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Abstract
Background: It is difficult to gain an overview of musculoskeletal extremity complaints in childhood although this
is essential to develop evidence-based prevention and treatment strategies. The objectives of this systematic review
were therefore to describe the prevalence and incidence of musculoskeletal extremity complaints in children and
adolescents in both general and clinical populations in relation to age, anatomical site and mode of onset.
Methods: MEDLINE and EMBASE were electronically searched; risk of bias was assessed; and data extraction was
individually performed by two authors.
Results: In total, 19 general population studies and three clinical population studies were included with children
aged 0-19 years. For most of the analyses, a division between younger children aged 0-12 years, and older children
aged 10-19 years was used. Lower extremity complaints were more common than upper extremity complaints
regardless of age and type of population, with the most frequent pain site changing from ankle/foot in the
youngest to knee in the oldest. There were about twice as many non-traumatic as traumatic complaints in the
lower extremities, whereas the opposite relationship was found for the upper extremities in the general population
studies. There were relatively more lower extremity complaints in the general population studies than in the clinical
population studies. The review showed no pattern of differences in reporting between studies of high and low risk
of bias.
Conclusions: This review shows that musculoskeletal complaints are more frequent in the lower extremities than in
the upper extremities in childhood, and there are indications of a large amount of non-traumatic low intensity
complaints in the population that do not reach threshold for consultation. A meta-analysis, or even a simple
overall description of prevalence and incidence of musculoskeletal extremity complaints in children and
adolescents was not feasible, due to a large variety in the studies, primarily related to outcome measurements.
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Background
Recently, the Global Burden of Disease studies reported
musculoskeletal pain as one of the leading causes of
years lived with disability [1] and this constitutes a substantial burden on society [2]. Therefore, it is important
to design better prevention strategies and early effective
treatment. To do that, more basic knowledge about the
epidemiology of musculoskeletal complaints in children
and adolescents must be obtained first.
The epidemiology of spinal pain in children is welldescribed [3–5], whereas less attention has been given to
musculoskeletal extremity complaints (MEC) in children.
Furthermore, musculoskeletal problems in childhood might
not only lead to musculoskeletal complaints in adulthood,
but could also be a barrier for physical activity and thus
have a negative influence on general health [6]. It has been
shown that physical activity is important for health in children and adolescents [6–9], and in addition the amount of
physical activity in childhood is considered to be a predictor
of the amount of physical activity in adults [9], which is important in prevention of many lifestyle disorders, e.g. diabetes and cardiovascular disease [8, 9].
Various terms have been used in relation to MEC,
starting from the less severe ache to injury or more severe musculoskeletal disorders. Commonly, MEC are divided into traumatic and non-traumatic complaints,
where a traumatic complaint has been defined as an injury resulting from a specific identifiable event, whereas
a non-traumatic complaint is not related to an identifiable event [10]. In research of MEC, focus has traditionally been on either specific groups of athletes, or injuries
reported at emergency departments, and patterns of
paediatric injuries in relation to sport are therefore well
described [11–13]. While this type of research provides
valid information about specific injuries, mainly injuries
of a traumatic onset, they do not represent the full picture of MEC in the general population. Specifically, none
of these methods collect valid information about nontraumatic complaints in the general population, which
has been shown to represent a large part, close to two
thirds, of MEC [14, 15]. The prevalence and treatment
strategies of some types of specific injuries, e.g. fractures
[16] and ankle distortions [17–19] are well described,
but such knowledge has not been accumulated for many
other types of MEC, e.g. overuse injuries and nonspecific minor complaints. To inform the development
of evidence-based prevention and treatment strategies, the
first step is to increase knowledge about types and frequency of MEC in childhood. At present it is difficult to
gain an overview of the extent of various types of complaints in relation to mode of onset (traumatic vs. nontraumatic), different anatomical locations and histological
involvement. Therefore, the objectives of this systematic
review were to investigate the prevalence and incidence of
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musculoskeletal extremity complaints in children and adolescents in both general and clinical populations in relation to age, distribution between different complaint sites,
and types of complaints (traumatic vs. non-traumatic).
Furthermore, differences between general and clinical
populations will be explored.

Methods
Case terminology

Different traditions and interest in different levels of
complaint-severity are reasons for various terms used in
research about musculoskeletal extremity complaints: injury, disorder, discomfort, complaint, pain, ache etc. In
this review we analysed musculoskeletal extremity complaints in the general population, and therefore found a
broad term of musculoskeletal extremity complaint
(MEC) to be most comprehensive and this will be used
throughout the rest of this article, regardless of the term
used in the referenced articles. When possible, the MEC
were divided according to causation, and were categorised as either traumatic or non-traumatic. A traumatic complaint was defined as an injury resulting from
a specific identifiable event, whereas a non-traumatic
episode was not related to an identifiable event [10]. For
example, a traumatic complaint could be pain due to fall
from a horse, and a non-traumatic complaint could be
pain of unspecific origin developed over a longer period
of time.
Identification of studies

The search was made in collaboration with a research
librarian. Two electronic databases, MEDLINE and
EMBASE, were searched for articles published before September 2015. The following search terms were used both
as MeSH terms and free text in MEDLINE, and as Subject
heading and abstract term in EMBASE: “prevalence”, “incidence”, “musculoskeletal disorder”, “musculoskeletal
injury”, “musculoskeletal pain”, “extremity”, “limb”, “children”, “adolescents”, “paediatric”. As free text/abstract
term “toddlers” and “teenager” were searched as well. Different forms of spelling and synonyms were used. The full
search strategy is seen in Additional file 1. In addition, the
reference lists of the relevant obtained articles were
screened for additional relevant articles.
Inclusion criteria

The article had to report the prevalence or incidence of
musculoskeletal disorders, complaints, injuries, pain or
other description of complaints in the upper and/or
lower extremities in general or clinical populations of
children and adolescents. All levels of prevalence and incidence rates were included, and could be both parental
reported or self-reported values. All study designs were
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included, but they had to be published in English, Swedish, Norwegian or Danish.
Exclusion criteria

Special settings or groups, e.g. children with other diseases such as diabetes or other chronic diseases, or children from a specific sport setting (e.g. football players)
were excluded, because their pattern of injuries might
not be comparable to rest of the population.
Selection of studies

The first and third author (SF and LH) reviewed the titles and abstracts and identified relevant articles to be
read in full text. Inclusion of articles based on full text
was decided by agreement between the first and third
author (SF and LH).
Assessment of quality

