
Annals of International Medical and Dental Research 

E-ISSN: 2395-2822 | P-ISSN: 2395-2814 

  Vol-7, Issue-6 | November-December 2021 

Page no- 01-09 | Section- Research Article (Physiotherapy)  

 

1 
Copyright: ©The author(s), published in Annals of International Medical and Dental Research, Vol-7, Issue-5. This is an open access article under 

the Attribution-Non Commercial 2.0 Generic (CC BY-NC 2.0) license. (https://creativecommons.org/licenses/by-nc/2.0/) 

Abstract 

Background: Y Balance Test (YBT) is a device which is used to assess 
dynamic balance and has been used for various purposes including lower 
limb injury prediction, assessment of post-rehabilitation improvement, 
analysis of neuromuscular performance and functional effects of training. 
It has three reach directions Anterior, posteromedial and posterolateral. In 
order to improve the measurement protocol of the Star Excursion Balance 
Test (SEBT), the YBT has been developed. Objectives: To assess the test-
retest reliability, standard error of measurement (SEM), and smallest 
detectable difference (SDD) associated with the YBT. Methods: Maximum 
reach distances were measured using the YBT in all the three direction on a 
sample of 20 sedentary collegiate students (10 male, 10 female; age 18-35 
years). Intraclass correlations coefficients (ICC), SEM and SDD values were 
calculated to obtain reliability and measurement error. Results: Test-retest 
reliability for YBT was excellent, with ICCs ranging from 0.93 to 0.95. The 
values of 95% confidence intervals (CI), SEM and SDD ranged from 0.83 to 
0.98, 1.37 to 1.93 and 3.8 to 5.32 %, respectively. Conclusions: The YBT is 
an extremely reliable tool for measuring dynamic balance in collegiate 
students. Result of the present study substantiates the opinion that change 
in YBT scores are due to change in an individual’s performance and are not 
due to random error. Changes in normalized scores greater than SDD are 
needed to confidently ascertain a real change in YBT performance.  
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INTRODUCTION 

The Y Balance Test is a device to assess the 
dynamic balance of active people, athletes and 
individuals having musculoskeletal 
problems.[1,2] Dynamic balance is described as 
the ability to maintain a stable base of support 
whilst completing a prescribed movement.[3]  
This dynamic balance is essential for activities 
of daily livings, such as walking, jogging, 
travelling and going up and down the stairs as  

 

well as sports specific activities.[4] Balance is 
maintained by visual, vestibular and 
somatosensory inputs.[5]  Therefore, it may be 
adversely affected by head injury, aging, and 
musculoskeletal trauma.[4] Furthermore, 
impairment of balance is an established risk 
factor for injuries of lower limbs such as 
Anterior Cruciate Ligament tears, 
patellofemoral pain syndrome (PFPS), or 
instability and sprain of ankle.[6,7,8,9,10] 
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However, faster, reliable and field-expedient 
measures of balance with established 
discriminant and predictive validity for 
injuries of lower extremities are limited.[11] 

Earlier, the Star Excursion Balance Test (SEBT) 
was commonly used to evaluate the dynamic 
balance of sportspersons. The SEBT is 
performed using single limb stance which 
needs strength, proprioception, neuromuscular 
control and flexibility.[12]  Past literature 
suggests that SEBT has been broadly used for 
numerous purposes which include screening, 
injury identification and prediction,[10,11,13] 
training and rehabilitation.[14,15] Although the 
SEBT is a valid and reliable outcome measure 
of dynamic balance but a number of limitations 
are associated with it.  

Major difficulty which has been associated 
with the SEBT is time-taking protocol as in this 
procedure subjects perform movements in 8 
different reach directions.[16] Furthermore, 
there will be fatigability in stance limb as the 
subject has to execute total number of 72 reach 
movements during the entire process.[16]  Other 
problems with SEBT are difficulty in accurate 
assessment of stance limb movement, the 
location of starting point for the foot and lack 
of clearly defined criteria which constitutes a 
successful reach.  

This location of starting point has a wide range 
of variations as it includes, bisection of the 
lateral malleolus,[9,17,18,19] tip of the toes,[11] 
center of the foot and direction of the reach 
movement.[8,9,20] Hence, these limitations lead 
to variations in the administration and 
interpretation of this test protocol.[2]  This led 
to the invention of a new tool, the Y Balance 
Test (YBT). 

