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We critically evaluated the evidence cited by the American Academy of Pediatrics (AAP) and the Royal College of
Paediatrics and Child Health (RCPCH) supporting the diagnostic significance of fractures in suspected physical
child abuse. Primary studies cited by the AAP Clinical Report and the RCPCH Systematic Review were reviewed
with respect to study design, methods used to classify cases as abuse, and the potential for incorporation bias and
outcome misclassification. Sixty-seven studies were identified, of which 35 reported measures of diagnostic
utility. All were observational, predominantly retrospective studies. No study employed an independent gold
standard for the diagnosis of abuse, and all relied on imperfect reference standards that varied in their methods
of case classification. The evidence demonstrated substantial methodological limitations, primarily the risks of
incorporation bias and circular reasoning.

Overall, the evidence underpinning current guidance on fractures in suspected child abuse is characterised by
methodological flaws that limit the scientific confidence that can be placed in the reported diagnostic associa-
tions. The substantial uncertainty surrounding the diagnostic significance attributed to fractures in the evalua-

tion of suspected child abuse should be explicitly recognised and communicated.

1. Introduction

In pediatric medicine, certain skeletal injuries are widely regarded as
important indicators of possible physical child abuse. These diagnostic
associations have been incorporated into clinical guidance documents,
including the American Academy of Pediatrics (AAP) Evaluating Young
Children With Fractures for Child Abuse: Clinical Report [1] and the Royal
College of Paediatrics and Child Health (RCPCH) Systematic Review on
Fractures [2], both of which are widely used to inform the clinical
evaluation of infants presenting with these injuries.

While these documents provide comprehensive literature reviews
and synthesize evidence for clinical decision-making, they fail to criti-
cally evaluate the underlying methodological assumptions, the strength
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of the evidence supporting their conclusions, or the associated
uncertainties.

In evidence-based medicine, the confidence placed in a diagnostic
finding depends upon the quality of the underlying evidence and the
associated uncertainty. For example, the diagnostic certainty associated
with a screening mammogram differs fundamentally from that provided
by histopathological confirmation of breast cancer. Accurate commu-
nication of diagnostic uncertainty is therefore an essential component of
informed decision-making. The explicit communication of uncertainty is
a fundamental principle of both classical [3] and modern [4] scientific
practice.

The importance of evaluating the strength of evidence underpinning
clinical guidance is illustrated by a recent analysis of AAP Clinical
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Practice Guidelines, which found that only 10.6% of 236 recommen-
dations across 14 guidelines were supported by Level A (high-quality)
evidence [5]. This analysis highlights the importance of understanding
the methodological foundations of pediatric guidance documents and
the strength of the evidence on which they rely.

In the present study, we critically review the evidence underpinning
the AAP Clinical Report and RCPCH Systematic Review relating to the
diagnostic significance of rib fractures, classic metaphyseal lesions
(CMLs), and long-bone fractures in suspected physical child abuse.
These fracture types are identified in the AAP Clinical Report as being
“highly specific” for abuse.

Both the AAP and RCPCH have already undertaken comprehensive
literature searches. Our objective is neither to replicate their search
strategies nor to evaluate their study selection and inclusion criteria.
Rather, we critically evaluate the underlying methodological charac-
teristics and assumptions of their included studies, providing an
appraisal of the evidence base underpinning clinical recommendations.

Particular attention is given to the methods used to classify cases as
abuse. As previously acknowledged [6,7], there is no “gold standard” for
the identification of physical abuse when evaluating pediatric fractures.
Consequently, it is of fundamental importance to analyse the imperfect
reference standards that are employed, and whether they are vulnerable
to incorporation bias, circular reasoning, and outcome misclassification
[8,9].

Other potential sources of uncertainty are also explored.

Our analysis provides a critical appraisal of the methodological
foundations of the evidence base supporting the use of fractures in the
diagnosis of suspected physical child abuse.

