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Background 
Adolescent females are at significant risk for sustaining an ACL injury. The Y-Balance Test 
(YBT) is frequently used to evaluate neuromuscular control and lower extremity function. 
However, few studies have quantified 2D lower extremity kinematics during performance 
of the YBT, and there is an absence of kinematic data specific to at-risk adolescent 
females. 

Purpose 
To examine lower extremity joint kinematics during execution of the YBT by healthy and 
ACL-injured adolescent females. 

Study Design 
Prospective cohort. 

Methods 
Twenty-five healthy and ten ACL-injured (mean time from injury 143 days) adolescent 
females were assessed using the YBT. Sagittal and frontal plane knee and ankle motion 
was video recorded during execution of the YBT anterior reach movement. Ankle 
dorsi-flexion, knee flexion, and knee valgus angles were quantified via kinematic analysis. 
ANOVAs with a post hoc Bonferroni correction were used to compare YBT scoring (%LL) 
and kinematic data between groups. Pearson product-moment correlations determined 
the relationship between kinematic data and YBT scoring. 

Results 
Healthy and ACL-injured subjects demonstrated similar YBT scores and lower extremity 
kinematic data. Healthy subjects demonstrated a weak positive correlation between ankle 
dorsiflexion and YBT scoring, and a weak negative correlation between knee valgus and 
YBT scoring. These relationships did not exist for ACL-injured subjects. Kinematic data 
for both groups also demonstrated a large degree of variability, regardless of YBT score. 

Conclusions 
Adolescent females frequently utilize a variety of lower extremity movement strategies 
when performing a functional movement task, and scoring on the YBT offers limited 
insight regarding lower extremity joint kinematics and ACL-injury risk in a physically 
active adolescent female population. 
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Level of Evidence 
Level 3. 

INTRODUCTION 

The anterior cruciate ligament (ACL) is one of the most 
common sites of orthopedic injury, with an annual inci-
dence of 68.6 per 100,000 person-years in the general popu-
lation.1 While risk of ACL injury is significant for both sexes, 
adolescent females have a 1.6-fold greater rate of ACL in-
jury per athletic exposure than adolescent males,2,3 with 
the peak incidence (227.6 per 100,000) of ACL injury occur-
ring in girls 14-16 years of age.1 Research seeking to ex-
plain this gender disparity has frequently focused on mod-
ifiable biomechanical and neuromuscular factors that may 
influence lower extremity kinematics and the performance 
of functional movement tasks.4–8 

Functional movement testing that involves single-leg 
squats, lateral step-downs or various jump landing 
tasks9–13 suggests that dynamic knee valgus measures may 
be predictive of ACL injury.5 Initial investigations compar-
ing sexes suggest that females demonstrate greater alter-
ations in lower extremity kinematics, and deficits in dy-
namic balance and postural stability when performing the 
same movement tasks.4–8,12 Beyond this, the dynamic knee 
valgus angle has also been demonstrated to influence ankle 
joint kinematics.13,14 As such, further clinical research is 
needed to clarify the relationship between the knee valgus 
angle and lower extremity kinematics in an at-risk adoles-
cent female population.9,10,15 

The Y-Balance Test (YBT) is a dynamic balance test that 
is frequently used in clinical and research settings to assess 
lower extremity function.16,17 Performance on this test is 
quantified as a measure of maximal reach distance in a spe-
cific direction, or as a calculated composite score (average 
distance of all reach directions).18 Dynamic balance test-
ing is frequently used as a screening tool to identify indi-
viduals at risk of lower extremity injury; to assess deficien-
cies following injury; or to monitor rehabilitation progress.8 

Lower test scores have previously been associated with an 
increased risk of ACL injury,19–22 ACL-deficiency,8 and fol-
lowing ACL reconstruction.23 Neuromuscular education 
and balance training programs have been reported to im-
prove scoring on dynamic balance tests such as the YBT.6,24 

However, few investigators have examined whether a link 
exists between kinematic joint measures for the lower ex-
tremity and performance on dynamic balance tests such as 
the YBT,23,25–27 and currently there is an absence of data 
which is specific to an at-risk adolescent female population. 

