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ABSTRACT

Objective: To validate the PhisioPlay software for proprioceptive evaluation of the
shoulder joint based on the data obtained by isokinetic dynamometry equipment.
Methods: Thirty-one individuals constituted a single group for proprioceptive evaluation
of both shoulder joints by means of joint position sense (JPS). The testing protocol of
PhisioPlay consisted of the abduction movement of the shoulder to the target angles of
45° and 90° and the maintenance of these positions for 30 seconds. In the isokinetic
dynamometer, the test was performed using its proprioceptive evaluation protocol for
the same movement, target angles, and maintenance time established for the previous
test. Results: For the 90° variables, statistical analysis pointed to agreement for the
dominant limb in relation to the mean angulation and the absolute difference and for
the non-dominant limb in relation to the absolute difference. The results of mean
comparisons of the absolute differences via the Wilcoxon Test corroborate the literature
regarding the behavior of the JPS considering joint amplitude, lateral dominance, and
greater or lesser torque affecting the joint. Reliability and sensitivity measures also
strengthen the conclusions. Conclusion: The results point to the construct validity of the
PhisioPlay software for evaluating the JPS of the shoulder joint at 45° and 90° and suggest
that the JPS is more influenced by the angle of the joint during the motor task than by
the lateral dominance.
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RESUMO

Objetivo: Validar do software PhisioPlay para avaliagdo proprioceptiva da articulagdo do
ombro realizando movimento de abdugdo a 452 e 909 utilizando os dados obtidos por
um equipamento de dinamometria isocinética. Métodos: Trinta e um individuos
compuseram um unico grupo de avaliagdo da propriocepgdo pelo senso de posi¢do
articular (SPA) do ombro. O protocolo de teste no PhisioPlay consistiu no movimento de
abducdo do ombro para o angulo alvo de 45° e 90° e sua manutencgdo por 30 segundos.
No dinamoémetro isocinético o teste foi realizado utilizando seu protocolo de avaliagdo
proprioceptiva para o mesmo movimento, angulos alvo e tempo de manutengdo no
angulo alvo estabelecidos para o teste anterior. Resultados: Para as varidveis de 90° foi
observada concordancia moderada para o membro dominante em relagao a angulagdo
média e a diferencga absoluta, e para o membro ndao dominante em relagdo a diferenga
absoluta. O teste de Wilcoxon ao comparar os valores dos erros absolutos em relagdo ao
angulo alvo obtidos pelo PhisioPlay corroboram com a literatura sobre o comportamento
do SPA observando amplitude articular, lateralidade e maior ou menor torque incidindo
sobre a articulagdo. Medidas de confiabilidade e sensibilidade também reforcaram este
comportamento. Conclusdo: Os resultados apontam para validade de construto do
software PhisioPlay para a avaliagdo do SPA da articulagdo do ombro a 45° e 90° e
sugerem que o SPA é mais influenciado pela angulagdo da articulagdo durante a tarefa
motora do que pela dominancia lateral.

Palavras-chaves: Articulagdo do Ombro, Propriocep¢do, Software, Reabilitacao
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INTRODUCTION

Proprioception, alongside tactile, temperature, and pain, is
considered a sensation of the somatosensory system.! It is
characterized by afferent information regarding joint position
(ability to perceive the orientation of a joint in space),
kinesthesia (sensation of active or passive movement), sense of
force (perception of tension generated on a joint), and sense of
change in speed.? That is, mechanical stimuli are converted into
neural stimuli by the afferent pathways of the central nervous
system.34

Joint position sense (JPS) is the most evaluated
proprioceptive feature in clinical trials and offers the most
possibilities for application in clinical practice. The evaluation
consists of observing the precision of joint repositioning at a
predetermined target angle and calculating the error in
degrees.*>6 Goniometers, inclinometers, isokinetic
dynamometers, and image and movement analysis systems,
among other types of equipment developed by the researchers
themselves, are used to assess JPS. However, the accuracy of
some equipment, as well as the reproducibility of its results,
can be questioned. Accurate instruments, such as isokinetic
dynamometers, are expensive, difficult to transport, and
require a lot of time in the preparation and execution of tests.
In addition, they require trained evaluators to avoid error.>®

Clark et al.” highlight the possibility of developing new
technologies using smartphones (which have accelerometers
and gyroscopes), devices with camera systems, such as Kinect®
(Nintendo Co. Ltd. Kyoto, Japan), and other video- and image-
based technologies.