2. Methods
2.1. Literature selection

References were compiled from the American Academy of Pediatrics
(AAP) Evaluating Young Children With Fractures for Child Abuse: Clinical
Report [1] and the Royal College of Paediatrics and Child Health
(RCPCH) Systematic Review on Fractures [2] concerning the association
between rib fractures, classic metaphyseal lesions (CMLs), and
long-bone fractures and suspected physical child abuse.

The AAP Clinical Report and RCPCH Systematic Review each un-
dertook comprehensive searches of the literature using complementary
methodologies, comprising a formal systematic review in the case of the
RCPCH and an extensive expert-led literature review in the case of the
AAP. Accordingly, the present study did not undertake a de novo sys-
tematic search of literature but instead critically evaluated the primary
studies underpinning these influential guidance documents.

Articles from the AAP Clinical Report were included if they were
cited within the Fractures With High Specificity for Abuse subsection of the
Fracture Specificity for Abuse section. For the RCPCH Systematic Review,
articles were selected from the Which fractures are indicative of abuse?
section, specifically subsections 1.1-1.4 and 1.6.

Studies were included if they investigated the association between
rib fractures, classic metaphyseal lesions, or long-bone fractures and
abuse. Studies examining alternative causes of fractures (for example
cardiopulmonary resuscitation) without comparison with abusive injury
were excluded, as were studies concerned solely with fracture biome-
chanics. Where systematic reviews were cited by the guidelines, the
original primary studies cited within those reviews were retrieved and
evaluated individually. Duplicate publications were removed to
generate a single dataset of unique studies.

Each included study was independently reviewed by two authors.
Where differences arose, the studies were reviewed jointly and
consensus was reached.

Forensic Science International: Synergy 13 (2026) 100740
2.2. Study details

Data extracted included publication year, study design, fracture type,
the reference standard used to classify cases as abuse or non-abuse, and
whether the study provided measures such as specificity or positive
predictive value.

2.3. Assessment of reference standards

As no definitive gold standard exists for determining whether pedi-
atric fractures are attributable to abuse, studies were reviewed with
particular attention to the reference standards used for case
classification.

The reference standards employed were evaluated with respect to
their transparency, reproducibility, independence from the index diag-
nosis, and susceptibility to incorporation bias, circular reasoning, and
outcome misclassification. Particular attention was given to whether the
case-classification process was explicitly described, whether fracture
findings may have contributed to the determination of abuse, and
whether sufficient methodological detail was provided to permit inde-
pendent evaluation of the reported diagnostic associations.

3. Results
3.1. Included literature

The AAP Clinical Report cited 16 studies relating to rib fractures, 3
relating to classic metaphyseal lesions (CMLs), and 22 relating to long-
bone fractures. The RCPCH Systematic Review cited 19 rib fracture
studies, 14 CML studies, and 32 long-bone studies.

After removal of duplicate citations, 24 studies relating to rib frac-
tures, 17 relating to CMLs, and 36 relating to long-bone fractures
remained. Several studies investigated more than one fracture type and
are therefore represented in multiple categories. Overall, 67 unique
primary studies met the inclusion criteria. A complete list of included
studies is provided as Supplementary Material.

Thirty-five of the 67 studies reported measures of diagnostic utility,
including positive predictive values, likelihood ratios, or related diag-
nostic performance measures. Fourteen of the 35 reported such mea-
sures for rib fractures [10-23], four for CMLs [22,24-26], eleven for
humeral fractures [14,19,21-23,27-32], twenty for femoral fractures
[14,21-24,27,30,32-44], with several studies reporting diagnostic
measures for more than one fracture type.

3.2. Study types

All 67 included studies, including the 35 reporting measures of
diagnostic utility, were observational in design, comprising predomi-
nantly retrospective cross-sectional studies, case-control studies, and
small case series. This is consistent with what was found in previous
reviews [6,7,45].

