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Summary
AIMS OF THE STUDY: To standardise the assessment
of infants with fractures at University Children’s Hospital
Zurich, a guideline was implemented in February 2021.
The aim of this study was to assess adherence to this
guideline and to assess changes in management before
and after guideline implementation. The primary outcome
was the overall adherence rate to the guideline. Addition-
ally, we evaluated specific omissions of guideline steps by
clinicians and investigated differences in adherence for in-
fants younger vs older than six months, as well as vari-
ations between in- and outpatient care. Secondary out-
comes focused on changes in the frequency of
involvement of the child protection team, skeletal survey
rates and child abuse detection, comparing these rates
before and after guideline implementation.

METHODS: We conducted a retrospective single-centre
quality control study. We included infants younger than 12
months diagnosed with fractures at the emergency depart-
ment between 1 February 2021 and 31 August 2022. We
excluded children with prior bone disease diagnoses and
those whose parents did not consent to their children’s da-
ta being used for research.

RESULTS: A total of 61 emergency department visits of in-
fants with fractures were included in the study. The overall
adherence rate to the guideline was 39%. Notably, in 68%
of cases where clinicians deviated from the guideline, the
primary reason was a missing consultation of the paedia-
trician or family doctor. Adherence levels were consistent
across age groups (under and over six months), but there
was a notable discrepancy between inpatient (53%) and
outpatient (26%) care settings. Child protection team in-
volvement increased to 54%, twice the rate observed be-
fore guideline implementation.

CONCLUSIONS: Overall adherence to the guideline was
poor, emphasising the necessity for continuous training of
clinicians to raise awareness regarding the differential di-
agnosis of child abuse. Despite the guideline’s implemen-
tation leading to a doubled rate of child protection team
involvement, there remains a need for improvement. No-
tably, outpatient care exhibited lower guideline adherence,
signalling an area requiring focused attention.

Introduction

Fractures are a common reason for paediatric emergency
department visits, with annual incidence rates of paediatric
fractures ranging from 12 to 36 per 1000 children [1, 2].
In infants, the annual incidence of fractures is notably low-
er, ranging from 0.7 to 3.6 per 1000 children [3–5], yet
distinguishing between accidental and non-accidental in-
juries in this vulnerable population remains a crucial con-
cern. Conversely, the proportion of fractures attributed to
abuse is higher in younger children, with estimates rang-
ing from 25% to 56% in hospitalised children younger than
12 months [5, 6], and 1% to 36% in a general emergency
department population of infants [4, 7–9]. Estimations of
abuse-related fractures in younger children, particularly in-
fants, have been challenging due to the difficulty in sub-
stantiating cases conclusively, compounded by variations
in study inclusion criteria and abuse definitions.

To differentiate between accidental and non-accidental in-
juries, physicians must consider various factors, including
the injury’s history, the child’s age and developmental
stage, fracture localisation, the fracture’s age and under-
standing the mechanism responsible for the specific local-
isation of the fracture [10]. Indicators suggestive of po-
tential child abuse include multiple fractures, fractures at
different healing stages, delays in seeking medical treat-
ment and co-existing injuries such as skin injuries, internal
organ damage or central nervous system trauma [10]. An
injury’s history must also be compatible with a fracture in
terms of biomechanics [11]. Previous research has demon-
strated that individuals trained in child protection possess a
higher accuracy in assessing suspected cases of child abuse
[12, 13].

The American Academy of Pediatrics (AAP) recommends
a standardised assessment protocol for infants with frac-
tures, which includes a mandatory skeletal survey for all
infants with a fracture, with a few exceptions such as distal
radial/ulna buckle fractures, toddler fractures of the tibia or
fibula in a cruising child with a history of a fall, linear uni-
lateral skull fractures in children over six months old with
a history of a significant fall and clavicle fractures attribut-
able to birth [14]. However, in Switzerland, no guidelines
exist for evaluating child abuse in infants with fractures.
A recent Swiss study investigated obstacles and enablers
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for detecting and reporting child abuse among nursing and
medical staff in paediatric emergency and surgery depart-
ments. Implementation of a clearly defined clinical prac-
tice guideline was one of the most frequently reported
enablers (23%), along with mandatory child protection
courses, encouragement of low thresholds to express and
report suspicions and improvement of child protection ser-
vice resources [15].

