young Children 
[13] recommendations for further guidance.

The role of focused assessment with ultrasonography for 
trauma (FAST) (or extended-FAST or chest abdominal-
FAST in evaluating chest injury) is primarily one of 
triage; a positive FAST and signs of hemodynamic insta-
bility may lead to immediate surgical intervention rather 
than CT [14,15]. Ultrasound (US) may be able to diagnose 
certain thoracic and abdominal injuries, but it is an 
insufficient test to fully exclude injuries to these areas 
because it has a relatively lower specificity compared with 
CT [16].

A FAST examination is a US technique used in the 
emergency department setting to evaluate for free intraperi-
toneal fluid, pericardial fluid, pleural effusion, and pneu-
mothorax in patients who have suffered abdominal trauma, 
as a manner of differentiating patients who require further 
advanced imaging such as contrast-enhanced CT of the 
abdomen and pelvis [17,18]. FAST is an established practice 
in adult trauma care but is not established as a standard of 
care in children [19]. Studies to support the use of FAST 
examinations in infants and children suffering abdominal 
trauma as the result of physical child abuse have not been 
published.

In a study of 925 hemodynamically stable children 
suffering accidental abdominal trauma, 465 patients un-
derwent FAST examinations. Study results revealed that 
FAST did not improve clinical care by means of reduction 
of emergency department length of stay, missed injuries, or 
length of hospital stay, and therefore did not support the 
use of FAST in children suffering abdominal trauma. Of 
note, children included in this study were a mean age of 9.7 
years (SD 5.3 years), and were not suspected to have suf-
fered nonaccidental injury [20]. The value of FAST in 
children suffering nonaccidental abdominal trauma is not 
known and may be of future research interest.

Whole body MRI (WB-MRI) has been investigated in 
comparison with skeletal survey and bone scintigraphy for 
detection of fractures and soft tissue injuries in patients with 
suspected physical child abuse. The radiographic skeletal 
survey has been determined to be the optimal diagnostic 
imaging modality for diagnosing CMLs and rib fractures 
compared with WB-MRI.

In a study of 21 infants undergoing imaging investi-
gation for physical child abuse, a key determinant of the 
superiority of radiographs was the ability of the radiologist 
to detect the presence of healing fractures and to determine 
differences in the age of detected fractures [21]. In a study 
of 170 children up to 3 years of age comparing WB-MRI 
with radiographic skeletal survey and bone scintigraphy,

the radiographic skeletal survey was determined to have the 
greatest sensitivity (88.4%) and specificity (99.7%) as an 
independent imaging modality. In comparison, bone scin-
tigraphy had a sensitivity of 54.8% and a specificity of 
99.7%, whereas WB-MRI had a sensitivity of 54.8% and a 
specificity of 99.7%. The diagnostic sensitivity and speci-
ficity for the presence of fractures was increased to 95.9% 

and the sensitivity was maintained at 99.2% when the 
skeletal survey was combined with WB-MRI [22]. Both 
studies report that muscle and subcutaneous edema, as 
well as other soft tissue abnormalities, are more readily 
identified on WB-MRI. These findings may be present 
even in the absence of fractures [21,22].

Fast MRI is an abbreviated examination that uses rapid, 
motion-tolerant sequences, avoids the need for sedation, 
and does not involve ionizing radiation. It is known by 
various names, including shunt series MRI, quick MRI, 
QuickBrain MRI, rapid MRI, ultra-rapid MRI, ultra-fast 
MRI, one bang MRI, and vent check MRI. This tech-
nique has been used for decades in a variety of clinical 
settings. The most widely studied indication for fast MRI in 
pediatrics is in assessing shunted hydrocephalus. More 
recently, there has been interest in using fast MRI for 
trauma, particularly AHT.

In a prospective study of 223 children <6 years of age, 
all of whom underwent both CT head and fast MRI during 
emergency care for suspected trauma, fast MRI was found 
to have a sensitivity of 93% and a specificity of 96% for the 
diagnosis of traumatic brain injury, including skull fracture, 
intracranial hemorrhage, and parenchymal injury, when 
compared with CT head [23]. In a separate prospective 
study of patients with trauma <15 years of age with 
suspected traumatic brain injury, a total of 73 patients 
underwent both CT and QuickBrain MRI. QuickBrain 
MRI had a sensitivity of 95% for detecting clinically 
important traumatic brain injury [24]. Lastly, in a study 
investigating the implementation of a brain injury screening 
MRI for infants at risk of AHT, 98% of the 158 enrolled 
subjects successfully underwent the MRI brain injury 
screening examination [25]. The authors concluded that 
using an MRI brain injury screen instead of a head CT is 
feasible and could potentially decrease head CT usage by 
more than 90% in this patient population.

Of note, there is a significant variation in the number of 
sequences and image detail included in fast MRI protocols 
across different institutions. To that end, MRI protocols 
lacking a gradient echo sequence are less sensitive for the 
detection of blood products. In addition, a fast MRI does 
not replace the need for a standard brain MRI to ensure 
complete assessment and documentation of central nervous 
system (CNS) injuries.
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For purposes of this document, FAST examinations are 
only discussed in the Special Imaging Considerations 
section.

Initial Imaging Definition
Initial imaging is defined as imaging at the beginning of the 
care episode for the medical condition defined by the 
variant. More than one procedure can be considered usually 
appropriate in the initial imaging evaluation when:

n There are procedures that are equivalent alternatives (ie, 
only one procedure will be ordered to provide the clinical 
information to effectively manage the patient’s care)

OR

n There are complementary procedures (ie, more than one 
procedure is ordered as a set or simultaneously wherein 
each procedure provides unique clinical information to 
effectively manage the patient’s care).

DISCUSSION OF PROCEDURES BY VARIANT

Variant 1: Child. 24 months of age or 
younger. Concern for physical abuse based 
on clinical presentation or history. 
Neurological, skeletal, or visceral injuries not 
clinically apparent. Initial imaging
The imaging evaluation for physical abuse depends on the 
age of the child. In children <2 years of age without 
obvious injury, the suspicion for physical abuse may be 
raised based on discrepancies between the clinical presen-
tation and the caregiver’s reported history. When this 
circumstance is encountered in patients without obvious or 
suspected injuries concerning for physical child abuse such 
as bruising, limb deformity, oral injuries, and burns, among 
others, occult injuries may be diagnosed on radiologic 
examinations.

In the following discussion, an area of interest can refer 
to the following: skull, cervical, thoracic, lumbar lumbo-
sacral, complete spine or any combination of spinal levels, 
chest, ribs, shoulder, humerus, elbow, radius or ulna, wrist, 
hand, hip, femur, knee, tibia or fibula, ankle or foot.

Bone Scan Whole Body. There is no relevant literature 
to support the use of bone scintigraphy or PET imaging as 
the initial imaging modality when there is concern for 
physical abuse. Bone scintigraphy, typically performed with 
Tc-99m methylene diophosphate (MDP), has been used as 
an adjunct to the radiographic skeletal survey [26-28]. As 
reported by Conway et al [27], bone scintigraphy has a 
25% to 50% increased sensitivity for detection of rib 
fractures, bowing diaphyseal fractures, periosteal reaction, 
and even soft tissue injury.

In young children, normal physiologic activity at the 
growth plates of long bones and throughout the spine, 
pelvis, and small bones of the hands and feet is also detected 
on bone scans. This physiologic activity may obscure evi-
dence of metaphyseal fractures, which are characteristic 
fractures of physical child abuse. For this reason, the 
sensitivity of bone scintigraphy for detecting CMLs is 
limited compared with skeletal survey, with a reported 
sensitivity range of 31% to 67% [26,29].

Skull fractures are also difficult to detect with confi-
dence on bone scintigraphy examinations, as fractures that 
occur parallel to and in proximity to calvarial sutures, as 
well as those in the occipital bone (which has complex 
variations in suture development), may not be distin-
guishable from normal sutural physiologic tracer activity 
[30,31]. Bone scintigraphy, therefore, is considered a 
complementary examination, used in conjunction with 
radiographic skeletal surveys, to identify radiographically 
occult fractures, enabling a more complete analysis of 
fractures in abused children [32,33].

F-18 sodium fluoride (NaF) for PET imaging has a 
similar distribution in bone as MDP. Both tracers reveal 
physiologic changes in bone, as increased uptake of radio-
tracer that occurs due to fracture or other pathology. The 
concentration of F-18 NaF in the blood is greater than that 
of MDP, resulting in images with higher spatial resolution, 
which enables the depiction of subtle fractures that are 
common in physical child abuse. PET scan has been found 
to have greater sensitivity (85%) and nearly equivalent 
specificity (97%) for detection of all but posterior rib 
fractures in physical child abuse, compared with a baseline 
skeletal survey, which has a sensitivity of 72% for detection 
of any fractures and a specificity of 99% for the detection of 
posterior rib fractures [29].

CT Abdomen and Pelvis With IV Contrast. There is
no relevant literature to support the use of CT abdomen 
and pelvis with intravenous (IV) contrast as an initial 
diagnostic examination in the setting of suspected abusive 
trauma when visceral injuries are not clinically apparent. 
Abdominal injury is seen in only 2% to 11.4% of cases of 
physical child abuse in infants. However, it is the second 
leading cause of death after head injury. Clinical and lab-
oratory findings, such as abdominal bruising, distention, 
pain or tenderness, hypoactive bowel sounds, and abnormal 
liver function tests (>2 times the upper limit of normal), 
may be used to inform the decision to perform an abdomen 
and pelvis CT [34,35]. Based on the results of a study of 
1,272 abused children between 0 and 5 years of age, 
there was a sensitivity of 77% and a specificity of 82% 

for identification of occult intraabdominal trauma. The 
authors recommended using liver transaminase levels >80
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IU/L as an indication for performing a contrast-enhanced 
abdomen and pelvis CT [36]. Although the study did not 
separately report the sensitivity and specificity for children 
up to 24 months of age, it found that abdominal injury 
was identified in infants 0 to 6 months of age (25.9%), 6 
to 12 months of age (13%), and 12 to 24 months of age 
(24.1%) [36]. When CT abdomen and pelvis is 
performed, IV contrast should be administered in order 
to detect and assess the severity of solid organ and 
vascular injury [37-39].

CT Abdomen and Pelvis Without and With IV
Contrast. There is no relevant literature to support the use 
of CT abdomen and pelvis with IV contrast as an initial 
diagnostic examination in the setting of suspected abusive 
trauma when visceral injuries are not clinically apparent. 
When CT abdomen and pelvis is performed, IV contrast 
should be administered to detect and assess the severity of 
solid organ and vascular injury [37-39]. CT without IV 
contrast may be helpful for diagnosing hollow viscus 
injury, but it does not reveal findings of solid visceral 
laceration, perfusion defects, or vascular injury, which are 
readily diagnosed on CT with IV contrast [39]. There is 
no existing literature to support the use of CT abdomen 
and pelvis, both with and without IV contrast, as an 
initial diagnostic examination in the setting of suspected 
abusive trauma.

CT Abdomen and Pelvis Without IV Contrast. CT
abdomen and pelvis without IV contrast may be helpful for 
diagnosing hollow viscus injury, but it does not reveal solid 
visceral laceration, perfusion defects, or vascular injury, 
which may be more readily diagnosed on CT with IV 
contrast [39]. There is no existing literature to support the 
use of CT abdomen and pelvis without IV contrast as an 
effective diagnostic examination in the setting of suspected 
abusive trauma.

CT Chest With IV Contrast. Identification of rib frac-
tures is of great importance because they are highly sug-
gestive of abuse. The presence of rib fractures increases the 
probability of abuse to 71% to 98% in infants and children 
up to 48 months of age (positive predictive value [PPV] of 
66% to 71%), when there is not a recognized accidental 
explanation for the injury [40,41]. In 2 small retrospective 
studies of 16 infants over a 4-year period [42] and 12 
infants over a 6-year period, chest CT was found to be 
more sensitive for the detection of early subacute, subacute, 
and old rib fractures than chest radiography, detecting an 
additional 18 and 52 additional rib fractures, respectively 
[42,43]. Additionally, in a retrospective autopsy study 
paired with postmortem chest radiographs and CT, 3 
times as many rib fractures were detected on chest CT

compared with chest radiographs (sensitivity 44.9% [95% 

confidence interval {CI} 31.7-58.9] versus 13.5% [95% 

CI, 8.1-21.5]; difference 31.4% [95% CI, 23.3-37.8; P < 
.001]) [44].

Low-dose chest CT without IV contrast has also been 
shown to have value in the diagnosis of scapular and verte-
bral fractures [42,45]. Although no specific medical literature 
in the investigation of other thoracic pathology secondary to 
abusive trauma, studies of contrast-enhanced chest CT after 
accidental blunt chest trauma have shown its usefulness in 
diagnosing pneumothorax, pneumomediastinum, esopha-
geal, and aortic injury [46]. Currently, there is no relevant 
literature to support the use of IV contrast with chest CT 
in a child suspected abusive trauma when visceral injuries 
are not clinically apparent.

CT Chest Without and With IV Contrast. Although
no specific medical literature exists in the investigation of other 
thoracic pathology secondary to abusive trauma, studies of 
contrast-enhanced chest CT after accidental blunt chest 
trauma have shown its usefulness in diagnosing pneumo-
thorax, pneumomediastinum, esophageal, and aortic injury 
[46]. Although low-dose chest CT without IV contrast has 
been shown to have value in the diagnosis of occult rib, 
scapular, and vertebral fractures after abusive trauma, there is 
no relevant literature to support the use of a chest CT without 
and with IV contrast [42,45].

