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Sport specialisation and movement competency in youth

Abstract

Negative long-term outcomes have been reported following sport specialisation including increased
injury risk. The underlying mechanisms remain unclear; however, fewer exposures to broad ranging
movement patterns and reductions in movement competency have been suggested. This review
synthesised the evidence to examine if an association is present between sport specialisation and

movement competency.

A systematic electronic database search was conducted using combinations of the key words early
speciali?ation, sport speciali?ation, early sport speciali?ation, single sport, high school, youth,
adolescen*, movement competenc*, movement ability, movement control, movement pattern,
physical performance, coordination, fitness, motor skill, motor development, movement

performance, neuromuscular control, balance, asymmetr*.

Thirteen articles met the inclusion criteria and were included. Four studies reported no significant
differences in movement competency based on specialisation status, while seven showed some
measures of movement competency differed but not others. The remaining two studies concluded
that adult athletes who participated in two or more sports during high school exhibited better
movement competence than those who specialised in a single sport. Multisport athletes commonly
displayed improved jump mechanics and performance compared to those competing in a single

sport (6/9 studies).

Consistent differences in movement competence based on level of sport specialisation were not
shown; however, sport specialisation may result in poorer jump mechanics/performance than
playing multiple sports. Further research is needed across a greater range of sports, and consistent
definitions of both movement competence and the level of sport specialisation are required to

improve our ability to compare and contrast different studies.
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1. INTRODUCTION

Sport specialisation involves intensive year-round participation in a single sport to the exclusion of
all others 1. Of particular interest is the reported increase in the prevalence of ‘early’ specialisation,
occurring before adolescence *. While the intentions may be to increase the chances of future
athletic success, evidence suggests that realisation as an adult is not linked to achievement in youth
>® Numerous studies have also reported links between youth who specialise in a single sport and
negative long-term outcomes including burnout, sport cessation and increased injury risk 7. The
underlying mechanisms to explain the reasons for these negative consequences associated with

sport specialisation remain unclear.

Research has largely focused on the long-term psycho-social effects of early specialisation in youth
and the associated injury risk >2, Young athletes who specialise in a single sport are subjected to
increased exposure and intensity of competition, potentially magnifying their risk of injury 1316,
Specifically, overuse injuries likely develop due to repetitive loading in distinct movement patterns
and/or affordance of insufficient recovery * 4. Training exclusively in one sport during childhood
may also lead to the development of aberrant movement patterns and limb asymmetries #*’ and
compromise the development of foundational physical capacities and perceptual-cognitive skills * 7.
This narrow focus could lead to a reduced movement competence and a decreased ability to
perform a variety of physical activities and fundamental movement skills 8. Conversely, diverse
sport participation during childhood and adolescence has been linked to enhanced movement skill
development, across a greater range of foundational physical capacities and skills 1°. Nonetheless,

our understanding of the effects of early sport specialisation on the development of movement skill

is limited.

The suggestion that early sport specialisation in youth affects movement development is plausible;

however, there is no clear literature synthesis to determine the nature of this relationship. Some
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studies report a negative effect of early specialisation on movement competency %, while others
report no significant difference between early specialised and non-specialised youth athletes 7.
Studies involving elite adult athletes indicate the potential for chronic alterations in movement
patterns due to sports specialisation, especially if this occurs at a young age. For example, elite adult
volleyball players have shown greater upper and lower limb strength asymmetries compared to non-
elite players ?°. This suggests early specialised youth volleyball players may present with greater
lower limb asymmetries than those with a more diverse sporting background. In other sports, such
as gymnastics, early specialised athletes may show improved balance %, implying that movement

patterns developed in early specialised athletes are sport specific.

Therefore, the aim of this study was to systematically review the current evidence for an association
between sport specialisation and movement competency in youth to give a clear synthesis, with a

view towards informing future research and practice recommendations.

2. METHODS

The inclusion criteria for this review were defined prior to commencement of the literature search in
accordance with the guidelines specified by the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) 2,

2.1 Search Strategy

Initial searches were carried out in November 2019 using the Web of Science, SPORT Discuss,
Scopus, and Medline (via EBSCO) electronic databases. A secondary search was conducted in March
2020 using the same databases and identical search criteria, to find any additional studies that had
been published in this time. The reference lists of included articles were also scanned. The search

terms and specified combinations included: early speciali?ation, sport speciali?ation, early sport
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speciali?ation, single sport, high school, youth, adolescen*; with the following keywords for
movement competency: movement competenc*, movement ability, movement control, movement
pattern, physical performance, coordination, fitness, motor skill, motor development, movement
performance, neuromuscular control, balance, asymmetr*. An example of the search strategy is

presented in Appendix 1.

2.2 Eligibility Criteria

Articles were only included where they were original, peer reviewed, and published in English.
Opinion pieces, position statements, editorials, and reviews were excluded. Studies were required to
report sport participation and some classification of sport specialisation when participants were
aged 18 years or younger, and an assessment of movement competency was also required. Due to
the lack of consistency in the definition and methods used to measure movement competency, this
was left broad to include measures of movement skill or control and coordination, balance or
physical performance (for example muscular strength and endurance). Furthermore, due to the
range of methods used to classify sport specialisation status, any measure of sport participation in

youth that allowed quantification of specialisation was included.

2.3 Study Selection

Potential articles of interest were selected by scanning the titles of publications from search results
and the reference lists of included articles, which were then downloaded to Endnote. At this point
duplicates were removed, article type and peer review status were checked, and abstracts were
scanned against the eligibility criteria. The remaining articles were then read in full to ensure they
met the inclusion criteria. Article selection was completed by a single author [AZ] and cross-checked
by a second author [CW]. Any disagreements were discussed with all authors until a consensus was

reached.
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2.4 Data Collection Process

Data extraction was initially completed by a single author [AZ], then cross-checked by a second
author [PR]. This included descriptive information on methodology, when and where the study took
place, participants (age, level of participation, sport, gender), how sport specialisation was classified
and measured, key outcome measures (including movement competency tests, variables and
measures used), statistical analysis, key findings, level of specialisation of participants, and

conclusions.

Due to the large range of measures and definitions used for ‘movement competency’ and
‘specialisation’, the results of different studies were described and compared based on the methods

used, rather than performing meta-analysis which would be subject to large heterogeneity.

