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Abstract
The objective of this study is to develop and validate a screening instrument for the recognition of child maltreatment in the 
emergency department (ED). Existing data on screening questions and outcomes (diagnosis of child maltreatment) from 
three large observational screening studies at eight different EDs in the Netherlands were harmonized. A multivariate logistic 
regression was performed to develop the Screening instrument for Child Abuse and Neglect (SCAN). The SCAN was vali-
dated by performing a cross-validation and calculating the discriminative ability. A total of 24,963 patients were included. Out  
of the potential screening questions the following questions were included in the final instrument: is the injury compatible 
with the history, and does it correspond to the child’s developmental level? (aOR 10.40, 95% CI 5.69–19.02), was there an 
unnecessary delay in seeking medical help? (aOR 3.45, 95% CI 1.73–6.88) and is the behaviour/interaction of the child and 
parents (carers) appropriate? (aOR 14.67, 95% CI 7.93–27.13). The SCAN had a pooled AUC of 0.75 (95% CI 0.63–0.87) 
in the cross-validation. The question “Are there other signals that make you doubt the safety of the child and/or family?” 
(available in only one of the original datasets, OR 182.9; 95% CI 102.3–327.4) was by consensus added to the final SCAN.

Conclusion: This validated and brief Screening instrument for Child Abuse and Neglect (SCAN) is designed to improve 
early recognition of child maltreatment in the ED. A positive screening result of the SCAN warrants a thorough work-up 
for child maltreatment, including a top-toe examination, if necessary additional diagnostics and adequate safety measures.

What is Known:
• Screening instruments increase the detection of possible cases of child maltreatment in the emergency department and support health care 

professionals to identify these cases.
• The application of different screening instruments led to the need for one brief validated instrument.
What is New:
• This study presents a validated and brief Screening instrument for Child Abuse and Neglect (SCAN), consisting of four questions.
• The SCAN supports professionals in detecting signals of child maltreatment, and a positive screening result should lead to a thorough work-

up, including a top-toe examination, complete history, additional diagnostic tests and consultation of a child abuse expert.
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Introduction

In Europe, at least 850 children under 15 years of age die 
from child maltreatment annually, a mortality rate of 0.54 
per 100,000, with higher death rates in children under 
5 years (0.78 per 100,000) [1, 2]. Since child maltreatment 
remains difficult to identify, the number of child maltreat-
ment victims is most likely to be underestimated, especially 
during the recent COVID-19 pandemic [1, 3–5]. Early rec-
ognition and subsequent interventions are crucial, as child 
maltreatment (sexual, physical and emotional abuse, and 
neglect) has a negative impact on children’s lifelong physi-
cal and mental health, and entails a huge socioeconomic 
burden [6–9].

Emergency departments (EDs) are the gateway to acute 
health care and are important for the early detection of child 
maltreatment [10, 11]. Different screening tools showed 
improvement in the detection of child maltreatment at 
the ED [11–16]. In a survey amongst ED professionals in 
Europe, only 29% of respondents used a checklist for the 
detection of child maltreatment [17]. Of these, 32% used 
a validated instrument based on the SPUTOVAMO or 
ESCAPE screening tools and 68% used a local screening 
tool [17]. Screening instruments such as the ESCAPE and 
SPUTOVAMO have been validated to identify suspected 
cases of child maltreatment in the ED [12–15, 18]. The dis-
criminative value of local screening instruments is unknown.

At an ED, screening instruments need to be short and 
feasible. A full top-toe examination as part of standard 
screening has led to a low adherence since ED professionals  
often experience a lack of time and reluctance to completely 
undress a child [15, 19, 20]. Teeuw et al. showed that in 
only 34% of the children, a top-toe examination was per-
formed when combined with the SPUTOVAMO screening 
checklist [19].

The availability of several screening tools with variability 
in questions and validity, and low adherence due to a top-toe 

examination for each child, calls for one effective screening 
instrument. Such an instrument needs to be brief and attaina-
ble to ensure screening in the ED with maximal adherence of 
ED staff. Hence, we aimed to develop a validated screening 
instrument for the recognition of (suspected) Child Abuse 
and Neglect (SCAN) in the ED based on the best discrimina-
tive questions from three previous validation studies.

Methods

Study design

A National Child Abuse Consortium (NCAC) was estab-
lished to develop, validate and implement the SCAN based 
on existing databases from three observational studies at 
EDs in the Netherlands:

1. Amsterdam University Medical Centre, located in the 
Academic Medical Centre (AMC), developed and tested 
the SPUTOVAMO 9-item questionnaire and separately 
tested the top-toe examination for its accuracy in detect-
ing child maltreatment (for details see Teeuw et al. [15]). 
The study population consisted of all children under 
18 years who presented at the ED between 1 January 
2011 and 1 July 2013, of which 46% (7988/17,229) were 
screened (Online Resource 1).

2. Erasmus University Medical Centre (EMC) developed 
and tested the ESCAPE 6-item instrument which was 
implemented in one university and two teaching hospital 
EDs in the Rotterdam region (for details see Louwers 
et al. [13, 21]). The study population consisted of all 
children aged 0 to 18 years visiting the EDs between 
February 2008 and December 2009, of which 48% 
(18,275/38,136) were screened (Online Resource 1).

