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Effect of ankle proprioceptive exercise on static 
and dynamic balance in normal adults
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Abstract. [Purpose] The present study was conducted to investigate whether ankle proprioceptive exercise af-
fects static and dynamic balance in normal adults. [Subjects and Methods] Twenty-eight normal adults were re-
cruited to measure their static and dynamic balancing before and after the proprioceptive exercise. A subject stood 
with bare feet on the round supporting platform of the device for measuring balance, and the investigator entered the 
age and the height of the subjects and set his/her feet on the central point of the monitor screen. Training of ankle 
proprioceptive sense for the movements of plantar-flexion and dorsiflexion was performed. In the training of joint 
position sense in plantar-flexion and dorsiflexion, the plantar-flexion and the dorsiflexion were set as 15°, respec-
tively. [Results] The static balancing did not show significant differences in average, while the dynamic balancing 
showed significant differences. [Conclusion] Ankle proprioceptive exercise can affect dynamic balance.
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INTRODUCTION

Balancing, as an ability of poising the body, significantly affects all activities of daily living, being maintaining by organs 
of proprioceptive sense, vision, and vestibular sense that produce stability through coordination among muscular contraction 
in the lower limb1, 2). Proprioceptive sense and vision are mainly used to control postural sway in a standing posture, which 
are divided into the motor sensation detecting movements of the limbs and the joint position sense detecting static locations 
of the limbs, playing more significant roles than pain in terms of injury prevention, etiology of chronic impairment, and 
degenerative diseases of the joints. When the proprioceptive sense, which is input by appropriate reactions based on move-
ments, is declined due to abnormality of periarticular structures caused by etiological factors or disorders, balance ability 
may be declined in posture control, protective reflex, and handling sway of exercise ability posture in the joints3, 4). Ability 
to control the hip and the ankle joints is considerably significant in order to provide stability for body balancing. As for 
strategies of the ankle, muscular contraction occurs from the distal to the proximal, and the center of mass is maintained on 
the ankle while moving by the strength5). Insufficient control of the ankle joint during walking may cause various problems 
such as weakened ankle dorsiflexor, stiffened and passively spastic plantarflexor, and injury in the ankle joint6), inducing 
energy consumption, reduction in endurance, and possibility of fall7, 8). Training of proprioceptive sense has been much used 
in treatment in order to increase gaiting ability, and importance of exercise methods to enhance the proprioceptive sense in 
the lower limbs as well as the ankle joints has been more emphasized recently.

The present study was conducted to investigate whether ankle proprioceptive exercise affects static and dynamic balance 
in normal adults.
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SUBJECTS AND METHODS

The subjects of this study were twenty-eight normal adults (14 males and 14 females) in their twenties who did not 
have external injury in the ankle joints nor movement limit by joint abnormality. Their mean age, height, and weight were 
22 (± 1.59) years, 168 (± 7.83) cm, and 63.86 (± 13.99) kg, respectively. All subjects were informed of the purpose of this 
study and provided their written informed consent prior to their participation. This study adhered to the ethical principles 
of the Declaration of Helsinki. Static and dynamic balances of subjects were measured before and after the proprioceptive 
exercise. The exercise was performed after the balancing measurement, immediately followed by balancing measurement. 
BALANCE SYSTEM SD (Biodex Medical System Inc., USA) was used to measure balancing. The force plate of the device 
was connected by computer software, which sent objective balance indexes. The present study selected the overall balance 
index (OBI). A subject stood with bare feet on the round supporting platform (55 cm in diameter) of the device for measuring 
balance, and the investigator entered the age and the height of the subjects and set his/her feet on the central point of the 
monitor screen. The static balancing was measured on the static supporting platform which swayed from side to side but not 
back and forth. When the subject moved his/her center of the trunk without changing the location of the feet, the movement 
of the central point for 20 seconds was recorded while the central point was maintained on the center of the monitor screen. 
Numbers from 0 to 9 were collected as the result values; 0 indicates stability and 9 indicates instability.

The dynamic balancing was measured on the dynamic supporting platform which swayed from side to side and back and 
forth. The center of the trunk was moved with eight circles to measure the balancing. The subjects were allowed to grab the 
handle to recover their balancing when they lost it during measurement, but they were asked to keep their balance without 
grabbing the handle as much as possible. During the measurement, the subjects had to concentrate one’s mind in a way that 
their body center did not deviate from the center area of the mark on the monitor while seeing it. The greater the result value 
is, the better the dynamic balancing is.

Using the Biodex, we performed training of ankle proprioceptive sense for the movements of plantar-flexion and dor-
siflexion. In the training of joint position sense in plantar-flexion and dorsiflexion, the plantar-flexion and the dorsiflexion 
were set as 15°, respectively. The subjects were blindfolded during the measurement in order to exclude their visual ability. 
The angular velocity of the training was 30°/sec. The measurements were performed three times at each location. After the 
subjects remembered the location of the joints while staying at the set angle for 10 seconds, we pushed a button to stop the 
action at the remembered location of the joints. In order to exclude effects of fatigue between the training sets, 30 seconds of 
rest was allowed. Paired t-test was used to examine effects of ankle proprioceptive exercise on static and dynamic balance. 
Statistical analyses were performed using SPSS ver. 21.0, and statistical significance was set at p<0.05.

RESULTS

In the present study, before and after the exercise of proprioceptive sense, the static balancing did not show significant 
differences in average (p>0.05), while the dynamic balancing showed significant differences (p<0.05) (Table 1).

