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Left toe grip strength and lumbar spine/ankle joint disease are associated
with falls among frail older women
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Background: Although toe grip strength has been closely associated with physical performance, the association between toe
grip strength and history of falls in older adults remains unclear. The purpose of our study was to investigate the associations
between physical function testing, including toe grip strength and falls in the previous 12 months, in community-dwelling frail
older women.
Methods: Forty-eight participants aged ≥65 years who were screened by a frailty checklist were included. We compared the
faller group (n=18) and non-faller group (n=30) in terms of physical function including toe grip strength, hand grip strength,
five-repetition sit-to-stand test, one-leg standing duration with vision, 5-meter walk test, and timed up-and-go test, as well as
history of orthopedic disease.
Results: Participants in the faller group had significantly weaker left toe grip strength than those in the non-faller group
(p=0.009), whereas the other physical measurements were not found to be significantly different. Regarding orthopedic disease, the faller group had a significantly higher prevalence of lumbar spine and ankle joint disease compared with the nonfaller group (p=0.025 and p=0.001, respectively).
Conclusions: Left toe grip strength and lumbar spine/ankle joint disease may be the most important physical function factors
for predicting falls in frail older women.
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Introduction
Falls are a commonly recognized geriatric syndrome in
the Asia-Paciﬁc region,1 and frail older adults have an especially high incidence of falls worldwide.2 It is estimated that
one-third of community-dwelling older adults aged ≥65
years fall every year, and serious injuries result from 10% of
falls.3,4 Consequently, the sequelae of fracture and reduction
in health-related quality of life are serious among frail older
adults.3,5 Additionally, economic concern is also serious;
about 7.1 billion US dollars is spent annually on medical and

long-term care costs in Japan.6 Based on this social background, many studies have identiﬁed risk factors for falls in
older adults.7,8 The etiology of a fall is usually multifactorial,
resulting from the interaction between intrinsic (i.e., postural
control, muscle strength, joint disease) and extrinsic (i.e.,
walking surface, high or narrow steps) risk factors.9 It is
believed that failure to appropriately change intrinsic human
factors to adapt to extrinsic environmental factors may lead
to a slip or trip, and eventually, a fall.10 Therefore, various
exercise programs have been developed to improve the intrinsic factors associated with falls, and most of the intrinsic
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factors for falls have been shown to improve with training in
older adults.4,5 In Japan, the aged population is increasing
faster than in any other country, and the Ministry of Health,
Labour, and Welfare implemented a long-term care insurance (LTCI) system in 2000 to provide care for dependent
older adults with the support of society as a whole. Indeed,
falls and joint disease are leading causes of eligibility for
LTCI.11 Given that the intrinsic risk factors for falls are modiﬁable, early detection and treatments should be central to
the preventive care of frail older adults. In 2006, therefore,
the LTCI system was revised, and new preventive care
services were introduced. The Ministry of Health, Labour,
and Welfare has developed a frailty checklist to screen frail
adults aged ≥65 years and has promoted community exercise
programs to prevent falls among frail older adults.12-14
Recently, several studies have found that toe grip strength
(TGS) was closely associated with physical performance
among older adults.10,15 Menz et al.16 indicated that foot and
ankle characteristics, particularly TGS, are important determinants of balance and functional ability in older adults.
However, Uritani et al.17 and Yamashita et al.15 reported that
TGS was reduced with aging, especially among adults aged
≥65 years, for women. Although some studies have indicated
that TGS was associated with physical function in older
adults, few studies have analyzed the direct associations
between TGS and fall history. In addition, older adults are
reported to be very heterogeneous (e.g., sex differences,
range of frail to robust individuals) with multiple pathologies such as musculoskeletal disorders (e.g., osteoarthritis,
damage to ligaments and nerves).4,18 However, few studies
have focused on frail older adults to assess the associations
between physical function and fall history. We therefore
aimed to investigate the associations between physical
function, including TGS and fall history, among communitydwelling frail older women.

