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CONTEXT: Sport specialization is theorized to increase the risk of sustaining overuse

musculoskeletal injuries.

abstract

OBJECTIVE: To complete a systematic review and meta-analysis of the literature to determine if
sport specialization is associated with overuse musculoskeletal injuries.
DATA SOURCES: An electronic search was conducted using the search terms “specialization,”

“year-round,” “overuse,” “repetitive stress,” “injury,” “young,” “pediatric,” and “sports.”
STUDY SELECTION: Studies were included if their population was ≤18 years of age, if they

compared athletes with high or single-sport specialization with athletes with low or
multisport specialization, and focused on overuse injuries.

DATA EXTRACTION: Of the 12 articles that were identified for full-text review, 5 studies met all the
inclusion criteria. Four studies provided adequate data for the meta-analysis. Quality scores
on the modified Downs and Black scale ranged from 69% to 81%.
RESULTS: Athletes with high specialization were at an increased risk of sustaining an

overuse injury compared with athletes with low (pooled relative risk [RR] ratio: 1.81; 95%
confidence interval [CI]: 1.26–2.60) and moderate (pooled RR: 1.18; 95% CI: 1.05–1.33)
specialization. Athletes with moderate specialization were at a higher risk of injury
compared with athletes with low specialization (RR: 1.39 [95% CI: 1.04–1.87]).

LIMITATIONS: Four of the 5 studies included in this systematic review were included in the metaanalysis because of the lack of access to the original data set for 1 article.
CONCLUSIONS: Sport specialization is associated with an increased risk of overuse

musculoskeletal injuries (Strength of Recommendation Taxonomy grade: B).

aWisconsin Injury in Sport Laboratory and Departments of bKinesiology and cOrthopedics and Rehabilitation, University of Wisconsin–Madison, Madison, Wisconsin; and dAthletic Training
Department, A.T. Still University, Mesa, Arizona

Drs Bell, Post, Biese, Valovich McLeod, and Bay conceptualized and designed the study, drafted the initial manuscript, reviewed and revised the manuscript, approved
the final manuscript as submitted, and agree to be accountable for all aspects of the work.
DOI: https://doi.org/10.1542/peds.2018-0657
Accepted for publication Jun 19, 2018
Address correspondence to David R. Bell, PhD, ATC, Department of Kinesiology, University of Wisconsin–Madison, 2000 Observatory Dr, 2031 Gymnasium-Natatorium,
Madison, WI 53706. E-mail: drbell2@wisc.edu
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
To cite: Bell DR, Post EG, Biese K, et al. Sport Specialization and Risk of Overuse Injuries: A Systematic Review With Meta-analysis. Pediatrics. 2018;142(3):e20180657

Downloaded from www.aappublications.org/news by guest on June 13, 2021
PEDIATRICS Volume 142, number 3, September 2018:e20180657

REVIEW ARTICLE

Participation in youth sports offers
a number of benefits to children and
adolescents, including improving
fitness, academic performance, and
self-esteem.1,2 However, recent
evolution of youth sports has shifted
focus from these positive attributes
to concerns regarding scholarships
and playing time,3 resulting in young
athletes focusing on a single sport
at a high volume or specializing
in 1 sport. Sport specialization is
commonly defined as “participation
in a single sport at the exclusion of
other sports.”4 Sport specialization
is often associated with training
at high volumes both in terms of
hours per week and months per
year and can result in a variety of
negative consequences, such as
burnout and overtraining.1,5 This
topic is so concerning that several
medical and sport organizations have
released statements warning against
the increasing trend toward sport
specialization among youth.5– 9

These statements address concerns
regarding the psychological impact
of sport specialization and possible
physical consequences, including
the potential risk of overuse
musculoskeletal injuries.5–9
 These
injuries are problematic because
physical activity or sport-related
injuries account for up to 20% of
injury episodes for persons between
5 and 24 years of age.10 Additionally,
in recent data, the annual direct and
indirect cost of adolescent athletic
injuries is estimated to be at $6.7
billion (US Consumer Product Safety
Commission; Directorate of Economic
Analysis, personal communication,
2006). However, this number may
underestimate the total impact of
overuse injuries, which often go
unreported.11 Finally, and perhaps
most importantly, sustaining an injury
has been linked with dropout from
sport with slightly <10% of youth
athletes who cease participation in
sports doing so as a result of injury or
fear of reinjury.12,13
 Among elite youth
athletes, the rate of dropping out
2

