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Abstract 

Background  Epidemiological research on fractures in children under the age of two is of great importance to help 
understand differences between accidental and abusive trauma.

Objective  This systematic review aimed to evaluate studies reporting on the incidence of fractures in children 
under two years of age, excluding birth injuries. Secondary outcome measures included fracture location, mecha-
nisms of injury and fracture characteristics.

Methods  A systematic literature review (1946 to February 7th 2024), including prospective and retrospective cohort 
studies and cross-sectional cohort studies, was performed. Studies including children from other age groups were 
included if the actual measures for those aged 0–2 years could be extracted. We also included studies restricted 
to infants. Annual incidence rates of fractures were extracted and reported as the main result. Critical appraisal 
of was performed using the Appraisal tool for Cross-Sectional Studies.

Results  Twelve moderate to good quality studies met eligibility criteria, of which seven were based on data 
from medical records and five were registry studies. Studies investigated different aspects of fractures, making com-
prehensive synthesis challenging. There was an overall annual fracture incidence rate of 5.3 to 9.5 per 1,000 children 
from 0–2 years of age; with commonest sites being the radius/ulna (25.2–40.0%), followed by tibia/fibula (17.3–27.6%) 
and the clavicle (14.6–14.8%) (location based on 3 studies with a total of 407 patients). In infants, the reported inci-
dence ranged between 0.7 to 4.6 per 1,000 (based on 3 studies), with involvement of the clavicle in 22.2% and the dis-
tal humerus in 22.2% of cases (based on 1 study). Only a single metaphyseal lesion was reported (proximal humerus 
of an 11-month-old infant). Fracture mechanisms were detailed in four studies, with fall from chair, bed, table, own 
height or fall following indoor activities causing 50–60% of fractures.

Conclusions  There is a paucity of good quality data on fracture incidence in children under the age of two. Larger, 
prospective and unbiased studies would be helpful in determining normal pattern of injuries, so that differences 
from abusive trauma may be better understood.
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Introduction
In children under the age of two, fractures are rare, 
particularly in non-ambulatory infants, with a predilec-
tion for the clavicle and skull in those under 8 months 
of age [1]. In toddlers between 9 and 24  months of 
age, forearm and lower leg fractures predominate [1, 
2]. The incidence and pattern of fractures in children 
under the age of two is, however, poorly described in 
the literature. This age group is particularly vulner-
able to inflicted injury, which may be difficult to detect. 
Both under- and overdiagnosis occur, in part due to 
limited knowledge of variations in normal growth that 
may mimic pathology [3–5], limited experience, and 
subtlety of fractures of immature bone. Although the 
Royal College of Paediatrics and Child Health web-
site provides important knowledge for those dealing 
with potential abusive trauma (https://​child​prote​ction.​
rcpch.​ac.​uk/​child-​prote​ction-​evide​nce/​fract​ures-​syste​
matic-​review/), it mainly focuses on fractures indicative 
of abuse, fracture dating, and rib fractures secondary to 
cardiopulmonary resuscitation.

In this novel systematic review, we aim to identify 
and summarise all epidemiological studies which have 
reported on the incidence of fractures in children under 
the age of two. Secondary outcome measures include 
fracture location, mechanisms of injury and fracture 
characteristics.

Methods
A systematic literature review was performed in accord-
ance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines [6]. The proto-
col was registered in the International prospective reg-
ister of systematic reviews (PROSPERO reg. number 
CRD42022355938). Ethical approval was not required for 
this review of publicly available data.

Eligibility criteria
The review includes all studies which have attempted 
to quantitatively assess the incidence of fractures in 
children under two years of age; thus, the outcome of 
interest was the annual incidence rates, with secondary 
measures being localization, fracture characteristics and 
mechanisms.

Inclusion criteria applied to identified studies were epi-
demiological studies, written in English, which attempt 
to quantitatively assess the incidence of fractures in chil-
dren under two years of age, including prospective and 
retrospective cohort studies and cross-sectional cohort 
studies. Studies including children from other age groups 
were included if the actual measures for those aged 

0–2  years could be extracted. We also included studies 
restricted to infants (0–1-year-olds).