3.3. Reference standards

Substantial variation was observed in the methods used to classify
cases as abuse across the included studies. Sixteen of the 67 studies
(24%) did not report how cases were classified as abuse. Among the
remaining 51 studies, multidisciplinary team (MDT) determination was
the most frequently employed reference standard (34 studies, 67%),
followed by predefined criteria (11 studies, 22%), author classification
without predefined criteria (7 studies, 14%), court determinations (5
studies, 10%), and confessions or admissions (3 studies, 6%). Several
studies employed more than one reference standard (Fig. 1).

Among the 35 studies reporting measures of diagnostic utility, five
studies did not specify the method by which cases were classified.
Reference standards comprised Multidisciplinary Team determination
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Methods for Categorisation as Abuse
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MDT + Author
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MDT + Diagnostic Codes

10 15 20 25

Number of Studies

Fig. 1. Method for Categorisation as Abuse for all 67 included studies, Multidisciplinary Team determination (MDT, 15 studies), predefined criteria (10, 7 of which
use the criteria of Thomas 1991), author classification (5), court determinations (2), diagnostic coding (2), confessions (2). Some studies use more than one

reference standard.

(MDT, 15 studies), predefined criteria (10, 7 of which use the criteria of
Thomas 1991 [27]), author classification (5), court determinations (2),
diagnostic coding (2), confessions or admissions (2) (Fig. 2).

4. Discussion

This review critically evaluates the evidence underpinning the AAP
Evaluating Young Children With Fractures for Child Abuse: Clinical Report
and the RCPCH Systematic Review on Fractures relating to the diagnostic
significance of rib fractures, classic metaphyseal lesions (CMLs), and
long-bone fractures in suspected physical child abuse.

4.1. Reference standards

As there is no gold standard for the diagnosis of physical abuse in
children presenting with fractures, all included studies relied upon
imperfect methods of case classification. The validity of any diagnostic
accuracy study depends fundamentally on the validity and indepen-
dence of the reference standard used to define disease. Where that
reference standard is imperfect, reported measures of diagnostic

performance become susceptible to incorporation bias, circular
reasoning, and outcome misclassification.

4.1.1. Studies without a reported reference standard

Sixteen of the 67 included studies did not report how cases were
classified as abuse. The absence of a transparent classification method
represents a fundamental methodological weakness because it precludes
independent evaluation of the reference standard, prevents reproduc-
ibility, and renders meaningful critical appraisal impossible.

Although many of these studies were published several decades ago,
their continued citation within contemporary guidance documents
means that these methodological limitations remain relevant when
considering the evidence base and its historic roots. Transparent
reporting of the methods used to establish diagnostic outcomes is a
fundamental requirement of diagnostic research and is particularly
important where no independent reference standard exists.

4.1.2. Multidisciplinary team assessment
For studies in which a reference standard was reported, most (34/51)
employed multidisciplinary team (MDT) determination for case

Methods for Categorisation as Abuse
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Fig. 2. Method for Categorisation as Abuse for 35 studies that provide measures of diagnostic utility, as for Fig. 1.
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classification. Although MDT assessment reflects contemporary clinical
practice, its validity as a research reference standard depends upon the
transparency and independence of the methods by which diagnostic
conclusions are reached [46].

However, among the studies reviewed, the MDT process was
generally described only superficially. Most studies (24/34) did not
specify the criteria used to determine abuse (10 employed predefined
criteria, discussed below). None described the reasoning underpinning
the final classification of individual cases or disclosed whether the index
fracture formed part of the information considered during MDT
deliberations.

Given that rib fractures, classic metaphyseal lesions, and certain
long-bone fractures have long been regarded as indicators of abuse, it is
not unreasonable to conclude that the fracture findings themselves
contributed to the MDT determination of abuse. Where independence of
a reference standard from the index test has not been demonstrated,
there is a high risk of circular reasoning and incorporation bias [47].

Unlike other domains of diagnostic medicine, there is no indepen-
dent ground truth or clinical follow-up against which MDT de-
terminations of abuse can subsequently be validated, and thus no
feedback loop to correct clinical assessments. Consequently, the true
diagnostic accuracy of these classifications remains unmeasurable,
preventing systematic errors in the diagnostic process from being
identified or mitigated. This creates an inherent risk of persistent
misclassification.