TABLE 1 Search Terms and Number of Articles Generated
Search Terms (Including MeSH Terms)
1. (Specialization or specialization or single-sport or
y-round)

2. (Specialization or specialization or single-sport
or y-round) AND (overuse OR injury OR chronic OR
gradual onset OR repetitive stress)

3. (Overuse OR injury OR chronic OR gradual onset OR
repetitive stress) AND (young OR youth OR pediatric
OR high school OR child* OR adolescent)

4. (young OR youth OR pediatric OR high school OR
child* OR adolescent) AND (athlete OR athletes OR
sports)

because of injury is close to 20% and
represents the second most common
reason to cease sport participation.12

Despite a number of recent
publications in which the impact
of specialization on overuse injury
was investigated, the position
and consensus statements that
have been released to date have
relied on expert opinion and not
empirical evidence.5–9
 Therefore,
we believe that a more focused
review of the literature is warranted.
Our purpose in this study was to
systematically review the literature
to determine if sport specialization is
associated with an increased risk of
musculoskeletal overuse injuries. The
following specific clinical question
of interest framed our analysis: “Are
highly specialized youth athletes
at a greater risk of overuse injury
compared to low specialization youth
athletes?”

METHODS
This systematic review was
completed in accordance with
the guidelines from the Preferred
Reporting Items for Systematic
Reviews and Meta-Analyses. The
systematic review was registered in

Reference Database
EBSCO-CINAHL
Medline (Ovid)
PubMed
EBSCO-SPORTDiscus
Cochrane
EBSCO-CINAHL
Medline (Ovid)
PubMed
EBSCO-SPORTDiscus
Cochrane
EBSCO-CINAHL
Medline (Ovid)
PubMed
EBSCO-SPORTDiscus
Cochrane
EBSCO-CINAHL
Medline (Ovid)
PubMed
EBSCO- SPORTDiscus
Cochrane

No. Identified
Studies
7267
41 719
41 739
2749
81
477
1401
1879
195
55
412
380
533
106
53
87
73
108
98
12

PROSPERO (https://www.crd.york.
ac.uk/prospero/) before beginning
the search (registration number:
CRD42017078750).

Data Sources and Searches

An electronic search was conducted
in 5 databases, including the
Cochrane Database of Systematic
Reviews, EBSCO-hosted Cumulative
Index to Nursing and Allied Health
Literature (CINAHL), EBSCO-hosted
SPORTDiscus, Educational Resources
Information Center (ERIC), EBSCOhosted Medline, and PubMed
Central. The search terms included
(specialization or specialization or
single-sport or year-round) AND
(overuse OR injury OR chronic
OR gradual onset OR repetitive
stress) AND (young OR youth OR
pediatric OR high school OR child*
OR adolescent) AND (athlete OR
athletes OR sports). The authors
also conducted a hand search from
reference lists in other relevant
articles. Results from the search
strategy for each database are
presented in Table 1.

Study Selection

All search results were transcribed
into an Excel file, and the database
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was sorted to find duplicates, which
were removed. An initial screen
of the titles and abstracts was
performed by 4 of the authors (D.R.B.,
E.G.P., K.B., T.V.M.) independently and
recorded in an Excel file. A meeting
was held to discuss any studies for
which consensus on inclusion was
not obtained. During that meeting,
a final list of studies to undergo fulltext review was determined. Each of
the authors independently completed
a full-text review of the remaining
manuscripts. A second meeting was
held to discuss any studies that
did not have consensus regarding
inclusion. The final list of included
studies was then moved to the data
extraction phase.
Studies were included if they were
peer-reviewed, published in English,
published in the year 2000 or later,
were original research, and included
patients or participants ≤18 years
of age. Excluded studies consisted
of narrative (clinical) reviews,
editorials, critically appraised topics,
commentaries, abstracts, animal
research, or original research that
did not address the primary clinical
question of interest.

