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Abstract.	 [Purpose] To investigate the effects of different ankle weights on knee joint repositioning sense in 
elderly individuals. [Subjects and Methods] Twenty-one subjects were divided for assessment as follows: young 
(20–30 years, n=10) and elderly (60–70 years, n=11). Knee joint repositioning error was measured by asking the 
subjects to reposition the target angle of their knee joints while wearing different ankle weights (0%, 0.5%, 1%, 
and 1.5%) in an open kinetic chain. The Hawk Digital System (60 Hz; Motion Analysis, Santa Rosa, CA, USA) was 
used to measure knee joint repositioning error. Differences in knee joint repositioning error between the young and 
elderly groups according to ankle weight load were examined by using two-way mixed repeated-measures analysis 
of variance. [Results] The knee joint repositioning error was lower with than without ankle weights in both groups. 
The error value was lowest with the 1.0% weight, though not significantly. Knee joint repositioning error was sig-
nificantly higher in the elderly under all the ankle weight conditions. [Conclusion] Knee joint repositioning sense 
can be improved in elderly individuals by wearing proper ankle weights. However, weights that are too heavy might 
disturb knee joint positioning sense.
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INTRODUCTION

Proprioception has been shown to decline with age, and reduced proprioception in elderly individuals has been suggested 
to be responsible for the initiation and advancement of degeneration1, 2). Joint positioning sense, an element of propriocep-
tion3), indicates the ability to reproduce and perceive previous predetermined joint positions or ranges of motion4). Joint 
repositioning error increases in individuals with muscle fatigue or osteoarthritis of the knee5, 6). Interventions such as kinesio 
taping, ice application, and therapeutic exercise have been used to improve the repositioning sense of the knee joint in 
individuals with knee injury7–9). In particular, Barnett et al. reported that ankle weights are useful for ankle stability and 
that they should be minimized in order to maximize walking velocity10). In addition, Odéen et al. reported that using ankle 
weights while walking could reduce muscle tone in patients with spastic paraplegia11). Several studies on the relationship 
between joint positioning sense and age have been published recently12, 13). Bullock-Saxton et al. reported that knee joint 
positioning sense decreased with increasing age14). By contrast, Franco et al. suggested that joint positioning sense does not 
differ between young and elderly individuals12). Joint positioning sense is becoming increasingly recognized as an important 
clinical indicator of functional capacity. The relationship between age and proprioceptive sense in functional stability is of 
great concern to clinicians6). Therefore, the purpose of this study was to investigate the effects of different ankle weights on 
knee joint repositioning sense in elderly individuals.

J. Phys. Ther. Sci. 28: 2434–2436, 2016

*Corresponding author. Daeun Jung (E-mail: daeun0122@naver.com)
©2016 The Society of Physical Therapy Science. Published by IPEC Inc.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) 
License <http://creativecommons.org/licenses/by-nc-nd/4.0/>.

Original Article

 The Journal of Physical Therapy Science

http://creativecommons.org/licenses/by-nc-nd/4.0/


2435

SUBJECTS AND METHODS

Twenty-one subjects were divided into two age groups for assessment as follows: young (20–30 years, n=10) and elderly 
(60–70 years, n=11). The exclusion criteria were as follows: (1) significant injury of the dominant leg within the prior 6 
months; (2) history of neurological disorders; (3) history of surgery, including total knee replacement; and (4) history of 
serious degenerative knee joint disease. The subjects’ characteristics are shown in Table 1. Approval for the study was 
obtained from the Kyungsung University Human Ethics Committee, and informed consent was obtained from all the subjects 
prior to their participation in the study. To measure knee joint repositioning error while wearing ankle weights, the subjects 
were asked to reposition the target angle of the knee joint while wearing randomly different ankle weights (0%, 0.5%, 1%, 
and 1.5%) in an open kinetic chain. The test was started with the subject sitting on a table, with 90° knee flexion and 90° hip 
flexion. After practicing the various target knee joint angles, the subjects were verbally asked to extend the knee 30°, 45°, and 
60°, in random order, from the start position. The subjects were asked to maintain for 10 seconds the knee joint angle that 
they thought was the target angle before returning to the start position. The Hawk Digital System (60 Hz; Motion Analysis, 
Santa Rosa, CA, USA) was used to measure knee joint repositioning error. During the positioning attempts, the subjects were 
induced to reach the target angles by real-time monitoring of the interior angles between the vector from the anterior superior 
iliac spine to the lateral femoral epicondyle and the vector from the lateral femoral epicondyle to the lateral malleolus. The 
knee joint repositioning error angle was defined as the difference between the passively induced target knee joint angle and 
the actively induced knee joint angle, using a musculoskeletal model provided by the SIMM version 6.2 program. For each 
condition, the knee joint repositioning test was conducted three times, and the average of the error angle values was used 
in the data analysis. Differences in knee joint repositioning error between the young and elderly groups according to ankle 
weight load were examined by using two-way mixed repeated-measures analysis of variance. Statistical significance was 
defined by a probability level of p<0.05.

