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Sport Biomechanics Lab, Sector of Sports Medicine and Biology of Exercise, School of Physical Education and Sport Science,  
National and Kapodistrian University of Athens, Athens, Greece
 
Abstract
Purpose. This study aimed to verify the reliability of estimating ballet dancers’ postural stability during the unshod and 
the en pointe relevé position with a smartphone application
Methods. The participants (13 ballet dancers, 22.4 ± 2.5 years of age) were tested in the unshod and the en pointe relevé 
position (YMED Balance Test application, smartphone secured at the L5 level for centre of mass approximation, 10 trials for 
each condition, 10 seconds per trial, 2-minute intertrial break, arms relaxed at bodyside, gaze fixated at an eye-level target, 
preferred feet width and orientation). Paired t-tests examined the inter-condition differences. Relative (intraclass correlation 
coefficient, ICC) and absolute (standard error of measurement, SEM, SEM%) reliability indices (for accumulated and paired 
trials) were computed for each condition (SPSS software v. 26.0, p < 0.05).
Results. The total balance score and all centre of mass spatial measures indicated worse postural stability in the en pointe 
condition (p < 0.05), with no significant temporal differences (p > 0.05). The total body balance score was the most reliable 
measure (good to excellent ICCs, low to moderate SEM%) with a minimum of 8 trials ensuring reliability in both the unshod 
and the en pointe relevé positions.
Conclusions. Taken a minimum of 8 trials and the measure of total balance score, we may obtain a reliable estimation 
of ballet dancers’ postural stability in the unshod and the en pointe relevé position by using the YMED Balance Test smart
phone application.
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Introduction

The postural stability of ballet dancers has been 
evaluated in a variety of stances [1–5]. The en pointe 
relevé position is an ultimate postural stability chal-
lenge for ballet dancers owing to the extreme ankle 
joint configuration (full plantar flexion) [6], which 
together with the very small base of support provided 
by the pointe shoes induces a very sensitive equilibrium 
and an increased falling risk [1]. Nevertheless, the en 
pointe relevé position is not common among the rele-
vant postural stability studies in ballet dancers. Evalu-
ation of ballet dancers’ postural stability in the en pointe 
relevé position allows to determine the skill level and 
may contribute to specified training technical recom-
mendations [2].

The gold standard of postural stability evaluation in 
a laboratory setting is the force plate in general popu-
lation studies [7] but also among ballet dancers [2, 5], 
followed by elaborated motion capture systems [6, 8, 9]. 
In recent years, wearable sensors based on miniaturized 
inertial measurement units (typically including accel-
erometers and gyroscopes) have increasingly been used 
in postural stability studies [7, 10–12], ballet dancers 
studies inclusive [3, 13].

Although the laboratory devices provide a state-of-
the-art quantitative evaluation of postural stability, they 
involve a high cost in both money and time, the evalu-
ation procedure is complex, and a field setting is often 
not applicable because of the limited portability of the 
devices [14–16]. Smartphones can be regarded as a solu-
tion for overcoming the limitations of laboratory-based 
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assessments. Portability, together with their built-in ac-
celerometers, have turned smartphones into a major 
potential for objective and convenient (easy, portable, 
and affordable) postural stability assessment in a field 
setting [14, 16–18]. In such a case, the reliability of the 
smartphone application itself, as well as of the par-
ticular standing position and the examinee specificity 
remains an issue of concern [9, 15, 17]. Thus, the pur-
pose of this study was to evaluate the reliability of 
determining ballet dancers’ postural stability during 
the unshod and the en pointe relevé position by using 
a smartphone application.

Material and methods

Sample

Thirteen young women (age: 22.4 ± 2.5 years, body 
height: 162.6 ± 5.95 cm, body mass: 54.62 ± 8.03 kg) 
experienced in classic ballet dance (11.8 ± 4.1 years), 
as well as in the en pointe relevé position (5.6 ± 3.1 
years) participated in the study. They all used their reg-
ular pointe shoes as the time of use does not appear to 
affect stability [19]. The participants were free of mus-
culoskeletal injuries or vestibular disorders that would 
potentially affect their postural stability.