Materials and methods
Setting and study design
This study was conducted at the Emukae Daycare Center
located in the local city of Sasebo, Nagasaki Prefecture,
Japan from May 2013 to January 2016. This daycare center
provided services for dependent older individuals who were
certiﬁed for LTCI. Additionally, the daycare center carried
out an exercise program to improve physical performance as
preventive care for frail older individuals who had not yet
been certiﬁed for LTCI but had been screened by a frailty
checklist.12 A cross-sectional study design was used to inves-
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tigate associations between physical function and falls in the
previous 12 months.
Participants and procedures
The self-administered frailty checklist12 was mailed to
older adults aged ≥65 years. “Frail older adult” was deﬁned
by the frailty checklist according to the Ministry of Health,
Labour, and Welfare and included simple yes/no questions
concerning lifestyle, motor abilities, nutrition, oral functions, seclusion, forgetfulness, and emotions. Potentially
eligible individuals were invited to conﬁrm eligibility, where
a public health nurse involved in this study recorded falls
assessments and clinical history. We enrolled 59 participants
(48 women, 11 men), and analyzed 48 women in this study.
Written informed consent was obtained from all participants,
and the survey was approved by the Ethics Committee of
Nagasaki University Graduate School of Biomedical Sciences.
Falls assessments
The falls assessments included simple yes/no questions
such as “Have you fallen in the past 12 months?” Assessments were self-administered by the participants with the
guidance of a public health nurse. Participants were divided
into a faller group and non-faller group based on the assessment. A fall was deﬁned as “unintentionally coming to rest
on the ground or at some other lower level, not as a result of
a major intrinsic event (e.g., stroke) or overwhelming hazard.”19
Clinical orthopedic history
The public health nurse interviewed the participants about
basic attributes such as age, sex, and medical orthopedic
history before the exercise program. Orthopedic diseases
were divided into groups to include lumbar spine disease
(e.g., spinal canal stenosis), hip joint disease (e.g., osteoarthritis of the hip), knee joint disease (e.g., osteoarthritis of
the knee), and ankle joint disease (e.g., sprained ankle). The
presence of disease was determined based on information
from the participants.
Physical measurement
At baseline, to assess the physical function of the participants, the following measurements were performed: TGS,
hand grip strength (HGS), ﬁve-repetition sit-to-stand (5-repetition STS) test, one-leg standing duration with vision
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(OLS), 5-meter walk test (5WT), and timed up-and-go test
(TUGT).
Left and right TGSs were measured using a dynamometer
(Nisshin Industry Co., Ltd., Saitama, Japan) while the subjects
were sitting with their knees ﬂexed at 90 degrees. Two TGS
measurements were recorded for each set of toes in an alternating fashion. A hand grip dynamometer was used to
measure HGS. The maximum grip strength of the dominant
hand of each subject was measured while they stood with
their arms by their sides. Five-repetition STS testing measured
the time taken to complete ﬁve repetitions of the sit-to-stand
maneuver. All sit-to-stand maneuvers were performed from
a chair without arm rests, the seat of which was 45 cm high
and 42.5 cm deep. To assess static balance ability, OLS was
performed with eyes open, and the participants were asked
to stand on the dominant leg while raising the other leg, ﬁxed
at the knee, and with hands on their waist. The timing was
stopped if the participant could maintain balance in excess
of 60 seconds. In conducting the 5WT, participants were
asked to walk 5 meters at their normal pace, starting from 3
meters behind the start line. Dynamic balance and mobility
were assessed using the TUGT, which measures the time
needed to raise from a chair, walk 3 meters at a comfortable
and safe pace to reach a cone, turn around the cone, return to
the chair, and sit down again. All of the tests were conducted
twice, and the better value of the two tests was selected as
the representative one. All physical measurements were
conducted by a nurse who was adequately trained.
Statistical analysis
Chi-square testing was performed to assess whether characteristics such as orthopedic disease were associated with
falls in the previous 12 months. The faller and non-faller
groups were compared using physical measurements, including TGS, using the t-test. All statistical analyses were
performed using SPSS software, version 23.0 for Windows
(IBM, Japan).

Results
Baseline characteristics of the participants are summarized in Table 1. The mean (SD) age of the participants was
78.4 (5.5) years. Of the 48 participants, 18 (37.5%) fell in the
previous 12 months. The participants consisted of 29 patients
with knee joint disease (60.4%), 22 with lumbar spine disease (45.8%), 6 with ankle joint disease (12.5%), and 2 with
hip joint disease (4.2%).

