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Abstract- Many in the exercise and sport medicine discipline
believe a complete physical fitness assessment including
measures of muscular strength should be part of an adult’s
annual medical exam. Conducting a complete fitness test
including measures of muscular strength is not practical in the
current medical exam paradigm. In this regard, a simple field
test that could reflect body strength measures would be of
value. Purpose: This study examined the relationship between
grip strength and selected body strength measures in the older
adult. Methods: Female (n=12, age=71.2+3.8 years,
mass=66.3+9.2 kg) and male (n=16, age=72.9+4.7 vyears,
mass=85.5+9.4 kg) participants completed 1 RM tests with the
leg press (LP), biceps curl (BC), triceps extension (TE), lat pull
down (LPD), and machine bench press (BP). An aggregate
strength score was also calculated as the sum of the individual
1 RM tests and was considered a total body strength score
(TS). Likewise, all participants performed maximal hand grip
(MG) attempts with the Jamar hand grip dynamometer.
Pearson correlation coefficients (PCC) were then calculated in
order to determine the relationship between dominant hand
MG and the 1 RM results. Results: PCC’s were as follows:
MG-LP (r=0.61), MG-BC (r=0.85), MG-TE (r=0.80), MG-
LPD (r=0.87), MG-BP (r=0.77), and MG-TS (r=0.83). All
PCC’s were significant at P<0.01. Conclusions: Within the
parameters of this study, grip strength is strongly reflective of
total body strength and may be beneficial to clinicians
interested in assessing strength as part on an annual medical
exam.
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. INTRODUCTION

Aging is associated with muscle loss and strength a
condition referred to as sarcopenia (1). Sarcopenia related loss
of muscle strength is associated with decrements in the ability
to perform activities of daily living (2) and an increased risk of
falls (3). Injuries related to falls often lead to permanent
disability resulting in loss of independence (4).

Given the relation between age related muscle loss/strength
loss and mortality/injuries it may be of value to find a simple
test that can estimate muscle strength in the clinical setting.

In this regard, grip strength assessment may be of value.
Consider the following: grip strength has been shown to be
associated with reduced mortality in both the young and mature
adults (5,6). What factors are associated with grip strength and
reduced mortality are yet to be determined. However, with that
said, it is reasonable to hypothesize that grip strength is
positively related to muscle strength in other regions of the
body.

The purpose of this study was to determine if a meaningful
positive relationship exists between grip strength and muscle
strength in other regions of the body in a participant pool of
mature adults.

Il.  METHODS
A. Participants

Participants (n = 28) included both males and females in
either their 7" 8" or 9™ decade of life (68-88 years).
Recruitment strategies included public announcements, flyers,
and word of mouth. The volunteers were independent and
community-dwelling with no previous background in
resistance training. Participants were cleared for participation
in the study by their personal physician. Prior to the execution
of the study, all participants were verbally informed of the
details of the study, read and signed an informed consent
document approved by an Institutional Review Board for the
use of Human Subjects.

B. Procedures

Maximal grip strength (MG) was assessed with a Jamar
hand dynamometer. Participants completed two trials of
maximal grip with both the dominant and non-dominant hand.
Participants were seated with the shoulder at 0° abduction and
flexion with the elbow at 90° flexion, as recommended by
American Society of Hand Therapists (7). Participants were
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instructed to familiarize themselves with the Jamar by holding
and squeezing the device prior to performing the maximal grip
trials. Participants were then instructed to squeeze the device
with a maximal effort for 3 seconds. The trials were separated
by approximately 1 min. The greatest MG from the two trials
was used for analysis.

Maximal strength measures (one repetition maximum-
1RM) were collected for the leg press (LP), biceps curl (BC),
triceps extension (TE), lat pull down (LPD), and machine
bench press (BP). Prior to study initiation, participants were
instructed in proper execution of each exercise and appropriate
breathing patterns in order to minimize cardiovascular stress
(8). The participants performed multiple exercise sessions
prior to the maximal strength test session assuring that they
were familiar with the body mechanics of each movement.
Following the familiarization exercise sessions, a 1RM was
then assessed and recorded for each exercise using established
methods described previously (9). An aggregate strength score
was also calculated as the sum of the individual 1RM tests and
was considered a total body strength score (TS). Strength
measures collected as those described during the current study
have all been previously reported as reliable (10).

