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Nearly 29 million school-aged youth are members of at 
least 1 organized youth sports team.21 With the 
explosive growth in youth sports participation, there is 

increasing concern about the risk of injury in youth sports. 
Certain sports, such as basketball, soccer, and volleyball, place 
participants at increased risk of lower extremity injury.26,27,30 
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Additionally, youth female athletes appear to be at increased 
risk of certain lower extremity injuries, such as anterior cruciate 
ligament tears and overuse knee injuries.1,3,12,30 One potential 
mechanism for the differences seen in injury risk between 
sports and sex may be the increasing trend toward sport 
specialization at an early age.15 Sport specialization is commonly 
defined as “year-round intensive training in a single sport at the 
exclusion of other sports” and can lead to burnout and put 
athletes at a greater risk for injury.2,14,20 Additionally, by 
specializing early, young athletes may miss out on some of the 
benefits provided by sports diversification, such as the positive 
transfer of skills and development of a variety of motor skills.20

Approximately 1 in 5 injuries in persons aged 5 to 24 years are 
related to sports or physical activity. 5 Jayanthi et al14 found that 
specialization posed an independent risk for both injury and 
serious overuse injury, with athletes who presented with a serious 
overuse injury having 1.90 times greater odds of being classified 
as highly specialized. Furthermore, this study found the risk for 
injury, overuse injury, and serious overuse injury to have a 
dose-dependent relationship with specialization level.14 One 
potential mechanism for the association between specialization 
and injury is the high volume of repetition and lack of variety in 
movement patterns.21 Theoretically, these patterns can result in 
muscle imbalance and alter tissue stress, which results in poor 
performance or injury (Figure 1).21 Significant research has been 
performed examining the connection between dynamic balance 
performance and injury risk.4,7,9,24,28 Poor performance on the Star 
Excursion Balance Test (SEBT), which measures single-limb reach 
distance in 8 different directions, is associated with an increased 
risk of a variety of lower extremity injuries.4,9,24 The Y-balance test 
(YBT) is a reliable and valid test that was developed as a 
3-direction modification of the SEBT to eliminate SEBT 
redundancies and improve testing efficiency (Figure 2).23 The YBT 
assesses dynamic stability and balance, requiring a range of skills 

including neuromuscular control, flexibility, and strength.10,23,24 
Poor performance on certain aspects of the YBT, such as 
movement in the anterior direction (total reach direction and 
asymmetry), has the most consistent relationship with increased 
injury risk.7,28 While the relationship between performance on the 
YBT and injury has been studied, the relationship between the 
YBT and other aspects of sport has also recently become a topic 
of interest.

The YBT has recently been investigated with respect to sport 
specialization and sex. Gorman et al8 observed no differences 
between single- and multisport high school athletes in reach 
distance or asymmetry on the YBT. However, specialization is 
more accurately classified along a continuum as opposed to 
classifying based on the number of sports played.15 With this in 
mind, a sport specialization scale has been developed, originally 
as a 6-point scale and then later as a 3-point scale.14,16 These 
scales were developed in a sample of youth athletes reporting to a 
sports medicine clinic for either an injury or a physical.14,16 The 
scales are based on a previously established and accepted 
definition of sport specialization and attempt to classify the degree 
of specialization of an athlete based on their responses to a variety 
of questions that aim to gauge how closely participants match that 
definition of specialization.14 However, there is no consensus on 
the best measure of specialization, and all 3 measures (number of 
sports played, 6-point scale, 3-point scale) have been utilized in 
previous studies.12,14,16 Bell et al2 observed that the prevalence of 
specialization and association of specialization with injury history 
differed depending on the classification method utilized. This 
finding indicated that the various methods of measuring 
specialization may differ in their ability to assess various outcome 
measures related to sport specialization.2

A literature review performed by Gribble et al9 concluded that 
with proper normalization, there were no sex-based differences 
in performance on the SEBT in healthy, nonfatigued 

Figure 1. Theoretical model of the potential mechanisms through which sport specialization may increase the risk of injury.
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populations. However, Gorman et al8 observed that male high 
school athletes displayed significantly greater anterior reach 
asymmetry compared with female athletes on the YBT. There 
also appear to be sex differences in the prevalence of 
specialization among youth athletes, but these differences may 
be driven by the method of classification used.2 No differences 
were found in the prevalence of specialization between sexes 
when using the 3-point scale to classify specialization.2 
However, when classifying specialization using the number of 
sports played, women were more likely than men to be 
single-sport athletes.2 Therefore, further analysis of the effects of 
sex on YBT reach and specialization is warranted.