Data Extraction and Quality
Assessment

The authors, journal, year of
publication, sample demographics,
level of evidence, study period,
type of sports examined, outcome
measures (specialization and
overuse injury rates), type of injuries
examined, and main results (odds
ratios or relative risk [RR] ratios
with 95% confidence intervals
[CIs] and P values) were extracted
as appropriate from each study on
a standard data collection form.
Because many of the studies included
primary and secondary outcomes,
extraction of the outcomes and
presentation of the results were
limited to only those outcomes that
fit the clinical question of interest
(overuse injuries). Studies were
assigned a level of evidence as

outlined by the 2011 Oxford Centre
for Evidence-Based Medicine scale.
The risk of bias was assessed by
using the adapted Downs and Black
scale, which is a 16-item version of
the original Downs and Black Quality
Index.14,15
 The recommendations of
Munn et al16 were used to evaluate
the quality of the included studies.
Studies that met fewer than 60%
of the adapted Downs and Black
criteria were considered to be of
low methodologic quality, studies
that met 60% to 74.9% of the
criteria were considered to be of
moderate methodologic quality,
and studies that met >75% of
the criteria were considered to
be of high methodologic quality
(Table 2).16 The Strength of
Recommendation Taxonomy criteria
were used to determine an overall
recommendation on the basis of the
findings of the included studies.17

Data Synthesis and Analysis

A narrative, qualitative synthesis of
results was performed to evaluate
and summarize the patients,
methods, results, and conclusions
of the included studies. A summary
table was developed to present the
results of these 5 included studies
(Table 2).

Four of the 5 studies provided
sufficient data for use in a metaanalysis. For 3 studies, logged
RRs and SEs were calculated from
data that were provided in the
manuscripts. For 1 study, the authors
provided raw data to allow for
calculation of RRs and SEs. Three
analyses were conducted: between
low and moderate specialization,
low and high specialization, and
moderate and high specialization.
The heterogeneity of the studies
was assessed by using the I2 index.
MIX 2.0 Professional23 was used to
combine effect sizes across studies. A
DerSimonian-Laird random-effects–
model approach was selected for the
analysis.

RESULTS
Results of Search
The results of the search are
presented in Fig 1. The extensive
literature search resulted in 381
potential studies. After the removal
of 184 duplicates that were found
across databases or with different
search terms, 197 studies remained
and were screened to meet the
inclusion and exclusion criteria. After
screening the titles and abstracts,
185 studies were removed (62
narrative reviews, 7 commentaries,
3 editorials, 2 case studies, 1 news
article, 1 non–peer-reviewed article,
5 non-English articles, 5 consensus or
position statements, 17 articles that
were published before the year 2000,
and 82 articles that were not relevant
to the clinical question; Supplemental
Table 3), leaving 12 articles for a full
text evaluation. The application of
the inclusion and exclusion criteria
during the full-text review resulted
in the exclusion of 7 studies. Two
studies were removed because
they were not explicitly focused on
overuse injury,24,25
 1 was removed
because the comparison was between
athletes with high specialization in
team sports and athletes with high
specialization in individual sports,26
1 was removed because the authors
did not directly compare specialized
and nonspecialized groups and the
measurement of specialization was
not clearly defined,27 and 3 studies
were removed because the athletes
fell outside of the established age
range,28– 30
 leaving 5 studies from
which data were abstracted and
synthesized in the results.

Qualitative Review of the Articles

A summary of the final studies is
found in Table 2. Of the studies
that were identified, 1 study was
a prospective investigation and
4 studies were retrospective
investigations. The injury outcomes
of interest included patellofemoral
pain,19 overuse knee injuries,18
overuse lower extremity injuries,21
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.011
1.45 (1.07–1.99)
37.5
Female: n =
989 (49.1);
male: n =
1022 (50.9)
13.7
(1.6)

16.1
(1.1)

19.2

Overuse injury

<.001
4.74 (2.04–11.05)
13.3

4.6

Lower
extremity
overuse
injuries

NR
75
2011
Post et al22

3

12
81
2
1544
McGuine et
al21

LOE, level of evidence; NR, not reported; OR, odds ratio.

