
ABSTRACT
Background: Dynamic balance is often an important criterion used during lower extremity musculoskeletal injury predic-
tion, prevention, and rehabilitation processes. Methods to assess lower extremity dynamic balance include the Star Excur-
sion Balance Test (SEBT) and Lower Quarter Y-Balance Test (YBT). Due to the importance of dynamic balance it is imperative 
to establish reliable quantification techniques. 

Purpose: To conduct a systematic review to assess the reliability and responsiveness of the SEBT/YBT. 

Study Design: Systematic Review. 

Methods: Electronic databases (PubMed, MEDLINE, CINAHL, and SPORTDiscus) were searched from inception to August 
2018. Included studies examined the intra- and inter-rater reliability of the SEBT/YBT in healthy adults. Two investigators 
independently assessed methodological quality, level of evidence and strength of recommendation with the Qualtiy 
Appraisal of Reliability Studies (QAREL) scale. Relative intra and inter-rater reliability was examined through intraclass cor-
relation coefficients (ICC) and responsiveness was evaluated through minimal detectable change (MDC). Data was analyzed 
based on reach direction (Anterior, Posteromedial, and Posterolateral) and normalization (normalized and non-normalized). 
Additionally, data were then synthesized using the strength of recommendation taxonomy to provide a grade of 
recommendation. 

Results: A total of nine studies were included in this review. Six studies examined the inter-rater reliability and seven 
assessed intra-rater reliability. The included studies had a median QAREL score of 66.89% (range = 55.56% to 75.00%) and 
59.03% (range = 33.33 to 66.67%) for inter and intra-rater reliability respectively. Median ICC values for inter-rater reli-
ability were 0.88 (Range = 0.83 – 0.96), 0.87 (range = 0.80 – 1.00), and 0.88 (range = 0.73 – 1.00) for the anterior, postero-
medial, and posterolateral directions respectively. Median ICC values for intra-rater reliability were 0.88 (Range = 0.84 – 0.93), 
0.88 (Range = 0.85 – 0.94), and 0.90 (Range = 0.68 – 0.94) for the anterior, posteromedial, and posterolateral directions, 
respectively. 

Conclusions: There is grade A evidence to support that the SEBT/YBT have excellent inter and intra-rater reliability when 
used in healthy adults. Furthermore, minimal detectable change values have been provided that can be used in practice to 
aid clinical decision making. Future research is needed to assess the reliability, responsiveness, and validity of the SEBT/
YBT in pathologic populations. 

Level of Evidence: 1a
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INTRODUCTION
It is estimated that approximately three to five mil-
lion sport related injuries occur each year and pri-
marily occur within the lower extremity.1,2 These 
injuries result in significant time loss, medical 
costs, and often long term consequences such as an 
increased risk of osteoarthritis when joint trauma 
has occurred.3 Due to the prevalence and burden of 
lower extremity injuries, it is imperative to develop 
screening tools to identify those at risk of injury 
and implement proper preventative interventions. 
Effective injury screening tools and subsequent 
preventative strategies can ultimately reduce the 
incidence of injuries, time loss from participation, 
and healthcare costs associated with the short and 
long-term treatment of these injuries.4,5 Dynamic 
balance is thought to be essential for those partici-
pating in physical activity.6,7 Therefore, deficits in 
balance have been widely investigated as a predictor 
of lower extremity injury.6-8 Furthermore, dynamic 
balance is regularly used during the rehabilitation 
process to track progress and make return to play 
decisions.8,9 The established clinical importance of 
dynamic balance for injury prediction, prevention, 
and decision making necessitates the establishment 
of reliable measurement tools.