Excluded were non-primary research, systematic litera-
ture reviews, animal studies, in-vitro studies, interven-
tional studies, single case reports, editorials/comments, 
and clinical guidelines; studies lacking full text or rel-
evant data on outcomes, studies addressing birth inju-
ries alone, studies addressing child abuse alone, studies 
of children with underlying disease (e.g., osteogenesis 
imperfecta, leukaemia, metabolic bone disease etc.) and 
studies restricted to sites other than the limbs or ribs. 
When studies reported findings from the same popula-
tion, we selected only the most relevant study based on 
date, sample size, and reported analysis of data.

Information sources and search strategy
We comprehensively searched Medline (Ovid), Embase 
(Ovid), the Cochrane Library, Cinahl (Ebco) and Web-of-
Science (Clarivate) for full text articles published in Eng-
lish between 1946 and 7th of February 2024 (RKL/KR, 
the latter with 35 years of experience in paediatric radi-
ology). Both subject headings and free text words were 
used for the following concepts: bone fracture, incidence, 
and children under 2 years of age (detailed search strate-
gies are listed in Additional file 1). We also searched the 
reference lists of the included articles.

Screening, study selection and data extraction
Search results were exported through EndNote, version 
20 (Clarivate, Philadelphia, US) duplicates were removed, 
and all eligible studies were imported to Rayyan [7]. 
Titles and abstracts were screened by one investigator 
(KR) for possible inclusion according to the pre-specified 
eligibility criteria [8, 9]. A random sample of 35% of titles 
and abstracts were double screened by one of two inves-
tigators (SCS/LTdH) to ensure high levels of agreement. 
Any article which the investigator was unsure about was 
included in the list of full text articles to be reviewed 
in a second stage. Full text articles were retrieved and 
assessed for final eligibility by one investigator (KR), and 
if doubt, in consensus with a second reviewer (RRvR). 
From the included studies, two reviewers (KR/RRvR) 
independently extracted relevant data and populated a 
project-specific Microsoft Excel spreadsheet. Discrepan-
cies between values were discussed and resolved between 
the reviewers and/or by involving a third reviewer (TAA). 
The following data were collected: study details (first 
author, publication year and country), recruitment set-
ting (sample description/hospital/year), study design, 
sample size (number of children under two years of age/
number of fractures), sex and outcome measures (annual 
incidence rates (per 1,000), location (five most common 
fracture sites as reported in each paper), mechanism, 

https://childprotection.rcpch.ac.uk/child-protection-evidence/fractures-systematic-review/
https://childprotection.rcpch.ac.uk/child-protection-evidence/fractures-systematic-review/
https://childprotection.rcpch.ac.uk/child-protection-evidence/fractures-systematic-review/
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fracture type (transverse, spiral etc.) and whether the 
fracture was acute or healing.

Strategy for data synthesis
The data synthesis was through a narrative analysis 
method of incidence. Annual incidence rates of fractures 
(per 1,000) were extracted, and reported as the main 
result (in total, and by sex / location / mechanism).

Assessment of methodological quality
Critical appraisal was performed independently by three 
reviewers (OK, CH, JP, with 7, 5 and 10 years of experi-
ence in paediatric radiology, respectively) to assess the 
quality of included studies and provide context for the 
interpretation of the findings. Each of the selected studies 
was evaluated with the Appraisal tool for Cross-Sectional 

Studies (AXIS) (Additional file  2), focusing on the pre-
sented aims, methods and analysis of what is reported 
[10]. As the tool does not provide a numerical scale for 
assessing the quality of a study, a degree of subjectivity 
was used to classify the studies into poor, fair, moder-
ate or good quality [10]. When studies included multiple 
analyses aimed at answering several research questions 
within the same study, quality assessments were only 
applied to the analyses relevant to this systematic review.

Results
A total of 10,341 references were found following the 
literature search (Fig.  1). After removal of duplicates, 
6,644 titles/abstracts were screened for relevance, of 
which 6,507 were excluded. After a full-text review of 

Fig. 1  PRISMA flow diagram outlining the process by which articles were screened



Page 4 of 9Rosendahl et al. BMC Musculoskeletal Disorders          (2024) 25:528 

the remaining 136 studies, 12 were eventually included 
(Fig. 1).

Characteristics of studies
Of the 12 included studies, 7 were based on review of 
medical records; of which 5 were single hospital stud-
ies [1, 2, 11–13], 1 was based on medical records from 
two paediatric trauma units [12] and 1 on data from 27 
hospitals and 126 clinics [14]. Five were registry studies 
[15–19].