<.001
1.36 (1.08–1.72)
Serious
overuse
injury
11.0
28.1

Female: n =
587 (49.3);
male: n =
603 (50.7)
Female: n =
780 (50.5);
male: n =
764 (49.5)
36
1214
Jayanthi et
al20

3

75

Baseball, softball,
basketball, football,
soccer, tennis, track
and cross country,
volleyball, wrestling,
and other
Soccer, basketball,
swimming and diving,
ice hockey, volleyball,
track and cross
country, lacrosse,
baseball, football,
softball, cheer and
dance, gymnastics,
tennis, and wrestling

14.0 (NR)
NR
546
Hall et al19

NR

78

Women’s volleyball,
soccer, and
basketball
NR

13.7
(2.3)

.038
1.5 (1.0–2.2)
34.6

28

Patellofemoral
pain

.018
2.93 (1.16–7.36)
NR
302
Bell et al18

3

69

Soccer, basketball,
tennis, and women’s
volleyball

15.5
(1.2)

Female: n =
180 (59.6);
male: n =
122 (40.4)
Female: n =
546 (100)

36.4

10.9

Overuse, knee
injury

P
OR (95% CI)
Type of Injury
Injured for High
Specialization,
%
High Specialization,
%
Sex, n (%)
Age,
Mean
(SD)
Type of Sport(s)
Study
Period, mo
Adjusted Downs
and Black Score,
%
LOE
N
Study

TABLE 2 Summary of High Specialization and Overuse Injury Rates Across Studies
4

and overuse injuries of any type.20,22

Sport specialization status was
classified on the basis of self-report
of the number of sports played
(single versus multisport)19 or a
sport specialization scale. Four
studies included a variety of sports
(soccer, basketball, and volleyball),
whereas 1 study20 did not include the
sports of the athletes in the study.
Four of the studies were focused on
both sexes, whereas 1 study19 only
included girls.

Overall, in all 5 studies, a significant
association between high levels
of sport specialization and
overuse injury was observed.
In a retrospective study of high
school athletes, Hall et al19
observed that athletes of a single
sport were more likely to have
a diagnosis of patellofemoral
pain compared with athletes of
multiple sports. When applying
the 3-point specialization scale
to high school athletes, Bell
et al18 found that athletes with
high specialization were more
likely to have a previous history
of overuse knee injury when
examined in a cross-sectional
manner. In 2 similarly designed
studies of large samples of
youth athletes, both Jayanthi
et al20 and Post et al22 observed
associations between high
levels of specialization and overuse
injury. In the only prospective
study, McGuine et al21 established
high levels of specialization to be a
prospective risk factor for overuse
lower extremity injury but not for
acute injuries.

Pooled Estimates

Participants who were categorized
as highly specialized were at a
significantly greater risk of overuse
injury compared with participants
who were categorized as moderately
specialized (RR: 1.18 [95% CI: 1.05–
1.33]; I2 = 0%; analysis sample size =
3005) and participants with low
specialization (RR: 1.81 [95%
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FIGURE 3

Pooled RR of high specialization versus
moderate specialization.

FIGURE 1

Flowchart of the articles that were reviewed for inclusion.

CI: 1.26%–2.60%]; I2 = 77.15%;
analysis sample size = 3342).
Those with moderate specialization
were at a significantly higher risk
of overuse injury compared with
those with low specialization (RR:
1.39 [95% CI: 1.04–1.87]; I2 = 64.32;
analysis sample size = 3601). Forest
plots for each analysis are provided
in Figs 2–4.

FIGURE 4

Pooled RR of moderate specialization versus
low specialization.