C. Analysis

A personal computer with Microsoft Excel 2013 software
was utilized for data management and statistical analysis.
Standard descriptive statistics (mean and standard deviation)
for age, height, and body mass were calculated.

Pearson correlation coefficients (PCC) were calculated
between maximal dominant grip strength and 1-RM body
strength measures (significance 0<0.05).

Il.  RESULTS

All of the participants were able to complete the six
strength assessments (MG, LP, BC, LPD, TE, and BP). Table
1 provides the subject descriptive statistics for age and body
mass (meanz standard deviation).

Table 2 provides the Pearson correlation coefficients (r)
between MG and the other 1RM strength scores as well as the
TS. The PCC’s ranged from high (r=0.61) to very high
(r=0.87) (10). MG was very highly associated with TS
(r=0.83). All PCC’s were significant (p<0.01).

TABLE III. STRENGTH MEASURES 1-RM (KG: MEANSD)
Strength Measure Male (n=16) Female (n=12)
Maximal Grip 30.3+5.6 10.6+3.3
Leg Press 100.4+25.1 70.3+14.8
Biceps Curl 50.9+10.4 27.7¢55
Lat Pull Down 59.54+9.8 34.7+5.7
Triceps Extension 59.7+11.3 36.5+5.3
Bench Press 51.4+16.0 25.6+5.6
Total Body Strength 321.9+60.8 194.7+£29.5

TABLE I. PARTICIPANT DESCRIPTIVE CHARACTERISTICS (MEAN£SD).
L Age Body Mass
Faleliges . (years) (kilograms)
Female 12 71.2+3.8 66.3+£9.2
Male 16 72.9+4.7 85.5+9.4
TABLE II. PEARSON CORRELATION COEFFICIENTS (R) BETWEEN

MAXIMAL DOMINANT GRIP STRENGTH AND 1-RM BODY STRENGTH MEASURES.

Table 3 lists the strength values for all of the variables
collected in kilograms (mean+SD).

IV. DISCUSSION

The purpose of this study was to determine if a meaningful
positive relationship existed between maximal grip strength
and muscle strength in other regions of the body including total
body strength in mature adults. The relationships between MG
and the other strength measures ranged from high to very high
indicating that MG is indicative of strength in other regions of
the body and of total body strength.

The MGs recorded during the current study were
inexplicably lower than norms reported elsewhere (11).
Whereas the regional body strength measures were reasonably
consistent with those previously reported (12,13).

A previous meta-analysis revealed that the odds ratios for
mortality as a function of grip strength persisted after
correcting for gender (6). As such, we included both genders
in the calculation of the PCCs. Further, normalizing strength
measures relative to body mass did not improve the PCCs.

Of special note is the impact of a potential outlier score on
the PCCs calculated. If one participant’s scores were removed
from the calculations, all of the PCCs reported in the current
study would increase. PCC between MG and: LP=0.65,
BC=0.91, LPD=0.93, TE=0.89, BP=0.84, and TS=0.89; which
suggests an even greater relationship between MG and strength
in other regions of the body and of total body strength.

A limitation to the current study is the number of
participants. Future studies examining MG and regional/whole
body strength measures should grow the participant pool in
order to verify the relationships established in the current
study. It would also be of interest to determine if subsequent
exercise prescription that is based on low MG leads to
advanced physical capabilities as is seen with those
participating in masters caliber sports (14,15,16,17,18,19).

Additional future studies should also examine different
aspects of MG as found with advanced technology such as the
Grip Force Map system (20,21,22). The Grip Force Map
system employs tactile array technology that allows a detailed

*p<0.01 force map of the hand while gripping an optimal diametered
Leg Biceps  Lat Triceps  Bench  Total cylinder that is covered with a tactile array surface. The force
Press  Curl Pull  Extension Press  Body map provides information regarding the force and pressure
Grip generated by each finger within the context of the entire hand.
0.61*  0.85* 0.87* 0.80* 0.77*  0.83* . . . . .
Strength Detailed information regarding MG may provide further
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insight as the relationship between MG and regional/total body
strength.

