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ABSTRACT 

 

Comparison of Toe Plantar Flexors Strength and 

Balancing Ability Between Elderly Fallers and 

Non−Fallers 

 

 
Yongwook Kim 

Dept. of Rehabilitation Therapy 

(Physical Therapy Major) 

The Graduate School  

Yonsei University 

 

 

It is essential for elderly individuals to maintain their balance ability through 

postural control so that they can perform activities of daily living safely. The 

purposes of this study were to compare the differences in individual toe flexor muscle 

strength and balancing ability between elderly fallers and non−fallers and to 
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determine the correlation between individual toe flexor muscle strength and the 

functional reach test (FRT). Thirty community−dwelling older adults (15 fallers and 

15 age− and sex−matched non−fallers) between 65 and 83 years of age participated in 

this study. Individual toe flexor muscle strength was measured using a dynamometer 

attached a wooden frame consisting of a platform and a vertical board. Balance ability 

was assessed with the FRT, Berg balance scale, and a sensory organization test (SOT). 

An independent t−test was used to determine the statistical differences in the toe 

strengths between the faller and non−faller groups. The Pearson correlation 

coefficients between toe plantar flexor muscle strengths and the FRT were calculated. 

The hallux and second toe flexor muscle strengths in the non−faller group were 

significantly stronger bilaterally than those in the faller group, whereas no significant 

differences in the third and fourth toe flexor muscle strengths were found. Among the 

force of the toes, the hallux plantar flexor strength was most correlated with FRT (r = 

0.77). The non−faller group showed significantly greater balance ability in the FRT 

and SOT than the faller group. 

The findings of this study indicate that the force generating capability of medial toe 

flexors is more closed relationship than later part of toe flexors in the maintenance of 

balance in older adults. Therefore, the results of this study suggest that the 

force−generating capability of the hallux and second toe flexor muscle are more 

highly related to the incidence of falls among elderly individuals. 

 

Key Words: Balance, Faller, Toe plantar flexors strength. 
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Introduction 

 

Falls are defined as “events that result in a person coming to rest unintentionally on 

the ground or other lower level, not as the result of a major intrinsic event or 

overwhelming hazard” (Menz, Morris, and Lord SR 2006). Fall injury is one of the 

major factors reducing the quality of the life of elderly people. One third of 

community−dwelling elderly people aged 65 years or over have reported falling at 

least twice a year (Hausdorff, Rios, and Edelberg 2001; Hornbrook et al. 1994). An 

elderly person who has experienced a fall worries about other accidents and feels less 

confident while performing physical and social activities (Nevitt et al. 1989; 

O’Loughlin et al. 1993; Tinetti et al. 1994). Accordingly, it is essential for elderly 

individuals to maintain their balance ability through postural control so that they can 

perform activities of daily living safely. 

In order to maintain the center of gravity on the base of support while carrying on 

activities of daily living, it is necessary to integrate information from the visual, 

vestibular, and somatosensory systems. Information on body movements is perceived 

by the sensory systems, integrated by the central nervous system, and then passed on 

to the effector, the musculoskeletal system. Sufficient strength in the lower limb 

muscles is essential for maintaining static and dynamic balance. Many studies have 

considered muscle weakness in the lower limbs of elderly people as one of the major 

factors leading to fall accidents and injuries (Brauer, Burns, and Galley 2000; 

Guralnik et al. 1995; Menz, Morris, and Lord 2005; Tinetti 1987). The decline in 
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muscle strength in the lower limbs with aging is responsible for balance impairment 

(Horak, Shupert, and Mirka 1989). Some studies have demonstrated that the muscle 

strength in the lower limbs of elderly individuals is highly correlated with their 

walking and balance ability (Wolfson et al. 1995). Chu et al. (1999) reported that risk 

factors leading to injuries in falls were weakness of the lower limbs and unstable 

tandem walking. 

Like the hip, knee, and ankle joints and surrounding muscles, the toes play an 

important role in maintaining stability during forward reach and forward propulsion 

during walking (Menz, Morris, and Lord 2006; Menz et al. 2006). Menz et al. (2006) 

reported that the strength of the toe plantar flexor muscles was a significant 

independent predictor of the balance and functional abilities of elderly people. 