The purpose of this study was to examine the effect of 
specialization and sex on performance on the anterior reach 
portion of the YBT in high school athletes. We hypothesized 
that athletes rated as specialized (using either the 6-point scale, 
3-point scale, or single-/multisport classification) would exhibit 
greater between-limb anterior reach asymmetry and decreased 
anterior reach distance on the YBT as compared with 
nonspecialized high school athletes and that these differences 
would not be dependent on sex.

Methods
Participants

This study was approved by the Institutional Review Board of 
the University of Wisconsin–Madison, and informed written 

assent/consent was obtained from the participant and parent or 
guardian prior to participation. Participants were recruited in 
person from 2 local high schools during preseason parent/
athlete team meetings and tested at their respective schools 
prior to the start of their athletic competition season. School 
administrators, involved coaches, and athletic trainers from both 
schools all agreed to participate. Subjects were recruited from 4 
different sports: soccer, basketball, tennis, and volleyball 
(women only). These sports were chosen due to their elevated 
risk of sustaining a lower extremity injury.2 It was required that 
study participants were between 13 and 18 years of age; a 
current participant on freshman, junior varsity, or varsity level 
athletics at 1 of the included schools; and not suffering from a 
lower extremity injury at the time of testing. Participants who 
had suffered a previous lower extremity injury were included if 
they were fully recovered from their injury and participating in 
sport at the time of testing. A total of 295 healthy athletes (178 
females, 117 males; mean age, 15.6 ± 1.2 years; mean height, 
171.4 ± 9.3 cm; mean weight, 65.7 ± 11.3 kg) completed the full 
testing, including YBT, during the 2014-2015 academic year. 
Two participants with incomplete information were excluded 
from the study. Testing was performed in a rotating, station-
based testing format, during which each subject also 
individually completed a written questionnaire.

Questionnaire

Participants completed a sport specialization and injury history 
questionnaire that has been detailed previously.2 In short, sport 
specialization was assessed using 3 separate measures. The first 
method entailed asking athletes whether they classified 
themselves as a single- or multisport athlete. The other 2 
classification methods were determined using the responses to a 
6-question sports specialization set developed by Jayanthi et al16 
to assess and categorize early sports specialization. The 
questions that comprised these scales are presented in Table 1. 
Using the 6-point scale, sports specialization was dichotomized 
using all 6 of these questions (yes to 4 or more questions = 
specialized, yes to 3 or fewer questions = nonspecialized).16 
Finally, sport specialization was classified using the 3-point scale 
based on the participant’s responses to the final 3 questions 
(quit other sports, primary sport more important, train more 
than 8 months). A categorical classification system was used 
(yes = 1, no = 0), with a score of 3 considered high 
specialization, 2 considered moderate specialization, and 0 or 1 
considered low specialization.2,14 Responses were reviewed with 
each subject by a certified athletic trainer to ensure 
completeness of data.

Y-Balance

The YBT was used to assess dynamic balance. The apparatus 
involves a centralized platform connected to 3 cylindrical plastic 
bars. Each plastic bar is attached to a sliding measurement box 
to be pushed by the subject’s foot. Subjects performed the YBT 
during a station-based testing session. Subjects were instructed 
to remove shoes to perform the test while either wearing socks 

Figure 2. Example of Y-balance test anterior reach 
performance.
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or barefoot and stand on 1 leg (evaluated limb) on the 
centralized platform, with toes just behind a red indicator line. 
Subjects were instructed to place their hands on hips and push 
the measurement box with the nonstance leg as far as possible 
in the anterior direction. Four practice trials were allowed, 
followed by 3 recorded trials.7 Trials were repeated if the 
subjects committed an error during the trial, which included 
lifting the heel or toe, shifting weight onto the indicator box, 
loss of balance resulting in falling or stepping off the apparatus, 
or kicking the sliding measurement box. Maximum distance 
achieved in the anterior direction was recorded for all 3 trials, 
and the average of the 3 trials for each limb was used for 
analysis.7 This procedure was then repeated with the subject 
standing on the opposite leg. Each participant’s dominant leg 
was determined prior to testing by asking which leg the 
participants would choose to kick a soccer ball for maximal 
distance, and participants were allowed to select which leg 
would be tested first. Prior to the YBT, leg length of each 
participant was measured from anterior superior iliac spine to 
medial malleolus using a tape measure and recorded in 
centimeters. Research assistants underwent a standardized training 
program to properly instruct subjects in using the YBT, determine 
errors, and assess maximum distances. Research assistants were 
required to demonstrate intra- and interrater reliability values 
greater than 0.85 before participating in data collection. Anterior 
reach distance was normalized to limb length (%LL).

