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Abstract- Grip strength has been shown to be closely
associated to body strength and functional body movement
ability among mature aged adults. However the
aforementioned associations were based on absolute grip
strength. What may be of greater importance is the relationship
between allometrically scaled grip strength and body strength
as well as functional body movement ability among mature
aged adults. Purpose: This study examined the relationship
between allometrically scaled grip strength and body strength
as well as functional body movement ability among mature
aged adults. Methods: This study examined previously reported
data that was collected as follows. Female (n=12, 71.2+3.8 yrs,
66.3+9.2 kg) and male (n=16, 72.9+4.7 yrs, 85.5+9.4 kg)
participants completed functional body movements including:
vertical jump (VJ), medicine ball (MB) throws (1.5, 3.0, & 5.0
kgs), and a stair climb (SC) test. The participants also
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) with the
Jamar hand grip dynamometer. MG scores were allometrically
scaled to body height® (AMG: kg/m?). Pearson correlation
coefficients (PCC) were then calculated to determine the
relationship between AMG and the 1 RM strength scores as
well as the functional body movement scores. Results: PCC’s
between the AMG and the functional body measures ranged
from r=0.70-0.78 (p<0.01), considered as high. PCC’s between
the AMG and 1 RM strength scores ranged from r=0.68-0.88
(p<0.01), considered as high to very high. The relationship
between AMG and functional body measures as well 1 RM
strength measures were reasonably consistent with those
previously reported for MG and functional body measures as
well 1 RM strength measures. Conclusions:  Within the
parameters of this study, both MG and AMG appear to be
strongly reflective of functional body movements and 1 RM
strength measures. In this regard, assessing grip strength may
be beneficial to clinicians interested in assessing functional
body movement ability and body strength among aging adults.
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l. INTRODUCTION

Muscle and strength loss associated with aging is referred
to as sarcopenia (1). Sarcopenia loss of muscle strength and
muscle function leads to decrements in the ability to perform
activities of daily living (ADLs) (2) along with an increased
risk of falls (3, 4). Injuries related to falls frequently present as
permanent disability resulting in loss of independence (5, 6)
and increased health care use and cost (7).

Noting the association between age related muscle
loss/strength and mortality/injuries as well as the loss in the
ability to perform ADLs, our previous work(s) focused on the
relationship between grip strength and body strength measures
as well as functional body movements (8,9). Our goal was to
determine if grip strength (maximal grip strength: MG) could
serve as a practical clinical test that could provide insight into
an aging individual’s ability to perform ADLs. Our prior work
suggested that:

1. MG exhibited a high to very high significant
relationship with regional and total body strength (8),

2. MG demonstrated a high to very high significant
association with functional body movements that are
muscular power oriented for both the upper and lower
body (9), and

3. Given the aforementioned, clinicians might be well
advised to collect MG as part of a mature adult’s
annual exam.

Since completing our earlier work (8,9) evidence
supporting MG as an indice of health continues to evolve (10).
In a recent umbrella review (10), which is a meta-analysis of
systematic reviews, it was concluded that: “handgrip strength is
a useful indicator for general health status and specifically for
early all-cause and cardiovascular mortality, as well as
disability”. However, to our knowledge all of the papers cited
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in the Umbrella Review relied upon raw MG scores (i.e. not
allometrically scaled). Likewise, our prior work relied upon
raw MG scores for analysis (8,9).

Recent research (11) suggests that MG scores should be
normalized to body size or allometrically scaled (11). The
authors suggested that allometrically scaled MG would be “a
more sensitive indication of strength capacity of an individual
within a population” (11).

Given that MG is a useful indicator for general health (10)
and that it is suggested that allometric scaling of MG leads to a
more sensitive indication of physical strength (11), we decided
to revisit our previous work regarding the relationship between
MG and body strength as well as functional body movements
among older adults (8,9).

As such, the purpose of this investigation was to:
allometrically scale MG (AMG), compare AMG to measures
of body strength measures, and compare AMG to functional
body movement assessments among aging adults. This brief
report is a continuation of our earlier work (8,9), which also
allows us to also see if AMG is more sensitive than MG in
establishing relationships between MG, body strength, and
functional movements.

II. METHODS

A. Participants

Participants (n=28) included mature males and females (68-
88 years). Recruitment included public announcements, flyers,
and word of mouth. The subjects were community-dwelling
and independent with no prior background in resistance
training (RT). Participants were approved for participation in
the study by their personal physician. Prior to engaging in the
study, participants were informed of the requirements of the
study. The participants then read and signed an informed
consent document approved by a University Institutional
Review Board for the use of Human Subjects in research.