Existing technologies that capture images, such as Kinect®,
can help to advance and facilitate the development of these
new tools.® Kinect® is a device that captures movement by
means of a camera, motion sensors, and infrared emitters, and
it has enabled the development of software that also
recognizes joints of the human body, making it possible to track
all body movements as well as their amplitude.>°

Recently, at the Federal University of Alfenas (UNIFAL-MG),
the PhisioPlay software was developed to assess shoulder joint
function; this software may be a low-cost and easy-to-use
alternative for assessing proprioception.'*** PhisioPlay has a
simple interface and, installed on a desktop computer or laptop
connected to a Kinect® device, enables the evaluation of the
angular range of movement as well as the time spent by the
patient to achieve the proposed angulation.

Proprioception is an important factor in the rehabilitation
process of musculoskeletal injuries and in preventing the
recurrence of these injuries.’*® In addition, proprioception
acts as an important mechanism for transmitting sensory
information with the potential for neural plasticity, the
relationship between perception and sensory transmission
being well-accepted, and the expression of representations in
primary regions of the brain responsible for the sensorimotor
system.*17

OBJECTIVE

The aim of this study was to validate the PhisioPlay software
for proprioceptive evaluation of the shoulder joint based on
data obtained by isokinetic dynamometry equipment.
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METHODS

This is a methodological study with a quantitative approach
for the validation of the PhisioPlay software carried out
between September 2019 and September 2020. The research
was approved by the Research Ethics Committee of the Federal
University of Alfenas (CAAE 03508818.0.0000.5142, no.
3.156.299). All volunteers signed the informed consent form.

Thirty-one university students recruited from a higher
education institution through classroom invitations constituted
a single group to assess the shoulder JPS.

Youths of both genders and of at least 18 years of age who
were physically active as assessed by the International Physical
Activity Questionnaire (IPAQ)*® and willing to participate in the
study were included. Volunteers who reported pain, edema,
injuries, or fractures in the upper limbs or who received any
score on the Brazilian version of the Shoulder Pain and
Disability Index (SPADI)® were excluded.

All volunteers had the abduction movement JPS of both
their shoulders evaluated using two devices: PhisioPlay, and a
Biodex System 4 Pro isokinetic dynamometer (Biodex, Shirley,
NY, USA). The order in which the instruments were used, the
sequence of the test, and the target angles were randomized.

The acquisition of data by PhisioPlay occurred with the
volunteer positioned in orthostatism in front of the Kinect®
device connected to a laptop with the PhisioPlay software
installed. On the laptop screen, the participants could see their
image and observe the movement trajectory with numerical
indication of the angular position of the tested limb during the
entire abduction movement of the shoulder.

Each shoulder was assessed six times followed by an
interval of thirty seconds between each test. The first test of
the protocol always included visual feedback for the purpose of
memorizing the angular position, following which the
volunteers were blindfolded. When blindfolded, volunteers
received verbal instructions to start and finish the test. The
software was programmed with the indication of the member
to be tested (left or right), the duration of the session (30
seconds), the frequency of recording of data obtained in the
output file (0.1 second), and the target angle (45° or 90°).

A Biodex System 4 Pro isokinetic dynamometer (Shirley, NY,
USA) was used to assess the JPS of volunteers’ shoulders via the
proprioceptive test protocol of the equipment’s software. The
test protocol consisted of the subjected being seated and
blindfolded and holding the device’s stop button (with the
contralateral hand), their body stabilized on the chair with the
hip strap.

The strap that crosses the trunk over the shoulder was used
only on the contralateral side so that there was no stimulation
of mechanoceptors in the region, which would influence the
perception of angulation. The isokinetic dynamometer was
calibrated daily before the first test of the day. The protocol
defined for the test was bilateral, active mode, with a single
target angular position (45° or 90°) to be reached from 15°,
which would allow the subject to hold the bar coupled to the
rotation axis of the equipment, with the limb to be tested
extended and relaxed.

Three repetitions were performed at the maximum angular
speed allowed by the device (3602/s). Limits of range of motion
were set on the isokinetic dynamometer ranging from 0° to
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180°, allowing the subject total freedom of amplitude and
speed of movement to reach the target angle.

PhisioPlay generates a spreadsheet as an output file in
Microsoft Office Excel (2013) format. The information
contained in this spreadsheet shows the position of the joint
tested every 0.1 second. Although the spreadsheet generated
contained data collected from zero to 30 seconds, we
standardized that we would only consider angular positioning
data from six to ten seconds of testing.

