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Abstract

Objective—To assess interrater reliability and accuracy of an expert panel in classifying injuries 

of patients as abusive or accidental based on comprehensive case information.
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Study design—Data came from a prospective, observational, multi-center study investigating 

bruising characteristics of children younger than 4 years. We enrolled 2166 patients with broad 

ranges of illnesses and injuries to one of 5 pediatric emergency departments (PED) in whom 

bruises were identified during examination. We collected comprehensive data regarding current 

and past injuries and illnesses, and provided de-identified, standardized case information to a 9-

member multi-disciplinary panel of experts with extensive experience in pediatric injury. Each 

panelist classified cases using a 5-level ordinal scale ranging from Definite Abuse to Definite 

Accident. Panelists also assessed whether report to child protective services (CPS) was warranted. 

We calculated reliability coefficients for likelihood of abuse and decision to report to CPS.

Results—The interrater reliability of the panelists was high. The Kendall coefficient (95% CI) 

for the likelihood of abuse was 0.89 (0.87, 0.91) and the kappa coefficient for the decision to 

report to CPS was 0.91 (0.87, 0.94). Reliability of pairs and subgroups of panelists were similarly 

high. A panel composite classification was nearly perfectly accurate in a subset of cases having 

definitive, corroborated injury status.

Conclusions—A panel of experts with different backgrounds but common expertise in pediatric 

injury is a reliable and accurate criterion standard for classifying pediatric injuries as abusive or 

accidental in a sample of children presenting to a PED.
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Victims of child abuse are at high risk of future abuse and death.1,2 Decision rules for 

identifying abusive injuries are valuable for settings such as pediatric emergency 

departments (PED). These rules require thorough evaluation to ensure both classification 

accuracy and agreement among users. A significant challenge in such development and 

evaluation is that the true nature of the injury, abusive or accidental, often is not definitively 

known. Therefore, clinicians and researchers alike must depend on empirical and/or 

corroborative3 evidence to classify injuries.4 The availability of corroborative information, 

such as a confession, is uncommon and the absence of a criterion standard for classifying 

injuries as abusive or accidental can adversely affect research in child abuse.

A potential approach to establishing a criterion standard classification of injuries is the 

opinion of a panel of pediatric injury experts—pediatric emergency medicine physicians, 

child abuse pediatricians, and researchers in the biomechanics of pediatric injury, —wherein 

classification is based on empirical evidence including consistency of history and injury 

compatibility. Expert panels have been widely used for the classification of uncertain 

outcomes in diverse clinical settings5–8. In child abuse research, expert panels have 

previously been used to evaluate the likelihood of abuse in children with fractures,9–11 

develop guidelines for ordering skeletal surveys,12 examine differences of opinion among 

clinicians using different abuse rating scales,13 and evaluate the impact of structured 

decision-making tools on child maltreatment decisions made by child abuse practitioners.14

The purposes of this study were to examine the interrater reliability of an expert panel with 

regard to classifying pediatric injuries as abusive or accidental, and to demonstrate the 
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accuracy of the approach in cases with definitive corroborative information. We 

hypothesized that the expert panel would exhibit substantial interrater reliability and 

accuracy in the classification of pediatric injuries as abusive or accidental.

Methods

Data came from patients enrolled in a prospective, observational, multi-center study 

investigating the bruising characteristics of young children and the psychosocial 

characteristics of their families. Eligible children were less than 4 years of age, presented to 

a PED participating in the bruising study with any chief complaint, and had bruising 

identified by a previously described15,16 structured skin examination. Excluded children 

were patients with known coagulation abnormalities, severe neurologic impairments, severe 

extensive skin disorders, and motor vehicle crash victims. The study was conducted at five 

children’s hospitals, each associated with a large, urban, academically-affiliated tertiary care 

hospital: Ann & Robert H. Lurie Children’s Hospital of Chicago, University of Chicago 

Medicine Comer Children’s Hospital, Cincinnati Children’s Hospital Medical Center, Rady 

Children’s Hospital, and Norton Children’s Hospital. The sites cumulatively evaluate over 

70,000 children annually in the target age range. Study investigators enrolled patients from 

participating sites by informed parental consent unless the team providing treatment at the 

participating PED obtained a child abuse consultation, in which case waivers of 

authorization were allowed. Institutional Review Board (IRB) approval was obtained at each 

site.

