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Background: During postural control, older adults are more dependent on proprioception 
than are young adults. Ankle proprioception, which plays an important role in maintaining 
postural balance, decreases with age. Published studies are insufficient to establish a signifi-
cant age difference in postural sway resulting from the known age-related decrease in ankle 
proprioception and do not examine various detailed test conditions.

Objects: The present study aimed to compare ankle proprioception between older and 
younger groups along dimensions of position vs. force proprioception and dorsiflexion vs. 
plantarflexion. The present study also aimed to compare postural sway between young and 
older women during quiet standing under two sensory conditions.

Methods: We recruited seven young women aged 21–24 and seven older women aged 
60–63. Ankle proprioception was assessed as the accuracy of the joint position sense (JPS) 
and the force sense (FS). Postural sway was assessed using center-of-pressure measurements 
recorded during quiet standing under two sensory positions: eyes open and eyes closed with 
head tilted back.

Results: Older women had lower JPS in dorsiflexion and lower FS in plantarflexion than did 
younger women. We found no significant age differences in JPS in plantarflexion or in FS in 
dorsiflexion. We observed a main effect of group on postural sway in two sway parameters 
out of three. We observed significant differences in JPS with dorsiflexion, and in FS with plan-
tarflexion.

Conclusion: Proprioception for ankle plantar flexor decreased more significantly with aging 
than did that for ankle dorsiflexor, accounting for the impaired postural balance observed in 
older women.

INTRODUCTION

Falls are a serious problem and still the leading cause of ac-

cidental injuries in older adults [1,2]. Moreover, fall-related 

injuries constitute a serious public health problem leading to 

limited mobility and eventually to severe disability and social 

burden [2,3]. Falling arises from the deterioration of postural 

control mechanisms due to aging, which leads to balance im-

pairment [2]. Increased postural sway in older adults has been 

demonstrated even during quiet standing [4]. A recent study 

showed that postural control quantified by postural sway pa-

rameters can independently predict the risk of falls in older 

adults [5]. In addition, many studies have reported that in 

women, falls occur 10%–49% more frequently than in men [6-9]. 

Postural control is regulated by the visual, vestibular, and 

proprioceptive systems [10,11]. During static standing, the most 

sensitive information on body sway is provided by propriocep-

tive musculoarticular cues from the lower extremities [11-13]. 

Wiesmeier et al. [14] found that older adults rely on proprio-

ception for postural control more than do younger adults, and 

ankle proprioception has been shown to be predictive of falls 

[15]. Chen and Qu [16] found that ankle proprioception signif-

icantly affects postural balance in older adults. However, Craig 

et al. [17] found no significant difference in ankle propriocep-

tion between young and older adults. These studies generated 

contradictory results owing to different methods of measuring 
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ankle proprioception. Therefore, it is necessary to measure 

and compare ankle proprioception in older and younger adults 

in greater detail.

Proprioception is an important aspect of effective human 

interaction with the environment in which they live [18]. Spe-

cifically, the ankle joint provides important information for the 

self-perception of the body’s spatial relationships and their 

changes, contributing to dynamic balance and postural control 

[19]. A decline in static position sense and an increase in mo-

tion detection thresholds at the ankle have been reported in 

older adults [20,21]. Goble et al. found that older adults made 

greater errors when trying to reach target angles relatively far 

from the original ankle position [13]. A study employing a 

lower-limb matching task suggested that elderly fallers have a 

lower level of proprioceptive perceptual attunement than do 

non-fallers, which is potentially an indicator of fall risk [22]. 

The mechanism of proprioceptive degradation is primarily due 

to a decline in the sensitivity of peripheral mechanoreceptors 

in the muscles, skin, and joints [13,17]. A higher incidence of 

falls has been associated with a decline in functional proprio-

ception in elderly populations [18,23]. 

