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Abstract Prior research indicates that older adult’s grip strength is associated with overall body strength and the
ability to perform functional tasks. Likewise, research indicates that those with a fear of falling are less likely to
participate in the rigorous physical activities that would strengthen their muscles and reduce their risk of falling [1].
Hence, the purpose of this study was to determine if there was a meaningful relationship between grip strength and
self-efficacy with regards to falling in older adults. The participants were male and female adults >65 years of age
(n = 35). Each completed the FES-I survey to assess their fear of falling. Maximal grip (MG) strength (Kg) was then
assessed with the Jamar hand grip dynamometer. MG scores were then converted to Newtons (N), normalized to
body mass, and then allometrically scaled to body mass and height. FES-I scores were then compared with Pearson
correlation coefficients (r) with the various metrics of MG. Results demonstrated moderate to nearing strong
significant negative relationships between FES-I scores and MG metrics ranging from r= -0.36 to -0.44 (p<0.05).
Thus, it was concluded that stronger adults have a lower fear of falling than their weaker counterparts. It is
postulated that older adults with a lower fear of falling will continue to engage in exercise which in turn will help
maintain their strength levels and perpetuate continued exercise. Conversely, older adults with a greater fear of
falling (i.e. lower strength levels) will disassociate from exercise, hence leading to even lower strength levels.
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1. Introduction

In the year 2010, only 13% of residents in the United
States were over the age of 65. It is projected that by 2030
that number will jump to over 20% of U.S. residents being
65 years old or older [2]. As people age, natural changes
take place biologically, psychologically and physiologically
that can have an unfavorable impact on their lives [3]. As

health complications increase, their self-sufficiency decreases.

Additionally, a deterioration in health often results in
increased falls with more severe outcomes [3]. In fact,
throughout the world, 35-40% of those in this age group
fall every year [4,5]. Injuries caused from falling result in
serious health problems, not to mention the increase in
healthcare costs for these people [5]. The World Health
Organization cautions that if immediate preventive
measures are not taken, the injuries resulting from falls
could increase 100% by the year 2030 [5]. With such
gloomy statistics it is very apparent that care needs to be
taken to assist elderly adults to decrease their risks for
falling.

Halaweh et al. [6] point out several factors that predict
falls in the elderly. First is the physical functioning level
of an individual. Those who function at a low physical

level and/or have a weak lower body are more likely to
fall. Next, those who are afraid of falling have less leaning
balance and an inadequate gait which contribute to
falling. And finally, poor grip strength has been found to
be a common factor in the elderly who have fallen.
Interestingly, grip strength correlates strongly with overall
body strength and the ability to perform functional tasks
[7,8]. Similarly, there is a correlation between feeble
muscles and an elderly person’s risk of falling [9,10].
Additional factors that increase the older person’s risk for
falling include inadequate balance [3,11] and the inability
to effectively control their body when making transitions
between various physical activities [12,13].

As noted above, the fear of falling affects gait and
leaning balance in some elderly individuals [6]. It has
been surmised that between 20% and 85% of elderly
adults fear falling. This fear intensifies in those who have
a history of falling [3,14,15]. When an elderly person has
a fear of falling, they often restrict or avoid activities. This
not only decreases muscle strength, but it can cause
mental depression and impede their preferred lifestyle
[13,16].

It seems reasonable that reducing the fear of falling
may lead to a reduction in the likelihood of falling for
these individuals. Bandura’s self-efficacy theory indicates
that self-efficacy is an individual judging how competently
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they could carry out certain tasks [17,18]. This includes
the individual’s ability to cope with the situation, how
much effort it will require and how long they will be able
to sustain that effort. It was further pointed out that those
who have a high level of self- efficacy can put in a
substantial enough effort that the task is carried out
successfully. Those with a low level of self- efficacy are
prone to giving up early, thus failing at the task [17].