Statistical Analysis

Anterior reach asymmetry was calculated as the absolute value 
of the difference between the mean dominant and nondominant 
limb reach distances. Separate 2-way analyses of variance were 
used to investigate between-group effects (sex [male vs female] 
and specialization category). History of lower extremity injury 
was utilized as a covariate in each analysis to control for the 
influence of previous lower extremity injury on dynamic 
balance. Post hoc Tukey honestly significant difference (HSD) 
tests were used when appropriate. All analyses were performed 
using SPSS statistical software (IBM Corp), with an a priori  
P value set to <0.05.

Results

Data from 178 (60.3%) women and 117 (39.7%) men were 
included in our sample, with data from 1 subject not used due 
to an incomplete specialization questionnaire. Specialization 
prevalence varied based on the classification method used, with 
28.4% (n = 84) of athletes classified as single-sport athletes, 
36.2% (n = 107) considered highly specialized using the 3-point 
scale, and 54.9% (n = 162) classified as specialized using the 
6-point scale.

With regard to the single-/multisport classification, we 
observed a significant interaction between specialization and 
sex (Table 2). Post hoc testing using Tukey HSD tests revealed 
that single-sport male athletes displayed significantly greater 
anterior reach asymmetry compared with all other groups (P < 
0.05), with no significant differences between any of the other 
groups. No significant interaction was observed between sex 
and sport specialization classification using the 6-point scale  
(P = 0.06) or the 3-point scale (P = 0.67) for anterior reach 
asymmetry. Additionally, no interactions were observed between 
specialization classification methods and sex for anterior reach 
distance (P > 0.05) (Table 3).

A consistent main effect was observed for sex and anterior 
reach asymmetry, with men displaying more anterior asymmetry 
than women across all 3 specialization classification methods 
(single-/multisport: men, 3.86 ± 0.28 cm vs women, 2.83 ±  
0.20 cm [P = 0.003]; 3-point scale: men, 3.49 ± 0.23 cm vs 
women, 2.88 ± 0.19 cm [P = 0.040]; 6-point scale: men, 3.43 ± 
0.23 cm vs women, 2.83 ± 0.19 cm [P = 0.044]). Similarly, a 
consistent main effect was observed for sex and anterior reach 
distance, with women exhibiting increased anterior reach distance 
compared with men across all 3 specialization methods (men, 
62.6% ± 0.6% LL; women, 67.1 ± 0.5% LL; P < 0.001).

The main effect for specialization on anterior YBT 
performance varied based on the specialization scale used. 
Athletes categorized as specialized using the 6-point scale 
displayed greater anterior reach asymmetry compared with 
nonspecialized athletes (specialized, 3.59 ± 0.20 cm; 
nonspecialized, 2.67 ± 0.22 cm; P = 0.002). However, 

Table 1. Six-point and 3-point specialization scale questionnairea

1. Do you train more than 75% of the time in your primary sport? Yes / No

2. Do you train to improve skill and miss time with friends as a result? Yes / No

3. Do you regularly travel out of state for your primary sport? Yes / No

4. Have you quit other sports to focus on 1 sport? Yes / No

5. Do you consider your primary sport more important than other sports? Yes / No

6. Do you train or participate in your primary sport more than 8 months out of the year? Yes / No

aResponses to all questions were used to determine 6-point scale score. Responses to questions 4, 5, and 6 were used to determine 3-point scale score.
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moderately specialized athletes exhibited greater anterior reach 
asymmetry compared with low or highly specialized athletes 
(low specialization, 2.64 ± 0.25 cm; moderate specialization, 
3.80 ± 0.28 cm; high specialization, 3.11 ± 0.25 cm; P = 0.009) 
when the 3-point scale was utilized. No difference was observed 
in anterior reach distance using any of the 3 specialization 
classification methods (P > 0.05).

discussion

The most important finding of this study was that single-sport 
male athletes displayed greater anterior asymmetry than other 
groups. Additionally, our findings differed based on the method 
of classification of specialization. We were only able to identify 
differences with the single-/multisport classification method and 
were unable to detect any differences using the 6- and 3-point 
scales. It is possible that these methods may not be able to detect 
sex by specialization differences. However, the 6-point scale was 
able to detect differences between specialized and nonspecialized 
athletes. Finally, male athletes had greater asymmetry and smaller 
normalized reach distances than female athletes.

