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The correlation between fear of falling and upper extremity
muscle strength
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Objectives: To determine the relationship between
fear of falling (FOF) and upper extremity muscle
strength.

Methods: This cross-sectional study included 112
hospitalized, mobile patients. Forty-seven (42%)
were males and 65 (58%) were females, and the mean
age was 72.3. The study was carried out between
September 2018 and September 2019 at Balikli Rum
Hospital Nursing Homes, Istanbul, Turkey. Patients
were tested using geriatric tools (such as Mini-
Mental State Examination) and physical tests such as
handgrip, key pinch and 6-meter up and go tests.

Results: The average annual falling number of elderly
people with FOF was statistically significantly higher
than that in those without FOF (p=0.001). Right
handgrip, left handgrip, right key pinch, and left
key-pinch mean values in elderly individuals with
FOF were statistically significantly lower than those
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without FOF (p<0.001, p<0.001, p<0.001, p<0.001,

respectively).

Conclusion: The measurement of upper extremity
strength could be a predicting parameter of FOE
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In recent years, the gradual aging of the world’s
population and their resulting social and
economic problems have become one of the most
prevalent challenges. According to the World Health
Organization’s projection, worldwide, the number of
people aged over 65 years amounts to 728 million at
present and will reach 1 billion in 2030 and 2.5 billion
in 2100." This rapid growth in the aging population
brings about certain issues in terms of health care, such
as physical and cognitive deficiencies in the population
aged 65 years and over, known as the geriatric age group,
presenting with special clinical pictures.

One of the most important clinical pictures is falling
affecting a large population with varying degrees based
on the settings. Approximately one-third of community-
dwelling people and three-quarters of nursing home
residents aged over 65 years, experience a fall at least
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once a year;” unfortunately, some of them lose their
lives due to a fall.>* Therefore, preventing these falls is
of huge importance.

In the older group, fear of falling (FOF) is considered
to be an issue as important as falling and is a situation
that must undoubtedly be tackled. Fear of falling is
defined as ‘a lasting concern on falling that can lead to
an individual avoiding activities that he/she remains
capable of performing’,indicating that it is associated
with prior fall experience.” However, researches have
revealed interesting findings as follows: the FOF
rate in older people, who experienced a fall before, is
40%-73%, whereas FOF was observed in half of the
older people, with no prior fall experience.® Therefore,
in addition to being associated with a former falling
experience, FOF is also multifactorial. These factors
include female gender, older age, insufficient functional
capacity, depression, and cognitive impairment.”
Parallelism between the falling and FOF risk factors was
noted. Programs for the prevention of falling and FOF
in nursing home residents are gaining attention and
important, as the elderly are considered to be a fragile
cohort with a high rate of falling and a FOF rate of
40%-70% which seriously impairs the quality of life.?

Assessing the physical performance along with the
psychological support of this older cohort is important
because FOF is expected to decrease as the physical
performance gets better. Objective criteria are required
to create the exercise and rehabilitation program for
the cohort. Previous studies were concerned with
lower extremity strength and balance and the risk
group was determined. However, we aimed to identify
the correlation between the upper extremity muscle
strength and FOE The idea of this study emerged
from the fact that testing is easily conducted and
yields objective measurement values. In this study, we
evaluated whether determining muscle strength using
handgrip and key-pinch tests, as they yield measurable
values, and identifying its correlation with FOF would
provide guidance when creating rehabilitation programs
for older people for overcoming FOF.

Methods. The study was conducted from September
2018 to September 2019 at the Balikli Rum Hospital
Nursing Homes, Istanbul, Turkey. The complex
consisted of a hospital and nursing home, which has
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450 beds. The majority of the residents were patients
who suffered from a cerebrovascular event, dementia,
or chronic illnesses. Exclusion criteria were as follows:
patients confined to bed; those walking with assistance;
those with neurologic disorders (such as, severe ataxia
and epilepsy); those lacking one of the lower extremities;
those using a supporting device for walking; those who
did not wish to participate in the study. Written consent
was obtained from all patients or their guardians
for participation in the study. After the exclusion of
patients, 112 of a total of 423 patients staying in the
nursing home were enrolled in the study group.

One physician, who is in charge of the nursing
home, conducted all the patients’ examinations and
tests. Patients were tested using the mini-mental state
examination, geriatric depression scale and Lawton-
Brody scale. Overall score for each patient were
computed according to the patient’s results from the
tests mentioned above.

Mini-mental state examination is used to measure
elderly people’s cognitive abilities with a series of tests
for orientation, attention, memory, language and
visual-spatial skills.