The Star Excursion Balance Test (SEBT) and lower 
quarter Y-Balance Test (YBT) are two of the most 
prominent tools in the literature to measure dynamic 
balance of the lower extremity.10 The SEBT began as 
a star comprised of four lines, all crossing at the same 
center point.11 To complete the test, an individual 
stands at the center of the star then reaches with the 
contralateral leg as far as possible along one of the 
eight reach directions, while maintaining single leg 
squat stance.11 The distance reached is measured in 
centimeters and typically normalized to the partici-
pant’s height or leg length to quantify dynamic bal-
ance; however it can also be completed without leg 
length normalization.11 In its current form, the SEBT 
has been reduced to three directions due to redun-
dancy (Figure 1).12 Additionally, an instrumented 
version, the YBT, was created with the intention to 
improve the reliability and uniformity of admin-
istration of the test.13 Similar to the SEBT, the YBT 
consists of three reach directions (anterior, postero-
medial, posterolateral) which require participants to 

move in similar patterns (Figure 1). Although the 
movements necessary for both tests are similar, 
research has indicated the anterior reach distances 
have been different when comparing the two tests. 13 
Therefore, the two instruments may not be directly 
comparable. Clinicians and researchers commonly 
use the SEBT and YBT to assess dynamic balance, 
track changes in performance after the introduction 
of an injury prevention or rehabilitation program, 
and to identify those that may be at a heightened 
risk of injury.8,14,15 

With the SEBT and YBT commonly being used to 
assess dynamic balance, ensuring consistency is 
essential for clinical decision-making. Currently, 
there have been a variety of SEBT and YBT meth-
odologies evaluated in the literature to assess the 
reliability of these tests.16-22 Although there are sev-
eral reliability studies, it is challenging to draw con-
clusions from the literature because of the varied 
assessment techniques and lack of evidence con-
solidation. Therefore, the purpose of this systematic 
review was to collect, critically appraise, and syn-
thesize the published evidence describing the inter-
rater and intra-rater reliability of the SEBT and YBT 
to measure dynamic balance in healthy adults.

Figure 1. Star-Excursion Balance Test and Y-Balance Test 
Examples, A) Setup, B) Anterior Reach (ANT), C) Posterolat-
eral Reach (PL), D) Posteromedial Reach (PM).
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METHODS

Search Strategy
The PRISMA guidelines were followed to conduct a 
systematic search of the literature to identify studies 
assessing intra-rater and/or inter-rater reliability of 
the SEBT and YBT as well as report those findings. 23 
Electronic databases were searched using combina-
tions of key words related to the SEBT and/or YBT 
and reliability (Table 1). Boolean operators “OR” and 
“AND” were employed to combine search terms. 

The Boolean phrase and systematic search was 
derived and completed by investigators (CJP, TKD). 
The databases PubMed and EBSCO Host (CINHAL, 
MEDLINE, SportDiscus) were searched from incep-
tion through August 2018. Furthermore, the search 
was limited to full-text manuscripts written in Eng-
lish, which used human participants. 

Eligibility Criteria
Investigators (CJP, TKD) reviewed identified studies 
against eligibility criteria. Studies were screened for 
eligibility based on the criteria below. Initially, poten-
tial eligibility was determined by titles and abstracts. 
In cases in which eligibility was uncertain, the full 
text of the manuscript was reviewed for inclusion. 

Inclusion Criteria
The following inclusion criteria were used to select 
and screen studies for inclusion:

•  Study purpose: Studies were included if the pri-
mary aim was to evaluate the intra-rater and or 
inter-rater reliability of the SEBT and or YBT. 

•  Type of participants: Studies on adult (≥18 years 
of age) human participants were included. No 
restrictions were made in regards to health status 
of the participants.

•  Type of outcome measures: SEBT and or YBT. 
Composite scores in the directions of Anterior 
(Ant), Posteromedial (PM), and Posterolateral 
(PL) were included for the review. 

•  Only peer reviewed, full text studies were included 
for the review.

Exclusion Criteria
The following exclusion criteria were used to screen 
studies for inclusion:

•  Studies that did not evaluate reliability using intra-
class correlation coefficients (ICCs) or provide the 
data needed to calculate this statistic.

•  Studies which included participants that were 
under the age of eighteen.

•  Studies not published in English. 