We were not aware of quality assessment tools specifically designed for studies of prevalence and/or incidence,
since most quality assessment tools are designed for
studies of associations or comparative effectiveness in either observational studies [20–23] or randomised clinical
trials [24]. Therefore the quality of the included articles
was assessed by a modified version of the Quality In
Prognosis Studies (QUIPS) tool (Additional file 2), which
was originally developed to assess bias in studies of
prognostic factors [25]. This tool identifies six domains
to consider when evaluating risk of bias in studies of
prognostic factors: ‘Study Participation’, ‘Study Attrition’,
‘Prognostic Factor Measurement’, ‘Outcome Measurement’, ‘Study Confounding’ and ‘Statistically Analysis and
Reporting’ [25]. Three of these domains: ‘Study Participation’, ‘Outcome Measurement’ and ‘Statistical Analysis
and Reporting’ were considered to be important, relevant and adequate for studies investigating prevalence,
whereas the attrition domain was also included for studies investigating incidence, due to the main interest in
relation to representativeness of the population of interest and the validity of the outcome measurement. In the
‘Statistical Analysis and Reporting’ domain, the items
“strategy for model building is appropriate and is based
on a conceptual framework or model” and “the selected
statistical model is adequate for the design of the study”
were not relevant and therefore ignored in the assessment. ‘Study Attrition’ is irrelevant for cross-sectional
studies of prevalence and was therefore not included in
the assessment of these studies, and ‘Prognostic Factors
Measurement’ and ‘Study Confounding’ were not relevant either, since our results did not include analyses of
prognosis or associations. The domains are described in
detail by Hayden et al. [25].
Each of the three (four) domains was categorized as
“yes”, “partly” or “no” according to whether the level of
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quality was adequately fullfilled or not. In evaluation of
risk of bias in studies of prevalence and incidence, the
most important parameter to consider is whether the
study sample is representative of the source population,
thus leaving ‘Study Participation’ and ‘Study Attrition‘
the most important domains in this review. This is supported by ‘Study Participation’ being the most frequently
used parameter across different tools of evaluation of
quality and susceptibility to bias in observational studies
[26]. Therefore, ‘Study Participation’ and ‘Study Attrition‘
(if included) needed to be considered as satisfactory
(“yes”) for the study to be classified in the low risk of
bias category. Furthermore, the other two domains had
to be at least partly fulfilled. If ‘Study Participation’ and
‘Study Attrition’ (if included) was not considered satisfactory (“no”) the study was categorized as high risk of
bias, regardless the judgements in the other domains. If
‘Study Participation’ and ‘Study Attrition’ (if included)
was only partly fulfilled and both the other domains
were not fulfilled, the study was classified as high risk as
well. All other combinations were considered to be
medium risk of bias.

Data extraction

The studies were divided into general population studies
and clinical population studies. Data were extracted to a
descriptive table, a modified version of the STROBE
statement [27]. The following relevant items from the
STROBE Statement were included in the table: study design, setting, age, study size including response rates,
data sources/types of measurement, area of complaint
and main results. In addition, type of prevalence or incidence, mode of data acquisition and the level of bias
were added to the table.

Review process

Data extraction and assessment of quality were individually performed by two authors (SF and KBD) and results
compared. In case of disagreement, the third author
(LH) was consulted and consensus reached. The review
was conducted according to the PRISMA guidelines, and
the PRISMA checklist can be seen in Additional file 3.

Analyses
General population and clinical population studies

Obviously, clinical populations cannot be used to assess
prevalence of disease. However, they can be used to
identify the type of complaints, for which care is sought.
Therefore both general population studies and clinical
population studies were included in the review, but data
were reported separately.
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Follow-up studies considered as two cross-sectional
studies

Some of the general population studies had a longitudinal design. Due to the focus on prevalence and incidence rates, these studies were considered as series of
cross-sectional studies and each time point reported separately. If the study included any type of intervention,
only baseline estimates were reported.
Data evaluated in relation to age

It is known that the prevalence of MEC change with age
[28]. Therefore, to give the most relevant description, results were reported by age groups. Cut points between age
groups were based on reporting in the included articles.
Prevalence and incidence of MEC reported by anatomical
site

In the general population studies the use of self-reported
questionnaires by children and parents did not make it
possible to report specific diagnoses, and therefore the
results in this review were simply reported by anatomic
site. Wrist, hand and fingers were combined into one
anatomic site called “wrist/hand/fingers”, and likewise
for the ankle and foot, called “ankle/ft”.
To make the reported findings comparable to the general population studies, the diagnoses found in the clinical population studies were converted into similar
anatomical sites.
Distribution of non-traumatic versus traumatic complaints

Where possible, the difference between rates of nontraumatic and traumatic complaints was reported.

Fig. 1 Prisma flow chart outlining the literature search and
study selection

Assessment of quality
Distribution of lower extremity complaints versus upper
extremity complaints

Some of the studies reported combined prevalence or incidence rates of the complete upper or lower extremity
regions. To identify a possible pattern in distribution of
MEC, ratios between the prevalence or incidence rates
of the upper and lower extremities were calculated.

Results
In total, 2660 titles were found in MEDLINE, EMBASE
and by reference searches. After checking for duplicates
and screening of titles and abstracts, 29 articles were
found assessable for full-text review. Seven of these were
subsequently excluded because results were not representative of the general population [16, 29–32], or because classification into anatomic region or site was not
possible [33, 34], thus 22 studies were included in the
final analyses (Fig. 1).