Smartphone application

The YMED Balance Test application for an Android-
based smartphone (Xiaomi Redmi Note 5, released in 
February 2018, https://www.mi.com/global/redmi-
note-5/specs/) was used in the present study. The Xi-
aomi Redmi Note 5 smartphone has an accelerometer 
sensor resolution at 0.0024 m/s2, which is a common 
one among the smartphone accelerometer sensors 
(https://phyphox.org/sensordb/). The application (de-
veloped in 2012 by Physiotools YMED, http://physio
tool.blogspot.com/2011/) uses only the accelerometer 
sensor embedded in smartphones and is available from 
the Google Play Store (https://play.google.com/store/
apps/details?id=com.hyunc.rehatrain.balancecheck 
&hl=el&gl=US).

The YMED Balance Test was selected from among 
3 smartphone applications (Balance Test, Sway, and 
YMED Balance Test) [17]. The selection criteria were 
the low cost together with the specificity of the offered 
tasks, which allows the assessment of static postural 
stability through an easy and non-expensive software 
acquisition. Specifically, among the 3 smartphone ap-
plications, the Balance Test by Slani is free of cost but 
designed as a balance board test, and the Sway has 

to be paid by a minimum of 50 profiles per year ($4.50 
per profile) [17]. Instead, the YMED Balance Test can 
be used completely through a final $8.00 payment, 
without having to pay again in the future [17]. Fur-
thermore, it is reported to provide values of moderate 
to high relative reliability with intraclass correlation 
coefficients (ICCs) ranging from 0.62 to 0.91 [17], and 
has been validated against the Biodex Stability System 
with a rather low systematic error at 0.01–0.08 [15].

Data collection procedure

The YMED Balance Test offers 4 types of tasks (ves-
tibule, sitting, knee, balance board) with a 10-second 
data collection period. In their validation study against 
the Biodex Stability System, Park et al. [15] report its 
sampling frequency as 1 dot every 60 ms and 1000 
dots per minute, which infers a sampling frequency 
of 16.6 Hz. Since its first release in 2012 (personal 
communication with the developer at yhc0869@han-
mail.net), the YMED Balance Test has been updated 
and the sampling frequency is 100 Hz (resulting in 
1000 dots for the standardized 10-second sampling 
duration). The calibration of the accelerometer sensor 
of the smartphone was tested by using the RedPi Apps 
Tools (available from the Google Play Store at https://
play.google.com/store/apps/details?id=redpi.apps.ac
celerometercalibrationfree&hl=en&gl=US). Also, the 
procedures described by Ma et al. [20] were applied for 
static bias testing.

The vestibule task of the YMED Balance Test was 
used in both the unshod and the en pointe relevé con-
ditions. Data collection began via the start button, ini-
tiating the 5-second zeroing calibration procedure (ac-
companied with a visual 5-4-3-2-1-START countdown), 
which is immediately followed by the 10-second data 
collection. The first centre of mass (CoM) point imme-
diately after the completion of the 5-second calibration 
procedure defines the zero CoM position (personal com-
munication with the developer). After data collection, 
a report is saved on the mobile phone including the 
total balance score, as well as octadrant-based direc-
tional variables (Figure 1D). In both the unshod and 
the en pointe conditions, 3 familiarization trials were 
allowed per condition. Ten trials were performed in each 
condition (2-minute break among trials, 5-minute 
break before the main data collection procedure). In 
case the participants failed to maintain their relevé po-
sition throughout the 10-second data collection period, 
the trial was repeated. The subjects were instructed 
to stand in front of a ballet bar (typical height), place 
their hands on the bar, and remain in full contact 



F. Paderi, A. Emmanouil, E. Rousanoglou, Smartphone reliability for ballet stability estimation

HUMAN MOVEMENT

86
Human Movement, Vol. 23, No 2, 2022

Figure. 1. Illustration of the unshod (A) and the en pointe (B) relevé stance, as well as the smartphone placement (C) 

To ensure the same feet repositioning in all trials, a piece of paper secured on the floor surface was used to outline  
the base of support. Panel D shows extracts of the YMED Balance Test reports saved in the smartphone for the total 
balance score (1 decimal point resolution), as well as for the directional variables of the sum (cm), the maximum (cm) 
(2 decimal points resolution), and the time percentage (% ttotal, decimal point resolution, 100% = 10-second data 
collection duration). Red font indicates the octadrant where the peak directional values were recorded. Panel E illustrates 
the base of support outline for a representative participant (to facilitate visualization, the dotted lines indicate the full 
floor contact). Panel F presents the original directional octadrants (Oct) in which the YMED Balance Test provides 
the spatial and temporal directional variables of the centre of mass point displacement, and the directional quartiles 
(Q) used to facilitate the conceptualization of the centre of mass orientation results.