2.5 Study Quality and Risk of Bias Assessment

An adapted checklist based on previous research 2 was used to analyse risk of bias and quality of
included studies. This tool was chosen due to the typically non-randomised, observational nature of
the existing research. Items in the checklist were evaluated on 16 points, with each scored 1 if a
criterion was met or O if it was not met. Scores of 11-16; 6-10; and 0-5 were classified as low,
satisfactory and high risk of bias respectively. Each study was scored independently by two authors
[AZ and PR], with any disagreements discussed until a consensus was reached. Explanations of the

interpretations and how each point was assessed are outlined in Appendix 2.
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3. RESULTS

3.1 Study selection

296 potentially relevant articles were originally identified. After duplicates were removed, 214
articles remained. Following abstract screening, 26 articles were included in a full text review. The
reference lists of these articles were also scanned and revealed one additional article. A total of 13

articles met the eligibility criteria for this review (Figure 1).

INSERT FIGURE 1 ABOUT HERE

3.2 Characteristics of included studies

The results of individual studies are reported in Table 1. Of the 13 included, only one followed a
prospective design 2%, with the remaining cross-sectional and/or retrospective. The most commonly
investigated sports were football (soccer) (n=7) * 72428, basketball (n=7) 2% and volleyball (n=6) *
24,2629 Two studies included only one sport; football 7, and gymnastics *°. Eight included multiple
sports 242931 gnd three did not report the sport 3234, The majority involved early to mid-adolescent
participants (age range 12 to 16) > 724 27.28,3133 with three studies including younger participants (as
young as 6 years in one study) 2>3% 34 Two retrospective studies included adults (aged 19-25), who

were grouped based on high school sport participation 2% 2°,

INSERT TABLE 1 ABOUT HERE
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3.3 Methods used to classify specialisation

The most commonly applied methods were self-reported single/multi-sport (n=11) 7, 24-27, 29,3134,
the Jayanthi 3-point scale (n=3) /%30 and Jayanthi 6-point scale (n=1) ?’. The Jayanthi 3-point scale
classifies athletes on a continuum of high, moderate, or low specialised, while the 6-point scale
classifies athletes as specialised or not specialised °. Ratings on both scales are based on answers to
a series of questions developed to cover the key aspects of the definition of specialisation,
participating in a single sport, year-round, and at the exclusion of other sports. One study used all
three of these methods to classify athletes; where the percentage of athletes classified as highly
specialised varied based on whether this was defined as single sport (28%), using the 3-point scale

(36%), or 6-point scale (55%) ’.

‘Early’ specialisation was discussed in seven of the included studies 724273032 34: however, there
were no consistent definitions of what age (or stage) is considered ‘early’. The definition used was
often vague and varied from being at a young age 7 27-30:32.34 pefore periods of rapid growth, prior

to or during puberty 24,

3.4 Movement competency measures

The definition and method used to measure movement competency also varied between studies.
Nine included qualitative measures to classify how well a movement was performed 3 7- 24-26, 2831
while four used purely quantitative outcomes of performance 2’3234, Jump landing mechanics was
most commonly used as primary measure for movement competence 37 2426:28 including the
Landing Error Scoring System (LESS) 72> 26:28 or 3D motion analysis *2*. Other tests used were the
lower and upper body Y-balance test (n=3) #3233, broad jump distance (n=2) 2>3* and vertical jump

height (n=2) 332, Muscular endurance was assessed in three studies, including the number of
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30,34

repetitions performed in push ups , pull ups %, sit ups 3, or the duration of abdominal hollow

hold % or front plank 332,

3.5 Risk of Bias and Quality Analysis

Eleven studies were identified as having a low risk of bias > 724283034 \ith three scoring 15/16 >+
25, Detailed results are shown in Appendix 3. Fransen et al. ** and Triplett et al. 2° were identified as
having ‘satisfactory’ and ‘high’ risk of bias respectively. The item which consistently scored poorly
across studies was the confounding factors. Potential confounding factors were defined prior to
assessment as stage of maturation, injury history, training and game exposure, length of

specialisation, and gender.

3.6 Synthesis of results

Four studies found no significant difference in movement competency between specialised and non-
specialised athletes 23133, Of the remaining studies, seven showed some measures of movement
competence were worse in high specialised athletes, but other measures did not differ 3 24 25 27, 30,32,
3 Some differences were evident in measures of jump landing mechanics and performance, LESS,
muscular strength and endurance, Y-balance, aerobic endurance, and flexibility. Only two studies
showed consistent between group differences, concluding that adult athletes who participated in
two or more sports during high school showed better movement quality in the LESS 2® and functional
movement screen (FMS) 2° compared to adult athletes who specialised in a single sport during high
school. Tests which consistently showed no difference based on level of specialisation included

vertical jump and hop height 3%3% 3 time taken for tests of agility 2>3°, front plank 3% 32, 10x5m

shuttle run, walking backwards, moving sideways, or jumping sideways 34,
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3.6.1 Tests of jump and landing competency

Five studies investigated the association between sport specialisation and movement quality during
jumping and/or landing, measured using the LESS 72> 26:28:30 The results were inconsistent, with two
studies reporting significantly decreased LESS performance in specialised individuals 2> 26, The
remaining three studies reported no significant difference based on specialisation 7 2% 3, DiStefano
et al.  compared LESS outcomes as a dichotomous variable (good [<5 errors] vs bad) and a
continuous outcome based on the number of errors. When analysed as a dichotomous variable,
multi-sport athletes were 2.5 times more likely to display ‘good’ control compared to sport
specialised individuals > however no differences were seen when analysing LESS score as a

|26

continuous variable. Additionally, Herman et al. *° reported significantly fewer errors with each

additional sport played. However, most studies did not indicate significant difference in LESS when it

was scored as a continuous outcome 72> 2830,

Two additional studies analysed jump landing mechanics using 3D motion analysis *2*. DiCesare et
al. 2* was the only prospective study included in this review. They reported significantly greater pre-
to post-pubertal increases in highly specialised players knee abduction range of motion and
moment. Highly specialised players also showed a significantly lower pre- to post-pubertal increases
in knee extensor moment. DiCesare et al. 3 also reported significantly greater joint coupling angle
variability in highly specialised athletes for hip and knee flexion, knee flexion and abduction, and
knee flexion and internal rotation. No significant differences were seen during jump landings in knee

t24

internal rotation moment **, or joint coupling angle variability of knee flexion and ankle flexion, hip

flexion and knee abduction, or knee abduction and knee internal rotation 3.

Broad jump distance was significantly less in highly specialised football players % and highly
specialised 10-12 year olds across a range of sports 3*. However no significant difference was seen in

broad jump distance in younger athletes 34, In a further study, including a variety of sports, hop



Sport specialisation and movement competency in youth 11

distances were significantly lower in highly specialised compared to moderately specialised athletes

on the right leg but not the left 3°,

3.6.2 Tests of balance

Reach distance during the lower body Y-balance test was evaluated in three studies 27-3% 33, Two of
these included reach asymmetries 2:3% and one focused solely on anterior reach #’. Two studies
identified significantly reduced reach distances 3° and increased reach asymmetry ¥’ in highly
specialised athletes, while the third reported no significant differences in these outcome measures
33, This suggests there is very limited evidence of a relationship between Y-balance reach distance

and specialisation.