Ankle proprioception is most often evaluated by assessing 

joint position sense (JPS) and force sense (FS) [24,25]. JPS is de-

fined as “the ability to accurately reproduce a given angle” and 

FS as “the ability to accurately reproduce a given force.” FS is a 

sub modality of proprioception influenced by muscle mecha-

noreceptors [26,27]. There are several methods of quantifying 

JPS and FS [26,28]. Angle-reproduction and angle-matching 

tests of the JPS and force-matching tests of the FS have been 

used on the ankle [16,17,29]. However, we find little research 

comparing older women and young women on JPS for dorsi-

flexion and plantarflexion. Moreover, no study has investigated 

the differences in FS between younger and older adults.

In the present study, we aimed to compare ankle proprio-

ception (JPS and FS) and postural balance in older and younger 

women. Unlike previous studies, we measured ankle proprio-

ception during both dorsiflexion and plantarflexion.

MATERIALS AND METHODS

1. Participants

Seven young women and seven older women participated 

in this study. An inclusion criterion for the older women was 

engagement in physical activities for more than three hours a 

week. Participants were excluded if they had a history of any 

medical condition or medication use that could impair their 

postural control. The exclusion criteria were fall accidents 

within the last six months, hip replacement, a history of knee 

or ankle surgery, and neuromuscular diseases. Participants 

were also screened for dizziness while standing and questioned 

about obesity to determine whether this factor necessitated 

participant exclusion. Written informed consent was obtained 

from all participants. The study was approved by the ethics 

committee Institutional Review Board of Yonsei University, 

Wonju (IRB no. 1041849-202108-BM-120-02). The participant 

characteristics are summarized in Table 1.

2. Instrumentation

1) Static postural sway test

A force platform (FDM S; zebris Medical GmbH, Isny, Ger-

many) was used to measure postural sway during static stand-

ing. Signals were sampled at 100 Hz, and center-of-pressure 

(CoP) displacements were summarized by the following three 

measures: AREA (cm2), the area of the 95%-confidence ellipse 

around the mean CoP; PATH (mm), the CoP path length; and 

VEL (mm/s), the mean velocity of CoP displacements. The data 

were processed and verified using the MR3 ver. 3.16.32 soft-

ware package (Noraxon Inc., Scottsdale, AZ, USA).

2) Ankle proprioception test

Ankle proprioception was assessed by measuring JPS and 

FS errors on both sides using a commercial dynamometer 

(Biodex System 4 ProTM; Biodex Medical Systems, Inc., Shirley, 

NY, USA). Participants remained seated in a chair with the 

hip flexed at 70° and the knee flexed at 45°, and the thigh was 

fixed to the dynamometer chair using a band [30]. The dyna-

mometer rotation axis was aligned with the lateral malleolus 

and the foot was fixed to the device with strips designed for 

the ankle joint (Figure 1). The absolute error was calculated as 

the difference between the reference angle or force and those 

indicated by the participant.

Table 1.Table 1. General data of participants

Variable Young Older

Age (y) 23.1 ± 1.7 61.3 ± 2.4
Height (cm) 162.7 ± 5.7 158.3 ± 4.6
Weight (kg) 61.3 ± 9.5 57.7 ± 7.4
Body mass index (kg/m2) 23.2 ± 3.0 23.0 ± 3.3

Values are presented as mean ± standard deviation.
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3. Protocols

1) Static postural sway test

The participants stood barefoot on the force platform with 

their feet together and their arms relaxed at their sides. They 

were instructed to avoid swaying during the measurements, 

and each measurement required 60 seconds. Each participant 

was tested under two sensory conditions: eyes open (EO) and 

eyes closed with the head tilted back (ECHB). Under the EO 

condition, the participant gazed at a stationary sign printed 

on a sheet of paper mounted 2 m from the front of the force 

platform. Under the ECHB condition, the participant gazed at 

a sign mounted on the ceiling approximately 30 cm in front of 

the platform and then closed their eyes [19]. The ECHB condi-

tion reduced the influence of the visual and vestibular systems 

on performance, allowing isolation of proprioceptive control 

of postural balance [31]. A 30-second rest period was used in 

each condition to avoid fatigue.

2) Joint position sense

To measure the JPS error, the ankle joint was initially posi-

tioned at 0°. The joint was then passively dorsiflexed and plan-

tarflexed by the dynamometer to the target position (10° of 

dorsiflexion and 25° of plantarflexion), held for 5 seconds, and 

returned to the initial position. Subsequently, the participants 

were asked to actively dorsiflex and plantarflex their ankle to 

match the target position. Once the participants felt that they 

had reached the target, they pressed a stop button, and the an-

kle position was recorded. The JPS error used for data analysis 

was averaged over three trials.