The YBT is a modified and developed version 
of the SEBT, which include only three reach 
directions viz. anterior, posteromedial (PM), 
and posterolateral (PL) instead of all 8 reach 
directions.[2]  The device utilizes the anterior, 
posteromedial (PM), and posterolateral (PL) 
components of the SEBT.  This device and 
protocol attempts to address the common 
sources of error and method variation of the 
previous procedure viz. SEBT. YBT is in use for 
various purposes including lower limb injury 
prediction, assessment of post-rehabilitation 
improvement, analysis of neuromuscular 
performance and functional effects of 
training.[11,21,22,23]  

The intrarater and interrater reliability of YBT 
has been established previously by Plisky et 
al,[2] in soccer players with ICC values 0.85 to 
0.89 and 0.99 to 1.00 respectively. In another 
study, Shaffer, S. W et al., (2013) reported ICC 
values for interrater reliability from 0.80 to 0.85 
on military trainees.[1] They also reported 
standard error of measurement (SEM) and 
smallest detectable difference (SDD) of the 
measurements. The values of SEM and SDD 
are important as it is helpful to assess previous 
as well as future research, and actual 
improvement in performance of an individual 
after training or a rehabilitation program. 

Without these measurement error values, 
actual differences in performance cannot be 
assessed appropriately as it will not be possible 
to ascertain whether these changes are due to 
measurement errors or from intervention. 

Formerly, reliability of the YBT as well as SEBT 
was evaluated in athletes and various other 
active populations but on reviewing the 
English literature on the subject the author did 
not find any study being conducted to evaluate 
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the reliability of the YBT in sedentary healthy 
collegiate students. Therefore, the current 
study is conducted to firstly, evaluate the 
reliability of the YBT in sedentary normal 
collegiate population and secondly, to establish 
error scores in order to identify true changes in 
performance and finally, to evaluate the SDD. 

MATERIAL AND METHODS 

Twenty collegiate students (10 males, 10 
females; age 18-35 years) participated in this 
study. Demographic description is mentioned 
in [Table 1]. Subjects were excluded from 
participation in the study if they had complaint 
of lower limb or back pain; amputation; any 
lower extremity surgery or fracture; vestibular 
disorder; current or undergoing treatment for 
inner ear; neurological disorder; pregnancy, 
and history of participation in exercise 
program or physical training in past 6 weeks. 
All participants carefully read and signed an 
informed consent form before the participation 
in the study. 

Testing device (Y Balance Test Kit) 

It comprises of a stance platform to which 
three PVC pipes are attached in the anterior, 
posteromedial (PM), and posterolateral (PL) 
reach directions. The pipes are arranged in 
such a way that the angle between anterior 
pipe and posterior pipes is 135 degrees; and 
between the posterior pipes is 90 degrees 
[Figure 1]. In each pipe, scales with 5 mm 
increments are marked for measurement. The 
participant is allowed to push a target (reach 
indicator) along the pipe that remains over the 
tape measure till the performance is ended, to 
make the determination of reach distance more 
accurate.[2] 

 

Y Balance Test Protocol 

All the participants were tested twice at the 
same time of day at an interval of 72 hours. 
Prior to the first reading an instructional video 
was seen by all the participants to understand 
the procedure.[11] Before the official testing, 
they practiced 6 trials on dominant leg in each 
of the 3 directions to achieve a significant 
learning effect.[16,24]  The subjects stood on the 
foot plate (grid) with dominant leg, placing his 
most distal aspect of the great toe at the 
starting line. While sustaining this position, the 
subjects were advised to reach as maximum as 
they can with the free limb in the anterior, PM, 
and PL directions [Figure 2]. Hence, the 
measurement of the maximal reach distance 
was taken by tape measure at the edge of the 
reach indicator. Each participant was 
instructed to perform the movement in same 
pattern of rotation (clockwise or anti 
clockwise) with common starting direction to 
avoid order effects.[15]  

The trial was discarded and repeated, if the 
participant failed to maintain single limb 
stance, or if any movement occurred at the 
fixed stance limb or balance of the reach foot is 
lost and touched the ground, or the limb could 
not return to the starting position successfully. 
The maximum distance out of the 3 trials for 
each reach direction was used for analysis. 
Also, the maximum reach distances of all 
directions were summed up to yield a 
composite reach distance for analysis of the 
overall performance on the test. 