Other studies similarly show that elderly adults are
affected by their level of self-efficacy and their strength.
In a study conducted by Barakat et al [18], they noted that
for the elderly to be comfortable participating in physical
activity they need to have a high level of confidence in
their ability to participate in it. Similarly, Tarsuslu-Simsek
& Yanardag [19] point out the sense of well-being in older
men and women directly correlated to the strength of their
biceps brachia muscle: the stronger their upper limbs, the
greater their measure of independence. An easy and
substantiated method for assessing overall body strength
in older adults is by testing the strength of their hand grip
[20]. It has been shown that hand grip strength not only
correlates closely with overall body strength, but also with
functional body movements [7]. Of particular interest
concerning the elderly is whether or not their self-efficacy
is affected by their body strength. According to Prata and
Scheicher [1] those with a significant fear of falling
participate in less activities which further reduces their
strength. So, do stronger elderly adults have a higher self-
efficacy? The purpose of this study is to find the answer to
that question by measuring grip strength and comparing it
to their self-efficacy as assessed by the Falls Efficacy
Scale-International instrument (FES-I).

2. Methods

2.1. Participants

This study involved participants who were 65 years of
age or older. Both men (n = 14) and women (n = 21) were
included. They were recruited via word of mouth and public
announcements. All volunteers were community-dwellers
who lived independently. All participants were given the
option to read about the details of the study, but most
chose to be verbally informed. Before the study began,
volunteers gave their consent by signing the document
which was authorized by the Institutional Review Board
for the use of Human Subjects.

2.2. Hand Grip Strength Assessment

The Jamar hand dynamometer was used to assess
maximal grip strength (MG). Each volunteer alternated
between the right and left hands for a total of three trials
per hand. The dynamometer was set at position 2.
Trampisch, et al [22] found that from a test group of 50
volunteers, 70% performed their greatest MG score when
the dynamometer was set at position 2.

Participants sat comfortably with their elbow flexed at
90 degrees, as suggested by Bellace et al [23]. Participants
were given the opportunity to grip the dynamometer prior
to the trial in order to become familiar with the device. To
begin the trial, they were told to squeeze the dynamometer

with maximal force for about 3 seconds. The grip was
alternated between hands so that each hand could rest
while the opposite hand performed the trial and the results
were recorded. Of the three trials, only the strongest MG
was used in analyzing the data.

The Jamar dynamometer was used for this research
study because it is considered the “gold standard” in hand
grip dynamometers and numerous studies have been
conducted which demonstrate its competence [23,24].
Bellace et al. [23], showed the Jamar to be a highly
reliable (ICC = 0.98) assessment tool for measuring MG.
Being a gold standard, it has also been tested against other
handgrip devices to test their validity and reliability
[24,25].

Figure 1. Jamar Dynamometer (Image reprinted with permission from
Layton et al. [21].)

2.3. Fear of Falling Assessment

In order to effectively assist elderly and understand
their fear of falling, it became apparent that a questionnaire
was needed that was not only sensitive enough to
differentiate the intensity of their fears about falling, but
also showed the level of concern they had about
participating in various activities [26]. Thus, the first Fears
Efficacy Scale (FES) was developed [26,27]. It measures
how confident a person feels about performing daily tasks
without falling. The reliability of the FES is excellent and
has a high correlation with measurements of gait and
balance [26,27,28]. Additionally, it can predict the
potential for future falls, as well as a deterioration in one’s
ability to function [26,27,29,30,31,32]. Of particular
importance, once a person has participated in clinical
interventions, the FES is able to show a change in their
fears [26,33-36]. Despite the benefits of the FES, some
felt that it could still be improved upon [26].

The three main concerns with the FES were as follows:
First, it did not necessarily specify a person’s anxiety
about participating in a task, nor did it indicate their self-
efficacy, or confidence, that they could perform a task
without falling. Rather, the participant gave more of an
estimate of their functional ability to do the task [26,37].
Next, the original FES only asked questions about very
basic daily activities that perhaps very feeble or disabled
adults would be concerned about. Those questions were
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rather irrelevant to the more active older adults. As a
result, it did not help predict falls in those who were
higher functioning [26,38]. Finally, the original FES did
not assess how one’s fear of falling might affect their
social life [26,39].

Thus, the FES was madified. According to Yardley et al
[26], the improved Falls Efficacy Scale-International
(FES-I) is more suitable to be translated into a variety of
languages and used across cultures. It includes social
situations and more difficult activities. The FES-I was
created by members of the Prevention of Falls Network
Europe who met several times to develop it [26].
The FES-1 has excellent internal reliability (Cronbach’s
alpha=0.96) and test-retest scores (ICC=0.96) [26,40].