3. University Medical Centre Utrecht (UMC) developed and 
tested the SPUTOVAMO-R 6-item questionnaire [18]. One 
university and three teaching hospital EDs in the Utrecht 
region participated (for details see Sittig et al. [18]). The 
study population consisted of all children aged 0 to 7 years, 
who were referred to the ED because of a physical injury 
between June 2009 and December 2010, of which all 4290 
children were screened with the SPUTOVAMO-R (Online 
Resource 1).

From these three studies, all children who were presented 
and screened at the ED were included for the purpose of this 
study. The screening was performed by ED nurses (or physi-
cians) during triage or directly after the clinical examination 
of the patients [13, 15, 18]. The use of screening tools and 
interpretation of the questions is always supported by train-
ing of ED staff including training on communication in case 
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of suspicion of child maltreatment [13, 15]. All instruments 
were considered positive for (suspected) child maltreatment 
when at least one of the questions was aberrant (positive for 
possible maltreatment). When a suspicion of child maltreat-
ment arose at the ED, based on a positive screening result, 
the hospital child abuse team was consulted. The local mul-
tidisciplinary child abuse team of the hospitals from all three 
studies evaluated all positive screened cases [15, 18, 21] and 
subsequently assessed if and which actions needed to be 
taken. To ensure health care professionals take the appropri-
ate actions on reporting cases with suspected child maltreat-
ment, there is a step-by-step ‘child abuse report’ guideline in 
the Netherlands [22]. This guideline includes consultation 
of and/or referral to the regional Safe at Home centre. These 
centres form a national network and are tasked with inves-
tigating suspected child maltreatment cases, assessing the 
need for help and, if necessary, reporting to child protective 
services [23].

Harmonization of data

The different questions of the three instruments were harmo-
nized by linking questions with the same meaning in their 
original language (Dutch) together with the project leaders 
of the original studies and the NCAC (EP, HK, HM, IR, MA, 
ML, MS, PP, RB and RT) (Online Resource 2).

Question 3 (consistent history) was not present in the 
SPUTOVAMO questionnaire from the AMC dataset. Ques-
tion 6 (doubts about the safety of the child/family) was only 
present in the ESCAPE instrument from the EMC dataset. 
However, since this question had a relatively high odds ratio 
(OR 182.9; 95% CI 102.3–327.4) in the EMC study and it 
might also indicate neglect or emotional abuse, the consor-
tium decided to add this question to the SCAN [21]. Ques-
tions with the best predictive value were included in the final 
screening instrument (SCAN).

The reference standard for the AMC and EMC studies 
was defined as the consensus diagnosis of (suspected) child 
maltreatment by the local multidisciplinary child abuse 
team. The reference standard for the UMC study was defined 
as physical child abuse and/or neglect based on the decision 
of at least two out of three experts, blinded for their mutual 
decision [18]. The consensus diagnosis for child maltreat-
ment, decided by the multidisciplinary child abuse team or 
expert team independent of the screening result, was the 
primary outcome.

Only a small proportion of the children with a negative 
screening result received a multidisciplinary consensus diag-
nosis for (suspected) child maltreatment (n = 693). Thus, we 
defined two outcome measures:

(A) Positive consensus diagnosis for child maltreatment for 
the positive screened (n = 868) and for the negative-

screened cases (n = 24,095). For the negative-screened 
children who received no evaluation by the multidis-
ciplinary child abuse or expert team and therefore had 
no consensus diagnosis (n = 23,402), the outcome was 
considered no child maltreatment.

(B) Positive consensus diagnosis for child maltreatment 
for the positive-screened and for the negative-screened 
cases with the addition of the regional Safe at Home 
centre reports for the negative-screened cases. The 
consortium decided a report to the regional Safe at 
Home centre was the closest to the consensus diag-
nosis of the hospital child abuse team. Therefore, all 
negative-screened children were monitored for reports 
to the regional Safe at Home centre up to 3 (EMC) to 
6 months (AMC and UMC) after the ED visit [24]. 
Based on a previous study, a period of 6 months would 
be sufficient to determine child maltreatment related 
to the presentation at the ED [15]. For the negative-
screened cases, a report to the regional child abuse 
center was defined as a positive consensus diagnosis 
and was added as an outcome. If no report was filed, 
the outcome was assumed to be negative.

Statistical analysis

Descriptive and univariate analyses of the different questions 
in each dataset were performed with the primary outcome. 
Cases with missing answers from the original datasets for 
two or more of the harmonized questions were excluded 
from analyses. The three different databases (AMC, EMC 
and UMC) were combined into one composite database. 
Question 3 regarding consistent history in the AMC dataset 
and any remaining missing values on the harmonized ques-
tions in all datasets were imputed. The model for multiple 
imputation included the following constraints: dataset, hos-
pital, gender, age, consensus diagnosis (outcome measure 
A) and all harmonized questions. Based on the amount of 
missing values, a total of n = 10 imputation sets were used 
and results (regression coefficients, p-values and aORs) on 
imputed data were pooled according to Rubin’s rules [25, 
26]. A sensitivity analysis was performed based on the esti-
mate that missing values on the harmonized questions were 
negative.

Multivariate logistic regression was performed to 
derive a final screening instrument with the harmonized 
questions as variables for both outcome measures. The 
model was adjusted for age, gender, hospital (n = 8) and 
all other harmonized questions.

After the determination of the final set of questions 
(SCAN), this model was validated by internal–external 
cross-validation. We derived the screening instrument 
on two datasets, validated it in the third dataset and 
repeated this analysis three times, in different derivation 
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and validation sets. Whereas classic validation splits the 
data into random derivation and validation sets to assess 
the internal validity of the model, the internal–external 
validation method uses all available data to develop the 
model and uses cross-validation to validate the model 
three times [27, 28].