Expert Panel and Data Provided for Case Assessment

The expert panel included 9 members: 4 child abuse pediatricians, 4 pediatric emergency 

medicine physicians, and a bioengineer with expertise in pediatric injury. Panelists had 14 to 

39 years of experience in their respective fields.

Each panelist received de-identified case information in a standardized electronic format, 

including data from the patient’s current visit to a participating PED as well as available data 

from any previous ED visits for any chief complaint. The following case information was 

included: patient’s age and sex; all notes related to the patient’s reason for visit and history, 

taken verbatim from the medical documentation after redaction of identifiers; additional 

detailed historical data regarding the injury event; photographs of the skin injuries; and 

diagnostic imaging that identified any internal injuries (fractures, brain hemorrhages, chest 

or abdominal injuries) along with the official radiologist’s report. Each panelist 

independently reviewed the case information and was required to answer a structured series 

of questions regarding history consistency, injury compatibility, and other case 

characteristics (Appendix; available at www.jpeds.com). We blinded panelists to all case 

data on psychosocial risk factors, including history of domestic violence, substance abuse, 

criminal activity, etc. Each panelist independently rated the likelihood of abuse on an ordinal 

scale with 5 levels: “Definite Abuse,” “Likely Abuse,” “Indeterminate,” “Likely Accident,” 

and “Definite Accident.” Panelists were given no guidance in distinguishing “definite” from 

“likely,” and exercised full and free judgment in their selections. Additionally, each panelist 
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provided a yes or no answer to the question: “Is a report to state child protective services 

(CPS) indicated?”

Enrollment and case categorization occurred from December 2011 through March 2016. 

Members of the expert panel evaluated and classified 2166 cases. We randomly selected a 

subset of 201 test cases to be reviewed by all 9 panelists, representing roughly 10% of the 

targeted enrollment of 2000 cases. As it was not feasible for each panelist to review all 2166 

cases, we randomly assigned the remaining cases so that at least two panelists independently 

reviewed each case. Panelists were not given discretion over which cases to review. All 

panelists provided ratings for the cases they were assigned with no refusals.

Of the 2166 cases, we found that 584 could be more definitively classified as abuse or 

accident based on additional corroborative information obtained after the visit to the PED.4 

Corroborated cases were defined as those in which there was video capture of the event, a 

confirmed public event, a third party account such as confirmatory documentation from a 

licensed daycare, a confession of abuse, criminal conviction of abuse, injury from a 

confirmed domestic violence conflict, or concurrent sibling injury with confession and/or 

conviction of abuse. Two investigators not on the expert panel coded the presence or absence 

of corroborative criteria for each case. Corroborative information was in some cases 

available to panelists through the history of injury, but panelists were not aware of the 

criteria used to define corroborated cases. For example, if a child fell from a swing set in a 

confirmed public event, the panelists reviewing the case would know from the injury history 

that the injury occurred in a public setting, but was not aware that this information qualified 

the case as a corroborated accident. We used these corroborated case classifications to 

determine the accuracy of the classifications provided by the expert panel. Figure 1 

(available at www.jpeds.com) provides a diagram of the different subsets of cases and how 

they were use in analyses of reliability and accuracy.

Statistical Analyses

We summarized panelists’ classifications of the likelihood of abuse and reports to CPS with 

counts and percentages. We assessed the interrater reliability of the expert panel for the 5-

level likelihood of abuse by calculating Kendall’s coefficient of concordance, a measure of 

reliability for ordinally scaled variables. We calculated Fleiss’ kappa coefficient to assess 

reliability for the report to CPS, which is appropriate for dichotomous variables. To account 

for differences in panelists’ personal inclinations to use the “definite abuse” and “definite 

accident” categories, we also calculated reliability statistics for derived three-level and 

binary versions of the 5-level classification (Figure 2; available at www.jpeds.com). The 3-

level version grouped definite and likely accidents and definite and likely abuse cases into 