The quality assessment categorized fourteen articles to
have low risk of bias [14, 15, 35–46], two to have medium
risk of bias [47, 48] and six as having high risk of bias
[49–54] (Table 1). The clinical population studies were all
in the low risk category. There was no disagreement in
the independent quality assessments by the two authors
(SF and KBD) regarding most of the articles, with the exception of two instances [47, 50] within the ‘study participation’ domain which were solved through discussion
without need of mediation by the third author.
Description of included articles

The search resulted in 19 general population studies and
three clinical population studies (Table 2). All the included
studies covered children and adolescents of both sexes.
Most of the studies were conducted in the northern part
of Europe, but also other parts of the world were represented with three studies from North America [35, 43,
55], one from Australia [45] and one from India [49]. Of
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Table 1 Results of the quality assessment of the 22 included articles
Author and year of publication

Study Participation

Study Attrition

Outcome Measurement

Statistical Analysis
and Reporting

Risk of bias assessment

Abujam et al. 2014 [49]

No

N/A

Yes

Yes

High

Adams et al. 2013 [35]

Yes

N/A

Yes

Yes

Low

General population studies

Auvinen et al. 2009 [50]

No

N/A

Partly

Yes

High

Bishop et al. 2012 [51]

No

N/A

Yes

Yes

High

Diepenmaat et al. 2006 [36]

Yes

N/A

Yes

Yes

Low

Ehrmann Feldman et al. 2002 [37]

Yes

Yes

Partly

Yes

Low

El-Metwally et al. 2006 [15]

Yes

N/A

Yes

Yes

Low

Hoftun et al. 2011 [38]

Yes

N/A

Yes

Yes

Low

Hulsegge et al. 2011 [47]

Partly

Yes

Partly

Yes

Medium

Jespersen et al. 2014 [14]

Yes

Yes

Yes

Yes

Low

Jespersen et al. 2015 [39]

Yes

N/A

Yes

Yes

Low

Krul et al. 2009 [40]

Yes

N/A

Yes

Yes

Low

Mikkelsson et al. 1997 [41]

Yes

N/A

Yes

Yes

Low

Molgaard et al. 2011 [48]

Partly

N/A

Yes

Yes

Medium

Rathleff et al. 2013 [42]

Yes

N/A

Yes

Yes

Low

Shrier et al. 2001 [43]

Yes

Yes

Partly

Yes

Low

Slowinska et al. 2015 [68]

No

N/A

Yes

Partly

High

Smedbraten et al. 1998 [52]

No

N/A

Yes

Yes

High

Verhagen et al. 2009 [54]

Yes

No

Yes

Yes

High

Bot et al. 2005 [44]

Yes

N/Aa

Yes

Partly

Low

Henschke et al. 2014 [45]

Yes

N/Aa

Yes

Yes

Low

Yes

a

Yes

Yes

Low

Clinical studies

Van der Waal et al. 2006 [46]

N/A

a

Attrition bias may be present, but very small. If present, it will be on general practitioners level, and not on patient level

the 19 general population studies, seven were prospective,
four with one follow up evaluation [37, 43, 50, 51], and
three studies reporting incidence over time [14, 39, 54]. In
most of the studies, data were collected via questionnaires,
either self-reported or filled in by parents, but telephone
interviews, mobile phone text messages and diagnoses
from general practice were also used. The 22 studies used
14 different outcome measurements such as point prevalence, twelve month prevalence and incidence per 1000
exposure hours. Estimates are simply presented in the tables as they appear in the original articles because prevalence and incidence rates were reported in very different
ways. For the same reason, meta-analysis was not possible,
and even a reliable range of an estimate of frequency, i.e.
incidence or prevalence, could not be presented either.
However, the findings relating to differences in frequency
between different age groups, between different anatomical sites and between different populations, are independent of the absolute prevalence or incidence rates and are
therefore presented in detail. We attempted to report findings of younger children and older children separately, but

due to different cut points in age between the studies, it
was not possible to do this. Throughout most of the analyses, a division between younger children aged 0–12, and
older children aged 10–19 was used, but to accommodate
all studies, some results were reported for the following
age groups: 0–9, 9–12, 10–19, 6–17 and 2–19. A summary of findings is presented in Tables 3, 4, 5 and 6.
General population studies

In both the younger (aged 0–12) and the older children
(aged 10–19), lower extremity complaints were more
common than upper extremity complaints, and ankle/ft
and knee were the most frequent sites of MEC. Among
the younger children, two studies reported ankle/ft complaints to be about twice as frequent as knee complaints
[39, 54], whereas the last study reported almost similar
prevalence rates for the two sites [15] (Table 3). Among
the older children, five of the six included studies
reported 0.2 to 2.8 times more knee complaints than
ankle/ft complaints [40, 42, 43, 50, 52] (Table 4). In the
upper extremities, wrist/hand/fingers was the most

Study Design

Study
Size

Prospective cohort Finland
2-years
Birth Cohort

Prospective cohort England
Cohort -Avon
Longitudinal Study
of Parents and
Children

Auvinen et
al. 2009

Bishop et al.
2012

7344

913,178

5–
Questionnaire filled 9380
13 yrs in by chief carer

16–
Self-reported
18 yrs questionnaire

US
2–
ICD-9 codes
Cohort - Kaiser
19 yrs
Permanente
Southern California

Cross-sectional

Adams et al.
2013

6–
Questionnaire filled 2059
17 yrs in by children or
parents if the child
was less than 14
years

Age/ Measurements
grade (how did they
ask?)

India School based

Setting

Abujam et al. Cross-sectional
2014

General population studies

Author and
year of
publication

Table 2 Summary of study characteristics of the 22 included studies

9380/
13,988 (67%)

7344/
9215 (80%)

?

Baseline
response
rate

6502/
13,988
(46%)

2012/
2969
(68%)

Often
prevalence

6-month
prevalence

1 yrs. prevalence

Lifetime
prevalence

Follow up Prevalence/
response incidence
rate

Total replied,
n(%)
arms, n(%)
leg(s), n(%)
Total replied,
n(%)
arms, n(%)
leg(s), n(%)
Total replied,
n(%)
arms, n(%)
leg(s), n(%)

Shoulder pain
Elbow pain
Wrist pain
Knee pain
Ankle pain

Lower extremity
Injuries or pain
Upper extremity:
Injuries or pain

Heel/
Ankle pain or
swelling

Type of
complaints

High

Low

High

Bias

Age 5* Age 6*
High
9380 (100.0) 8599
(100.0)
13 + 227 = 240 (2.6)
14 + 299 = 313 (3.6)
1142 + 227 = 1369
(14.6) 1204 + 299
= 1503 (17.5)
Age 7* Age 8*
8325 (100.0) 7872
(100.0)
10 + 333 = 343 (4.1)
13 + 475 = 488 (6.2)
1226 + 333 = 1559
(18.7) 1188 + 475 =
1663 (21.1)
Age 11* Age 13*6996
(100.0) 6502 (100,0)
22 + 635 = 657 (9.4)
33 + 730 = 763 (11.7)
1386 + 635 = 2021
(28.9) 1342 + 730 =
2072 (31.9)