To assess whether the SCAN performed similar for 
children under 5 years, who are at higher risk for child 
maltreatment [1, 14], a subgroup analysis with only the 
patients under 5 years old was performed.

The discriminative ability of the model was evaluated with the 
area under the curve (AUC, interpretation: low (0.5 ≥ AUC ≤ 0.7), 
moderate (0.7 ≥ AUC ≤ 0.9) or high (0.9 ≥ AUC ≤ 1.0)) [29]. 
Calibration of the model was assessed by calibration plots with 
observed outcomes versus expected probabilities.

Calibration was performed with the R version 4.0.2 
software package. For all other analyses, we used SPSS 
version 28.

Results

A total of 30,553 patients were screened for child mal-
treatment (Online Resource 1). We excluded 4972 (16.3%) 
cases with missing answers to two or more questions and 
618 (2.0%) cases with missing gender, resulting in 24,963 
eligible cases for analysis (Online Resource 3). The median 
age was 3.8 years (IQR 1.4–7.7), 56.7% were male and 102 
(0.4%) had a positive outcome on the consensus diagnosis 
(outcome measure A) (Table 1).

Predictive values of the original questions in each dataset 
were calculated (Online Resource 4), and hereafter the ques-
tions were harmonized (Online Resource 2). Table 2 and 
Online Resource 5 show the distribution of the harmonized 
questions respectively before and after multiple imputation 
of missing values.

In the multivariate logistic regression analysis with out-
come measure A, the complete model showed increased 
aORs for questions 1, 2, 4 and 5 (Table 3). For outcome 
measure B, these aORs show comparable results to outcome 
measure A.

The complete model with outcome measure A had an 
AUC of 0.80 (95% CI 0.74–0.87). In a reduced model, 
question 3 regarding a consisting history was left out since 
the question was not significant in the model and the aim 
was to develop a brief instrument. In line with this aim 
and to assure maximal adherence from ED staff, question 
5 regarding the top-toe examination was also excluded 
after showing to be non-contributive to the model per-
formance (Table 3). This reduced model consisting of 3 
questions discriminated at a level comparable (AUC 0.79, 
95% CI 0.73–0.85) to the complete model including all 5 
questions. In the sensitivity analysis, the reduced model 
provided similar coefficients and model performance when 
all missing values on the screening questions in the origi-
nal datasets were assumed to be negative answers (Online 
Resource 6). With outcome measure B, the complete and 
reduced model discriminated moderately to poorly (resp. 
AUC 0.66, 95% CI 0.61–0.70 and AUC 0.64, 95% CI 
0.59–0.68).

Table 1  Baseline characteristics 
of the included cases

n.a. not applicable
* See Table 2 for screening questions before multiple imputation, and Online Resource 5 for screening ques-
tions after multiple imputation

Characteristics Dataset AMC
n = 3136 (%)

Dataset EMC
n = 18,159 (%)

Dataset UMC
n = 3668 (%)

Total dataset
n = 24,963 (%)

Gender
  Boy 1753 (55.9) 10,266 (56.5) 2138 (58.3) 14,157 (56.7)
  Girl 1383 (44.1) 7893 (43.5) 1530 (41.7) 10,806 (43.3)
Age median (IQR) 6.2 (2.4–11.6) 3.3 (1.1–8.2) 4.0 (2.5–5.5) 3.8 (1.4–7.7)
  < 4 years 1154 (36.8) 9985 (55.0) 1821 (49.6) 12,960 (51.9)
  ≥ 4 to < 8 years 628 (20.0) 3522 (19.4) 1847 (50.4) 5997 (24.0)
  ≥ 8 to < 12 years 649 (20.7) 2592 (14.3) n.a 3241 (13.0)
  ≥ 12 to < 19 years 705 (22.5) 2060 (11.3) n.a 2765 (11.1)
Positive screening result before multiple imputation of screening questions*
  Yes 267 (8.5) 403 (2.2) 121 (3.3) 791 (3.2)
Positive screening result after multiple imputation of screening questions*
  Yes 337 (10.7) 407 (2.2) 124 (3.4) 868 (3.5)
Outcome measure A (consensus diagnosis)
  Yes 41 (1.3) 52 (0.3) 9 (0.2) 102 (0.4)
Outcome measure B (consensus diagnosis & reports Safe at Home centre for screened negatives)
  Yes 90 (2.9) 65 (0.4) 54 (1.5) 209 (0.8)
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In the cross-validation, the pooled AUC of the reduced 
model was 0.75 (95% CI 0.63–0.87) for outcome measure A 
and 0.61 (95% CI 0.54–0.68) for outcome measure B (Fig. 1). 
Calibration was poor for the different internal–external vali-
dations with outcome measure B (range slope 0.55 to 1.22, 
range intercept −1.23 to −0.44) (Online Resource 7).

A total of 14,978 children (60.0%) were aged under 
5 years old, of which 57.7% were male and 63 (0.4%) had a 
positive consensus diagnosis (outcome measure A). In the 
subgroup analysis of children aged under 5 years old, all 
models (reduced model and cross-validation of the reduced 
model) performed comparable to the models of the total 
group of children (n = 24,963) (Table 4).

Discussion

The SCAN is a brief screening questionnaire for child mal-
treatment developed and validated based on three obser-
vational studies from eight different emergency depart-
ments including nearly 25,000 children (Fig. 2). The SCAN 

showed a moderate performance and performed comparable 
in children under 5 years.