single “accident” and “abuse” categories and preserved the indeterminate category. For this 

derived 3-level classification, we calculated the Kendall coefficient to evaluate interrater 

reliability. The binary version was created from the three-level classification by reclassifying 

indeterminate responses according to the answer to the report to CPS question – those 

answered with “Yes” were classified as abuse and those with “No” as accident. We 

calculated Fleiss’ kappa to assess interrater reliability. The original 5-level ordinal 

classification provided panelists the freedom to classify injuries on a scale graded by the 
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certainty of the classification. The statistically derived 3-level and binary versions removed 

the degree of certainty (definite vs likely) of the classification. The 3-level classification kept 

a measure of uncertainty by retaining the indeterminate category, and the binary 

classification removed it.

We calculated reliability coefficients on the subset of 201 test cases for all 9 panelists. We 

also calculated coefficients within and between groups of panelists defined by area of 

expertise—pediatric emergency medicine physicians (4 panelists), child abuse pediatricians 

(4 panelists), and the bioengineer—to evaluate agreement among panelists of similar and 

different backgrounds. Additionally, we calculated reliability coefficients for the 36 possible 

pairings of individual panelists to examine agreement for pairs of panelists. The pairwise 

analyses were conducted on all cases commonly reviewed by each pairing of panelists.

To evaluate the accuracy of the expert panel, we descriptively analyzed the agreement 

between panelists’ binary classifications and corroborative classifications of abuse or 

accident with counts and percentages. For each case, we defined a panel composite 

classification to be abuse if the majority of panelists reviewing a case gave classifications of 

abuse, accident if the majority issued accident classifications, and “unclassified” otherwise. 

We analyzed agreement between the panel composite classification and the corroborative 

classification with counts and percentages as well.

Nonparametric 95% confidence intervals for reliability coefficients were calculated by 

bootstrap over 10,000 Monte Carlo loops. Analyses were conducted in the open source R 

software environment.17

Results

The 2166 cases included children of average age 2.1 years, with ages ranging from 4 days to 

just under 4 years. The majority of children were male (1299, 60%), white (1789, 83%), and 

of non-Hispanic ethnicity (1489, 69%). 51% (1104) had government insurance, and 45% 

(974) private insurance. The stated reason for seeking care was medical in nature (e.g., fever, 

seizure) in 991 cases (46%), injury/trauma evaluation (e.g., fall from bed) in 958 cases 

(44%), and abuse evaluation referrals in 217 cases (10%).

Panelists classified between 67% and 76% of cases as likely or definite accident (Table 1), 

18% to 26% of their cases as likely or definite abuse, and 3% to 10% as indeterminate. 

There were significant differences in the use of the “definite” categories among panelists (p 

< .001). The percentage of cases reported to CPS was consistent among panelists, ranging 

from 24% to 29% (p = .63).

Reliability coefficients for the full panel and subgroups of panelists were high for each 

version of the abuse likelihood classification as well as the report to CPS (Table 2), 

reflecting substantial agreement regardless of the background of the experts. All coefficients 

were 0.89 or greater, and all 95% confidence interval lower bounds were 0.85 or greater.

For the full panel, unanimous agreement on the 5-level ordinal classification occurred in 24 

cases (12%), 21 rated as definite accident and 3 as definite abuse. There were 16 (8%) 
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abuse-accident disagreements, wherein a case was rated as abuse (definite or likely) by at 

least one panelist and as an accident (definite or likely) by at least one other panelist. 

Unanimous agreement on the 3-level classification occurred in 144 cases (72%), 86 accident 

and 58 abuse. For the binary classification, 178 cases (89%) exhibited unanimity, 105 

accident and 73 abuse. There were 178 (89%) cases with unanimity for the decision to report 

to CPS, 105 “no” responses and 73 “yes.”