The geriatric depression scale is the result of a
30-item, self-report test using “Yes/No” format, to
indicate symptoms of depression in the elderly.

The Lawton-Brody Instrumental Activities of Daily
Living (IADL) scale measures the capability of the
elderly on 8 specific daily tasks: using the telephone,
shopping, food preparation, housekeeping, laundry,
transport, medication, and finances.

All these test are widely using and reliable tests in
geriatric age group.’

To determine the FOF status, the patients were
asked the question “Are you afraid of falling?” and
were divided into 2 groups according to their “Yes/
No” responses. Moreover, the falls efficacy scale test was
conducted for a more detailed evaluation of FOF.

The falls efficacy scale is a 10-point scale that shows a
person’s confidence on achieving a task without falling.
The test to be used on the falls efficacy scale consists
of 16 questions. The Falls Efficacy test is accepted as a
highly reliable test for measuring FOE'

Subsequently, handgrip and key-pinch tests were
conducted on patients. Medical records of the patients
were examined, and any diseases found on patients were
recorded. Handgrip, key-pinch, and 6-meter up and go
tests were conducted on patients, after their body mass
indexes were recorded.

Handgrip test. This test was carried out using Jamar
Hydraulic Hand Dynamometer (Sammons Preston
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Rolyan, UK). In the preparation step, the patient was
seated on a standard chair. Handle distance of the device
was adjusted according to the patient’s hand size. The
patient was told to grip the device with full force with
their elbow at a 90-degree angle. Both arms were tested
3 times each. Averages of the 3 tests were calculated for
each arm as kilograms.

Key-pinch test. This test followed the same protocol
and instructions as the handgrip test. The test was
carried out using Jamar Baseline Hydraulic Pinch
Gauge (Sammons Preston Rolyan, UK). In this test, the
patients were required to squeeze the handle with full
force using their thumb and index finger. Both hands
were tested 3 times each. Averages of the 3 tests were
calculated for each hand as kilograms.

Six-meter up and go test. Patients sat on standard
chairs. Patients had their daily clothes on, with the
requirement of comfortable shoes. When the physician
said “get up”, patients stood up, walked the marked
3-meter distance, turned around, walked back to the
chair, and sat down. The time between the physician’s
command and patient sitting down was calculated in
minutes.

Statistical analysis. The Statistical Package for
Social Sciences for Windows, version 15.0 (IBMCorp,
Armonk, NY, USA) was used. Descriptive statistics,
including numbers and percentages for categorical
variables, mean for numerical variables, and standard
deviation, were provided as minimum and maximum
values. Comparisons of the numerical variables between
the independent 2 groups were conducted using
student’s t-test when the normal distribution condition
was provided and using the Mann-Whitney U test when
the normal distribution condition was not provided.
Since the parametric test condition could not be
provided, more than 2 group analyses were performed
using the Kruskal-Wallis test. Subgroup analyses were
carried out using the Mann-Whitney U test and
interpreted by Bonferroni’s correction. Correlations
between numerical variables were examined using the
Spearman’s correlation analysis since the parametric test
condition was not achieved. In the cohort, Chi-square
test was employed to analyze the ratios. The risk factors
were identified by the logistic regression analysis and the
cutoff values were determined using receiver operating
characteristic (ROC) curve analysis. The statistical alpha
significance level was considered as p<0.05.

The Ethical Committee and Institutional
Review Bilim University Ethics Board for Clinical
Research approved the study design with the number
44140529/2015-81.

Results. This study included 112 patients: 47
(42%) were males and 65 (58%) females. The
sociodemographic characteristics of patients are shown
in Table 1. In terms of the FOF question, 52 (46.4%)
patients answered “no,” whereas 60 (53.6%) responded
with “yes.” The female gender ratio and the average
age of the elderly people with FOF were statistically
significantly higher than those without FOF (p=0.008;
$<0.001, respectively) (Table 1).

The average annual number of falls in elderly
individuals with FOF was statistically significantly
higher than in those without FOF (p=0.001). The
mini-mental state examination, Lawton-Brody scale,
right handgrip, left handgrip, right key pinch, and
left key-pinch mean values in elderly individuals with
FOF were statistically significantly lower than in those
without FOF (p=0.009; p=0.001; p<0.001; p<0.001;
<0.001; p<0.001, respectively). The average of 6-meter
stand up and walk test and falls efficacy scale values
in the elderly with FOF was statistically significantly
higher than those without FOF (for both, p<0.001)
(Table 2).