B. Procedures

As mentioned earlier, the focus of this paper is to re-
evaluate previously published data regarding absolute MG and
body strength and functional body movement ability among
mature aged adults. To that end, the following assessment
descriptions were initially reported elsewhere (8,9) and are
reproduced here for the convenience of the readers. It should
be noted that the body strength measures and functional body
movement assessments were recorded on separate days
separated by at least 72 hours.

C. Grip Strength Assessment

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 (12). Participants were
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 three seconds. The trials were
separated by approximately 1 minute rest periods. The greatest
MG score from the two trials was used for analysis.

D. Functional Body Movement Assessments

Vertical jump (VJ) measures were collected with the Vertec
vertical jump measuring device in a manner previously
described (13). The participants were given three VJ attempts
with a self-selected rest period between trials ranging from 1-3
minutes. The best score (centimeters) was recorded and used
for subsequent analysis. Vertical jump measures collected in
this manner have been reported as reliable with intra class
correlations (ICC’s) ranging from 0.87-0.89 (13). VJ height
was then used to calculate peak power output as suggested by
Sayers et al. (14). VJ peak power was used for subsequent
analysis (VJpp).

VJ Peak Power (watts) = 60.7 * VVJ height (cms) + 45.3 * body
mass (kg) - 2055

Equation 1. Peak power output per Sayers et al. (14).

Medicine ball (MB) throws were collected for three
different MB masses: 1.5, 3.0, and 5.0 Kgs. The MB throws
were collected (meters) with the participants in a seated
position as previously described (15). The participants were
given three trials at each of the three MBs. The participants
were allowed a self-selected rest period between trials ranging
from 1-3 minutes. Medicine ball measures collected in this
manner have been reported as reliable with ICC’s >0.98 (15).

Stair climb (SC) measures were collected for each
participant as previously described (16). The best score of two
trials separated by a 3 minute rest period was used for
subsequent analysis. There were 12 stairs at 15.24 cm in height
for a total of 1.83 meters. The SC climb times were then used
to calculate power output (watts), equation 2. SC power output
was used for subsequent analysis (SCpo).

SC Power Output (watts) = {9.81(m/s?) * body mass (kg) *
1.83 (meters)} / SC time (secs)

Equation 2. Power output ascending a 1.81 meter stair case.

E. 1RM Strength Assessments

Maximal strength measures (one repetition maximum-1
RM) 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
(17). 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 1 RM was
then assessed and recorded for each exercise using established
methods described previously (18). 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).
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Strength measures collected as those described during the
current study have all been previously reported as reliable (19).

F. Analysis

Standard descriptive statistics (mean and standard
deviation) for age, height, and body mass were calculated.
PCCs were calculated between MG and: LP, BC, LPD, TE,
BP, TS, Ve, MB™®, MB3°, MB®?, and SCpo Those same
PCCs were then calculated for AMG and the aforementioned 1
RM strength measures and functional body movements.
(0<0.05). Microsoft Excel 2013 software was utilized for data
management and statistical analysis. The spread sheet and data
were peer reviewed as suggested by AlTarawneh at al. (20).

I1l.  RESULTS

All of the participants were able to complete: the MG
assessment, the 1 RM strength assessments (LP, BC, LPD, TE,
and BP) and functional body movement assessments (VJ,
MB®, MB3°, MB®°, and SC). Table 1 provides the subject
descriptive statistics for age, height and body mass (meanz
standard deviation).

TABLE IV. PEARSON CORRELATION COEFFICIENTS (R) BETWEEN GRIP
STRENGTH AND FUNCTIONAL BODY MOVEMENT ASSESSMENTS, MG-MAXIMAL
GRIP, AMG- ALLOMETRIC MAXIMAL GRIP, *P<0.01.

Vertical Jump Medicine Medicine Medicine Stair Climb
PP Ball Ball Ball PO
1.5kg 3.0kg 5.0 kg
MG 0.79* 0.86* 0.87* 0.91* 0.72*
AMG 0.78* 0.70* 0.73* 0.78* 0.75*

TABLE I. PARTICIPANT DESCRIPTIVE CHARACTERISTICS (MEANZSD).
Participants N Age (yrs) Height (m) Body Mass (kg)
Female 12 71.2+3.8 1.62+0.07 66.3+9.2
Male 16 72.9+4.7 1.77+0.06 85.5+9.4

Table 2 provides the MG and AMG grip scores. Table 3
provides the PCCs (r) between MG and the 1 RM strength
scores as previously reported (8). Likewise, Table 3 provides
the PCCs (r) between AMG and the 1 RM strength scores.