RESULTS

Knee joint repositioning error was generally lower with than without ankle weights in both groups. It is interesting that the 
error value was lowest with the 1.0% ankle weight among the other conditions. However, the difference was not significant. 
Knee joint reposition error was significantly higher in the elderly group than in the young group under all the ankle weight 
conditions (p<0.05; Table 2). No interaction was observed between ankle weight and age group (p=0.84).

DISCUSSION

In a previous study, Chou et al. stated that physiological changes associated with aging lead to decreased functionality and 
reduced independence15). Physiological changes include a progressive reduction in the visual, vestibular, and propriocep-
tive senses that are essential to maintaining and recovering balance16). Deterioration in joint proprioception, including joint 
positioning sense, has been postulated to result in increased body sway17), increased risk of falling18), and changes in gait 
pattern19). In clinical practice, the joint repositioning error test is one of a number of tests used to evaluate proprioceptive 
sense in the extremities. Age-related decline in knee joint repositioning sense has been reported by several researchers20, 21). 

Table 1.  Subjects’ characteristics (mean  ± SD)

Variable
Group

Young (n=11) Elderly (n=10)
Age (years) 23.3 ± 2.2 65.8 ± 5.8
Height (cm) 172.5 ± 6.2 160.8 ± 8.5
Weight (kg) 72.6 ± 7.8 68.6 ± 6.4

Table 2.	Comparisons of the knee joint reposition error depending on different ankle weights (mean  ± SD) 
(Unit: degrees)

Group
Ankle weight

0 kg 0.5 kg 1.0 kg 1.5 kg
Young (n=11) 2.71 ± 1.24 2.49 ± 1.33 2.00 ± 1.28 2.52 ± 1.14
Elderly (n=10) 4.49 ± 1.76* 3.53 ± 1.85* 3.38 ± 1.26* 3.93 ± 1.57*
*p<0.05, significantly different between the young and the elderly.
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The main purpose of this study was to compare knee joint positioning sense between the young and elderly populations, and 
to determine whether ankle weight could reduce knee joint repositioning error. The results of this study showed a statistically 
significant difference in knee joint positioning sense between the young and elderly groups. These results are similar to the 
findings of Bullock-Saxon et al., who reported that elderly individuals tended to overshoot the target angle more often than 
young individuals14). On the other hand, Franco et al. found no significant differences in joint positioning sense between 
young and elderly adults. However, their elderly group showed lower sensitivity in the two-point discrimination test than 
their young group12). It is interesting that knee joint repositioning error was lower with 0.5% and 1.0% ankle weights than 
without weights, but increased with 1.5% ankle weights. Therefore, although ankle weights are useful for improving joint 
positioning sense, too high of a weight can disturb the proprioceptive systems. According to Bernett et al., light ankle weights 
improved walking speed and minimized oxygen consumption10).

The limitations of this study were the small sample size, which may have influenced the outcome, and possible measure-
ment errors. Nevertheless, the results indicate that knee joint repositioning sense can be improved in elderly individuals by 
wearing proper ankle weights. It should be noted that weights that are too heavy can disturb knee joint positioning sense.

AcknowledgEmEnt

This work was supported by the Ministry of Education of the Republic of Korea and National Research Foundation of 
Korea (NRF-2015S1A3A2046745). 

REFERENCES

1)	 Barrett DS, Cobb AG, Bentley G: Joint proprioception in normal, osteoarthritic and replaced knees. J Bone Joint Surg Br, 1991, 73: 53–56. [Medline]
2)	 Kaplan FS, Nixon JE, Reitz M, et al.: Age-related changes in proprioception and sensation of joint position. Acta Orthop Scand, 1985, 56: 72–74. [Medline]  

[CrossRef]
3)	 Hiemstra LA, Lo IK, Fowler PJ: Effect of fatigue on knee proprioception: implications for dynamic stabilization. J Orthop Sports Phys Ther, 2001, 31: 598–605. 

[Medline]  [CrossRef]
4)	 de Vries J, Ischebeck BK, Voogt LP, et al.: Joint position sense error in people with neck pain: a systematic review. Man Ther, 2015, 20: 736–744. [Medline]  

[CrossRef]
5)	 Han JT, Lee JH: Effects of kinesiology taping on repositioning error of the knee joint after quadriceps muscle fatigue. J Phys Ther Sci, 2014, 26: 921–923. 

[Medline]  [CrossRef]
6)	 Garsden LR, Bullock-Saxon JE: Joint reposition sense in subjects with unilateral osteoarthritis of the knee. Clin Rehabil, 1999, 13: 148–155.  [CrossRef]
7)	 Zheng T, Huo M, Maruyama H, et al.: Effects on ROM and joint position sense of the neck of two different interventions. J Phys Ther Sci, 2015, 27: 1041–1043. 

