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Integracja Sensoryczna ukladu przedsionkowego, jako jeden z elementow
kompleksowej rehabilitacji dziecka z uszkodzonym sluchem

Sensory Integration of the Vestibular System as one of the elements
of comprehensive rehabilitation of a child with impaired hearing
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to sprawdzony od 7 lat dystrybutor
urzadzen do drenazu drog oddechowych

amerykanskiej firmy Hillrom

Hill-Rom.

TV€ST —— MetaNeb™

Airway Clearance System "=

model 205

sprzet medyczny do drenazu i nebulizacji dla pacjentow w warunkach szpitalnych
— ze sprzetu w Polsce korzysta wiele oddziatéw rehabilitacji i 0IOM
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SKUTECZNA | BEZPIECZNA TERAPIA
PRADEM 0 CZESTOTLIWOSCI RADIOWEJ

Urzadzenie przeznaczone do przeprowadzania profesjonalnych
zabiegéw pradem o czestotliwosci radiowej (terapia TECAR).
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Dowiedz sie wiecej
terapiatecar.astar.pl [}

Aparat umozliwia prace z elektrodami
rezystancyjnymi (o $rednicy 25, 40, 55 lub 70 mm),
pojemnoéciowymi (o érednicy 25, 40, 55 lub 70 mm)
oraz z elektroda typu IASTM do terapii tkanek migkkich

Tecaris generuje sinusoidalny prad zmienny

o czestotliwosciach 300, 500, 750 lub 1000 kHz,
dostarczanego do tkanek pacjenta za pomocg
uniwersalnego aplikatora katowego lub prostego.

%

RES (tryb rezystancyjny) CAP (tryb pojemnosciowy)

Prad o czestotliwosci radiowej wywotuje efekly ~ Terapia wptywa przede wszystkim na tkanki
w glebszych warstwach tkanek, czyli kosciach, ~ powierzchowne, czyli miesnie (rozluZnienie)
Sciegnach lub wiezadtach. i uktad limfatyczny, przyspieszajac regeneracje
Umozliwia to leczenie zwitdknien i zwyrodnien komdrek.

tkanek w przewlektych stanach chorobowych.

ul. Swit 33
43-382 Bielsko-Biata
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astarmed@astar.eu
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Analysis of functional prorpioception in lower limb
among younger and older adults

Analiza funkcjonalnej propriocepcji konczyny dolnej wsrod mtodszych i starszych dorostych

Ravi ShankarAB.C.D.EF) Sijvakumar RamachandranA¢.DEF) Radhika CM®EF), Parthiban P®EF)

Sri Ramachandra Institute of Higher Education and Research (Deemed to be University), Chennai, India

Abstract

Background. Proprioception is the internal sense that assists an individual in learning a motor task and executing it
seamlessly. Generally, a proprioception deficit is tested by measuring degrees of error in repositioning a joint or limb in
space. Most of the measures use single-joint movement and, on a few occasions, multi-joint movements are tested with
high-tech instrumentation in a laboratory setting. Multi-joint testing can reflect the impact of a proprioception deficit in
functional activity. We used a novel method to test proprioception as a functional activity.

Aim. The study aims to analyse the functional proprioception in the lower limbs of younger and older adults.
Methodology. Thirty-seven younger and thirty-seven older adults were tested for proprioception in lower limbs with

a target-reaching task. The participant was given a target point to touch with the great toe with eyes open. Following the
trial, they were asked to touch the target with their eyes closed. The error in distance was measured in centimetres for
three attempts. The minimal error was taken for analysis.

Result. The result shows that a mean error of around 2.6 cm and 5.7 to 6 cm is present in young and older adults
respectively. There was no difference with respect to the side noted in the young adults, but the left side of adults shows
a marginally higher error compared to the right side.

Conclusion. Functional proprioception differs among young and older adults. Multi-joint proprioception can provide
different insights into an individual’s ability to use proprioception effectively.

Keywords
proprioception, multi-joint testing, younger adults, older adults

Streszczenie

Tto. Propriocepcja to wewnetrzne wyczucie, ktére pomaga jednostce w nauce zadania motorycznego i jego bezbtednym
wykonywaniu. Zwykle deficyt propriocepcji jest testowany poprzez mierzenie stopnia btedu w pozycjonowaniu stawu lub
konczyny w przestrzeni. Wiekszo$¢ pomiaréw korzysta z ruchu jednostawowego, a w kilku przypadkach ruchy
wielostawowe s3 testowane za pomoca zaawansowanego sprzetu w warunkach laboratoryjnych. Testowanie
wielostawowe moze odzwierciedla¢ wptyw deficytu propriocepcji na aktywno$¢ funkcjonalng. UzyliSmy nowatorskiej
metody do testowania propriocepcji jako aktywnosci funkcjonalne;.