3.6.3 Other movement tests

Muscular endurance tests showed inconsistent results with significantly poorer performance in the
push up test by highly specialised athletes in one study 34, but not another *. Fransen et al. 3* also
reported significantly poorer performance in highly specialised 10-12 year old athletes for the
endurance shuttle run test and motor quotient; however, there were no observed differences in
younger age groups. Sugimoto et al. 3 reported significantly lower knee extensor strength in the
right knee for highly specialised athletes, but not in the left knee, or the knee flexors, hip adductors,
or hip abductors in both legs. Range of motion at the ankle 32 and shoulder 3° was greater in more
highly specialised athletes, but no significant differences were observed at the knee 32, Barfield et al.
31 measured control of the trunk during single leg squat performance and reported no significant
difference between specialised and non-specialised baseball and softball players. However,
significantly greater control was indicated in athletes who trained for eight months or more of the

year than those who did not.
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4. DISCUSSION

4.1 Summary of evidence

This synthesis of the literature examined whether sport specialisation results in altered movement
competency in youth. The results indicate that there is inconclusive evidence to support an
association between movement competency and sport specialisation, with some studies showing
improved movement competency in multi-sport athletes *2427.29.30.32,34 "\yhjle others did not 7/ 2 3%
3, These inconsistencies may be due to variations in methods and definitions used, as well as limited
control for confounding factors. Most studies included assessments of jump landing mechanics, with
fewer assessing balance, muscular endurance, strength and range of motion. These findings make
comparisons between studies difficult, suggesting the need for consensus in definitions of both

movement competence and sport specialisation.

Development of physical literacy is important to build a strong foundation of movement
competence and physical activity behaviours through adolescence and into adulthood 3% 36, Sport
sampling (participating in more than one sport) has been suggested, which is important in youth
athletes as it provides a base for sport specific skills 37. It also has the potential to decrease risk of
injury by ensuring that athletes develop the strength and coordination to perform movements
required in a safe manner 2 and contributes to well-being through long term physical activity
involvement, giving youth the skills and confidence to participate in a range of activities 6. While the
evidence remains inconclusive, coaches, parents and sporting organisations may wish to consider
adjustments to youth athletes’ training and sport participation to ensure all youth are being exposed
to sufficient opportunities to develop their overall movement competence, rather than just sport

specific skills.
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4.2 Jump landing mechanics

Seven studies assessed vertical drop jump landing mechanics using either the LESS 72> 26:28,30 g 3D
motion analysis 2%, The results were inconsistent, which could in part be due to different methods
used to assess landing mechanics (LESS vs 3D motion analysis), how specialisation was defined, and
the range of different sports included. Analysis identified improved 3D landing mechanics in athletes
participating in more than one sport 2, These findings were consistent with DiStefano et al. % and
Herman et al. 2° during the LESS. Interestingly, of the studies that reported no difference in jump
landing mechanics, only one controlled for maturation of participants 3°; however, the specialised
athletes in their study were gymnasts, who would be expected to display a high level of movement
control. All studies that reported a difference either controlled for maturation 2% 2> or had

participants who had reached physical maturity 2.

Of five studies classifying athletes based on the number of sports they play/played, four reported
significantly poorer landing technique in athletes who participated in a single sport compared to
multi-sport athletes 2425, However, when athletes were classified using the 3-point scale, no
significant difference in landing technique was shown based on specialisation status % 3. Thus, it
could be suggested that sport sampling, rather than specifically specialising in a sport is more
favourable 2. However, as mentioned earlier, there are other confounding factors (sport and
maturation), making it difficult to determine whether the method of classification affected the

results of these studies.

Athletes assessed participated in football (soccer) * 7242628 yolleyball > 2% 2628 pasketball > 24-26: 28,
American football %, tennis %, lacrosse 2° and gymnastics . This diversity precludes our ability to
provide definitive conclusions and may confound the results as comparing jump landing mechanics
in athletes who specialise in gymnastics or volleyball with those in football or tennis presents

limitations. These sports have different demands and specific movement patterns and imbalances
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may occur as a result of increased and earlier exposure to these sports. Thus, further research is
warranted to investigate specific sports. Interestingly, two studies included athletes from only one
sport; football 7, and gymnastics 3°. Neither of these studies identified significant differences in LESS
score based on level of specialisation. However, Beese et al. ” did report a greater proportion of
multi-sport athletes (21%) scored ‘excellent’ compared to specialised athletes (10%), and a lower
proportion of ‘poor’ (37%) than specialised athletes (57%). There appears to be some association
between jump landing mechanics and sport specialisation, however the strength of this relationship

may be weak and dependent on the sport and methods used.

The results from these studies suggest that specialising in a single sport may lead to reduced
neuromuscular control during jump landings *242%. The observed decrements may lead to a reduced
ability to effectively control ground reaction forces during landings and an increase in lower
extremity injury risk 3. While the evidence did not conclusively demonstrate reductions in
neuromuscular control were present in all sport specialised athletes, the potential for increased risk
of injury suggests that screening for deficits in jump landing mechanics is warranted, especially for
those who specialise in a single sport. Integrative neuromuscular training may also be beneficial to

improve motor skill development and decrease risk of injury 32425,

4.3 Balance

Three studies included the lower body Y-Balance #”-3% 33 and one of these also used the upper body
variant of this test 3°. Conflicting results were shown, which may be due to the reporting of different
outcome measures (absolute, relative, and composite reach distances and asymmetry).
Inconsistencies were also present in sports played and the age of participants. One study included
gymnasts aged 10.9 +2.9 years ¥, while participants from the other studies were older (15.4 +1.2 to
15.9 +1.2 years) and participated in a range of different sports including basketball, football,

volleyball, and tennis 2. Gymnastics requires a high level of flexibility, static and dynamic balance, so
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athletes who specialise in gymnastics might be expected to display better performance on the Y-
Balance test as it is considered a measure of dynamic stability > and ROM *°. Conversely, the balance
requirements in team sports such as basketball and football are different and less frequent; thus,
differences in the level of specialisation and performance on balance tests in these sports may vary.
Nonetheless, a potential limitation of the Y-balance test is that it measures how far a person can
reach in a specified direction, with no analysis of movement quality. Thus, it may be more accurately
classified as a measure of flexibility and dynamic stability 38. From these results it appears that the
relationship between Y-balance tests and sport specialisation may be sport specific and depend on
the demands of each sport. Reach asymmetries of greater than 4 cm have previously been linked to
increased risk of lower extremity injury >4, Coaches and practitioners should be mindful of those
who breach this threshold when interpreting results collected using this test with their athletes and

implement targeted training programs to reduce these asymmetries.