Two were prospective [12, 13], 5 were retrospective 
cohort studies [1, 2, 11, 14, 20], and 5 were retrospective 
registry studies. In 3 of the studies, all radiographs were 
re-assessed by a radiologist or by an orthopaedic surgeon 
to minimize misdiagnosis [2, 13, 20] (Table 1).

All 12 studies were performed in, or using data from 
cities and/or rural areas; 4 studies in the UK [1, 13, 15, 
17], 2 in the US [16, 19], 2 in Scotland [12, 20], 2 in Swe-
den [11, 18], 1 in Norway [2], and 1 in Japan [14]. Sample 
size was given for 5 out of 8 studies on children < 2 years 
of age (mean 178 fractures, range 122–245) and for 1 of 4 
studies including infants (Table 1).

Four studies included all relevant fracture locations [1, 
2, 11, 20], while the remainder reported on the incidence 
of fractures to the appendicular skeleton [12, 19], to the 
femur [15–18] or to the distal radius [13, 14] (Table 1).

All studies were considered of moderate to good quality 
based on the AXIS system, although several were lacking 
population denominator and census-based demographic 
data necessary to generate true incidence rates (Table 1). 
Study design limitations were mainly due to potential 
selection bias or unadjusted confounders. Important 
potential confounders, such as socioeconomic status or 
additional comorbidities were not accounted for in any of 
the analyses.

Incidence estimates
Study results are summarized in Tables  1 and 2. The 
overall annual fracture incidence rates for children under 
two years of age was reported at 5.3 to 9.5 per 1,000 [1, 2, 
11], while the incidence for children under the age of one 
ranged from 0.7 to 4.6 per 1,000 [2, 12, 20]. The incidence 
of limb fractures was reported at 4.6 per 1,000 amongst 
infants, rising to 7.3 per 1,000 for those between one and 
two years of age [12].

Femur fractures had an incidence rate range of 0.07–
0.2 per 1,000 for infants [15, 18], increasing to 0.3–0.5 
per 1,000 for 0–2-year-olds [16, 17]. For 1–2-year-olds, 
the corresponding figure was 12.1 per 1,000 [15].

Three studies reported on sex distribution, of which 
two found fractures to be equally distributed between 
sexes; one addressing all except high energy traumas 
fractures in children 0–2  years of age [2] and the other 

addressing fractures to the distal radius in infants [14]. 
The third study reported on more fractures in girls than 
in boys; 62.6% vs 37.4% [1].

Most common fracture locations
Three papers reported on the most common fracture 
sites; in 0–2-year-olds the radius/ulna (25.2–40% of all 
fractures), followed by the tibia/fibula (17.3–27.6%), and 
the clavicle (14.6–14.8%) [1, 2, 12] (Table  2). In infants, 
the most common fracture sites were the clavicle and dis-
tal humerus (22.2% each of all fractures) [20].

Fracture mechanisms
Fracture mechanisms were reported in 7 studies, 
of which 2 of the 3 studies including all locations in 
0–2-year-olds, described fall from low height (chair, 
bed, table, own height) to cause 50–70% of fractures [1, 
2], while a third study described fall, without specifying 
height, as the cause in 52% [12] (Table  2). Five studies 
reported on abuse as a potential mechanism in 4.1%—
12.2% of the cases [1, 2, 12, 16, 17]. As for fractures to 
the femur, falls were the reported mechanism in 24–77% 
of the cases [15–18], of which two studies specified the 
height [15, 18]. In the Swedish registry study from 2011 
including 313 infants with femur fractures, birth inju-
ries excluded, the authors found that 70 (22.4%) out of 
313 fractures were caused by a fall, of which 31 from a 
height < 1 m, 19 from a height > 1 m, whilst the remainder 
20 were unspecified [18]. In the study from Talbot et al., 
the most common mechanism was fall of less than two 
meters [15].

Type of fractures
Two studies reported on fracture type [2, 12], 31–32% 
being of the buckle/greenstick type (Table  2). Only a 
single classical metaphyseal lesion (CML) (in a proximal 
humerus of an 11-month-old infant) was reported [2]. 
The fracture was initially missed, but diagnosed during 
the retrospective review of the radiographs. The child 
refused to use the arm, however, there was no mention of 
trauma in the medical notes.