Similar methodological concerns apply to studies in which abuse was
classified solely by study authors without predefined criteria or detailed
reporting of the underlying reasons for those decisions.

4.1.3. Criteria-based reference standards

Eleven of the 51 studies (22%) provided predetermined criteria for
classification, most commonly those prescribed by Thomas et al. (1991),
where “definite abuse” required: Serious trauma must have been involved,
not reflected in history; Serious trauma must have been involved, with a
suspicious delay in reporting; Multiple fractures found, not explained by
history; or Healing fractures found, not explained by history. The criteria
also specify “likely abuse” where the injury is severe and the history does
not reflect sufficient severity.

This method of classification has significant shortcomings. Firstly,
none of the predetermined criteria are themselves validated and all
function as imperfect reference standards. Secondly, the criteria involve
high levels of subjective judgement regarding what fractures are indic-
ative of “serious trauma,” whether that trauma is “reflected in history”
or a delay in reporting is “suspicious,” and whether a particular infant is
susceptible due to medical factors.

Determining whether a history is sufficient and the findings
explained not only requires subjective judgements related to the force
required to cause particular findings, but also the force required to cause
those findings in particular infants. This is inherently influenced by
biological and medical variables and by judgements of their clinical
implications. Prior beliefs regarding which fractures are attributed to
abusive trauma inevitably inform these subjective judgements. Conse-
quently, the index test and reference standard cannot be regarded as
independent.

None of the studies using predetermined criteria provided informa-
tion as to how cases met the criteria, which criteria were employed most
commonly, whether the index test was known to those making assess-
ments, and whether it was considered in assessing whether cases met the
criteria.

The use of predetermined criteria in the included studies therefore
carries serious risk of incorporation bias, circular reasoning, and
outcome misclassification.

4.1.4. Judicial findings
Using court decisions or judicial findings to classify cases as abusive
also creates a very serious risk of circular reasoning. Because convictions
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rely on expert opinion evidence that findings like metaphyseal or rib
fractures are specific for abuse, selecting cohorts based on those legal
outcomes ensures those findings are present.

4.1.5. Diagnostic codes

A similar problem occurs when diagnostic codes are used to classify
cases as abusive; because of the belief that certain findings are diag-
nostic of abuse, cases with “abuse” codes will exhibit those findings,
leading to very serious risk of circular reasoning and incorporation bias.
Using diagnostic codes identifies which findings are regularly used in
diagnosing abuse, but provides no independent verification that those
diagnoses were accurate.

4.1.6. Confessions

Categorisation by confessions also fails to provide an independent
reference standard for validating fracture etiology. In the included
studies, confessions to causing fractures were obtained after a medical
evaluation had identified findings believed to be diagnostic of abuse.
This creates a selection bias: cases without such findings are not inves-
tigated, and caregivers are not subjected to questioning and pressures
that lead to admissions. Using these confessions to validate the diag-
nostic significance of specific fractures therefore results in a very serious
risk of incorporation bias, as the medical findings were the catalyst for
the investigation and the subsequent statement.

Furthermore, the reliability of this classification method is funda-
mentally compromised by well-documented risk factors for false con-
fessions [48]. These include coercive questioning by investigators
already convinced of guilt based on medical assumptions, the prospect
of plea bargains and/or hopes for better sentences, the hope that a
confession will facilitate the return of the child or other siblings from
foster care, and the pressure to end long-running, financially draining,
and seemingly hopeless legal proceedings where the accused is totally
outgunned in access to experts and resources [49].

Accordingly, confessions do not provide an independent scientific
reference standard for validating the diagnostic significance attributed
to fractures.

4.2. Alternative explanations

The limitations of the reference standards are not the only source of
uncertainty within the evidence base. Fractures represent an indirect
marker of possible abuse rather than a direct measure of abusive intent,
and their interpretation is influenced by additional sources of
uncertainty.