4.4 Other movement components

Other components of movement competence investigated included range of motion 324 30:32.34 and
muscular strength and endurance 3% 3234, |n some cases, the tests used were chosen based on the
physical capacity requirements of the sport 3°, whereas others selected tasks designed to identify
athletes at greater risk of injury %% 3! or movements linked to gross motor skill development 3*. A
broad jump was used in two studies 2> 3%, both of which showed poorer performance in specialised
athletes than multi-sport athletes. Similarly, cardiovascular fitness was lower in single sport athletes
aged 10-12-year olds than those who participated in multi-sports 3*. One could speculate that
improved performances in multi-sport athletes might be due to a varied exposure to a range of

physical, cognitive, and psycho-social demands > 24 3% 42 byt this requires further investigation.

30, 32 25,30

Vertical jump and coordination 3 tests showed no significant difference. Due to the

, agility

range of methods and/or measures used in these studies, it is difficult to compare the results and to
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determine if an association is present between these additional measures of movement competence

and sport specialisation.

It should be noted that across all of the reviewed studies only athletes who specialised in gymnastics
were reported to have improved performance in any of the reported measures 3°. Gymnastics and
other sports where peak performance is attained prior to physical maturity, have been suggested to
require early sport specialisation in order to reach elite performance levels 3°. In other sports,
specialising in a single sport may lead to deficits in neuromuscular control and an increased risk of
injury 3. Coaches and practitioners should consider including periods of unstructured free play as
well as exposure to a variety of movement tasks with differing demands during training when
working with youth athletes, as well as regularly screening athletes for neuromuscular control

deficits > 724 25,

4.5 Definitions of movement competency

Due to the broad range of approaches used to measure movement competency across the included
studies, no standardised definition was present. It should also be noted that some measures
included could be better classified as performance indicators, rather than measures of movement
competency. Distance or height jumped do not give any indication of how the jump is performed.
Similarly, agility tests which are measured purely as time taken to complete a set task give a better
idea of speed, rather than an indication of movement quality. Using purely performance measures
for these tests may not be sensitive enough to identify differences in movement mechanics or
between limb differences ** %4, Additionally, studies have shown that although no difference is seen
in performance, differences could exist in movement strategy, which could be potential indicators of
increased risk of injury * %, There is a need for more comprehensive assessment of movement
strategy as well as more well-defined definitions that can be applied to specific sport settings. This

will enable researchers and coaches to objectively compare results and more accurately determine if
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there is an association between sport specialisation in different sports and movement competency

development.

4.6 Definition of sport specialisation

The most widely accepted definition of sport specialisation is ‘intense, year-round participation in a
single sport to the exclusion of all other sports’ %. All included studies used some or all parts of this
definition; however, the method of implementation to classify athletes as specialised or not (or the
level of specialisation), varied significantly between studies. Most (n=11) classified athletes
dichotomously as either specialised or not, many based on the athlete self-reporting the number of
sports they were currently participating in. In some cases, extra parameters were added to ensure
single sport participants were specialised, including adding a lower limit (1-2 years) to the length of
participation in a sport before one can be classified as being specialised > 724, Similarly, Barfield et al.
3lincluded a minimal time spent in training per year (8 months) as a requirement to be categorized
as a specialised athlete. Three studies classified participants along a continuum, as low, moderate or
highly specialised using the Jayanthi 3-point scale ¥+ 39, Two studies grouped participants based on
the number of sports played during high school %%, indicating a more standardised approach is

warranted.

This argument is further illustrated by Miller et al. ¥, who compared Y-balance results across
specialisation groups using three different methods of classification; single vs multi-sport, the
Jayanthi 3-point scale, and the Jayanthi 6-point scale. The Jayanthi scales were developed to cover
the key aspects of specialisation; participating in a single sport, year-round, and exclusion of other
sports °. The 3-point scale covers these in three questions, then classifies athletes as high, moderate,
or low specialised. The 6-point scale includes an additional three questions around training volume
and classifies athletes as specialised or not specialised. Miller et al. ?’ reported the percentage of

participants classified as specialised or highly specialised ranged from 28% to 55% depending on the
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method used. Furthermore, Y-balance results showed differences in asymmetry between groups
using the 3-point and 6-point scales, but not when classified as single vs multi-sport. It is also
important to note that while methods used to classify athletes as specialised incorporate some
aspects of the most commonly accepted definition, none include all aspects. Specifically, none of the
methods used to classify athletes incorporate a measure of intensity, despite defining sport
specialisation as including ‘intense participation’. This suggests that intensity is an aspect which
should be included in the future development of a standardised classification system to determine
the level of athletes’ specialisation. To date there is no consensus in the literature around the
definition of early specialisation, ranging from 12 years %% to 16 years *’. The terms early
specialisation and sport specialisation are often used interchangeably; however, there are subtle
differences. Some level of sport specialisation is required to reach elite levels of sport performance
8 However, evidence to support the importance of sport specialisation in youth athletes as a pre-
requisite for future adult sporting success is lacking. A clearer consensus is required to more clearly

differentiate between early specialisation and sport specialisation.

4.7 Quality analysis and risk of bias

Most studies were classified as having low risk of bias, with one classified as satisfactory 34 and high
risk of bias ?° respectively. A criterion that consistently scored poorly was the control for
confounding factors, which was only awarded to DiStefano et al. 2> and DiCesare et al. 2%, It is
expected that the risk of bias due to confounding is a domain that rates high in studies in this field of
research, due to the nature and complexity of variables involved. Studies which scored a point for
this item made some attempts to minimise or acknowledge the potential effects of confounders by
controlling for maturation, gender, sport participation (type and/or volume) and injury history 3253,
Clear links have been seen in previous research between movement strategies and maturation °. In

the one prospective study included in this review, significant differences were shown in jump landing

mechanics pre to post PHV 3. Studies not fulfilling the criteria for control of confounding variables
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did not attempt to control for these 7- 24 2629.31:34 |nception/time lead bias is also a methodological
issue present in all the reviewed studies due to participants not being followed before the onset of
specialisation. This makes it difficult to accurately determine the length of time participants have
specialised. In some cases, retrospective information was sought to find out how long participants
had been specialised for 2> 3% 32 However, this is problematic due to recall bias, and often players are
simply classified based on their specialisation status at the time, with no attempt to determine how
long they have been specialised. These limitations are further evident in the research of Herman et
al. 25, who reported movement competency in adulthood in relation to high school sport
participation. However, athletes who went on to become successful and play for regional or higher-
level teams were excluded from the study. Arguably, this group may have been the high school sport
athletes whose movement competence was most affected by their sport participation. Most of the
studies reviewed were also cross-sectional or retrospective in nature, with only one study collecting
prospective data %*. To more clearly understand if a causal relationship is present between sport
specialisation and the development of movement competency, prospective longitudinal studies are

needed.