The falls efficacy scale values were statistically
significantly positively correlated with age (r=0.297,
»=0.002) and the 6-meter stand up and walk
test (r=0.494, p<0.001) and negatively with the
mini-mental test (r=-0.220, p<0.020), Lawton-Brody
scale (r=-0.369, p<0.001) right handgrip (r=-0.685,
<0.001), left handgrip (r=-0685, p<0.001) right
key pinch (p=-0.522, p<0.001), and left key-pinch
(r=-0.473, p<0.001) values.

The mean of female gender in the falls efhicacy scale
was statistically significantly higher than that of the
male gender (p<0.001). Regarding the marital status,
there was a statistically significant difference in the falls
efficacy scale means (p=0.008). The falls efficacy scale
mean of widows/widowers and married (p=0.004)
participants was statistically significantly higher than
that of single participants (p=0.011) (Table 3).

The lower extremity strength determined by
the 6-meter stand up and walk test was statistically
significantly negatively correlated with the hand
grip and key-pinch measurements (all comparisons,
<0.001). The results are shown in Table 4.

For the risk factors of falling, in the multivariate
regression analysis, the annual number of falls and the
right and left hand grip levels were the most statistically
significant  factors  (p=0.004; »=0.022; p=0.049,
respectively) (Table 5).

In terms of the ROC curve analysis for the cut-off
values in those without falling risk, a cut-off value of
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Table 1 - Sociodemographic characteristics: total and with or without fear of falling.

Total No Yes
Characreristcs Med + SD (min-max) Med + SD I(\::;ill\:ﬁ Med+SD lz/‘[;:;ill\::; P-value
Age 72.3 +11.2 (43-97) 69.3 £10.7 43-92 (67.5) 74.9+11.1 43-97 (77) 0.008
Height 164.1 + 10.6 (145-188) 166.4 +11.2  146-188 (167) 160.8+9.1 145-175 (160) 0.146
Weight 74.9 +21.0 (27-130) 75.0 + 18.6 40-116 (80) 74.7£24.9 27-130 (70) 0.968
Body mass index 28.2 £+ 6.5 (12.8-56.4) 28.7+6.6 16.6-56.4 (27.8) 27.8+6.4 12.8-48.3 (27.5) 0.477
Gender
Male 47 (42.0) 34 65.4 13 21.7 <0.001
Female 65 (58.0) 18 34.6 47 78.3
Educational level
Primary education 64 (57.1) 25 48.1 39 65.0 0.066
Secondary education 31 (27.7) 15 28.8 16 26.7
University 17 (15.2) 12 23.1 5 8.3
Marital status
Single 31(27.7) 18 34.6 13 21.7 0.293
Widow(er) 41 (36.6) 18 34.6 23 38.3
Married 40 (35.7) 16 30.8 24 40.0
Spouse status
Separated 35 (31.3) 16 30.8 19 31.7 0.246
Together 16 (14.3) 10 19.2 6 10.0
Not married 24 (21.4) 13 25.0 11 18.3
Deceased 37 (33.0) 13 25.0 24 40.0
Additional disease
Diabetes mellitus 22 (19.6) 10 19.2 12 20.0 0.919
Hypertension 28 (25.0) 13 25.0 15 25.0 1.000
Cardiac disease 12 (10.7) 5 9.6 7 11.7 0.726
Bronchial asthma-COPD 10 (8.9) 3 5.8 7 11.7 0.334
Hypothyroidism 2(1.8) 0 0.0 2 3.3 0.498
Hyperthyroidism 2(1.8) 0 0.0 2 3.3 0.498
Hypercholesterolemia 1(0.9) 0 0.0 1 1.7 1.000
Arthritis 1(0.9) 0 0.0 1 1.7 1.000
Renal insufficiency 1(0.9) 1 1.9 0 0.0 0.464
Depression 3(2.7) 2 3.8 1 1.7 0.596
Osteoporosis 5 (4.5) 3 5.8 2 3.3 0.662
Cancer 3(2.7) 3 5.8 0 0.0 0.097
Other 3(2.7) 2 3.8 1 1.7 0.596
Number of additional disease
None 30 (26.8) 15 28.8 15 25.0 0.848
One 72 (64.3) 33 63.5 39 65.0
Two or three 10 (8.9) 4 7.7 6 10.0

Values are presented as number and percentages (%). COPD: chronic obstructive pulmonary disease
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Table 2 - Correlation between fear of falling. Physical capabilities and geriatric tools.