However, they measured the overall toe plantar flexor strength using a paper−grip test 

rather than individual toe plantar flexor muscles. Therefore, this study compared the 

toe strength and balance ability of elderly fallers and non−fallers using objective 

methods and determined the correlations between individual toe plantar flexor 

strengths and the results of the functional reach test (FRT). Three hypotheses were 

tested in this study: 1) toe plantar flexor strength would differ significantly between 

elderly fallers and non−fallers; 2) the balance test would differ significantly between 

elderly fallers and non−fallers; and 3) significant correlation would be found between 

individual toe plantar flexor strengths and the FRT.  
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Method 

 

1. Subjects 

 

The participants were recruited from among community−dwelling volunteers. 

Thirty subjects between 65 and 83 years of age met the inclusion criteria. The 

principal investigator asked each subject about his or her history of falls during the 

screening test. Fifteen persons (7 males and 8 females) who had fallen at least once 

while walking during the previous 12 months were included in faller group (Daubney, 

and Culham 1999; O’Brien, Culham, and Pickles 1997; Wallmann 2001), the 

non−faller group included 15 age− and sex−matched persons. A fall was not counted 

if it occurred due to dizziness, illness, during unusual activities in a hazardous 

environment. In the faller group, eleven subjects (73.3%) recalled falling 3 or more 

times, and 4 subjects (26.7%) recalled falling 1 or 2 times in the year prior to the 

study. No significant differences between the two groups in terms of age, height, or 

weight were found (Table 1). 

The following subjects were excluded: (1) subjects who required aids to walk 

independently, (2) those with severe musculoskeletal disorders or foot and toe 

deformities that interfered with walking, (3) subjects with neurological impairments 

or vestibular dysfunction interfering with balance diagnosed by an neurologist based 

on vertical axis rotation, positional, and oculomotor testing (Wuyts et al. 2007), (4) 

subjects with orthostatic hypotension, (5) subjects with significant cognitive 
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dysfunction who had difficulty understanding instructions (cognitive impairment was 

defined as a score of 24 or below on the Mini−Mental State Examination) (Folstein, 

Folstein, and McHugh 1975), (6) subjects taking medications that affected their 

balance ability, and (7) subjects with sensory impairment or diabetic peripheral 

neuropathy in the lower limbs. All participants signed an informed consent form after 

receiving a full explanation of the purpose of this study. The institutional review 

board of Yonsei University approved this study. 

 

Table 1. General characteristics of participants 

Variables 
Fallers (n=15) Non− Fallers (n=15)  

Mean ± SDa Range Mean ± SDa Range  

Age (y) 71.4 ± 4.25 66–81 72.1 ± 4.97 66–83  

Height (㎝) 156.33 ± 5.38 149–165 156.5 ± 4.49 149–164  

Weight (㎏) 61.27 ± 7.49 51–81 60.87 ± 6.85 48–78  

aSD: Standard Deviation. 
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2. Equipment 

 

Individual toe plantar flexor muscle strengths were measured using a digital 

dynamometer (MSC−200, AMETEC Inc, FL, USA). A wooden frame consisting of a 

platform (20 × 3 × 2.3 ㎝ width × length × height) and a vertical board (7.7 × 7.7 × 

4.4 ㎝ width × length × height) was constructed. A foot board (40 × 27 × 5 ㎝ 

width × length × height) was used to position the foot and toes to be tested, and the 

digital dynamometer was attached to the vertical board (Figure 1). The height of the 

dynamometer could be adjusted using a longitudinal slot in which it was fastened by 

bolts and nuts to accommodate individual variations in toe and foot dimensions. A 

thin leather strap (1.5 ㎝ width) was attached to the hook on the digital dynamometer. 

This device was previously determined to have high intra–rater reliability for the 2nd 

to 4th toes (intraclass correlation coefficient (ICC) = 0.88–0.96) (Kwon et al. 2009). 
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Figure 1. A dynamometer attached wooden frame. 
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3. Toe Strength and Balance Measures 

 

3.1. Toe Plantar Flexor Strength  

The subject was instructed to sit comfortably with his or her back supported by the 

chair backrest and to put the foot to be tested on the foot board. The hip, knee, and 

ankle joints were all positioned at 90 degrees during the test procedure. The toe to be 

measured was inserted into a leather cuff, which was positioned on the plantar side of 

the proximal phalanx of the toe to be tested (Figure 2). The subject was instructed to 

push the leather cuff downward with the toe to be tested as hard as possible (Duncan 

et al. 1990). Each subject practiced three times before the measurement to become 

familiar with the testing procedures. The maximum strength of each toe plantar flexor 

muscle was determined during a 5–second push–down period. The unit of strength 

measurement was the kilogram (㎏). The mean of three trials was calculated for use 

in the data analysis. Subjects had a 3–minute rest between trials to minimize muscle 

fatigue. An independent physical therapist with experience working with a digital 

dynamometer read and recorded the strength value of each toe plantar flexor muscle 

on the digital display to eliminate experimental bias. 
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Figure 2. Measurement of toe flexor strength (A: Vertical board, B: Platform, C: Foot 

board, D: Dynamometer, E: Hook, F: Leather strap). 
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3.2. Functional Reach Test (FRT) 