Prevalence % (N) F:
female, M: male
Age: 16 yrs. 18 yrs.
F: 52 (506) 63 (616)
M: 33 (253) 40 (307)
F: 2 (22) 4 (35)
M: 5 (37) 5 (37)
F: 16 (156) 23 (219)
M: 15 (114) 20 (150)
F: 18 (178) 21 (201)
M: 18 (141) 17 (129)
F: 16 (150) 19 (179)
M: 18 (142) 15 (116)

5.8%
5.1%

N (%)
72 (3.5%)

Main result (text)
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Cross-sectional

Hulsegge et
al. 2011

Prospective

Cross-sectional

Hoftun et al.
2011

J espersen et
al. 2014

Cross-sectional

El-Metwally
et al. 2006

Denmark
School based
cohort Childhood
Health, Activity
and Motor
Performance
School Study

Holland
Cohort of
pregnant
women Prevention and
Incidence of
Asthma and
Mite Allergy

Norway
Health Study

Finland
2-years
Birth Cohort

Prospective cohort Canada High
school based

Ehrmann
Feldman et
al. 2002

Holland
School based
questionnaire

Setting

Cross-sectional

Study Design

Diepenmaat
et al. 2006

Author and
year of
publication

6–
Repeated text
12 yrs messages and
ICD-10 diagnosis
given by clinicians

parents and child

11 yrs Questionnaire
answered by

13–
Self-reported
18 yrs questionnaire

9–
Self-reported
11 yrs questionnaire

7.-9.
Self-reported
grade questionnaire

12–
Self-reported
16 yrs questionnaire

Age/ Measurements
grade (how did they
ask?)

1259

2638

7373

1756

810

3485

Study
Size

Table 2 Summary of study characteristics of the 22 included studies (Continued)

90% for
sports
schools
71% for
normal
schools

2638/
3963 = (67%)

7373/
7913 (93%)

1756/
1823 (96%)

810/
948 (85%)

3485/
4898
(71%)

Baseline
response
rate

502/
810
(62%)

Upper limb
Arm
Shoulder

Arm pain

Type of
complaints

Weekly mean
incidence
Weekly mean
prevalence

1-year prevalence

Low

6 monthsb
12 monthsb
19.9% 13.3%
9% 7%
8% 5%

4,8% (Boys: 3.1%,
girls: 6.3%)
10,9% (Boys: 10.4%,
Girls: 11.2%)

Injury: 0.2 (± 4.0)
Overuse injury: 0.04
(± 2.0)
Traumatic injury: 0.1
(± 3.5)
Injury: 1.0 (± 9.7)
Overuse injury: 0.7
(± 8.2)

Upper extremity
Lower extremity
Upper extremity
Lower extremity

13–15 yrs. (n % 95%
CI): 16–18 yrs. (n %
95% CI):
163 4.0 (3.4–4.6) 129
3.9 (3.3–4.6)
522 12.8 (11.8–13.8)
282 8.6 (7.6–9.6)

Low

Medium

Low

Traumatic NonLow
traumatic Both groups
105 (6.0) 216 (12.3)
321 (18.3)
32 (1.8) 154 (8.8) 186
(10.6)
37 (2.1) 181 (10.3)
218 (12.4)
15 (0.9) 166 (9.5) 181
(10.3)
30 (1.7) 89 (5.1) 119
(6.8)
13 (0.7) 47 (2.7) 60
(3.4)

Low

Bias

Male: 4.2%
Female: 3.6%

Main result (text)

Upper extremity
Lower extremity

Weekly prevalence, Upper extremity
within the last 3
Lower extremity
months

Weekly prevalence, Prevalence N(%)
within the last 3
Lower limb pain
months
Ankle-foot pain
Knee pain
Thigh pain
Leg pain
Hip pain

6 months and
12 months
Incidence

Monthly
prevalence,
pain lasting a
day or longer

Follow up Prevalence/
response incidence
rate
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Prospective

Cross-sectional

Krul et al.
2009

Study Design

Jespersen et
al. 2015

Author and
year of
publication

Age/ Measurements
grade (how did they
ask?)

Holland -Second
Dutch National
Survey in generel
practice

1259

Study
Size

2–
Interview aboutself- 2459
17 yrs reported
musculoskeletal
symptoms. In
children younger
than 12 years
interview was
carried out with a
parent.

Denmark
6–
Repeated text
School based
12 yrs messages and
cohort ICD-10 diagnosis
Childhood Health,
given by clinicians
Activity and Motor
Performance School
Study

Setting

Table 2 Summary of study characteristics of the 22 included studies (Continued)

2459/
2719 (90%)

90% for
sportsschools
71% for
normal
schools

Baseline
response
rate

2 weeks
prevalence

Incidence
Rate

Follow up Prevalence/
response incidence
rate

Upper extremity
All ages
2–11 y
12–17 y
Lower extremity
All ages
2–11 y
12–17 y
Hip and knee
All ages
2–11 y
12–17 y
Ankle and foot
All ages
2–11 y
12–17 y

Shoulder/
Upper Arm
Elbow/under
Arm
Hand/wrist
Finger
Hip/Groin
Thigh
Knee
Lower leg
Achilles
Heel
Ankle
Foot

Type of
complaints

Bias

% (n)
1.2 (26)
0.4 (5)
2.7 (21)
6.9 (147)
4.1 (57)
12.4 (90)
3.5 (75)
1.8 (25)
6.5 (50)
3.4 (72)
2.4 (32)
5.5 (40)

Low

Overuse Traumatic0. Low
03 (0.02–0.05) 0.03
(0.02–0.04)
0.01 (0.00–0.02) 0.02
(0.01–0.03)0.01 (0.00–
0.01) 0.08 (0.06–0.10)
0.00 (0.00–0.01) 0.05
(0.03–0.07)0.05 (0.04–
0.07) 0.01 (0.00–0.01)
0.04 (0.03–0.06) 0.03
(0.02–0.04)0.31 (0.27–
0.35) 0.09 (0.07–0.11)
0.05 (0.03–0.06) 0.01
(0.00–0.02)
0.06 (0.04–0.08) 0.000.
36 (0.31–0.4) 0.000.01
(0.00–0.01) 0.18 (0.15–
0.21)0.09 (0.07–0.11)
0.07 (0.05–0.09)

Traumatic injury: 0.3
(± 5.2)
Injury: 0.5 (± 7.2)
Overuse injury: 0.2
(± 4.9)
Traumatic injury: 0.3
(± 5.8)
Injury: 4.1 (± 19.9)
Overuse injury: 3.2
(± 17.7)
Traumatic injury: 1.1
(± 10.4)

Main result (text)
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Prospective cohort Canada
High School based

Cross-sectional

Cross-sectional

Prospective cohort Holland
school based
(iplay study)

Shrier et al.
2001

Smedbraten
et al. 1998

Slowinska et
al. 2015

Verhagen et
al. 2009

Poland
School based

Norway
School based

Questionnaire
filled in by
parents

10–
Injuries during
12 yrs physical activity
monitored by
teachers

6–
7 yrs

10–
Self-reported
15 yrs questionnaire

12–
Self-reported
18 yrs questionnaire

12–
Self-reported
19 yrs questionnaire

Denmark –
Cohort Adolescent Pain in
Aalborg 2011,

Cross-sectional

Rathleff et al.
2013

16–
Self-reported
18 yrs questionnaire

3.-5.
Self-reported
grade questionnaire

Age/ Measurements
grade (how did they
ask?)