DISCUSSION

Level of Evidence and Strength of
Recommendation

The current review included 3 studies
that were of level III evidence, 1 study
that was of level II evidence, and 1
study that was of level IV evidence.
By using the adjusted Downs
and Black metric, 4 studies
were considered to be of high
methodologic quality, whereas
1 study was considered to be of
moderate methodologic quality. On
the basis of the level of evidence of
the included studies, the Strength
of Recommendation Taxonomy

FIGURE 2

Pooled RR of high specialization versus low
specialization.

criteria level of recommendation was
B. Although there were consistent
findings that sport specialization
increased the risk of overuse injury
across studies, there were not enough
studies of level II evidence or stronger
included in our review to allow us to
provide a recommendation of A.17

The results of this systematic
review reveal that although there is
consistent evidence suggesting that
high level of sport specialization
is associated with a greater risk
of developing an overuse injury,
the quality of included studies is
limited. This evidence is based on
the 5 studies that were identified
in the review. These studies
yielded consistent results and were
supported by the meta-analysis of
4 studies in which pooled estimates
were calculated. Athletes with high
specialization were nearly twice as
likely to sustain an overuse injury
compared with athletes with low
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specialization (81% more likely)
and even moderate specialization
(18% more likely). Even moderate
specialization appears to be
associated with a greater risk of
injury than low specialization (39%
more likely). These results revealed
a stepwise increase in risk with
increasing levels of specialization.

Clinically, the results of this review
are important because they provide
evidence to support the notion
that sport specialization increases
injury risk. There is a large number
of clinical reports and position
statements that warn against this
practice despite the limited evidence
in this area.1,5 – 7,
 9 In, fact none of the
position and/or summary statements
that are listed promote or endorse
sport specialization. Our review
supports the recommendation that
athletes should delay specialization
until late adolescence.6 Specialization
has been proposed as a mechanism
for attaining elite sport performance
because of increased time spent in
intensive training for that sport.31
However, comparisons of elite and
nonelite athletes and studies of
professional or collegiate athletes
across a variety of sports indicate
that elite athletes typically specialize
later in adolescence and participate
in more sports during high school
than nonelite athletes.32– 35
 Medical
providers and researchers believe
that diversified training during early
adolescence results in a more wellrounded athlete.1,5,
 7,
 36 Finally, 4 of
the studies that are included in this
review use a recently developed
scale to classify athletes along
a spectrum of specialization.4,20

This scale has high clinical utility
given the simplicity of application.
Physicians and other health care
providers should consider using this
specialization scale to classify their
patients and help counsel youth
athletes and their parents regarding
the possible risks of specialization.

The findings of our systematic review
and meta-analysis are in general
6

agreement with a previous review
on this topic area by Fabricant et al.37
The authors of that review also
concluded that there was level B
evidence to support the association
between sport specialization and
increased injury risk. The key
difference between that review and
the current review is that Fabricant
et al37 chose to include articles that
were focused on all musculoskeletal
injuries. The authors were unable to
focus on overuse injuries explicitly
because of limitations in the literature.
For example, they included an article
in which rates of withdrawal from
a tennis tournament due to injury
were compared between athletes
who played only tennis and athletes
who reported playing multiple
sports.25 Although this is a logical and
interesting approach, it was unclear
from our review of the article how the
injuries were classified. Therefore,
we were unable to determine the
number of injuries that were explicitly
associated with chronic or overuse
mechanisms and thus were unable
to include this study in the current
analysis. Thus, we were able to focus
our review on studies with more
consistent methodology. This reveals
the growth in this area of literature
and the recent improvement in
methodology; however, there is still a
need for more prospective studies on
this topic.
One study was included in our
systematic review (but not
in the meta-analysis) and is
worth discussing because of
methodologic differences.19 This
was a retrospective study in which
specialization was defined by
using a single- versus a multisport
framework. The authors observed
that female soccer, basketball, and
volleyball players who participated
in a single sport had a higher risk
of developing overuse anterior
knee pain disorders, such as
patellofemoral pain. However,
additional reading of the methods
reveals that athletes who played

a single sport for a single season
could have been classified as highly
specialized. Participating in a single
sport without the year-round
component does not necessarily
match the working definition of sport
specialization. It is unclear how many
cases this may have affected and how
it might have influenced their results;
however, it also reveals the difficulty
of consistently applying sport
specialization definitions.