Tortal No Yes
Test Med.+SD (Min-Max) ~ Med:SD ~ MI-Max i 1,6D Min-Max (median) ~ Pvalue
(median)
Annual number of falls 15.9+8.0 (0-33) 0.29+0.46 0-1 (0) 0.92+1.48 0-10 (1) 0.001
Mini Mental Test 13.6+5.8 (0-26) 18.2+6.8 0-33 (18) 13.9+8.5 0-30 (14.5) 0.009
Geriatric Depression Scale 2.74+2.87 (0-8) 13.4+4.4 0-22 (13) 13.7+6.9 0-26 (15) 0.241
Lawton-Brody Scale 0.63+1.16 (0-10) 3.81+3.04 0-8 (4) 1.82+2.38 0-8 (1) 0.001
6 meter stand up and walk test 18.9+13.4 (5-63) 14.6+10.1 5-60 (12) 22.6+14.8 8-63 (17.5) <0.001
Right handgrip 15.329.9 (0.5-48) 21.7+9.0 10-48 (20) 9.7+6.7 0.5-32 (10) <0.001
Left handgrip 14.5+9.8 (0.5-50) 20.9+9.5 8-50 (19) 8.9+6.1 0.5-30 (8) <0.001
Right key pinch 4.78+2.28 (0.5-12.5) 6.09+2.13 3-12.5 (5.25) 3.64+1.74 0.5-10.5 (3.75) <0.001
Lefi key pinch 4431213 (0.5-12.5)  5.59+2.27 1-12.5 (5) 3.42+1.37 0.5-8 (3.25) <0.001
Falls Efficacy Scale 42.7+27.1 (10-96) 18.1£9.9 10-51 (14) 64.1+17.4 15-96 (65.5) <0.001
Table 3 - Falls Efficacy Scale means in sociodemographic characteristics.
Characteristics Mean + SD Min-Max (median)  P-value
Gender
Male 29.6 +22.5 10-80 (18) <0.001
Female 52.2+26.4 10-96 (55)
FEducational level
Primary education 44.4 +26.9 10-92 (49.5) 0.211
Secondary education 45.7+£27.9 10-96 (42)
University 31.1 +25.0 10-80 (19)
Marital status
Single 31.4 +24.6 10-88 (19) 0.008
Widow(er) 47.1+27.4 10-96 (52)
Married 46.9 +26.9 10-93 (50)
Spouse status
Separated 44.6 +28.3 10-93 (53) 0.067
Together 35.9 +£25.6 10-84 (28)
Not married 33.4 +25.6 10-88 (24.5)
Deceased 49.9 +26.2 10-96 (54)
Number of additional diseases
None 37.1+26.8 10-90 (29) 0.303
One 44.2+27.2 10-96 (46.5)
Two or three 489 +27.7 15-85 (50)
Single versus (vs.) widow(er): p=0.004, single vs. married: p=0.011,
widow(er) vs. married: p=0.821
Table 4 - Correlation between 6-meter stand up and walk test and upper
extremity muscle strength tests.
Test r P-value
Right handgrip -0.526 <0.001
Left handgrip -0.457 <0.001
Right key pinch -0.494 <0.001
Left key pinch -0.423 <0.001
heeps://smj.org.sa  Saudi Med ] 2021; Vol. 42 (4) 415
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Table 5 - Falling risk factors, multivariate regression analysis, modeling,

and backward method.

Variables P-value OR 95% CI

Enter method
Age 0.839 0.993 0.928-1.062
Gender 0.624 1.445 0.331-6.306
Educational level 0.352 1.569 0.607-4.052
Spouse status 0.722 1.101 0.648-1.869
Mini-mental test 0.459 0.961 0.863-1.069
gi‘zleat“c Depression 0.654 1.028 0.911-1.160
Lawton—Brody scale 0911 0.987 0.781-1.247
Annual number of falls 0.005 5.119 1.647-15.907
Grmeter stand up and 0.201 1040 0.979-1.104
Right handgrip 0.332 0.922 0.783-1.086
Left handgrip 0.109 0.870 0.733-1.032
Right key pinch 0.434 0.761 0.384-1.508
Left key pinch 0.831 1.083 0.522-2.246

Backward method
Annual number of falls 0.004 4.190 1.591-11.035
Right handgrip 0.022 0.865 0.764-0.979
Left handgrip 0.049 0.877  0.770-0.999

14.5 kg and over was determined for the right hand grip
(sensitivity, 80.8%; specificity, 83.3%) and 13.5 kg and
over for the left hand grip (sensitivity, 80.8%; specificity,
81.7%) (Figure 1).

Discussion. The outcomes of this study reveal that
the muscle strength in older people with FOF is weaker
and that the handgrip and key-pinch test values are
lower than those without FOF. Besides, those with FOF
have completed the 6-meter stand up and walk test in
a longer time.