3) Force sense

The FS was assessed using a force reproduction test. The 

participants remained seated in a chair with the same posture 

as in the JPS test. They could see the force generated during 

isometric contraction on a display. The participants performed 

isometric contraction for 5 seconds relative to the reference 

force (10 N of dorsiflexion and 25 N of plantarflexion). The 

participants were asked to match the reference force three 

times by performing isometric contractions on the pedals. 

During testing, participants were blindfolded to exclude any 

possible visual cues. The FS error values were calculated as the 

absolute difference between the reference and the reproduced 

forces. The FS error used for data analysis was averaged over 

three trials.

4. Statistical Analysis

To determine differences between age groups, an indepen-

dent t-test was performed for JPS dorsiflexion, JPS plantarflex-

ion, FS dorsiflexion, and FS plantarflexion. To examine the 

main and interaction effects of age and sensory condition, a 

two-way mixed analysis of variance was conducted. The de-

pendent variables in this analysis were AREA, PATH, and VEL. 

The independent variables were age (young or old) and sensory 

condition (EO or ECHB). A Bonferroni correction was applied 

during post-hoc testing. Statistical significance was set at p < 

0.05. All data were analyzed using SPSS software version 26 (IBM 

Co., Armonk, NY, USA).

RESULTS

1. Ankle Proprioception

We found significant intergroup differences in JPS in dor-

siflexion (t = 2.624, p = 0.022) and FS in plantarflexion (t = 

2.433, p = 0.032), indicating that older adults produced more 

errors during JPS dorsiflexion and FS plantarflexion (Figure 

1). JPS plantarflexion (t = 1.114, p = 0.287) and FS dorsiflexion 

(t = 0.915, p = 0.378) were not significantly different between 

groups (Figure 2).

2. Postural Sway

The complete postural sway data are presented in Table 2. 

The two-way mixed ANOVA found significance for a main ef-

fect of group on PATH (F = 9.265, p = 0.010) and VEL (F = 7.834, 

p = 0.016), and for a main effect of sensory condition on AREA 

Figure 1.Figure 1. Ankle proprioception test.
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(F = 17.054, p = 0.001), PATH (F = 123.232, p < 0.001), and VEL 

(F = 118.471, p < 0.001). Significance was not found for a main 

effect of group on AREA (F = 0.415, p = 0.531) or for group × 

sensory-condition interaction effects on AREA (F = 0.197, p 

= 0.665), PATH (F = 2.365, p = 0.150), or VEL (F = 3.471, p = 

0.087) (Table 3).

DISCUSSION

The purpose of this study was to compare proprioception 

between older women and young women using tests for both 

JPS and FS, both in dorsiflexion and plantarflexion, and to 

confirm the existence of a significant age difference in pos-

tural sway.

In the JPS, we found a significant age difference for dorsi-

flexion, but not for plantarflexion. Most studies supporting a 

lower JPS in the elderly have examined only dorsiflexion or 

used comparisons that did not distinguish between dorsiflexion 

and plantarflexion [16,17,23,32-34]. Confining our attention 

to the studies examining JPS in dorsiflexion, the results of this 

study were opposite to those of Craig et al. [17], in which angle 

matching was tested but not angle production. The angle-

matching test can eliminate the potential confounding factor 

of memory loss in older women but can be limited in that it 

relies heavily on the use of both lower extremities and thus on 

inter-hemispheric communication in the brain, and poor per-

formance may therefore not reflect a decrease in propriocep-

tion due to aging [13].

In examining dorsiflexion and plantarflexion, the JPS test 

accesses the proprioception of plantar flexor and dorsiflexor 

muscles, respectively. When conducting a JPS test without 

excessive velocity change or muscle contraction, muscle pro-

prioception is influenced by muscle spindles, which are highly 

sensitive to changes in muscle length [35]. Therefore, it can be 

assumed that JPS dorsiflexion is sensitive to stretching of the 

plantar flexor muscles and JPS plantarflexion is sensitive to 

stretching of the dorsiflexor muscles. The significant difference 

in JPS dorsiflexion that we observed can therefore be inter-

preted as a difference in proprioception of the plantar flexor.