The Falls Efficacy Scale-International (FES-1) is a
simple, straight forward survey [40]. Participants are
asked to rate their fear of falling while participating in 16
common daily activities which they may or may not
engage in. Participants assess their concerns using a
4-point scale as follows: 1=not concerned, 2=somewhat
concerned, 3=fairly concerned, 4=very concerned [26,40].
After the points are scored, a rating, as shown by Delbaere
et al [41], is assigned as follows:

* Low concern about falling: 16-19

* Moderate concern about falling: 20-27

* High concern about falling: 28-64.

2.4. Allometric Hand Grip Strength

MG was originally assessed and recorded in kilograms
(kg), but later changed to Newtons (MG kg x 9.81 m/s?).
Similar to the process employed by Sevene et al [42],
the following equations were used to normalize the
scores allometrically, as referenced by Jaric et al [43] and
Maranhao Netoa et al [44]:

* MG,=MG (N)/(body mass kgs)®*’

* MG,=MG (N)/(body height meters)"5*,

2.5. Statistical Analysis

Pearson Correlation Coefficients (r) were employed to
examine the relationship between the FES-I scores and the
measures of hand grip strength as described above. The
strength of the PCC’s was then assessed as described by
Cohen 1988 [45]. The significance for the study was set at
0=<0.05.

3. Results

All 35 participants completed the MG trials and the FES-I
without complication. The female (n=21) age, body mass,
height, and FES-1 scores are as follows: 72.5+4.5 yrs,
75.2+18.4 Kkgs, 1.63+0.07 meters, 26.9£9.4. The male
(n=14) age, body mass, height, and FES-1 scores are as
follows: 75.6+5.2 yrs, 96.3£18.3 kgs, 1.78+0.07 meters,
and 22.946.6.

Table 1 shows the participants® MG strength in kg
(mean * standard deviation), then converted to Newtons.
It also shows their MG strength (kg) divided by their body
mass (kg), (mean + standard deviation). To standardize the
results between male and female participants the results
were allometrically scaled for body mass (mean + standard

deviation) and body height (mean * standard deviation).
For the FES-I, Pearson’s correlation coefficient ranged
from r = -0.36 to -0.44. According to Cohen [45], these
correlations are considered moderate to nearing strong,
noting that the negative sign indicates that greater grip
strength is associated with a lower fear of falling.

Table 1. Grip Scores

Male Female _
Measure (n=14) (n=21) Total (n=35) PCC
MG (kg) 42.6+6.6 24.4+6.8 31.7+11.2 -0.36*
MG (N) 418.3164.8 238.9+66.6 310.7+110.3 -0.36*
MG (kg)/body 0 44
mass (kg) 0.45+0.06  0.33+0.09 0.38+0.10 0.44
MG Allometric
scaled (N/kg) 19.7£2.1 13.3£34 15.9+4.3 -0.44*
Body Mass®®’
MG Allometric
scaled (N/meters) 144.2+20.1 96.7+24.4 115.7¢32.6  -0.43*
Body Height™5*

Maximal Grip scores (mean + SD). MG-maximal grip, kg-kilograms,
N-Newtons, PCC-between FES-1 and grip measure, *Significant P<0.05.

4. Discussion

The purpose of this study was to determine the correlation
between max grip strength (MG) and self-efficacy with
regards to falling among the elderly. Given the high
degree of correlation between MG and overall body
strength [7], it was hypothesized that individuals with a
stronger MG would have a lower fear of falling (i.e.
greater self-efficacy). Data collected from the current
study supported the hypothesis. The data collected in the
current study demonstrated a moderate to nearing strong
negative correlation between MG and fear of falling,
indicating that greater grip strength was associated with a
lower fear of falling. This relationship persisted for all
manners of reporting of MG (i.e. normalized to body mass,
and allometrically scaled). In other words, the stronger a
person is, the less they fear falling. This is critical to
recognize because falls are a principal reason for
hospitalization and even a prevailing cause of accidental
death among the elderly [9,46,47].