Directional Variables YMED report

Total Balance Score YMED report
999.1 577.3D

A B C

E

F
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with the floor until instructed to adopt the relevé po-
sition. After adopting the relevé position (Figure 1A, B), 
a vocal cue informed them to slowly release the bar and 
relax their arms at the side of their body just before the 
calibration initiation (a vocal instruction was provided 
for gaze fixation on a target in front of them, at eye level). 
The mobile phone was securely positioned (narrow 
elastic ring band) on the dorsal body surface at the O5 
level (i.e., approximating the CoM position) (Figure 1C). 
In both the unshod and the en pointe condition, the pe-
rimeter of the initial feet placement (preferred width 
and orientation) was outlined on a piece of paper se-
cured on the floor, to ensure the same feet reposition-
ing in all trials (Figure 1E).

After each one of the trials, all participants rated 
their postural stability and sense of fatigue using 
a 4-point Likert scale. The ratings (Figure 2) indicated 
that the postural stability in the en pointe relevé was 
about 50% lower than in the unshod relevé. Despite an 
increasing trend after the 6th trial in the en pointe rel-
evé, the fatigue ratings did not exceed the low level. 
Overall, the Likert scale ratings allow the inference of 
no learning or fatigue effect along with the 10 trials in 
both the unshod and the en pointe relevé. The presence 
of a learning and/or fatigue effect was further exam-
ined through statistical procedures; these are described 
in the statistics section and their outcomes are pre-
sented in the results section.

Variables

The YMED Balance Test provides a total postural 
stability estimation (total balance score with 1 decimal 
point resolution) ranging from 0 to 1000 (0: worst bal-

ance, 1000: best balance). The YMED Balance Test (per-
sonal communication with the developer) estimates 
the total balance score from the CoM point displace-
ment within 10 concentric circular zones, with zero 
CoM position defining the centre of the concentric cir-
cular zones, and the inner and outer zone indicating 
the better and the worse stability, respectively. It also 
provides spatial and temporal data for the CoM point 
orientation within octadrant zones, that is, the sum of 
the CoM point displacements (cm, 2 decimal points 
resolution), the maximum CoM point displacement 
(cm, 2 decimal points resolution), and the time percent-
age of the CoM point displacement (% ttotal, 10 s = 
100%, 1 decimal point resolution), in each of the 8 oc-
tadrants. The 10-trial average consisted of the value 
of the balance score, as well as of the octadrant spa-
tial and temporal values of the CoM point displace-
ment. For conceptual facilitation of the CoM orienta-
tion, the octadrant values (Oct1, Oct2, Oct3, Oct4, Oct5, 
Oct6, Oct7, Oct8) were summed into quartile values 
indicating the anterior (Q1 = Oct1 + Oct2), rightwards 
(Q2 = Oct3 + Oct4), posterior (Q3 = Oct5 + Oct6), and 
leftwards (Q4 = Oct7 + Oct8) CoM point displacement 
(Figure 1F).

Statistical analysis

The statistical analysis included paired t-tests be-
tween the unshod and the en pointe relevé conditions, 
with the 10-trial average constituting the individual 
value (respectively for each of the examined variables) 
inserted in the statistical analysis. Data normality was 
not tested as with less than 30 cases such a test is not 
actually of usefulness, and a similar or even lower 

Figure 2. Participants’ responses to the 4-point Likert scale concerning postural stability and perceived fatigue 
immediately after each trial of the unshod (grey bars) and the en pointe (black bars) relevé conditions
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number of cases is not uncommon in other relevant 
studies (n = 15 [7], n = 10 [21], n = 10 [22], n = 5 [23]). 
However, we applied the Spearman-Brown prophecy 
formula [24] to estimate the number of measurements 
(k) necessary to achieve the desired level of optimal re-
liability (Rk):

k = [Rk*(1 – R)] / [R*(1 – Rk)]