CT Chest Without IV Contrast. Identification of rib
fractures is of great importance because they are highly 
suggestive of abuse. The presence of rib fractures increases 
the probability of abuse to 71% to 98% in infants and 
children up to 48 months of age (PPV of 66% to 71%) when 
there is not a recognized accidental explanation for the injury 
[40,41]. In 2 small retrospective studies of 16 infants over a 
4-year period [42] and 12 infants over a 6-year period, chest 
CT was found to be more sensitive for the detection of early 
subacute, subacute, and old rib fractures than chest radiog-
raphy, detecting an additional 18 and 52 additional rib 
fractures, respectively [42,43]. Additionally, in a retrospective 
autopsy study paired with postmortem chest radiographs and 
CT, 3 times as many rib fractures were detected on chest CT 
compared with chest radiographs (sensitivity 44.9% [95% 

CI, 31.7-58.9] versus 13.5% [95% CI, 8.1-21.5]; 
difference 31.4% [95% CI, 23.3-37.8; P < .001]) [44].

CT Head With IV Contrast. Multiple studies have
demonstrated high rates of occult head injury (19%-37%) in 
children <2 years of age with concern for physical abuse, even 
in the absence of neurological symptoms [47-51]. SDH is the 
most commonly seen intracranial abnormality (multiple, 
convexity, parafalcine, and posterior fossa) [13,52,53]. 
Mixed-attenuation SDHs occur more frequently in AHT.
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SDH with parafalcine extension was the most common 
intracranial lesion in children <24 months of age, observed in 
97 patients suffering AHT (92%), in a study of 105 infants by 
Bradford et al [52]. Estimating the age of an SDH on head CT 
in a child with abusive head injury is challenging and often 
unreliable. Attenuation values of subdural fluid cannot 
accurately determine the age of blood products in most 
cases. Therefore, it is recommended that radiologists do not 
date SDHs in their radiology report. Instead, using 
descriptive terminology to describe an SDH is more 
appropriate and recommended [52,54]. Additional 
craniocerebral injuries that may be seen include subarachnoid 
hemorrhage, epidural hemorrhage, bridging vein injury, 
parenchymal ischemic injury, parenchymal laceration, shear 
injury, and retinal hemorrhages [13,55-60].

CT acquisition is fast and generally does not require 
sedation for imaging of young children. As such, CT is 
typically considered the most useful imaging modality in 
AHT. CT head should be performed with multiplanar re-
constructions and 3-D reformations [57,61-64], as these 
reconstructions increase the sensitivity of CT for the 
detection of intracranial hemorrhage and fractures. For 
example, Orman et al [63] reported that head CT with 3-
D reconstructions increased the sensitivity and specificity 
for detection of linear skull fractures in children <2 years of 
age to 83.9% and 97.1%, respectively, compared with 2-D 

CT alone (78.2% and 92.8%, respectively; P < .05). The 
presence of skull fracture and/or intracranial injury such as 
SDH has been shown to be more common in infants 
suffering AHT (75%) compared with those suffering acci-
dental head trauma (29%), in a study including 205 infants 
under 24 months of age [65].

There is no relevant literature to support the need for 
IV contrast administration. If the noncontrast CT scan does 
not detect significant lesions that require rapid neurosur-
gical intervention, and the clinical presentation warrants 
further assessment, an MRI of the head is typically per-
formed [66].

CT Head Without and With IV Contrast. There is no
relevant literature to support the need for IV contrast 
administration. If the noncontrast CT scan does not detect 
significant lesions that require rapid neurosurgical inter-
vention, and the clinical presentation warrants further 
assessment, an MRI of the head is typically performed [66].

CT Head Without IV Contrast. Multiple studies have
demonstrated high rates of occult head injury (19%-37%) 
in children <2 years of age with concern for physical abuse, 
even in the absence of neurological symptoms [47-51]. 
SDH is the most commonly seen intracranial abnormality 
(multiple, convexity, parafalcine, and posterior fossa) 
[13,52,53]. Mixed-attenuation SDHs occur more

frequently in AHT. SDH with parafalcine extension was 
the most common intracranial lesion in children <24 
months of age, observed in 97 patients suffering AHT (92%) 
in a study of 105 infants by Bradford et al [52]. Estimating the 
age of an SDH on head CT in a child with abusive head injury 
is challenging and often unreliable. Attenuation values of 
subdural fluid cannot accurately determine the age of blood 
products in most cases. Therefore, it is recommended that 
radiologists do not date SDHs in their radiology report. 
Instead, using descriptive terminology to describe an SDH is 
more appropriate and recommended [52,54]. Additional 
craniocerebral injuries that may be seen include subarachnoid 
hemorrhage, epidural hemorrhage, bridging vein injury, 
parenchymal ischemic injury, parenchymal laceration, shear 
injury, and retinal hemorrhages [13,55-60].

CT acquisition is fast and generally does not require 
sedation for imaging of young children. As such, CT is 
typically considered the most useful imaging modality in 
AHT. CT head should be performed with multiplanar re-
constructions and 3-D reformations [57,61-64], as these 
reconstructions increase the sensitivity of CT for the 
detection of intracranial hemorrhage and fractures. For 
example, Orman et al [63] reported that CT with 3-D re-
constructions increased the sensitivity and specificity for 
detection of linear skull fractures in children <2 years of age 
to 83.9% and 97.1%, respectively, compared with 2-D CT 
alone (78.2% and 92.8%, respectively; P < .05). The 
presence of skull fracture and/or intracranial injury such as 
SDH has been shown to be more common in infants 
suffering AHT (75%) compared with those suffering acci-
dental head trauma (29%) in a study including 205 infants 
under 24 months of age [65].

MRI Head Without and With IV Contrast. Occult
head injury in children <2 years of age with concern for 
physical abuse is common. There have been several recent 
studies assessing the usefulness of MRI as an initial imaging 
modality in the workup of suspected abuse. Compared with 
CT, MRI has been shown to have similar detection rates of 
extraaxial collections (MRI versus CT: 95% versus 87%) 
and often higher detection rates of intraparenchymal injury 
(MRI versus CT: 43% versus 11%) [23,66,67]. 
Furthermore, the use of a black bone MRI sequence 
shows promising results as an alternative to CT for the 
detection of skull fractures in AHT, although it is still 
less accurate than CT in the detection of linear fractures 
and fractures of aerated bone [68,69]. MRI is useful in 
characterizing extraaxial hemorrhage, documenting 
cerebral contusions, lacerations, and other parenchymal 
brain injuries, as well as defining injured bridging veins 
[55,56,58,70-72]. Currently, MRI head with and without 
IV contrast is not used as an initial imaging modality for
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patients in whom abuse is suspected. MRI is typically 
reserved for further evaluation of children with abnormal 
initial CT examinations and in cases of high clinical 
suspicion with a normal CT head [59,73]. IV contrast 
material is not routinely administered, although it may 
increase the accuracy of assessing septations or loculations 
in extraaxial collections in some patients [7,74].

MRI Head Without IV Contrast. Occult head injury in
children <2 years of age with concern for physical abuse is 
common. There have been several recent studies assessing 
the usefulness of MRI as an initial imaging modality in the 
workup of suspected abuse. Compared with CT, MRI has 
been shown to have similar detection rates of extraaxial 
collections (MRI versus CT: 95% versus 87%) and often 
higher detection rates of intraparenchymal injury (MRI 
versus CT: 43% versus 11%) [23,66,67]. Furthermore, the 
use of a black bone MRI sequence shows promising results 
as an alternative to CT for the detection of skull fractures in 
AHT, although it is still less accurate than CT in the 
detection of linear fractures and fractures of aerated bone 
[68,69]. MRI is useful in characterizing extraaxial 
hemorrhage, documenting cerebral contusions, lacerations, 
and other parenchymal brain injuries, as well as defining 
injured bridging veins [55,56,58,70-72]. Currently, MRI 
head without IV contrast is not used as an initial imaging 
modality for patients in whom abuse is suspected. It is 
typically reserved for further evaluation of children with 
abnormal initial CT examinations and in cases of high 
clinical suspicion with a normal CT head [59,73].

MRV Head Without IV Contrast. Injury to the bridging
veins has been shown to be highly associated with AHT and is 
considered one of the primary sources of SDHs. It is 
commonly seen at the junction of the bridging vein and su-
perior sagittal sinus complex [13,55,75]. Choudhary et al [55] 
found that nearly 70% of children with AHT had some form 

of venous abnormality. Although much less common than 
injury to the bridging veins, cerebral sinovenous thrombosis 
can occur in the setting of AHT. Burtard et al [76] found 
that in a large population of children with AHT (n = 243), 
7% had intracranial venous thrombosis. Currently MRI 
head along with MR venography (MRV) of the head 
without IV contrast is not used as an initial modality for 
patients in whom abuse is suspected. It is typically reserved 
for further evaluation of children with abnormal initial CT 
examinations and in cases of high clinical suspicion with a 
normal CT head [59,73].

Radiography Area of Interest. The radiographic appear-
ance of a fracture may raise concern for abusive injury, 
including CMLs, posteromedial rib fractures, scapular frac-
tures, spinous process fractures, and sternal fractures, which

are highly specific for abusive trauma. The presence of 
multiple and bilateral fractures, fractures of varied states of 
healing, epiphyseal fractures, vertebral fractures or sub-
luxations, complex skull fractures, and fractures of the digits 
are moderately specific for physical child abuse in infants and 
toddlers [5,77-79]. CMLs are highly specific for abusive 
trauma in infants at high risk of abusive traumatic injury, 
with a prevalence of 50%, whereas a prevalence of 0% was 
noted in infants at low risk of abusive traumatic injury 
[80]. A review of rib fractures in young children, revealed a 
high prevalence (67%-82%) of rib fractures in abused 
infants in the first year of life, 29% prevalence in children 
12 to 23 months of age, and 28% prevalence of rib fractures 
in abused children between 24 to 35 months of age [81]. 
The presence of rib fractures has been shown to be 
associated with other skeletal injuries in 65% of infants [82]. 
In the absence of an appropriate history of direct impact, it 
is believed that very rarely diagnosed fractures of the scapula, 
spinous process, and sternum are highly suggestive of abusive 
traumatic injury, although prevalence is not available [83,84]. 

In addition to identifying a fracture in an area of sus-
picion in an infant, the presentation and history of the 
mechanism of injury are important considerations. It is 
important to consider whether the mechanism of trauma is 
appropriate for the age or developmental stage of the child 
and if it is consistently reported, whether the presentation 
for medical care is timely, and if other injuries are apparent. 
Inconsistencies in these points and/or diagnosis of moder-
ate- or high-risk fractures usually warrant further diagnostic 
workup with a complete radiographic skeletal survey [4].

Radiography Skeletal Survey. A radiographic skeletal
survey examination is the imaging procedure of choice for 
the detection of fractures in all children <2 years of age in 
whom there is a concern for physical child abuse, according 
to the SPR and the American Academy of Pediatrics (AAP) 
[4,5,37,85]. A skeletal survey is typically performed for all 
children <2 years of age with obvious abusive injuries, 
suspicious injuries, or injuries not consistent with the 
history provided [37].

The use of radiographic skeletal surveys for suspected 
physical child abuse varies among infants and young children 
up to 2 years of age, reported at 85% to 100% in infants and 
77% to 90% in 1-year-olds [86]. The yield of radiographic 
skeletal surveys in infants, as measured by the discovery of 
occult fractures, is 13% to 26%. Specific injuries are 
associated with the detection of occult fractures; head injury 
(23%-34%), skull fracture without intracranial hemorrhage 
(1%-6%), and all types of fracture (47%) [82,87]. Fractures 
commonly discovered in infants in whom physical child 
abuse is suspected and their prevalence is as follows: rib 
14%, skull 24%, long bones (shaft 19%, CML 8%, Salter
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Harris type II 2%), and clavicle 4%. Less common fractures 
discovered in infants include: hand or foot 2%, scapula 1%, 
spine 1%, and pelvis 0.2% [82]. After a skeletal survey, or as 
a supplement to the standard views of a skeletal survey, 
additional radiographic views of a particular area of interest 
to confirm or refute the presence of fracture may increase 
diagnostic confidence in findings of a normal skeletal survey 
[88]. Similarly, a follow-up skeletal survey in 10 to 14 days 
might be helpful to evaluate the progression of known injuries 
or identify any additional occult injuries.

US Abdomen. Abdominal US performed to detect visceral 
injury or hemoperitoneum after blunt abdominal trauma is 
not useful in hemodynamically stable children suffering 
trauma [89]. Grayscale US imaging is not sufficiently sensitive 
or specific for detecting solid organ injury in children. The 
sensitivity of grayscale US relative to contrast-enhanced CT 
for fluid detection ranges from 59% to 79% and for fluid and 
solid organ injury from 65% to 71% for 2 observers. The 
specificity for fluid detection is 79%. For fluid and solid organ 
injury, the specificity ranges from 71% to 79% for 2 observers 
[20].

For the purpose of this document, we are rating the 
diagnostic US abdomen procedure performed and read by a 
radiologist, not the FAST examination. For additional in-
formation regarding FAST examination, see the Special 
Imaging Considerations section.