5. CONCLUSIONS

Available evidence to demonstrate a consistent association between the level of sport specialisation
and movement competence is limited. Inconsistent methods and definitions used across studies
makes comparison difficult. Tasks included to measure movement competence ranged from jump
landing mechanics, Y-balance tests, muscular endurance, flexibility, movement control, and
cardiovascular fitness. The results were inconsistent across studies; however, the data indicate that
jump landing mechanics are often significantly different in multisport athletes, whereby greater

movement competency is shown. This review highlights the need for sport specific research, as well
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as the development and use of consistent definitions and methods to assess both level of sport

specialisation and movement competence in youth athletes.

ACKNOWLEDGEMENTS

The authors declare no conflicts of interest and no sources of funding were used to assist in the

preparation of this review.



Sport specialisation and movement competency in youth 21

REFERENCES

1. Moesch K, Elbe AM, Hauge ML, et al. Late specialization: the key to success in centimeters,
grams, or seconds (cgs) sports. Scand J Med Sci Sports 2011; 21: e282-290. 2011/03/16. DOI:
10.1111/j.1600-0838.2010.01280.x.

2. Jayanthi NA, Pinkham C, Dugas L, et al. Sports specialization in young athletes: evidence-
based recommendations. Sports Health 2013; 5: 251-257. 2014/01/16. DOI:
10.1177/1941738112464626.

3. DiCesare CA, Montalvo A, Barber Foss KD, et al. Sport Specialization and Coordination
Differences in Multisport Adolescent Female Basketball, Soccer, and Volleyball Athletes. Journal of
athletic training 2019; 54: 1105-1114. Article. DOI: 10.4085/1062-6050-407-18.

4. Myer GD, Jayanthi N, Difiori JP, et al. Sport Specialization, Part |: Does Early Sports
Specialization Increase Negative Outcomes and Reduce the Opportunity for Success in Young
Athletes? Sports Health 2015; 7: 437-442. 2015/10/27. DOI: 10.1177/1941738115598747.

5. Vaeyens R, Gullich A, Warr CR, et al. Talent identification and promotion programmes of
Olympic athletes. Journal of Sports Sciences 2009; 27: 1367-1380.

6. Kliethermes SA, Nagle K, Cote J, et al. Impact of youth sports specialisation on career and
task-specific athletic performance: a systematic review following the American Medical Society for
Sports Medicine (AMSSM) Collaborative Research Network's 2019 Youth Early Sport Specialisation
Summit. BrJ Sports Med 2020; 54: 221-230. 2019/11/20. DOI: 10.1136/bjsports-2019-101365.

7. Beese ME, Joy E, Switzler CL, et al. Landing Error Scoring System Differences Between Single-
Sport and Multi-Sport Female High School-Aged Athletes. Journal of Athletic Training (Allen Press)
2015; 50: 806-811.

8. Brenner JS. Overuse Injuries, Overtraining, and Burnout in Child and Adolescent Athletes.
Pediatrics 2007; 119: 1242. DOI: 10.1542/peds.2007-0887.

9. Jayanthi NA, LaBella CR, Fischer D, et al. Sports-specialized intensive training and the risk of
injury in young athletes: a clinical case-control study. Am J Sports Med 2015; 43: 794-801.
2015/02/04. DOI: 10.1177/0363546514567298.

10. Baker J, Cobley S and Fraser-Thomas J. What do we know about early sport specialization?
Not much! High Ability Studies 2009; 20: 77-89.

11. Jayanthi NA and Dugas LR. The risks of sports specialization in the adolescent female.
Strength and Conditioning Journal 2017; 39: 20-26. DOI: 10.1519/5SC.0000000000000293.

12. Wall M and Cé6té J. Developmental activities that lead to dropout and investment in sport.
Physical Education & Sport Pedagogy 2007; 12: 77-87.

13. Bell DR, Post EG, Biese K, et al. Sport Specialization and Risk of Overuse Injuries: A
Systematic Review With Meta-analysis. Pediatrics 2018; 142. DOI: 10.1542/peds.2018-0657.

14. 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: 287-288.2014/01/28. DOI: 10.1136/bjsports-2013-093299.

15. 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: 1405-1412. 2017/03/14.
DOI: 10.1177/0363546517690848.



Sport specialisation and movement competency in youth 22

16. 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: 518-523. Article. DOI: 10.1177/1941738117714160.

17. Lloyd RS, Cronin JB, Faigenbaum AD, et al. NATIONAL STRENGTH AND CONDITIONING
ASSOCIATION POSITION STATEMENT ON LONG-TERM ATHLETIC DEVELOPMENT. Journal of Strength
and Conditioning Research 2016; 30: 1491-1509. DOI: 10.1519/jsc.0000000000001387.

18. Bisi MC, Pacini Panebianco G, Polman R, et al. Objective assessment of movement
competence in children using wearable sensors: An instrumented version of the TGMD-2 locomotor
subtest. Gait Posture 2017; 56: 42-48. 2017/05/12. DOI: 10.1016/j.gaitpost.2017.04.025.

19. Coté J, Lidor R and Hackfort D. ISSP POSITION STAND: TO SAMPLE OR TO SPECIALIZE? SEVEN
POSTULATES ABOUT YOUTH SPORT ACTIVITIES THAT LEAD TO CONTINUED PARTICIPATION AND
ELITE PERFORMANCE. International Journal of Sport & Exercise Psychology 2009; 7: 7-17.

20. Markou S and Vagenas G. Multivariate isokinetic asymmetry of the knee and shoulder in
elite volleyball players. European Journal of Sport Science 2006; 6: 71-80. DOI:
10.1080/17461390500533147.

21. Asseman F, Caron O and Crémieux J. Are there specific conditions for which expertise in
gymnastics could have an effect on postural control and performance? Gait & posture 2008; 27: 76-
81. DOI: 10.1016/j.gaitpost.2007.01.004.

22. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and
elaboration. BMJ 2009; 339: b2700. 2009/07/23. DOI: 10.1136/bmj.b2700.

23. Hindle BR, Lorimer A, Winwood P, et al. The Biomechanics and Applications of Strongman
Exercises: a Systematic Review. Sports Med Open 2019; 5: 49. 2019/12/11. DOI: 10.1186/s40798-
019-0222-z.

24. DiCesare CA, Montalvo A, Barber Foss KD, et al. Lower Extremity Biomechanics Are Altered
Across Maturation in Sport-Specialized Female Adolescent Athletes. Front Pediatr 2019; 7: 268.
2019/07/19. DOI: 10.3389/fped.2019.00268.