The application of this formula in our study, with 
the desired level of reliability (Rk) set at 0.70, 0.80 and 
with R being the value of the intraclass correlation co-
efficient (ICC) for the reliability between the 1st and 
2nd trial (R = 0.20 and R = 0.80 for the unshod and 
the en pointe, respectively), led to confirming the use 
of at least 9 trials in the unshod and just 2 trials in 
the en pointe relevé in this respect. As we aimed at a 
balanced design, we finally chose 10 trials for both 
relevé conditions.

Relative and absolute reliability measures were ap-
plied separately in the unshod and the en pointe relevé 
conditions. There are several forms of the ICC [25], 
but considering that the reliability that is in question 
concerns absolute agreement, the 2-way random effects 
absolute agreement method, also known as ICC(2,1), 
was the most appropriate for the present study [21]. 
The ICC’s upper and lower bounds of their 95% con-
fidence interval were also extracted. Relative reliability 
was classified in accordance with Fleiss [26] (ICC > 
0.75: excellent, ICC between 0.40 and 0.75: fair to 
good, ICC < 0.40: poor). Absolute reliability was esti-
mated by using the standard error of measurement 
(SEM) and the percentage SEM (SEM%). SEM accounts 
for the within-subject variability, assesses how pre-
cisely a test measures a subject’s true value, has the 
same units as the measure of interest, and is not sen-
sitive to the between-subject variability of the data. 
Thus SEM, indicates the expected variation in observed 
values that occurs owing to the measurement error 
(if reliability = 0, SEM will equal the standard devia-
tion of the observed values; if test reliability = 1.00, 
SEM will be zero). SEM was estimated as the square 
root of the mean square error term from ANOVA, as 
this estimation has the advantage of being independ-
ent of the specific ICC and allows more consistency in 
interpreting SEM values from different studies [27]. 
Furthermore, SEM% allows a comparison of the ex-
pected variation in observed values between different 
conditions (as the 2 relevé conditions of the present 
study) and was defined as (SEM/ ) × 100, where  is 
the average of all observed values. Following the sug-

gestion by Hopkins [28], the potential learning or fa-
tigue effects on ICC and SEM were examined with 
separate analyses of accumulated trials (1st to 2nd, 1st 
to 3rd, ..., 1st to 10th), as well as of consecutive pairs of 
trials (1st vs. 2nd, 2nd vs. 3rd, ..., 9th vs. 10th). Also, in 
each relevé condition, we tested the trial effect (total 
of 10 trials) via repeated measures analysis, separately 
for each variable. If the Mauchly’s test indicated a vio-
lation of data sphericity (p < 0.05), the Greenhouse-
Geisser correction was used to estimate the trial ef-
fect significance. All statistical analyses were carried 
out with the IBM SPSS software v. 26.0, with the level 
of significance set at  = 0.05.

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the School 
of Physical Education and Sport Science, National and 
Kapodistrian University of Athens, Greece (approval 
protocol number: 1165/12-02-2020).

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

Comparison between unshod and en pointe relevé

Figure 3 presents the mean of accumulated trials, 
as well as its lower and upper bound of the 95% con-
fidence intervals, for the total balance score and the 
spatial and temporal directional variables, for the 
total of 10 trials for testing the trial effect via repeat-
ed measures analysis, separately for each variable. 
No significant trial effect was found, either for the 
total balance score or for any of the spatial and tem-
poral directional variables (p > 0.05).

The total balance score was 946.6 ± 43.59 in the 
unshod relevé, with a significantly lower value in the 
en pointe condition (553.3 ± 263.4) (t = 5.053, df = 12, 
p < 0.001) (Figure 2). All spatial quartile measures 
were also significantly lower in the en pointe condition 
(p < 0.05), with no significant difference (p > 0.05) 
concerning the temporal measures (time percentage of 
the CoM displacement) (Figure 2).
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* 
p = 0.001

Figure 3. Mean (standard deviation) of the total balance score in the unshod (grey bars)  
and the en pointe (black bars) condition