Previous studies have shown the need to support health 
care professionals in detecting signs of possible child mal-
treatment and the added value of using a screening instru-
ment [16, 20, 30]. Louwers et al. showed that the detection 
rate for child maltreatment was significantly higher in chil-
dren who were screened than in those who were not screened 
(0.5% vs. 0.1%, p < 0.001) [13]. Different screening tools 
(SPUTOVAMO, ESCAPE and local tools) are used at EDs 
in Europe, and 67.9% is local non-validated tools [17]. Stud-
ies assessing the diagnostic value of these tools all showed 
high negative predictive values but low-to-moderate positive 
predictive values for child maltreatment (Online Resource 8) 
[12, 15, 18, 21, 31]. Not one instrument performed outstand-
ingly in detecting child maltreatment (Online Resource 8) 
[12, 15, 18, 21, 31].

The SCAN is intended to be the first signal for possi-
ble child maltreatment, completed by the ED professional 
at triage, and therefore, it needs to be possible to complete 
the instrument quickly. A survey amongst EDs in Europe 

Table 2  Screening questions

n.a. not applicable
* positive answer on screening question = positive result. See Online Resource 5 for screening questions 
after multiple imputation

Harmonized screening 
questions

Dataset AMC
n = 3136 (%)

Dataset EMC
n = 18,159 (%)

Dataset UMC
n = 3668 (%)

Total dataset
n = 24,963 (%)

Question 1: injury compatible with history and corresponding to child’s developmental level
  Yes 2004 (63.9) 17,039 (93.8) 3606 (98.3) 22,649 (90.7)
  No* 127 (4.0) 79 (0.4) 62 (1.7) 268 (1.1)
Missing 1005 (32.0) 1041 (5.7) 0 (0) 2046 (8.2)
Question 2: unnecessary delay in seeking medical help
  Yes* 77 (2.5) 137 (0.8) 40 (1.1) 254 (1.0)
  No 2930 (93.4) 17,952 (98.9) 3628 (98.9) 24,510 (98.2)
  Missing 129 (4.1) 70 (0.4) 0 (0) 199 (0.8)
Question 3: consistent history
  Yes n.a 18,059 (99.4) 3648 (99.5) 21,707 (87.0)
  No* n.a 78 (0.4) 19 (0.5) 97 (0.4)
Missing 3136 (100) 22 (0.1) 1 (0.0) 3159 (12.7)
Question 4: appropriate behaviour of the child, the parents and appropriate interaction
  Yes 3076 (98.1) 18,012 (99.2) 3646 (99.4) 24,734 (99.1)
  No* 60 (1.9) 83 (0.5) 21 (0.6) 164 (0.7)
  Missing 0 (0) 64 (0.4) 1 (0.0) 65 (0.3)
Question 5: physical injuries found with top-toe examination suspect for child maltreatment
  Yes* 69 (2.2) 52 (0.3) 31 (0.8) 152 (0.6)
  No 3067 (97.8) 18,059 (99.4) 3451 (94.1) 24,577 (98.5)
  Missing 0 (0) 48 (0.3) 186 (5.1) 234 (0.9)
Question 6: other signals that make you doubt the safety of child/family
  Yes* n.a 163 (0.9) n.a n.a
  No n.a 17,878 (98.5) n.a n.a
  Missing n.a 118 (0.6) n.a n.a
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showed most respondents did not use a screening tool [17], 
even though validated screening tools such as the ESCAPE 
instrument and SPUTOVAMO are available [18, 21]. One 
explanation could be that screening tools are often too time-
consuming [19, 20], implying that any redundant questions 
should be avoided. The shorter the screening instrument, the 
more feasible it is to implement in a busy ED. Additionally, 
although the combination of a complete physical examina-
tion with the SPUTOVAMO checklist led to the detection 

of more (possible) child maltreatment cases, adherence to 
the protocol was modest [15, 19]. By crucial appraisal of 
the added value of the different questions of the validated 
ESCAPE and SPUTOVAMO screening tools and by exclud-
ing a top-toe examination, we aimed to develop such a brief 
instrument that resulted in the SCAN.

Appraisal of the ESCAPE and SPUTOVAMO screening 
questions showed no added value (low performance) of the 
question regarding the consistent history and therefore led 

Table 3  Complete and reduced adjusted model for the consensus diagnosis of child maltreatment (outcome measure A and B)

Models are adjusted for age, gender, hospital (n = 8) and the screening questions. Outcome measure A: unknown outcomes of screened negatives 
were analysed as a negative outcome. Outcome measure B: unknown outcomes for the negative-screened cases were supplemented based on the 
reports to the Safe at Home centre

Complete model Outcome measure A Outcome measure B

aOR (95% CI) p-value aOR (95% CI) p-value

(Constant) 0.005 (0.003–0.010) 0.98 0.015 (0.010–0.021 0.000
Question 1 Injury compatible with history and corresponding to child’s developmental 

level
8.35 (4.33–16.11) < 0.001 4.39 (2.54–7.60) < 0.001

Question 2 Unnecessary delay in seeking medical help 2.31 (1.07–5.00) 0.03 1.71 (0.85–3.44) 0.13
Question 3 Consistent history 0.99 (0.30–3.26) 0.99 1.61 (0.56–4.66) 0.38
Question 4 Appropriate behaviour of the child, the parents and appropriate interaction 6.91 (3.41–14.02) < 0.001 5.27 (2.80–9.94) < 0.001
Question 5 Physical injuries found with top-toe examination suspect for child maltreatment 7.62 (3.69–15.75) < 0.001 5.06 (2.66–9.63) < 0.001