The purpose of this investigation was to examine 2D 
lower extremity joint kinematics during execution of the 
YBT by healthy and ACL-injured adolescent females. The 
study had three specific aims: 1) Measure and compare the 
YBT reach distances for healthy and ACL injured adolescent 
females; 2) Measure and compare the ankle and knee joint 
angles of healthy and ACL injured adolescent females when 
performing the YBT anterior reach movement; and 3) De-
termine whether a relationship exists between lower ex-
tremity kinematic measures and scoring on the YBT ante-
rior reach movement in healthy and ACL injured adolescent 

females. 

METHODS 
PARTICIPANTS 

Following institutional ethics approval (H2014:302), 
healthy and ACL-injured adolescent females were recruited 
from the community to participate in this clinical study. 
Twenty-five healthy adolescent females and an exploratory 
group of 10 ACL-injured adolescent females consented to 
participate. Healthy subjects reported no recent trauma to 
the lower extremity; subjects in the ACL-injured group had 
their injury confirmed via orthopaedic consult and mag-
netic resonance imaging. All participants completed a stan-
dardized screening protocol which indicated that they had 
no knee joint effusion, were able to fully flex and extend the 
knee joint through a full range of motion, had no quadri-
ceps lag with an active straight-leg raise, had quadriceps 
strength of at least 75% of the unaffected leg and were able 
to perform 10 consecutive single-legged hops pain free.28 

All participants were female, 12-18 years of age, with no 
history of lower extremity injury (other than ACL trauma in 
the injured group) or concussion in the prior six months. 
The height, weight, and BMI of all subjects were recorded. 
Knee joint laxity for all subjects was evaluated using the 
KT-1000 (MEDmetric Corp., San Diego, CA).29 Maturation 
status was determined using the self-reported pubertal 
maturation observational scale (PMOS);30 leg dominance 
was determined by preference for kicking a ball; and infor-
mation regarding sport participation for each participant 
was documented. 

YBT TESTING FOR DYNAMIC BALANCE 

All subjects completed the YBT (Move2Perform, Evansville, 
IL) according to previously described and standardized pro-
cedures.16 Following completion of the practice trials, the 
distance from the YBT apex of the most proximal edge of 
the reach indicator was recorded for the first test trial while 
participants performed movements in three directions: an-
terior (ANT), posteromedial (PM) and posterolateral (PL). 
The dominant (or ACL deficient) limb served as the support 
leg. All reach distances were normalized as a percentage of 
each participant’s stance-limb length (%LL), and measured 
from the anterior superior iliac spine to the most distal as-
pect of the ipsilateral medial malleolus in a supine lying po-
sition.31 

KINEMATIC ANALYSIS OF LOWER EXTREMITY JOINT 
ANGLES 

For the purpose of this investigation, only the YBT anterior 
(ANT) reach direction was recorded and used for kinematic 
analysis. Previous research suggests that this reach direc-
tion served as a significant discriminator in predicting risk 
of lower extremity injury,19,20,22 and pilot testing revealed 
that kinematic data from the ANT reach direction demon-
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strated the greatest accuracy. Two HD video cameras (Sony 
Handycam HDR-UX20, Sony Corp., Minato, Toyko, Japan) 
were used to collect lower extremity kinematic data while 
each participant performed the YBT in the ANT direction. 
One camera was positioned three meters in front of each 
subject to capture a full frontal-plane view, while the other 
camera was positioned three meters lateral to each subject 
to capture a sagittal view. All digital images were coded and 
saved for subsequent video analysis. Analysis was only com-
pleted for the dominant limb of the healthy subjects and the 
injured limb of the ACL-injured participants.32,33 

Open-license video analysis software (Kinovea 0.8.15) 
was then used to quantify three joint angles at the point 
of maximal ANT reach distance when performing the YBT: 
(1) the degree of knee joint flexion in the sagittal plane; 
(2) the degree of ankle joint dorsiflexion in the sagittal 
plane; (3) the knee valgus angle in the frontal plane. The 
same anatomical landmarks were used as reference points 
for calculating the joint angles of all participants. Selection 
of these landmarks was based on methodologies previously 
described in the literature.34–36 Each kinematic measure 
was calculated using the Kinovea software (Figure 1A & B). 
The angle of knee flexion in the sagittal plane was deter-
mined by measuring the angle created between the lower 
leg and the posterior thigh with the neutral or starting an-
gle being considered full extension (180°). The angle of an-
kle dorsiflexion in the sagittal plane was determined by 
measuring the angle created between the long axis of the 
foot and the lower leg with neutral being considered 90° of 
dorsi-flexion while in a standing position. The angle of knee 
valgus in the frontal plane was determined by measuring 
the angle created between the lateral thigh and the lower 
leg with neutral being considered full extension (180°). This 
orientation allowed the knee valgus angle to be reported as 
a positive value. 