US Abdomen With IV Contrast. Contrast-enhanced
US (CEUS) of the abdomen has become a reliable tool in 
the initial diagnosis and in follow-up imaging of visceral 
injuries in children who have suffered low- to moderate-
energy blunt abdominal trauma, such as can be seen in 
physical child abuse. The sensitivity and specificity of 
CEUS can reach up to 95%, although this was not spe-
cifically investigated in children suspected of physical child 
abuse [90]. A prospective study of 21 children and 
adolescents between 7 and 18 years of age with known 
diagnoses of abdominal solid organ injury, underwent 
conventional grayscale and power Doppler US and CEUS 
within 48 hours of their injuries. The sensitivity and 
specificity of CEUS was 85.7% and 98.6%, respectively, 
compared with 45.2% and 96.4% for conventional US 
[91].

There is no relevant literature to support the use of 
CEUS as initial modality in the setting of abusive trauma 
when visceral injuries are not clinically apparent. A role for 
CEUS may become established in the future for evaluating 
clinically occult abdominal visceral injury in children 
suffering physical child abuse in the future. The benefits of 
US and CEUS include greater accessibility for unstable 
patients in the emergency department or intensive care unit

and the potential for administering intravascular hemostatic 
agents when necessary [91,92].

CEUS may also play a role in follow-up of hemody-
namically stable children suffering low-energy abdominal 
trauma as is found in abusive injury [93].

US Head. In infants, head US is a neuroimaging option 
because of their open fontanel. Head US is commonly used in 
determining the presence and extent of germinal matrix hem-
orrhage, intraventricular hemorrhage, and ventriculomegaly in 
premature infants, but it has not been studied extensively for 
other indications—specifically abusive trauma. In a retrospec-
tive study of infants <2 years of age who had a US of the head 
performed for the evaluation of potential intracranial hemor-
rhage, the authors found the overall sensitivity and specificity 
for detection of hemorrhage to be 67% and 99%, respectively. 
They concluded that the sensitivity of head US was inadequate 
to justify its use as a screening tool for the detection of intra-
cranial hemorrhage in young infants [94]. More recently, a 
retrospective study analyzed head US in infants (<12 
months) after minor head trauma in its ability to detect skull 
fracture and/or intracranial hemorrhage. Although the authors 
found a higher sensitivity of 93% and specificity of 98%, the 
majority of patients did not have cross-sectional imaging to 
corroborate their results. They primarily relied on clinical 
outcomes as to whether the head US results were valid [95].

Variant 2: Child. Greater than 24 months of 
age. Concern for physical abuse based on 
clinical presentation or history. Neurological, 
skeletal, or visceral injuries not clinically 
apparent. Initial imaging
The imaging evaluation for physical abuse depends on the 
age of the child. Children >24 months of age are often able 
to verbalize the area(s) of injury or pain; discrepancies be-
tween their reported injury, clinical presentation, and 
caregiver reports of pertinent history may raise concerns for 
physical abuse. When a child can verbalize or otherwise 
indicate a site of injury, initial imaging should focus on the 
areas of clinical concern.

In the following discussion, the area of interest can refer 
to the following: skull, cervical, thoracic, lumbar lumbo-
sacral, complete spine or any combination of spinal levels, 
chest, ribs, shoulder, humerus, elbow, radius or ulna, wrist, 
hand, hip, femur, knee, tibia or fibula, ankle or foot.

Bone Scan Whole Body. Bone scan is an adjunctive 
examination for detecting bone injuries. Although some 
authors describe usefulness of bone scan for diagnosing 
additional bone and soft tissue injury, it is not the first 
imaging modality for this indication (see Variant 1 in the 
previous section). There is no relevant literature to support
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the use of bone scintigraphy as the initial imaging modality 
if concerned for physical abuse in a child >24 months of 
age.

CT Abdomen and Pelvis With IV Contrast. In older
children, unless developmentally delayed, in which the 
physical examination is often more reliable, there is no 
relevant literature to support the use of CT abdomen and 
pelvis with IV contrast in the initial evaluation of abdom-
inal trauma in a patient without clinically apparent visceral 
injury in a child >24 months of age.

CT Abdomen and Pelvis Without and With IV Con-
trast. In older children, unless developmentally delayed, 
in which the physical examination is often more reliable, 
there is no relevant literature to support the use of CT 
abdomen and pelvis without and with IV contrast in the 
initial evaluation of abdominal trauma in a patient 
without clinically apparent visceral injury in a child >24 
months of age.

CT Abdomen and Pelvis Without IV Contrast. In
older children, unless developmentally delayed, in which 
the physical examination is often more reliable, there is no 
relevant literature to support the use of CT abdomen and 
pelvis without IV contrast in the initial evaluation of 
abdominal trauma in a patient without clinically apparent 
visceral injury in a child >24 months of age.

CT Chest With IV Contrast. In older children, unless
developmentally delayed, in which the physical examination 
is often more reliable, there is no relevant literature to 
support the use of CT chest with IV contrast in the initial 
evaluation of rib fractures.

CT Chest Without and With IV Contrast. In older
children, unless developmentally delayed, in which the 
physical examination is often more reliable, there is no 
relevant literature to support the use of CT chest without 
and with IV contrast in the initial evaluation of rib fractures.

CT Chest Without IV Contrast. In older children,
unless developmentally delayed, in which the physical ex-
amination is often more reliable, there is no relevant liter-
ature to support the use of CT chest without IV contrast in 
the initial evaluation of rib fractures.

CT Head With IV Contrast. In older children, unless 
developmentally delayed, in which the neurological exam-
ination is often more reliable, there is no relevant literature 
to support the use of CT head with IV contrast in the initial 
evaluation of children with concern for abuse but no 
neurological symptoms or clinical concern for neurologic 
injury.

CT Head Without and With IV Contrast. In older
children, unless developmentally delayed, in which the 
neurological examination is often more reliable, there is no 
relevant literature to support the use of CT head without 
and with IV contrast in the initial evaluation of children 
with concern for abuse but no neurological symptoms or 
clinical concern for neurologic injury.

CT Head Without IV Contrast. In older children, un-
less developmentally delayed, in which the neurological 
examination is often more reliable, there is no relevant 
literature to support the use of CT head without IV 
contrast in the initial evaluation of children with concern 
for abuse but no neurological symptoms or clinical concern 
for neurologic injury.

MRI Head Without and With IV Contrast. In older
children, in which the neurological examination is often 
more reliable, there is no relevant literature to support the 
use of MRI head without and with IV contrast in the initial 
evaluation of children with concern for abuse but no 
neurological symptoms or clinical concern for neurologic 
injury.

MRI Head Without IV Contrast. In older children, in
which the neurological examination is often more reliable, 
there is no relevant literature to support the use of MRI 
head without IV contrast in the initial evaluation of chil-
dren with concern for abuse but no neurological symptoms 
or clinical concern for neurologic injury.

MRV Head Without IV Contrast. In older children, in
which the neurological examination is often more reliable, 
there is no relevant literature to support the use of MRV 
head without IV contrast in the initial evaluation of chil-
dren with concern for abuse but no neurological symptoms 
or clinical concern for neurologic injury.

Radiography Area of Interest. Children >24 months of
age are typically able to comply with a physical examination and 
can verbalize or otherwise indicate the site of injury or pain. 
Therefore, if a child can communicate, and when appropriate, a 
directed radiographic examination of a specific area(s) of interest 
can be performed rather than performing a complete skeletal 
survey [85]. Additionally, a strong inverse relationship between 
the presence of numerous and/or occult fractures versus isolated 
fractures due to abusive trauma is found related to the age of the 
child. Numerous investigators and epidemiological data report 
marked disparities in the incidence of positive skeletal surveys 
based age. For example, Belfer et al reported a 6% positive 
skeletal survey in children >24 months of age of age, 
compared with a 31% positive rate in younger children 
[40,41,96].
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Radiography Skeletal Survey. A radiographic skeletal
survey examination may not be more useful than a radio-
graphic examination of a specific area of interest in children 
>24 months of age. However, a skeletal survey may be 
helpful when a child is unable to communicate a specific 
site of injury, he or she has multiple unexplained fractures, 
or occult fractures are discovered, thereby increasing the 
concern for physical child abuse [85,97]. The type and 
number of fractures resulting from abusive trauma vary by 
age group, with children >24 months of age of age having 
fewer fractures overall and more often experiencing isolated 
fractures [40]. A review of data from 32 articles published 
between 1990 and 2016, which examined the usefulness of 
radiographic skeletal surveys in 64,983 children <60 months 
of age, concluded that standardization and uniform 

implementation of skeletal surveys is warranted. The review 
also found that occult fractures were detected in up to 44% 

of children ≥24 months with abusive head injury [86]. 
Another study of 96 children at a single institution reported 
that skeletal surveys were positive in 31% of children <24 
months of age, but positive in only 6% of children >24 
months of age of age [85]. A recent retrospective review of 
325 skeletal surveys in children >24 months of age found 
that occult fractures were diagnosed in only 6 examinations 
(1.8%) [98].

US Abdomen. There is no relevant literature to support 
the role of US abdomen as the initial imaging modality in 
suspected cases of physical abuse in children >24 months of 
age.

US Abdomen With IV Contrast. There is no relevant
literature to support the role of US abdomen with IV 
contrast as the initial imaging modality in suspected cases of 
physical abuse in children >24 months of age.

US Head. In a child >24 months of age, there is no role 
for head US as a neuroimaging modality because their 
fontanelles are closed.

Variant 3: Child. 24 months of age or 
younger. One or more physical examinations 
or clinical findings suspicious for CNS injury 
due to physical abuse: neurologic signs, 
symptoms, or other injuries (scalp bruises, 
hematoma, or skin injury to the head, neck, 
or spine). Initial imaging
CNS injuries may occur in children with AHT from various 
mechanisms. Imaging can be used to detect these injuries, 
to follow their evolution, and to evaluate the development 
of secondary complications. AHT is among the leading 
causes of child maltreatment fatalities and early identifica-
tion through imaging may be lifesaving.

In the following discussion, the area of interest can refer 
to the following: skull, cervical, thoracic, lumbar, lumbo-
sacral, complete spine, or any combination of spinal levels.

Bone Scan Whole Body. Bone scan is an adjunctive 
examination for detecting bone injuries. Although some 
authors describe usefulness of bone scan for the diagnosis of 
soft tissue injury, it is not the first imaging modality for this 
indication [26,28] (see Variant 1 previously discussed). 
There is no relevant literature to support the use of bone 
scintigraphy as the initial imaging modality with clinical 
suspicion for CNS injury.

CT Cervical Spine With IV Contrast. Victims of AHT
often suffer spinal injury, such as ligamentous injury, trauma 
to the paraspinal soft tissues, extraaxial hemorrhage, and/or 
spinal cord injury [82,99-102]. Spinal fractures are relatively 
uncommon in physical abuse [102-105]. When they do 
occur, they are typically in the form of compression 
fractures. Most cervical spine injuries in abused infants are 
ligamentous [99,100], for which CT cervical spine with IV 
contrast has little usefulness.

CT Cervical Spine Without and With IV Con-
trast. There is no relevant literature to support the use of 
CT cervical spine with and without IV contrast in the 
initial evaluation of children with a clinical suspicion for 
CNS injury.

CT Cervical Spine Without IV Contrast. Victims of
AHT often suffer spinal injury, such as ligamentous injury, 
trauma to the paraspinal soft tissues, extraaxial hemorrhage, 
and/or spinal cord injury [82,99-102]. Spinal fractures are 
relatively uncommon in physical abuse [102-105]. When they 
occur, they are typically in the form of compression fractures 
for which spine imaging may be helpful. Most cervical spine 
injuries in abused infants are ligamentous [99,100], for which 
CT cervical spine without IV contrast has little usefulness.

CT Head With IV Contrast. There is no relevant liter-
ature to support the need for IV contrast administration. If 
the noncontrast CT scan does not detect significant lesions 
that require rapid neurosurgical intervention, and the 
clinical presentation warrants further assessment, an MRI of 
the head is typically performed [66].

CT Head Without and With IV Contrast. There is no
relevant literature to support the need for IV contrast 
administration. If the noncontrast CT scan does not detect 
significant lesions that require rapid neurosurgical inter-
vention, and the clinical presentation warrants further 
assessment, an MRI of the head is typically performed [66].

CT Head Without IV Contrast. Neuroimaging is typi-
cally performed in children in whom AHT is suspected [37].
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The goal in the acute setting is the rapid detection of 
treatable conditions. SDH is the most commonly seen 
intracranial abnormality (multiple, convexity, parafalcine, 
and posterior fossa) [13,52,53]. Mixed-attenuation SDHs 
occur more frequently in AHT. SDH with parafalcine 
extension was the most common intracranial lesion seen in 
children <24 months of age, observed in 97 patients 
suffering AHT (92%), in a study of 105 infants by Bradford 
et al [52]. Estimating the age of an SDH on head CT in a 
child with abusive head injury is challenging and often 
unreliable. Attenuation values of subdural fluid cannot 
accurately determine the age of blood products in most 
cases. Therefore, it is recommended that radiologists do 
not date SDHs in their radiology report. Instead, using 
descriptive terminology to describe an SDH is more 
appropriate and recommended [52,54]. Additional 
craniocerebral injuries that may be seen include 
subarachnoid hemorrhage, epidural hemorrhage, bridging 
vein injury, parenchymal ischemic injury, parenchymal 
laceration, shear injury, and retinal hemorrhages [13,55-60]. 