In 2021, University Children’s Hospital Zurich instituted a
clinical practice guideline aimed at standardising the man-
agement of infants with fractures (figure 1). The guideline
requires that a detailed medical history and clinical exam-
ination must be conducted for infants with a fracture. The
attending physician in the emergency department or inpa-
tient ward must also contact the paediatrician or family
doctor to record any abnormalities in the child’s previous
medical history. Depending on the age and location of the
fracture, the hospital’s internal child protection team must
also be involved.

This guideline is based on the AAP guideline, with the ex-
ception that a skeletal survey is not mandatory. Instead, the
decision regarding a skeletal survey is made in conjunction
with the child protection team, providing an opportunity to
increase abuse detection rates while minimising radiation
exposure. It is important to emphasise that a skeletal sur-
vey is only one component of evaluating a child with frac-
tures, and a normal skeletal survey does not definitively
rule out child abuse. Abused children may have only a sin-
gle fracture [10] and occult fractures may be missed even
if the skeletal survey is performed correctly [16].

This study aims to evaluate adherence to the implemented
guideline and compare the frequency of child protection
team involvement, skeletal survey rate and child abuse de-
tection rate with the period before the guideline was imple-
mented. These findings substantially support our long-term
goal to establish a national guideline for the evaluation of
child abuse in infants with fractures.

Methods

This retrospective single-centre quality control study in-
cluded infants diagnosed with fractures at the emergency
department of University Children’s Hospital Zurich be-
tween 1 February 2021 and 31 August 2022. This time-
frame was chosen to ensure an adequate duration for physi-
cians at our hospital to become familiar with this guideline
and integrate it into daily practice at the emergency depart-
ment and on the ward. Exclusions comprised infants with
prior diagnoses of bone diseases, such as osteogenesis im-
perfecta or those whose parents declined the use of their
children’s data for research. Data collection relied on the
hospital’s clinical information system (CGM clinical). All
X-ray images from the emergency department are stored in
a picture archiving and communication system (PACS) for
evaluation by paediatric radiologists. All infants with frac-
tures in the PACS were eligible for this control study. Ad-
ditionally, all infant visits to the emergency department due
to trauma were screened daily by two authors (LR, MS) to
ensure no cases were missed.

Collected patient characteristics included age, sex, fracture
localisation, and whether patients received inpatient or out-
patient care. In accordance with our hospital’s guidelines,
fracture diagnosis predominantly involved radiographs,
except for toddler’s fractures and skull fractures. A clinical
diagnosis was permissible for these specific cases based on
a clear history of trauma and corresponding clinical find-
ings, such as swelling and refusal to walk (in cases of leg
injuries) or swelling combined with a palpable fracture or
bony step-off (for skull fractures). It was left at the dis-
cretion of the attending physician to determine whether
additional imaging, such as sonography or computed to-
mography (CT), was necessary. While the specificity and
sensitivity of a clinical diagnosis of skull fractures are low-
er compared to those of a CT diagnosis [17–19], the clin-
ical focus is not solely on identifying every skull fracture
but rather on performing CT scans or MRI only on children
suspected of relevant intracranial bleeding. This approach
aligns with current standard practice at University Chil-
dren’s Hospital Zurich, which we did not change for the

Figure 1: The clinical practice guideline that was implemented at University Children’s Hospital Zurich in February 2021 [31].
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purpose of this study. In cases of toddler’s fractures, initial
radiographs often yield negative results, so the primary di-
agnosis is typically based on history and physical exami-
nation [20]. A fracture was classified as birth-associated if
the child presented in the first month of life, the caregiv-
er’s history aligned with the birth reports, and if there were
no other suspicious findings in the child’s personal history
and clinical examination.