Comparison of the faller group (n=18) and non-faller
group (n=30) with regard to basic attributes and orthopedic
disease are also shown in Table 1. Falling in the previous 12
months was signiﬁcantly associated with lumbar spine disease (p=0.025) and ankle joint disease (p=0.001). On the
contrary, age and body mass index were not found to be signiﬁcantly associated with falls in the previous 12 months.
Regarding physical measurements, the faller group had
signiﬁcantly lower levels of left toe grip strength (mean 2.1
kg) compared with that of the non-faller group (mean 2.7 kg,
p=0.009). Other physical measurements, including right toe
grip strength, were not signiﬁcantly different between the
faller and non-faller groups (Table 2).

Discussion
In this study, we compared the characteristics of faller and
non-faller groups of community-dwelling frail older women
and revealed that the faller group had signiﬁcantly weaker
left toe grip strength compared with the non-faller group,
and the faller group had a signiﬁcantly high prevalence of
ankle joint and lumbar spine disease. These results suggest
that reduced left toe grip strength and the presence of ankle
joint/lumbar spine disease increase the risk of falls in frail
older women.
Our ﬁndings are consistent with Menz et al.20 who conducted a 12-month prospective study among 175 older adults
using the paper grip test and weight-bearing lunge test and
demonstrated that the faller group had much weaker toe
plantar ﬂexion and reduced ankle ﬂexibility compared with
the non-faller group. We measured toe grip strength using a
dynamometer, and our results were similar to those of this
previous study. Measured by the dynamometer, toe grip
strength was generated by collaborative actions of muscles,
such as the ﬂexor halluces brevis, ﬂexor digitorum longus,
and tibialis anterior.15 These muscles are also a key factor for
generation of toe ﬂexor power and ankle plantar/dorsiﬂexion.15 The toe ﬂexor muscles perform a crucial function in
assisting with propulsive force when walking, and this is
achieved by the contraction of the muscles during the late
stance phase of the gait cycle.21 Fong et al.10 demonstrated
that greater toe grip allows adaptation to a slippery surface
while walking, which was shown by a 30% increased peak
pressure exertion at the hallux compared to non-slippery
conditions. Accordingly, toe grip strength and ankle ﬂexibility are considered to play an important role in initial postural
sway control as an ankle strategy, resulting in fall prevention.21-23
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Table 1. Characteristics of study participants in faller and non-faller groups
Total
(N=48)
Variables

n (%)

Faller group
(n=18)

Non-faller group
(n=30)

n (%)

n (%)

p value

Age (years)

a

Mean (SD )

78.4 (5.5)

78.3 (5.9)

78.5 (5.4)

0.894b

Body mass index (kg/m2)

Mean (SD)

23.2 (2.8)

23.7 (2.7)

22.9 (2.9)

0.331b

Presence

22 (45.8)

12 (66.7)

10 (33.3)

0.025c

Absence

26 (54.2)

6 (33.3)

20 (66.7)

Presence

2 (4.2)

2 (11.1)

0 (0)

Absence

46 (95.8)

16 (88.9)

30 (100)

Presence

29 (60.4)

9 (50.0)

20 (66.7)

Absence

19 (39.6)

9 (50.0)

10 (33.3)

Presence

6 (12.5)

6 (33.3)

0 (0)

Absence

42 (87.5)

12 (66.7)

30 (100)

Orthopedic disease

Lumbar spine

Hip joint

Knee joint

Ankle joint

0.062c

0.253c

0.001c

a

standard deviation
t-test
c
chi-square test
b

Table 2. Comparison of physical measurements in faller and non-faller groups
Faller group
(n=18)

Non-faller group
(n=30)

Measurements

Mean (SDa)

Right toe grip strength (kg)

2.5 (1.1)

2.7 (0.9)

0.663

Left toe grip strength (kg)

2.1 (0.9)

2.7 (0.8)

0.009

Hand grip strength (kg)

19.4 (3.2)

20.5 (5.2)

0.404

Five-repetition sit-to-stand test (sec)

10.2 (3.3)

9.4 (2.8)

0.398

One-leg standing duration with vision (sec)

11.3 (10.6)

19.3 (27.3)

0.239

5-meter walk test (sec)

4.5 (0.6)

4.4 (1.1)

0.619

Timed up-and-go test (sec)

8.9 (1.4)

8.5 (2.0)