Table 4 provides the Pearson correlation coefficients (r)
between MG and the functional body movement scores as
previously reported (9) noting two exceptions. The MG
comparisons to the VJ and the SC are based on power output
assessments (watts). Previously (9) the MG comparisons with
VJ and SC were based on units of centimeters of vertical jump
height and seconds taken to complete the SC.

TABLE I1. MG-MAXIMAL GRIP, AMG- ALLOMETRIC MAXIMAL GRIP
(MEAN%£SD).
Strength Measure Male (n=16) Female (n=12)
MG (kg) 30.3+5.6 10.6+3.3
AMG (kg/m?) 9.6+1.7 4.0+1.0

TABLE III. PEARSON CORRELATION COEFFICIENTS (R) BETWEEN GRIP
STRENGTH ASSESSMENTS AND 1 RM STRENGTH MEASURES, MG-MAXIMAL
GRIP, AMG- ALLOMETRIC MAXIMAL GRIP, *P<0.01.

IV. DISCUSSION

A recent umbrella review has strongly suggested the utility
of MG as an “indicator of general health status and specifically
for early all-cause and cardiovascular mortality, as well as
disability” (10). Additional contemporary research suggests
that allometrically scaling of MG may provide a more sensitive
indicator of physical strength and “normalize strength for
population-based research” (11). Science dictates that as new
information develops, researchers are obligated to revisit their
previous conclusions. With that said, we decided to re-examine
the results of our earlier work regarding the relationship
between MG and body strength as well as functional body
movements among older adults (8,9). Our earlier work relied
upon raw MG scores (non-allometrically scaled).

The current investigation unarchived the data from our
earlier works (8,9): allometrically scaled MG (AMG),
compared AMG to body strength measures, and compared
AMG to functional body movement assessments. We
suspected that if allometrically scaling MG provided a more
sensitive indicator of physical strength, then the relationships
between grip strength and body strength measures as well as
functional body movement assessments would be stronger.

The MG scores were positively associated with regional
and total body 1 RMs ranging from r=0.61 (high) to r=0.87
(very high). The AMG scores were also positively associated
with regional and total body 1 RMs ranging from r=0.68 (high)
to r=0.88 (very high). It is worth noting that the relationship
between AMG and each strength indice was slightly higher
than those for MG. These results support what we had
anticipated. The strength of the relationships (high and very
high) are as described by Miller (21).

The MG scores were positively associated with functional
body movement assessments ranging from r=0.72 (high) to
r=0.91 (very high). The AMG scores were also positively
associated with functional body movement assessments
ranging from r=0.70 (high) to r=0.78 (high). It is worth noting
that the relationship between AMG and each functional body
movement assessment were slightly lower than those for MG,
with the exception of SCpo. These results were mixed
regarding what we had anticipated.

Consistent with our previous work (8,9), the results of our
current investigation suggest that both indices of grip strength

Leg Biceps Lat Triceps Bench Total . . .
Press Curl pull Extension Press Body (MG gnd AMG) are essentially equally effective with regards
to estimating body strength measures as well as functional
MG | 0.61* | 085* | 0.87* 0.80* 0.77* 0.83* o=
AR o5 ose o5 o oa body movement assessments. Likewise, the results of _the
AM i i i i : : current investigation support the results of the umbrella review
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(10), which strongly suggests that grip strength is an indicator
of general health status as well as disability.