Denmark
High School based

Single-blind case
control (casecohort)

Molgaard et
al. 2011

Finland -School
based cohort

Setting

Cross-sectional

Study Design

Mikkelssona
et al. 1997

Author and
year of
publication

996/
(996 + 95)
(91%)

1509

569

810

4007

299

1756

Study
Size

Table 2 Summary of study characteristics of the 22 included studies (Continued)

1509/
2748 (55%)

569/661
(86%)

810/948
(85%)

2953/
4007 (73%)

227/
299 (76%)

1756/
2141
(82%)

Baseline
response
rate

502/810
(62%)

1628/
1756
(92%)

Incidence Rate

Prevalence
often

Prevalence
Usually pain

Incidence
6 months
12 months
(once a week
the last 6
months)

Point
prevalence

Monthlyprevalence

Weekly
prevalence
Relative
frequency
(%) with 95% CI

Follow up Prevalence/
response incidence
rate

Shoulder
Upper arm/
elbow
Lower arm/wrist/
hand
Upper leg/hip
Knee

Knee
Hands

Shoulder
Elbow
Hand
Hip
Knee
Ankle
Foot

Lower extremity
Foot/ankle
Knee
Leg
Hip

Knee
Shoulder
Foot
Shin
Hip/groin
Forearm/hand
Thigh
Elbow

Non-traumatic
knee pain

Upper extremity
Lower extremity

Type of
complaints

High

High

Often
11%
3%
0.03 × 0.48 = 0.01c
0.03 × 0.48 = 0.01c
0.22 × 0.48 = 0.11c
0.06 × 0.48 = 0.03c
0.11 × 0.48 = 0.05c
0.25 × 0.48 = 0.12c
0.15 × 0.48 = 0.07c

High

Low

6 monthsb
12 monthsb
%%
21 16
14 8
13 11
11 6
74
Boys (n = 282) Girls
(n = 287)
%%
6 14
44
57
57
32 29
7 12
8 11

Low

Medium

Low

Bias

Any frequency:
32.3 (30.6–34.0)
13.3 (12.1–14.5)
11.5 (10.4–12.7)
6.2 (5.4–7.1)
5.9 (5.0–6.7)
4.4 (3.7–5.1)
2.7 (2.2–3.2)
2.6 (2.1–3.2)

57/227 = (25%)

Boys: 7 (6–9)b
Girls: 5.5 (4–7)b
Boys: 19 (16–22)b
Girls: 18 (15–20)b

Main result (text)

Fuglkjær et al. BMC Musculoskeletal Disorders (2017) 18:418
Page 9 of 18

Study Design

Cross-sectional

Cross-sectional

Bot et al.
2005

Henschke et
al. 2014

Clinical population studies

Author and
year of
publication

Australia
national study in
general practice –
Bettering the
Evaluation and
Care of Health

Holland Second
Dutch National
Servey of generel
practice

Setting

5–
ICPC-2 codes
17 yrs

0–
ICPC codes
19 yrs

Age/ Measurements
grade (how did they
ask?)

65,279
encounters

375,899(all
ages)

Study
Size

Table 2 Summary of study characteristics of the 22 included studies (Continued)
Baseline
response
rate

Management
rate per 100
encounters
(encs.)

Incidence per
1000 person
years

Follow up Prevalence/
response incidence
rate

Lower Limb
Upper Limb
Lower Limb
Upper Limb
Lower Limb
Upper Limb

L08 Shoulder
complaint
L09 Arm
complaint
L10 Elbow
complaint
L11 wrist
complaint
L12 Hand/finger
complaint
L92 Shoulder
syndrome

Lower leg/ankle
Foot

Type of
complaints

Bias

Age: 5–9
Boys Girls
Number 118121
Rate/100 encs. 1.72
1.85
(95% CI) (1.39–2.06)
(1.51–2.19)
Number 89 90
Rate/100 encs. 1.30
1.38
(95% CI) (1.02–1.58)
(1.09–1.66)
Age: 10–14
Boys Girls
Number 311254
Rate/100 encs 5.33
4.40

Low

Low
Age group (years)
Sex 0–9 (95% CI)
10–19 (95% CI)
M: 0.6 (0.3–0.9) M: 4.0
(3.2–4.9)
F: 0.7 (0.4–1.1) F: 4.8
(3.9–5.7)
M: 2.0 (1.4–2.6) M:2.3
(1.7–3.0)
F:2.3 (1.7–2.9) F: 2.8
(2.1–3.5)
M: 1.3 (0.9–1.8) M:
2.3 (1.7–3.0)
F: 1.7 (1.2–2.3) F: 1.9
(1.3–2.4)
M: 1.8 (1.3–2.4) M: 6.3
(5.3–7.4)
F: 2.1 (1.5–2.7) F: 7.9
(6.8–9.1)
M: 5.0 (4.1–5.9) M: 8.7
(7.5–9.8)
F: 3.9 (3.1–4.7) F: 9.1
(7.8–10.3)
M: 0.1 (0.0–0.3) M:
1.4 (0.9–1.9)
F: 0.0 ((0.0–0.1) F: 1.9
(1.3–2.4)

Main result (text)

Fuglkjær et al. BMC Musculoskeletal Disorders (2017) 18:418
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Study Design

van der Waal Cross-sectional
et al. 2006

Author and
year of
publication

Holland
Second Dutch
National Servey of
generel practice

Setting

0–
ICPC codes
19 yrs

Age/ Measurements
grade (how did they
ask?)

