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Abstract

Objectives: Examine growth and maturation trends in dynamic balance using the anterior reach 

Y-Balance test, and its utility as an injury risk screening tool.

Design: Cross sectional and prospective cohort.

Setting: Elite male youth soccer players.

Participants: 346 players grouped as pre, circa or post peak height velocity (PHV).

Main outcome measures: Pre-season anterior reach absolute and relative Y-Balance test 

scores and seasonal prospective lower extremity injury monitoring.
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Results: Absolute reach distances were greatest post-PHV (p < 0.05). Relative to leg length, pre-

PHV achieved the highest scores and increased between-limb differences. Significant associations 

between injury and anterior reach scores were present in pre (OR: 0.94, CI: 0.91–0.98, p < 0.05) 

and circa-PHV (OR: 1.05, 95% CI: 1.05–1.10, p < 0.05). Increased age (OR: 1.49, 95% CI: 1.04–

2.13, p < 0.05) and height (OR: 1.06, 95% CI: 0.99–1.13, p = 0.82) were risk factors post-PHV. No 

differences in injury occurrence were shown between players with absolute reach difference >4 cm 

in any group.

Conclusions: Anterior reach scores increased injury risk, but associations were small and 

inconsistent. The Y-Balance should be used with caution as a screening tool in this cohort.
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1. Introduction

Injury rates increase linearly with age in male youth soccer players (Price et al., 2004), 

while heightened risk may also be present during periods associated with accelerated growth 

(Read, Oliver, De Ste Croix, Myer, & Lloyd, 2017a, 2017b; van der Sluis et al., 2014). 

Research has shown an increase in overall season incidence (1.56 vs. 1.32 injuries per 

player) and severe injury (0.42) rate for players during developmental stages corresponding 

to peak height velocity (PHV) (Read et al., 2017a, 2017b), defined as the period in which a 

child experiences their fastest upward growth in stature (Mirwald et al., 2002). In addition, 

these athletes experienced the longest time-loss per injury (~26 days) (Read et al., 2017a, 

2017b). Rapid changes in stature and mass can result in aberrant movement patterns and 

momentary disruptions in motor control (Atkins et al., 2016; Philippaerts et al., 2006). 

However, analysis of injury risk factors in elite male youth soccer players is sparse (Read et 

al., 2016, 2018c), despite the frequency of injuries (Le Gall et al., 2006; Price et al., 2004).

Non-contact injuries occur most frequently in male youth soccer players, with the knee and 

ankle most susceptible (Read et al., 2017a, 2017b). A range of assessments are available to 

examine lower-limb performance and movement control in male youth soccer players (Read 

et al., 2019); however, these tests often demonstrate poor sensitivity for the identification 

of individuals at elevated risk of injury (Hegedus, McDonough, Bleakley, Cook, & Baxter, 

1136; Hegedus et al., 2015). Reduced dynamic balance scores have been associated with 

lower extremity injuries, most frequently occurring at the knee and ankle (Plisky et al., 

2006). Specifically, the sum of three out of eight reach directions in the star excursion 

balance test (anterior, posteromedial, and posterolateral) and asymmetrical anterior reach 

distances have shown associations with injury in male youth athletes (Hegedus et al., 

2015; Plisky et al., 2006). Thus, a modified version of the original star excursion balance 

test comprising only these three reach directions has been developed, the Y-Balance test 

(Faigenbaum et al., 2014; Plisky et al., 2009). One available study in recreational school 

children reported the reliability of this method showing moderate to strong test re-test 

correlations (ICC range = 0.71–0.88) (Faigenbaum et al., 2014); however, these were not 

elite youth athletes who participate regularly in sport-specific training and competition.
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The Y-Balance test has been suggested to measure dynamic balance due to the need to 

maintain the position of the body’s centre of mass during dynamic actions (Plisky et al., 

2009). Improving dynamic balance through training has reduced the risk of knee and ankle 

sprains in youth soccer (Malliou et al., 2004; McGuineTAKeene, 2006) and ankle injuries 

in basketball players (McGuineTAKeene, 2006). When assessing and characterising balance 

abilities of non-injured soccer players, youth display greater postural sway than adults (Pau 

et al., 2014, 2015); however, only adolescents were included in the youth sample which does 

not account for changes seen due to growth and maturation. Variation in performance tests 

such as jumping and hopping are evident across different chronological age groups (Lloyd 

et al., 2012; Philippaerts et al., 2006; Read et al., 2017b, 2018a, 2018b, 2018d), indicating 

performance may be affected by the stage of maturation. There is a paucity of research to 

examine dynamic balance in male youth soccer players at different stages of their growth 

and development.