STATISTICAL ANALYSIS 

A power analysis (n=2{(1.96+0.84)6.7/8}2) from a previous 
study of healthy recreationally active adolescent females 
performing the ANT reach of the YBT indicated that a mini-
mum of 12 healthy subjects would be required to adequately 
power this investigation.36 ANOVA testing was used to an-
alyze for differences between the healthy and ACL-injured 
subjects on demographic, anthropometric, YBT reach dis-
tances and the lower extremity joint angles. An alpha level 
of p < 0.05 was set to determine statistical significance. 
The relationship between kinematic angles and the YBT 
scoring was evaluated using Pearson product-moment cor-
relations.26,37,38 Correlation coefficients (r) of 0.25-0.49, 
0.50-0.74, and 0.75-1.0 were considered to represent weak, 
moderate and strong relationships.39 The 95% confidence 
interval (CI) for the YBT reach distances of the healthy sub-
jects was used to group subjects for comparison. ANOVA 
testing between groups with a post hoc Bonferroni correc-
tion of p < 0.0167 were used to determine statistical signifi-
cance. In addition, we performed single-subject analysis for 
each variable using the healthy subject 95% CI’s for com-
parison. 

Figure 1a: The degree of knee joint flexion and 
ankle joint dorsiflexion in the sagittal plane. 

Figure 1b: The knee valgus angle in the frontal 
plane at the point of maximal ANT reach distance of 
the YBT. 

RESULTS 

Results indicated that the ACL-injured group was signifi-
cantly older than then the healthy group (Healthy: 14.0±1.3 
yrs; ACL injured: 16.3±1.6 yrs, p < 0.001). With the ex-
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Table 1: Y-Balance Test (YBT) reach distances for all participants [mean  SD, (95% CI)] 

YBT Reach Direction Healthy (n=25) ACL-Injured (n=10) p-value 

Anterior (ANT) 
(%LL) 

65.1 ± 6.0 
(62.6 - 67.6) 

64.5 ± 5.9 
(60.3 - 68.7) 

0.80 

Posteromedial (PM) 
(%LL) 

99.3 ± 7.5 
(96.2 – 102.4) 

96.0 ± 9.5 
(89.2 – 102.8) 

0.30 

Posterolateral (PL) 
(%LL) 

97.7 ± 9.0 
(94.0 – 101.4) 

95.1 ± 8.4 
(89.1 – 101.1) 

0.40 

%LL – Percentage of limb length 

Table 2: Lower extremity kinematic data for all participants when performing the YBT anterior 
reach movement [mean  SD, (95% CI)] 

Healthy (n=25) ACL-Injured (n=10) p-value 

Knee flexion angle 
(degrees) 

66.4 ± 10.9 
(61.9 - 70.9) 

70.9 ± 9.2 
(64.3 - 77.5) 

0.25 

Ankle dorsiflexion angle 
(degrees) 

28.4 ± 4.6 
(26.5 - 30.3) 

27.2 ± 4.9 
(23.7 - 30.7) 

0.49 

Knee valgus angle 
(degrees) 

3.9 ± 6.4 
(1.3 - 6.5) 

5.2 ± 7.8 
(-0.4 - 10.9) 

0.61 

Table 3: Relationship between YBT anterior reach scores and lower extremity kinematic data 

Healthy (n=25) ACL-Injured (n=10) 

r p-value r p-value 

Knee flexion angle (degrees) 0.37 0.07 0.43 0.21 

Ankle dorsiflexion angle (degrees) 0.42* 0.04 0.06 0.87 

Knee valgus angle (degrees) -0.40* 0.05 0.30 0.52 

* p  0.05 

ception of knee joint laxity (Healthy: 6.5±2.6 mm; ACL-in-
jured: 11.7±1.7 mm, p <.001), there were no significant dif-
ferences between the anthropometric measurements of the 
two groups. All participants had a healthy BMI (Healthy: 
22.3±4.8 kg/m2; ACL injured: 24.8± 4.6 kg/m2, p=0.18), and 
were predominantly post-pubertal adolescents (Healthy: 
68%; ACL injured: 60%) who participated in a variety of 
recreational sporting activities including basketball, volley-
ball, soccer, hockey, and dance. For ACL-injured partici-
pants, the mean time from injury to the baseline examina-
tion for this study was 143 days (range: 24-365). 