•  Studies that did not use the SEBT or YBT to assess 
dynamic balance in the lower extremity 

Table 1. Search Strategy, Keywords, and Search Terms Used.
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the ICC if the required data was reported (SEM = 
SD*√1-ICC).26 Furthermore, minimal detectable 
change (MDC) was used to determine the amount of 
change needed to exceed measurement error at the 
95% confidence level. In instances where the MDC 
was not reported or it was reported at a level of con-
fidence other than 95%, the investigators calculated 
it if possible (MDC = SEM*√2*1.96). Descriptive 
analysis, through the use of mean, median, standard 
error, minimum, maximum, and z-skewness, were 
used to synthesize the ICC and MDC values from 
included studies (SPSS software, version 32.0; IBM 
Corporation, Armonk, NY). 

Level of Evidence and Grade of 
Recommendation
Data were then synthesized using the strength of rec-
ommendation taxonomy (SORT). The SORT method 
allows for the assessment of individual study level 
of evidence and a grade of recommendation based 
on quality, quantity, and consistency of the body of 
literature.27 Individual studies were categorized into 
Level 1, 2, and 3 evidence based on the quality of the 
study.27 An A-level recommendation is determined 
based on good quality patient-oriented evidence.27 A 
B-level recommendation is based on limited-quality 
patient-oriented evidence.27 A C-level recommenda-
tion is determined based on consensus, usual prac-
tice, opinion, and disease-oriented evidence.27 

Sensitivity Analysis
The effect of quality criteria on the assumptions of 
level of evidence for high quality studies (≥ 60%) 
was tested by subjecting the criteria to changes 
of ± 10% and determining the subsequent level 
of evidence change. Separate sensitivity analyses 
were conducted for intra- and inter-rater reliabil-
ity for each direction (anterior, posteromedial, and 
posterolateral). 

RESULTS

Literature Search
Figure 2 displays a diagram outlining the results of 
the search and study review process. A total of 93 
studies were retrieved from electronic and hand 
searches. Of those, nine studies were identified as 
meeting the selection criteria. Eight studies were 
identified through electronic search.16-20,22,28,29 One 

Data Extraction
Two reviewers (CJP, TKD) extracted data during the 
primary review. The extracted data included: study 
design, aims, population demographics, clinician 
demographics, methodology of the SEBT and YBT, 
reliability outcomes, statistical evaluations, and 
limitations. Discussion and the use of another inde-
pendent reviewer (EHG) was used to resolve any 
discrepancies in interpretation if needed. 

Assessing Quality of Studies
The methodological quality of the included studies 
was assessed using the Quality Appraisal of Reliabil-
ity Studies (QAREL) scale. The QAREL is specifically 
designed for reliability studies and evaluates statisti-
cal methods as well as internal and external valid-
ity.24,25 The QAREL consists of an 11-item checklist, 
all 11 items are weighted equally and scored using 
Yes, No, Unclear, or N/A in accordance with scoring 
guidelines.24,25 Included studies were considered to 
be of high quality if ≥60% of the checklist items were 
assigned as Yes.24,25 Initially, two reviewers (CJP, 
TKD) scored the selected studies independently. 
Reviewers then met to develop a consensus for each 
study. Any disagreements that could not be brought 
to consensus through discussions were resolved 
using a third reviewer (EHG). Percent agreement 
was calculated to determine the initial agreement 
between the reviewers for each QAREL item. 