We found no significant age difference in FS for dorsiflexion 

but a significant difference for plantarflexion. Unlike the JPS 

test, in which muscle lengthening occurs with either dorsi-

flexion or plantarflexion, there is no change in muscle length 

Table 2.Table 2. Postural sway data of all participants

Variable
Young Older

EO ECHB EO ECHB

AREAa 527.14 ± 256.60 877.14 ± 458.31 584.57 ± 228.53 956.00 ± 366.56
PATHb 625.29 ± 182.89 1055.71 ± 223.80 798.86 ± 133.38 1367.71 ± 126.90
VELc 11.00 ± 3.00 17.71 ± 3.55 13.29 ± 2.29 22.57 ± 2.30

Values are presented as mean ± standard deviation. EO, eyes open; ECHB, eyes closed with head tilted back. aThe mean sway area of the 95% confidence 
ellipse (cm2). bThe center of pressure path length (mm). cThe mean velocity of the center of pressure displacements (mm/s).

Table 3.Table 3. ANOVA analyses by group and sensory conditions

Variable
Group Sensory condition Group × Sensory condition

F p-value F p-value F p-value

AREAa 0.415 0.531 17.054 0.001*** 0.197 0.665
PATHb 9.265 0.010* 123.232 < 0.001*** 2.365 0.150
VELc 7.834 0.016* 118.471 < 0.001*** 3.471 0.087

aThe mean sway area of the 95% confidence ellipse (cm2). bThe center of pressure path length (mm). cThe mean velocity of the center of pressure dis-
placements (mm/s). *p < 0.05, ***p < 0.001.
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Figure 2.Figure 2. Results of independent t-test in JPS and FS. JPS, joint position 
sense; FS, force sense; DF, dorsiflexion; PF, plantarflexion. *p < 0.05.
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in the FS test because it uses isometric contraction. Thus, the 

FS reflects muscle proprioception by the Golgi tendon organs, 

which are sensitive to muscle force [35,36]. The Golgi tendon 

organ is in an ideal position to encode changes in force devel-

oped by contracting muscle fibers and contributes to the sense 

of force [35]. The significant age difference that we observed 

in the FS for plantarflexion can thus be interpreted as resulting 

directly from differences in proprioception of the plantar flex-

ors.

During quiet standing, the plantar flexor is continuously ac-

tivated to prevent the body from toppling forward because the 

center of mass always lies in front of the ankle joint [19,36]. 

The plantar flexor is thus a major muscle in postural bal-

ance, and a decrease in its proprioception makes it difficult 

for the person to perceive the movement of their body, which 

increases postural sway due to delayed postural control. Our 

observations agree with a study that found that the JPS error in 

dorsiflexion is correlated to postural sway, but the JPS error in 

plantarflexion is not [34].

Regarding postural sway, our results showed that the PATH 

and VEL measures in older women were significantly greater 

than in young women. In the AREA measure, we found no 

significant main effect of group. This agrees with a previous 

study that examined which parameters reflect the difference 

between older and young adults and found that AREA did less 

[37]. Our null result for AREA can be attributed to the fact that 

this study included only those older women who engaged in 

physical activity for more than three hours a week [38].

We found no significant interaction effects between group 

and sensory condition. The ECHB position minimizes the in-

fluence of the vestibular system by tilting the neck back and 

minimizes the influence of the visual system by closing the 

eyes; thus, the influence of proprioception can be isolated for 

testing [31]. Older women tend to rely more on proprioception 

during postural control than do young women; thus, ECHB is a 

more advantageous position for older women, which resulted 

in no significant interaction effect [14].