YBT reach distances and lower extremity kinematic data 
for all subjects (organized by group) are presented in Tables 
1 and 2. There were no significant differences in YBT reach 
distances or lower extremity kinematic data when compar-
ing healthy and ACL-injured groups. 

Table 3 illustrates the relationship between the YBT ANT 
reach distance and lower extremity joint angles. Pearson 
correlation coefficient testing for the healthy subjects sug-
gested that there were weak relationships (0.25-0.49) be-
tween the YBT ANT reach distance and the degree of ankle 

dorsiflexion (positive), the degree of knee valgus (negative), 
and that there was a trend towards a positive relationship 
with the degree of knee flexion. These relationships were 
only significant for the ankle dorsiflexion and knee valgus 
angles. Analysis of data for the ACL-injured group sug-
gested that there were no relationships between lower ex-
tremity joint angles and YBT ANT reach scores. 

Using YBT ANT reach data, 95% confidence intervals (CI) 
were calculated for each group. Subjects were then stratified 
into three groups: (1) Above 95% CI = 72.5 ± 2.8 %; (2) 
Within 95% CI = 64.7 ± 1.5 %; and (3) Below 95% CI = 58.2 ± 
3.3 %. A comparison of the kinematic data across the three 
groups indicated that there were no significant differences 
for either the healthy participants or the ACL injured par-
ticipants (Table 4). 

These same three YBT ANT reach distance groupings 
(above, within or below 95% CI) where then used to perform 
single-subject analyses. Data illustrated that there was lit-
tle consistency in the movement patterns demonstrated 
about the ankle and knee joints by either the healthy or 
ACL-injured subjects when performing the ANT reach of the 
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Table 4: Kinematic data (mean  SD) for healthy and ACL-injured participants categorized by 
YBT anterior reach distance 

Healthy 
Above 95% CI 

(n=7) 
Within 95% CI 

(n=11) 
Below 95% CI 

(n=7) 

Knee flexion angle (degrees) 70.3 ± 15.0 68.6 ± 6.3 58.9 ± 9.6 

Ankle dorsiflexion angle (degrees) 30.0 ± 3.5 29.5 ± 3.0 25.1 ± 6.4 

Knee valgus angle (degrees) 2.6 ± 8.9 3.5 ± 6.1 5.9 ± 3.8 

ACL-injured 
Above 95% CI 

(n=2) 
Within 95% CI 

(n=4) 
Below 95% CI 

(n=4) 

Knee flexion angle (degrees) 81.0 ± 8.5 69.8 ± 5.7 67.0 ± 10.2 

Ankle dorsiflexion angle (degrees) 32.0 ± 1.4 22.8 ± 4.6 29.3 ± 2.1 

Knee valgus angle (degrees) 6.0 ± 14.1 5.5 ± 8.5 4.5 ± 6.4 

Table 5: Single subject categorical comparison of kinematic data and YBT anterior reach 
distance for healthy participants 

YBT Knee flexion angle Ankle dorsiflexion angle Knee valgus angle 

Above 95% CI 

+ 0 - 

+ + 0 

+ 0 + 

- 0 - 

+ 0 - 

0 + + 

- + - 

Within 95% CI 

+ + + 

0 0 0 

0 + - 

0 + 0 

- 0 + 

+ 0 + 

0 + 0 

+ 0 - 

+ 0 - 

0 0 + 

0 - + 

Below 95% CI 

0 + 0 

+ - 0 

0 - 0 

- - 0 

0 0 + 

- 0 0 

- 0 0 

Legend: + above 95% CI; 0 within 95% CI; and – below 95% CI 

YBT (Tables 5 & 6). 