Of the 2166 cases, 1436 (66%) were reviewed by 2 panelists, 365 (17%) by 3, and 365 

(17%) by 4 or more. Figure 3 plots reliability coefficients and 95% confidence intervals for 

pairs of panelists. Kendall coefficients for the 5-level classification all exceeded 0.89, and 

kappa coefficients for the report to child protective services exceeded 0.85, indicating high 

reliability comparable with that shown by the full panel and panelist specialty groups. There 

were no systematic differences in reliability coefficients between pairs of panelists from the 

same background and pairs of different backgrounds. Results for the three-level and binary 

versions showed similarly high reliability (Figure 4; available at www.jpeds.com).

There was unanimous agreement – defined as identical abuse or accident classifications on 

the 5-level classification from all panelists reviewing the case – in 852 cases (39%). An 

additional 1048 cases (48%) exhibited partial agreement, in which all panelists provided 

classifications of abuse (definite or likely) or accident (definite or likely). There were 44 

instances (2%) of abuse-accident disagreement, none of which were definite abuse-definite 

accident disagreements. In the remaining 222 (10%) cases, all panelists gave classifications 

of indeterminate, indeterminate and accident, or indeterminate and abuse.

Overall, 584 cases met one or more of the corroborative criteria, 148 corroborated abuse 

cases and 436 corroborated accidents. Individual panelists accurately classified between 

95% and 98% of these corroborated cases of abuse and between 99% and 100% of 

corroborated accidents (Table III). The panel composite classification was in nearly perfect 

agreement with the corroborative classification.

Discussion

The interrater reliability of our full, 9-member expert panel was nearly perfect for ordinally-

scaled assessments of the likelihood of abuse and three-level and binary classifications 

derived from these ordinal assessments. The panel exhibited nearly perfect interrater 

reliability in decisions to report cases to CPS. Reliability was high regardless of the 

panelists’ background training, as subsets and pairs of panelists of similar and different 

backgrounds exhibited consistently high reliability coefficients. The panel was nearly 

perfectly accurate in classifying a subset of cases for which corroborative information 

allowed a definitive classification of abuse or accident.

As in other studies of child abuse9–11,13,19, we used an ordinal scale measuring the 

likelihood of abuse, allowing some degree of uncertainty in the classifications made by 

panelists. Such a scale more appropriately parallels clinical decision making than rigid 

abuse-accident classifications, and we have demonstrated high interrater reliability under 

such uncertainty. Differences among panelists in their ordinal classifications may have been 
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in part a function of differences in panelists’ inclinations to rate cases as “definite” rather 

than “likely.” The 3-level and binary classifications removed these panelist propensity 

effects. The high reliability of the panel for these derived versions showed that panelists 

agreed with respect to the overall conclusion of abuse or accident. The high reliability of the 

decision to report to CPS is noteworthy in that panelists were tasked with making a 

hypothetically actionable decision regarding their assessment of abuse. In a sense, the 

reliability of the panel for this decision represents agreement “in action” for cases of 

potential child abuse.

Other studies related to abusive trauma have utilized an expert panel approach.8–13,18, 19 

Most identified cases from an abuse consultation database or from medical record review, 

targeted a specific injury type (e.g., fracture), were retrospective in scope, created vignettes 

from a case series, or used hypothetical cases based on common injury types or scenarios. 

Most studies did not report reliability statistics. Two studies that focused on expert panel 

ratings of potential abuse highlighted the variability among panelist ratings. A study by 

Lindberg, Lindsell, and Shapiro13 examined data gathered from true cases of varying types 

of physical abuse and noted variability among ratings from panelists within the same 

profession. They studied hypothetical cases of head injury and noted variability in ratings 

between two different types of specialists, child abuse pediatricians and pathologists.(18) 

Even though variability among professionals was noted, neither study reported reliability 

statistics. Although our study is difficult to compare with these studies, we shared similar 

goals in the need to evaluate the reliability of expert panel classification. Sittig et al 

conducted a study evaluating the diagnostic accuracy of a proposed screening tool for child 

abuse for use in the ED setting.20 Their panel of 3 members with child abuse expertise 

scored the likelihood of abuse for 720 cases on a visual analog scale (0–100), and 

demonstrated strong reliability (intraclass correlation = 0.82 [0.80, 0.84]). We used a 

different statistical approach for reliability analysis, given the ordinal nature of our abuse 

likelihood measurement, but had similarly strong results. Our examination of interrater 

reliability in subgroups and pairs of panelists was unique, necessitated in part by the 

infeasibility of having the entire 9 member expert panel review all 2166 cases.