Reduced model Outcome measure A Outcome measure B

aOR (95% CI) p-value aOR (95% CI) p-value

(Constant) 0.006 (0.003–0.01) 0.98 0.015 (0.010–0.021) 0.000
Question 1 Injury compatible with history and corresponding to child’s developmental 

level
10.40 (5.69–19.02) < 0.001 5.54 (3.37–9.13) < 0.001

Question 2 Unnecessary delay in seeking medical help 3.45 (1.73–6.88) < 0.001 2.46 (1.32–4.57) 0.005
Question 4 Appropriate behaviour of the child, the parents and appropriate interaction 14.67 (7.93–27.13) 0.000 10.59 (6.21–18.07) 0.000

Fig. 1  Discriminative 
value (AUC with 95% confi-
dence intervals) of the reduced 
model for the consensus 
diagnosis of child maltreatment 
for 3 internal–external cross-
validations. Unknown outcomes 
of the screened negatives are 
analysed as negative outcome 
(outcome measure A)
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to the exclusion of this question. The question regarding 
concerns for the safety of the child/family from the vali-
dated ESCAPE instrument was included in the SCAN by 
consensus of the consortium. Although we aimed to develop 
a brief instrument, this question covers more subtle signals 
for child maltreatment such as neglect or emotional abuse 
that are difficult to identify.

A positive screening result of the SCAN should lead 
to a thorough work-up for child maltreatment and should 
include a complete history, top-toe examination, additional 
diagnostic tests and consultation of a child abuse expert. 
It has already been shown that completion of a screening 
instrument resulted in a higher chance of having a top-toe 
examination performed (RR 5.4, 95% CI 3.8–7.5, p = 0.000) 
[19]. Screening is just the first step in the recognition and 
management of child maltreatment. In suspect cases, a 

thorough medical work-up should be followed by psychoso-
cial evaluation and warranting the safety of the child includ-
ing reporting to the regional Safe at Home centre and/or 
child protective services [22].

The strength of this study is that a large population of 
children from eight EDs in the Netherlands was included. 
Furthermore, through cross-validation of our screening tool 
in three datasets, we improved the generalizability of the 
results.

This study has some limitations:

1. Different datasets: first, the UMC dataset included chil-
dren from 0 to 7 years old with a physical injury (abuse 
or neglect), whereas the other two datasets included 
children aged 0 to 18 years old with all clinical pres-
entations. This could have influenced our results; since 
physical injuries are more likely to trigger suspicion for 
abuse, the positive predictive value of screening tools 
for child maltreatment has shown to be higher in older 
age groups (12 years and older) [15], and self-disclosure 
is less likely for younger children [32]. However, a sub-
group analysis of children aged under 5 years old, mak-
ing the results of the different datasets more comparable, 
showed the similar model performance to the analysis of 
all children. Second, for missing values on the screening 
questions, we performed multiple imputation for which 
the sensitivity analysis showed similar results, indicating 
our results are plausible after imputation.

2. Outcome: compared to the consensus diagnosis by the 
child abuse team from the AMC and EMC study, the 
expert team of the UMC study has used stricter criteria 
for the consensus diagnosis, which might explain a lower 
number of child maltreatment cases (n = 9). Variability 
in screening rates at the ED between the three studies 
(for AMC and EMC 50% of the children and for UMC 
all children) might have influenced the number of posi-
tive cases. This could also be explained by the various 
study designs: different study populations, regions (i.e., 
socioeconomic status), comorbidities, training of staff 

Table 4  Model performance 
subgroup analysis 
children < 5 years old compared 
to all children

Outcome measure A: unknown outcomes of screened negatives were analysed as negative outcome. Out-
come measure B: unknown outcomes for the negative-screened cases were supplemented based on the 
reports to the Safe at Home centre
AUC  area under the curve

All children
(n = 24,963)

Children < 5 years old
(n = 14,978)

Reduced model AUC (95%CI) AUC (95%CI)
  Outcome measure A 0.79 (0.73–0.85) 0.79 (0.71–0.86)
  Outcome measure B 0.64 (0.59–0.68) 0.64 (0.58–0.69)
Cross-validation reduced model Pooled AUC (95%CI) Pooled AUC (95%CI)
  Outcome measure A 0.75 (0.63–0.87) 0.77 (0.62–0.93)
  Outcome measure B 0.61 (0.54–0.68) 0.61 (0.51–0.71)

Fig. 2  Screening instrument for Child Abuse and Neglect (SCAN).  
*only regarding the patient delay, no doctors delay
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and hospitals (academic versus regional). However, the 
association between screening questions and outcome is 
not expected to be different, only the generalizability of 
the results might be influenced.

  By assuming the outcome for the negative-screened 
children as “no child maltreatment” (A), we could have 
underestimated the true outcome. On the other hand, 
by supplementing these outcomes with a referral to the 
regional Safe at Home centre (B), this could have been 
an overestimation, as the referral might not have been 
related to the ED visit.

3. Number of cases: due to the low incidence of suspected 
child maltreatment, the performance of our instrument 
was evaluated in cross-validations with a lower number 
of cases than what is optimal for validation (100 cases) 
[33]. The poor calibration could be due to the overfit-
ting of the model but could also be explained by the 
heterogeneity in the different datasets [34]. Although 
calibration was poor, the discrimination of the instru-
ment was moderate in the cross-validations and future 
implementation will show the value of the SCAN.