Post et al24 examined the association
between specialization and injury
and found that athletes with
specialization were more likely to
report a history of any type of injury
in the previous year. Unfortunately,
the authors did not explicitly focus on
overuse injury, and we were unable
to include this article in the review.
However, the primary findings of this
study are in line with the conclusions
of our systematic review and metaanalysis: specialization increases the
risk of musculoskeletal injury.

There are several limitations to this
systematic review and meta-analysis
that should be considered. Of the final
studies that were included in this
review, 3 were conducted by a study
team that included 2 of the authors of
this review and meta-analysis.18,21,
 22

We attempted to control for potential
bias on the part of these authors by
adhering to the Preferred Reporting
Items for Systematic Reviews and
Meta-Analyses guidelines, registering
the study in PROSPERO with a clearly
defined clinical question of interest
before performing the literature
search, and requiring a consensus
from 4 of the authors (D.R.B.,
E.G.P., K.B., and T.V.M.) for all study
inclusion decisions. Additionally,
the final number of included studies
in the review was small (n = 5),
revealing the limited research in
which the relationship between
specialization and overuse injury
is examined. Additional research
is needed to continue to refine our
understanding of the connection
between sport specialization and
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overuse injury, including interactions
with other factors such as playing
style, nutrition and recovery, and
athleticism. Only 4 of the final 5
studies that were included in this
systematic review were included
in the meta-analysis because of the
lack of access to the original data
set for 1 article. Finally, there is
ongoing debate regarding the best
way to define and classify sport
specialization, and limitations exist in
both the 3-point scale and single- and
multisport methods of classification.38
However, we felt justified using

these classification methods as the
basis for our clinical question of
interest because these are by far the
most commonly used methods for
classifying sport specialization.

CONCLUSIONS
Sport specialization is associated
with an increased risk of overuse
musculoskeletal injuries. This
conclusion is based on a qualitative
review of the findings of the 5 articles
that were included in this review and
is confirmed by a meta-analysis of

4 of these studies. There appears to
be a stepwise increase in the risk of
overuse injury with increasing levels
of specialization.

ABBREVIATIONS
CI: c onfidence interval
CINAHL: C
 umulative Index to
Nursing and Allied
Health Literature
ERIC: Education Resources
Information Center
RR: relative risk

Copyright © 2018 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: Dr McLeod has received speaker honoraria for lectures including for service on a speakers bureau for the National Athletic Trainers’
Association; the other authors have indicated they have no financial relationships relevant to this article to disclose.
FUNDING: No external funding.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

REFERENCES
1.	DiFiori JP, Benjamin HJ, Brenner JS,
et al. Overuse injuries and burnout
in youth sports: a position statement
from the American Medical Society
for Sports Medicine. Br J Sports Med.
2014;48(4):287–288
2.	Fox CK, Barr-Anderson D, NeumarkSztainer D, Wall M. Physical activity and
sports team participation: associations
with academic outcomes in middle
school and high school students. J Sch
Health. 2010;80(1):31–37
3.	Malina RM. Early sport specialization:
roots, effectiveness, risks. Curr Sports
Med Rep. 2010;9(6):364–371
4.	Jayanthi N, Pinkham C, Dugas L, Patrick
B, Labella C. Sports specialization
in young athletes: evidence-based
recommendations. Sports Health.
2013;5(3):251–257
5.	LaPrade RF, Agel J, Baker J, et al.
AOSSM early sport specialization
consensus statement. Orthop J Sports
Med. 2016;4(4):2325967116644241
6.	Brenner JS; Council on Sports
Medicine and Fitness. Sports
specialization and intensive training
in young athletes. Pediatrics.
2016;138(3):e20162148