This decision was made to avoid possible biases, such as
those caused by the volunteer delaying the start of the
movement of positioning the joint, which would compromise
the initial values, or muscle fatigue, which would influence the
final values of the tests.

Considering the angular values obtained from the sixth to
the tenth second, the angular mean obtained in this interval
was calculated, as was the difference between the mean
angular value and the target angle for all spreadsheets
generated by PhisioPlay. The isokinetic dynamometer
generates an output file containing the mean angle of the three
sets of each shoulder and their differences from the target
angle.

A pilot study was previously conducted with ten individuals
who were evaluated on both Phisioplay and isokinetic
dynamometer. Then, the sample size was calculated by
G*Power version 3.1.9.6 (Franz Faul, Universitat Kiel, Germany)
comparing the target angle means by the Wilcoxon-Mann-
Whitney test of the evaluations performed. The sample size
calculation indicated 24 individuals (power: 0.95).

For statistical analysis, the Statistical Package for the Social
Sciences (SPSS) (IBM Corp. Chicago) software version 20.0 for
Windows was used. The normality of the data was verified by
the Kolmogorov-Smirnov test. The reliability was calculated by
the intraclass correlation coefficient (ICC) (type 2, 3),
interpreted as follows: less than 0.40 indicates low reliability;
between 0.40 and 0.75, moderate; between 0.75 and 0.90,
substantial; and greater than 0.90, excellent.? The data was
considered significant at and above the level of 95% (p < 0.05).

The Wilcoxon test for mean comparisons was applied to
observe the JPS behavior regarding angulation, instruments,
and limb dominance.?! The standard error of measurement
(SEM) was calculated. Just as the ICC is a measure of
reliability,** the SEM involves the calculation of the variability
of the measurements on the same individual, being translated
as the square root of the total variance excluding the variance
between subjects.???*> SEM is expressed by the same unit of
measurement and was calculated using the equation below:

EPM = highest SD * Vv (1-1CC)

In addition, minimum detectable change (MDC), considered
a measure of sensitivity that can be described as the smallest
variation in the measurement that can be interpreted as real
change,?3 was calculated using the equation below:

MDC = 1.96 x V2 * SEM

RESULTS

Thirty-one subjects were evaluated—20 women and 11
men with an average age of 23.8 (+ 3.91) years, average body
mass of 66.85 (+ 9.38) kilograms, and average height of 1.68 (+
0.06) meters. All were physically active and without any kind of
pain or dysfunction of the shoulder joint. Of these, 96.77%
were right-handed and 3.23% left-handed.

Table 1 presents the mean values, standard deviation,
correlation, and SEM and MDC values for PhisioPlay and the
isokinetic dynamometer for the dominant and non-dominant
limbs at 45°.

Table 2 presents the mean values, standard deviation,
correlation, and SEM and MDC values for PhisioPlay and the
isokinetic dynamometer for the dominant and non-dominant
limbs at 90°. To observe the behavior of the JPS according to
the different variables (angular position, instruments, and
laterality), the values of absolute difference (error, deviation)
in relation to the target angle were polled according to these
conditions for comparison by the Wilcoxon test and are
presented in Table 3.

Table 1. Mean values and standard deviation, Intraclass Correlation Coefficient, standard error of measurement e minimal
detectable change of the mean angulation and difference to the target (diff.) for dominant and non-dominant limbs at the

isokinetic dynamometer (ISO) and PhisioPlay (PHY) at 45°

SHOULDER VARIABLE ISO PHY ICC ICC LEVEL 95% CI SEM MDC
Mean angulation 45,60 50,08
45° (3,10) (3,64) 0,58 MODERATE 0,088 - 0,805 2,36 6,10
DOMINANT
3,49 5,28
Diff. 45° ! ! 1 L -0,826 -
iff. 45 (2.13) (3.33) 0,14 ow 0,826 - 0,597 3,08 8,49
Mean angulation 45,96 50,39
450 (4,64) (3,71) 0,15 LOW 0,817 - 0,599 4,29 2,96
NON-DOMINANT
4,30 5,58
Diff. 45° ! ! 2 L - -
iff. 45 (2.21) (3.41) 0,25 ow 0,604 - 0,646 4,68 5,86

ICC: Intraclass correlation coefficient; 95% ClI: Confidence interval; SEM:Standard error of measurement; MDC: Minimal detectable change; Significance level at

95% (p<0,05)
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Table 2.