The data collected in this study is supported by previous
studies concerned with the elderly population; specifically
their fear of falling and the impact that muscle loss has on
their lives. A destructive cycle can occur when they decrease
their activity because they fear falling. The reduction in
activity level decreases their muscle strength, which not
only increases their fear of falling [1], but also lays the
foundation to losing their independence. In fact, it has
been shown that loss of independence in older adults follows
a hierarchical pattern that begins with a loss of mobility,
followed by a decreased ability to participate in societal
living, and finally losing the ability to fully care for self
[48,49]. Both upper and lower body strength are important
for preserving the ability of an individual to complete the
tasks of daily living [19]. Upper body strength is necessary
for day to day activities like taking a bath/shower, getting
dressed, shaving, meal preparation, etc. Whereas, the
lower limbs need to be strong so that ambulation and
mobility are not compromised [19]. Additionally, a lack of
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strength in the lower limbs is a valid predictor of an
individual being injured from a fall [6]. Once an elderly
person falls, they often limit their activities in an effort to
prevent future falls. This subsequent inactivity further weakens
their muscles [1] which increases their risk of falling again.

It has been shown that the quality of one’s muscles
declines during the aging process, resulting in a
considerable loss of strength [9,50,51]. Weakened muscles
are a well-documented contributor to falling [9,52,53], and
a condition that, in and of itself increases death rates
among the elderly [54]. Similarly, Chipperfield [55] also
found that sedentary adults are at a 3x higher risk of dying
than their more active counterparts.

The best way to apply the results of this study would be
to use it as a way to help the elderly recognize that their
overall body strength has a meaningful correlation with
their fear of falling. However, simply encouraging the
older population to participate in a more active lifestyle
may not yield the desired results. Perhaps first helping
them recognize their own level of confidence in carrying
out daily tasks would be a good place to start, as
demonstrated in the following study conducted by Prata
and Scheicher [1]. Eleven elderly women who had
previously fallen were evaluated using the FES-I. The
FES-I helped determine the degree of concern they felt
about falling again. Their mobility and muscle strength
were also evaluated. After participating in a 12-week
program in which they performed strength training and
balance exercises twice a week, they were re-assessed. The
women showed important gains in muscle strength and
mobility. Correspondingly, their fear of falling declined.

Similar research agrees by indicating that a way to
boost self-confidence in elderly people is to involve them
in aerobic exercise or programs which increase flexibility
and balance [3,56]. Furthermore, Huang et al [13], reported
that because exercise improves muscle strength [57,58], it
is a way to reduce the number of falls in elderly persons
[58], and in turn may reduce their fear of falling [59]. It is
evident that helping our elderly population maintain
mobility will extend their life, keep them safe and improve
the overall quality of their life. Concannon et al [60]
reiterated that increasing muscular strength will decrease
aging adults likely of becoming disabled, thus prolonging
their independence. Concannon et al [60] also pointed out
that being physically active can treat depression by boosting
mood and improving psychological health. Likewise,
participating in resistance training can increase bone mass
density (which can prevent bone fractures) in the elderly
as well as aid in preventing sarcopenia [60]. The authors
[60] further contended that muscle atrophy in old age may
be due to lack of use, rather than just the fact of aging. Finally,
Concannon et al [60] promote aerobic exercise in the elderly,
in part, to diminish the stiffness in the large arteries which
can lead to cardiovascular disease in mature adults.

A limitation of the current study was that all the
participants were from similar backgrounds. A more diverse
study group would have greater relevance to a larger
population. The participants were all white, middle-class,
community dwellers with the oldest of them only being 77
years old. To improve future research, individuals from
other races and socioeconomic statuses should be included.
Additionally, including people in their 8th and 9th decades

of life and those from assisted living facilities would add
to the applicability of the study results. Finally, recent
developments in grip analysis technology [61] may provide a
better understanding of what aspects of grip strength are
most related to self-efficacy as related to fear of falling.

5. Conclusion

Within the parameters of this study, it is concluded:

e Maximal hand grip strength is associated with
self-efficacy as related to fear of falling regardless
of the mechanism of MG reporting [MG (kg),
MG (N), MG (kg) / Body Mass (kg), MG (N) /
(Body Mass)*®’, MG (N) /(Body Height)™*"]

e Given the ease and low cost of assessing grip
strength, it would appear a prudent test to
administer to the aging population as part of an
annual physical exam in order to gage self-efficacy
and over all body strength.
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