Lower limb length measurement 

The limb length of the participants was 
measured in centimetres from the anterior 
superior iliac spine to the medial malleolus in 
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supine position with a tape measure after 
squaring the pelvis.[2] 

Data Analysis 

Maximal reach distance over 3 trials was 
analyzed for every subject for the dominant 
limb in the anterior, PM and PL directions. 
Since reach distance is linked to length of the 
lower limb, maximum reach distance was 
normalized to limb length to allow 
comparisons across subjects and among 
studies. The normalized value was obtained as 
maximum reach distance divided by limb 
length, then multiplied by 100.[11] The 
normalized value for composite reach was 
calculated as composite reach distance, divided 
by 3 times limb length, then multiplied by 100. 
Descriptive statistics (means & standard 
deviations (SD)) were calculated for each reach 
distance and composite reach distance for 
dominant limb. The intrarater reliability was 
evaluated by using an ICC (3, 1). 

The grading system used to evaluate ICCs was 
according to the following standard: Poor = 

<0.40, Fair = 0.40- 0.70, Good = 0.70- 0.90, 
excellent > 0.90.[25]  The SEM was calculated 
as: SD (pooled) × √(1−ICC) ) whilst SDD was 
calculated as: 1.96 × √2 × SEM).[26] to assess 
response stability and precision. Data were 
analysed with the help of SPSS for Windows, 
Version 21.0 statistical software. 

RESULTS 

Mean, SD of the maximum reaches or absolute 
reach (without normalize) of the dominant 
limb along with their normalized values in all 
directions are reported in [Table 2]. The 
reliability estimates obtained for each of the 
three normalized reaches and composite (ICC 
values), 95 % confidence interval (CI), SEM and 
SDD are presented in [Table 3]. The ICC values 
for all directions ranged from 0.93 to 0.95 with 
anterior reach 0.95, PM reach 0.94, PL reach 
0.93, and composite 0.96. The values of ICCs, 
95 % confidence interval (CI), SEM and SDD of 
all absolute reaches are provided in [Table 4]. 

 

 

Table 1: Demographics 
Type Mean ± SD 

Age (years) 23.95 ± 2.64 

Height (m) 1.61 ± .03 

Weight (kg) 58.10 ± 5.20 

Body Mass Index (kg/m2) 22.24 ± 1.55 

Limb Length (cm) 88.31 ± 2.34 

 
SD: standard deviation; m: meter; kg: kilogram; cm: centimetre. 
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Table 2: Mean and standard deviation of test and retest values 
Direction Initial test Retest 

 Absolute Mean ± 
SD 

Normalized Mean 
± SD 

Absolute Mean ± 
SD 

Normalized Mean 
± SD 

Anterior 60.67 ± 6.09 68.66 ± 6.13 60.65 ± 6.38 68.64 ± 6.63 

Posteromedial 91.30 ± 8.07 103.32 ± 7.92 92.60 ± 8.80 104.78 ± 8.72 

Posterolateral 87.06 ± 5.90 98.59 ± 6.36 87.20 ± 6.94 98.73 ± 7.28 

Composite 
(Normalized) 

239.03 ± 18.77 90.19 ± 6.21 240.45 ± 20.12 90.72 ± 6.68 

SD: standard deviation 
 
Table 3: Intrarater reliability for the dominant stance limb for the Y balance test. (Normalized trials of 
all reach directions) 
Direction ICC (3,1) 95% CI SEM  SDD (%) 

Anterior 0.95 (0.869-0.979) 1.37 3.8 

Posteromedial 0.94 (0.848-0.976) 1.93 5.32 

Posterolateral 0.93 (0.831-0.974) 1.68 4.66 

Composite (Normalized) 0.96 (0.910-0.986) 1.24 3.44 

ICC: intraclass correlation coefficient; CI: confidence interval; SEM: standard error of measurement; 
SDD: smallest detectable difference. 
 

 
Figure 1: The Y Balance Kit. Figure shows Y balance test device. Three PVC pipes are attached to a 
stance platform in the anterior, posteromedial (PM), and posterolateral (PL) reach directions. The 
pipes are arranged in such a way that the angle between anterior pipe and posterior pipes is 135 
degrees; and between the posterior pipes is 90 degrees. The participant is allowed to push a target 
successfully to access the balance. 
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Table 4: Intrarater reliability for the dominant stance limb for the Y balance test. (Absolute reaches of 
all reach directions) 
Direction ICC (3,1) 95% CI SEM (cm)  SDD (cm) 

Anterior 0.96 0.89-0.98 1.22 3.38 

Posteromedial 0.95 0.89-0.98 1.80 4.99 

Posterolateral 0.94 0.85-0.98 1.44 3.99 

Composite  0.97 0.93-0.99 3.25 9.01 

ICC: intraclass correlation coefficient; CI: confidence interval; SEM: standard error of measurement; 
SDD: smallest detectable difference. 
 