375,899(all
ages)

Study
Size

Table 2 Summary of study characteristics of the 22 included studies (Continued)
Baseline
response
rate

Incidence per
1000 person
years

Follow up Prevalence/
response incidence
rate

L13 Hip
complaints
L14 Leg/thigh
complaints
L15 Knee
complaints
L16 Ankle
complaints
L17 Foot/toe
complaints
L77 sprain of
ankle/ft
L78 sprain/strain
of knees
Acute meniscus/
ligament knee
L97 Chronic int
knee
derangement

Type of
complaints

Bias

Low
Age group (years)
0–9 (95% CI) 10–19
(95% CI)
M: 4.0 (3.2–4.8) M:
2.1 (1.5–2.7)
F: 4.9 (3.9–5.8) F: 2.2
(1.6–2.8)
M: 4.1 (3.3–4.9) M: 5.1
(4.2–6.0)
F: 4.2 (3.4–5.1) F: 4.3
(3.4–5.1)
M: 3.6 (2.8–4.3) M:
17.0 (15.3–18.6)
F: 2.7 (2.1–3-4) F: 16.7
(15.0–18.3)
M: 2.4 (1.8–3.0) M:
5.3 (4.4–6.2)
F: 1.9 (1.3–2.5) F: 5.0
(4.1–5.9)
M: 9.2 (8.0–10.4) M:
16.2 (14.6–17.8)
F: 8.5 (7.2–9.7) F: 14.3
(12.7–15.8)
M: 3.6 (2.8–4.3) M:
15.4 (13.8–17.0)
F: 3.8 (3.0–4.6) F: 16.4
(14.7–18.0)
M: 0.9 (0.54–1.33) F:
6.0 (5.0–7.0)

(95% CI) (4.72–5.95)
(3.85–4.96)
Number 257188
Rate/100 encs 4.41
3.26
(95% CI) (3.85–4.97)
(2.76–3.76)
Age: 15–17
Boys Girls
Number 169134
Rate/100 encs 4.55
2.26
(95% CI) (3.84–5.26)
(1.87–2.65)
Number 169 82
Rate/100 encs. 4.55
1.38
(95% CI) (3.83–5.27)
(1.08–1.69)

Main result (text)
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Study Design

Setting

Age/ Measurements
grade (how did they
ask?)

Study
Size

Baseline
response
rate

ICD-10: International Classification of Diseases – 10
ICPC: International Classification of Primary Care
a
Only baseline were reported
b
percentages taken from Fig. 1 in the original article
c
percentage taken from Fig. 1 in the original article times the total incidence rate per 1000 exposure hours (0.48)

Author and
year of
publication

Table 2 Summary of study characteristics of the 22 included studies (Continued)
Follow up Prevalence/
response incidence
rate

Type of
complaints
F: 0.4 (0.1–0.7) F: 3.7
(2.9–4.5)
M: 0.1 (−0.03–0.2) F:
1.2 (0.8–1.7)
F: 0 F: 0.8 (0.5–1.2)
M: 0.4 (0.1–0.6) F: 4.3
(3.4–5.1)
F: 0.6 (0.3–0.9) F: 7.0
(5.9–8.1)

Main result (text)

Bias

Fuglkjær et al. BMC Musculoskeletal Disorders (2017) 18:418
Page 12 of 18

Fuglkjær et al. BMC Musculoskeletal Disorders (2017) 18:418

Page 13 of 18

Table 3 General population studies. Prevalence and incidence rates of musculoskeletal extremity complaints in the younger age
groups
0–9 years of age
Incidence
Anatomic Region/ Site

Weekly, %

Upper extremity
in general

0.2 [14]

Prevalence, %
IRa

Shoulder

0.06 [39]

Elbow

0.03 [39]

Wrist/hand/fingers

0.14 [39]

Lower extremity
in general

9–12 years of age

1.0 [14]

Often

Weekly

12 months

2.6–6.2 [51]

0.5 [14]

4.8 [47]

0.06 [39]

Thigh

0.07 [39]

Knee

0.40 [39]

Shin

0.12 [39]

Ankle/ft

0.71 [39]

Incidence

Prevalence, %

Prevalence, %

IRa

2 weeks

Weekly

12 months

0.4 [40]

5.5–7 [41]

5.1 [35]

4.1 [40]

18.3 [15]18–19
[41]

5.8 [35]

0.01 [54]
0.01 [54]
0.11 [54]b

3 [53]
14.6–21.1 [51]

Hip/groin

2–19 years of age

4.1 [14]

10.9 [47]
0.03 [54]

3.4 [15]
10.3 [15]

11 [53]

0.05 [54]

1.8 [40]

0.19 [54]d

2.4 [40]

c

12.4 [15]

10.6 [15]

[x]: reference number of included study
Bold: the study received high risk of bias in the quality assessment
a
Incidence Rate per 1000 physical activity units
b
Anatomical site relates to both lower arm, wrist, hand and fingers
c
Anatomical site relates to both hip and knee
d
Anatomical site relates to both shin and ankle/ft

common site of complaint in younger children [39,
54] (Table 3), whereas shoulder complaints were more
common among older children [42, 50, 52] (Table 4).
The least frequent anatomical site of complaint reported in both younger and older children was the
elbow (Tables 3 and 4).

Clinical population studies

Also in the clinical population studies, lower extremity
complaints were more frequent than complaints from
the upper extremities [44–46]. Two of the three clinical
population studies were based on data from the same
cohort of children, but one reported on upper

Table 4 General population studies. Prevalence and incidence rates of musculoskeletal extremity complaints in the older age
groups
10–19 years of age

6–17 years of age

Incidence, %

Prevalence, %

Anatomic Region/Site

6 months

12 months

Point

Upper extremity
in general

19.9 [37]

13.3 [37]

Shoulder

8 [37]

5 [37]

Arm

9 [37]

7 [37]

Elbow
Wrist/hand/fingers
Lower extremity
in general

21 [43]

16 [43]

Hip/groin

7 [43]

4 [43]

Thigh
Knee

Often/
usually

Weekly

2 weeks

Monthly

9.4–11.7 [51]

3.9–4.0 [38]

2.7 [40]

3.6–4.2 [36]

6 months

13.3 [42]

6–14 [52]

33–63 [50]

2.6 [42]

4 [52]

2–5 [50]

4.4 [42]

5–7 [52]
28.9–31.9 [51]

5.9 [42]