Our finding that the older women had greater error in JPS 

dorsiflexion and in FS plantarflexion than did the young wom-

en is very important and means that the JPS in dorsiflexion is 

related to the FS in plantarflexion. Kim et al. [29] reported no 

significant correlation between JPS and FS, but they examined 

the relationship between JPS and FS for dorsiflexion, and be-

tween JPS and FS for plantarflexion. There is limited evidence 

of an association between the JPS and FS. Additional studies 

are needed to examine the association between JPS dorsiflex-

ion and FS plantarflexion, and between JPS plantarflexion and 

FS dorsiflexion, and to confirm how the differences between 

JPS and FS manifest in ankle muscle activity.

Our study has several limitations. First, ankle-joint proprio-

ception was only examined in the sagittal plane. Whether 

ankle proprioception in different anatomical planes yields dif-

ferent results is currently unknown. Second, because a small 

number of women participated in this study, it is difficult to 

interpret the results of this study as evidence for a difference 

between the elderly and the young.

CONCLUSIONS

In summary, the findings of this study suggest that the JPS 

and FS are indicators of proprioception and that the two indi-

cators can be explained by proprioception of the same muscle 

when tested in opposite directions. Decreased ankle plantar 

flexor proprioception can result in impaired postural control in 

older women. In addition, it was confirmed that the age-relat-

ed reduction in ankle plantar flexor proprioception was more 

significant than that in ankle dorsiflexor proprioception and 

led to impaired postural balance in older women. This may be 

due to the use of the ankle plantar flexor as a major muscle of 

postural control during quiet standing.

FUNDING

This work was supported by the National Research Fonda-

tion of Korea (NRF) grant funded by the Korea goverment 

(MSIT) (No.2021R1F1A104792911).

ACKNOWLEDGEMENTS

None.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was 

reported.



129www.ptkorea.org

Age-related Differences in Ankle-joint Proprioception

AUTHOR CONTRIBUTIONS

Conceptualization: SK. Data curation: SK, JL. Formal analy-

sis: SK. Funding acquisition: CY. Investigation: SK, JL. Method-

ology: SK, CY, JL. Project administration: CY, OL. Resources: 

SK, OL. Supervision: SK, CY, OL. Validation: CY, SK. Visual-

ization: SK, JL. Writing - original draft: SK. Writing- review & 

editing: SK, OL.

ORCID

Seo-hyun Kim, https://orcid.org/0000-0002-6978-200X

Jin-seok Lim, https://orcid.org/0000-0002-9965-9619

One-bin Lim, https://orcid.org/0000-0002-5281-3463

REFERENCES

1.	 Burns ER, Stevens JA, Lee R.	The	direct	costs	of	fatal	and	non-
fatal	falls	among	older	adults	-	United	States.	J	Safety	Res	
2016;58:99-103.

2.	 Mahoney JE.	 Immobility	and	falls.	Clin	Geriatr	Med	1998;	
14(4):699-726.

3.	 Centers for Disease Control and Prevention (CDC).	Fatalities	
and	injuries	from	falls	among	older	adults--United	States,	
1993-2003	and	2001-2005.	MMWR	Morb	Mortal	Wkly	Rep	
2006;55(45):1221-4.	Erratum	in:	MMWR	Morb	Mortal	Wkly	
Rep	2006;55(48):1303.

4.	 Melzer I, Kurz I, Oddsson LI.	A	retrospective	analysis	of	bal-
ance	control	parameters	in	elderly	fallers	and	non-fallers.	Clin	
Biomech	(Bristol,	Avon)	2010;25(10):984-8.

5.	 Johansson J, Nordström A, Gustafson Y, Westling G, Nordström 
P.	Increased	postural	sway	during	quiet	stance	as	a	risk	factor	
for	prospective	falls	in	community-dwelling	elderly	individu-
als.	Age	Ageing	2017;46(6):964-70.

6.	 Sattin RW.	Falls	among	older	persons:	a	public	health	per-
spective.	Annu	Rev	Public	Health	1992;13:489-508.

7.	 Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, 
Negri E.	Risk	factors	for	falls	in	community-dwelling	older	
people:	a	systematic	review	and	meta-analysis.	Epidemiology	
2010;21(5):658-68.

8.	 Cho CY, Kamen G.	Detecting	balance	deficits	in	frequent	fall-
ers	using	clinical	and	quantitative	evaluation	tools.	J	Am	Geri-
atr	Soc	1998;46(4):426-30.