 
Figure 2: Test protocol, Figure shows the process of performing the Y balance test. The subject stands 
on the foot plate (grid) in the center with dominant leg, placing his most distal aspect of the great toe 
at the starting line. While sustaining this position, the subject is advised to reach as maximum as he 
can with the free limb in all the three directions. The measurement of the maximal reach distance is 
taken by tape measure at the edge of the reach indicator to access dynamic balance. 
 

DISCUSSION 

Y Balance Test is a tool which is used to 
measure dynamic balance, requiring subjects to 
maintain equilibrium on one limb, while 
moving the other limb. The ability of 

maintaining standing position in a normal 
individual can be described as a state of quasi-
static equilibrium. This state is a result of 
center of mass of the body falling within the 
base of support (BOS), indicating overall sway 
without a loss of the base of support. The aim 
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of the YBT is to force subjects to alter their 
equilibrium to a near maximum without a fall 
and then return back to the state of equilibrium 
(starting point). 

The intrarater reliability of the SEBT has been 
described as fair to excellent (ICC 0.67-
0.97),[4,16,27,28] whereas the interrater reliability 
as poor to excellent (0.35-0.93).[16]  The wide 
variability in these ranges of reliability of the 
SEBT advocates the need to improve the 
accuracy of testing procedures and the 
importance of a standardized testing protocol. 
Hence, the YBT was designed to address most 
of the drawbacks of the traditional SEBT 
testing methods. Advantage of YBT over SEBT 
that improves the reproducibility of the 
measurements include properties such as a 
reach indicator, standard height of free limb 
from the ground, clearly explained criteria, and 
the facility of a mark over the tape measure to 
record the reach distance when movement is 
over. These features make the measurements 
more accurate as the attention of the rater is 
more on observing the subject, which results in 
better assessment of movement quality.[2] 

Existing literature suggests that SEBT as well 
as YBT are reliable tools for the assessment of 
dynamic balance in active younger adults,[29] 
actively training service members and male 
collegiate sport persons.[1,2] The present study 
was conducted on sedentary collegiate 
students and results indicate that YBT is 
reliably obtained by same rater across a 72-
hours duration. To prevent error from the 
effect of fatigue and practice effect, the 
readings of this study were taken on different 
days. This study has shown reliability scores of 
the normalized value in present population 
with excellent ICC’s range. According to the 

present study’s normalised SDD values, 
indicate an actual change in performance, a 
person should improve by values ranging from 
3.8% - 5.32% between tests. The values of SEMs 
were ranging from 1.24 to 1.93. This is helpful 
for the use of outcome measures during 
rehabilitation as it gives clinicians and patients 
an idea as to when a rehabilitation protocol is 
meeting its aims. For the comparison among 
individuals normalized scores of reach 
distances are important, however for one 
individual, absolute scores are more useful and 
appropriate. 

In the present study the ICC values of both 
normalized and absolute data in anterior reach 
were maximum which is in agreement with 
previous studies.[1,2] Feedback mechanism 
could be a possible explanation for maximum 
ICC value in anterior reach direction. It is 
explained that, under normal conditions, the 
somatosensory and visual subsystems are the 
main mediators of balance and postural 
awareness.[30] In the anterior reach direction, 
subjects receive visual feedback from the swing 
limb as they move and can spot the scored 
reach distance on each trial. In the remaining 
directions, visual awareness is decreased, 
resulting in more variations in readings of 
reach distances. 

In this study results were calculated from the 
data taken from sedentary collegiate students, 
hence, potentially not limiting the 
generalization of our findings to trained and 
active persons only. Certain limitations to this 
study do exist. First, only the data of the 
dominant limb was analysed for each subjects 
and secondly, all testing was recorded by one 
observer only. Thus, further studies are 
required to assess the interrater test-retest 
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reliability of the YBT in present population and 
compared the results of both the lower limbs. 

CONCLUSIONS 

Y Balance Test is an excellent reliable tool to 
assess dynamic balance with the standardized 
device and protocol and hence a useful aid for 
musculoskeletal and other clinical problems. 

By determining the reliability of this test with 
minimal levels of error scores, clinicians can 

better detect asymmetries in participant’s 
performance. It will also contribute in the 
decision-making process for return to 
advanced activity phase. Now both normalised 
and absolute score references are available 
which will help the scholars and professionals 
to evaluate the actual improvements after 
rehabilitation and training program. These will 
be helpful in understanding if improvements 
are because of measurement error. 
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