CT acquisition is fast, and generally does not require 
sedation for imaging of young children. As such, CT is 
typically considered the most useful imaging modality in 
AHT. CT head should be performed with multiplanar re-
constructions and 3-D reformations [57,61-64], as these 
reconstructions increase the sensitivity of CT for the 
detection of intracranial hemorrhage and fractures. The 
presence of skull fracture and/or intracranial injury such 
as SDH has been shown to be more common in infants 
suffering AHT (75%) compared with those suffering 
accidental head trauma (29%), in a study including 205 
infants under 24 months of age [65].

There is no relevant literature to support the need for 
IV contrast administration. If the CT scan does not detect 
significant lesions that require rapid neurosurgical inter-
vention, and the clinical presentation warrants further 
assessment, an MRI of the head is typically performed.

MRI Cervical Spine Without and With IV Con-
trast. Victims of AHT often suffer spinal injury, such as 
ligamentous injury, trauma to the paraspinal soft tissues, 
extraaxial hemorrhage, and/or spinal cord injury [82,99-102]. 
Most cervical spine injuries detected by MRI are ligamentous 
[99-102]. Cervical spine injury, particularly at the 
craniocervical junction, is associated with bilateral hypoxic-
ischemic injury [100]. However, spinal cord injury detected 
on MRI is rare. There is no relevant literature to support the 
need for IV contrast administration.

MRI Cervical Spine Without IV Contrast. Victims of
AHT often suffer spinal injury, such as ligamentous injury,

trauma to the paraspinal soft tissues, extraaxial hemorrhage, 
and/or spinal cord injury [82,99-102]. Most cervical spine 
injuries detected by MRI are ligamentous [99-102]. 
Cervical spine injury, particularly at the craniocervical 
junction, is associated with bilateral hypoxic-ischemic 
injury [100]. However, spinal cord injury detected on 
MRI is rare. MRI of the spine without IV contrast is 
typically performed when the brain MRI is obtained and 
should be performed as part of the complete spine MRI. 
There is no added usefulness to performing the study 
with IV contrast. An MRI of the spine without IV 
contrast is typically performed when a brain MRI is 
obtained. Based on recent literature available, many 
pediatric and radiology guidelines recommend entire spine 
imaging in the context of AHT, particularly in cases with 
neurological symptoms or when the mechanism of injury 
suggests potential for spinal trauma [106]. These 
guidelines recognize that cervical spine imaging alone may 
be insufficient to rule out all potential injuries in these cases.

MRI Complete Spine Without and With IV Con-
trast. A frequent spinal finding in AHT is the presence of 
spinal SDH. MRI of the entire spine may show thor-
acolumbar SDH that would be missed by imaging the cervical 
spine only. In a recent retrospective study of 256 children <3 
years of age who underwent skeletal survey and head MRI for 
suspected child abuse, the authors found that 23% of exam-
inations showed injuries localized to the thoracolumbar spine. 
Specifically, 23 of 34 spinal SDHs were isolated to the thor-
acolumbar regions [107]. In a separate study assessing children 
<5 years of age evaluated for AHT (median age of 4 months), 
children with imaging of the entire spine were more likely to 
have an SDH as well as epidural hemorrhage compared with 
those with imaging of the cervical spine alone [102]. The 
authors found that spinal SDH was associated with a 
combination of retinal hemorrhages, noncontact head 
injuries, and a diagnosis of AHT. In a retrospective study, 
which investigated the presence of spinal SDH on spinal 
MRI in infants, spinal canal SDH was found in 62 of 67 
(93%) of those with AHT and in only 1 of 70 (<1%) 
infants suffering accidental head trauma [100]. Although 
spinal SDHs rarely result in cord compression or alter 
clinical management, they do impact the determination of 
whether injuries are a result of abuse. SDHs of the spine are 
highly specific for AHT [99,100,102]. As such, MRI of the 
complete spine without IV contrast is typically considered, 
particularly for cases where the distinction between abusive 
and accidental trauma is not clear. There is no added 
usefulness to perform the study with IV contrast. MRI of 
the spine without IV contrast is typically performed when 
obtaining the brain MRI.
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MRI Complete Spine Without IV Contrast. A
frequent spinal finding in AHT is the presence of spinal 
SDH. MRI of the entire spine may show thoracolumbar 
SDH that would be missed by imaging the cervical spine 
only. In a recent retrospective study of 256 children <3 
years of age who underwent skeletal survey and head MRI 
for suspected child abuse, the authors found 23% of ex-
aminations showed injuries localized to the thoracolumbar 
spine. Specifically, 23 of 34 spinal SDHs were isolated to 
the thoracolumbar regions [107]. In a separate study 
assessing children <5 years of age evaluated for AHT 
(median age of 4 months), children with imaging of the 
entire spine were more likely to have an SDH as well as 
epidural hemorrhage compared with those with imaging 
of the cervical spine alone [102]. The authors found that 
spinal SDH was associated with a combination of retinal 
hemorrhages, noncontact head injuries, and a diagnosis of 
AHT. In a retrospective study, which investigated the 
presence of spinal SDH on spinal MRI in infants, spinal 
canal SDH was found in 62 of 67 (93%) of those with 
AHT and in only 1 of 70 (<1%) infants suffering accidental 
head trauma [100]. Although spinal SDHs rarely result in 
cord compression or alter clinical management, they do 
impact the determination of whether injuries are a result of 
abuse. SDHs of the spine are highly specific for AHT 
[99,100,102]. As such, MRI of the complete spine without 
IV contrast is typically considered, particularly for cases where 
the distinction between abusive and accidental trauma is not 
clear. There is no added usefulness to perform the study with 
IV contrast. MRI of the spine without IV contrast is typically 
performed at the time of obtaining the brain MRI.

MRI Head Without and With IV Contrast. There have
been several recent studies assessing the usefulness of MRI in 
the context of trauma evaluation. Compared with CT, MRI 
has been shown to have similar detection rates of extraaxial 
collections (MRI versus CT: 95% versus 87%) and often 
higher detection rates of parenchymal injury (MRI versus CT: 
43% versus 11%) [23,66,67]. Furthermore, supplementing the 
MRI protocol with a black bone MRI sequence may provide 
high sensitivity and specificity for the detection of skull 
fractures in AHT in certain instances compared with routine 
or conventional MRI [68,69]. MRI is useful in 
characterizing extraaxial hemorrhage, documenting cerebral 
contusions, lacerations, and other parenchymal brain injuries, 
as well as defining injured bridging veins [55,56,58,70-72]. 

Presently, MRI head is not used as a screening exami-
nation in children in whom abuse is clinically suspected; it is 
typically reserved for further evaluation of all abnormal initial 
examinations and cases of high clinical suspicion with a 
normal CT head [59,73]. Additional diagnostic information 
will be found on MRI over CT in approximately 25% of

patients [59,73], and MRI head can also contribute to 
prognosis. In a child with an abnormal CT, additional 
assessment with MRI is useful to further assess the extent 
of posttraumatic injury. IV contrast material is not 
routinely administered, although it may increase the 
accuracy of assessing septations or loculations in extraaxial 
collections in some patients [7,74].

MRI Head Without IV Contrast. There have been
several recent studies assessing the usefulness of MRI in the 
context of trauma evaluation. Compared with CT, MRI has 
been shown to have similar detection rates of extraaxial 
collections (MRI versus CT: 95% versus 87%) and often 
higher detection rates of parenchymal injury (MRI versus CT: 
43% versus 11%) [23,66,67]. Furthermore, supplementing the 
MRI protocol with a black bone MRI sequence may provide 
high sensitivity and specificity for the detection of skull 
fractures in AHT in certain instances compared with routine 
or conventional MRI [68,69]. MRI is useful in characterizing 
extraaxial hemorrhage, documenting cerebral contusions, 
lacerations, and other parenchymal brain injuries, as well as 
defining injured bridging veins [55,56,58,70-72].

Presently, MRI head is not used as a screening exami-
nation in children in whom abuse is clinically suspected; it is 
typically reserved for further evaluation of all abnormal initial 
examinations and cases of high clinical suspicion with a 
normal CT head [59,73]. Additional diagnostic information 
will be found on MRI over CT in approximately 25% of 
patients [59,73], and MRI head can also contribute to 
prognosis. In a child with an abnormal CT, additional 
assessment with MRI is useful to further assess the extent 
of posttraumatic injury. IV contrast material is not 
routinely administered, although it may increase the 
accuracy of assessing septations or loculations in extraaxial 
collections in some patients [7,74].

MRV Head Without IV Contrast. Injury to the
bridging veins has been shown to be highly associated with 
AHT and is considered one of the primary sources of 
SDHs. It is commonly seen at the junction of the bridging 
vein and superior sagittal sinus complex [13,55,75]. 
Choudhary et al [55] found that nearly 70% of children 
with AHT had some form of venous abnormality. 
Although much less common than injury to the bridging 
veins, cerebral sinovenous thrombosis can occur in the 
setting of AHT. Burtard et al [76] found that in a large 
population of children with AHT (n = 243), 7% had 
intracranial venous thrombosis.

Presently, MRI with MRV head without IV contrast is 
not used as a screening examination in children in whom 

abuse is clinically suspected. It is typically reserved for 
further evaluation of all abnormal initial CT examinations
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and cases of high clinical suspicion with a normal CT head 
[59,73].

Radiography Area of Interest. For infants with skull
fractures not associated with intracranial hemorrhage, the 
radiographic skeletal survey reveals additional noncalvarial 
fractures in only 1% to 6% of cases, but the presence of 
additional fractures on radiographic skeletal surveys in-
creases to 23% to 34% in infants with more significant head 
injury. The use of skull radiographs are best used within a 
skeletal survey [82,86,108].

Radiography Skeletal Survey. A skeletal survey is typi-
cally performed for all children <2 years of age with 
obvious abusive injuries, suspicious injuries, or injuries not 
consistent with the history provided [37]. Cutaneous 
injuries, in particular bruises, are the most common type 
of physical abuse injury seen in infants and children of 
any age and are considered to be highly indicative for 
abusive injury in premobile infants [109]. The 
distribution of bruises differs with age, showing a 
distinctly different pattern in nonambulatory infants than 
in children who are able to walk [110].

The use of radiographic skeletal surveys for suspected 
physical child abuse varies in infants and young children up 
to 2 years of age, reported between 85% to 100% in infants 
and 77% to 90% in 1-year-olds [86]. The yield of 
radiographic skeletal surveys in infants, as measured by 
the discovery of occult fractures, is 13% to 26%. Specific 
injuries are associated with detection of occult fractures: 
head injury (23%-34%), skull fracture without 
intracranial hemorrhage (1%-6%), and all types of 
fracture (47%) [82,87]. Fractures commonly discovered in 
infants in whom physical child abuse is suspected and 
their prevalence is as follows: rib (14%), skull (24%), 
long bones (shaft 19%), CML (8%), Salter Harris type II 
(2%), and clavicle (4%). Less common fractures 
discovered in infants include hand or foot (2%), scapula 
(1%), spine (1%), and pelvis (0.2%) [82].

US Head. In infants, head US is a neuroimaging option 
because of their open fontanel. Head US is commonly used 
in determining the presence and extent of germinal matrix 
hemorrhage, intraventricular hemorrhage, and ven-
triculomegaly in premature infants, but it has not been 
studied extensively for other indications—specifically 
trauma. In a retrospective study of infants <2 years of age 
who had a US of the head performed for the evaluation of 
potential intracranial hemorrhage, the authors found the 
overall sensitivity and specificity for detection of hemor-
rhage to be 67% and 99%, respectively. They concluded 
that the sensitivity of head US was inadequate to justify its 
use as a screening tool for the detection of intracranial

hemorrhage in young infants [94]. More recently, a 
retrospective study analyzed head US in infants (<12 
months) after minor head trauma in the ability to detect 
skull fracture and/or intracranial hemorrhage. Although 
they had a higher sensitivity of 93% and specificity of 
98%, the majority of patients did not have cross-sectional 
imaging to corroborate their results. They primarily relied 
on clinical outcome as to whether the head US results were 
valid [95].

Variant 4: Child. Greater than 24 months of 
age of age. One or more physical 
examinations or clinical findings suspicious 
for CNS injury due to physical abuse: 
neurologic signs or symptoms or other 
injuries (scalp bruises, hematoma, or skin 
injury to the head, neck, or spine). Initial 
imaging
CNS injuries may occur in children with AHT from various 
mechanisms. Imaging can be used to detect these injuries, 
to follow their evolution, and to evaluate the development 
of secondary complications. AHT is among the leading 
causes of child maltreatment fatalities and early identifica-
tion through imaging may be lifesaving.

In the following discussion, the area of interest can refer 
to the following: skull, cervical, thoracic, lumbar, lumbo-
sacral, complete spine, or any combination of spinal levels.

Bone Scan Whole Body. Bone scan is an adjunctive 
examination for detecting bone injuries. Although some 
authors describe the usefulness of bone scans for diagnosing 
soft tissue injuries, it is not the first imaging modality for 
this indication [26,28] (see Variant 1 previously discussed). 
There is no relevant literature to support the use of bone 
scintigraphy as the initial imaging modality when there is 
concern for physical abuse.

CT Cervical Spine With IV Contrast. Victims of AHT
often suffer spinal injury, such as ligamentous injury, 
trauma to the paraspinal soft tissues, extraaxial hemorrhage, 
and/or spinal cord injury [82,99-102]. Spinal fractures are 
relatively uncommon in physical abuse [102-105]. When 
they do occur, they are typically in the form of 
compression fractures. Most cervical spine injuries in 
abused infants are ligamentous [99,100], for which CT 
cervical spine with IV contrast has little usefulness.