DISCUSSION 

This is one of the first investigations to examine lower ex-

tremity kinematics during performance of the YBT in both 
at-risk healthy and ACL-injured adolescent females. Results 
suggested that there were no significant differences be-
tween the healthy and ACL-injured subjects on YBT scoring, 
or the lower extremity joint angles observed when partic-
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Table 6: Single subject categorical comparison of kinematic data and YBT anterior reach 
distance for ACL-injured participants. 

YBT Knee flexion angle Ankle dorsiflexion angle Knee valgus angle 

Above 95% CI 
+ + + 

+ + - 

Within 95% CI 

0 0 + 

+ - + 

0 - - 

+ - 0 

Below 95% CI 

- 0 0 

0 + + 

+ 0 - 

0 0 + 

Legend: + above 95% CI; 0 within 95% CI; and – below 95% CI 

ipants performed the YBT ANT reach direction. Data for 
the healthy adolescents indicated that there were only weak 
correlations between scoring on the YBT and the angle of 
ankle dorsiflexion (larger YBT scores were associated with a 
greater degree of ankle dorsi-flexion) and the angle of knee 
valgus (larger YBT scores were associated with less knee 
valgus), but there was little relationship between the an-
gle of knee flexion and YBT ANT reach scoring. Results for 
the ACL-injured group suggested there were no relation-
ships between any of the lower extremity kinematic mea-
sures and ANT reach scoring on the YBT. Interestingly, a 
comparison of subjects when grouped by their performance 
on the YBT ANT reach (above, within or below the 95% CI) 
also failed to identify any consistencies between YBT scor-
ing and lower extremity joint angles (for example: a girl who 
scored well on the YBT was just as likely to have a large 
knee flexion angle as a girl who performed poorly). A sim-
ilar result was observed when single-subject analysis was 
performed. These findings serve to reinforce the notion that 
adolescent females frequently utilize a variety of lower ex-
tremity movement strategies when performing functional 
movement tasks typically observed in sport, and suggest 
that ANT reach scoring on the YBT may offer limited insight 
regarding lower extremity joint kinematics, and ACL-injury 
risk in a physically active adolescent female population. 

This investigation is among the first to report both dy-
namic balance and kinematic data that is specific to both 
a healthy and ACL injured adolescent female population 
who participate in a variety of recreational sporting activi-
ties and is nearing or has recently reached physical matura-
tion. While data indicated that the healthy group was much 
younger than the ACL injured group, the only significant 
difference observed in the anthropometry of the two groups 
was on the parameter of knee joint laxity (ACL deficient 
group > healthy group). As such, the results help to fill a 
significant void that currently exists within the biomechan-
ical and neuromuscular testing literature, and provides im-
portant baseline data that is generalizable to a much larger 
population of adolescent females that is at significant risk 
for ACL injury during sports participation. 

The results serve to extend the findings of previous in-
vestigations on dynamic balance which have focused on 
athletes from specific sports,6,20 older age groups,40–42 or 
competitive sport.22,43 The literature indicates that dy-
namic balance scoring can vary greatly, and can be influ-
enced by a host of factors including testing methodolo-
gies,26,38 the precision of the value reported,40,44–48 and 
the study population’s age,40–42 sex,6,20,46,48,49 sport,6,20 

and competitive level.22,43,50 YBT scoring for our healthy 
adolescent female population fell within the range of ex-
pected scores based on participants age, gender and com-
petitive level – scores were slightly higher than those pre-
viously reported for adults;26,27,38 slightly lower than 
adolescent athlete scoring reported for both sexes;43,51 and 
most similar to scoring from older female participants.52,53 

Normal function of the proprioceptive, vestibular, and vi-
sual systems are all important for dynamic balance, and 
each of these systems are still maturing and developing dur-
ing the adolescent period.44,54–56 As such, it is possible that 
gender and biological changes associated with aging and 
physical maturation had a significant effect on YBT scor-
ing in the present study,53,57 and caution should be used 
when comparing these data with previous reports for an 
adult population. 