The primary outcome was to assess adherence rates to
the guideline. This was accomplished by reviewing in-
dividual medical reports from the emergency department
and, if applicable, the inpatient ward. The reports were
reviewed regarding personal history, clinical examination
details, fracture localisation, documentation of consulta-
tion with the paediatrician or family doctor, and involve-
ment of the child protection team. If these actions were not
documented, they were classified as not having occurred.
Based on this information, we compared the management
with the guideline’s flowchart to determine whether the
patient’s medical team had adhered to the guideline or
not. We also identified specific steps within the guideline
that were omitted by clinicians. The adherence rates were
compared between infants under and over six months and
between inpatient and outpatient care, as our guideline
requests different steps based on age and fracture localisa-
tion.

Secondary outcomes were the frequency of child protec-
tion team involvement, the rate of skeletal surveys and the
rate of detection of potential child abuse. These three val-
ues were then compared with the corresponding values be-
fore implementation of the guideline.

Data were initially recorded in Microsoft Excel (Microsoft
Corp, Redmond, Wash) and subsequently imported into R
statistical software (R Studio Version 2022.07.1+554) for
analysis. The statistical analyses were conducted at vis-
it level, as each visit by a child to the emergency de-
partment should be assessed separately, especially if they
present more than once. The statistical findings were de-
scribed using frequencies and percentages for categorical
data, whereas continuous variables were presented as me-
dians and ranges.

This study was performed in accordance with the princi-
ples of the Declaration of Helsinki. The Ethics Committee

of Zurich (2020-02762) granted a waiver of consent as this
project was classified as quality control.

Results

Over a 19-month period, 87 infants presented with frac-
tures out of 9523 infant visits (0.9%) to our emergency
department. Ten visits (of 2 different children) were ex-
cluded because of a prior diagnosis of osteogenesis imper-
fecta, and 16 visits (of 16 different children) were exclud-
ed because of parental non-consent to use their children’s
data for research. Thus, 61 visits were included in this
study (figure 2). Each included visit refers to a single child;
none of the included children presented multiple times to
the emergency department, and none of them had multiple
fractures.

The patient cohort consisted of 46% females (n = 28) and
54% males (n = 33) with a median age of seven months.
The age distribution revealed a predominant age group be-
tween 6 and 12 months, with a peak at 11 months (fig-
ure 3). Nineteen children were younger than six months
(31%) and 42 patients were older than six months (69%).
Patient characteristics, including age distribution, fracture
localisation and patient care (inpatient versus outpatient)
are presented in table 1. Thirty-one patients (51%) received
outpatient care and 30 patients were treated as inpatients
(49%). Notably, 84% (n = 26) of the outpatients were older
than six months, vs 53% (n = 16) of the inpatients. Younger
children, those under six months of age, were primarily
treated as inpatients (74%, n = 14), whereas among those
older than six months, only a minority were admitted to the
ward (38%, n = 16). Among inpatients, 87% (n = 26) of
all fractures were skull fractures, followed by femur frac-
tures (7%, n = 2). The most common fractures in outpa-
tients were lower leg fractures (32%, n = 10), skull frac-
tures (23%, n = 7) and forearm and clavicle fractures (13%,
n = 4). Three fractures (5%), including two skull fractures
and one upper-arm fracture, were classified as birth trau-
mas.

Primary outcome analyses

Guideline adherence was observed in 39% (n = 24) of cas-
es, with non-adherence occurring in 61% (n = 37). The rea-

Figure 2: Patient selection chart.
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sons for non-adherence varied: in 68% (n = 25) of cases,
the paediatrician or family doctor was not consulted, while
in 32% (n = 12), the child protection team was not con-
sulted despite being requested. Adherence rates were simi-
lar in children aged under vs over six months, with adher-
ence rates of 42% (n = 8) and 38% (n = 16), respectively.
Among infants younger than six months, the primary rea-
son for non-adherence was missing child protection team
involvement in 64% (n = 7) of cases, whereas in children
older than six months, non-adherence was primarily due to

Figure 3: The distribution of age and sex of the patients included.

the absence of consultation with the paediatrician or fami-
ly doctor in 81% (n = 21).