Lifetime

15–23 [50]
8.6–12.8 [38]

12.4 [40]

5–7 [52]

2.7 [42]
13 [43]

11 [43]

Shin
Ankle/ft

Prevalence, %

32.3 [42]

29–32 [52]

6.5 [40]a

7–12 [52]

5.5 [40]

25 [48]

17–21 [50]

6.2 [42]
14 [43]

8 [43]

11.5 [42]

[x]: reference number of included study
Bold: the study received high risk of bias in the quality assessment
a
Anatomical site is relates to both hip and knee

15–19 [50]

3.5 [49]
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Table 5 Clinical population studies. Prevalence and incidence rates of musculoskeletal extremity complaints in children by age
group
0–9 years of age

10–19 years of age

Incidence, %
Anatomic Region/Site

Incidence, %

Per 1000 person years

Management rate per
100 encountersa

Upper extremity in general

Per 1000 person years

1.30–1.38 [45]

Management rate per
100 encountersa
1.38–4.55 [45]

Shoulder

0.0–0.7 [44]

1.4–4.8 [44]

Arm

2.0–2.3 [44]

2.3–2.8 [44]

Elbow

1.3–1.7 [44]

1.9–2.3 [44]

Wrist/hand/finger

1.8–5.0 [44]

6.3–9.1 [44]

Lower extremity in general

1.72–1.85 [45]

2.26–5.33 [45]

Hip/groin

4.0–4.9 [46]

2.1–2.2 [46]

Thigh

4.1–4.2 [46]

4.3–5.1 [46]

Knee

0.0–3.6 [46]

0.8–17.0 [46]

Ankle/ft

1.9–9.2 [46]

5.0–16.2 [46]

[x]: reference number of included study
a
Management rate per 100 encounters: diagnoses recorded at general practitioners per 100 consecutive encounters

extremities [44] and the other on lower [46]. In the
younger children the incidence rate of ankle/ft complaints was about three times higher than for the knee,
whereas the incidence rates were almost equal for the
two pain sites in the older children [46]. In the upper extremity, wrist/hand/fingers was the most common site in
both age groups [44]. The least frequent site of
Table 6 Results from three population based studies including a
distinction between traumatic or non-traumatic mode of onset
Anatomic Region/Site

Non-traumatic

Traumatic

Ratio
Non-traumatic:
Traumatic

Upper extremity in
general

0.04 [14]a
0.2 [14]b

0.1 [14]a
0.3 [14]b

1:2.5
1:1.5

Shoulder

0.03 [39]c

0.03 [39]c

1:1

c

c

1:2

Elbow

0.01 [39]

0.02 [39]

Hand/wrist/fingers

0.01 [39]c

0.13 [39]c

Lower extremity in
general

b

12.3 [15]
0.7 [14]a
3.2 [14]b

6.0 [15]
0.3 [14]a
1.1 [14]b

1:0.5
1:0.4
1:0.3

Hip

b

2.7 [15]
0.05 [39]c

b

0.7 [15]
0.01 [39]c

1:0.3
1:0.2

Thigh

9.5 [15]b
0.04 [39]c

0.9 [15]b
0.03 [39]c

1:0.1
1:0.8

Knee

10.3 [15]b
0.31 [39]c

2.1 [15]b
0.09 [39]c

1:0.2
1:0.3

Shin

0.11 [39]c

0.01 [39]c

1:0.01

Ankle/Foot

8.8 [15]b
0.46 [39]c

1.8 [15]b
0.25 [39]c

1:0.2
1:0.5

b

[x]: reference number of included study
a
weekly incidence
b
weekly prevalence
c
Incidence Rate - per 1000 physical activity units

1:13

complaint was the shoulder in the younger group, and
shoulder and hip/groin in the older age group (Table 5).
Traumatic versus non-traumatic complaints

In the younger children, three of the general population
studies classified the complaints of the lower extremities
into traumatic or non-traumatic mode of onset [14, 15,
39], but two of these were based on the same cohort of
children [14, 39]. All three reported about two times
more non-traumatic complaints compared to traumatic
complaints (1:0.5 [15], 1:0.3 and 1:0.4 [14], respectively).
One of the studies also reported mode of onset in upper
extremities and found the opposite relationship, with
non-traumatic complaints less frequently reported than
traumatic complaints (1:1.5 and 1:2.5, for prevalence and
incidence respectively) [14] (Table 6). There were no reports of mode of onset in other studies, neither in the
older age group nor in the clinical population studies.
General population studies versus clinical population
studies

Comparing lower and upper extremities in general,
MEC were reported up to ten times more often from the
lower than from the upper extremities (mean ratio 1:4.0;
range 1:1.1 to 1:10.3) in the general population studies
(Tables 3 and 4), whereas the difference was much
smaller in the clinical population studies with ratios
from 1:1.2 to 1:1.6 (mean 1:1.4) (Table 5). In the general
population studies, the difference was more significant
in the younger children (mean ratio 1:5.1; range 1:2.3 to
1:10.3) than in the older children (mean ratio 1:2.5;
range 1:1.1 to 1:4.6).
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Consequences of quality

No pattern of differences in reporting could be detected
between studies of high and low risk of bias.