When a large number of players must be screened and there are obvious time constraints, 

the inclusion of multiple movement screens may not be possible. Of those available, the 

Y-Balance test, and in particular the anterior reach direction may, be considered important 

given its association with injury risk (Plisky et al., 2006; Smith et al., 2015). In male youth 

basketball players, an anterior right-left reach difference >4 cm displayed a 2.5 times greater 

risk of lower extremity injury (Plisky et al., 2006). Currently there is a lack of research to 

examine dynamic balance and y-balance anterior reach right-left differences in elite male 

youth soccer players at different maturity stages. These data are required to identify sensitive 

periods during a player’s development and can assist in the design of targeted interventions 

for injury risk reduction. Prospective cohort studies are also warranted to examine the 

clinical utility of the Y-Balance anterior reach test in this cohort to establish if similar 

between-limb differences are associated with heightened risk of injury.

This study was separated into two experiments and had two aims: 1) to screen elite male 

youth soccer players from a range of maturity groups and identify cross-sectional trends in 

dynamic balance using the Y-Balance test; and 2) to investigate the clinical utility of the 

Y-Balance test to identify associations with future injury.

2. Methods

2.1. Experimental design

2.1.1. Experiment 1: Reliability and cross-sectional analysis of anterior reach 
Y-Balance test by maturity status—Initially the test-retest reliability of the anterior 

reach Y-Balance test was examined using a repeated measures design in a subsample of 

50 participants, including 25 pre-peak height velocity (PHV) (age 11.9 ± 0.4 years; height 

151.4 ± 4.8 cm; body mass 41.1 ± 5.6 kg; maturity offset −2.3 ± 0.4 years) and 25 post-PHV 

players (age 17.3 ± 0.7 years; height 178.2 ± 5.5 cm; body mass 72.3 ± 6.9 kg; maturity 

offset 2.9 ± 0.8 years). Participants were required to attend their respective club’s training 

ground at the same time (pm) on three occasions separated by a period of seven days. The 

first occasion was used for familiarization prior to data collection in the second and third 

sessions. All procedures were replicated at each test session and the data were collected by 

the same individual.
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A cross-sectional design was used to examine the effects of stage of maturation on anterior 

reach Y-Balance performance. 346 players from six clubs attended their respective club 

training grounds on two occasions, familiarization and testing, separated by a period of 

seven days. All testing occurred in pre-season (July) spread across a two-week period to 

ensure all players from the different clubs could be tested. Descriptive statistics are provided 

for each group in Table 1. All tests were conducted by the same researcher and a 10-min 

standardized warm up was completed prior to each session. Participants were asked to 

refrain from strenuous exercise at least 48 h prior to testing and avoid eating and drinking 

substances other than water 1 h prior to each test session.

2.1.2. Experiment 2: Prospective study examining associations between 
anterior reach Y-Balance test with future injury occurrence—Following baseline 

Y-Balance anterior reach injury risk screening occurring during pre-season (July), these 

players were then tracked for the remainder of the season to prospectively record all injuries 

sustained in soccer training and competitions at their respective clubs.

2.2. Participants

Elite male youth soccer players from the academies of professional soccer clubs volunteered 

to take part. None of the players reported injuries at the time of baseline screening and 

all were participating regularly in soccer training and competitions. The included sample 

were most frequently (78%) right limb dominant as defined by their preferred kicking limb. 

Parental consent and participant assent were collected prior to the commencement of testing. 

Ethical approval was granted by the institutional ethics committee in accordance with the 

declaration of Helsinki.