A yardstick was mounted horizontally on a wall for the FRT. The subject was 

instructed to stretch the dominant upper limb forward with the shoulders kept at 90 

degrees flexion, with the arm held horizontal while maintaining a fixed base of 

support to test the limits of stability in the anterior direction (Duncan 1990). The 

distance in centimeters was measured from the tip of the third metacarpal of the 

subject’s clenched fist knuckle in the standing position. Then, the subject reached 

forward as far as possible without losing balance and the measurement was repeated. 

A second investigator stood by to ensure the subject’s safety during the FRT. The 

mean of three trials was calculated for the data analysis. The ICC of the test–retest 

reliability of the FRT was 0.92, and the ICC for inter–tester reliability was 0.98 

(Duncan 1990). 

 

3.3 Berg Balance Scale (BBS)  

The standardized BBS proposed by Berg et al. (1989) was measured. The balance 

is evaluated using the sum of 14 tasks scores. The 14 tasks scored on the BBS are (1) 

sit−to−stand, (2) standing unsupported, (3) sitting unsupported, (4) stand−to−sit, (5) 

transfer, (6) standing with eye closed, (7) standing with feet together, (8) reaching 

forward with an outstretched arm, (9) retrieving an object from the floor, (10) turning 

the trunk with feet fixed, (11) turning 360 degree, (12) stool stepping, (13) tandem 

standing, and (14) standing on one limb. BBS rates performance from 0 (cannot 

perform) to 4 (normal performance). Therefore, the possible maximum score for 14 
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items is 56, which is supposed to indicate excellent balance. The ICCs for the inter– 

and intra–rater reliability were 0.98 and 0.99, respectively, in a previous study (Berg 

et al. 1989). 

 

3.4 Sensory Organization Test (SOT)  

The SOT was performed using the NeuroCom Smart Balance Master system 

(Smart Balance Master system, NeuroCom International Inc, USA). The subject wore 

a harness for safety. The upper limbs were positioned naturally at the side of body, 

the feet were positioned along parallel lines on the plate, and the subject was 

instructed not to move the feet during the test (figure 2). The SOT consists of six 

sensory conditions tested in a standard order (Nashner 1993): 1) normal vision and 

support surface; 2) eyes closed and normal support surface; 3) sway−referenced 

vision and normal support surface; 4) normal vision and sway−referenced support 

surface; 5) eyes closed and sway−referenced support surface; and 6) sway−referenced 

vision and support surface. The average of the six tests was taken as a composite 

equilibrium score for use in the data analysis. The SOT composite score showed good 

test−retest reliability, with an ICC of 0.66 in a previous study (Ford−Smith et al. 

1995). 
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4. Statistical Analysis 

 

The data were analyzed using SPSS version 17.0 (Chicago, IL, USA) for Windows. 

According to the Kolmogorov−Smirnov test for normality, all parameters were 

normally distributed. An independent t−test was used to determine the statistical 

differences in the measured values for the demographic data and the three balance 

tests between the faller and non−faller groups. To determine the intra–tester reliability 

of individual toe plantar flexor strengths measured using the digital force 

dynamometer, the ICC was calculated (Krebs 1984). The test and retest were 

performed within 5 days. The Pearson correlation coefficients between toe plantar 

flexor muscle strengths and the FRT were calculated. 
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Results 

 

In my study, the intra–tester reliability for the toe plantar flexor muscle strength 

measurements was high (ICC values 0.89–0.95) (Table 2). 