Spatial (sum and maximum of the CoM point displacement) and temporal (time percentage of the CoM point displace-
ment) per quartile direction. The significance (p value) of the difference between the unshod and the en pointe condi-
tions is noted. There was no significant difference between anterior and posterior direction (unshod relevé: p = 0.211, 
0.380, 0.947; en pointe relevé: p = 0.977, 0.712, 0.519 for the sum, maximum and time percentage (% ttotal) of the CoM 
point displacement, respectively). Concerning the rightwards vs. leftwards comparison, no significant difference was 
found for the spatial measures (unshod relevé: p = 0.997, 0.712; en pointe relevé: p = 0.946, 0.796 for the sum and 
maximum of the CoM point displacement, respectively). However, the leftwards % ttotal was significantly greater 
compared with rightwards in the unshod relevé (p = 0.037), with no significant difference in the en pointe condition 
(p = 0.937) (paired t-tests, separately for each variable, were applied for all bi-directional comparisons)

Relative – absolute reliability

Total balance score

The reliability indices imply a consistently lower 
relative and a consistently higher absolute reliability of 
the total balance score in the unshod compared with 
the en pointe condition, both in the accumulated and 
paired trials (Figure 4). The trial accumulation indi-
cates a minimum of 6 trials in the unshod relevé and 

just 2 trials in the en pointe relevé for significant rela-
tive reliability. The paired trials reliability was not sig-
nificant in the unshod condition, whereas all consecu-
tive pairs indicated significant reliability in the en 
pointe condition. The absolute reliability points at an 
about triple SEM% in the en pointe compared with the 
unshod relevé consistently for all trial accumulations 
except the first 2 ones. The mean ± standard deviation 
of total balance score SEM% equalled, in the unshod 
and the en pointe relevé, respectively, 9.5 ± 1.2% 

CoM – centre of mass, ttotal – total time, ns – non-significant difference at p < 0.05  
ANT – anteriorly, POST – posteriorly, RIGHT – rightwards, LEFT – leftwards
* significant difference at p < 0.05
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ICC – intraclass correlation coefficient, SEM% – percentage standard error of measurement, ns – non-significant ICC
* significant ICC

Figure 4. Relative (ICC) and absolute (SEM%) total balance score for the accumulated and paired trials  
in the unshod (grey markers) and the en pointe (black markers) conditions. The error bars indicate the lower  

and upper bound of the 95% confidence intervals

and 27.9 ± 7.2% for overall accumulated trials and 
9.0. ± 3.2% and 26.9 ± 8.3% for overall paired trials 
(Figure 4).

Directional variables

The directional variables demonstrated cases of sig-
nificant fair to good reliability for the sum of the CoM 
displacement, and excellent reliability for the maximum 
of CoM displacement (in the accumulated and paired 
trials), whereas the time percentage of the CoM dis-
placement presented overall non-significant reliability. 
However, no consistent pattern of significant reliability 
was demonstrated either for trial accumulation or for 
pairs of trials (Table 1, Figure 5). The absolute reliability 
of the directional variables (Figure 6) indicates a de-
crease and a stabilization of SEM% after a 6-trial ac-
cumulation; however, the SEM% of the directional 

variables is rather too high in both the unshod and the 
en pointe relevé (mean ± standard deviation of SEM% 
across all 4 directions for the sum, the maximum, and 
the time percentage of the CoM point displacement, 
respectively: overall for accumulated trials: 114.1 ± 
20.6%, 105.5 ± 35.8%, and 109.4 ± 15.1%; overall 
for paired trials: 106.1 ± 25.3%, 96.5 ± 35.9%, and 
115.7 ± 29.2%).

Discussion

The purpose of this study was to evaluate the reli-
ability of assessing ballet dancers’ postural stability 
in the unshod and the en pointe relevé position with 
a smartphone application.