2.3. Procedures

2.3.1. Anthropometry—Body mass (kg) was measured on a calibrated physician scale 

(Seca 786 Culta, Milan, Italy). Standing and sitting height (cm) were recorded on a 

measurement platform (Seca 274, Milan, Italy). Leg length was also measured to the 

nearest 0.1 cm as the distance between the anterior superior iliac spine and the medial 

malleolus using a standard tape measure. Stage of biological maturation was assessed 

using a previously validated regression equation comprising measures of age, body mass, 

standing height and sitting height (Mirwald et al., 2002). Using this method, maturity offset 

(calculation of years from PHV) was completed using the following equation:

Maturity offset = − 9.236 + [0.0002708 x leg length and sitting height interaction] − [0.001663
x age and leg length interaction] + [0.007216 x age and sitting height interaction] + [0.02292
x weight by height ratio]

2.3.2. Anterior reach Y-Balance test—Participants placed their hands on their hips 

and began in a unilateral stance with the most distal aspect of their great toe behind 

the line on the centre of the Y-Balance test kit™ (Move2-Perform, Evansville, IN). The 

commercially available device is comprised of a central stance platform with three pieces of 

polyvinylchloride piping attached displaying incremental measurements of 0.5 cm complete 

with a reach indicator for each pipe. Distances were recorded by pushing the target reach 
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indicator in the anterior direction only due to the heightened associations with injury of this 

specified direction for youth athletes (Plisky et al., 2006; Smith et al., 2015).

Four practice trials were provided to reduce learning effects as previously stated (Munro & 

Herrington, 2010), with technical competency observed by the principle investigator defined 

as meeting all the previously stated test requirements (Plisky et al., 2009). Due to the large 

subject numbers and to ensure time-efficiency in an elite sports setting, three of the specified 

practice trials were performed in a group setting away from the instrumented device in 

accordance with previous research (Faigenbaum et al., 2014), with an additional practice 

trial conducted on the Y-Balance kit. Tests were performed on both legs with the order 

randomized to eliminate an order effect. Throughout, no visible kicking of the target reach 

indicator was permitted, the heel of the non-reach leg was required to remain on the testing 

platform with the toe behind the start line, balance was to be maintained in a single leg 

stance, and the reach foot was required to return back to the platform (Riach & Stark, 1994). 

Maximal reach distances were recorded and normalized to leg length. Absolute anterior 

reach difference scores between limbs were also recorded (right minus left). Three trials 

were performed on each leg with the mean score reported.

2.3.3. Injury reporting—Non-contact, lower extremity injuries were diagnosed, 

classified and prospectively recorded by respective medical personnel at each club for 

the duration of an entire soccer season (July–May inclusive) in accordance with methods 

outlined previously and the regulations set out by the competitive league organizers (Read 

et al., 2017a, 2017b). Injuries were documented if they occurred during soccer-related 

activities and if the player was subsequently unable to participate in training or competition 

for a minimum of 48 h following the incident, not including the day of injury. Players were 

classified as injured until the medical staff (chartered physiotherapists) of their respective 

clubs deemed they were fit to resume full training. Due to the confounding effects of 

previous injuries, only the first incident experienced by each player during the season was 

used in the subsequent analysis.

2.4. Statistical analysis

Within-subject variation was determined using typical error of estimates, 95% confidence 

intervals (95% CI) and mean coefficients of variation (CV %). All data were computed 

through Microsoft Excel® 2010 using a freely-available spread sheet to compute all 

reliability statistics (Hopkins, 2000). Players were grouped by their stage of maturation 

(pre-, circa- or post-PHV). To account for the reported error (approx. 6 months) in the 

regression equation used (Mirwald et al., 2002), players were grouped into discrete bands 

based on their maturational offset (pre -PHV = < −1, circa-PHV = −0.5 to 0.5, post-PHV = 

>1) in accordance with previous research (Read et al., 2017b, 2018a, 2018b). Players tested 

who recorded a maturational offset between −1 and −0.5 and 0.5 to 1 were subsequently 

removed from the data set.

To perform the cross sectional analysis, descriptive statistics were calculated for each 

maturity group (mean ± SD). A one-way analysis of variance was performed to determine 

the existence of any between group differences. The level of significance was set at alpha 
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level p ≤ 0.05. Homogeneity of variance was tested by Levene’s statistic, and where violated 

Welch’s adjustment was used to calculate the F-ratio. Post-hoc analysis was assessed 

using Gabriel’s test when equal variance was assumed, and Games-Howell tests when 

this assumption was violated. Cohen’s d effect sizes (ES) were calculated to interpret the 

magnitude of between group differences using the following classifications: standardized 

mean differences of 0.2, 0.5, and 0.8 for small, medium, and large effect sizes, respectively. 

Paired samples t-tests were also used to examine differences in performance between limbs. 

One-way analysis of variance and paired samples t-tests were processed using SPSS® (V.21. 

Chicago Illinois).