Data Analysis and Synthesis
Inter and intra-rater reliability of the SEBT and YBT 
were assessed using separate analyses of the anterior, 
posteromedial, and posterolateral directions. Studies 
could be included in both or one analysis based on 
the data presented. Relative reliability was evaluated 
through calculated or reported Interclass Correla-
tion Coefficients (ICC) for both the inter-rater and 
intra-rater analyses. The confidence interval at 95% 
around the ICC was included when reported. Inter-
class Correlation Coefficients were interpreted in 
this manner: poor=0.00-0.25, fair=0.26-0.50, mod-
erate=0.51-0.75, and good=0.76-1.00 reliability.26 
Standard error of measurement (SEM), a measure of 
measurement dispersion around a “true” score,26 was 
used to examine absolute reliability. In cases where 
the SEM was not reported, it was calculated using the 
standard deviation and the square root of one minus 
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standard error, and z-skewness of ICC and MDC val-
ues for both quantifi cation techniques and each 
reach direction. Anterior reach inter-rater reliability 
had a median ICC of 0.88 (Range = 0.83 – 0.96). Pos-
teromedial reach inter-rater reliability had a median 
ICC of 0.87 (range = 0.80 – 1.00). Posterolateral 
reach inter-rater reliability had a median ICC of 0.88 
(range = 0.73 – 1.00).

Intra-rater Studies. Excellent intra-rater reliability 
was demonstrated within each investigation regard-
less of use of SEBT or YBT or quantifi cation tech-
nique (normalized or non-normalized). Table 4 illus-
trates the mean, median, minimum, maximum 
standard error, and z-skewness of ICC and MDC val-
ues for both quantifi cation techniques and each 
reach direction. Anterior reach intra-rater reliability 
had an overall median ICC of 0.88 (Range = 0.84 

study was identified through hand search.2 Six stud-
ies examined inter-rater reliability.16,19-22,28 Seven 
studies examined intra-rater reliability.19-22,24,30,31 

General Characteristics 
The study characteristics of included studies are 
displayed in Table 2. All studies included partici-
pants free of lower extremity injury. Seven stud-
ies16-18,21,22,28,29 quantified the SEBT using a tape 
measure and measurements in centimeters. Two 
studies19,20 quantified the SEBT using the YBT instru-
mented kit and measured in centimeters. 

Inter-rater Studies. Excellent inter-rater reliability 
was demonstrated within each investigation regard-
less of use of SEBT or YBT or quantifi cation tech-
nique (normalized or non-normalized). Table 5 and 
6 illustrate the mean, median, minimum, maximum, 

Figure 2. Flow Chart of Literature Review.
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Primarily, the included studies suffered from a lack 
of blinding of the raters to their own fi ndings, oth-
ers, and additional cues as well as a lack of testing 
order variation. The external validity portion of the 
scale ranged from 66.67% to 100.00% with a median 
of 100.00%. 

Intra-rater Studies. There were a total of three high 
quality studies18,19,21 and four low quality stud-
ies.16,17,28,29 Quality appraisal tool for studies of diag-
nostic reliability scores for the intra-rater reliability 
studies ranged from 33.33% to 66.67% with a median 
of 59.03%. Primarily, the included studies suffered 
from a lack of blinding of the raters to their own fi nd-
ings, others, and additional cues as well as a lack of 
testing order variation. The internal validity portion 
of the scale ranged from 0% to 50% with a median of 
40%. The external validity portion of the scale ranged 
from 66.67% to 100% with a median of 66.67%. 

– 0.93). Posteromedial reach intra-rater reliability 
had an overall median ICC of 0.88 (Range = 0.85 – 
0.94). Posterolateral reach intra-rater reliability had 
an overall median ICC of 0.90 (Range = 0.68 
– 0.94). 

Methodological Quality
The two reviewers (CJP, TKD) agreed on 109/110 
(99%) items on the QAREL checklist. The one dif-
ference in QAREL score was resolved by discussion 
between the reviewers. 

Inter-rater Studies. There were a total of four high 
quality studies19-22 and two low quality studies.16,28 
Quality appraisal tool for studies of diagnostic reli-
ability scores for the inter-rater reliability studies 
ranged from 55.56% to 75.00% with a median of 
66.69%. The internal validity portion of the scale 
ranged from 0% to 50% with a median of 40%. 