Despite the undeniable differences between the studies, 
we managed to achieve a well-harmonized brief screening 
tool to improve the early detection of child maltreatment.

Conclusion

This study presents a brief validated screening instrument 
(SCAN) consisting of four questions to improve early rec-
ognition of child maltreatment in the emergency depart-
ment. The SCAN is not a diagnostic tool to detect proven 
child maltreatment, but it is an instrument to identify early 
signs of, or high-risk situations for, child maltreatment. A 
positive SCAN warrants a thorough work-up including a 
top-toe examination, complete history, additional diagnos-
tic tests and consultation of a child abuse expert. Recog-
nizing these signs and situations and creating awareness 
are important to start early interventions to help children, 
parents and families. Implementation of this instrument 
combined with adequate training and a clear hospital pol-
icy will be the next step in confirming the broad effective-
ness and feasibility of the SCAN and its value for increas-
ing the recognition of child maltreatment in the ED.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00431- 022- 04635-0.

Acknowledgements We thank the previous researchers involved in the 
three included studies for collecting the data and providing the datasets.

Author’s contributions The study was designed and conceptualized 
by PP, MA, RB, ML, EP, IRK, MS, RT, HK and HM (the NCAC). 

FH analysed and interpreted the data and drafted the first version of 
the manuscript. PP supervised the analysis, interpreted the data, and 
reviewed and edited the manuscript. All authors contributed to data 
interpretation, commented on the manuscript and agreed on the final 
version. HM supervised the project and analysis.

Funding Only the original studies, from which any data were used, 
were originally funded as follows: AMC: this study was supported 
by Stichting Kinderpostzegels Nederland. EMC: this study was sup-
ported by the Netherlands Institute for Health Research and Develop-
ment (ZonMw 63300023) and Foundation Physico Therapeutic Insti-
tute. UMC: this study was supported by the Netherlands Institution 
for Health Research and Development (ZonMw 80–82405–98–084, 
project number 15700.1008). KGMM receives funding from the Neth-
erlands Organization for Scientific Research (projects 9120.8004 and 
918.10.615).

Data availability Online resources are online available as supplemen-
tary material. All data relevant to the study are included in the article 
or uploaded as supplementary information. Original data are available 
from the corresponding author upon reasonable request.

Declarations 

Ethics approval Ethical approval was granted to the original studies 
from which any data were used. AMC: this study was exempt from 
ethics approval under Dutch law, no informed consent was needed, 
and data could be analysed anonymously, Statement of No Objection, 
Ethics Committee Academic Medical Centre, 19 February 2008. EMC: 
this study was approved by the Medical Ethics Committee of the Eras-
mus MC (MEC–2007–195). Informed consent was waived. UMC: this 
study was reviewed and approved by the Medical Ethics Committee of 
the University Medical Centre Utrecht (reference 08–378).

Conflict of interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sethi D, Bellis M, Hughes K, Gilbert R, Mitis F, Galea G (2013) 
European Report on preventing child maltreatment. Copenha-
gen: World Health Organization for Europe

 2. Global Burden of Disease (2013) Disease and injury regional 
estimates [online database]: World Health Organization (WHO), 
Geneva. Available from: http:// www. euro. who. int/_ data/ assets/ 
pdf_ file/ 0012/ 121314/ E94277

 3. World Health Organization (WHO) (2016) Global plan of action 
to strengthen the role of the health system within a national mul-
tisecotral response to address interpersonal violence, in particular 
against women and girls, and against children. Available from: 

https://doi.org/10.1007/s00431-022-04635-0
http://creativecommons.org/licenses/by/4.0/
http://www.euro.who.int/_data/assets/pdf_file/0012/121314/E94277
http://www.euro.who.int/_data/assets/pdf_file/0012/121314/E94277


87European Journal of Pediatrics (2023) 182:79–87 

1 3

https:// www. who. int/ repro ducti vehea lth/ publi catio ns/ viole nce/ 
global- plan- of- action/ en/

 4. World Health Organization (WHO) (2020) Global status report 
on preventing violence against children. Geneva. Licence: CC 
BY-NC-SA 3.0 IGO

 5. Gilbert R, Kemp A, Thoburn J, Sidebotham P, Radford L, Glaser 
D et al (2009) Recognising and responding to child maltreat-
ment. Lancet 373(9658):167–180. https:// doi. org/ 10. 1016/ S0140- 
6736(08) 61707-9

 6. Petruccelli K, Davis J, Berman T (2019) Adverse childhood 
experiences and associated health outcomes: a systematic 
review and meta-analysis. Child Abuse Negl 97:104127. https:// 
doi. org/ 10. 1016/j. chiabu. 2019. 104127

 7. Avdibegović E, Brkić M (2020) Child neglect—causes and con-
sequences. Psychiatr Danub 32(Suppl 3):337–342

 8. Draper B, Pfaff JJ, Pirkis J, Snowdon J, Lautenschlager NT, 
Wilson I et al (2008) Long-term effects of childhood abuse on 
the quality of life and health of older people: results from the 
Depression and Early Prevention of Suicide in General Practice 
Project. J Am Geriatr Soc 56(2):262–271. https:// doi. org/ 10. 
1111/j. 1532- 5415. 2007. 01537.x