Table 3 shows the mean, standard deviation, and range for the measured toe plantar 

flexor muscles. The plantar flexor strengths of the hallux and second toe on both sides 

were significantly lower in the faller group than in the non−faller group (p < 0.01 and 

p < 0.01). However, no significant differences in the strengths of the toe plantar 

flexors of the third and fourth toes were found between the two groups. 
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Table 2. Intra–tester reliability of the toe plantar flexor muscle strength measurements 

using a digital dynamometer 

Variable ICCsa (2,1) 95% CIb 

Hallux 0.89 0.67−0.97 

2nd toe 0.91 0.73−0.94 

3rd toe 0.95 0.85−0.98 

4th toe 0.92 0.76−0.97 
aICCs: Intraclass Correlation Coefficients. 
bCI: Confidence Interval. 
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Table 3. Comparison of toe flexor muscle force measurements 

Variables (㎏) 

Fallers (n=15) Non−Fallers (n=15) 

Mean ± SDa Range Mean ± SDa Range 

Right Hallux 4.67 ± 1.64 2.29−7.31 7.02 ± 1.10** 5.16−9.40 

Left Hallux 4.34 ± 1.37 2.19−6.19 6.97 ± 1.30** 5.46−9.71 

Right 2nd toe 3.07 ± 1.21 1.13−5.27 4.77 ± 0.98** 3.06−6.40 

Left 2nd toe 3.04 ± 1.17 1.29−5.22 4.68 ± 1.00** 3.11−6.44 

Right 3rd toe 2.74 ± 1.08 1.16−4.36 3.33 ± 0.76 2.19−4.54 

Left 3rd toe 2.74 ± 1.07 1.03−4.32 3.34 ± 0.64 2.34−4.50 

Right 4th toe 2.38 ± 1.02 0.79−3.96 2.87 ± 0.73 1.81−4.21 

Left 4th toe 2.24 ± 0.92 0.92−3.70 2.76 ± 0.94 1.26−4.13 

aSD: Standard Deviation. 
Comparison between groups (independent t−test) 
**p < 0.01 
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The results of the three balance measures are shown in Table 4. No significant 

difference was seen between the faller and non−faller groups in terms of the BBS, 

whereas the FRT (22.87 ± 4.50 ㎝ vs. 28.00 ± 5.49 ㎝) and SOT score (70.60 ± 

7.34% vs. 75.80 ± 5.65%) of the faller group were significantly lower than those of 

the non−faller group. 
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Table 4. Descriptive characteristics of balance measures 

Variables 

Fallers (n=15) 

 

Non−Fallers (n=15) 

Mean ± SDa Range Mean ± SDa Range 

FRTb (㎝)    22.87 ± 4.50 13−30

 

28.00 ± 5.49** 22−45 

BBSc (score)    52.33 ± 3.46 45−56 53.40 ± 1.64 50−56 

SOTd (score)    70.60 ± 7.34 57−81 75.80 ± 5.65* 67−86 

aSD: Standard Deviation. 
bFRT: Functional Reach Test. 
cBBS: Berg Balance Scale. 
dSOT: Sensory Organization Test. 
Comparison between groups (independent t−test) 

*p < 0.05, **p < 0.01 
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The correlation coefficients between the toe plantar flexor muscle strength and 

FRT ranged from 0.49 (p < 0.01) to 0.77 (p < 0.01) (Table 5). 
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Table 5. Correlation between toe plantar flexors muscle strength and FRTa 

 
Right Left 

Hallux 2nd 3rd 4th Hallux 2nd 3rd 4th 

FRTa 0.77** 0.69** 0.66** 0.61** 0.64** 0.56** 0.53** 0.49** 

aFRT: Functional Reach Test. 
**p < 0.01 
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Discussion 

 

I investigated whether differences in individual toe plantar flexor muscle strengths 

and balance ability exist between fallers and age− and sex−matched non−fallers. The 

toe plantar flexor muscles of the hallux and second toes in the non−faller group were 

significantly stronger than in the faller group bilaterally, whereas no significant 

difference in the third or fourth toe plantar flexor strengths was seen between the two 

groups. The non−faller group had significantly better balance scores in the FRT and 

SOT than the faller group. 

The results show that non−fallers had significantly greater toe plantar flexor muscle 

strength (p < 0.01) than the fallers in the hallux and second toes of both feet, whereas 

no significant differences were seen for the third or fourth toes. Previous research 

using a pressure platform showed that older people had 32% less plantar flexion 

strength of the hallux and 27% less plantar flexion strength of the lesser toes than 

younger people (Menz et al. 2006). Toe flexor muscle strength decreases significantly 

with age (Endo, Ashton−Miller, and Alexander 2002). Previous studies have 

compared toe plantar flexor strength between older and younger persons. Daubney, 

and Culham (1999) reported significantly stronger hip extensors and ankle 

dorsiflexors in elderly non−fallers compared to fallers. This study is the first attempt 

to compare the toe plantar flexor strength between fallers and non−fallers measuring 

individual toe plantar flexor strengths. Fong et al. (2008) found a significantly 