The first step of the injury risk analysis involved completion of an independent samples t-
test to examine mean differences in age, anthropometry, and Y-Balance performance among 

players who sustained an injury and those who were not injured during the study period. 

This step was adopted to reduce the number of outcome variables and the error degree of 

freedom. Variables that displayed a p-value < 0.1 were considered for further regression 

analysis. Odds ratios (OR) were then calculated using stepwise backwards multivariate 

binary logistic regression with 95% confidence intervals (CI). An alpha value of p < 

0.05 was indicative of a significant association. Chi-squared (χ2) was used to compare 

association of injury status with a previously suggested injury threshold (>4 cm between 

limb anterior reach difference) (Plisky et al., 2006; Smith et al., 2015), with statistical 

significance set at an alpha level of p < 0.05. Logistic regression and Chi-squared tests were 

processed using SPSS® (V.21. Chicago Illinois).

3. Results

3.1. Experiment 1: Cross-sectional analysis

Reliability statistics are displayed in Table 2. Typical error between test-sessions and the 

CV% were consistent with those of previous research and were deemed acceptable (<10%) 

(Faigenbaum et al., 2014) in both pre and post-PHV players. Mean (±standard deviation) 

Y-Balance absolute anterior reach distances and distances normalized to leg length for 

each limb and maturity group are displayed in Fig. 1a and b respectively. Absolute reach 

distances were greatest in post-PHV players (right = 64.3 ± 12.3 cm; left = 63.3 ± 11.5), 

although these differences were only significant when compared to the pre-PHV group with 

moderate effect sizes (right = 58.0 ± 9.5 cm; left = 57.2 ± 9.6 cm) (p < 0.001; d = 0.57–

0.58). Pre-PHV players recorded the greatest reach differences relative to leg length (right = 

74.2 ± 12.7 cm; left = 73.1 ± 12.6), although significant differences were present only when 

compared to post-PHV players, corresponding to a small effect size (right = 69.9 ± 13.8 

cm; left = 68.8 ± 12.8), (p < 0.05; d = 0.32–0.34) (Fig. 1b). No significant inter-limb reach 

differences were observed between pre (3.6 ± 2.8 cm), circa (3.2 ± 3.1 cm) and post-PHV 

(3.4 ± 2.8 cm) players. Significantly greater reach distances were shown on the right leg (p < 

0.001).

3.2. Experiment 2: Injury analysis

Of the 346 players included, 99 sustained a non-contact lower extremity injury. The knee 

was the most frequently injured anatomical site (31%), followed by the ankle (19%). There 
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were a high proportion of strain type injuries (32%), with ligament (19%) and growth/

overuse (14%) the most prevalent diagnosis thereafter. Half of the injuries (50%) were 

moderate (1–4 weeks); however, severe injuries (>4 weeks absent) were also frequently 

reported (32%). Descriptive statistics for injured and non-injured players in each maturity 

group are displayed in Tables 3–5. The distribution of Y-Balance anterior reach absolute 

between-limb difference scores for injured and non-injured players in each maturity group is 

also shown in Fig. 2.

3.3. Pre-PHV injury risk factor associations

Injured players were significantly older, more physically mature, and had lower Y-Balance 

performance on both legs. The prevalence of injury in players with absolute reach difference 

>4 cm (27.8%) was not statistically different compared to players with absolute reach 

distance < 4 cm (29.3%) (p = 0.87). Multivariate analysis indicated lower relative scores on 

the left limb were the only variable associated with injury, such that for each unit reduction 

in relative left limb reach, the odds of experiencing an injury increased by 6% (OR: 0.94, CI: 

0.91–0.98, p < 0.05) (Table 6). The model predicted 97.5% and 15.6% of non-injured and 

injured players respectively, with an overall prediction accuracy of 73.9% (R2 = 0.124).

3.4. Circa-PHV injury risk factor associations

Injured players showed significantly greater Y-Balance scores than non-injured players on 

both legs. The prevalence of injury in players with absolute reach difference >4 cm (30%) 

was not statistically different compared to players with absolute reach distance < 4 cm 

(24.4%) (p = 0.61). Multivariate analysis indicated greater absolute scores on the right limb 

were the only variable significantly associated with injury (OR: 1.06, 95% CI: 1.05–1.10, p 

< 0.05), where a one-unit increase in y-balance scores on the right leg increased the odds 

of injury by 6% (Table 6). The model predicted 98.6% and 1% of non-injured and injured 

players respectively, with an overall prediction accuracy of 73.4% (R2 = 0.069).