As expected, postural stability was significantly 
lower (by about 48%) in the en pointe compared with 
the unshod relevé position. Similarly, all CoM spatial 
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CoM – centre of mass, ICC – intraclass correlation coefficient, 
Ant – anteriorly, Post – posteriorly, Right – rightwards, Left – leftwards

Figure 5. Relative reliability (ICC) of the directional variables for the accumulated and paired trials in the unshod  
(grey markers) and the en pointe (black markers) relevé conditions. The error bars indicate the lower and upper bound  

of the 95% confidence intervals. The significance of ICCs is presented in Table 1
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Table 1. Relative reliability significance (p < 0.05) for the directional variables presented in Figure 5

Sum of CoM displacement Max of CoM displacement %Time of CoM displacement

Unshod En pointe Unshod En pointe Unshod En pointe Unshod En pointe Unshod En pointe Unshod En pointe

A P A P R L R L A P A P R L R L A P A P R L R L

Accumulated trials
2 ns ns ns ns ns * ns ns * ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
3 ns ns ns * ns * ns ns ns ns * ns ns ns ns ** ns ns ns * ns ns ns ns
4 ns ns ns * ns ns ns ns * ns ns * * * ns * ns ns ns * ns * ns ns
5 * ns ns * ns ns ns ns * ns * * ns ** ns * ns ns ns ns ns * ns ns
6 ** * ns * ns ns * ns * * ns * ns ** * * ns ns ns ns ns ns ns ns
7 ** * ns * ns ns * * ** ** ns * ns ** * ** * * ns ns ns ns ns ns
8 ** * ns * * ns * * ** ** ns * ns ** * ** * * ns ns ns ns ns ns
9 ** * ns * * ns * * ** ** ns * ns ** * ** ns * ns ns ns ns ns ns
10 ** * ns * * ns * ** ** ** * ** ns ** * ** ns * ns ns ns ns ns ns

Paired trials
1–2 ns ns ns ns ns * ns ns * ns ns ns ns ns ns ns ns ns ns ns ns * ns ns
2–3 ** ns ns ** ns ns ns ns ns ns ns ns ns ns ns ** ns ns ns ** ns ns ns ns
3–4 ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
4–5 ** ns ns ns ns ns ns ns ** ns ns ns ns ** ns ns ns ns ns ns ns ns ns ns
5–6 ** ns ns ns ns ns ns ns ns ns ns ns ns ns * ns ns ns ns ns ns ns ns ns
6–7 ** ns ns ns ns ns ns ns ** ** ns ns ns ns * ** ns ns ns ns ns ns ns ns
7–8 ns ns ns ns ** ns * * * ** ns ns ns ns ns ** ns ns ns ns ns ns ns ns
8–9 ns ns ns * ns ns ns ns ns ** ns ns ns ns ns ** ns ns ns ns ns ns ns ns
9–10 ** ns ns ns ns * ns ** ns ns ns * ns ns ns ** * ns ns ns ns ns ** ns

CoM – centre of mass, A – anteriorly, P – posteriorly, R – rightwards, L – leftwards, ns – non-significant reliability
* fair to good reliability (0.40 > ICC > 0.75), ** excellent reliability (ICC > 0.75) (intraclass correlation coefficient [ICC]  
classification in accordance with Fleiss [26])

measures indicated significantly lower postural sta-
bility in the en pointe compared with the unshod con-
dition, whereas the directional temporal distribution 
of the CoM point displacement did not differ between 
conditions. Overall, taken an adequate number of 
trials, the results encourage the use of a smartphone 
application for testing standing postural stability in 
ballet dancers. This approach employs a low-cost and 
of high-portability tool for field assessment compared 
with expensive and of limited-portability laboratory 
equipment such as the force plate gold standard [2, 7, 
26], accelerometers [3, 7, 10–12], or a motion capture 
system [6, 8, 9].

The results indicate the total balance score as the 
most reliable postural stability measure provided by 
the YMED Balance Test application used in the pre-
sent study, whereas the directional CoM information 
(spatial or temporal) appears of relative but not of ab-
solute reliability value. The superior reliability of the 
total balance score over the directional CoM measures 
is supported by both the relative and absolute relia-
bility indices and agrees with studies of varying smart-
phone reliability depending on the variable used to 

examine postural stability [16]. Overall, the total bal-
ance score reliability appears similar to other smart-
phone applications; Amick et al. [14] report excellent 
relative reliability with ICCs of 0.78 (SEM: 5.82) in 
standing tasks (full contact with the floor, double or 
single leg standing, 2 trials) using the Sway balance 
mobile application. Good to excellent relative reliability 
ICC indices are also reported for postural stability as-
sessments with accelerometers (ICC: 0.62–0.71 [10], 
ICC: 0.736–0.972 [12]).