Kinematic data from the current investigation provides 
important information about lower extremity joint move-
ments during the execution of the YBT ANT reach by a 
population of healthy adolescent females at significant risk 
for lower extremity injury. Sagittal plane data for the angle 
of ankle dorsiflexion25–27 and the angle of knee flex-
ion23,25–27,58 were comparable to previous reports involv-
ing dynamic balance testing. Within a general population, 
dorsiflexion angles typically range from 32° to 39°, and 
knee flexion angles have been reported to range from 51° to 
68°.23,25–27,58 To date, only one previous investigation has 
examined the knee valgus angle (mean=14.15°±8.36) during 
performance of the YBT, and this study involved a physi-
cally mature population of co-ed university students (mean 
age of 22.7±2.2 years).27 Participant knee valgus angle for 
our adolescent female participants were significantly lower 
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than values reported in this earlier study, and are much 
closer to values reported in another study which evaluated a 
single leg squat task in 30 physically active young females.9 

This investigation also examined YBT ANT reach dis-
tance and lower extremity kinematics in an exploratory 
group of ACL-injured participants. Data indicated that YBT 
reach distance and joint angles were not significantly dif-
ferent when comparing healthy and ACL-injured adolescent 
females. These findings may suggest that our ACL-injured 
subjects were able to use some form of neuromuscular con-
trol in order to compensate for their ligamentous instability 
in their knee. Previous research does suggest that a percent-
age of ACL injured patients, often referred to as “copers”, 
are capable of coordinating muscle activity to dynamically 
stabilize the knee and resume preinjury activities without 
episodes of the knee giving-way.59 Having said this, the 
current investigation of the YBT is the first to include ACL-
injured adolescent individuals. Previous investigations of 
clinical dynamic balance using subjects with ACL injury 
have used less reliable dynamic balance testing protocols 
such as the Star Excursion Balance Test (SEBT).8,33 These 
studies found differences between the healthy controls and 
the ACL injured participants for the anterior reach direc-
tion.8 Although the YBT and SEBT testing protocols are 
similar, research suggests that the anterior reach distance 
performance and kinematic profiles of test subjects are dif-
ferent, and that each test imposes different neuromuscular 
demands and postural-control strategies on the partici-
pant.26,38,60 Thus caution should be used when comparing 
results from the different forms of dynamic balance testing, 
and further neuromuscular research which targets ACL-in-
jured subjects is required in order to clarify inconsistencies, 
and determine whether a difference really exists between 
injured and healthy limbs during execution of the YBT.8,33 

Research on an adult population has previously indicated 
that the angle of ankle dorsiflexion is the best single kine-
matic predictor of YBT scoring in the anterior reach direc-
tion.27,61 Anterior reach YBT scores have also been reported 
to have a moderate correlation with the angle of knee flex-
ion. But, no significant relationship has been established 
between YBT scoring and the angle of knee valgus.27 Re-
sults for a healthy adolescent female population were in 
agreement with the results of these earlier investigations, 
and suggested that a positive weak correlation existed be-
tween YBT scoring and the angle of ankle dorsiflexion (ie. 
subjects who achieved greater ankle dorsiflexion tended to 
be able reach further on the YBT). However, in contrast to 
these earlier reports data from this investigation suggested 
that there was no correlation between the angle of knee 
flexion and YBT anterior reach scoring, and that a nega-
tive correlation existed between a subject’s knee valgus an-
gle and their YBT score (ie. as the angle of knee valgus 
increased, a subjects YBT anterior reach distance actually 
decreased). Previous research specific to an adolescent fe-
male population has suggested that kinematic assessment 
of the knee joint may be more important than the ankle 
joint as females demonstrate a larger dynamic knee valgus 
position than males when performing functional tasks such 
as jump landing and single leg squats.62–64 Dynamic knee 
valgus measures during the execution of functional tasks 
(such as the YBT) are reported to be predictive of risk for 

ACL injury in adolescent females.4,5,7,12 Results from this 
investigation are in agreement with other reports which 
suggest that lower YBT scores19–22 and greater knee valgus 
angles4,5,7,12 are frequently observed in populations who 
are at increased risk of ACL injury. 