CT Cervical Spine Without and With IV Con-
trast. Victims of AHT often suffer spinal injury, such as 
ligamentous injury, trauma to the paraspinal soft tissues, 
extraaxial hemorrhage, and/or spinal cord injury [82,99-
102]. Spinal fractures are relatively uncommon in physical 
abuse [102-105]. When they do occur, they are typically
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in the form of compression fractures. Most cervical spine 
injuries in abused infants are ligamentous [99,100], for 
which CT cervical spine without and with IV contrast 
has little usefulness.

CT Cervical Spine Without IV Contrast. Victims of
AHT often suffer spinal injury, such as ligamentous injury, 
trauma to the paraspinal soft tissues, extraaxial hemorrhage, 
and/or spinal cord injury [82,99-102]. Spinal fractures are 
relatively uncommon in physical abuse [102-105]. When 
they occur, they are typically in the form of compression 
fractures, for which spine imaging may be helpful. Most 
cervical spine injuries in abused infants are ligamentous 
[99,100], for which CT cervical spine without IV contrast 
has little usefulness.

CT Head With IV Contrast. There is no relevant liter-
ature to support the need for IV contrast administration. If 
the CT head without IV contrast does not reveal significant 
lesions that require rapid neurosurgical intervention, and 
the clinical presentation warrants further assessment, an 
MRI of the head is typically performed.

CT Head Without and With IV Contrast. There is no
relevant literature to support the need for CT head both with 
and without IV contrast administration in this clinical sce-
nario. If the noncontrast CT head does not reveal significant 
lesions that require rapid neurosurgical intervention, and the 
clinical presentation warrants further assessment, an MRI of 
the head is typically performed.

CT Head Without IV Contrast. Neuroimaging is typi-
cally performed in children in whom AHT is suspected 
[37]. The goal of imaging in the acute setting is the rapid 
detection of treatable conditions. In children >24 months 
of age of age, the type of intracranial injury typically 
differs from those found in children up to 24 months of age, 
with cerebral contusions and edema more common than 
SDHs [13,52,53]. Estimating the age of an SDH on head 
CT in a child with abusive head injury is challenging and 
often unreliable. Attenuation values of subdural fluid cannot 
accurately determine the age of blood products in most cases. 
Therefore, it is recommended that radiologists do not date 
SDHs in their radiology report. Instead, using descriptive 
terminology to describe an SDH is more appropriate and 
recommended [52,54]. Additional craniocerebral injuries that 
may be seen include subarachnoid hemorrhage, epidural 
hemorrhage, bridging vein injury, parenchymal ischemic 
injury, parenchymal laceration, shear injury, and retinal 
hemorrhages [13,55-60].

CT acquisition is fast and generally does not require 
sedation for imaging of young children. As such, CT head 
without IV contrast is typically considered the most useful 
imaging modality in AHT. CT head should be performed

with multiplanar reconstructions and 3-D reformations 
[57,61-64], as these reconstructions increase the sensitivity 
of CT for the detection of intracranial hemorrhage and 
fractures. The presence of a skull fracture and/or 
intracranial injury has been shown to be not significantly 
different in those suffering AHT (55%) compared with 
those suffering accidental head trauma (45%) in a study 
including 47 children >24 months of age of age [65]. 

There is no relevant literature to support the need for IV 
contrast administration. If the CT head without IV contrast 
does not reveal significant lesions that require rapid neuro-
surgical intervention, and the clinical presentation warrants 
further assessment, an MRI of the head is typically performed.

MRI Cervical Spine Without and With IV Con-
trast. There is limited relevant literature comparing the 
pattern of injuries seen on MRI in abusive spinal trauma for 
children >24 months of age of age compared with those 
<24 months of age. MRI of the cervical spine is typically 
performed at the time of obtaining the brain MRI. There is 
no added usefulness to performing the study with IV 
contrast.

MRI Cervical Spine Without IV Contrast. There is
limited relevant literature comparing the pattern of injuries 
seen on MRI in abusive spinal trauma for children >24 
months of age of age compared with those <24 months of 
age.

Victims of AHT often suffer spinal injury, such as liga-
mentous injury, trauma to the paraspinal soft tissues, extra-
axial hemorrhage, and/or spinal cord injury [82,99-102]. 
Most cervical spine injuries detected by MRI are 
ligamentous [99-102]. Cervical spine injury, particularly at 
the craniocervical junction, is associated with bilateral 
hypoxic-ischemic injury [100]. However, spinal cord injury 
detected on MRI is rare. MRI of the cervical spine 
without IV contrast is typically performed at the time of 
obtaining the brain MRI and should be performed as part 
of the complete spine MRI. There is no added usefulness 
to performing the study with IV contrast. An MRI of the 
spine without IV contrast is typically performed when a 
brain MRI is obtained. Based on recent literature available, 
many pediatric and radiology guidelines recommend entire 
spine imaging in the context of AHT, particularly in cases 
with neurological symptoms or when the mechanism of 
injury suggests potential for spinal trauma [106]. These 
guidelines recognize that cervical spine imaging alone may 
be insufficient to rule out all potential injuries in these cases.
MRI Complete Spine Without and With IV Con-
trast. There is limited relevant literature comparing the 
pattern of injuries seen on MRI in abusive spinal trauma for 
children >24 months of age of age compared with those 
<24 months of age.
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A frequent spinal finding in AHT is the presence of 
spinal SDH. MRI of the entire spine may show thor-
acolumbar SDH that would be missed by imaging the 
cervical spine only. In a recent retrospective study of 256 
children <3 years of age who underwent skeletal survey and 
head MRI for suspected child abuse, the authors found that 
23% of examinations showed injuries localized to the 
thoracolumbar spine. Specifically, 23 of 34 spinal SDHs 
were isolated to the thoracolumbar regions [107]. In a 
separate study assessing children <5 years of age evaluated 
for AHT (median age of 4 months), children with 
imaging of the entire spine were more likely to have an 
SDH as well as epidural hemorrhage compared with those 
with imaging of the cervical spine alone [102]. The 
authors found that spinal SDH was associated with a 
combination of retinal hemorrhages, noncontact head 
injuries, and a diagnosis of AHT. In a retrospective study, 
which investigated the presence of spinal SDH on spinal 
MRI in infants, spinal canal SDH was found in 62 of 67 
(93%) of those with AHT and in only 1 of 70 (<1%) 
infants suffering accidental head trauma [100]. Although 
spinal SDHs rarely result in cord compression or alter 
clinical management, they do impact the determination of 
whether injuries are a result of abuse. SDHs of the spine 
are highly specific for AHT [99,100,102]. As such, MRI 
of the complete spine without IV contrast is typically 
considered, particularly for cases in which the distinction 
between abusive and accidental trauma is not clear. There 
is no added usefulness to perform the study with IV 
contrast. MRI of the spine without IV contrast is 
typically performed at the time of obtaining the brain MRI.

MRI Complete Spine Without IV Contrast. There is
limited relevant literature comparing the pattern of injuries 
seen on MRI in abusive spinal trauma for children >24 
months of age of age compared with those <24 months of 
age.

A frequent spinal finding in AHT is the presence of a 
spinal SDH. MRI of the entire spine may show thor-
acolumbar SDH that would be missed by imaging the 
cervical spine only. In a recent retrospective study of 256 
children <3 years of age who underwent skeletal survey and 
head MRI for suspected child abuse, the authors found that 
23% of examinations showed injuries localized to the 
thoracolumbar spine. Specifically, 23 of 34 spinal SDHs 
were isolated to the thoracolumbar regions [107]. In a 
separate study assessing children <5 years of age evaluated 
for AHT (median age of 4 months), children with 
imaging of the entire spine were more likely to have an 
SDH as well as epidural hemorrhage compared with those 
with imaging of the cervical spine alone [102]. The 
authors found that spinal subdural blood was associated

with a combination of retinal hemorrhages, noncontact 
head injuries, and a diagnosis of AHT. In a retrospective 
study, which investigated the presence of spinal subdural 
blood on spinal MRI in infants, spinal canal subdural 
blood was found in 62 of 67 (93%) of those with AHT 
and in only 1 of 70 (<1%) infants suffering accidental 
head trauma [100]. Although spinal SDHs rarely result in 
cord compression or alter clinical management, they do 
impact the determination of whether injuries are a result 
of abuse. SDHs of the spine are highly specific for AHT 
[99,100,102]. As such, MRI of the complete spine 
without IV contrast is typically considered, particularly 
for cases in which the distinction between abusive and 
accidental trauma is not clear. There is no added 
usefulness to performing the study with IV contrast. MRI 
of the spine without IV contrast is typically performed at 
the time of obtaining the brain MRI.

MRI Head Without and With IV Contrast. There is
limited relevant literature comparing the pattern of injuries 
seen on MRI in AHT for children >24 months of age 
compared with those <24 months of age.

There have been several recent studies assessing the 
usefulness of MRI in the context of trauma evaluation. 
Compared with CT, MRI has been shown to have similar 
detection rates of extraaxial collections (MRI versus CT: 
95% versus 87%) and often higher detection rates of 
parenchymal injury (MRI versus CT: 43% versus 11%) 
[23,66,67]. Furthermore, the use of a black bone MRI 
sequence may provide high sensitivity and specificity for 
the detection of skull fractures in AHT in certain 
instances compared with conventional MRI alone [68,69]. 
MRI is useful in characterizing extraaxial blood, 
documenting cerebral contusions, lacerations, and other 
parenchymal brain injuries, as well as defining injured 
bridging veins [55,56,58,70-72].

Presently, an MRI head is not used as an initial exam-
ination in children in whom abuse is clinically suspected; it 
is typically reserved for further evaluation of all abnormal 
initial examinations and cases of high clinical suspicion with 
a normal CT head [59,73]. Additional diagnostic 
information will be found on MRI over CT in 
approximately 25% of patients [59,73], and MRI can also 
contribute to the prognosis. In a child with an abnormal 
CT, additional assessment with MRI is useful to further 
assess the extent of traumatic injury. IV contrast material 
is not routinely administered, although it may increase 
the accuracy of assessing septations or loculations in 
extraaxial collections in some patients [7,74].

MRI Head Without IV Contrast. There is limited
relevant literature comparing the pattern of injuries seen on
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MRI in AHT for children >24 months of age compared 
with those <24 months of age.

There have been several recent studies assessing the 
usefulness of MRI in the context of trauma evaluation. 
Compared with CT, MRI has been shown to have similar 
detection rates of extraaxial collections (MRI versus CT: 
95% versus 87%) and often higher detection rates of intra-
parenchymal injury (MRI versus CT: 43% versus 11%) 
[23,66,67]. Furthermore, supplementing the MRI protocol 
with a black bone MRI sequence may provide high 
sensitivity and specificity for the detection of skull fractures 
in AHT in certain instances compared with routine and 
conventional MRI [68,69]. MRI is useful in characterizing 
extraaxial blood, documenting cerebral contusions, 
lacerations, and other parenchymal brain injuries, as well as 
defining injured bridging veins [55,56,58,70-72].

Presently, MRI head is not used as a screening exami-
nation in children in whom abuse is clinically suspected; it is 
typically reserved for further evaluation of abnormal initial 
CT examinations and cases of high clinical suspicion with a 
normal CT head [59,73]. Additional diagnostic information 
will be found on MRI over CT in approximately 25% of 
patients [59,73] and MRI can also contribute to the 
prognosis. In a child with an abnormal CT, additional 
assessment with MRI head without IV contrast is useful to 
further assess the extent of traumatic injury.

MRV Head Without IV Contrast. Presently, MRI head
and MRV head without IV contrast is not used as a 
screening examination in children in whom abuse is clini-
cally suspected; it is typically reserved for further evaluation 
of abnormal initial CT examinations and cases of high 
clinical suspicion with a normal CT head [59,73].

Radiography Area of Interest. Children >24 months of
age are typically able to comply with a physical examination 
and can verbalize or otherwise indicate the site of injury or 
pain. Therefore, if a child can communicate, and when 
appropriate, a directed radiographic examination of a specific 
area(s) of interest can be performed rather than performing a 
complete skeletal survey [85]. The use of skull radiographs 
are best used within a skeletal survey [82,86,108].

Radiography Skeletal Survey. Cutaneous injuries,
particularly bruises, are a common type of physical abusive 
injury [109]. The distribution of bruises varies with age, 
showing a distinctly different pattern in nonambulatory 
infants compared with children who are able to walk [110]. 
The yield of a complete radiographic skeletal survey is 
significantly diminished in children >24 months of age, 
unless they are not able to communicate effectively with 
examining medical personnel or have multiple unexplained 
or occult fractures [96,97].

US Head. In a child, >24 months of age, there is no role 
for head US as a neuroimaging modality because their 
fontanelles are closed.