Mean values and standard deviation, Intraclass Correlation Coefficient, standard error of measurement e minimal

detectable change of the mean angulation and difference to the target (diff.) for dominant and non-dominant limbs at the

isokinetic dynamometer (ISO) and PhisioPlay (PHY) at 90°

SHOULDER VARIABLE 1ISO PHY ICC ICC LEVEL 95% IC SEM MDC
Mean angulation 89,54 92,36
90° (2,76) (4,09) 0,49 MODERATE -0,081- 0,762 2,91 5,76
DOMINANT
. . 2,97 3,28
Diff. 90 (133) (2.85) 0,18 Low -0,771-0,621 2,58 5,10
Mean angulation 89,64 90,5
900 (2,18) (2,61) 0,51 MODERATE -0,054-0,774 1,82 3,61
NON-DOMINANTE
. . 2,90 2,14
Diff. 90 (1.33) (1.55) 0,09 Low 0,977-0,577 1,48 2,93

ICC: Intraclass correlation coefficient; 95% IC: Confidence interval; SEM: Standard error of measurement; MDC: Minimal detectable change; Significance level at

959% (p<0,05)

Table 3. Wilcoxon Test comparing absolute mean difference to the target angle values considering angular position, instruments,

laterality or laterality associated to target angle

VARIABLE MEAN D - 3
ANGLE

45° 5,17 3,2

90° 3,52 236 124 <0,001*
INSTRUMENT

PHISIOPLAY 5,07 338

ISOK. DINAMOMETER 3,62 2,16 124 <0,001*
LATERALITY

DOMINANT 4,25 2,83

NON-DOMINANT 4,44 3,06 62 0,35
45°

DOMINANT 4,72 3,04

NON-DOMINANT 5,61 3,31 62 0,017*
90°

DOMINANT 3,77 2,53

NON-DOMINANT 2,27 2,18 62 0,156

Significance level at 95% (p<0,05)
DISCUSSION

Considering the importance of proprioception in
maintaining joint stability and the need of accessible and easy-
to-use tools to assess shoulder JPS, this study sought to validate
the PhisioPlay software for this purpose.

When comparing the two instruments, it was found that
PhisioPlay correlated with the isokinetic dynamometer, which
is considered a technologically advanced piece of equipment
and possesses its own specific protocol for proprioceptive
evaluation by JPS. However, the level of correlation between
the instruments was more evident at 90° of abduction for the
mean values obtained for the dominant and non-dominant
limbs.

No studies were found in which an isokinetic dynamometer
was used to validate assessment instruments for shoulder JPS;
studies undertaken to validate assessment instruments used
other equipment and techniques as parameters.?*?> Ager et al.®

18

in a systematic review, reported the lack of validation studies
of instruments to assess proprioceptive aspects of the shoulder
joint and the lack of standardization of the proprioceptive
assessment protocols.

In one of the few validation studies of instruments for the
assessment of shoulder proprioception, the criteria for
reliability and validity of the laser pointer, inclinometer, and
goniometer were verified by comparison to a three-
dimensional motion capture system.?* Authors found strong
correlation for the laser pointer and for the inclinometer at 55°
and 90° of shoulder flexion. Also, strong and moderate
correlations for the goniometer in the angular positions of 55°
and 90° of flexion were found, respectively. The better results
of these authors in comparison to the present research can be
explained by the fact that in the study cited, variations of 10°
above or below the target angle were considered acceptable

during the period of maintaining the position, and the authors
evaluated not abduction but shoulder flexion.
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In another study, authors sought to verify the validity of an
instrument for the assessment of JPS using a magnetic
movement-tracking system as a comparison. However, the
authors evaluated scapular movement during sustained 90°
shoulder abduction and found a better correlation for the non-
dominant limb.> However, another study that compared
shoulder JPS between dominant and non-dominant limbs
found a difference between the sides only during the lowest
angle of the tested protocol, which was 55°.%6

This result is aligned with the findings of the present
research, suggesting that angular positioning error is more
affected by angulation (movement amplitude) than by lateral
dominance. When comparing exclusively the differences in
relation to the target angle between the dominant and non-
dominant limbs, the present study found no difference
between left and right sides. However, when comparing in
relation to the target angle, the difference between the
dominant and non-dominant sides was found only at 45° of
movement.