In contrast to the healthy subjects, data for the ACL-
injured participants suggested that there was no relation-
ship between lower extremity joint angles and YBT anterior 
reach scoring. While the large range in scoring and small 
sample size may have contributed to this finding, it is also 
possible that anterior/posterior joint instability and par-
ticipant movement apprehension associated with ACL de-
ficiency resulted in participants being more hesitant or 
guarded when performing the YBT anterior reach move-
ment.65 As a result, the ACL injured subjects may have sub-
consciously utilized movement strategies the involved 
greater range of motion at the hip joint or within the trunk 
region to achieve similar reach distances while minimizing 
movements about their injured knee.23 

Finally, a comparison of the kinematic data between the 
healthy and ACL-injured groups suggested that there were 
no significant differences in ankle and knee joint angles 
when performing the YBT ANT reach direction. These re-
sults were confirmed when data was organized by YBT con-
fidence intervals and by single-subject analysis. The sen-
sorimotor system that regulates balance and postural 
awareness relies on information from the visual, vestibular 
and somatosensory subsystems.66 However, pubertal 
growth is reported to inhibit the sensorimotor functions of 
the lower extremity and lead to awkward movement pat-
terns.56 The variability of movement strategies we observed 
may be attributed to the fact that our participants were still 
progressing through or recently completed the maturation 
process, and as such their neuromuscular control and inter-
segmental limb coordination were still developing.56 Dur-
ing execution of the YBT, the only instructions given to 
subjects were to push the reach indicator as far as possi-
ble along the pipe in the reach direction while maintain-
ing a unilateral stance with their hands on hips. No tips 
on how to enhance performance were given.16,46 Kinematic 
data for individual subjects would seem to suggest that ado-
lescent females use a variety of movement strategies to 
achieve maximal reach distance, including ankle dorsiflex-
ion, knee flexion and knee valgus. Standardized placement 
of the hands on hips was used to minimize the influence 
of upper body/extremity sway, although variations in hip 
and trunk movement were unavoidable. Balance-correcting 
strategies of the trunk and hip are often used to maintain 
one’s center of mass over a base of support and prevent loss 
of balance during a lower limb reach.23,27 Other investiga-
tions indicate that a similar anterior reach distance can be 
achieved by either flexing the hip and knee of the stance 
limb, or creating a Trendelenburg position, adducting the 
hip of the stance limb to lengthen the reach limb.23 Lack 
of stability at the trunk and hip is suggested to contribute 
to lateral trunk and Trendelenburg positions, and subse-
quently a knee valgus position.4,5,7 Unfortunately in this 
study, hip and trunk kinematic data were unable to be col-
lected because the video cameras were positioned to collect 
information exclusive to the lower extremity. The specific 
influence of trunk and pelvic positions on the kinematics of 
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the lower extremity may reveal more information about the 
role of distinct or varied positional stabilization strategies 
during execution of the YBT, and should be examined in fu-
ture investigations. 

This study is not without limitation. The use of 2D video 
analysis restricted kinematic analysis to only the anterior 
reach direction of the YBT. Kinematic analysis of postero-
lateral & posteromedial reach directions are much more 
complex (due to the additional rotational movements of the 
trunk and lower extremity), and thus required more sophis-
ticated 3D motion-capture equipment that was beyond the 
scope of this investigation.26,67 Additionally, due to time 
and lab space constraints in our data collection protocol 
(eg. multiple participants were being simultaneously eval-
uated) videotaping was restricted to only the first test trial 
for each subject. As such, it is possible that subjects may 
have altered their kinematic approach to performing the 
YBT over the three consecutive trials of the testing method-
ology. Kinematic analysis of each of these individual tri-
als may have helped to provide a more reliable depiction of 
the relationship between lower extremity joint position and 
scoring on the YBT. 

CONCLUSION 

The results of this investigation indicate that there were no 

significant differences in YBT scoring and lower extremity 
kinematic data in the anterior reach direction when com-
paring the movement patterns of healthy and ACL-injured 
adolescent females. Additionally, both groups utilized a va-
riety of lower extremity movement strategies when per-
forming the functional movement task. Reach scoring on 
the YBT may offer limited insight regarding lower extremity 
joint kinematics, and ACL-injury risk in a physically active 
adolescent female population. Although beyond the scope 
of this study, results from future prospective, longitudinal 
investigations of both healthy and ACL-injured adolescent 
females could be used to identify the physical and neuro-
logical parameters that influence knee joint motion in this 
at-risk sporting population. 
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