Variant 5: Child. 24 months of age or 
younger. One or more physical examinations 
or clinical findings suspicious for visceral 
injury due to physical abuse: abdominal pain 
or other injuries (bruising, hematoma, or skin 
injury to the chest wall or trunk). Initial 
imaging
The most serious injuries generally guide the choice of the 
initial imaging examination selection when numerous sus-
picious injuries are found on physical examination. A 2020 
study of the United States National Trauma Databank 
reviewed 678,503 children admitted to the hospital with 
traumatic injury and determined that 19,149 (3%) children 
were victims of physical child abuse. The study also found 
that 13,529 (71%) of patients admitted to the hospital and 
63% of fatalities occurred in children <1 year of age [111]. 
Further, the investigators determined that victims of 
physical child abuse frequently presented with multiple 
injuries. Specifically, children with traumatic brain injury 
often had thoracic injuries (57%) and solid organ injuries 
(38%), whereas children with coexisting rib and extremity 
fractures also suffered solid organ injuries (36%) [111]. In 
this study and others, after neurological injuries, skin 
abnormalities including bruises, contusions, superficial 
wounds, and burns were found to be the most common 
injuries in infants suffering physical child abuse. These 
findings may warrant laboratory investigation to guide 
further radiological examination [39].

In the following discussion, the area of interest can refer 
to the following: chest, abdomen and pelvis.

Note that children 24 months or younger with sus-
pected physical abuse due to potential visceral injury may 
also have neurologic injuries. Based on their signs, symp-
toms, or clinical examination, refer to Variants 1 and 3 for 
guidance on neuroimaging.

Bone Scan Whole Body. There is no relevant literature 
to support the use of bone scan as the initial imaging mo-
dality in abused children with suspected visceral injury. In 
young children, nuclear medicine and molecular imaging 
studies can increase the sensitivity for the detection of 
fractures, periosteal reaction, and tissue injury associated 
with orthopedic findings, but not visceral findings [26-28].

CT Abdomen and Pelvis With IV Contrast. Abdominal
injury is seen in only 2% to 11.4% of cases of physical child 
abuse in infants but it is the second leading cause of death after 
head injury. Clinical and laboratory findings, such as
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abdominal bruising, distention, pain or tenderness, hypoactive 
bowel sounds, and abnormal liver function tests (>2 times the 
upper limit of normal), may be used to inform the decision to 
perform an abdomen and pelvis CT [34,35]. Based on the 
results of a study of 1,272 abused children between 0 and 5 
years of age, there was 77% sensitivity and 82% specificity 
for identification of occult intraabdominal trauma. The 
authors recommended using liver transaminase levels >80 
IU/L as an indication for performing a contrast-enhanced 
abdomen and pelvis CT [36]. Although the study did not 
separately report the sensitivity and specificity for children 
up to 24 months of age, it found that abdominal injury was 
identified in infants 0 to 6 months of age (25.9%), 6 to 12 
months of age (13%), and 12 to 24 months of age (24.1%) 
[36]. At this time, even though laboratory results may be 1 
factor by which clinical suspicion of intraabdominal trauma 
may be suspected, performance of CT abdomen and pelvis 
should not be denied solely based on normal laboratory 
results [32]. When CT abdomen and pelvis is performed, 
IV contrast should be administered in order to detect and 
assess the severity of solid organ and vascular injury [37-39].

CT Abdomen and Pelvis Without and With IV
Contrast. CT abdomen and pelvis with IV contrast can 
help detect visceral and vascular injury as stated previously. 
There is no relevant literature to support the use of CT 
abdomen and pelvis without and with IV contrast.

CT Abdomen and Pelvis Without IV Contrast. CT
abdomen and pelvis with IV contrast can help detect 
visceral and vascular injury as stated previously. There is no 
relevant literature to support the use of CT abdomen and 
pelvis without IV contrast.

CT Chest With IV Contrast. Identification of rib frac-
tures is of great importance because they are highly sug-
gestive of abuse. The presence of rib fractures increases the 
probability of abuse to 71% to 98% in infants and children 
up to 48 months of age (PPV of 66% to 71%) when there is 
not a recognized accidental explanation for the injury 
[40,41]. In 2 small retrospective studies of 16 infants over a 
4-year period [42], and 12 infants over a 6-year period [43], 
chest CT was found to be more sensitive for the detection 
of early subacute, subacute, and old rib fractures, than was 
chest radiography, detecting an additional 18 and 52 
additional rib fractures, respectively [42,43].

No specific medical literature exists in the investigation 
of thoracic pathology secondary to abusive trauma. Studies 
of contrast-enhanced chest CT after accidental blunt chest 
trauma have shown its usefulness in diagnosing mediastinal 
hematoma, pulmonary hemorrhage, pneumothorax, pneu-
momediastinum, esophageal, and aortic injury. In a study 
of 127 patients <15 years of age, chest CT findings differed

or added information over chest radiograph findings in 45 
patients (37%), but in 39 (87%) of these patients, the chest 
CT findings would not have changed management [46]. 
Advances in CT technology that enable very low-dose 
chest CT scan techniques described in recent literature, 
report that chest CT without IV contrast may be an 
important adjunctive imaging modality for identification of 
acute and healing rib fractures in children of all ages with 
suspected abusive trauma [42,112].

CT Chest Without and With IV Contrast. There is no
relevant literature to support the use of CT chest without 
and with IV contrast in this clinical scenario.

CT Chest Without IV Contrast. Identification of rib
fractures is of great importance because they are highly 
suggestive of abuse. The presence of rib fractures increases 
the probability of abuse to 71% to 98% in infants and 
children up to 48 months of age (PPV of 66% to 71%) when 
there is not a recognized accidental explanation for the injury 
[40,41]. In 2 small retrospective studies of 16 infants over a 
4-year period [42], and 12 infants over a 6-year period [43], 
chest CT was found to be more sensitive for the detection of 
early subacute, subacute, and old rib fractures, than was chest 
radiography, detecting an additional 18 and 52 additional rib 
fractures, respectively [42,43].

No specific medical literature exists in the investigation 
of thoracic pathology secondary to abusive trauma. Studies 
of contrast-enhanced chest CT after accidental blunt chest 
trauma have shown its usefulness in diagnosing mediastinal 
hematoma, pulmonary hemorrhage, pneumothorax, pneu-
momediastinum, esophageal, and aortic injury. In a study 
of 127 patients <15 years of age, chest CT findings differed 
or added information over chest radiograph findings in 45 
patients (37%), but in 39 (87%) of these patients, the chest 
CT findings would not have changed management [46].

Radiography Area of Interest. The presentation and
history of the mechanism of injury are important consid-
erations. Key elements include whether the mechanism of 
trauma is appropriate for the child’s age or developmental 
stage and whether it is consistently reported. Additionally, it 
is important to assess whether the presentation for medical 
care is timely and if other injuries are apparent. In-
consistencies in these points and/or the diagnosis of mod-
erate- or high-risk fractures, usually warrant further 
diagnostic workup with a complete radiographic skeletal 
survey [4].

Radiography of the chest, abdomen, or pelvis for 
investigation of visceral injury is insensitive and even if 
findings of pneumothorax, free air in the peritoneal cavity, 
or abnormal bowel gas pattern are discovered, the presence 
of these findings are not specific for the type injury.

Journal of the American College of Radiology 23
Mirsky et al n Suspected Physical Abuse-Child: Update 2025



Radiography Skeletal Survey. A radiographic skeletal
survey is typically performed for all children <2 years of age 
with obvious abusive injuries, suspicious injuries, or injuries 
not consistent with the history provided [37]. When the 
physical examination or clinical findings are suspicious for 
visceral trauma due to physical abuse, a skeletal survey 
may be warranted in an infant <24 months of age 
because they are unable to participate in the physical 
examination or localize the site of injury [85].

US Abdomen. Abdominal US performed to detect visceral 
injury or hemoperitoneum after a blunt abdominal trauma is 
not useful in hemodynamically stable children suffering 
trauma [89]. Grayscale US imaging is not sufficiently sensitive 
or specific for detecting solid organ injury in children. The 
sensitivity of grayscale US relative to contrast-enhanced CT 
for fluid detection ranges from 59% to 79% and for fluid and 
solid organ injury from 65% to 71% for 2 observers. The 
specificity for fluid detection is 79% and for fluid and solid 
organ injury is and specificity ranges from 71% to 79% for 2 
observers [20]. FAST US has not been shown to improve 
length of stay in the emergency department, or other 
potential benefits of earlier diagnosis and may result in delay 
in performing contrast enhanced abdomen and pelvis CT 
[20,113].

For the purpose of this document, we are rating the 
diagnostic US abdomen procedure performed and read by a 
radiologist, not the FAST examination. For additional in-
formation regarding FAST examination, see the Special 
Imaging Considerations section.

US Abdomen With IV Contrast. CEUS of the abdomen
has become a reliable tool in the initial diagnosis and in 
follow-up imaging of visceral injuries in children who have 
suffered low- to moderate-energy blunt abdominal trauma, 
such as can be seen in physical child abuse. The sensitivity 
and specificity of CEUS can reach up to 95%, although this 
was not specifically investigated in children suspected of 
physical child abuse [90]. A prospective study of 21 children 
and adolescents between 7 and 18 years of age with known 
diagnoses of abdominal solid organ injury, underwent 
conventional grayscale and power Doppler US and CEUS 
within 48 hours of their injuries. The sensitivity and 
specificity of CEUS was 85.7% and 98.6%, respectively, 
compared with 45.2% and 96.4% for conventional US, 
respectively [91].

A role for CEUS may become established for the eval-
uation of clinically occult abdominal visceral injury in 
children suffering physical child abuse in the future. The 
benefits of US and CEUS include greater accessibility for 
unstable patients in the emergency department or intensive

care unit and the potential for administering intravascular 
hemostatic agents when necessary [91,92,113].

Variant 6: Child. Greater than 24 months of 
age. One or more physical examinations or 
clinical findings suspicious for visceral injury 
due to physical abuse: abdominal pain or 
other injuries (bruising, hematoma, or skin 
injury to the chest wall or trunk). Initial 
imaging
The most serious injuries generally guide the choice of the 
initial imaging examination selection when numerous sus-
picious injuries are found on physical examination. Clinical 
skin abnormalities including bruises, contusions, superficial 
wounds, and burns—the most common nonorthopedic 
injuries in children suffering physical child abuse—warrant 
investigation [3].

A 2020 study of the United States National Trauma 
Databank reviewed 678,503 children admitted to the hospital 
with traumatic injuries and determined that 19,149 (3%) 
children were victims of physical child abuse. The study found 
that 5,620 (29%) of patients admitted to the hospital and 27% 

of fatalities occurred in children >1 year of age [111]. Further, 
investigators determined that victims of physical child abuse 
frequently presented with multiple injuries. Specifically, 
children with traumatic brain injury often had thoracic 
injuries (57%) and solid organ injuries (38%), whereas 
children with coexisting rib and extremity fractures also 
suffered solid organ injuries (36%) [111]. In this study and 
others, after neurological injuries, skin abnormalities such as 
bruises, contusions, superficial wounds, and burns were 
found to be the most common injuries in infants suffering 
physical child abuse and may warrant laboratory 
investigation to guide further radiological examination [39]. 

Data from a 2,000-child inpatient database confirm 

that infants and young children are the most vulnerable to 
abuse. However, the data also reveal that 18% of abused 
children in the study cohort were 3 to 12 years of age and 
14% were 13 to 20 years of age. Approximately one-third of 
these older children required hospitalization for their in-
juries. Comorbid conditions, most commonly neurological 
and psychiatric conditions, were present in every age group, 
but were most common in children 3 to 12 years of age 
(34.8%) and 13 to 20 years of age (60.8%) [3]. These data 
support the widely held view that child abuse is a complex 
problem with many contributing social, economic, and 
health-related factors, and that children of all ages are 
vulnerable [1-3,111].

In the following discussion, the area of interest can refer 
to the following: chest, abdomen and pelvis.
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Bone Scan Whole Body. There is no relevant literature 
to support the use of bone scan as the initial imaging mo-
dality in abused children with suspected visceral injury. In 
young children, nuclear medicine and molecular imaging 
studies can increase the sensitivity for the detection of 
fractures, periosteal reaction, and tissue injury associated 
with orthopedic findings, but not visceral findings [26-28].

CT Abdomen and Pelvis With IV Contrast. Abusive
abdominal injury is rare, seen in only 2% to 11.4% of cases 
of physical child abuse, but is important because it is the 
second leading cause of death in abused children, after head 
injury. Clinical and laboratory findings, such as abdominal 
bruising, distention, pain or tenderness, hypoactive bowel 
sounds, and abnormal liver function tests (>2 times the 
upper limit of normal), may be used to inform the decision 
to perform an abdomen and pelvis CT [34,35]. Based on 
the results of a study of 1,272 abused children between 
0 and 5 years of age, there was a sensitivity of 77% and a 
specificity of 82% for identification of occult 
intraabdominal trauma. The authors recommended using 
liver transaminase levels >80 IU/L as an indication for 
performing a contrast-enhanced abdomen and pelvis CT 
[36]. Although the study did not separately report the 
sensitivity and specificity for children up to 24 months of 
age, it found that abdominal injury was identified in 
infants 0 to 6 months of age (25.9%), 6 to 12 months of 
age (13%), and 12 to 24 months of age (24.1%) [36]. 
When CT abdomen and pelvis is performed, IV contrast 
should be administered in order to detect and assess the 
severity of solid organ and vascular injury [37-39].

CT Abdomen and Pelvis Without and With IV
Contrast. CT abdomen and pelvis with IV contrast can 
help detect visceral and vascular injury as stated previously. 
There is no relevant literature to support the use of CT 
abdomen and pelvis without and with IV contrast.

CT Abdomen and Pelvis Without IV Contrast. CT
abdomen and pelvis with IV contrast can help detect 
visceral and vascular injury as stated previously. There is no 
relevant literature to support the use of CT abdomen and 
pelvis without IV contrast.