Table 2. Characteristics of Included Studies.
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Intra-rater reliability. The results of this review 
indicate that there is Grade A evidence to support 
excellent intra-rater reliability of the SEBT/YBT. 
This recommendation is based on consistent fi nd-
ings from three high quality studies18,19,21 and four 
low quality studies16,17,28,29 that are all level 2 
investigations. 

Level of Evidence

Inter-rater reliability. The results of this review indi-
cate that there is Grade A evidence to support excel-
lent inter-rater reliability of the SEBT/YBT. This rec-
ommendation is based on consistent fi ndings from 
four high quality studies19-22 and two low quality 
studies16,28 that are all level 2 investigations. 

Table 3.  Quality Analysis of Reliability Studies Using the Quality Appraisal of Reliability Studies Tool.

Table 4. Pooled Intraclass Correlation Coeffi cients (ICC) and Minimal Detectable Change (MDC).
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intra-rater reliability of the SEBT/YBT. This recom-
mendation does not change when using normalized 
or non-normalized quantification techniques as well 
as when evaluating each reach direction. The find-
ings demonstrate that the SEBT/YBT can be used 
consistently between one or more clinicians as well 
as over time. Additionally, summated MDC scores 
are provided that can be used to help guide clinical 
decisions by enhancing the determination of when 
patient change has occurred that exceed the error 
associated with the test. Furthermore, the results of 
the sensitivity analysis demonstrate that primarily 
high level of evidence supports the reliability and 
usefulness of the SEBT/YBT.

Methodological Considerations
Included studies assessed the reliability of the SEBT/
YBT in healthy populations. Primarily, healthy adults 
with a mean age range from 19 to 31 years old were 

Sensitivity Analysis
Changing the quality criterion for determining high 
or low quality studies by ±10% did not affect the rec-
ommendation for inter-rater reliability. The recom-
mendation for intra-rater reliability would change to 
a B if the criterion were increased by 10% because 
the authors’ recommendation would be based upon 
the findings from one high quality study21 and six 
low quality studies.8,16-18,28,29 This indicates that the 
current available evidence is generally high quality 
and that the findings of this review are not likely 
biased by lower quality evidence. 

DISCUSSION

Summary of Results
The purpose of this systematic review was to deter-
mine the inter- and intra-rater reliability of the 
SEBT/YBT. The results demonstrate that there is 
Grade A evidence indicating excellent inter- and 

Table 5.  Intra-Rater Reliability Statistics and Minimal Detectable Change.
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included. The activity level of the participants included 
in this review varied. The majority of the participants 
in this review were general population or recreation-
ally active. One study’s participants19 consisted of 
recreational collegiate soccer players while another 
study’s participants20 were individuals actively par-
ticipating in military training. However, regardless of 
these variations there were consistent reliability mea-
sures demonstrated by the included studies. Based on 
the characteristic that all participants were healthy, it 
is unclear how lower extremity pathology may affect 
SEBT/YBT reliability. Additionally, there is limited 
evaluation of the SEBT/YBT outside of a physically 
active collegiate population. Therefore, further evalu-
ations are needed to determine the reliability and util-
ity of the SEBT/YBT in a wide range of populations. 

Instrumentation techniques used to conduct the 
SEBT/YBT varied slightly between studies. The 

most common quantification technique used a tape 
measure attached to the floor.16-18,21,22,28-30 The other 
method used quantified the SEBT/YBT using the 
Y-Balance instrumented kit.19,20 Other methodologi-
cal variations that were noted between the studies 
included normalization of reaching limb, number of 
practice and test trials, and body positioning during 
the SEBT/YBT. The reliability of the SEBT/YBT was 
found to be excellent regardless of the quantifica-
tion technique that was used. Five studies16,19,20,22,28,29 
allowed the participants to complete between one 
and six practice trials before completing the trials 
for collection. Body positioning of the participants 
while completing the SEBT/YBT varied between the 
studies. Six studies16-18,21,22,30 required that the par-
ticipants’ hands must remain on hips while reaches 
were completed. Two studies18,30 required the heel 
of the stance leg to remain flat on the ground while 
the reaches were completed. Additionally, the 