increased peak pressure (30%) and pressure−time integral (79%) in the hallux on a 
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slippery surface compared to a non−slippery surface. They suggested that greater toe 

grip is a strategy for adapting to slippery surfaces. In this study, the plantar flexor 

muscle strength of the hallux was greater in the non−faller group than in the faller 

group, indicating the importance of the medial part of the toe plantar flexors in 

maintaining balance. Elderly people tend to fall on relatively slippery surfaces, and 

many possible causes exist for falling among elderly people. The weakness of the 

medial toe flexors may be a factor contributing to falls in elderly individuals. The 

function of the hallux is to control balance and to provide forward propulsion during 

walking and running. If the hallux plantar flexor becomes weak with aging, it could 

affect static or dynamic balance ability. 

It is not clear whether weakness in the hallux and second toe results in falling or, 

alternatively, fear of falling causes disuse atrophy of the hallux and second toe. A 

previous study showed that an old person who has experienced falls faces limits to 

normal physical activities, like walking, due to fear of injuries related to falls (Tinetti 

et al. 1994), and the difference in the toe muscle strength between the two subgroups 

seen in this study is most likely attributable to this. 

No validated measures for individual toe plantar flexor strengths are available. A 

manual muscle testing method is commonly used to measure strength in the clinical 

setting (Lin et al. 2008). However, this method does not measure toe strength 

quantitatively. Many researchers have tried to measure toe strength quantitatively. 

Endo et al. (2002) and Mickle et al. (2009) used a force plate to determine the ground 

reaction force, and Menz et al. (2006) and Nihal et al. (2002) used a pressure sensor 
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and a paper−grip test to estimate toe strength. Other researchers have measured the 

total toe flexor muscle strength using a dynamometer (Senda et al. 1999; Goodall, and 

Hammes 1986). Fong et al. (2008) calculated toe strength using a pressure insole 

system and emphasized toe grip strength. Kwon et al. (2009) used a dynamometer to 

measure the strength of toes 2–4 individually and reported high test–retest reliability. 

In this study, the intra–tester reliability for these measures on two separate occasions 

was also high (ICC = 0.89–0.95). It is possible that strength measurement with a 

digital dynamometer can be used clinically to measure toe strength of the elderly. 

In this study, the average distance measured in the FRT was significantly lower in 

the faller group than that in the non−faller group (22.87 vs. 28.00 ㎝, respectively). 

O’Brien et al. (1997) reported similar results in that female elderly fallers had a 

significantly lower average score on the FRT (22.2 vs. 27.7 ㎝ for fallers and 

non−fallers, respectively). This is consistent with my result. Some studies found that 

toe plantar flexor strength was related to the FRT value. Endo et al. (2002) reported a 

correlation between the toe flexor isometric muscle strength and the functional toe 

length as a functional reach task, which was defined as the ‘maximum distance that 

the subject could move the center of ground reaction force forward of the first 

metatarsophalangeal joint’. Kozak et al. (2003) also stated that greater toe flexor 

muscle strength will increase the force under the distal phalanx of each toe, especially 

the long toes, so that the center of pressure can be moved toward the 

metatarsophalangeal joint. I examined whether individual toe strength was correlated 

with FRT and found that individual toe plantar flexor muscle strengths and FRT were 



 - 22 -

moderately correlated (r = 0.489–0.765). The correlation was greater for the hallux 

and second toe than for the third and fourth toes. These results suggest that hallux and 

second toe plantar flexor muscle strengths contribute to the FRT result of the elderly. 

The SOT assesses a person’s ability to maintain balance under altered sensory 

conditions by relying on available sensory input and suppressing misleading input 

(Tang, Moore S, and Woollacott 1998). Wallmann (2001) found significantly 

different SOT scores between 10 fallers and 15 non−fallers who were at least 60 years 

of age. In this study, the SOT score was significantly lower in the faller group (70.60 

± 7.34%) than in the non−faller group (75.80 ± 5.65%). This indicates that the 

balance ability of the faller group was lower than that of the non−faller group. In 

contrast, one study reported no significant difference in SOT scores between fallers 

and non−fallers (Anacker, and Di Fabio 1992). This difference in results may have 

arisen from differences in the characteristics of the participants, definition of fallers, 

and different measurement methods used. Therefore, further studies are needed to 

clarify whether the SOT score has the ability to distinguish between fallers and 

non−fallers. 