3.5. Post-PHV injury risk factor associations

Injured players were older, taller, heavier and showed significantly greater Y-Balance scores 

than non-injured players on both legs. The prevalence of injury in players with absolute 

reach difference >4 cm (31.8%) was not statistically different compared to players with 

absolute reach distance < 4 cm (27.8%) (p = 0.63). The multivariate model consisted of age 

(OR: 1.49, 95% CI: 1.04–2.13, p < 0.05) and height (OR: 1.06, 95% CI: 0.99–1.13, p = 

0.82) (Table 6); thus after adjusting for height, for each 1 year increase in age, there was 

a 1.5 times greater risk of injury. The model predicted 96% and 9.8% of non-injured and 

injured players respectively, with an overall prediction accuracy of 70.9% (R2 = 0.104).

4. Discussion

The aim of this study was to examine differences in the anterior reach Y-Balance test in 

elite male youth soccer players at different stages of maturity and its utility as an injury 

risk screening tool. Cross sectional data showed that absolute anterior reach distances were 

greatest in those who were post-PHV. Relative to leg length, pre-PHV players achieved the 

highest reach distances. Significant associations with future injury and y-balance anterior 
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reach scores were present in pre and circa-PHV players; however, the strength of these 

relationships was low. Furthermore, no significant differences in the frequency of injury 

occurrence were shown between players breaching a pre-determined injury risk threshold 

(absolute reach difference > 4 cm) (Plisky et al., 2006; Smith et al., 2015), indicating that the 

Y-Balance anterior reach should be used with caution as an injury risk screening tool in elite 

male youth soccer players.

Absolute Y-Balance reach distances were highest in post-PHV players and this can be 

attributed to greater standing height and leg length (see Table 1). This is expected as more 

mature (and subsequently taller) children have displayed better functional reach scores, and 

therefore, adjustments should be made for leg length (Habib & Westcott, 1998). Previous 

research has reported age-related improvements in balance and reduced postural sway in 

recreationally active youths (Cumberworth et al., 2007; Nolan et al., 2005), and elite soccer 

players (Pau et al., 2014, 2015). Also, as children mature, they display improvements in 

postural control and the magnitude of centre of pressure excursions reduces (Riach & Stark, 

1994). With maturation, the ability to use visual, vestibular and somatosensory information 

improves, and they learn to adapt to changes in body configurations and proportions, 

resulting in more controlled and accurate movement strategies (Habib & Westcott, 1998; 

Riach & Stark, 1994).

Normalization of reach scores relative to leg length identified that the pre-PHV players 

displayed the greatest reach distances. This could be attributed to heightened ranges of 

motion occurring via reductions in passive stiffness associated with younger ages (Ochi 

et al., 2008). Thus, performance on this test may be determined more by mobility 

(predominantly at the ankle) as opposed to dynamic balance as shown previously in young 

adults (Overmoyer & Reiser, 2015). It is also plausible that to determine maturity-related 

changes in balance performance, alternative measures such as postural sway, or the dynamic 

postural stability index may be required (Wikstrom et al., 2006).

Reductions in normalized reach distances were evident between each consecutive maturity 

group; however, these differences were significant only when comparing pre to post-PHV 

players. A plateau or decline in flexibility has been associated with the onset of the 

adolescent growth spurt (Philippaerts et al., 2006). This may be related to heightened 

musculotendinous stiffness resulting from increased restriction of titin filaments (Ochi et 

al., 2008), collagen filaments, and cross linking (McCormack, 2003). Specifically, structural 

changes to the ligaments and tendons may be present elevating stiffness of the tissues 

with the onset of adolescence (McCormack, 2003). Bone growth occurring in the absence 

of muscle length changes may result in momentary decreases in flexibility. In addition, 

bony adaptations have been shown to develop from recurrent ball impact in soccer players 

(Tol et al., 2002) which could reduce ankle dorsiflexion range of motion. Cumulatively, 

these maturational and sport specific adaptations could provide a plausible explanation for 

the reductions seen in normalized reach distance. Thus, it would appear prudent to target 

flexibility and range of motion control to offset these growth-related reductions in mobility.