An important feature distinguishing our study from others was our ability to evaluate the 

accuracy of the expert panel using corroborative case information. Even though 

demonstrating interrater reliability is an important step in evaluating an expert panel, it is 

possible that the panel can be reliable but reach consistently incorrect conclusions. By 

demonstrating that our panelists were nearly perfectly accurate individually and in 

composite, we have mitigated such concerns.

Panelists provided classifications after reviewing case information in a standardized format 

and after answering a structured series of questions gauging history consistency, injury 

compatibility, and other case characteristics. Our results indicate that an expert panel is 

reliable and accurate in classifying abuse, but it is important to keep in mind that panelist 

expertise in child abuse and pediatric injury and structured reviews of case information were 

key features of our approach. Keenan et al advocates for much the same, indicating that 

implementing simple, structured tools like checklists can move child abuse pediatricians 

away from intuitive thinking to encourage more analytical thinking, in turn decreasing 
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disparity of opinion among experts.21 It is entirely possible that a panel composed of 

relatively inexperienced practitioners or those reviewing unstructured case information 

would fail to exhibit the reliability and accuracy exhibited by our panel of experts. Further 

research may study the performance of a panel with less experience in child abuse and 

pediatric injury, compare the accuracy and reliability of the inexperienced and experienced 

panels, and explore whether panel performance can be improved with rigorous education 

and training.

It is also noteworthy that we excluded psychosocial data from the case information given to 

panelists. Although such factors are critical when evaluating a child’s overall safety, we did 

not want to risk influencing panelists’ responses to specific questions regarding the nature of 

the injury. It is not known whether having such information would have impacted panelists’ 

clinical decision outcomes, but our study goal was for panelists to classify the nature of the 

injury independent of the characteristics of the environment. The study by Keenan, et al21 

indicated that social information can be heavily influential in the diagnosis of child abuse 

under medical uncertainty. Further, they found that social information appeared to increase 

confidence in diagnoses but may have reduced reliance on more deliberative diagnostic 

processes (such as those based on medical information, case history, etc.). This, in turn, can 

lead to decreased agreement in diagnosis among child abuse pediatricians and may bias the 

decision-making process in cases of potential abuse.

Our study had limitations. In our analyses, we considered classifications of indeterminate to 

be ordinally intermediate to abuse and accident, i.e. “in the middle” of the spectrum from 

definite abuse to definite accident. An alternative approach would treat indeterminate 

classifications as completely outside this spectrum, much like missing data. Such an 

approach would require the development and use of missing data methods, like reweighting,
22–24 for reliability coefficients. Given the strong reliability of the panel and the relative 

infrequency of indeterminate classifications, it is not likely that such methods would produce 

results that substantially differed from our results. The use of the Kendall coefficient as the 

measure of reliability for the three-level classification can be questioned due to its highly 

discrete scale. We chose the Kendall coefficient to avoid the arbitrary assignment of weights 

required to calculate a weighted kappa coefficient. We evaluated the accuracy of the expert 

panel based upon the subset of cases with corroborative information. It is possible that these 

cases may have been among the easiest for panelists to classify, particularly in cases in 

which the injury history contained ostensibly corroborative information, potentially inflating 

the reported accuracy of the panel in classifying abuse. Further, the corroborated cases may 

not have been representative of the general population of bruised children presenting to 

pediatric emergency departments.

An important application of the expert panel approach is to serve as a criterion standard in 

the evaluation of clinical decision rules for the detection of child abuse. Very few criterion 

standards are perfect, and this is particularly true for those that involve human judgment. 