25. DiStefano LJ, Beltz EM, Root HJ, et al. Sport Sampling Is Associated With Improved Landing
Technique in Youth Athletes. Sports Health 2018; 10: 160-168. Article. DOI:
10.1177/1941738117736056.

26. Herman DC, Riveros D, Jacobs K, et al. Previous High School Participation in Varsity Sport and
Jump-Landing Biomechanics in Adult Recreational Athletes. Journal of athletic training 2019; 54:
1089-1094. DOI: 10.4085/1062-6050-412-18.

27. Miller MM, Trapp JL, Post EG, et al. The Effects of Specialization and Sex on Anterior Y-
Balance Performance in High School Athletes. Sports Health 2017; 9: 375-382. DOI:
10.1177/1941738117703400.

28. Peckham K, Distefano L, Root H, et al. The Influence of Sport Specialization on Landing Error
Scoring System Scores in High School Athletes. Athletic Training & Sports Health Care 2018; 10: 253-
259. DOI: 10.3928/19425864-20180830-02.

29. Triplett C, Selland C, Jensen D, et al. The Impact of Past Athletic Experience on Functional
Movement Screen Scores in University Students. Missouri Journal of Health, Physical Education,
Recreation & Dance 2018: 12-23.

30. Root H, Marshall AN, Thatcher A, et al. Sport Specialization and Fitness and Functional Task
Performance Among Youth Competitive Gymnasts. Journal of athletic training 2019; 54: 1095-1104.
Article. DOI: 10.4085/1062-6050-397-18.



Sport specialisation and movement competency in youth 23

31. Barfield JW and Oliver GD. Sport Specialization and Single-Legged-Squat Performance
Among Youth Baseball and Softball Athletes. Journal of athletic training 2019; 54: 1067-1073. Article.
DOI: 10.4085/1062-6050-356-18.

32. Sugimoto D, Jackson SS, Howell DR, et al. Association between training volume and lower
extremity overuse injuries in young female athletes: implications for early sports specialization.
Physician and Sportsmedicine 2019; 47: 199-204. Article. DOI: 10.1080/00913847.2018.1546107.

33. Gorman PP, Butler RJ, Rauh MJ, et al. Differences in dynamic balance scores in one sport
versus multiple sport high school athletes. International journal of sports physical therapy 2012; 7:
148-153.

34. Fransen J, Pion J, Vandendriessche J, et al. Differences in physical fitness and gross motor
coordination in boys aged 6—12 years specializing in one versus sampling more than one sport.
Journal of Sports Sciences 2012; 30: 379-386.

35. Root HJ, McLeod TCV, Beltz E, et al. The Relationship Between Physical Literacy Measures of
Balance and the Balance Error Scoring System in Youth Sports Participants. Athletic Training & Sports
Health Care: The Journal for the Practicing Clinician 2018; 10: 270-276.

36. Edwards LC, Bryant AS, Keegan RJ, et al. Definitions, Foundations and Associations of
Physical Literacy: A Systematic Review. Sports Med 2017; 47: 113-126. 2016/07/02. DOI:
10.1007/s40279-016-0560-7.

37. Salaj S, Mil¢i¢ L and Simunovi¢ I. Differences in motor skills of selected and non-selected
group of children in artistic gymnastics in the context of their motor development. Kinesiology 2019;
51: 133-140. Article. DOI: 10.26582/k.51.1.16.

38. Plisky PJ, Gorman PP, Butler RJ, et al. The reliability of an instrumented device for measuring
components of the star excursion balance test. N Am J Sports Phys Ther 2009; 4: 92-99.

39. Read PJ, Oliver JL, Myer GD, et al. Utility of the anterior reach Y-BALANCE test as an injury
risk screening tool in elite male youth soccer players. Physical Therapy in Sport 2020; 45: 103-110.
2020/07/30. DOI: 10.1016/j.ptsp.2020.06.002.

40. Plisky PJ, Rauh MJ, Kaminski TW, et al. Star Excursion Balance Test as a predictor of lower
extremity injury in high school basketball players. J Orthop Sports Phys Ther 2006; 36: 911-919.
2006/12/30. DOI: 10.2519/jospt.2006.2244.

41. Smith CA, Chimera NJ and Warren M. Association of Y balance test reach asymmetry and
injury in Division | athletes. Med Sci Sports Exerc 2015; 47: 136-141.

42. Coté J, Horton S, MacDonald D, et al. The Benefits of Sampling Sports During Childhood.
Physical & Health Education Journal 2009; 74: 6-11.

43. King E, Richter C, Franklyn-Miller A, et al. Back to Normal Symmetry? Biomechanical
Variables Remain More Asymmetrical Than Normal During Jump and Change-of-Direction Testing 9
Months After Anterior Cruciate Ligament Reconstruction. The American Journal of Sports Medicine
2019; 47: 1175-1185. DOI: 10.1177/0363546519830656.

44, Hart LM, Cohen DD, Patterson SD, et al. Previous injury is associated with heightened
countermovement jump force-time asymmetries in professional soccer players. Translational Sports
Medicine 2019; 2: 256-262. DOI: 10.1002/tsm2.92.

45, Merkel DL. Youth sport: positive and negative impact on young athletes. Open Access J
Sports Med 2013; 4: 151-160. 2014/01/01. DOI: 10.2147/0AJSM.S33556.

46. Coté J and Hancock DJ. Evidence-based policies for youth sport programmes. International
Journal of Sport Policy and Politics 2014; 8: 51-65. DOI: 10.1080/19406940.2014.919338.



Sport specialisation and movement competency in youth 24

47. DiFiori JP, Gullich A, Brenner JS, et al. The NBA and Youth Basketball: Recommendations for
Promoting a Healthy and Positive Experience. Sports Med 2018; 48: 2053-2065. 2018/07/02. DOI:
10.1007/s40279-018-0950-0.

48. McKay CD, Cumming SP and Blake T. Youth sport: Friend or Foe? Best practice & research
Clinical rheumatology 2019; 33: 141-157. DOI: 10.1016/j.berh.2019.01.017.

49. Read PJ, Oliver JL, Myer GD, et al. Altered landing mechanics are shown by male youth
soccer players at different stages of maturation. Phys Ther Sport 2018; 33: 48-53. 2018/07/18. DOI:
10.1016/j.ptsp.2018.07.001.