Given the high PCCs between MG and other regional/total
body strength measures established in this study, it appears that
grip strength measures may serve as a clinically friendly
screening assessment of total body strength. Grip strength
measures could be easily assessed as part of an annual physical
exam allowing practitioners a starting point for exercise
prescription. Such a practice would be of particular value to
patients experiencing sarcopenia.

V.  CONCLUSIONS
Within the parameters of this study it is concluded that:

1. Maximal dominant grip strength is positively associated
with regional body strength measures and is highly correlated
with total body strength.

2. Given the relationship between muscular strength and
physical health, clinicians might be well advised to implement
a simple grip strength assessment as part of an annual physical
exam in order to estimate a patient’s health risks associated
with low muscular strength.

ACKNOWLEDGMENT

To our friend and mentor, Doctor John Patrick O’Shea,
you’re missed and never forgotten.

REFERENCES

[1] Cruz-Jentoft, A.J., Baeyens, J.P., Bauer, J.M., et al. (2010). Sarcopenia:
European consensus on definition and diagnosis: Report of the European
Working Group on Sarcopenia in Older People. Age Ageing, 39, 412-
23.

[2] Bastiaanse, L.P., Hilgenkamp, T.I., Echteld, M.A., & Evenhuis, H.M.
(2012). Prevalence and associated factors of sarcopenia in older adults
with intellectual disabilities. Research in Developement Disabilility, 33,
2004-12.

[3] Landi F, Liperoti R, Fusco D, et al. (2012). Prevalence and risk factors
of sarcopenia among nursing home older residents. Journal of
Gerontology: Biological Sciences, 67, 48-55.

[4] World Health Organization. (2007). WHO global report on falls
prevention in older age. WHO Press, World Health Organization,
Geneva, Switzerland.

[5] Ruiz, J.R,, Sul, X., Lobelo, F., Morrow, J.R., Jackson, A.W., Sjostrom,
M., & Blair, S.N. (2008). Association between muscular strength and
mortality in men: prospective cohort study. British Medical Journal,
337:a439.

[6] Cooper, R., Kuh, D., & Hardy, R. (2010). Objective measured physical
capability levels and mortality: systematic review and meta-analysis.
British Medical Journal, 341:C4467.

[7] Fess, E.E. Grip strength. In: Casanova, J.S. (Ed.) Clinical assessment
recommendations, 2nd Edn. Chicago, American Society of Hand
Therapists, 1992: 41-5.

[8] Evans, W. (1999). Exercise guidelines for the elderly. Medicine &
Science in Sports & Exercise, 31(1), 12-17.

[9] Adams, K.J., Swank, A.M., Berning, J.M. et al. (2001). Progressive
strength training in sedentary, older African American women. Medicine
& Science in Sports & Exercise, 33(9), 1567-1576.

[10] Safrit, M.J., & Wood, T.M. (1995). Introduction to measurement in
physical education and exercise (3rd Ed.) St. Louis, MO: Mosby.

[11] Bohannon, R., Peolsson, A., Massy-Westropp, N., Desrosiers, J., &
Bear-Lehman, J. (2006). Reference values for adult grip strength
measured with a Jamar dynamometer: a descriptive meta-analysis.
Physiotherapy, 92(1), 11-15.

[12] DeBeliso, M., Harris, C., Spitzer-Gibson, T., & Adams, K. (2005). A
comparison of periodised and fixed repetition training protocol on
strength in older adults. Journal of Science & Medicine in Sport, 8(2),
190-199.

[13] Harris, C., DeBeliso, M., Adams, K., Irmischer, B. & Gibson, T.A.
(2007). Detraining in the older adult: effects of prior training intensity
on strength retention. Journal of Strength and Conditioning Research,
21(3): 813-818.

[14] DeBeliso, M., Sevene, T.G., Walsh, J., Adams, K.J., Kettunen, J.,
Heazlewood, I.T., & Climstein, M. (2014). Body mass index of north
american participants at the World Masters Games. Journal of Sport
Science, 2, 189-194.