 9. Ferrara P, Corsello G, Basile MC, Nigri L, Campanozzi A, 
Ehrich J et al (2015) The economic burden of child maltreat-
ment in high income countries. J Pediatr 167(6):1457–1459. 
https:// doi. org/ 10. 1016/j. jpeds. 2015. 09. 044

 10. Loos MHJ, Bakx R, Duijst W, Aarts F, de Blaauw I, Bloemers 
FW et al (2021) High prevalence of non-accidental trauma among 
deceased children presenting at Level I trauma centers in the 
Netherlands. Forensic Sci Med Pathol 17(4):621–633. https:// 
doi. org/ 10. 1007/ s12024- 021- 00416-7

 11. Guenther E, Knight S, Olson LM, Dean JM, Keenan HT (2009) 
Prediction of child abuse risk from emergency department use. 
J Pediatr 154(2):272–277. https:// doi. org/ 10. 1016/j. jpeds. 2008. 
07. 047

 12. Schouten MCM, van Stel HF, Verheij TJM, Houben ML, Russel 
IMB, Nieuwenhuis EES et al (2017) The value of a checklist 
for child abuse in out-of-hours primary care: to screen or not 
to screen. PLoS One 12(1):e0165641. https:// doi. org/ 10. 1371/ 
journ al. pone. 01656 41

 13. Louwers EC, Korfage IJ, Affourtit MJ, Scheewe DJ, van de 
Merwe MH, Vooijs-Moulaert AF et al (2012) Effects of system-
atic screening and detection of child abuse in emergency depart-
ments. Pediatrics 130(3):457–464. https:// doi. org/ 10. 1542/ peds. 
2011- 3527

 14. Louwers EC, Korfage IJ, Affourtit MJ, Scheewe DJ, van de 
Merwe MH, Vooijs-Moulaert FA et al (2011) Detection of child 
abuse in emergency departments: a multi-centre study. Arch Dis 
Child 96(5):422–425. https:// doi. org/ 10. 1136/ adc. 2010. 202358

 15. Teeuw AH, Kraan RBJ, van Rijn RR, Bossuyt PMM, Heymans 
HSA (2019) Screening for child abuse using a checklist and 
physical examinations in the emergency department led to the 
detection of more cases. Acta Paediatr 108(2):300–313. https:// 
doi. org/ 10. 1111/ apa. 14495

 16. Woodman J, Lecky F, Hodes D, Pitt M, Taylor B, Gilbert R 
(2010) Screening injured children for physical abuse or neglect 
in emergency departments: a systematic review. Child Care 
Health Dev 36(2):153–164. https:// doi. org/ 10. 1111/j. 1365- 
2214. 2009. 01025.x

 17. Hoedeman F, Puiman PJ, Smits AW, Dekker MI, Diderich-Lolkes 
de Beer H, Laribi S et al (2021) Recognition of child maltreatment 
in emergency departments in Europe: Should we do better? PLoS 
One 16(2):e0246361. https:// doi. org/ 10. 1371/ journ al. pone. 02463 61

 18. Sittig JS, Uiterwaal CS, Moons KG, Russel IM, Nievelstein RA, 
Nieuwenhuis EE et al (2016) Value of systematic detection of 
physical child abuse at emergency rooms: a cross-sectional diag-
nostic accuracy study. BMJ Open 6(3):e010788. https:// doi. org/ 
10. 1136/ bmjop en- 2015- 010788

 19. Teeuw AH, Sieswerda-Hoogendoorn T, Sangers EJ, Heymans 
HS, van Rijn RR (2016) Results of the implementation of a new 
screening protocol for child maltreatment at the Emergency 
Department of the Academic Medical Center in Amsterdam. Int 
Emerg Nurs 24:9–15. https:// doi. org/ 10. 1016/j. ienj. 2015. 05. 002

 20. Louwers EC, Korfage IJ, Affourtit MJ, De Koning HJ, Moll HA 
(2012) Facilitators and barriers to screening for child abuse in the 
emergency department. BMC Pediatr 12:167. https:// doi. org/ 10. 
1186/ 1471- 2431- 12- 167

 21. Louwers EC, Korfage IJ, Affourtit MJ, Ruige M, van den Elzen 
AP, de Koning HJ et al (2014) Accuracy of a screening instrument 
to identify potential child abuse in emergency departments. Child 
Abuse Negl 38(7):1275–1281. https:// doi. org/ 10. 1016/j. chiabu. 
2013. 11. 005

 22. Domestic violence and child abuse protocol: Government of the 
Netherlands. Available from: https:// www. gover nment. nl/ topics/ 
domes tic- viole nce/ domes tic- viole nce- and- child- abuse- proto col. 
Accessed 1 May 2022

 23. van Rijn RR, Affourtit MJ, Karst WA, Kamphuis M, de Bock LC, 
van de Putte E (2019) Implementation of the Dutch expertise centre 
for child abuse: Descriptive data from the first 4 years. BMJ Open 
9(8):e031008. https:// doi. org/ 10. 1136/ bmjop en- 2019- 031008

 24. Dutch Health Care Inspectorate (2013) Besluit verplichte meld-
code huiselijk geweld en kindermishandeling: Dutch Health 
Care Inspectorate. Available from: https:// wetten. overh eid. nl/ 
BWBR0 033723/ 2019- 01- 01

 25. Marshall A, Altman DG, Holder RL, Royston P (2009) Combining 
estimates of interest in prognostic modelling studies after multi-
ple imputation: current practice and guidelines. BMC Med Res 
Methodol 9:57. https:// doi. org/ 10. 1186/ 1471- 2288-9- 57