Sport specialisation and movement competency in youth

Appendix 1: Search strategy

Early speciali?ation
AND

Movement competenc*
Movement ability
Movement control
Movement pattern
Physical performance
Coordination

Fitness

Motor skill

Motor development
Movement performance
Neuromuscular control
Balance

Asymmetr*

Sport Speciali?ation
AND

High school OR youth
AND

Movement competenc*
Movement ability
Movement control
Movement pattern
Physical performance
Coordination

Fitness

Motor skill

Motor development
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Movement performance
Neuromuscular control
Balance

Asymmetr*

Early sport speciali?ation
AND

Movement competenc*
Movement ability
Movement control
Movement pattern
Physical performance
Coordination

Fitness

Motor skill

Motor development
Movement performance
Neuromuscular control
Balance

Asymmetr*

Single sport

AND

High school OR youth
AND

Movement competenc*
Movement ability
Movement control
Movement pattern
Physical performance

Coordination
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Fitness

Motor skill

Motor development
Movement performance
Neuromuscular control
Balance

Asymmetr*
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Appendix 2: Interpretations of quality analysis questions

1. Study design was clearly stated

Study design was stated either in the abstract or the methods section of the article.

2. Study objective/purpose is clearly stated

Study objective/purpose was outlined either in the abstract or introduction section of the article.

3. The study clearly states the inclusion criteria for participants

Inclusion and/or exclusion criteria was clearly outlined.

4. The characteristics of the population are detailed

Population characteristics including at least age, sex, and sport outlined.

5. The study population is representative of the intended population for which the research is

aimed

Sample characteristics were clearly outlined including age, sex, and sport and matched those of the
intended population. No additional exclusion criteria were applied to make the sample

characteristics differ from the population of interest.

6. A justification for the selection of the sample/study population size is provided

Power calculation was used to inform the required sample size.

7. The methods used throughout testing are well detailed
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Sufficient detail is provided to enable the reader to replicate the study.

8. The measurement tools used throughout the study are reliable and have been validated

As there is no validated measure of sport specialisation, this was applied only to the measurement of

movement competence.

9. Detail on the statistical methods used was provided

Clear description of the statistical tests used, including significance levels.

10. The results of the study are well detailed

Results reported for all tests/measurements including raw data and outcomes of statistical tests.

11. The information provided in the paper is sufficient information was provided so to allow the

reader to make unbiased assessment of the study findings

Raw data clearly reported allowing the reader to interpret these results, including information of

statistical significance, variation, confidence intervals or effect sizes.

12. Confounding factors within the study are identified

Confounding factors were acknowledged, and some attempt was made to control for these.

13. Study funding/conflicts of interest were acknowledged

Funding/conflicts of interest clearly acknowledged.

14. Limitations to the study were identified



Sport specialisation and movement competency in youth

Main limitations of the study clearly outlined.
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Appendix 3: Study quality and risk of bias assessment

INSERT TABLE A3 ABOUT HERE
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Table 1: Summary of Study Characteristics

32

Study N; Sport (%); sex Quality Mean age, Specialisation Specialisation Movement measure Summary of differences
(%); Methodology  analysis (RoB) (SD) definition (%) description

Barfield 3! 49; Softball (53%), 11 (Low) 12.96 28 months in High (32.7%); Single leg squat (trunk lateral  No significant difference based
Baseball (47%); (2.32) season and quit  Low (67.3%) flexion, trunk axial rotation, on level of specialisation
Sex NR; another sport trunk flexion) (p>0.05).
Descriptive, cross-
sectional

Beese’ 40; Football 12 (Low) HS 15.05 Specialised High (52.5%); Jump landing (LESS) No significant difference based
(100%); (1.2); Low competitively in  Low (47.5%) on level of specialisation
Female (100%); 15.32(1.2) 1sportfor=>1 (p>0.05).
Cross-sectional year

DiCesare  158; Basketball, 14 (Low) 13.4(1.8) 22 years of High (50%); Low Drop jump (knee flexion Significantly greater post-

24

Football, Volleyball;

Female (100%);

participation in
1 sport and <2

years

(50%)

ROM, knee abduction ROM,
knee internal rotation ROM,

knee extensor moment, Knee

pubertal increase in HS for knee
abduction ROM (p=0.005) and

knee abduction moment
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33

Prospective,

longitudinal

participation in

any other sport

abduction moment, knee

internal rotation moment)

(p=0.006).
Significantly lower post-pubertal
increase in knee extensor

moment (p=0.032) in HS.

DiCesare  732; Basketball 15 (Low) 13.8(2.0) 22 years of High (50%); Low Drop jump (coupling angle Dominant leg coupling angle
3 (47%), participationin  (50%) variability in: hip flexion-knee variability was significantly
Football (42%), 1 sport and <2 flexion, knee flexion-ankle greater for the HS in hip flexion-
Volleyball (11%); years flexion, hip flexion-knee knee flexion (p=0.015), knee
Female (100%); participation in abduction, knee flexion/ flexion-knee abduction
Cross-sectional any other sport abduction, knee flexion/ (p=0.014), and knee flexion-knee
internal rotation, knee internal rotation (p=0.048)
abduction/ internal rotation)
DiStefano 355; Football 15 (Low) 11 (2) Only played High (25.6%); Jump landing (LESS: scored as  Significantly greater chance of
% (77%), soccer or Low (74.4%) a continuous variable and poor performance in LESS

Basketball (21%);

Male (34%),

basketball in the

previous year

dichotomous as good vs

poor); jump (distance;

(good/poor) (p<0.01) in HS.
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Female (66%);

Cross-sectional

football players only); t-test
(time; basketball players

only)

Significantly lower performance

in broad jump (p<0.01) in HS.

Fransen 3

735; Sport NR;
Male (100%);

Cross-sectional

10

(Satisfactory)

6-8 (n=161)
8-10
(n=310)
10-12

(n=264)

Participation in
only 1 sport

during the year
in which testing

took place

6-8 years - High
(36.6%); Low
(63.4%)

8-10 years -
High (48.7%);
Low (51.3%)
10-12 years -
High (42.8%);

Low (57.2%)

Sit up test (# reps); Push up
test (# reps); Hand grip
strength; Broad jump
(distance); Sit-and-reach test
(distance); 10x5m shuttle run
(time); Endurance shuttle run
(time); Motor quotient
(points based on
performance of walking
backwards, moving sideways,
hopping for height, jumping

sideways)

6-8yrs: Significantly lower hand
grip strength (p<0.05) in HS.
8-10yrs: no significant difference
between groups.

10-12yrs: significantly lower
performance in Endurance
shuttle run test (p<0.05), push up
test (p<0.01), broad jump
(p<0.01), sit-and-reach test
(p<0.01) and motor quotient

(p<0.01) in HS.
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Gorman 184; Sport NR; 11 (Low) 15.9 (1.2) Participate in High (50%); Low LYBT (absolute reach, relative No significant difference
8 Male (74%), (SS); 15.4 only 1 high (50%) reach, composite reach, between specialisation groups
Female (26%); (1.2) (MS) school sport reach asymmetry) (p>0.05).