[Medline]  [CrossRef]
8)	 Aarseth LM, Suprak DN, Chalmers GR, et al.: Kinesio tape and shoulder-joint position sense. J Athl Train, 2015, 50: 785–791. [Medline]
9)	 Hopper D, Whittington D, Davies J: Does ice immersion influence ankle joint position sense? Physiother Res Int, 1997, 2: 223–236. [Medline]  [CrossRef]
10)	 Barnett SL, Bagley AM, Skinner HB: Ankle weight effect on gait: orthotic implications. Orthopedics, 1993, 16: 1127–1131. [Medline]
11)	 Odéen I, Knutsson E: Evaluation of the effects of muscle stretch and weight load in patients with spastic paraplegia. Scand J Rehabil Med, 1981, 13: 117–121. 

[Medline]
12)	 Franco PG, Santos KB, Rodacki AL: Joint positioning sense, perceived force level and two-point discrimination tests of young and active elderly adults. Braz 

J Phys Ther, 2015, 19: 304–310. [Medline]  [CrossRef]
13)	 Ribeiro F, Mota J, Oliveira J: Effect of exercise-induced fatigue on position sense of the knee in the elderly. Eur J Appl Physiol, 2007, 99: 379–385. [Medline]  

[CrossRef]
14)	 Bullock-Saxton JE, Wong WJ, Hogan N: The influence of age on weight-bearing joint reposition sense of the knee. Exp Brain Res, 2001, 136: 400–406. [Med-

line]  [CrossRef]
15)	 Chou CH, Hwang CL, Wu YT: Effect of exercise on physical function, daily living activities, and quality of life in the frail older adults: a meta-analysis. Arch 

Phys Med Rehabil, 2012, 93: 237–244. [Medline]  [CrossRef]
16)	 Gauchard GC, Jeandel C, Tessier A, et al.: Beneficial effect of proprioceptive physical activities on balance control in elderly human subjects. Neurosci Lett, 

1999, 273: 81–84. [Medline]  [CrossRef]
17)	 Bergin PS, Bronstein AM, Murray NM, et al.: Body sway and vibration perception thresholds in normal aging and in patients with polyneuropathy. J Neurol 

Neurosurg Psychiatry, 1995, 58: 335–340. [Medline]  [CrossRef]
18)	 Tinetti ME, Speechley M: Prevention of falls among the elderly. N Engl J Med, 1989, 320: 1055–1059. [Medline]  [CrossRef]
19)	 Stauffer RN, Chao EY, Györy AN: Biomechanical gait analysis of the diseased knee joint. Clin Orthop Relat Res, 1977, (126): 246–255. [Medline]
20)	 Pai YC, Rymer WZ, Chang RW, et al.: Effect of age and osteoarthritis on knee proprioception. Arthritis Rheum, 1997, 40: 2260–2265. [Medline]  [CrossRef]
21)	 Petrella RJ, Lattanzio PJ, Nelson MG: Effect of age and activity on knee joint proprioception. Am J Phys Med Rehabil, 1997, 76: 235–241. [Medline]  [Cross-

Ref]

http://www.ncbi.nlm.nih.gov/pubmed/1991775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3984706?dopt=Abstract
http://dx.doi.org/10.3109/17453678508992984
http://www.ncbi.nlm.nih.gov/pubmed/11665747?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2001.31.10.598
http://www.ncbi.nlm.nih.gov/pubmed/25983238?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2015.04.015
http://www.ncbi.nlm.nih.gov/pubmed/25013297?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.921
http://dx.doi.org/10.1191/026921599674996411
http://www.ncbi.nlm.nih.gov/pubmed/25995551?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1041
http://www.ncbi.nlm.nih.gov/pubmed/26090707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9408933?dopt=Abstract
http://dx.doi.org/10.1002/pri.108
http://www.ncbi.nlm.nih.gov/pubmed/8255807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7347432?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26443978?dopt=Abstract
http://dx.doi.org/10.1590/bjpt-rbf.2014.0099
http://www.ncbi.nlm.nih.gov/pubmed/17165054?dopt=Abstract
http://dx.doi.org/10.1007/s00421-006-0357-8
http://www.ncbi.nlm.nih.gov/pubmed/11243482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11243482?dopt=Abstract
http://dx.doi.org/10.1007/s002210000595
http://www.ncbi.nlm.nih.gov/pubmed/22289232?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2011.08.042
http://www.ncbi.nlm.nih.gov/pubmed/10505621?dopt=Abstract
http://dx.doi.org/10.1016/S0304-3940(99)00615-1
http://www.ncbi.nlm.nih.gov/pubmed/7897416?dopt=Abstract
http://dx.doi.org/10.1136/jnnp.58.3.335
http://www.ncbi.nlm.nih.gov/pubmed/2648154?dopt=Abstract
http://dx.doi.org/10.1056/NEJM198904203201606
http://www.ncbi.nlm.nih.gov/pubmed/598127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9416866?dopt=Abstract
http://dx.doi.org/10.1002/art.1780401223
http://www.ncbi.nlm.nih.gov/pubmed/9207711?dopt=Abstract
http://dx.doi.org/10.1097/00002060-199705000-00015
http://dx.doi.org/10.1097/00002060-199705000-00015