Our expert panel approach, although reliable and accurate, is no exception. Statistical 

methods exist for evaluating new clinical decision rules when criterion standards are 

imperfect.25–29 A common feature of these methods is that the criterion standard 

imprecision propagates to the evaluation of a new decision rule. Specifically, criterion 
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standards with higher error rates introduce more variability into the evaluation of a new 

decision rule, complicating inference about its diagnostic properties, such as sensitivity and 

specificity. Therefore, establishing a criterion standard with minimal classification error and 

imprecision is an important step in the process of evaluating new decision rules. We have 

demonstrated the reliability and accuracy of the expert panel approach and suggest that it 

provides a suitable criterion standard for the future evaluation of clinical decision rules for 

identifying child abuse.
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Appendix: Standardized questions each panelist was required to answer 

when reviewing cases

History Quality – Panelists select one of the following:

• History was consistent and thorough

• History has some inconsistencies, changes, or was somewhat vague

• History was inconsistent, changing, vague or absent

• History includes an explicit statement of physical assault

Injury Compatibility – Panelists select one of the following:

• Injury characteristics are accounted for by the history or reflect normal childhood 

activity

• Injury characteristics are not likely accounted for by the history or have some 

concerning features

• Injury characteristics are not accounted for by the history

• No history of injury provided and injury does not reflect normal childhood 

activity

• Injury characteristics are accounted for by the history but the history includes an 

explicit statement of physical assault

If injury is blamed on actions by a child (patient, sibling, other) – Panelists select one of the 

following ONLY IF injury is blamed on actions by a child:
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• Child is developmentally capable of carrying out the described action(s)

• Unlikely that child is developmentally capable of carrying out the described 

action(s)

• Child is developmentally incapable of carrying out the described action(s)

• N/A; story does not involve a child’s action(s)

Patient’s behavior and actions after the event – Panelists select one of the following:

• Child’s described behavior and actions after the incident/injury was consistent 

with the pathophysiological constraints and/or pain produced by the injury

• Child’s described behavior and actions after the incident/injury may not be 

consistent with the pathophysiological constraints and/or pain produced by the 

injury

• Child’s described behavior and actions after the incident/injury was inconsistent 

with the pathophysiological constraints and/or pain produced by the injury

• NA; no specific event and/or information provided

Other acute injuries present (excluding bruises/abrasions/lacerations)

• Are there any other acute injuries present (excluding bruises/abrasions/

lacerations)? Yes/No

• If yes, then select one of the following…

○ Are multiple (more than one) acute injuries present (excluding bruises/

abrasions/lacerations)?

○ Other acute injury/injuries explained by history

○ Other acute injury/injuries not explained by history or history includes 

statement of assault

○ Other acute injury/injuries are not likely accounted for by the history or 

have some concerning features

○ Insufficient Information

Healing injuries present (excluding bruises)

• Are healing injuries present (excluding bruises)? Yes/No

• If yes, then select one of the following…

○ Healing injuries; explained by history

○ Healing injuries; not explained by history or history includes explicit 

statement of physical assault

○ Healing injuries; not likely accounted for by the history or have some 

concerning features

○ Insufficient Information
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Bruises Previously Documented

• Were bruises previously documented or observed on this child? Yes/No

• If yes, then select one of the following…

○ Prior bruises explained by history, consistent with ambulatory state, 

and no recognizable pattern present

○ Prior bruises; not explained by history, inconsistent with ambulatory 

state, or recognizable pattern present or history includes explicit 

statement of physical assault

○ Insufficient Information

○ Prior bruises not likely accounted for by the history or have some 

concerning features

Prior Traumas or Medical Events

• Are there any prior traumas or medical events that likely reflect or are suspicious 

of abuse? Yes/No

• Was abuse likely missed by the medical community? Yes/No

Timing of when care was sought – Panelists select one of the following:

• Sought care immediately or soon after the incident or trauma

• Delay in seeking treatment, but signs or symptoms of injury or medical condition 

are subtle

• Delay in seeking treatment in serious injury or medical condition

• Delay in seeking treatment in severe or life-threatening injury or medical 

condition

Panelists may also choose to select one or both of the following:

• Medical attention sought because person other than caregiver(s) at the time of 

incident has concerns

• Caregiver with the child at the onset of signs, symptoms, or trauma dissuades 

others from seeking medical care

Case Comments – Free response by panelists

Indicated Studies – Panelists select any that apply:

• None

• Social work consult

• Skeletal survey

• Follow up skeletal survey

• Brain imaging
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• Abdominal imaging