9.	 Aoyagi K, Ross PD, Davis JW, Wasnich RD, Hayashi T, Take-

moto T.	Falls	among	community-dwelling	elderly	in	Japan.	J	
Bone	Miner	Res	1998;13(9):1468-74.

10.	 Johansson R, Magnusson M.	Human	postural	dynamics.	Crit	
Rev	Biomed	Eng	1991;18(6):413-37.

11.	 Fitzpatrick R, McCloskey DI.	Proprioceptive,	visual	and	ves-
tibular	thresholds	for	the	perception	of	sway	during	standing	
in	humans.	J	Physiol	1994;478(Pt	1):173-86.

12.	 Fitzpatrick R, Burke D, Gandevia SC.	Task-dependent	reflex	re-
sponses	and	movement	illusions	evoked	by	galvanic	vestibu-
lar	stimulation	in	standing	humans.	J	Physiol	1994;478(Pt	
2):363-72.

13.	 Goble DJ, Coxon JP, Wenderoth N, Van Impe A, Swinnen SP.	
Proprioceptive	sensibility	in	the	elderly:	degeneration,	func-
tional	consequences	and	plastic-adaptive	processes.	Neurosci	
Biobehav	Rev	2009;33(3):271-8.

14.	 Wiesmeier IK, Dalin D, Maurer C.	Elderly	use	proprioception	
rather	than	visual	and	vestibular	cues	for	postural	motor	con-
trol.	Front	Aging	Neurosci	2015;7:97.

15.	 Lord SR, Rogers MW, Howland A, Fitzpatrick R.	Lateral	sta-
bility,	sensorimotor	function	and	falls	in	older	people.	J	Am	
Geriatr	Soc	1999;47(9):1077-81.

16.	 Chen X, Qu X.	Age-related	differences	in	the	relationships	be-
tween	lower-limb	joint	proprioception	and	postural	balance.	
Hum	Factors	2019;61(5):702-11.

17.	 Craig CE, Goble DJ, Doumas M.	Proprioceptive	acuity	predicts	
muscle	co-contraction	of	the	tibialis	anterior	and	gastrocne-
mius	medialis	in	older	adults'	dynamic	postural	control.	Neu-
roscience	2016;322:251-61.

18.	 Suetterlin KJ, Sayer AA.	Proprioception:	where	are	we	now?	A	
commentary	on	clinical	assessment,	changes	across	the	life	
course,	functional	implications	and	future	interventions.	Age	
Ageing	2014;43(3):313-8.

19.	 Kim S, Lee K, Lim O, Yi C.	The	effects	of	augmented	somato-
sensory	feedback	on	postural	sway	and	muscle	co-contraction	
in	different	sensory	conditions.	Phys	Ther	Korea	2020;27(2):	
126-32.

20.	 Robbins S, Waked E, McClaran J.	Proprioception	and	stability:	
foot	position	awareness	as	a	function	of	age	and	footwear.	
Age	Ageing	1995;24(1):67-72.

21.	 Thelen DG, Brockmiller C, Ashton-Miller JA, Schultz AB, Alex-
ander NB.	Thresholds	for	sensing	foot	dorsi-	and	plantarflex-
ion	during	upright	stance:	effects	of	age	and	velocity.	J	Geron-
tol	A	Biol	Sci	Med	Sci	1998;53(1):M33-8.

22.	 Siong KH, Kwan MM, Lord SR, Lam AK, Tsang WW, Cheong 

https://doi.org/10.12674/ptk.2020.27.2.126
https://doi.org/10.12674/ptk.2020.27.2.126
https://doi.org/10.12674/ptk.2020.27.2.126
https://doi.org/10.12674/ptk.2020.27.2.126


130 https://doi.org/10.12674/ptk.2022.29.2.124

Seo-hyun Kim, et al

AM.	Fall	risk	in	Chinese	community-dwelling	older	adults:	a	
physiological	profile	assessment	study.	Geriatr	Gerontol	Int	
2016;16(2):259-65.

23.	 Ribeiro F, Oliveira J.	Aging	effects	on	joint	proprioception:	the	
role	of	physical	activity	in	proprioception	preservation.	Eur	
Rev	Aging	Phys	Act	2007;4:71-6.