The reliability criteria themselves warrant careful 
computation and interpretation owing to the variety of 
computational models and the wide range of classifi-
cation boundaries [25, 26]. Furthermore, one should 
realize the different interpretations of relative (the de-
gree to which individuals maintain their position in 
a sample over repeated measurements) vs. absolute 
(the degree to which repeated measurements vary for 
individuals) reliability indices [26]. Specifically, the 
ICC indices in our study indicate good relative relia-
bility for the total balance score in the unshod condi-
tion and excellent relative reliability in the en pointe 
condition. Nevertheless, as may be inferred from its 
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CoM – centre of mass, SEM% – percentage standard error of measurement, 
Ant – anteriorly, Post – posteriorly, Right – rightwards, Left – leftwards

Figure 6. Absolute reliability (SEM%) of the directional variables for the accumulated and paired trials in the unshod 
(grey markers) and the en pointe (black markers) relevé conditions. The error bars indicate the lower and upper bound  

of the 95% confidence intervals



F. Paderi, A. Emmanouil, E. Rousanoglou, Smartphone reliability for ballet stability estimation

HUMAN MOVEMENT

94
Human Movement, Vol. 23, No 2, 2022

about 1/3 lower SEM%, the absolute reliability of the 
total balance score is better in the unshod than the 
en pointe condition. Also, the degree of reliability of 
the spatial measures is not consistent in the unshod vs. 
the en pointe condition, indicating a directional inter-
condition differentiation for the sum, but not for the 
maximum of the CoM point displacement. Precisely, 
in the unshod condition, the relative reliability was 
fair to good in the anterior and posterior directions but 
poor in the medial and lateral ones, while the opposite 
was found for the en pointe condition. Concerning the 
maximum of the CoM point displacement, in both the 
unshod and the en pointe conditions, the relative re-
liability appears consistently higher (good to excellent 
or fair to good) in the medial and lateral directions 
compared with the anterior and posterior ones. Never-
theless, despite the existence of good or excellent rela-
tive reliability for the spatial directional variables, their 
high SEM% indicates that the directional absolute re-
liability of the YMED Balance Test is poor.

One may argue that a methodological bias may un-
derlie the directional reliability differences, as well as 
the greater leftward rather than rightward spatial and 
temporal measures. Bias in research is an important 
issue; as it may not be totally eliminated, it is impor-
tant to understand it in order to consider strategies to 
minimize it. However, an accelerometer sensor bias 
or an environmental attractor (i.e. the examiner’s po-
sition or a wall nearby) are not likely to explain the 
directional differences observed in the present study. 
Before the initiation of the measurements, the accel-
erometer sensor of the smartphone was calibrated and 
the procedures described by Ma et al. [20] were applied 
for static bias testing. Furthermore, the examiner was 
standing behind and not laterally to the participant to 
monitor the smartphone’s screen, and although a wall 
existed nearby, it was not consistently on the right or 
left side of the participants. The stance leg dominance 
could possibly associate with the directional difference 
(the left leg was reported as the preferred stance leg for 
work en pointe and also the left leg was indicated as 
the stance dominant one in the leg dominance test). In-
deed, leg dominance appears to differentiate the asym-
metrical function of the feet (by how one foot performs 
the mobilizing function, emphasizing the precision of 
the movement, whereas the other foot stabilizes the 
upper body, providing support for the tracing foot) [29]. 
However, leg dominance does not appear to influence 
postural stability during the quiet upright stance or the 
single-legged stance [29].

Force plates are considered the gold standard for 
postural stability evaluation and allow a high test-retest 

reliability, but they are generally expensive and inac-
cessible for field testing [11, 15, 16]. In turn, accelerom-
eters demonstrate reliability indices that are compa-
rable with those allowed by force plates [11]. Indeed, 
it is not of surprise that some researchers suggest ac-
celerometers as superior to force plates owing to their 
ability to quantify human movement in natural envi-
ronments [11]. Thus, because of their built-in accel-
erometers, smartphone applications may provide a valid 
alternative to the force plate gold standard for a field 
setting evaluation of postural stability [9, 11, 14, 16, 17]. 
Nevertheless, the reliability of measurements acquired 
with smartphone applications remains an issue of 
concern [9, 14, 16, 17].