Table 6.  Inter-Rater Reliability Statistics and Minimal Detectable Change.
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positioning of the foot on the tape measure/block 
during testing varied between studies. The foot 
was most commonly placed behind or in front of 
the intersection of the reach directions16,18-20,28 or so 
the foot was bisected by the reach directions.17,21,22,30 
When conducting the SEBT/YBT clinicians should 
allow for four practice trials. Studies in which at 
least four practice trials were permitted, saw more 
consistent results in fewer collected trials.16,19,20,22 
Although there were several methodological differ-
ences between the studies in terms of quantifica-
tion technique, normalization, practice trials, and 
body position, these differences did not appear to 
affect the reliability of the SEBT/YBT. It is important 
to note though that if a clinician is using the non-
normalized method, results can only be compared 
within the same patient and not across patients. 
Thus, it is important for a clinician to be consistent 
in the methodology used in their practice. 

Practical Implications
The results of this review indicate that quantifi-
cation technique, normalization, practice trials, 
and body positioning do not appear to affect intra 
or inter-rater reliability. The results indicate that 
clinicians can perform the SEBT/YBT using their 
preferred technique with a high degree of consis-
tency between clinicians and over time. However, 
clinicians should use the same methodology when 
attempting to compare scores as the use of differ-
ent measurement techniques may produce differ-
ent raw values. Furthermore, normalization to leg 
length should occur to allow for comparison across 
patients. In summary, the results indicate that the 
SEBT/YBT is a reliable tool that can provide com-
parable results between multiple raters during pre-
participation injury screening as well as throughout 
the rehabilitation process. 

The following summary MDCs should be used in 
clinical practice to determine patient change that 
exceeds the error associated with the SEBT/YBT. 
When evaluating changes in normalized reach dis-
tances over time MDCs of 5.87%, 7.84%, and 7.55% 
should be used for anterior, posteromedial, and 
posterolateral reach directions, respectively. When 
evaluating changes in non-normalized reach dis-
tances MDCs of 6.37cm, 7.12cm, and 8.76cm should 

be used for anterior, posteromedial, and postero-
lateral reach directions, respectively. For example, 
if a patient’s anterior reach increases or decreases 
5.87% or more for a normalized reach, the change 
can be considered true change and potentially clini-
cally meaningful change. The same is true for an 
increase or decrease in anterior reach of greater than 
6.37cm for a non-normalized reach,  the change can 
be considered true change and potentially clinically 
meaningful change. The ability to determine change 
that exceeds dynamic balance measurement error 
can assist a clinician in making prevention, rehabili-
tation, and return to play decisions. However, it is 
important to note that the included MDCs are based 
on healthy participants and that these values may 
not translate to pathologic populations.

Limitations of Review
This systematic review is not without limitations. 
Following the inclusion criteria, only healthy adult 
participants were included in the review. Due to 
this, five studies30-34 were excluded due to the par-
ticipant group including individuals under the age 
of 18 years. This review did not include any stud-
ies in which the participant group was pathologic 
or injured due to limitations in the literature. By 
excluding these studies the authors may have unin-
tentionally limited the scope of the reliability of the 
SEBT/YBT. Future research should investigate the 
reliability of the SEBT/YBT within participants with 
pathologic conditions or injuires. Lastly, this inves-
tigation was only able to assess ICCs and MDCs of 
the SEBT/YBT. Important clinical statistics such as 
minimally clinically important difference should be 
investigated in future studies.

CONCLUSION
The results of this systematic review demonstrate 
that there is Grade A evidence to support excellent 
inter- and intra-rater reliability of the SEBT/YBT. 
These results infer that the SEBT/YBT should be 
used clinically to assess dynamic balance and pro-
vide consistent and repeatable results between one 
or more clinicians. Due to all of the included studies 
assessing dynamic balance in healthy populations, 
future research should determine the reliability of 
the SEBT/YBT in a pathologic population.
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