Acute/healing fracture
The incidence of healing fractures was reported at 0.3 per 
1,000 in children under two years of age [2]. This infor-
mation could not be extracted for those under 1 year of 
age.

Discussion
The purpose of this review was to systematically investi-
gate the existing literature to determine the population-
based fracture incidence in children under the age of 
two years. Although there was a vast body of literature 
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reporting fractures in children, most papers did not 
report figures for 0–2-year-olds specifically. Moreover, 
studies were lacking the appropriate population denomi-
nator and census-based demographic data necessary 
to generate true incidence rates rather than frequencies 
or proportions. Studies differed in design; methods to 
secure a population-based cohort; type of health service 
where the study was undertaken; and clinical setting. The 

degree of variation across the studies, combined with 
our quality findings that most studies were at risk of bias, 
meant that it was not appropriate to pool the results in a 
meta-analysis.

Most included studies were based on researcher-col-
lected data from medical records, while five were registry 
based. Despite the increasing use, no developed meth-
odological literature on use and evaluation of population 

Table 2  The five most common fracture sites and mechanisms, when given in studies addressing children 0–2 years and 0–1 years, 
separately

a Falls from sofas/beds and indoor activities
b 4 children had an additional intracranial haemorrhage

1st author, year,  Country / 
n  = number of fractures

5 most common fracture sites, n (%) Mechanisms Type of fracture, n (%)

0–2 years of age
Clarke N, 2012 [1], England/UK
/ n = 123

Tibia/fibula, 34 (27.6)
Radius/ulna, 31 (25.2)
Clavicle, 18 (14.6)
Humerus, 12 (9.8)
Femur and skull, 6 (4.9)

Insignificant injurya,b: 57.7%
12.2% had unexplained histories 
with no mechanism identified

Not given

Rosendahl K, 2021 [2], Norway
/ n = 162

Radius, 37 (22.8)
Ulna, 18 (11.1)
Tibia, 28 (17.3)
Clavicle, 24 (14.8)
Phalanx hand, 19 (11.7)
Classic metaphyseal lesion 1 (0.6)

Fall from chair, bed, table or own height: 
60%
In 19.5% there was a mismatch 
between the fracture mechanism 
given and the findings. CML: pulling arm

Complete (simple, 
wedge, complex) 68 
(42.0)
Buckle/ greenstick 52 
(32.1)
Avulsions 20 (12.3) fis-
sures 11 (6.8)

Hansoti B, 2008 [12], Scotland/UK
/ n = 122

Radius and/or ulna, 49 (40)
Tibia and/or fibula, 26 (21)
Hand, 16 (13)
Humerus, 14 (12)
Foot, 8 (7)
Upper (incl.clavicles) and lower limbs) 
only

Fall (height not specified): 52%
5 children referred for child-protection 
review since no convincing cause could be 
found for the injury

Buckle / greenstick 
of the radius and ulna, 
38 (31.2)
transverse/oblique/
spiral of metaphysis, 
20 (16.4)

Talbot C, 2018 [15], England/UK
/ n = not given

Femur fractures only Fall < 2 m in the majority, around 70% Not given

Hinton RY,
1999 [16], US
/ n = 238

Femur fractures only Falls 63%
Abuse 14%
Unspecified 12%
Motor vehicle accident 4%
Struck 4%
Other 3%
(Figures deduced from a bar graph [Fig. 3] 
in [12])

Not given

Bridgman S, 2004 [17], England/UK
/ n = not given

Femur fractures only Falls were recorded as the cause in 76.7% 
of one-year-olds
Maltreatment was recorded as the
external cause in 7.8% of children aged 
less than one year

Not given

0–1 year of age
Rennie L, 2007 [20], Scotland/UK
/ n = not given

Clavicle (22.2%)
Distal humerus (22.2%)
Distal radius (11.1%)
Radius/ulna diaphysis (11.1%)
Tibia/fibula (8.9%)

Not given

Heideken J, 2011 [18], SE Femur fractures only External causes:
-fall < 1 m: 5.4% / 4.5% m/f
-fall > 1 m: 2.6% / 4.2% m/f
-fall unspecified 3.8% / 2.6% m/f

Not given
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based registers is available [21]. Although complete study 
populations minimize selection bias, registry studies are 
limited by missing data, lack of data quality, confounder 
information, and the risk of data dredging. On the other 
hand, data retrospectively collected from medical records 
suffer similar limitations, underscoring the need for pro-
spective studies and validated research databases.