Cel. Badanie ma na celu analize funkcjonalnej propriocepcji w dolnych koniczynach mtodszych i starszych dorostych.
Metodologia. Trzydziestu siedmiu mtodszych i trzydziestu siedmiu starszych dorostych zostato przetestowanych pod
katem propriocepcji w dolnych konczynach za pomoca zadania dotyczacego osiagniecia celu. Uczestnikowi podano punkt
docelowy do dotkniecia duzym palcem przy otwartych oczach. Po prébie poproszono ich, aby dotkneli celu z zamknietymi
oczami. Btad w odlegtosci mierzono w centymetrach w trzech prébach. Minimalny btad zostat uwzgledniony w analizie.
Wynik. Wyniki pokazuja, Ze $redni btagd wynosi okoto 2,6 cm dla mtodszych dorostych oraz od 5,7 do 6 cm dla starszych
dorostych. Nie stwierdzono réznicy wzgledem strony w grupie mtodszych dorostych, ale lewa strona u dorostych
wykazywata nieznacznie wyzszy btad w poréwnaniu do prawej strony:.

Whioski. Funkcjonalna propriocepcja rézni sie miedzy mtodszymi a starszymi dorostymi. Wielostawowa propriocepcja
moze dostarczy¢ roznych spostrzezen na temat zdolnosci jednostki do skutecznego wykorzystania propriocepcji.

Stowa Kkluczowe
propriocepcja, testowanie wielostawowe, mtodsi dorosli, starsi dorosli
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Introduction

Proprioception defines the sense of position and action of the
limbs. Proprioception can be considered as one of the subsys-
tems within the somatosensory system which includes sensory
information from internal structures[1]. Three testing techniqu-
es were commonly used for assessing proprioception: the thre-
shold to detection of passive motion (TTDPM), joint position
reproduction (JPR), also known as joint position, and active
movement extent discrimination assessment (AMEDA)[1, 2].
Single-joint is tested in proprioception assessments rather than
the whole limb. As proprioception is a contributor to movement
planning and movement execution, testing a whole limb move-
ment is more likely to reflect the impact of the proprioceptive
deficit on functional movement than a single joint assessment.
Raju and Ramachandran (2018) report that discharges from the
brain influence proprioception and mask the deficit while active
joint position reproduction is tested[3]. Corollary discharges are
based on the brain’s programming related to the movements. It
can be assumed that a learned functional movement, as in the
case of reaching a known target in a known environment, is li-
kely to be influenced by these corollary discharges. An indivi-
dual reaching a switchboard seamlessly in his/her room when
the room is dark could be considered as a learned functional
movement where corollary discharges and proprioception play
a role. Thus, testing multi-joint proprioception could provide
insight into an individual’s ability to compensate for a deficit or
the impact of the deficit on functional movement. Few studies
have been done using robotics to assess multi-joint propriocep-
tion. These studies are predominantly done in distal parts of the
limb like the wrist and ankle.

The impact of lower proprioception on everyday life activities
includes postural control, walking, and stair climbing in
a known environment during dual-task performance.

In day-to-day life without proprioception, we are able to reach
footwear without visual feedback if other spatial variables are
constant. Aging is associated with numerous changes in the neu-
romuscular system that are accompanied by a general decline in
motor performance, like gait. Understanding this proprioception
error may be useful for health education and training purposes.

Aim
The study aims to analyze the functional proprioception in lo-
wer limbs among younger and older adults.

Figure 1.Participant positioning and reaching the target point
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Methodology

The study was approved by the Institutional Ethical Committee
Sri Ramachandra Institute of Higher Education and Research,
Chennai, India[REF: CSP/23/JUN/130/554].

This study was conducted in the Outpatient Department of
Physiotherapy. A sample of 37 in each group was arrived at
using a priori with the likely difference between young and ol-
der groups being 5 cm, effect size of 0.85, 0-0.05, and power
of 0.95. The difference between the groups was identified by
a pilot test among the groups.

The younger adults in the age range of 20 to 24 years were in-
cluded in the study and those with knee pain, and limb length
discrepancy were excluded. Older adults in the age range of 60
to 75 years were included in the study, and those with a history
of musculoskeletal conditions, history of diabetes, and cogniti-
ve impairments that might affect the outcome of the study were
excluded.

Informed consent was obtained from the participants. This stu-
dy was conducted at a university teaching hospital’s physiothe-
rapy outpatient department.

Initially, the subject was made to lie on their back and asked to
touch a target point on a sheet placed at their foot end. The tar-
get was kept at knee level so that the subject had to bend their
hip and knee to touch the target. The target was a dot at the
center of a sheet, resembling a zero point on a graph sheet’s X
and Y axis. The subject was asked to touch the point five times
with the great toe of the right leg. After five trials, the subject
was asked to close their eyes and repeat an attempt to touch the
target point. Before the attempts, a red ink dye was applied to
the great toe of the subject.