The overall trend in youth sports toward early specialization is 
driven by many factors, including competition for collegiate 
scholarships, the desire to achieve elite or professional status, 
pressure from parents who want to give their children a 
competitive advantage, and influence of businesses and 
advertising.18 While certain people and institutions may value 
specialization, current research demonstrates that specialization 
is associated with adverse outcomes such as psychological 
burnout and injury.2,12,14,18 One of the mechanisms through 
which specialization may increase the risk of injury is by 
hindering proper motor skill development in youth athletes 
when those athletes only focus on the movement skills 
necessary for their sport.21

However, there is disagreement regarding the most accurate 
method for classifying specialization.15 Using the single-/
multisport classification method, Hall et al12 observed that 
single-sport adolescent female athletes had a 1.5 times greater 
incidence of patellofemoral pain. Following the idea that 
specialization occurs along a spectrum and that the single-/
multisport classification is too simple to detect this spectrum, 2 
sport specialization scales were developed. The original scale 

Table 2. Anterior reach asymmetry interaction effectsa

Anterior Reach Asymmetry (cm) P Value

Single-/Multi-interaction 0.015

 Multisport male athletes 3.10 ± 0.26  

 Single-sport male athletes 4.63 ± 0.50  

 Multisport female athletes 2.91 ± 0.23  

 Single-sport female athletes 2.75 ± 0.32  

3-point scale interaction 0.670

 Low male athletes 2.89 ± 0.39  

 Moderate male athletes 4.30 ± 0.44  

 High male athletes 3.28 ± 0.38  

 Low female athletes 2.40 ± 0.32  

 Moderate female athletes 3.30 ± 0.34  

 High female athletes 2.93 ± 0.31  

6-point scale interaction 0.056

 Nonspecialized male athletes 2.69 ± 0.32  

 Specialized male athletes 4.17 ± 0.33  

 Nonspecialized female athletes 2.65 ± 0.29  

 Specialized female athletes 3.00 ± 0.24  

aBoldfaced value indicates statistical significance (P < 0.05). Previous lower extremity injury utilized as a covariate.



Jul • Aug 2017Miller et al

380

was a 6-point scale,16 which was later condensed into a 3-point 
scale,14 and specialization classified using either of these scales 
has been associated with injury.2,14,16 Jayanthi et al14 found that 
sports specialization was associated with increased risk for 
injury, independent of training volume and age. The participants 
in that study who were categorized as highly specialized were 
2.25 times more likely than their unspecialized counterparts to 
present with an overuse injury. Finally, Bell et al2 observed that 
high school athletes who competed in their sport year-round 
were more likely to report a previous history of hip and overuse 
knee injuries. Therefore, it is important for researchers in this 
area to consider all current methods of classifying specialization 
until an optimal measure can be determined.

Balance and neuromuscular control of the lower extremity 
have been proposed by researchers as potential factors related 
to injury risk.17,19 One standard of “poor performance” on the 
YBT is an asymmetry in anterior reach distance between 
limbs.28 Athletes across various sports with significant reach 
asymmetries on the YBT and SEBT are more likely to sustain 
noncontact injuries.4,28 For example, professional and amateur 
athletes who demonstrated a between-limb reach deficit were 

more likely to sustain lower body soft tissue injuries.7 Anterior 
reach distance asymmetries greater than 4 cm are associated 
with a 2.3- to 2.5-times greater risk of lower extremity injury.24,28 
In our study, the single-sport male athletes had a mean anterior 
reach asymmetry of 4.63 cm, which is greater than this 
threshold. This may indicate that the single-sport male athletes 
in our study are at an increased risk of sustaining a lower 
extremity injury. Stiffler et al29 found that mean normalized 
anterior reach distances in a sample of college athletes ranged 
between 62% and 69%,29 similar to the values found in this 
study. They also found that female soccer players exhibited 
increased anterior reach distance compared with male soccer 
athletes,29 which matches the findings in this study of increased 
anterior reach distance among female athletes.