24.	 Hertel J.	Sensorimotor	deficits	with	ankle	sprains	and	chronic	
ankle	instability.	Clin	Sports	Med	2008;27(3):353-70,	vii.

25.	 Riemann BL, Lephart SM.	The	sensorimotor	system,	part	II:	
the	role	of	proprioception	in	motor	control	and	functional	
joint	stability.	J	Athl	Train	2002;37(1):80-4.

26.	 Bernier JN, Perrin DH.	Effect	of	coordination	training	on	
proprioception	of	the	functionally	unstable	ankle.	J	Orthop	
Sports	Phys	Ther	1998;27(4):264-75.

27.	 Riemann BL, Lephart SM.	The	sensorimotor	system,	part	I:	
the	physiologic	basis	of	functional	joint	stability.	J	Athl	Train	
2002;37(1):71-9.

28.	 Jerosch J, Prymka M.	Proprioception	and	joint	stability.	Knee	
Surg	Sports	Traumatol	Arthrosc	1996;4(3):171-9.

29.	 Kim CY, Choi JD, Kim HD.	No	correlation	between	joint	posi-
tion	sense	and	force	sense	for	measuring	ankle	propriocep-
tion	in	subjects	with	healthy	and	functional	ankle	instability.	
Clin	Biomech	(Bristol,	Avon)	2014;29(9):977-83.

30.	 Garcia LC, Alcântara CC, Santos GL, Monção JVA, Russo TL.	
Cryotherapy	reduces	muscle	spasticity	but	does	not	affect	
proprioception	in	ischemic	stroke:	a	randomized	sham-con-
trolled	crossover	study.	Am	J	Phys	Med	Rehabil	2019;98(1):	
51-7.

31.	 Hijmans JM, Geertzen JH, Dijkstra PU, Postema K.	A	systemat-
ic	review	of	the	effects	of	shoes	and	other	ankle	or	foot	appli-
ances	on	balance	in	older	people	and	people	with	peripheral	
nervous	system	disorders.	Gait	Posture	2007;25(2):316-23.

32.	 You SH.	Joint	position	sense	in	elderly	fallers:	a	preliminary	
investigation	of	the	validity	and	reliability	of	the	SENSERite	
measure.	Arch	Phys	Med	Rehabil	2005;86(2):346-52.

33.	 Deshpande N, Simonsick E, Metter EJ, Ko S, Ferrucci L, Studen-
ski S.	Ankle	proprioceptive	acuity	is	associated	with	objec-
tive	as	well	as	self-report	measures	of	balance,	mobility,	and	
physical	function.	Age	(Dordr)	2016;38(3):53.

34.	 Song Q, Zhang X, Mao M, Sun W, Zhang C, Chen Y, et al.	Rela-
tionship	of	proprioception,	cutaneous	sensitivity,	and	muscle	
strength	with	the	balance	control	among	older	adults.	J	Sport	
Health	Sci	2021;10(5):585-93.

35.	 Henry M, Baudry S.	Age-related	changes	in	leg	propriocep-
tion:	implications	for	postural	control.	J	Neurophysiol	2019;	
122(2):525-38.

36.	 Di Giulio I, Maganaris CN, Baltzopoulos V, Loram ID.	The	pro-
prioceptive	and	agonist	roles	of	gastrocnemius,	soleus	and	
tibialis	anterior	muscles	in	maintaining	human	upright	pos-
ture.	J	Physiol	2009;587(Pt	10):2399-416.

37.	 Prieto TE, Myklebust JB, Hoffmann RG, Lovett EG, Myklebust 
BM.	Measures	of	postural	steadiness:	differences	between	
healthy	young	and	elderly	adults.	 IEEE	Trans	Biomed	Eng	
1996;43(9):956-66.

38.	 Skelton DA.	Effects	of	physical	activity	on	postural	stability.	
Age	Ageing	2001;30	Suppl	4:33-9.

https://doi.org/10.1007/s11556-007-0026-x
https://doi.org/10.1007/s11556-007-0026-x
https://doi.org/10.1007/s11556-007-0026-x