Discussion
In the general population studies, ankle/ft and knee were
the most frequently reported anatomical complaint sites.
We found relatively more ankle/ft complaints in the
younger children and more knee complaints in the older
age group, and this pattern has to our knowledge not
been reported before. The dominance of ankle/ft and
knee complaints was similar to what was found in a review of sports-related injuries in children and adolescents [11] indicating either that many of these
complaints often are related to sport, or that sports participation actually reveals otherwise unnoticed injuries.
A possible explanation for the changing complaint pattern with age could be the development of the musculoskeletal system due to pubertal growth including a
general rapid physical growth [56]. One consequence of
this could be that the calcaneal growth plate is stressed
by the Achilles tendon (Sever’s disease) in younger children whereas, when the child matures, the growth of the
immature skeleton more commonly leads to apophysitis
around the anterior knee located to the tibial tubercle or
the inferior patellar pool, leading to more knee complaints in older child. Another shift with age was the
relatively high occurrence of shoulder complaints in
older children, whereas this was very rare in younger
children. One explanation could be that teenagers in
general spend more time in front of desktops or tablets,
which might lead to posture related pain especially in
the neck/shoulder region [57]. Whether these complaints actually relate to the shoulder joint or whether it
is more related to the upper spine or the trapezius
muscle is uncertain. It might be difficult for children and
adolescents to distinguish between those two sources of
pain, and it has been documented previously that neck
and back pain increase with age during adolescence [4,
58]. If that is the case, the self-reported shoulder complaints are overestimated. To gain more reliable knowledge in this area, detailed questionnaires, including
mannequin drawings, or interviews should be used in
future studies.
In the clinical population studies, a similar pattern was
seen for the lower extremities, but wrist/hand/fingers
was the second most frequently reported site among
young children, and the third most frequent in the older
age group. However, this was based on only one study
[44], albeit of high quality. In a review of fractures, Clark
et al. also reported this area (the distal radius, fingers
and carpal bones) to be the most common [16], indicating a certain susceptibility to both severe and more trivial injuries in the hand and wrist.
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We found that lower extremity complaints were much
more common than upper extremity complaints in the
general population studies, whereas the clinical population studies showed a smaller difference in frequency between the two regions. Furthermore, the three studies
reporting mode of onset, reported twice as many nontraumatic compared to traumatic complaints in the
lower extremities. These two findings might indicate an
overrepresentation of less severe complaints and/or
more non-traumatic complaints in the lower extremities.
In sports medicine, data collection traditionally has
been based on diagnoses from emergency departments or among athletes requiring medical attention
or time-loss definitions, and therefore reports of
minor complaints have not been collected [59, 60]. In
1989, Backx et al. found that only 31% of all sports
injuries led to health care usage [61], e.g. were serious
enough to warrant consultation.
Recently Clarsen et al. developed a new tool to register
overuse injuries in sport and compared it to the traditional time-loss registration of injuries. They found a
completely different pattern of injuries in sport with especially more shoulder, knee and low back injuries [62],
which support the thesis that some shoulder and knee
complaints do not reach the threshold for health care
consultation. In relation to reports of shoulder complaints, we also noted that prevalence rates were relatively high compared to incidence rates, which might
indicate that these complaints are more long-lasting
than other complaints which have smaller differences
between prevalence and incidence rates. However, it
could also be due to the misclassification mentioned
earlier and actually relate to the neck or Trapezius area.
Most of the studies were conducted in the northern
part of Europe and different patterns of complaints
could possibly be present in other parts of the world.
The type of injury might be related to the prevalent type
of sport, and obviously there are large geographical differences in sport activities. Likewise, the threshold for
reporting pain and the pattern of health care consumption are strongly culturally dependent, and therefore
caution should be exercised when extrapolating results
to other parts of the world.
The largest challenge of this review was the heterogeneity
of outcomes; pooling of results to obtain reliable combined
estimates of prevalence and incidence was impossible to
conduct. The included 22 articles in this review used 14 different outcome measures, and this prevented meaningful
combined estimates of prevalence or incidence.
The variation in outcome measurement and lack of
knowledge in this area, also made it difficult to assess
the risk of bias in the ‘Outcome measurement’ domain,
which might have resulted in a too positive bias rating. Although the QUIPS tool has been validated [25] the
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modified version tool used in this review has not, which
might be considered as a limitation of this review. Finally,
it would have been appropriate to repeat the literature
search in other databases. However, it is our experience
that epidemiological articles can be found in the two databases that were used, MEDLINE and EMBASE, and therefore we do believe that the performed literature search
can be justified, although we realize that potential relevant
articles can have be missed.
Another issue in relation to heterogeneity is that there
are challenges with use of questionnaires within this age
group. In seven of the 19 general population studies,
questionnaires or text messages were answered by parents [14, 39, 40, 47, 49, 51, 53]. Therefore, the concordance between parents’ and children’s reporting is
important to understand. In general, agreement between
children and parents is poor, especially in relation to
minor complaints, whereas more severe complaints result in a better agreement [63–65]. Another potential
problem is that the questionnaires have rarely been validated in the appropriate age groups, and finally the risk
of recall bias might differ between children and adults.
Harel et al. evaluated recall periods of 2 weeks to
12 months in children and adolescents in the US and
found that reporting of severe injuries are not strongly
affected by recall bias [66]. Another study by Moshiro et
al., with a recall period of twelve months, found the
same in an all-age cohort from Tanzania [67]. On the
other hand, Harel et al. also concluded that reporting of
minor complaints are affected by memory, especially if
the recall period exceeds five months [66]. This indicates
that to collect reliable estimates of minor symptoms the
recall period needs to be relatively short. On this note,
severity of complaint also needs to be considered, and
this was often not the case in the included studies. In
four of the 19 general population studies, participants
were asked to categorize the complaints according to either severity or frequency, e.g. if the complaint was experienced never, once a month or once a week [15, 38,
41, 42], and in three other studies, consulting a physician
was used as a measure of severity [47, 50, 54], but in the
remaining studies no severity measures were reported.
Thus, in future studies data should be collected in a
standardized way with due consideration to demarcation
of the area, the parent/child reporting relationship, the severity and the frequency of pain. It became apparent during this review, that there is a strong need for better and
more homogenous data collection methods. We therefore
think it is time to make an effort to standardize future
studies in relation to data collection with due to consideration to demarcation of the area, the severity and frequency of pain, and the parent/child reporting
relationship. Furthermore, common age group definitions
should be agreed upon. This could for example be
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obtained through a Delphi process followed by a crosscultural adaption of age-standardized questionnaires.
Fortunately, the profound heterogeneity did not affect
the comparisons between anatomical sites, age groups
etc. However, another difficulty encountered was that
different terms of MEC complicated the literature search
and therefore we are aware that there might be articles
missing. Hopefully, the assistance of a research librarian
and a wide search strategy has minimized the effect of
this difficulty.

Conclusion
In general, ankle/ft and knee were the most frequent
sites of musculoskeletal extremity complaints regardless
of age and type of population. However, in the general
population studies, there were relatively more nontraumatic complaints of the lower extremities than in
the clinical population studies, indicating a large amount
of non-traumatic low intensity complaints in the general
population that do not reach threshold for consultation.
We intended to describe the prevalence and incidence
of musculoskeletal extremity complaints in children and
adolescents, but a meta-analysis, or even a simple overall
description of prevalence and incidence, was not feasible, due to study heterogeneity, primarily related to outcome. Future research should use standardised and
validated outcome measures and investigate the possible
consequences of the low intensity complaints in large
longitudinal cohorts to establish if there is a potential
for prevention of long-term sequelae through early detection and intervention.
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