Cross-sectional

Herman Basketball (38%) 13 (Low) No sport Participatedin1 SS (42%); MS Jump landing (LESS) Significantly poorer performance

% 50; Volleyball 23.4 (3.1); sport at varsity  (36%); No sport in no sport (p=0.002) and SS
(18%), SS 23.8 level in high (22%) (p=0.004) groups than MS.
Football (46%), (2.5); MS school Significantly fewer errors
Lacrosse (22%); 24.1(2.2) (p=0.004) with each additional
Male (56%), sport played.

Female (44%);
Retrospective,

cross-sectional

Miller ¥ 295; Basketball, 12 (Low) 15.6 (1.2) Self-classified SS  SS/MS LYBT (absolute anterior No significant difference in
Football, Volleyball 3-point scale (28.4%/71.6%);  reach, anterior reach absolute anterior reach distance

(only female), 6-point scale 3-point asymmetry) between specialisation groups.
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Tennis,
Male (40%)
Female (60%);

Cross-sectional

High/Low
(36.2%/NR); 6-
point High/Low

(54.9%/45.1%)

Anterior reach asymmetry
significantly greater in mod

specialised group (p=0.009).

Peckham

28

574; Football 13 (Low)
(34%), Volleyball

(17%), American

Football (6%),

Basketball (36%),

Tennis (8%);

Male (43%)

Female (57%);

Cross-sectional

Male 16 3-point scale
(1); Female

15 (1), 16

(1)

High (31.1%) Jump landing (LESS)
Mod (30.5%)

Low (38.4%)

No significant differences in LESS

score between groups (p>0.05).
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Root 3

131; Gymnastics 13 (Low) 10.9 (2.9) 3-point scale
(100%);

Male (36%)

Female (64%);

Retrospective

cross-sectional

High (14.5%)
Mod (50.4%)

Low (35.1%)

Vertical jump (height);
Hanging pike test (# reps);
Normalised shoulder
flexibility test (ROM); Agility
test (time); Pull-up test (#
reps); Push-up test (# reps);
Handstand test (time); Plank
(time); Double leg lower
(Controlled ROM); Hollow
hold (time); Bridge (time);
Single-leg hop (distance);
UYBT (relative reach
distance); LYBT (relative
reach distance); Jump landing

(LESS)

Significantly greater normalised
shoulder flexibility in high and
mod compared to low specialised
(p=0.035).

Significantly greater hop distance
(right leg) in high specialised
compared to low (p=0.039).
Significantly greater Left UYBT
reach distance in high and mod
specialised compared to low
(p=0.033).

Significantly greater LYBT right
(p=0.004) and left (p=0.055) in
high and mod specialised

compared to low.
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Sugimoto 236; Sport NR; 11 (Low) SS15.3 Participate in 1 High (25.4%) ROM (knee extension, knee Significantly greater right
32 Female (100%); (1.6); MS sport Low (74.6%) flexion, ankle plantarflexion); (p=0.003) and left (p=0.011)
Cross-sectional 14.3 (1.7) Strength (knee extensor, ankle plantarflexion ROM in HS.
knee flexors, hip abductors, Significantly lower right knee
hip adductors); Vertical jump  extensor strength (p=0.05) in HS.
(height); Front plank (time)
Triplett 2  100; Football 5 (High) 19.5(1.7) Number of NR FMS Significant, positive correlation,
(21%), Volleyball sports FMS score improved as number

(24%), Basketball
(39%), Track (40%),
NR sports (9%);
Male (43%)

Female (57%);
Retrospective,

cross-sectional

participated in
during high

school

of sports in high school
increased.

Significant, positive correlation,
FMS score improved as number

of sports seasons increased
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Abbreviations used in table: NR=Not reported, SS=Single sport, HS=High specialised, MS=Multi-sport, Mod=Moderate, LESS=Landing error scoring system,
ROM=Range of motion, LYBT=Lower body Y-Balance test, UYBT=Upper body Y-Balance test, FMS=Functional movement screen, # reps=Number of

repetitions, RoB=Risk of bias
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Table A3: Study Quality and Risk of Bias Assessment
Study Barfield Beese DiCesare DiCesare DiStefano Fransen3 Gorman Herman Miller Peckham Root Sugimoto Triplett
31 7 24 3 25 33 26 27 28 30 32 29
Study design was 0 1 1 1 1 1 0 1 1 1 1 1 1
clearly stated
Study objective/ 1 1 1 1 1 1 1 1 1 1 1 1 1
purpose is clearly
stated
The study has a 1 1 1 1 1 1 0 1 1 1 1 1 1
clearly testable
hypothesis
The study clearly 0 1 1 1 0 0 1 1 1 1 1 0 0

states the inclusion
criteria for

participants
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The characteristics of
the population are

well detailed

The study population
is representative of
the intended
population for which
the research is

aimed

A justification for the
selection of the
sample/study
population size was

provided

0 1 1 1 0
0 1 1 1 0
1 0 0 1 0
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The methods used
throughout testing

are well detailed

The measurement
tools used
throughout the study
are reliable and have

been validated

Detail on the
statistical methods

used was provided

The statistical
methods used to
analyse the data

were appropriate

1 1 1 1 0
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
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The results of the
study are well

detailed

The information
provided in the
paper is sufficient
information was
provided so to allow
the reader to make
an unbiased
assessment of the

study findings

Confounding factors
within the study are

identified

1 1 1 1 1
1 1 1 1 1
0 1 1 1 0
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Study funding/ 0 0 1 1 1 1 1 1 1 1 0 1 0
conflicts of interest
were acknowledged
Limitations to the 1 1 1 1 1 1 1 1 1 1 1 1 1
study were identified
Total (/16) 11 12 15 15 15 10 11 13 12 13 13 11 5
RoB Low Low Low Low Low Satisfactory Low Low Low Low Low Low High

Risk of bias (RoB) classified as high (0-5), satisfactory (6-10), or low (11-16).
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Records identified through database

Additional records identified through

(n=214)

searching reference lists
(n=296) (n=1)
A 4 v
Records after duplicates removed
>

Records excluded
(Type of article = 66)

[ Included ] [ Eligibility ] [ Screening ] [Identification]

y

Abstracts screened

A4

(n=148)

A 4

Full-text articles assessed for
eligibility
(n=26)

Records excluded
(No measure of
specialisation = 64
No measure of movement
competency = 58)

\ 4

Studies included in
qualitative synthesis
(n=13)

A 4

Figure 1: PRISMA Flow Diagram Showing the Selection Process

Full-text articles excluded
(No measure of
specialisation = 13)
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