Fear of falling is a multifactorial condition affected
by physical and psychological risk factors, which is
challenging to measure.'"'* The question of whether
there is any fear or not is the most simple evaluation of
FOE In this study, we have used the falls efficacy scale in
addition to this basic question. Finally, we determined
that those with a high fall efficacy scale value, that is
those who are less self-confident regarding falling,
answered “yes” to the question on FOF. According to
these results, this basic question seems to be sufficient
to be used in daily practice.

A previous study examined FOF in community-
dwelling older adults, in which FOF was interestingly
less than in those living in nursing homes." Although
nursing homes are designed for the older population
with special adjustments to reduce falls such as bed
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Right handgrip 0.890 0.031 0.829 0.951
Left handgrip 0.884 0.031 0.824 0.945

Figure 1 - Receiver operating characteristic curve analysis for the
intersection values of the right and left handgrip tests
in determining those without the probability of fall
risk.

heights, non-slippery grounds, adequate lighting, and
auxiliary staff, FOF is found to be higher. Another
important factor is the low self-esteem of nursing
home residents, which has not been fully explored. It
has been observed that the lack of social relationships
between community-dwelling adults and their families
and friends, especially in rural areas or small towns,
is correlated with increased FOE’ In social terms,
identifying to what extent the educational status and
marriage affect FOF is important. We have not detected
any direct correlation between educational status and
FOE On the other hand, we have observed that the
falls efficacy scale values of married people and widows/
widowers are higher than those of single people; that
are FOF is less. Future studies are warranted to further
explore why marital status affects FOFE.

In this study, those with a good mini-mental state
exam score had less FOF rate. Moreover, participants
with a high Lawton-Brody scale values had less FOF
rate; those with a good physical performance had higher
self-confidence and consequently, their FOF and the
falling rates were lower. These results were in line with
those of previous studies.'*"

Similarly, in women of older age, FOF was high, due
to the fact that they had more problems in terms of
carrying out their daily activities and maintaining their
muscle strength and balance, leading to an increase
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in both falling and FOF rates. Besides, FOF is also
high in the older male cohort, and some studies used
accelerometers to objectively measure physical activities
in men.'*"

In this study, our main focus was to determine the
correlation of muscle strength with FOF. Many studies
have been conducted on the significance of balance,
walking, and muscle strength in FOF;'® however, in a
great part of these studies, walking, balance, and lower
extremity strength were used as measuring criteria.
In our study, the 6-meter stand up and walk test was
conducted, and in those with FOF the duration to
complete the test was longer."”'® However, since our
main purpose is to determine whether there is any
correlation between the upper extremity muscle strength
and FOF, the hand grip and key-pinch tests were
employed in our study. The finding of the tests revealed
the following: those with high scores in the hand grip
and key-pinch tests had lower FOF rates. Moreover,
in FOE the lack of upper extremity muscle strength
went hand in hand with lower extremity weakness. As
a result, the evaluation of the lack of upper extremity
muscle strength using basic methods suggests that they
could be used as follow-up criteria in the evaluation and
rehabilitation of FOE

Physical frailty caused by old age significantly
contributes to the development of FOF. Many studies
demonstrate that FOF results in the loss of self-
confidence, restrictions in physical activity and social
participation, physical frailty, increased fall risk, and
loss of independence.'”*

An important question is whether increased physical
performance minimizes FOE We have concluded
that FOF increases with decreased muscle strength.
Therefore, we believe that muscle-strengthening
exercises could result in reducing FOF in the elderly
people cohort. It has been observed that community-
based tai chi, home-based exercises, and multifactorial
physical intervention toward minimizing falls at home
have reduced FOF rates.?* It is highly probable that
muscle-strengthening exercise programs applied with
nursing home residents lessened FOF and, consequently,
the fall rates, in turn increasing their quality of life as
falls are a major problem in the elderly population.
In the follow-up of these patients, the handgrip test
may be used for objectively assessing physical activity.
Prospective studies are required to determine to what
extent will FOF be reduced with increased handgrip
test values after applying exercise programs in nursing
homes.

Study limitations. The major limitation of this study
is that the data is observational due its cross-sectional

design. Therefore, a cause and effect relationship cannot
be established.

In conclusion, the measurement of upper extremity
strength is a parameter used in evaluating FOE In
agreement with previous studies, our study has shown
that the upper extremity strength was reduced in those
with FOE In light of all this information, we suggest
that muscle strength is one of the significant indicators

of FOE.
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