Previous research has indicated an anterior right-left reach difference >4 cm increases the 

risk of lower extremity injury (Plisky et al., 2006). This has been confirmed more recently 
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where anterior reach asymmetry was the only Y-Balance variable significantly associated 

with non-contact injury in collegiate athletes (Smith et al., 2015). In the current study, cross 

sectional analysis showed no significant between group differences were present in absolute 

right/left reach differences and mean scores indicated that none of the maturity groups 

exceeded the 4 cm threshold. Furthermore, the injury analysis showed a wide distribution 

of scores (Fig. 2) and did not identify any significant differences between injured and 

non-injured players. There were also no differences in the frequency of injury occurrence 

between players breaching this threshold in any maturity group versus those who did not. 

The aforementioned research included a sample of youth basketball players (Plisky et al., 

2006) and division I collegiate athletes from multiple sports (Smith et al., 2015) which in 

part may explain the disparate findings in the current study. Furthermore, large standard 

deviations were reported for most maturity groups indicating a wide dispersion of scores are 

likely in elite male youth soccer players. Our results suggest that absolute reach differences 

measured during the anterior reach of the Y-Balance test and specifically a threshold of >4 

cm should be used with caution for the purposes of injury risk screening in elite male youth 

soccer players.

In this study, significant differences between injured and non-injured players were shown for 

combinations of anthropometric and Y-Balance anterior reach distances although variation 

was evident across the different maturity groups. Greater reach distances were observed 

on the right leg (when the stance leg was the left) in comparison to the left (when the 

stance leg was the right) in injured versus non-injured players regardless of maturity group 

(Tables 3–5). Furthermore, multivariate analysis indicated that significant associations with 

injury were present in pre and circa-PHV players. These data suggest that when the task 

is performed with the limb controlling the movement of what is typically their dominant 

kicking leg, reduced absolute reach scores are more important to monitor than absolute 

right-left differences. However, the odds ratio and thus, the strength of these associations 

could be considered low (Table 6), indicating that a large unit change in reach distances 

would be required to meaningfully increase injury risk. Furthermore, the prediction accuracy 

of each model was low and no associations between Y-Balance anterior reach distances and 

injury risk were identified in post-PHV players. Advanced chronological age was the only 

variable to remain significant in the multivariate model.

Previous research has shown no association between Y-Balance composite scores and injury 

risk in elite female youth soccer players (Nilstad et al., 2014). Effective performance during 

dynamic stability tasks requires the integration of visual, vestibular and proprioceptive 

inputs, which provide an efferent response to control the body’s centre of mass within its 

base of support (Guskiewicz et al., 1996). Thus, a weak association between y-balance 

anterior reach scores and injury risk in the current study could be explained in part by 

the multifactorial nature of injuries in soccer and the complex interaction of factors that 

comprise dynamic balance. Consequently, it may not be possible to accurately assess all of 

these constructs in a single field-based assessment (Nilstad et al., 2014).

When interpreting the data from the current study, practitioners should also be cognizant 

of some limitations. Firstly, previous injury, which has been reported as a risk factor for 

future injury occurrence (Hagguland et al., 2006), was not accounted for in this study. Due 
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to the frequency with which players move between clubs in academy soccer, to record this 

information would have required the use of retrospective analysis which is subject to recall 

bias. Secondly, in the current study, all non-contact, lower extremity injuries were included. 

Future research should aim to investigate the clinical utility of this test in elite male youth 

soccer players with a focus on key anatomical locations and injury types such as knee and 

ankle ligament injuries.

5. Conclusions

The current study examined the utility of the anterior reach Y-Balance test in elite male 

youth soccer players. The key findings indicate the following: 1) the test displays acceptable 

typical error and can differentiate between maturity groups with a trend of reductions in 

relative reach scores as players mature and; 2) absolute reach scores on what is typically 

the dominant kicking leg display some small association with future injury. However, a 

large change in reach distances would be required to meaningfully increase injury risk 

and applying previously identified between-limb symmetry thresholds (>4 cm) could not 

differentiate between injured and non-injured players.

Cumulatively, these data provide evidence that the anterior reach of the Y-Balance test 

should be used with caution as an injury risk screening tool in elite male youth soccer 

players. In addition, the youngest and least mature players achieved the highest reach 

distances relative to leg length. This suggests that anterior reach scores are determined 

more by mobility, as opposed to dynamic balance. Given that the greatest reductions in 

reach distance/mobility were shown between pre and post-PHV players, it could be inferred 

that training programs should incorporate appropriate training to offset these likely growth-

related reductions in mobility.
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Fig. 1a. 
Absolute anterior reach scores for each maturity group. * significantly greater than pre-PHV 

p < 0.001.
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Fig. 1b. 
Anterior reach scores relative to leg length for each maturity group. * significantly greater 

than post-PHV p < 0.05.
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Fig. 2. 
Distribution of inter-limb difference scores for prospectively injured and non-injured players 

in each maturity group. The mean scores is also displayed for each group by the marked 

line.
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Table 2

Reliability statistics.