Figure 4 illustrates adherence to the guideline, highlighting
that outpatient care was associated with a lower rate of ad-
herence (26%, n = 8) compared to inpatient care (53%, n
= 16). Among outpatient cases, 83% (n = 19) of non-ad-
herent cases were attributed to the absence of a consulta-
tion with the paediatrician or family doctor, while 17% (n =
4) were due to missing child protection team involvement.
In contrast, in inpatient care, 43% (n = 6) of non-adherent
cases were linked to a missing consultation with the paedi-
atrician or family doctor, while 57% (n = 8) were attributed
to missing child protection team involvement.

Secondary outcome analyses

Child protection team involvement occurred in 54% cases
(n = 33), resulting in further diagnostics in 15% (n = 5) of
those cases. Characteristics of patients for whom the child
protection team ordered further diagnostics are detailed in
table 2. Overall, the skeletal survey rate was 8% (n = 5).
While one skeletal survey was ordered by the attending
physician on the ward due to suspicion of bone disease, the
remaining four were ordered by the child protection team.
One case (1/61, 1.6%) aroused high suspicions of child
abuse due to the identification of an old rib fracture, lead-
ing to a report to the child and adult protection authority. In
the skeletal survey ordered by the attending physician on

Table 1:
Patient characteristics. Fracture localisation and range of age of the 61 infants included in the study.

n (%) (n = 61) Age, median (range) in months Inpatient care

Skull 33 (54%) 6 (0–11) 26/33 (79%)

Lower leg 10 (16%) 9 (7–11) 0/10

Femur 5 (8%) 7 (0–8) 2/5 (40%)

Clavicle 4 (7%) 6 (4–9) 0/4

Forearm 4 (7%) 10.5 (9–11) 0/4

Humerus 4 (7%) 4.5 (0–9) 1/4 (25%)

Figure 4: (A) Overall adherence and non-adherence. (B) Number of cases of adherence and non-adherence, illustrated per group of patient
care (inpatient vs outpatient).
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the ward, a clavicle fracture was found and later the diag-
nosis of osteogenesis imperfecta was established.

Discussion

Our study evaluated adherence to the 2021 guideline for
infants with fractures, revealing an overall low adherence
rate. However, the child protection team involvement rate
doubled post-implementation, indicating an improvement
in child abuse assessment. Our findings indicate a low
overall adherence rate of only 39%, with non-adherence
primarily attributed to the absence of paediatrician or fam-
ily doctor consultation (68%), followed by child protection
team omission (32%). Additionally, outpatient care had a
lower adherence rate compared to inpatient care.

Differences in guideline adherence were observed between
children aged under and over six months. While the overall
guideline adherence did not differ between these age
groups, the underlying reasons for non-adherence were
distinct. Among infants under six months, the primary fac-
tor contributing to non-adherence was the absence of child
protection team involvement. Conversely, in children older
than six months, non-adherence predominantly stemmed
from missing consultations with the paediatrician or family
doctor.

We also found differences in guideline adherence between
inpatient and outpatient management, notably with insuffi-
cient adherence in outpatient care, where 74% of children
were not managed according to the guideline. Most outpa-
tient cases involved children older than six months (84%),
with prevalent fractures including lower leg, skull and
forearm fractures. In the outpatient group, guideline non-
adherence primarily stemmed from a lack of consultation
with the paediatrician or family doctor. Previous studies
have shown that there are differences in child abuse guide-
line adherence depending on the race, socioeconomic sta-
tus and type of insurance of the child [21–23]. To our
knowledge, this is the first study investigating differences
in child abuse guideline adherence in infants with fractures
depending on their age and inpatient vs outpatient care.