REFERENCES

[1] Cruz-Jentoft, AJ., Baeyens, J.P., Bauer, J.M., et al. (2010). Sarcopenia:
. . . European consensus on definition and diagnosis: Report of the European
. As with our ear_ller WO_rk (8)‘ we would like to note the Working Group on sarcopenia in older people. Age Ageing, 39, 412-
impact of a potential outlier score on the PCCs calculated 423,
bewve_e“ AMG and the 1 RM strength measures- If one [2] Bastiaanse, L.P., Hilgenkamp, T.I., Echteld, M.A., & Evenhuis, H.M.
participant’s scores were removed from the calculations, all of (2012). Prevalence and associated factors of sarcopenia in older adults
the PCCs reported would increase. The PCC between AMG with intellectual disabilities. Research in Developement Disabilility, 33,
and: LP=0.71, BC=0.92, LPD=0.94, TE=0.90, BP=0.88, and 2004-2012. _
TS:OQS’ which suggests an even greater relationship between [3] L;indl F, LIp(:Z‘I’OtI R, Fusco D: et ak (2012)idPrevaIe_ndce and EISk falctori
of sarcopenia among nursing home older residents. Journal o
AMG and body strength. Gerontology: Biological Sciences, 67, 48-55.
Our prior work discussed the importance of exercise  [4] Singh, D. K. A., Shahar, S., Vanoh, D., Kamaruzzaman, S. B., & Tan,
prescription for targeting both muscular strength and power r':/l |Ph (Zr?l?])- Dt')a%etesy afth”t';v urinary I'”Cont”r‘]engev poor Se'f'hfateo'
: PRI : : ealth, higher body mass index and lower handgrip strength are
with the concept of SpeCIfICIty n m”?d towards pgrformlng associated with falls among community- dwelling middle- aged and
ADLs (8.9). The ADLs we were referring to at the time were older adults: Pooled analyses from two cross- sectional Malaysian
primarily ambulatory in nature, for example: chair-rising datasets. Geriatrics & Gerontology International, 19(8), 798-803.
speed, stair-climbing speed, walking speed, etc. An example of [5] World Health Organization. (2007). WHO global report on falls
a resistance training (RT) modality that is specific and prevention in older age. WHO Press, World Health Organization,
transferable to the aforementioned ambulatory movements Geneva, Switzerland. o N
would be a dumbbell lunge. The dumbbell lunge requires the ~ [6] Meskers, C. G. M., Reijnierse, E. M., Numans, S. T., Kruizinga, R. C.,
hand to be coupled to a dumbbell during the execution of the Pierik, V. D., Van Ancum, J. M., ... & Maier, A. B. (2019). Association
lungind  movement. Hence. in addition to develobing the of ha_nggnp strepgth_and m_uscle m_ass.wnh dependency in (instrumental)
ging A ) - et ping h activities of daily living in hospitalized older adults-the EMPOWER
mL.lS_CU|_3.tl:II’e.feqU|l’ed for amb_U|at|0n, it is likely that grip study. Journal of Nutrition, Health & Aging, 23(3), 232-238.
ability is indirectly (or secondarily) enhanced. However, notall  [7] cheng, Y., Goodin, A. 3., Pahor, M., Manini, T., & Brown, J. D. (2020).
RT modalities require a hand implement coupling, and hence, Healthcare utilization and physical functioning in older adults in the
no indirect exercising of grip ability. With that said, there are United States. Journal of the American Geriatrics Society, 68(2), 266-
many ADLs that require a hand-object coupling, for example: 8 i)né M Boram M. Carcon. G Harre, G Bermine. 1ML S
rrvin f aroceri nin iar. usin manual can eBeliso, M., Boham, M., Carson, C., Harris, C., Berning, J.M., Sevene,
gaer)]/erg i'zagaobr%oonﬁeofsai ngd ra?(; Jsahé) ujl'ng asnoa u?ak(':;l T., & Adams, K.J. (2015). Grip and body strength measures in the
p » usIng . y ! veling W, ! _g mature adult: A Brief Report. International Journal of Science and
out the trash, pouring Iaun_dry de_tergent, etc. As such, there is Engineering Investigations, 4(37), 83-86.
inherent value in targeting grip strength development (or 9] DeBeliso, M., Boham, M., Harris, C., Carson, C., Berning, J.M., Sevene,
mamtenance) as part of any exercise prescription for members T.G., Adams, K.J., & Climstein, M. (2015). Grip Strength and
of an aging population. Functional Measures in the Mature Adult: Brief Report I1. International
] ] Journal of Science and Engineering Investigations, 4(39), 1-4.
Regardmg future researChn_ we agree with th_e authors of the [10] Soysal, P., Hurst, C., Demurtas, J., Firth, J., Howden, R., Yang, L., ... &
aforementioned umbrella review (10). There is rather strong Smith, L. (2021). Handgrip strength and health outcomes: Umbrella
evidence supporting the notion that hand grip strength is an review of systematic reviews with meta-analyses of observational
indice of health, mortality, and disability (10). Future research studies. Journal of Sport and Health Science, 10(3), 290-295.
should focus on the underpinning factors responsible for the 1] ?‘2%‘;'1') A M., Tomkinsor, G. R..| I;ﬁzgg'rfbl'strmgrj\g{hwé & Myers. T-D-
association between grip strength and health outcomes (10). Allometry Reveals New Insights and Associated Reference Curves.
Medicine and Science in Sports and Exercise. Published Ahead of Print,
August, 1021.
[12] Fess, E.E. Grip strength. In: Casanova, J.S. (Ed.) (1992). Clinical
V. CONCLUSIONS assessment n_acommendations, 2nd Edn. Chicago, American Society of
Given the high PCCs between both grip strength indices Hand Therapists. pp. 41-45.
(MG and AMG) and body strength measures as well as [13] Nuzzo, J.L., Anning, J.H., & Scharfenberg, J.M. (2011). The reliability
functlonal body movement assessmentsl It appears that grlp of three deVICES.l.-JSE(?‘ for measuring vertical Jump helght. Journal of
strength evaluation may serve as a practical and simple Strength &;:O”Hd't"’:'_”g _Rese;m{]/‘ 2;2(9)' 258?;2290# o b
clinically meaningful screening assessment of body strength ~ [141 Svers, S. P., Harackiewicz, D. V., Harman, E. A., Frykman, P. N., &
. . X Rosenstein, M. T. (1999). Cross-validation of three jump power
and functional body movements (i.e. ADLs). Grip strength equations. Medicine and Science in Sports and Exercise, 31(4), 572—
assessment could be easily included as part of an annual 577.
physical exam. As such, providing practitioners a datum  [15] Harris, C., Wattles, A.P., DeBeliso, M., Sevene-Adams, P.G., Berning,
regarding exercise prescription for their patients, which is of J.M., & Adams, K.J. (2011). The seated medicine ball throw as a test of
particular value to aging patients experiencing sarcopenia and a upper body power in older adults. Journal of Strength and Conditioning
reduced ability to perform ADLSs. Research, 25(8), 2.344. _
[16] Hanson, E.D., Srivatsan, S.R., Agrawal, S., Menon, K.S., Delmonico,
M.J., Wang, M.Q., & Hurley, B.F. (2009). Effects of strength training on
physical function: influence of power, strength, and body composition.
ACKNOWLEDGMENT Journal of Strength Conditioning Research, 23(9), 2627-2637
. . s [17] Evans, W. (1999). Exercise guidelines for the elderly. Medicine &
To our friend and mentor, Doctor John Patrick O’Shea, Science in Sports & Exercise, 31(1), 12-17.
you’re missed and never forgotten.
International Journal of Science and Engineering Investigations, Volume 11, Issue 126, July 2022 36