 In this study, no significant difference in BBS score was found between the faller 

and non−faller groups. In other studies of community−dwelling older adults, the BBS 

was not found to be a good predictor of falls (Bogle Thorbahn, and Newton 1996; 

O'Brien, Pickles, and Culham 1998). The BBS is not sensitive enough to uncover 

factors that contributed to falls in older adults who are active (Boulgarides et al. 2003). 

Boulgarides et al. (2003) found no significant difference between groups, concurring 
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with my findings. O’Brien et al. (1998) found that the BBS was less sensitive for 

predicting falls by community−dwelling older people who were in good health than in 

residents of the nursing home studied by Berg et al. (1992). My subjects were 

community dwellers, which is one possible reason that no significant difference in the 

BBS score was found between the faller and non−faller groups. 

My study has several limitations. First, I did not control for psychological 

confounding variables such as anxiety and fear of falling during the test. Second, my 

sample size was too small to generalize my findings to all community−dwelling 

fallers. Third, the history of falling depended on the subject’s memory, and recall bias 

can influence results. Fourth, although age− and sex−matched subjects participated in 

this study, other factors potentially affecting balance were not matched between the 

two groups. Further studies are needed to determine whether toe plantar flexor 

strengthening exercises can improve balancing ability in the elderly population.  
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Conclusion 

 

It was confirmed that the flexor muscular strength of the first and second toes in the 

non−faller group was significantly stronger than the faller group, while no significant 

difference in the flexor muscular strength was noticed between the third and fourth 

toes. The non−faller group showed a significantly better balance ability on the FRT 

and the SOT score, compared with the faller group. Also, this study appears that the 

correlation relationship exist between the toe plantar flexor muscle strength and FRT 

in the faller and non−faller group. 

In conclusion, the findings of this study indicate that the force generating capability 

of medial toe flexors is more closed relationship than later part of toe flexors in the 

maintenance of balance in older adults. 
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국문 요약 

 

넘어진 노인과 넘어지지 않는 노인의 

 발가락 족저 굴곡근 근력과 균형 능력 비교 

  

연세대학교 대학원 

재활학과(물리치료학 전공) 

김 용 욱 

 

본 연구의 목적은 넘어진 노인군과 넘어지지 않은 노인군 사이에 발가락 

족저 굴곡근 근력과 균형 능력의 차이가 있는지 검증하고 각 발가락 굽힘

근의 근력과 균형 능력 검사 중 기능적 뻗기 검사 사이의 상관성을 알아보

는 것이다. 

지역사회 거주에 하는 65세에서 83세 노인 중 본 연구에서 정한 선정조

건에 부합하는 30명을 연구대상자로 하였다. 이들 중 15명은 넘어진 경험

이 있는 노인이었고, 나머지 15명은 넘어진 경험이 없는 노인이었다. 각 
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발가락의 근력을 측정하기 위해서 대상자를 등받이가 있는 의자에 등을 편

안히 기대어 앉게 하였다. 그리고 나무 고정 지지대에 부착된 측정 장비의 

가죽고리를 걸어 발가락 족저 굽힘근에 최대 힘을 주도록 대상자에게 요청

하여 최대 등척성 근력을 측정하였다. 노인의 균형 능력을 평가하기 위하

여 기능적 뻗기 검사, 버그 균형 척도, 감각 조직화 검사를 시행 하였다. 

넘어진 노인군과 넘어진 경험이 없는 노인군 간의 발가락 굽힘근 근력의 

차이를 알아보기 위해 독립 t-검정을 실시하였고, 발가락 굽힘 근력과 기

능적 뻗기 사이의 상관성을 알아보기 위해 피어슨 상관계수를 구하였다.    

그 결과, 첫 번째 발가락과 두 번째 발가락의 족저 굽힘근 근력이 넘어

진 경험이 있는 노인군에 비해 넘어진 경험이 없는 노인군에서 유의하게 

강한 근력을 보였으나, 세 번째와 네 번째 발가락의 족저 굽힘근 근력에서

는 두 군간 유의한 차이가 없었다. 발가락 근력 중, 엄지발가락 족저 굽힘

근 근력이 기능적 뻗기와 가장 높은 양의 상관관계를 보였다. 기능적 뻗기 

검사와 감각 조직화 검사에서는 넘어진 노인군보다 넘어지지 않은 노인군

이 유의하게 더 좋은 균형 능력을 보였다.  

따라서 내측 발가락 족저 굽힘근의 근력 강화가 노인의 균형 유지 및 향

상을 위해 중요한 역할을 할 것으로 사료된다. 

 

핵심 되는 말: 균형, 낙상 노인, 발가락 족저 굽힘근 근력. 