Our findings indicate a potential oversight among physi-
cians, particularly in older infants treated as outpatients for
common childhood fractures such as tibial and radial frac-
tures. The poor guideline adherence in older infants treat-
ed as outpatients raises the question of whether we should
revise our guideline to mandate child protection team in-
volvement for all infants with fractures, regardless of age
and fracture localisation. This question will be further dis-
cussed in the following sections, along with potential op-
portunities to improve the implementation of the guideline.

Should the guideline recommend the same procedure
for children of all age groups?

Our guideline specifically mandates child protection team
involvement solely for infants under six months with frac-
tures, making it optional for older children with certain
common fractures under clearly defined circumstances
(figure 1). The rationale for our different approach towards
older children with specific fractures stems from evidence
that most infants begin rolling over by six months, subse-
quently increasing the risk of falls from beds or changing
tables. Falling incidents emerged as the leading cause of
fractures in infants [7, 24]. Therefore, we advocate that in
cases where parents provide a plausible history of falling
in a child older than six months, emphasis should be placed
on implementing primary and secondary prevention cam-
paigns rather than enforcing general child protection mea-
sures.

Should the guideline recommend the same procedure
for all fracture localisations?

Certain fractures such as skull, radial and tibial fractures
frequently occur from a fall from a sitting or standing
height, whereas femoral and humeral fractures usually re-
sult from higher falls [24]. Skull fractures are the most fre-
quent fractures in children younger than 12 months of age
[5, 8, 24]. Linear skull fractures are generally not associat-
ed with abuse [25]. In cases of isolated skull fractures, oc-
cult fractures in skeletal surveys (which raise suspicions of
child abuse) are most commonly found in children younger
than six months of age [26, 27]. Tibial and radial fractures,
more frequent in ambulatory children, are rarely found in
children younger than six months of age [8], and most fre-
quently are non-inflicted [10]. Nevertheless, a recent study
encompassing children under 36 months of age reports a
small proportion of long bone fractures attributed to abuse,
8% of tibial/fibular fractures and 3% of radial fractures, re-
gardless of fracture type (i.e. metaphyseal or diaphyseal)
[9]. In our view, these data suggest that in mobile infants
older than six months presenting with skull, tibial or ra-
dial fractures, while abuse remains rare, a comprehensive
assessment, considering previous medical history and ad-
ditional information, is essential. This emphasises the cru-
cial role of paediatricians or family doctors in understand-
ing a family’s circumstances and identifying any previous
sentinel injuries that might have been mistakenly attributed
to non-inflicted trauma [28]. While mandatory child pro-
tection team involvement may not be needed in low-prob-
ability abuse cases, prompt consultations with the paedia-
trician or family doctor by the treating attending physician
are essential.

Table 2:
Patients with further diagnostics ordered by the child protection team.

Case
No

Age
(months)

Fracture localisa-
tion

Adequate history for trau-
ma

Further diagnostics ordered by child protection
team

New findings through further diagnos-
tics

1 6 Skull no Skeletal survey no

2 9 Humerus no Skeletal survey; urine (bone metabolism), fundoscopy no

3 7 Skull no Skeletal survey; basic coagulation tests no

4 2 Femur no Skeletal survey; urine (bone metabolism); fundoscopy Old rib fracture

5 11 Skull no Fundoscopy no

Original article Swiss Med Wkly. 2024;154:3781

Swiss Medical Weekly · www.smw.ch · published under the copyright license Attribution 4.0 International (CC BY 4.0) Page 5 of 7



How can we improve the implementation of the guide-
line and guideline adherence?

Evidence suggests that the mere implementation of guide-
lines may be insufficient to change patient management.
Therefore, strategies such as continuous physician training
and embedding guidelines into electronic patient record
systems have demonstrated effectiveness [29, 30]. Thus,
our findings of low guideline adherence highlight the need
for ongoing clinical training, particularly in outpatient
care, to increase awareness and improve the differential di-
agnosis of child abuse.