7.	Bergeron MF, Mountjoy M, Armstrong
N, et al. International Olympic
Committee consensus statement
on youth athletic development. Br J
Sports Med. 2015;49(13):843–851

13.	Grimmer KA, Jones D, Williams J.
Prevalence of adolescent injury from
recreational exercise: an Australian
perspective. J Adolesc Health.
2000;27(4):266–272

8.	Lloyd RS, Cronin JB, Faigenbaum AD, et al.
National strength and conditioning
association position statement on longterm athletic development. J Strength
Cond Res. 2016;30(6):1491–1509

14.	Houston MN, Hoch JM, Hoch MC.
Patient-reported outcome measures
in individuals with chronic ankle
instability: a systematic review. J Athl
Train. 2015;50(10):1019–1033

9.	Valovich McLeod TC, Decoster LC,
Loud KJ, et al. National Athletic
Trainers’ Association position
statement: prevention of pediatric
overuse injuries. J Athl Train.
2011;46(2):206–220

15.	Downs SH, Black N. The feasibility
of creating a checklist for the
assessment of the methodological
quality both of randomised and nonrandomised studies of health care
interventions. J Epidemiol Community
Health. 1998;52(6):377–384

10.	Conn JM, Annest JL, Gilchrist J. Sports
and recreation related injury episodes
in the US population, 1997-99. Inj Prev.
2003;9(2):117–123

16.	Munn J, Sullivan SJ, Schneiders AG.
Evidence of sensorimotor deficits
in functional ankle instability: a
systematic review with meta-analysis.
J Sci Med Sport. 2010;13(1):2–12

11.	Wu M, Fallon R, Heyworth BE.
Overuse injuries in the pediatric
population. Sports Med Arthrosc Rev.
2016;24(4):150–158

17.	Ebell MH, Siwek J, Weiss BD, et
al. Strength of recommendation
taxonomy (SORT): a patient-centered
approach to grading evidence in the
medical literature. Am Fam Physician.
2004;69(3):548–556

12.	Butcher J, Lindner KJ, Johns DP.
Withdrawal from competitive youth
sport: a retrospective ten-year study.
J Sport Behav. 2002;25(2):145–163

18.	Bell DR, Post EG, Trigsted SM,
Hetzel S, McGuine TA, Brooks MA.

Downloaded from www.aappublications.org/news by guest on June 13, 2021
PEDIATRICS Volume 142, number 3, September 2018

7

Prevalence of sport specialization
in high school athletics: a 1-year
observational study. Am J Sports Med.
2016;44(6):1469–1474
19.	Hall R, Barber Foss K, Hewett TE, Myer
GD. Sport specialization’s association
with an increased risk of developing
anterior knee pain in adolescent
female athletes. J Sport Rehabil.
2015;24(1):31–35
20.	Jayanthi NA, LaBella CR, Fischer D,
Pasulka J, Dugas LR. Sports-specialized
intensive training and the risk of
injury in young athletes: a clinical
case-control study. Am J Sports Med.
2015;43(4):794–801
21.	McGuine TA, Post EG, Hetzel SJ,
Brooks MA, Trigsted S, Bell DR. A
prospective study on the effect of
sport specialization on lower extremity
injury rates in high school athletes. Am
J Sports Med. 2017;45(12):2706–2712
22.	Post EG, Trigsted SM, Riekena JW, et al.
The association of sport specialization
and training volume with injury history
in youth athletes. Am J Sports Med.
2017;45(6):1405–1412
23.	Bax L. MIX 2.0 – Professional Software
For Meta-analysis in Excel. Mountain
View, CA: BiostatXL; 2016
24.	Post EG, Bell DR, Trigsted SM, et al.
Association of competition volume,
club sports, and sport specialization
with sex and lower extremity injury
history in high school athletes.
Sports Health. 2017;9(6):518–523

8

25.	Jayanthi N, Dechert A, Durazo R, Dugas
L, Luke A. Training and specialization
risks in junior elite tennis players.
J Med Sci Tennis. 2011;16(1):14–20
26.	Pasulka J, Jayanthi N, McCann A,
Dugas LR, LaBella C. Specialization
patterns across various youth sports
and relationship to injury risk. Phys
Sportsmed. 2017;45(3):344–352