More accurate JPS at mid and high ranges of angular
amplitude was also described by other authors who compared
the movement of the shoulder at different angles.?#?%%’ This
fact can be attributed to the greater activity of the muscle-
tendon mechanoreceptors (Golgi tendon organs and muscle
spindles) that occurs when there is greater muscle tension, in
this case, by muscle contraction to perform the movement
against gravity.?%?°

Moreover, as movement progresses, other joints of the
shoulder complex, in addition to the glenohumeral joint, start
to act progressively.3%32 Thus, all musculature, ligaments, and
tendons involved contribute with proprioceptive information
captured by the mechanoreceptors of these structures.

Comparing both instruments, greater repositioning errors
were found with PhisioPlay. This is because, in the isokinetic
dynamometer, the movement to be performed requires the
subject to raise a bar that acts on the rotation axis of the device,
which generates greater overload and consequently more
intense muscle contraction.

Therefore, the muscle-tendon mechanoreceptors are more
intensely stimulated in the isokinetic dynamometer, while in
PhisioPlay, the overload is only the mass of the limb against
gravity. The sense of force, which mixes the perception of
weight with the intensity of muscle contraction, may also have
contributed to the greater JPS accuracy. The torque on the joint
requires greater muscle contraction intensity and has an effect
on the accuracy of angular repositioning.333°

SEM assesses the expected random error of the
measurement (‘noise’ in the data), which may originate from
the instrument, the evaluator, or the subject; that is, it may
involve technological aspects, biological aspects, or even
reflect changes in the subject’s physical and mental states.??

SEM values varied from 2.36 to 4.29 at 45° and from 1.48 to
2.91 at 90°, so it is possible to say that the measurement at 90°
showed less error (noise) than the measurement at 45°. The
MDC value of 95% significance was calculated from EPM. MDC
is @ measure of sensitivity because, based upon it, in repeated
measures, one can conclude whether the change observed in
the value is real; thus, it is of great use in clinical practice. MDC
values varied at 45° from 4.68 to 8.49, and at 90° from 2.93 to
5.76, which demonstrates that the sensitivity was greater at
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The present research has certain limitations, such as the
impossibility of evaluating JPS on both instruments
simultaneously (concurrent validity). This is because the
subject was seated, and the structure of the isokinetic
dynamometer in the background caused disturbance in the
image capture by Kinect®. As much as we tried to match the
conditions of both tests, the differences between both
methods were also a limiting factor, such as the fact that
angular position is recorded in a single moment by the
isokinetic dynamometer while dozens of records are acquired
by PhisioPlay.

The isokinetic dynamometer test is performed sitting and
with the subject’s trunk stabilized, while in PhisioPlay, the test
is performed standing, and trunk stabilization depends
exclusively on the volunteer. Another difference between the
two instruments concerns the overload on the shoulder joint
during isokinetic dynamometer tests generated by the need to
move the device arm (bar) against gravity, whereas PhisioPlay
tests present no extra load.

Considering the importance of proprioception for joint
stability during movement, there is a need for instruments that
are capable of developing and evaluating this capacity during
the rehabilitation process. Isokinetic dynamometers are one of
these equipments, developed with high technology, equipped
with a variety of programs and functionalities, and able to be
applied with a range of possibilities.

Therefore, their high cost makes them available only in
specialized centers, becoming very little accessible. Thus, the
PhisioPlay software represents an affordable, portable, easy to
use and easy to interpret results alternative resource,
evidencing its clinical relevance for the rehabilitation process of
patients with proprioceptive deficits.

CONCLUSION

The results obtained point to the construct validity of the
PhisioPlay software for the evaluation of shoulder joint JPS at
45°and 90°. However, the correlation between the instruments
is stronger at 90° of abduction of the dominant shoulder joint.

Considering the two instruments only, shoulder joint JPS
errors were greater with PhisioPlay tests than with isokinetic
dynamometer tests, regardless of other variables, such as
dominant or non-dominant limb and target angle. Regarding
dominant and non-dominant limbs only, there was no
difference in the repositioning error, regardless of the
instrument or target angle.

Comparing the difference in repositioning the shoulder
joint at 45° and 90°, regardless of dominant limb or non-
dominant limb and equipment, greater errors of repositioning
were found at 45°. Observing the dominance of the limb
associated with the target angle (45° and 90°) and disregarding
instruments, there were differences in shoulder JPS between
the dominant and non-dominant limbs only at the target angle
of 45°.
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