Impairments in dynamic balance due to the repetition of a 
small profile of movement patterns may be 1 potential 
mechanism for the increased risk of lower extremity injury seen 
in highly specialized athletes.14,21,25 No significant differences 
were found in reach asymmetry between athletes who played a 
single sport compared with those who reported playing 
multiple sports in a sample of 92 high school athletes.8 While 

Table 3. Anterior reach distance interaction effectsa

Anterior Reach Distance (% Limb Length) P Value

Single-/Multi-interaction 0.412

 Multisport male athletes 62.3 ± 0.7  

 Single-sport male athletes 63.6 ± 1.3  

 Multisport female athletes 67.2 ± 0.6  

 Single-sport female athletes 67.0 ± 0.8  

3-point scale interaction 0.812

 Low male athletes 61.5 ± 1.0  

 Moderate male athletes 62.3 ± 1.1  

 High male athletes 63.8 ± 1.0  

 Low female athletes 66.7 ± 0.8  

 Moderate female athletes 66.3 ± 0.9  

 High female athletes 68.1 ± 0.8  

6-point scale interaction 0.537

 Nonspecialized male athletes 61.8 ± 0.8  

 Specialized male athletes 63.4 ± 0.8  

 Nonspecialized female athletes 66.8 ± 0.7  

 Specialized female athletes 67.4 ± 0.6  

aPrevious lower extremity injury utilized as a covariate.
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this differed from the results of our study, the use of multiple 
methods of classifying specialization and a much larger sample 
may have better detected differences in YBT performance. 
Additionally, specialization scales may allow for more accurate 
classification of specialized and nonspecialized athletes beyond 
just the number of sports in which an athlete participates. It is 
possible to imagine a single-sport athlete who plays their sport 
casually to socialize with friends and an athlete who plays 
multiple sports but focuses in 1 of those sports year-round.20

A main effect for specialization was observed when utilizing 
the 6-point specialization scale, with specialized athletes 
displaying increased anterior asymmetry compared with female 
athletes. Interestingly, when using the 3-point specialization 
scale, moderately specialized athletes demonstrated the greatest 
anterior asymmetry. While high specialization classified on the 
3-point scale appears to be linked with injury,2,14 it is possible 
that this scale is not able to discriminate changes in movement 
patterns on the YBT as effectively as the 6-point scale. Ideally, 
clinicians could utilize the 6-point scale to identify specialized 
athletes who may be at risk of impaired movement patterns and 
then use the YBT to assess progress after providing an 
intervention aimed at improving neuromuscular control.

Contrary to our hypothesis, we observed a consistent main 
effect for sex, with men displaying increased anterior reach 
asymmetry and decreased anterior reach distance compared 
with women. Similarly, female athletes have demonstrated 
increased reach distances in 3 separate directions on the SEBT, 
and these differences were magnified after a fatigue protocol.11 
In single- and multisport athletes, male athletes exhibited 
significantly greater anterior reach asymmetry on the YBT, 
similar to the findings of this study.8 These findings would 
suggest that male athletes would be at increased risk of injury in 
the sports we examined. However, female athletes have an 
increased risk of knee injury in sex-equivalent sports such as 
soccer, volleyball, and basketball.30 Additionally, previous 
research has indicated that specific biomechanical strategies 
such as increased hip adduction and decreased knee and hip 
flexion are associated with decreased anterior reach distance 
and knee injury.6,13,22 The strategies that led to men having 
shorter reach distances and greater asymmetry than women are 
unknown; however, it is possible that they differ from the 
movement patterns and strategies that contribute to increased 
rates of knee injury in female athletes. It is important to 
consider the sex of the athlete when utilizing the YBT as part of 
a preseason physical examination or as a movement assessment.

There are several limitations to this study. Subjects included 
high school athletes from 4 sports: basketball, soccer, volleyball, 
and tennis. Thus, the conclusions may not be generalizable 
beyond this population of athletes, especially since dynamic 
performance differs based on sport.29 Additionally, sport 
specialization may be more accurately defined by prospectively 
following a cohort of youth athletes to track their sport 
participation patterns. This was not done due to the cross-
sectional design of this study. We were also unable to determine 
prospective injury risk in this sample because we did not follow 

athletes into their sport seasons and only tested them at 
baseline. Finally, previous lower extremity injury was assessed 
using self-report, which presents an opportunity for subject 
recall bias. However, this limitation was well-controlled for by 
having each questionnaire thoroughly reviewed with the subject 
by an athletic trainer to ensure proper classification and recall 
of injuries.

conclusion

Specialized athletes displayed greater anterior reach 
asymmetry on the YBT than nonspecialized athletes across 
multiple methods of classifying specialization. Anterior reach 
asymmetry was significantly greater in specialized male 
athletes, which may be an especially at-risk population. 
Women performed better than men on both aspects of the 
YBT, exhibiting increased reach distance and decreased reach 
asymmetry.
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