[15] DeBeliso, M., Walsh, J., Climstein, M., Heazlewood, I.T., Kettunen, J.,
Sevene, T.G., & Adams, K.J. (2014). World Masters Games: North
american participant medical and health history survey. The Sport
Journal, 0417.

[16] Walsh, J., Climstein, M., Heazlewood, I.T., DeBeliso, M., et al. (2013).
Masters Athletes: No evidence of increased incidence of injury in
football code athletes. Advances in Physical Education, 3(1), 36-42.

[17] Heazlewood, I.T., Walsh, J., Climstein, M., Adams, K.J., DeBeliso, M.,
et al. (2013). Gender differences in motivating participation and
adherence in masters sport. Journal of Science and Medicine in Sport,
16(6), S115.

[18] Walsh, J., Climstein, M., Heazlewood, I.T., Kettunen, J., DeBeliso, M.,
& Adams, K.J. (2013). Body mass index for athletes participating in
swimming at the World Masters Games. Journal of Sports Medicine and
Physical Fitness, 53, 162-168.

[19] Heazlewood, I.T., Walsh, J., Climstein, M., Adams, K.J., Sevene, T.G.,
DeBeliso, M., & Kettunen, J. (2013). Injuries of athletes in training for
2010 Pan Pacific Masters Games: Types and location. Journal of
Science and Medicine in Sport, 16(6), S54.

[20] DeBeliso, M., Fichter, D., Murdock, L., & Adams, K.J. (2009). Grip
norms and reliability of the hand grip ForceMap system. Medicine &
Science in Sports & Exercise, 41(5), S430.

[21] DeBeliso, M., McChesney, J.W., & Murdock, L.E. (2013). Grip norms
and reliability of the hand grip ForceMap system. Journal of Hand
Surgery, 38(9), 1009-10.

[22] McChesney, J.W., DeBeliso, M., & Murdock, L.E. (2012). The hand
grip ForceMap system. International Journal of Science and Engineering
Investigations, 1(8), 76-78.

Mark DeBeliso, PhD is a Professor and Graduate Program Director of the
Masters of Science in Sport Conditioning and Performance at Southern Utah
University, Utah, USA. His research interests include mechanics and
metabolics of sport movements and work tasks, strength training for all walks
of life, orthopedic biomechanics, and masters athletes.

Mikaela Boham, EdD is an Assistant Professor and Director of the Athletic
Training Program at Texas A&M University Corpus Christi, Texas, USA. Her
research interests include sports injuries and traumatic brain injuries in sports.

Carol Carson, MS is the Director of Nursing at the Rehabilitation Hospital of
Southern New Mexico, Las Cruces, New Mexico, USA. She also serves as an
Adjunct Lecturer for New Mexico State University with research interests in
strength and rehabilitation.

International Journal of Science and Engineering Investigations, VVolume 4, Issue 37, February 2015 85

www.lJSEl.com

ISSN: 2251-8843

Paper ID: 43715-13



Chad Harris, PhD is the Instructional Dean of Health Science at Central
Oregon Community College, Oregon, USA. His research interests include
training effects on power production, weightlifting biomechanics, senior
strength training and metabolic responses to power training.

Joseph M. Berning, PhD is a Professor and Director of the Exercise
Physiology Lab in the Department of Human Performance, Dance &
Recreation at New Mexico State University, Las Cruces, New Mexico, USA.
His research interests include strength and power training, overtraining, and
warm-up strategies to enhance performance.

Trish Sevene, PhD is an Associate Professor in the Kinesiology Department
at California State University Monterey Bay, California, USA. Her research
interests include the biological basis of human performance and aging, work-
related lifting tasks, and masters athletes.

Kent J. Adams, PhD is a Professor and Chair of the Kinesiology Department
at California State University Monterey Bay, California, USA. His research
interests include strength and power training across the lifespan, work-related
lifting tasks, and masters athletes.

International Journal of Science and Engineering Investigations, VVolume 4, Issue 37, February 2015 86

www.lJSEl.com

ISSN: 2251-8843

Paper ID: 43715-13