Test Variable Typical Error CV% (95% CI)

Pre-PHV

Y-Balance Anterior (cm) 4.8 7.1 (6.1–8.6)

Post-PHV

Y-Balance Anterior (cm) 6.3 8.2 (7.0–9.9)

Phys Ther Sport. Author manuscript; available in PMC 2023 February 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Read et al. Page 18

Ta
b

le
 3

D
es

cr
ip

tiv
e 

ch
ar

ac
te

ri
st

ic
s 

of
 in

ju
re

d 
an

d 
no

n-
in

ju
re

d 
pr

e-
PH

V
 p

la
ye

rs
.

In
ju

re
d 

(n
 =

 3
2)

N
on

-i
nj

ur
ed

 (
n 

= 
79

)
p 

va
lu

e
C

oh
en

s 
d

A
ge

 (
ye

ar
s)

12
.3

 ±
 0

.9
11

.9
 ±

 1
.1

.0
4*

0.
40

W
ei

gh
t (

kg
)

40
.9

 ±
 6

.9
39

.7
 ±

 5
.7

.3
5

0.
19

H
ei

gh
t (

cm
)

14
9.

8 
±

 7
.9

14
7.

8 
±

 7
.3

.1
9

0.
26

B
M

I
18

.1
 ±

 1
.9

18
.1

 ±
 2

.3
.9

1
0.

01

M
at

ur
at

io
na

l o
ff

se
t (

ye
ar

s)
−

2.
01

 ±
 0

.6
0

−
2.

26
 ±

 0
.6

7
.0

7
0.

39

L
eg

 le
ng

th
 (

cm
)

78
.7

 ±
 5

.2
78

.5
 ±

 5
.9

.7
8

0.
03

y-
ba

la
nc

e 
L

ef
t (

cm
)

53
.0

 ±
 8

.9
58

.9
 ±

 9
.4

.0
03

*
0.

64

y-
ba

la
nc

e 
R

ig
ht

 (
cm

)
55

.1
 ±

 9
.1

59
.3

 ±
 9

.5
.0

4*
0.

45

y-
ba

la
nc

e 
(%

 o
f 

le
g 

le
ng

th
) 

le
ft

67
.3

 ±
 1

0.
9

75
.5

 ±
 1

2.
6

.0
02

*
0.

69

y-
ba

la
nc

e 
(%

 o
f 

le
g 

le
ng

th
) 

ri
gh

t
70

.0
 ±

 1
1.

6
75

.9
 ±

 1
2.

9
.0

3*
0.

48

A
bs

ol
ut

e 
re

ac
h 

di
ff

er
en

ce
 (

cm
)

3.
8 

±
 3

.1
3.

4 
±

 2
.8

.5
4

0.
13

* in
di

ca
te

s 
st

at
is

tic
al

 s
ig

ni
fi

ca
nc

e.

Phys Ther Sport. Author manuscript; available in PMC 2023 February 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Read et al. Page 19

Ta
b

le
 4

D
es

cr
ip

tiv
e 

ch
ar

ac
te

ri
st

ic
s 

of
 in

ju
re

d 
an

d 
no

n-
in

ju
re

d 
ci

rc
a-

PH
V

 p
la

ye
rs

.

In
ju

re
d 

(n
 =

 2
4)

N
on

-i
nj

ur
ed

 (
n 

= 
70

)
p 

va
lu

e
C

oh
en

s 
d

A
ge

 (
ye

ar
s)

14
.3

 ±
 1

.0
14

.1
 ±

 1
.0

.3
3

0.
20

M
as

s 
(k

g)
51

.5
 ±

 7
.0

51
.8

 ±
 7

.1
.8

4
0.

04

H
ei

gh
t (

cm
)

16
4.

1 
±

 7
.8

16
3.

6 
±

 7
.6

.7
8

0.
06

B
M

I
19

.1
 ±

 1
.4

19
.3

 ±
 1

.6
.5

0
0.