CT Chest With IV Contrast. Identification of rib frac-
tures is of great importance because they are highly sug-
gestive of abuse. The presence of rib fractures increases the 
probability of abuse to 71% to 98% in infants and children 
up to 48 months of age (PPV of 66% to 71%) when there is 
not a recognized accidental explanation for the injury 
[40,41].

No specific medical literature exists in the investigation 
of thoracic pathology secondary to abusive trauma. Studies

of contrast-enhanced chest CT after accidental blunt chest 
trauma have shown its usefulness in diagnosing mediastinal 
hematoma, pulmonary hemorrhage, pneumothorax, pneu-
momediastinum, esophageal, and aortic injury. In a study 
of 127 patients <15 years of age, chest CT findings differed 
or added information over chest radiograph findings in 45 
patients (37%), but in 39 (87%) of these patients, the chest 
CT findings would not have changed management [46].

CT Chest Without and With IV Contrast. There is no
relevant literature to support the use of CT chest without 
and with IV contrast in this clinical scenario.

CT Chest Without IV Contrast. Identification of rib
fractures is of great importance because they are highly 
suggestive of abuse. The presence of rib fractures increases 
the probability of abuse to 71% to 98% in infants and 
children up to 48 months of age (PPV of 66% to 71%) 
when there is not a recognized accidental explanation for 
the injury [40,41].

No specific medical literature exists in the investigation 
of thoracic pathology secondary to abusive trauma. Studies 
of contrast-enhanced chest CT after accidental blunt chest 
trauma have shown its usefulness in diagnosing mediastinal 
hematoma, pulmonary hemorrhage, pneumothorax, pneu-
momediastinum, esophageal, and aortic injury. In a study 
of 127 patients <15 years of age, chest CT findings differed 
or added information over chest radiograph findings in 45 
patients (37%), but in 39 (87%) of these patients, the chest 
CT findings would not have changed management [46].

Radiography Area of Interest. Children >24 months of
age are typically able to comply with a physical examination 
and verbalize or otherwise indicate the site of injury or pain 
following trauma. It is reasonable for an examiner to 
determine a child’s ability to communicate and, when 
appropriate, direct a targeted radiographic examination of 
specific area(s) of interest rather than performing a complete 
skeletal survey [85].

Radiography of the chest, abdomen, or pelvis for 
investigation of visceral injury is insensitive and even if 
findings of pneumothorax, free air in the peritoneal cavity, 
or abnormal bowel gas pattern are discovered, the presence 
of these findings are not specific for the type injury.

Radiography Skeletal Survey. When the physical ex-
amination or clinical findings are suspicious for physical 
abuse, a skeletal survey may be warranted if the child is 
unable to participate in the physical examination or localize 
the site of injury [85].

US Abdomen. Abdominal US performed to detect visceral 
injury or hemoperitoneum after a blunt abdominal trauma is 
not useful in hemodynamically stable children suffering
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trauma [89]. Grayscale US imaging is not sufficiently sensitive 
or specific for detecting solid organ injury in children. The 
sensitivity of grayscale US relative to contrast-enhanced CT 
for fluid detection ranges from 59% to 79% and for fluid and 
solid organ injury from 65% to 71% for 2 observers. The 
specificity for fluid detection is 79%. For fluid and solid organ 
injury, the specificity ranges from 71% to 79% for 2 observers 
[20].

For the purpose of this document, we are rating the 
diagnostic US abdomen procedure performed and read by a 
radiologist, not the FAST examination. For additional in-
formation regarding FAST examination, see the Special 
Imaging Considerations section.

US Abdomen With IV Contrast. CEUS of the abdomen
has become a reliable tool in the initial diagnosis and in 
follow-up imaging of visceral injuries in children who have 
suffered low- to moderate-energy blunt abdominal trauma, 
such as in cases of physical child abuse. The sensitivity and 
specificity of CEUS can reach up to 95%, although this was 
not specifically investigated in children suspected of phys-
ical child abuse [90]. A prospective study of 21 children and 
adolescents between 7 and 18 years of age with known 
diagnoses of abdominal solid organ injury, underwent 
conventional grayscale and power Doppler US and CEUS 
within 48 hours of their injuries. The sensitivity and 
specificity of CEUS was 85.7% and 98.6%, respectively, 
compared with 45.2% and 96.4% for conventional US, 
respectively [91].

A role for CEUS may become established for evaluation 
of clinically occult abdominal visceral injury in children 
suffering physical child abuse in the future. The benefits of 
US and CEUS include greater accessibility for unstable 
patients in the emergency department or intensive care unit 
and the potential for administering intravascular hemostatic 
agents when necessary [91,92,113].

Variant 7: Child. 24 months of age or 
younger. Suspected physical abuse. Negative 
initial skeletal survey and CT head. Follow-up 
imaging within 10 to 14 days

Bone Scan Whole Body. Bone scintigraphy, when used 
as an adjunct to the radiographic skeletal survey, can in-
crease the sensitivity for detecting fractures, periosteal re-
action, and even soft tissue injury when an anatomic 
abnormality is present radiographically [26-28].

In young children, normal physiologic activity at the 
growth plates of long bones and throughout the spine, pelvis, 
and small bones of the hands and feet, is also detected on bone 
scans. This physiologic activity may obscure evidence of 
metaphyseal fractures, which are characteristic fractures of

physical child abuse. For this reason, the sensitivity of bone 
scintigraphy for detecting CMLs is limited compared with 
skeletal survey, with a reported range of 31% to 67% [26,29]. 

Skull fractures are also difficult to detect with confi-
dence on bone scintigraphy examinations, as fractures that 
occur parallel to and in proximity to calvarial sutures, as 
well as those in the occipital bone (which has complex 
variations in suture development), may not be distin-
guishable from normal sutural physiologic tracer activity 
[30,31]. Bone scintigraphy, therefore, is considered a 
complementary examination, used in conjunction with 
radiographic skeletal surveys, to identify radiographically 
occult fractures, enabling a more complete analysis of 
fractures in abused children [32,33].

Bone scintigraphy can be used to identify acute and 
healing fractures in children suffering from abuse. Although it 
is highly sensitive for identifying bone abnormalities, bone 
scintigraphy is not specific for the type of abnormality and 
often does not reveal CMLs, a fracture type that is often seen 
in abused infants. This is because normal tracer activity at the 
metaphysis may obscure abnormal tracer activity related to a 
CML [28]. When a bone scan is performed, correlative 
radiographs are required to investigate any abnormality [114].

CT Abdomen and Pelvis With IV Contrast. Injuries to
organs of the abdomen and pelvis resulting from abusive 
trauma may be occult. Hollow viscus or solid visceral injury 
are the most likely to require CT imaging. Although these 
injuries are more likely to present acutely, presentation may 
be delayed by up to 2 weeks after the initial insult. It has 
been shown that CT of the abdomen and pelvis, even in the 
acute phase after trauma, is positive in <20% of patients 
and alters patient management in only 2% of patients [34]. 
Presumably, in a delayed time frame, these percentages 
would diminish further.

CT Abdomen and Pelvis Without and With IV
Contrast. CT abdomen and pelvis with IV contrast can 
help detect visceral and vascular injury as stated previously. 
There is no relevant literature to support the use of CT 
abdomen and pelvis without and with IV contrast for 
follow-up imaging of the abdomen within 10 to 14 days 
after an initially negative workup.

CT Abdomen and Pelvis Without IV Contrast. CT
abdomen and pelvis with IV contrast can help detect 
visceral and vascular injury as stated previously. There is no 
relevant literature to support the use of CT abdomen and 
pelvis without IV contrast for follow-up imaging after an 
initially negative workup.

CT Chest With IV Contrast. Chest CT may be bene-
ficial as a follow-up examination if persistent physical
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examination findings suggest thoracic pathology, such as 
point tenderness over a rib, scapula, or sternum that raise 
concern for an occult fracture. There is no relevant litera-
ture to support follow-up chest CT to diagnose abusive 
fractures of the scapula or sternum. Chest CT has been 
shown to be more sensitive in detecting early subacute, 
subacute, and late rib fractures in abused infants [43]. Chest 
CT may be beneficial for evaluating chest pain concerning 
for mediastinal, pulmonary, or pleural abnormalities 
following abusive trauma. This view is based on studies 
that have shown the usefulness of contrast-enhanced chest 
CT after accidental blunt chest trauma for the diagnosis of 
pneumothorax, pneumomediastinum, esophageal, and 
aortic injury, although typically these symptoms present 
within 10 days of the traumatic event [46]. CT chest with 
IV contrast is not helpful as a follow-up imaging technique 
for all patients and may be better used to confirm new 
radiographic findings concerning for pulmonary or medi-
astinal injury [42].

CT Chest Without and With IV Contrast. There is no
relevant literature to support the use of CT chest without 
and with IV contrast for follow-up imaging after an initially 
negative workup.

CT Chest Without IV Contrast. The presence of rib
fractures increases the probability of abuse to 71% to 98% 

in infants and children up to 48 months of age (PPV of 
66% to 71%) when there is not a recognized accidental 
explanation for the injury [40,41]. Chest CT may be 
beneficial as a follow-up examination if persistent physical 
examination findings suggest thoracic pathology, such as 
point tenderness over a rib, scapula, or sternum that raise 
concern for an occult fracture. It can serve as an adjunct 
imaging tool for skeletal surveys. Although no relevant 
literature supports using follow-up chest CT to diagnose 
abusive fractures of the scapula or sternum, chest CT has 
been shown to be more sensitive in detecting early subacute, 
subacute, and late rib fractures in abused infants [43]. Chest 
CT may be beneficial for evaluating chest pain concerning 
for mediastinal, pulmonary, or pleural abnormalities 
following abusive trauma. This view is based on studies 
that have shown the usefulness of contrast-enhanced chest 
CT after accidental blunt chest trauma for the diagnosis of 
pneumothorax, pneumomediastinum, esophageal, and 
aortic injury, although typically these symptoms present 
within 10 days of the traumatic event [46].

MRI Cervical Spine Without and With IV Con-
trast. There is no relevant literature to support the use of 
MRI cervical spine without and with IV contrast for follow-
up imaging of the spine within 10 to 14 days after an 
initially negative workup.

MRI Cervical Spine Without IV Contrast. There is no
relevant literature to support the use of MRI cervical spine 
without IV contrast for follow-up imaging of the spine 
within 10 to 14 days after an initially negative workup. 
Spine imaging may be beneficial when performed as a 
follow-up or alongside an abnormal brain MRI.

MRI Complete Spine Without and With IV Con-
trast. There is no relevant literature to support the use of 
MRI complete spine without and with IV contrast for 
follow-up imaging of the spine within 10 to 14 days after an 
initially negative workup.

MRI Complete Spine Without IV Contrast. There is
no relevant literature to support the use of MRI complete 
spine without IV contrast for follow-up imaging of the 
spine within 10 to 14 days after an initially negative 
workup. Spine imaging may be beneficial when performed 
as a follow-up or alongside an abnormal brain MRI.

MRI Head Without and With IV Contrast. If there is
persistent suspicion for injury as evident by a persistent 
abnormal neurologic examination or signs after an initial 
negative evaluation, neuroimaging is typically considered. MRI 
brain examinations may be helpful in cases where the initial 
head CT imaging is normal. For example, in a small series of 
abused infants by Morad et al [115], MRI performed 3 to 7 
days after normal head CT examinations revealed SDH in 4 
of 8 infants. Moreover, because MRI has been shown to 
reveal additional traumatic injury over abnormal CT 
examinations in approximately 25% of cases, and can also 
contribute to prognosis, MRI may be useful when a normal 
CT and high clinical suspicion for AHT are discordant 
[59,73]. IV contrast material is not routinely administered, 
although it may increase the accuracy of assessing septations 
or loculations in extraaxial collections in some patients [7,74].

MRI Head Without IV Contrast. If there is persistent
suspicion for injury as evident by a persistent abnormal 
neurologic examination or signs after an initial negative 
evaluation, neuroimaging is typically considered. Brain 
MRI may be helpful in cases in which the initial head CT 
imaging is normal. For example, in a small series of abused 
infants by Morad et al [115], MRI performed 3 to 7 days 
after normal head CT examinations revealed SDH in 4 of 
8 infants. Moreover, because MRI has been shown to 
reveal additional traumatic injury over abnormal CT 
examinations in approximately 25% of cases, and can also 
contribute to prognosis, MRI may be useful when a 
normal CT and high clinical suspicion for AHT are 
discordant [59,73].

MRV Head Without IV Contrast. Injury to the
bridging veins has been shown to be highly associated with
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AHT and is considered one of the primary sources of 
SDHs. It is commonly seen at the junction of the bridging 
vein and superior sagittal sinus complex [13,55,75]. 
Choudhary et al [55] found that nearly 70% of children 
with AHT had some form of venous abnormality. 
Although much less common than injury to the bridging 
veins, cerebral sinovenous thrombosis can occur in the 
setting of AHT. Burtard et al [76] found that in a large 
population of children with AHT (n = 243), 7% had 
intracranial venous thrombosis. If there is persistent 
suspicion for injury as evident by a persistent abnormal 
neurologic examination or signs after an initial negative 
evaluation, neuroimaging is typically considered. An 
MRV may be obtained along with MRI head and may be 
useful in further defining the injured bridging veins and 
venous sinus thrombosis [55,56,58,70-72].