We did not collect data on the reasons behind the lack
of consultations with paediatricians or family doctors or
the child protection team. However, we hypothesise that
the absence of suspicion regarding potential child abuse
was a common reason for guideline non-adherence. Fur-
thermore, we presume that in older children with certain
common fractures, adherence to the guideline’s recom-
mendation to consult paediatricians or family doctors was
lacking, particularly in cases where consultations occurred
during evenings or weekends when outpatient clinics were
closed. This limitation underscores the need to explore the
feasibility of adapting the guideline to address these chal-
lenges. Potential adaptations might include implementing
systems to facilitate communication with paediatricians or
family doctors, especially in outpatient-treated children,
possibly involving other professional groups such as social
workers.

As secondary outcomes, we assessed the frequency of
child protection team involvement, the skeletal survey rate
and the child abuse detection rate, comparing them with
data collected by Bataenjer et al. prior to the guideline’s in-
troduction [31]. Post-implementation, the child protection
team involvement rate doubled, from 25% to 54%; howev-
er, the skeletal survey rate decreased and the child abuse
detection rate remained unchanged. This indicates that the
guideline’s implantation promoted discussions on differen-
tiating child abuse, thereby enhancing the quality of as-
sessment for infants with fractures.

Conversely, the rate of skeletal surveys decreased from
17% to 8% following guideline implementation. In both
instances before and after the implementation of the guide-
line, skeletal surveys were generally ordered by the child
protection team. We are unable to provide a clear expla-
nation for the decrease in the rate of skeletal surveys fol-
lowing the implementation of the guideline. However, giv-
en our study’s small sample size, certainty regarding this
decrease as a definite trend remains uncertain. Nonethe-
less, our skeletal survey yield of 40% (with two out of five
skeletal surveys revealing an occult fracture) exceeded the
16.7% reported by Bataenjer, aligning with approaches in
hospitals that refrain from mandating routine skeletal sur-
veys in infants with fractures [29, 32].

Regarding child abuse detection, our study identified a
consistent rate of 1.6% after the guideline implementation
compared to the prior rate of 2.8%. These findings agree
with reports from other research groups that also observed
no significant change in abuse detection rates after im-
plementing guidelines for infants with fractures [23]. This
suggests that non-standardised management by physicians
before the guideline may not have significantly hindered

abuse detection. However, it is important to acknowledge
that our study’s lack of change in the abuse detection rate
could be influenced by a type II error due to our relatively
small sample size. Our observed abuse detection rate is
lower than earlier studies by Leventhal et al. and Worlock
et al. [5, 6] but consistent with more recent findings [4, 7,
9]. The complex nature of changes in abuse detection rates
over time are influenced by various factors, as suggested
by Sharkey et al., who observed a decrease in abuse pro-
portion over the decades attributed to an increase in total
recorded fractures with stable absolute abuse case numbers
[9].

Strengths of the study

This study underscores its strength in demonstrating the
practical implementation and effectiveness of a guideline
designed for assessing infants with fractures. This research
provides valuable insights into the guideline’s feasibility
within clinical settings, thereby having direct implications
for daily clinical practice in paediatric emergency depart-
ments. To the best of our knowledge, this is the first study
to evaluate and compare the management of infants with
fractures across both outpatient and inpatient care settings.
Consequently, it offers unique insights into potential differ-
ences that were previously unexplored.

Limitations

The limitations of this study predominantly arise from its
small sample size, potentially limiting the generalisability
of the findings. It is important to exercise caution when
comparing data collected before and after the guideline’s
implementation because a considerable proportion of pa-
tients were not managed in accordance with the guideline,
potentially introducing bias to the results. Data collection
relied on written reports, and actions not documented in
writing were considered missing. This reliance on doc-
umentation may have led to discrepancies between the
recorded data and actual practices, potentially affecting the
accuracy of the findings. Additionally, the high number of
children excluded due to the absence of parental consent
may have resulted in underrepresentation of cases of non-
accidental trauma, thus contributing to selection bias. Fur-
thermore, the relatively low prevalence of child abuse cas-
es within the study population may have limited the study’s
ability to detect substantial changes in abuse detection
rates.
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