Knowledge of fractures in children has typically come 
from Northern European population studies reported in 
the late 1970s through the 80 s and 90 s [22–25], however, 
most of these have provided pooled data from birth until 
school-age or until skeletal maturity without focusing on 
the youngest age group. Despite performing an extensive 
literature search, we identified only three studies report-
ing true, population-based incidences in 0–2-year-olds 
[1, 2, 11]. The reported incidences were relatively simi-
lar, ranging from 5.3 to 9.5 per 1,000, of which the latter 
comes with a caveat being deduced from a figure in the 
original paper.

Three studies addressed infants, with reported frac-
ture incidences ranging from 0.7 per 1,000 in a Nor-
wegian study [2] to 3.6 and 4.6 per 1,000 in two studies 
from Scotland [12, 20]. The differences may in part be 
due to selection bias, as one study excluded high energy 
trauma [2], another excluded skull and rib fractures [20] 
and a third excluded the axial skeleton, pelvis and chest, 
but included the clavicles [12]. The many different meth-
odological and reporting approaches highlights the chal-
lenges of synthesising results. Although there was high 
heterogeneity of the studies included, two studies con-
curred and showed significantly higher fracture rates in 
1–2-year-olds compared to infants [2, 12]. This finding 
seems reasonable, as fractures are less likely to occur in 
non-ambulatory infants.

Our review found that fractures to the forearm con-
stituted up to 50% of all fractures in children aged 
0–2 years, as compared to around 20% in infants. How-
ever, the number of studies is low, reducing confidence in 
this finding. Interestingly, only a single CML (of the prox-
imal humerus of an 11-month-old infant) was reported 
despite the thousands reviewed. The child was brought 
to the emergency out-patient clinic because he refused 
to use his left arm, with no history of trauma. Unfortu-
nately, the fracture was missed during the initial visit, 
thus the finding did not trigger a more extensive work-
up. In retrospect, the authors speculate that the fracture 
might have represented a missed, inflicted injury [2, 3].

In terms of fracture mechanisms, insignificant injury 
or fall from low height such as chair, bed, table or own 
height, was the reported mechanism in 50–60% of all 
fractures amongst 0–2-year-olds, while this was the case 
for one tenth of femur fractures in infants. However, 
these results must be interpreted with care, as none of 

the studies registered fracture mechanisms in a detailed, 
prospective manner. Moreover, a significant proportion 
of the injuries were not observed by the caretakers or by 
other adults, thus, the figures given include potentially 
abusive fractures. However, it was not the purpose of this 
review to examine the incidence of inflicted injury.

The strengths of this systematic review include the 
rigorous methodological approach employed using an 
established methodological framework. A comprehen-
sive search strategy was used, with broad inclusion cri-
teria. Three independent reviewers were involved in the 
screening process to identify papers for full-text reading, 
and a fourth reviewer was included in data extraction. 
Moreover, the search was repeated at the time of manu-
script preparation to capture recent and relevant studies.

There are some limitations to the present study. First, 
the number of studies was low with varying quality, and 
many did not report essential data, such as incidences by 
sex. Second, given the limitations of the reported data, 
the risk of bias among the included studies and the wide 
heterogeneity between them, we were unable to combine 
data in a meta-analysis, and instead results were reported 
as a narrative summary. Thirdly, we included articles 
written in English only. We also planned to assess pub-
lication bias but were unable to do so owing to the wide 
heterogeneity between the included studies. The general-
isability of these findings may be uncertain.

Conclusion
There is a paucity of good quality data on fracture inci-
dence in children under the age of two. This systematic 
review of the literature found only 12 studies over the last 
78 years that met the eligibility criteria, however, due to 
data inhomogeneity a meta-analysis could not be calcu-
lated. From the limited, potentially biased data available, 
we calculated the following: an overall incidence of frac-
tures of around 1% in children under 2-year-olds, most 
of which were lower leg or forearm fractures, and a lower 
incidence in infants (under 1-year-olds) being a maxi-
mum of 0.5%, most of which were clavicle and humeral 
fractures. The low frequency of CMLs and absence of rib 
fractures may be differentiating features from inflicted 
injury.
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