Radiography Skeletal Survey. Follow-up skeletal survey
for patients <24 months of age suspected of suffering 
physical child abuse is recommended by numerous profes-
sional organizations, including the AAP, ACR, and SPR 
[12,37]. Follow-up examinations are important not only for 
confirming or discovering traumatic injuries, but also for 
ruling out their presence [116]. Studies have shown that 
new information related to abuse is discovered in 21.5% 

of patients, and at least 1 new fracture is discovered in 
15.6% to 28% of patients undergoing follow-up skeletal 
surveys [117,118]. In infants with normal radiographic 
findings on the initial skeletal survey, new findings 
indicative of abusive injury, including rib fractures, have 
appeared on follow-up skeletal surveys in 8.5% of patients 
[119]. In addition to detecting new fractures, follow-up 
skeletal surveys are also useful for confirming or clarifying 
findings noted on the initial skeletal survey. In a study of 48 
patients by Zimmerman et al [120], 46% of patients 
showed additional findings important to making the 
diagnosis of physical child abuse, with 27 fractures 
identified in 11 patients on the follow-up examination. 

Using a selective or limited approach to follow-up 
radiographic skeletal surveys, excluding views of the spine, 
pelvis, skull, and possibly hands, has been investigated with 
varied results documented in small numbers of patients. In 
a study of 534 study participants by Hansen et al [121], 
new fractures of the spine were found in 5 of 14 patients 
with spine fractures diagnosed on the initial skeletal 
survey. However, Sonik et al [122], in a study of 22 
patients, did not discover additional spine fractures on 
follow-up examinations. Neither study showed additional 
pelvic fractures on the follow-up examinations. On this 
basis, a limited follow-up skeletal survey could be consid-
ered if there is no clinical concern for injuries localized to

low yield anatomic areas such as the pelvis, spine, hands, or
skull [120-122].

US Abdomen. Abdominal US performed to detect 
visceral injury or hemoperitoneum after blunt abdominal 
trauma is not useful in hemodynamically stable children 
suffering trauma [89]. In children with known visceral 
injury, US may be used to follow solid organ or hollow 
visceral injury and fluid collections, but there is no 
relevant literature to support follow-up imaging in chil-
dren without known or suspected complications [39,123].

US Abdomen With IV Contrast. There is no relevant
literature to support the use of US abdomen with IV 
contrast for follow-up imaging of the abdomen within 10 to 
14 days after an initially negative workup.

US Head. In infants, head US is a neuroimaging option 
because of their open fontanel. Head US is commonly used 
in determining the presence and extent of germinal matrix 
hemorrhage, intraventricular hemorrhage, and ven-
triculomegaly in premature infants, but it has not been 
studied extensively for other indications—specifically 
trauma. In a retrospective study of infants <2 years of age 
who had a US of the head performed for the evaluation of 
potential intracranial hemorrhage, the authors found the 
overall sensitivity and specificity for detection of hemorrhage 
to be 67% and 99%, respectively. They concluded that the 
sensitivity of head US was inadequate to justify its use as a 
screening tool for the detection of intracranial hemorrhage in 
young infants [94]. More recently, a retrospective study 
analyzed head US in infants (<12 months) after minor 
head trauma in the ability to detect skull fracture and/or 
intracranial hemorrhage. Although they had a higher 
sensitivity of 93% and specificity of 98%, the majority of 
patients did not have cross-sectional imaging to corrobo-
rate their results. They primarily relied on clinical outcome as 
to whether the head US results were valid [95].

Variant 8: Child. 24 months of age or 
younger. Asymptomatic, who shares a home 
with a child with suspected or known 
physical abuse. Initial imaging
Evaluation of all children currently sharing a household with 
an abused child is critical. Child maltreatment of children 
living in the same household as a severely abused child has 
been reported in up to 72% of siblings [9,124,125].

Bone Scan Whole Body. There is no relevant literature 
to support the use of whole body bone scan as the initial 
imaging modality for children who share a home with a 
child with suspected or known physical abuse.
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CT Abdomen and Pelvis With IV Contrast. There is
no relevant literature to support the use of CT of the 
abdomen and pelvis with IV contrast as the initial imaging 
modality for children who share a home with a child with 
suspected or known physical abuse.

CT Abdomen and Pelvis Without and With IV
Contrast. There is no relevant literature to support the use 
of CT of the abdomen and pelvis without and with IV 
contrast as the initial imaging modality for children who 
share a home with a child with suspected or known physical 
abuse.

CT Abdomen and Pelvis Without IV Contrast. There
is no relevant literature to support the use of CT of the 
abdomen and pelvis without IV contrast as the initial im-
aging modality for children who share a home with a child 
with suspected or known physical abuse.

CT Chest With IV Contrast. There is no relevant
literature to support the use of CT of the chest with IV 
contrast as the initial imaging modality for children who 
share a home with a child with suspected or known physical 
abuse.

CT Chest Without and With IV Contrast. There is no
relevant literature to support the use of CT of the chest 
without and with IV contrast as the initial imaging mo-
dality for children who share a home with a child with 
suspected or known physical abuse.

CT Chest Without IV Contrast. There is no relevant
literature to support the use of CT of the chest without IV 
contrast as the initial imaging modality for children who 
share a home with a child with suspected or known physical 
abuse.

CT Head With IV Contrast. There is no relevant liter-
ature to support the use of CT head with IV contrast as the 
initial imaging modality for children who share a home 
with a child with suspected or known physical abuse.

CT Head Without and With IV Contrast. There is no
relevant literature to support the use of CT head without 
and with IV contrast as the initial imaging modality for 
children who share a home with a child with suspected or 
known physical abuse.

CT Head Without IV Contrast. Children who share a
home with a child with suspected or known physical abuse 
are at increased risk for physical abuse based on their 
exposure [126]. Multiple studies have demonstrated high 
rates of occult head injury (19%-37%) in children <2 
years of age with concern for physical abuse, even in the 
absence of neurological symptoms [47-51]. Head CT has

the advantage of rapid acquisition and excellent sensitivity 
for traumatic injuries such as hemorrhage. For trauma 
evaluation, head CT may be performed without IV 
contrast, as the presence of contrast may obscure subtle 
hemorrhages. Multiplanar and 3-D reconstructed CT im-
ages increase the sensitivity of CT for detecting small 
hemorrhages and fractures, making them particularly useful 
[13,62-64,127,128].

MRI Head Without and With IV Contrast. Presently,
an MRI head is not used as an initial examination in 
children with clinically suspected abuse. It is typically 
reserved for further evaluation of abnormal initial exami-
nations and for cases in which there is a high clinical sus-
picion for AHT but a normal CT head. IV contrast material 
is not routinely administered, although it may increase the 
accuracy of assessing septations or loculations in extraaxial 
collections in some patients [7,74].

MRI Head Without IV Contrast. Presently, an MRI
head is not used as an initial examination in children with 
clinically suspected abuse. It is typically reserved for further 
evaluation of abnormal initial examinations and for cases in 
which there is a high clinical suspicion for AHT but a 
normal CT head. However, there is growing expert 
consensus that MRI may be beneficial in this scenario [13].

MRV Head Without IV Contrast. Presently, an MRV
head is not used as an initial examination in children with 
clinically suspected abuse; it is typically reserved for further 
evaluation of abnormal initial examinations and for cases in 
which there is a high clinical suspicion for AHT but a 
normal CT head.

Radiography Skeletal Survey. Siblings and household
contacts <2 years of age of abused children are typically 
examined for abusive injuries and may undergo a skeletal 
survey [129].

A radiographic skeletal survey is useful as a first imaging 
modality in children <24 months of age, even when 
asymptomatic, if they live in the same home as another 
child who is suspected or known to be a victim of child 
abuse [37]. Occult fractures have been diagnosed in more 
than 10% of children <2 years of age who are siblings of 
children known to have suffered abusive trauma [9]. In a 
study of 870 pairs of adult siblings, in which one sibling 
was known to have suffered abusive trauma as a child, 
59% of the associated siblings also reported experiencing 
abuse [130].

US Abdomen. There is no relevant literature to support 
the use of US abdomen as the initial imaging modality for 
children who share a home with a child with suspected or 
known physical abuse.
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US Abdomen With IV Contrast. There is no relevant
literature to support the use of abdominal US with IV 
contrast as the initial imaging modality for children who 
share a home with a child with suspected or known physical 
abuse.

US Head. In a child >24 months of age, there is no role 
for head US as a neuroimaging modality because their 
fontanelles are closed.

SUMMARY OF HIGHLIGHTS

This is a summary of the key recommendations from the 
variant tables. Refer to the complete narrative document 
for more information.

n Variants 1 and 2: For children ≤24 months of age 
with concern for physical abuse and no clinically 
apparent neurological, skeletal, or visceral injuries, 
initial imaging should include a skeletal survey and 
noncontrast head CT, as these examinations are 
complementary. Additional radiographs of 
symptomatic areas and/or a noncontrast chest CT 
may be considered to clarify findings on the initial 
radiographs. Similarly, a follow-up skeletal survey in 
10 to 14 days could be helpful to evaluate how known 
injuries are evolving or to detect additional occult in-
juries. In children >24 months of age who can 
verbalize or localize pain, a targeted radiographic ex-
amination of the area of concern is typically sufficient. 
Routine head CT is not recommended in these older 
children unless there is a developmental delay, or 
additional clinical scenarios in which neurological ex-
aminations may be deemed less reliable.

n Variants 3 and 4: For any child exhibiting clinical 
signs of CNS injury due to abuse, initial 
neuroimaging should include a noncontrast head 
CT. MRI and MRV of the head and MRI of the 
total spine (without IV contrast) may be performed 
simultaneously or afterward to evaluate suspicious or 
inconclusive CT findings, or in cases of high 
suspicion for abuse with a normal CT of the head. 
For initial body imaging in this clinical setting, a 
radiographic skeletal survey is recommended for 
children ≤24 months of age. In children >24 
months of age, who are usually able to cooperate 
with a physical examination and identify or describe 
the site of injury or pain, a targeted radiographic 
examination of specific areas is advised. Radiographs 
of the suspected site and a complete skeletal survey 
can be used to evaluate abnormal initial findings in 
Variants 3 and 4, respectively. Of note, CT head

and skeletal survey and targeted radiographs are 
complementary examinations.

n Variants 5 and 6: In children with suspected visceral 
injury from abuse, imaging recommendations again 
depend on age. The recommended initial radiographs 
are a complete skeletal survey for children ≤24 
months of age and radiographs of the area of concern 
for those >24 months of age. Regardless of age, a CT 
of the abdomen and pelvis with IV contrast is always 
recommended. A chest CT (with or without IV 
contrast) may be appropriate depending on findings 
and clinical suspicion. Of note, skeletal survey and 
targeted radiographs and CT abdomen and pelvis 
with IV contrast are complementary examinations. 
Additionally, for children suspected of physical abuse 
due to visceral injury, they may also have concurrent 
neurologic injuries. Depending on the signs, 
symptoms, or clinical examination findings, please 
refer to Variants 1, 3, and 4 for guidance on 
appropriate neuroimaging.

n Variant 7: For a child ≤24 months of age with 
suspected abuse but a negative initial skeletal survey 
and head CT, a repeat skeletal survey is 
recommended within 10 to 14 days. A chest CT 
and/or whole body bone scan may be appropriate in 
certain cases. An MRI of the head without IV 
contrast can help detect subtle injuries not seen on CT.

n Variant 8: For asymptomatic children ≤24 months of 
age who are household contacts of a physically abused 
child, a complete skeletal survey is recommended. 
Neuroimaging may include either a noncontrast head 
CT or noncontrast head MRI, based on clinical 
judgment.

SUPPORTING DOCUMENTS
The evidence table, literature search, and appendix for this 
topic are available at https://acsearch.acr.org/list. The ap-
pendix includes the strength of evidence assessment and the 
final rating round tabulations for each recommendation. 

For additional information on the Appropriateness 
Criteria methodology and other supporting documents, 
please visit https://www.acr.org/Clinical-Resources/Clinical-
Tools-and-Reference/Appropriateness-Criteria.

GENDER EQUALITY AND INCLUSIVITY 
CLAUSE
The ACR acknowledges the limitations in applying inclu-
sive language when citing research studies that pre-dates the 
use of the current understanding of language inclusive of
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diversity in sex, intersex, gender and gender-diverse people. 
The data variables regarding sex and gender used in the 
cited literature will not be changed. However, this guideline 
will use the terminology and definitions as proposed by the 
National Institutes of Health [131].

RELATIVE RADIATION LEVEL INFORMATION
Potential adverse health effects associated with radiation 
exposure are an important factor to consider when selecting the 
appropriate imaging procedure. Because there is a wide range 
of radiation exposures associated with different diagnostic 
procedures, a relative radiation level (RRL) indication has been 
included for each imaging examination. The RRLs are based 
on effective dose, which is a radiation dose quantity that is used 
to estimate population total radiation risk associated with an 
imaging procedure. Patients in the pediatric age group are at 
inherently higher risk from exposure, because of both organ 
sensitivity and longer life expectancy (relevant to the long la-
tency that appears to accompany radiation exposure). For these 
reasons, the RRL dose estimate ranges for pediatric examina-
tions are lower as compared with those specified for adults (see 
Table 2). Additional information regarding radiation dose 
assessment for imaging examinations can be found in the 
ACR Appropriateness Criteria � Radiation Dose Assessment 
Introduction document [132].
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