The points the subject contacted on the paper were noted with
the dye marks. The subject was asked to repeat three times.
The same procedure was repeated with the left leg, starting
with the subject touching the target with eyes open five times,
followed by eyes closed with red dye on their great toe.

The difference in distance from the zero point of the target and
the subject's contact point was measured in a straight line in
centimeters. The quadrant in which the subject made contact
was also noted. The minimum error distance of the three at-
tempts was used for analysis. The data was analyzed with stu-
dent's t-tests within young and older adults and between the
young and older adults. The difference between the sides was
tested among the group and between the groups.
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Figure 2. Target point (Blue dot) and participant’s contact point for error measurement

Results

Table 1.Demographic data

Variables Younger adults (n = 37) Older adults (n = 37)
Age: Mean + SD 24 +0.03 64 +0.05
Gender (Male/Female) 25/12 32/5

Table 2. Descriptive analysis between younger and older adults

Right side error in cm (Mean * SD)

Left side error in cm (Mean * SD)

Younger adults (n = 37) 2.68+1.16
Older adults (n = 37) 5.76 £2.76
PP <0.001*

2.68 +1.74 0.98
6.11 £2.57 0.57
<0.001*

P — between sides in younger and older adults; P’ — between right / Left side between younger / older adults

*P <0.05 Significant; SD — Standard deviation

The result shows that a mean error of around 2.6 cm and 5.7
to 6 cm is present in young and older adults respectively. The-
re was no difference with respect to the side noted in the
young adults, but in the left side of adults, there was a margi-
nally higher error compared to the right side. Older adults ha-
ve a higher error compared to younger adults. Figure 7 and
Figure 8 show the contact points by young and older adults
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during the three testing movements. This displays the spatial
variation demonstrated by the participants. The left was predo-
minantly placed slightly higher than the target in older adults
whereas the younger adults placed it lower than the target. The
right limb placement was deviated to the left side of the target
in young adults, but they were predominantly on the right side
in older adults.

www.fizjoterapiapolska.pl



Figure 3. Error distancing between left and right older adults
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Figure 5. Left Error distancing between older and younger

adults for observation
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Figure 4. Error distancing between left and right younger
adults of lower limb
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Figure 7. Younger adults’ contact points grouped in

quadrants of around target point (Blue dot)

Discussion

In this study, we found functional proprioception error in both
younger and older adults. Similar studies which assess the
proprioceptive error with multi-joint movement are hard to

www.fizjoterapiapolska.pl

Figure 8. Older adults’ contact points grouped in quadrants
of around target point (Blue dot)

find. Proprioception tests are generally passive in nature and
are tested with a single joint. Active proprioception tests are al-
so advocated; however, they are still limited to single joint te-
sting[1,2]. Active movement extent discrimination assessment

doi.org/10.56984/8ZG20A7iK 173
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(AMEDA) is a method used for assessing the proprioception
in a closed kinematic chain, claiming that the assessment is
closer to real-life scenarios[4]. The AMEDA testing is predo-
minantly done on the ankle joint[5-8]. Though the testing is
done in a closed kinematic chain, the target joint was a single
joint, i.e., the ankle joint.

As we observed in a functional task, an individual has to con-
trol multiple joint spaces, as in the case of reaching for an ob-
ject, especially in the absence of a visual cue, proprioception
plays a major role. In daily life situations, an individual re-
aching for targets like switchboards in a dark room will requ-
ire proprioceptive support to perform the task. In the present
study, we recreated a similar situation where the individual
has to reach a target with the lower limb with eyes open, and
to reach the same target, the individual has to do so with eyes
closed. We tested the lower limb as we found errors in such
scenarios in the upper limb in our earlier unpublished study.
We found reaching errors in both young and older adults. Older
adults had greater error distances than younger adults. Though
the testing did not encompass a perfect three-dimensional space
in terms of testing, it is suitable to identify errors in the move-
ment's X and Y axis. Few studies have used robotic exoskele-
tons to assess movement in a three-dimensional space[5,9,10].
The study suggests that such assessments can add value to pro-
prioception testing in terms of quantification. The current study
can provide similar improvements in quantification in proprio-
ception without major technological requirements.

We also found error not only in terms of distance from the tar-
get but also in the direction away from the target point. This
denotes a possible error occurring in the “Z” dimension of the
movement plane. The left limb was predominantly on the left
side; however, the right limb contacts were shifted to the left
side as well, notably in younger adults. The older adults had
predominantly contacts at a higher level than the target point.
Though we could not provide a physiological explanation for
such scenarios, the findings were interesting to note and can be
translated into valuable insights for training sessions.

Limitations

The findings were limited to a single-time assessment; repe-
ating the testing over a few more sessions might help in under-
standing the reproducibility of the result.

Conclusion

Functional proprioception error is found in both young and ol-
der adults. The method used in this study could be useful in as-
sessing the proprioception of multi-joint proprioception.
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