 26. Rubin DB (1976) Inference and missing data. Biometrika 
63(3):581–592. https:// doi. org/ 10. 2307/ 23357 39

 27. Steyerberg EW (2018) Validation in prediction research: the waste 
by data splitting. J Clin Epidemiol 103:131–133. https:// doi. org/ 
10. 1016/j. jclin epi. 2018. 07. 010

 28. Steyerberg EW, Harrell FE Jr (2016) Prediction models need 
appropriate internal, internal-external, and external validation. 
J Clin Epidemiol 69:245–247. https:// doi. org/ 10. 1016/j. jclin epi. 
2015. 04. 005

 29. Swets JA (1988) Measuring the accuracy of diagnostic systems. 
Science 240(4857):1285–1293. https:// doi. org/ 10. 1126/ scien ce. 
32876 15

 30. Louwers EC, Affourtit MJ, Moll HA, de Koning HJ, Korfage IJ 
(2010) Screening for child abuse at emergency departments: a 
systematic review. Arch Dis Child 95(3):214–218. https:// doi. org/ 
10. 1136/ adc. 2008. 151654

 31. Dinpanah H, Akbarzadeh PA (2017) Potential Child abuse screen-
ing in emergency department; a diagnostic accuracy study. Emerg 
(Tehran) 5(1):e8

 32. Kellogg ND (2007) Evaluation of suspected child physical abuse. 
Pediatrics 119(6):1232–1241. https:// doi. org/ 10. 1542/ peds. 
2007- 0883

 33. Vergouwe Y, Steyerberg EW, Eijkemans MJ, Habbema JD (2005) 
Substantial effective sample sizes were required for external valida-
tion studies of predictive logistic regression models. J Clin Epide-
miol 58(5):475–483. https:// doi. org/ 10. 1016/j. jclin epi. 2004. 06. 017

 34. Van Calster B, McLernon DJ, van Smeden M, Wynants L, 
Steyerberg EW, Bossuyt P et al (2019) Calibration: the Achil-
les heel of predictive analytics. BMC Med 17(1):230. https:// 
doi. org/ 10. 1186/ s12916- 019- 1466-7

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.who.int/reproductivehealth/publications/violence/global-plan-of-action/en/
https://www.who.int/reproductivehealth/publications/violence/global-plan-of-action/en/
https://doi.org/10.1016/S0140-6736(08)61707-9
https://doi.org/10.1016/S0140-6736(08)61707-9
https://doi.org/10.1016/j.chiabu.2019.104127
https://doi.org/10.1016/j.chiabu.2019.104127
https://doi.org/10.1111/j.1532-5415.2007.01537.x
https://doi.org/10.1111/j.1532-5415.2007.01537.x
https://doi.org/10.1016/j.jpeds.2015.09.044
https://doi.org/10.1007/s12024-021-00416-7
https://doi.org/10.1007/s12024-021-00416-7
https://doi.org/10.1016/j.jpeds.2008.07.047
https://doi.org/10.1016/j.jpeds.2008.07.047
https://doi.org/10.1371/journal.pone.0165641
https://doi.org/10.1371/journal.pone.0165641
https://doi.org/10.1542/peds.2011-3527
https://doi.org/10.1542/peds.2011-3527
https://doi.org/10.1136/adc.2010.202358
https://doi.org/10.1111/apa.14495
https://doi.org/10.1111/apa.14495
https://doi.org/10.1111/j.1365-2214.2009.01025.x
https://doi.org/10.1111/j.1365-2214.2009.01025.x
https://doi.org/10.1371/journal.pone.0246361
https://doi.org/10.1136/bmjopen-2015-010788
https://doi.org/10.1136/bmjopen-2015-010788
https://doi.org/10.1016/j.ienj.2015.05.002
https://doi.org/10.1186/1471-2431-12-167
https://doi.org/10.1186/1471-2431-12-167
https://doi.org/10.1016/j.chiabu.2013.11.005
https://doi.org/10.1016/j.chiabu.2013.11.005
https://www.government.nl/topics/domestic-violence/domestic-violence-and-child-abuse-protocol
https://www.government.nl/topics/domestic-violence/domestic-violence-and-child-abuse-protocol
https://doi.org/10.1136/bmjopen-2019-031008
https://wetten.overheid.nl/BWBR0033723/2019-01-01
https://wetten.overheid.nl/BWBR0033723/2019-01-01
https://doi.org/10.1186/1471-2288-9-57
https://doi.org/10.2307/2335739
https://doi.org/10.1016/j.jclinepi.2018.07.010
https://doi.org/10.1016/j.jclinepi.2018.07.010
https://doi.org/10.1016/j.jclinepi.2015.04.005
https://doi.org/10.1016/j.jclinepi.2015.04.005
https://doi.org/10.1126/science.3287615
https://doi.org/10.1126/science.3287615
https://doi.org/10.1136/adc.2008.151654
https://doi.org/10.1136/adc.2008.151654
https://doi.org/10.1542/peds.2007-0883
https://doi.org/10.1542/peds.2007-0883
https://doi.org/10.1016/j.jclinepi.2004.06.017
https://doi.org/10.1186/s12916-019-1466-7
https://doi.org/10.1186/s12916-019-1466-7

	A validated Screening instrument for Child Abuse and Neglect (SCAN) at the emergency department
	Abstract
	Introduction
	Methods
	Study design
	Harmonization of data
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