32.	Bridge MW, Toms MR. The specialising
or sampling debate: a retrospective
analysis of adolescent sports
participation in the UK. J Sports Sci.
2013;31(1):87–96
33.	Ginsburg RD, Smith SR, Danforth N,
et al. Patterns of specialization in
professional baseball players. J Clin
Sport Psychol. 2014;8(3):261–275

27.	O’Kane JW, Neradilek M, Polissar
N, Sabado L, Tencer A, Schiff MA.
Risk factors for lower extremity
overuse injuries in female youth
soccer players. Orthop J Sports Med.
2017;5(10):2325967117733963

34.	Moesch K, Elbe AM, Hauge ML,
Wikman JM. Late specialization:
the key to success in centimeters,
grams, or seconds (cgs)
sports. Scand J Med Sci Sports.
2011;21(6):e282–e290

28.	Buckley PS, Bishop M, Kane P, et al.
Early single-sport specialization: a
survey of 3090 high school, collegiate,
and professional athletes. Orthop J
Sports Med. 2017;5(7):2325967117
703944

35.	Post EG, Thein-Nissenbaum JM,
Stiffler MR, et al. High school sport
specialization patterns of current
division I athletes. Sports Health.
2017;9(2):148–153

29.	Rugg C, Kadoor A, Feeley BT, Pandya
NK. The effects of playing multiple high
school sports on National Basketball
Association players’ propensity for
injury and athletic performance.
Am J Sports Med. 2018;46(2):402–408
30.	Wilhelm A, Choi C, Deitch J. Early
sport specialization: effectiveness
and risk of injury in professional
baseball players. Orthop J Sports Med.
2017;5(9):2325967117728922
31.	Ericsson KA, Krampe RT, Tesch-Römer
C. The role of deliberate practice in
the acquisition of expert performance.
Psychol Rev. 1993;100(3):363–406

36.	Myer GD, Jayanthi N, DiFiori JP,
et al. Sports specialization, part II:
alternative solutions to early sport
specialization in youth athletes.
Sports Health. 2016;8(1):65–73
37.	Fabricant PD, Lakomkin N, Sugimoto
D, Tepolt FA, Stracciolini A, Kocher
MS. Youth sports specialization and
musculoskeletal injury: a systematic
review of the literature. Phys
Sportsmed. 2016;44(3):257–262
38.	Smith AD, Alleyne JMK, Pitsiladis Y,
et al. Early sports specialization:
an international perspective.
Curr Sports Med Rep. 2017;16(6):
439–442

Downloaded from www.aappublications.org/news by guest on June 13, 2021

BELL et al

Sport Specialization and Risk of Overuse Injuries: A Systematic Review With
Meta-analysis
David R. Bell, Eric G. Post, Kevin Biese, Curtis Bay and Tamara Valovich McLeod
Pediatrics 2018;142;
DOI: 10.1542/peds.2018-0657 originally published online August 22, 2018;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/142/3/e20180657

References

This article cites 37 articles, 5 of which you can access for free at:
http://pediatrics.aappublications.org/content/142/3/e20180657#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Sports Medicine/Physical Fitness
http://www.aappublications.org/cgi/collection/sports_medicine:physi
cal_fitness_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on June 13, 2021

Sport Specialization and Risk of Overuse Injuries: A Systematic Review With
Meta-analysis
David R. Bell, Eric G. Post, Kevin Biese, Curtis Bay and Tamara Valovich McLeod
Pediatrics 2018;142;
DOI: 10.1542/peds.2018-0657 originally published online August 22, 2018;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/142/3/e20180657

Data Supplement at:
http://pediatrics.aappublications.org/content/suppl/2018/08/20/peds.2018-0657.DCSupplemental

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 345 Park Avenue, Itasca, Illinois, 60143. Copyright © 2018
by the American Academy of Pediatrics. All rights reserved. Print ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on June 13, 2021