12

M
at

ur
at

io
na

l o
ff

se
t (

ye
ar

s)
−

0.
16

 ±
 0

.6
1

−
0.

08
 ±

 0
.6

2
.5

9
0.

13

L
eg

 le
ng

th
87

.8
 ±

 4
.6

86
.1

 ±
 6

.0
.2

3
0.

31

y-
ba

la
nc

e 
le

ft
63

.5
 ±

 8
.4

58
.5

 ±
 9

.8
.0

3*
0.

34

y-
ba

la
nc

e 
ri

gh
t

65
.7

 ±
 7

.7
59

.8
 ±

 1
0.

2
.0

1*
0.

65

y-
ba

la
nc

e 
(%

 le
g 

le
ng

th
) 

le
ft

72
.3

 ±
 9

.7
68

.2
 ±

 1
1.

6
.0

9
0.

38

y-
ba

la
nc

e 
(%

 le
g 

le
ng

th
) 

ri
gh

t
74

.8
 ±

 8
.6

69
.6

 ±
 1

1.
8

.0
5*

0.
50

A
bs

ol
ut

e 
re

ac
h 

di
ff

er
en

ce
 (

cm
)

3.
7 

±
 3

.7
3.

1 
±

 2
.9

.4
1

0.
18

* in
di

ca
te

s 
st

at
is

tic
al

 s
ig

ni
fi

ca
nc

e.

Phys Ther Sport. Author manuscript; available in PMC 2023 February 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Read et al. Page 20

Ta
b

le
 5

D
es

cr
ip

tiv
e 

ch
ar

ac
te

ri
st

ic
s 

of
 in

ju
re

d 
an

d 
no

n-
in

ju
re

d 
po

st
-P

H
V

 p
la

ye
rs

.

In
ju

re
d 

(n
 =

 4
1)

N
on

-i
nj

ur
ed

 (
n 

= 
10

0)
p 

va
lu

e
C

oh
en

s 
d

A
ge

 (
ye

ar
s)

16
.6

 ±
 1

.1
16

.0
 ±

 1
.0

.0
01

*
0.

57

M
as

s 
(k

g)
69

.3
 ±

 7
.2

66
.1

 ±
 7

.8
.0

3*
0.

42

H
ei

gh
t (

cm
)

17
8.

1 
±

 6
.2

17
5.

4 
±

 6
.2

.0
2*

0.
44

B
M

I
21

.8
 ±

 1
.8

21
.5

 ±
 1

.7
.2

8
0.

17

M
at

ur
at

io
na

l O
ff

se
t (

ye
ar

s)
2.

2 
±

 0
.8

1.
9 

±
 0

.7
.1

0
0.

39

L
eg

 le
ng

th
92

.8
 ±

 4
.2

91
.9

 ±
 4

.9
.2

8
0.

19

y-
ba

la
nc

e 
le

ft
65

.8
 ±

 1
1.

0
62

.3
 ±

 1
1.

7
.0

9
0.

31

y-
ba

la
nc

e 
ri

gh
t

67
.0

 ±
 1

1.
4

63
.2

 ±
 1

2.
5

.0
8

0.
32

y-
ba

la
nc

e 
(%

 le
g 

le
ng

th
) 

le
ft

70
.6

 ±
 1

2.
3

68
.0

 ±
 1

3.
1

.2
5

0.
20

y-
ba

la
nc

e 
(%

 le
g 

le
ng

th
) 

ri
gh

t
72

.2
 ±

 1
3.

1
69

.0
 ±

 1
4.

1
.2

1
0.

24

A
bs

ol
ut

e 
re

ac
h 

di
ff

er
en

ce
 (

cm
)

3.
2 

±
 2

.7
3.

4 
±

 2
.7

.7
3

0.
07

* in
di

ca
te

s 
st

at
is

tic
al

 s
ig

ni
fi

ca
nc

e.

Phys Ther Sport. Author manuscript; available in PMC 2023 February 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Read et al. Page 21

Table 6

Injury risk factors.

Risk factors for injury Beta (B) Odds Ratio 95% CI P value

Pre-PHV group 

y-balance Left (% leg length) −0.06 0.94 0.91–0.98 <0.001*

Circa-PHV 

y-balance Right 0.51 1.06 1.00–1.10 <0.05*

Post-PHV 

Age 0.4 1.49 1.04–2.13 <0.05*

Height 0.06 1.06 0.99–1.13 0.08

*
indicates statistical significance.
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