The mobile phone was positioned at the lumbar 
level (CoM approximation) in accordance with the 
YMED Balance Test guidelines, coinciding with the 
majority of research using accelerometers to assess 
postural stability [11, 22]. It must be noted, though, 
that other body placements are also applied in smart-
phone application studies (i.e. thorax, knee, ankle), 
with the degree of reliability varying not only owing 
to placement but also in conjunction with the type of 
standing test [9, 13, 18]. For instance, depending on 
the type of balance test (static or dynamic), reliability 
might be higher in the thoracic than the lumbar level [9]. 
Similarly, depending on the degree of test difficulty, 
the ankle location may provide a greater detection sen-
sitivity, easiness of application, and feasibility, but this 
would be at the cost of potentially greater asymmetry 
between the left and right legs [18]. Shah et al. [18] 
attribute the lower reliability of the trunk placement 
to the low sampling rate of their smartphone built-in 
accelerometer (i.e. 14–15 Hz). They associate the low 
sampling rate with a potential failure of trunk move-
ment detection if the individual’s balance is not sig-
nificantly challenged. Thus, the sampling rate should 
be taken into consideration when comparing results 
with other studies, particularly when research-grade 
accelerometers are used, which allow a sampling rate 
of up to 1000 samples per second [22]. However, as mo-
bile phone technology advances and the embedded ac-
celerometers improve, they may be able to provide higher 
sampling rates and more robust measures of standing 
balance. Indeed, the main limitation of the present 
study is that the measurements of the smartphone 
application were not compared with a gold standard 
such as a force plate or a research-grade accelerom-
eter tested for validity and reliability.

The number of trials necessary to obtain a good reli-
ability index is a concern in many studies [14, 21], even 
for the most reliable among assessment tools, i.e. the 
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force plate gold standard, where just 2 or 3 trials may 
ensure excellent relative reliability [21]. Just 2 trials are 
also reported to provide excellent intersession rela-
tive reliability when using a smartphone application to 
evaluate postural stability in the typical bipedal stance 
[14]. However, the relevé position, and particularly the 
en pointe one, is not among the stances commonly ex-
amined in previous studies concerning ballet danc-
ers’ postural stability [1–5]. Thus, a total of 10 trials 
were selected to ensure that the number of trials would 
be adequate to extract safe reliability conclusions for 
both the unshod and the en pointe relevé stances.

As emphasized by Atkinson and Nevill [30], the 
higher the SEM%, the lower the absolute reliability and 
the lower the precision of the obtained results. However, 
to the best of our knowledge, there do not appear spe-
cific criteria concerning SEM% classification. SEM% 
of 9–14% was classified by Jaworski et al. [10] as very 
good reliability, while values of 40% were interpreted 
as significantly worse (single-legged standing, inertial 
sensor accelerometer). Similarly, Pooranawatthanakul 
and Siriphorn [9] report SEM% at about 16% for com-
mon standing balance tests performed with a mobile 
phone application. Taken into account these 2 studies, 
we may infer very good absolute reliability of the total 
balance score in the unshod condition and moderate 
absolute reliability in the en pointe condition, with 
the latter most likely within a normal range owing to 
its extreme anatomical and mechanical configuration. 
Nevertheless, future studies are necessary to provide 
normative data concerning the reliability of assessing 
postural stability during the en pointe relevé position, 
which is not among the standing positions commonly 
examined in the existing literature.

Conclusions

Postural stability was significantly lower (by about 
48%) in the en pointe compared with the unshod rel-
evé position. The total balance score is highlighted of 
good and excellent relative reliability in the unshod 
relevé, as well as of good and moderate absolute reli-
ability in the en pointe relevé. The directional param-
eters of the CoM point displacement demonstrate an 
overall good relative reliability but their absolute re-
liability is rather poor. Overall, a minimum of 8 trials 
are suggested for reliable results in both the unshod 
and the en pointe relevé. The results encourage the use 
of a smartphone application for testing standing pos-
tural stability in ballet dancers as it constitutes a low-
cost and high-portability tool for field assessment.
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