0.490

a
b

Mean (SD)

p valueb

standard deviation
t-test

Interestingly, our results show that left toe grip strength
was associated with fall history, but right toe grip strength
was not (p=0.663). Murata et al.24 compared a faller group
and non-faller group among older adults on toe grip strength
using a toe grip dynamometer and found that an increasing
sum of both toe grip strengths was independently associated

with preventing falls in the previous 12 months in a logistic
regression analysis (odds ratio 0.63). Portegijs et al.25 and
Uritani et al.18 proposed that the left and right foot should be
assessed separately in older adults due to the possibility of
asymmetry in leg strength. In fact, Skelton et al.26 reported
that community-dwelling women aged ≥65 years had asym-
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metrical lower limb strength and power due to previous
injuries. Moreover, the previous study also indicated that the
greater the asymmetry in leg strength, the greater the fall
risk.26 In our study, although left toe grip strength (mean 2.5
kg) was slightly weaker than right toe grip strength (mean
2.6 kg), such asymmetry was not found to be statistically
signiﬁcant using the paired t-test (p=0.226). Our ﬁnding that
left toe grip strength was associated with fall history may
indicate that the faller group was more likely to have
sustained an injury of the left leg. Hence, it was suggested
that in evaluating toe grip strength among frail older adults,
separate left and right assessment was more indicative than
the sum of both TGSs in predicting fall incidence over the
next 12 months. However, in the present study, we did not
separately assess left and right foot joint disease. Therefore,
we could not identify a relationship between left/right differences in joint disease and toe grip strength. Moreover, not
only a left or right injured foot joint, but also lumbar spine
disease might cause unilateral neurological damage, manifesting as ankle muscle weakness or loss of tactile sensation
in the foot.30 Future studies should involve separate assessment of left and right hip, knee, ankle, and toe joints.
From the viewpoint of orthopedic disease, ankle joint and
lumbar spine disease were associated with falls in the previous 12 months in our study. Shin et al.27 found that left ankle
muscle weakness (plantar ﬂexion/inversion) evaluated by
manual muscle testing was associated with falls among
community-dwelling older adults. Skelton et al.26 revealed
that there were no differences in leg strength, such as with
quadriceps extension, between fallers and non-fallers, apart
from ankle dorsiﬂexion strength (adjusted by weight) among
older adults. Our ﬁnding is in line with these previous studies
by Shin et al. and Skelton et al., suggesting that ankle joint
disease is an important physical function for preventing falls
in frail older adults. In the case of deterioration in the ankle
joint, forward trunk bending might be used as a compensatory hip strategy.4,28 However, in our results, lumbar spine
disease, and not hip joint disease, was associated with fall
history. Lee et al.29 and Esola et al.28 revealed that the hip
joint was relevant to lumbar vertebral mobility. Kyphosis
could occur in the presence of lumbar spine disease, such as
osteoporosis or lumbar stenosis in older adults.30,31 In such
cases, it is thought that the center of gravity is displaced
backward, which might result in the loss of postural sway
control, which could increase the likelihood of falling.31 In
fact, consistent with our results, Muraki et al.30 conducted a
cross-sectional survey involving over 1,600 older Japanese
subjects and found that women with self-reported lower
back pain as well as radiographic evidence of lumbar spon-

dylosis reported a higher incidence of falls over the previous
12 months. We therefore speculate that prevention and rehabilitation of ankle joint and lumbar spine disease would be
useful in preventing falls among frail older adults.
Several limitations of this study should be noted. First, a
cross-sectional study design was used. Therefore, causal
relationships could not be determined. Second, our results
were only obtained from one daycare facility with a small
sample size. Also, our study only included women. Accordingly, the results of the study cannot be fully generalized to
other frail older adults. Third, although multivariate logistic
regression analysis was performed on the small sample, an
appropriate model was not selected. Fourth, this study might
include possible selection bias because eligible individuals
voluntarily participated in the exercise program. Finally,
confounding factors, including other intrinsic factors (e.g.,
hallux valgus), and extrinsic factors (e.g., environmental
hazards) related to falls may have affected the results. A future
large prospective study is required to conﬁrm the associations between incidence of falls and physical function,
including toe grip strength, after adjusting for these confounding factors.
In conclusion, this study demonstrates a direct association
between fall history and physical function in frail older
women. Left toe grip strength could be the most important
intrinsic risk factor associated with falls in frail older women.
Moreover, the presence of ankle joint and lumbar spine
disease was also associated with fall history in frail older
women. Our ﬁndings provide new and important information
on fall prevention and rehabilitation of frail older adults. We
propose that care prevention programs incorporating toe
gripping exercises and appropriate treatment of ankle joint
disease and lower back pain would be useful for frail older
adults in the strategy for management of fall prevention in
the community.
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