DISCUSSION

Balancing indicates an ability of moving or keeping the posture in a standing position while maintaining the weight, 
covering stability with which a given posture can be kept using the minimal postural sway, symmetry with which the weight 
can be distributed evenly to the left and to the right in the basement, and factors of dynamic stability with which the body 
can be moved while keeping balance2). In particular, the ankle strategy is important to provide stability for balance control5). 
However, the ankle joints show most common occurrence of musculoskeletal injury, and decreased balance control may 
be induced by ankle injury9, 10). The effect of proprioceptive exercise on ankle joint has attracted attention in many studies. 
It was reported that a multi-station, low-frequency exercise program can affect ankle instability11). In addition, an exercise 
of proprioceptive sense was reported to be effective on prevention of recurrent ankle injury12). The present study showed 
that there was no significant difference before and after ankle proprioceptive exercise in static balance (p>0.05). However, 
significant difference was found in dynamic balance (p<0.05). Proprioception plays a role in providing sensory feedback 

Table 1.  Effects of ankle proprioceptive exercise on static and dynamic 
balance

Pre Post
Static balance 1.01 ± 0.36 0.93 ± 0.29
Dynamic balance 28.32 ± 11.38 37.61 ± 13.45*
Values are reported as the Mean  ± SD.
*Significant difference (p<0.05)
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from the body to the nervous system. Among subordinate concepts of proprioception, joint position sense is known as the 
ability to recognize the joint location. Furthermore, it has an influence on body alignment as well as joint stability. In this 
regard, it is suggested that increased joint stability resulting from proprioceptive exercise may affect dynamic balance13). It is 
suggested that further study is necessary to clarify the effect of the period of exercise on static and dynamic balance.

ACKNOwLEDgEMENT

This research was supported by Youngsan University Research Grants in 2016.

REFERENCES

1) Cohen H, Blatchly CA, Gombash LL: A study of the clinical test of sensory interaction and balance. Phys Ther, 1993, 73: 346–351, discussion 351–354. [Med-
line]

2) Shumway-Cook A, Woollacott MH: Motor control: theory and practical applications. Williams & Wilkins, 1995.
3) Callaghan MJ, Selfe J, McHenry A, et al.: Effects of patellar taping on knee joint proprioception in patients with patellofemoral pain syndrome. Man Ther, 

2008, 13: 192–199. [Medline]  [CrossRef]
4) Wingert JR, Burton H, Sinclair RJ, et al.: Joint-position sense and kinesthesia in cerebral palsy. Arch Phys Med Rehabil, 2009, 90: 447–453. [Medline]  [Cross-

Ref]
5) Winter DA: Human balance and posture control during standing and walking. Gait Posture, 1995, 3: 193–214.  [CrossRef]
6) Crenna P: Spasticity and ‘spastic’ gait in children with cerebral palsy. Neurosci Biobehav Rev, 1998, 22: 571–578. [Medline]  [CrossRef]
7) Anderson FC, Pandy MG: Individual muscle contributions to support in normal walking. Gait Posture, 2003, 17: 159–169. [Medline]  [CrossRef]
8) Daly JJ: Response of gait deficits to neuromuscular electrical stimulation for stroke survivors. Expert Rev Neurother, 2006, 6: 1511–1522. [Medline]  [Cross-

Ref]
9) Liu YW, Jeng SC, Lee AJ: The influence of ankle sprains on proprioception. J Exerc Sci Fit, 2005, 3: 33–38.
10) McGuine TA, Keene JS: The effect of a balance training program on the risk of ankle sprains in high school athletes. Am J Sports Med, 2006, 34: 1103–1111. 

[Medline]  [CrossRef]
11) Eils E, Rosenbaum D: A multi-station proprioceptive exercise program in patients with ankle instability. Med Sci Sports Exerc, 2001, 33: 1991–1998. [Medline]  

[CrossRef]
12) Hupperets MD, Verhagen EA, van Mechelen W: Effect of unsupervised home based proprioceptive training on recurrences of ankle sprain: randomised con-

trolled trial. BMJ, 2009, 339: b2684. [Medline]  [CrossRef]
13) Lee MY, Lee HY, Yong MS: Characteristics of cervical position sense in subjects with forward head posture. J Phys Ther Sci, 2014, 26: 1741–1743. [Medline]  

[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/8497509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8497509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17296323?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2006.11.004
http://www.ncbi.nlm.nih.gov/pubmed/19254610?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2008.08.217
http://dx.doi.org/10.1016/j.apmr.2008.08.217
http://dx.doi.org/10.1016/0966-6362(96)82849-9
http://www.ncbi.nlm.nih.gov/pubmed/9595571?dopt=Abstract
http://dx.doi.org/10.1016/S0149-7634(97)00046-8
http://www.ncbi.nlm.nih.gov/pubmed/12633777?dopt=Abstract
http://dx.doi.org/10.1016/S0966-6362(02)00073-5
http://www.ncbi.nlm.nih.gov/pubmed/17078790?dopt=Abstract
http://dx.doi.org/10.1586/14737175.6.10.1511
http://dx.doi.org/10.1586/14737175.6.10.1511
http://www.ncbi.nlm.nih.gov/pubmed/16476915?dopt=Abstract
http://dx.doi.org/10.1177/0363546505284191
http://www.ncbi.nlm.nih.gov/pubmed/11740289?dopt=Abstract
http://dx.doi.org/10.1097/00005768-200112000-00003
http://www.ncbi.nlm.nih.gov/pubmed/19589822?dopt=Abstract
http://dx.doi.org/10.1136/bmj.b2684
http://www.ncbi.nlm.nih.gov/pubmed/25435690?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1741