• Trauma labs

• Eye exam

Conclusions & Actions Based on Medical and Historical Data - Panelists select one of the 

following:

• Clinically determined to be consistent with definite abuse/inflicted trauma

• Clinically determined to be consistent with likely abuse/inflicted trauma

• Indeterminate

• Clinically determined to be consistent with likely accident

• Clinically determined to be consistent with definite accident

Report to Child Protective Services:

• Is a report to child protective services indicated? Yes/No

Strength of the Evidence - Panelists select one of the following:

• Evidence supports testimony in a court of law that the case is most consistent 

with accidental injury and plausible

• If trauma history provided, evidence supports testimony in a court of law that the 

case is inconsistent with the history of trauma provided and/or is not plausible 

and is most consistent with inflicted trauma

• Evidence supports testimony in a court of law that the case is most consistent 

with inflicted trauma

• Evidence supports testimony in a court of law that the injury is consistent with 

the reported assault

• Further evidence/investigation is needed in order to testify

Abbreviations

PED pediatric emergency department

CAP child abuse pediatrician

PEM pediatric emergency medicine

CPS child protective services
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Figure 1. 
Diagram of case subsets used for different reliability and accuracy analyses. 58 of the 201 

randomly test cases had corroborative information (29 abuse, 29 accident).
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Figure 2. 
Schematic diagram of the derivation of the three-level and binary versions of the ordinal 

likelihood of abuse.
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Figure 3. 
Reliability coefficients for pairwise evaluation of expert panelists. Plotted points are Kendall 

coefficients for the ordinal likelihood of abuse classification and kappa coefficients for the 

report to child protective services. Horizontal lines represent 95% confidence intervals.
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Figure 4. 
Reliability coefficients for pairwise evaluation of expert panelists. Plotted points are Kendall 

coefficients for the three-level likelihood of abuse classification and kappa coefficients for 

the binary classification of abuse. Horizontal lines represent 95% confidence intervals.
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Table 2

Reliability coefficients for 201 test cases for the full expert panel and subgroups of panelists. Values are 

Kendall coefficients (5- and 3-level classification) or kappa coefficients (Report to CPS, Binary classification) 

with 95% confidence intervals.

Panelist Subgroup 5-level classification Report to CPS 3-level classification Binary classification

Full Panel 0.89 0.91 0.92 0.91

(0.87, 0.91) (0.86, 0.94) (0.90, 0.94) (0.87, 0.95)

PEM only 0.91 0.90 0.94 0.92

(0.88, 0.92) (0.86, 0.95) (0.91, 0.96) (0.88, 0.96)

PEM + CAP 0.90 0.91 0.93 0.92

(0.87, 0.91) (0.86, 0.94) (0.91, 0.95) (0.88, 0.95)

PEM + BE 0.90 0.90 0.92 0.91

(0.87, 0.92) (0.85, 0.94) (0.89, 0.94) (0.87, 0.95)

CAP only 0.92 0.90 0.95 0.91

(0.90, 0.93) (0.86, 0.94) (0.92, 0.97) (0.87, 0.95)

CAP + BE 0.91 0.91 0.93 0.91

(0.89, 0.93) (0.87, 0.94) (0.91, 0.96) (0.87, 0.95)
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Table 3

Summary of ratings of cases meeting corroborative criteria for abuse and accident from 9 expert panelists. 

Values are counts and within-column percentages. Denominators differ among panelists since corroborated 

cases were not systematically assigned to panelists.

Panelist Corroborated Abuse Corroborated Accident

PEM1 63/63 (100%) 134/135 (99%)

PEM2 65/65 (100%) 131/131 (100%)

PEM3 58/59 (98%) 134/135 (99%)

PEM4 61/64 (95%) 142/142 (100%)

CAP1 59/59 (100%) 134/135 (99%)

CAP2 66/66 (100%) 142/144 (99%)

CAP3 65/67 (97%) 134/134 (100%)

CAP4 55/56 (98%) 127/128 (99%)

BE 66/67 (99%) 118/119 (99%)

Panel Composite 147/148 (99%) 435/436 (99%)
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