Fractures have a range of potential aetiologies, including accidental
trauma, genetic disorders, endocrine disease, metabolic bone disease,
nutritional deficiencies, and developmental factors. Differential diag-
nosis in an infant presenting with fractures requires evaluating each of
these potential causes, all of which carry diagnostic challenges.
Crucially, these factors do not operate in isolation; rather, they interact
within individual children to produce a continuous distribution of
skeletal fragility rather than a binary distinction between “normal” and
“abnormal” bone strength.

Furthermore, the force required to cause fractures in infants is not
well constrained [50], and assessing whether a reported mechanism of
injury is biomechanically plausible depends on the mechanical proper-
ties of the individual child's skeleton. Because skeletal strength cannot
be measured directly in vivo and must instead be inferred from clinical,
radiological, and laboratory findings, each of which has inherent limi-
tations [51], an individual child's specific susceptibility to fracture
represents a significant additional layer of uncertainty when interpret-
ing diagnostic significance in suspected physical abuse.

4.3. Radiology

Uncertainty regarding individual skeletal fragility is compounded by
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the inherent limitations of radiological assessment. Conventional radi-
ography is relatively insensitive to reduced bone mineralisation, with
radiographic osteopenia generally not becoming apparent until
approximately 30-40% of bone mineral has been lost. Accordingly, the
absence of radiographic evidence of osteopenia does not exclude clini-
cally relevant skeletal fragility [52].

Furthermore, significant inter-observer variation exists among radi-
ologists regarding the detection and characterization of infant rib frac-
tures, with diagnostic agreement varying depending on the specific
imaging protocol and projections utilized [53]. As has been observed
previously, there is no gold standard for validating their diagnosis of
“classic metaphyseal lesions” on initial imaging [54] and even when
follow up imaging is available, the diagnosis is determined by consensus
rather than typical fracture healing criteria. In addition, classic meta-
physeal lesions can be difficult to distinguish from metaphyseal abnor-
malities associated with metabolic bone disease, particularly when
disease is mild or partially treated [55].

Consequently, uncertainty in radiological diagnosis represents an
additional source of uncertainty when evaluating the diagnostic signif-
icance attributed to fractures in suspected physical abuse.

5. Limitations

This review has some limitations. First, it was not a de novo sys-
tematic review of the literature. This approach was chosen because these
guidance documents already undertook comprehensive literature re-
views using complementary methodologies and represent the principal
evidence base underpinning current clinical recommendations. We are
not aware of any methodologically sound studies concerning the diag-
nostic significance of rib fractures, classic metaphyseal lesions, or long-
bone fractures that were omitted from these reviews.

Second, it is recognised that ethical and practical constraints make
prospective diagnostic studies of suspected child abuse difficult to un-
dertake. However, these constraints do not diminish the importance of
transparently acknowledging the methodological limitations of the
available evidence when interpreting reported diagnostic associations.

Finally, the scope of this review was limited to evaluating the
methodological characteristics of the evidence supporting the diagnosis
of abuse. It did not examine the evidence relating to alternative medical
causes of fractures, which represents an important but separate area of
investigation.

6. Conclusions

The evidence underpinning the AAP Clinical Report and the RCPCH
Systematic Review is characterised by critical methodological flaws. A
substantial proportion of the cited studies did not report how cases were
classified as abuse, while those that did relied upon imperfect reference
standards that carried significant potential for incorporation bias, cir-
cular reasoning, and outcome misclassification.

These methodological limitations are further compounded by un-
certainties surrounding alternative medical explanations for fractures,
individual variation in skeletal fragility, and the inherent limitations of
radiological assessment.

Although the AAP Clinical Report and the RCPCH Systematic Review
provide influential guidance regarding the diagnostic significance of
fractures in suspected child abuse, neither evaluates the quality or the
methodological certainty of the evidence underpinning those recom-
mendations. The substantial uncertainty surrounding the diagnostic
significance attributed to fractures when evaluating suspected physical
child abuse should be explicitly recognised and communicated.
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