www.lJSEl.com

ISSN: 2251-8843

Paper 1D: 1112622-05



[18] 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.

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

[20] AlTarawneh, G., & Thorn, S. A pilot study exploring spreadsheet risk in
scientific research. arXiv [cs.CY]. Retrieved from
http://arxiv.org/abs/1703.09785. 15 April 2017.

[21] Miller, D. (2014). Measurement by the Physical Educator Why and How
(4th ed). New York, NY: McGraw-Hill Higher Education.

Kent J. Adams, PhD FACSM CSCS 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.

Mikaela Boham, EdD is an Associate 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.

Mike Climstein, PhD FACSM FASMF FAAESS is an
Associate Professor and Course Coordinator for the Masters in
Clinical Exercise Physiology at Southern Cross University
(Australia) and a Faculty member of the Physical Activity, Lifestyle,
Ageing and Wellbeing Faculty Research Group at the University of
Sydney (Australia). His research interests include: water based
research, skin cancer, world masters games/veteran athletes and DXA
(segmental body composition as relates to health).

Mark DeBeliso, PhD FACSM 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.

Chad Harris, PhD FACSM CSCS is a Professor and Chair of
the Department of Human Performance and Sport at Metropolitan
State University of Denver. His research interests include training
effects on power production, weightlifting biomechanics, and
resistance training responses in the older adult and metabolic
responses to power training.

Marcus Lawrence, PhD CSCS is an Assistant Professor at
Southern Utah University where he teaches undergraduate and
graduate level courses in exercise science and strength and
conditioning. His research interests involve utilizing nutritional,
exercise, or pharmaceutical interventions to enhance or maintain
skeletal muscle health in a variety of populations, with an emphasis
in the elderly.

Trish Sevene, PhD is a 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.

How to Cite this Article:

DeBeliso, M., Boham, M., Harris, C., Sevene, T., Adams,
K. J., Lawrence, M., & Climstein, M. (2022).
Allometrically Scaled Grip Strength and the Mature
Adult: Brief Report Ill. International Journal of Science
and Engineering Investigations (IJSEI), 11(126), 33-37.
http://www.ijsei.com/papers/ijsei-1112622-05.pdf

International Journal of Science and Engineering Investigations, Volume 11, Issue 126, July 2022 37

www.lJSEl.com

ISSN: 2251-8843

Paper 1D: 1112622-05




	I. Introduction
	II. Methods
	A. Participants
	B. Procedures
	C. Grip Strength Assessment
	D. Functional Body Movement Assessments
	E. 1 RM Strength Assessments
	F. Analysis

	III. Results
	IV. Discussion
	V. Conclusions
	Acknowledgment
	References


