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Abstract: Reduced muscle strength can affect daily activities, so monitoring is essential.
Methods such as isokinetic dynamometers assess maximum muscle force, while hand
dynamometers measure hand grip strength. Research has investigated hand grip strength
as a predictor of upper, lower and total strength, but the results remain unsystematic. The
aim of this study was to systematize the current state of knowledge to test whether hand
grip strength can be used as an indicator of overall strength and functional performance.
A review of studies from 2000 to 2023 was conducted using: ScienceDirect, PubMed and
GoogleScholar. The focus was on articles that examined the relationship between hand grip
strength and muscle torque. The following keywords, entered in different configurations,
were used in the search: "hand grip’, 'muscle strength’, ‘correlation” and “association’. A
total of 22 studies were selected for analysis, involving 752 healthy adults, 30 physically
active people, 120 ill adults, 2965 older people and 112 ill older people. The analysis looked
at associations between hand grip strength and muscle moments of the trunk, limbs and
knee joint. The results from the literature indicate that the value of the correlation between
hand grip strength and muscle torque varies (from low to high) depending on the test
method or group. Therefore, caution should be exercised when using hand grip strength as
the sole measure of overall strength and functional performance.

Keywords: handgrip strength; muscle strength; dynamometer; isokinetic contraction;
isometric contraction; correlation

1. Introduction

Muscle strength is the ability to overcome an external resistance or counter it with a
muscular effort. In order to put the body into motion, keep balance or control the posture
and stability of joints, contractions of certain muscle groups are necessary to generate
certain forces [1,2].

Evaluation methods of muscle strength can be divided into tests making use of mea-
suring equipment (manual dynamometer, muscle force testers, medical dynamometers,
isokinetic dynamometers) and motion tests (e.g., bar pull-ups, weightlifting, load tests).
The application of isokinetic dynamometers is one of the most precise methods of the eval-
uation of maximum force moments and the determination of muscle efficiency [3-5]. Such
dynamometers enable the performance of dynamic tests with a pre-set angular velocity
and pre-set crank resistance, which makes it possible to conduct tests in a full motion range
at a maximum contraction of muscles [4]. The measurement of muscle strength is a quite
popular test and that is the reason why more and more attempts are made to develop a
standardized protocol [6,7].
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Measurements performed with the above-mentioned equipment enable the identi-
fication of decreased moments of muscle forces, which may result from aging processes.
Such measurements make it possible to also plan and devise personalized rehabilitation
blueprints, as well as assess their efficiency. However, this solution has two disadvan-
tages: an isokinetic dynamometer is an expensive apparatus and such a test is time-
consuming [5,8]. An alternative test of musculoskeletal strength capacity is the use of
stands with properly fitted hand dynamometers, allowing for measurement in the tar-
get area.

Hand grip strength (abbreviated as HG or HGS in the scientific literature) is one of
the simplest and most frequent methods of measuring muscle strength in clinical condi-
tions [9-11]. For this reason, it has been the focus of interest of many scientists all over the
world for a long time. As early as 1981, the American Society of Hand Therapists elaborated
recommendations for the clinical assessment of hand grip strength [10]. In accordance with
their guidelines, the position during the examination should be as follows: the patient
should be seated with his/her shoulder adducted and neutrally rotated, elbow flexed at
90°, and the forearm and wrist in a neutral position [10]. In the above-described position,
the individual tested grips the dynamometer at their maximum strength.

The hand grip strength test serves the purpose of a diagnostic indicator, providing
information, for instance, on the patient’s nutritional condition, or the purpose of a predic-
tive factor, for example, of post-operative complications [12,13], injuries [14], development
of diabetes [15], mineral density of bones [16,17], dementia [18], and sarcopenia [19], as
well as general health prognosis, i.e., mortality rate [20] and a prophylactic means in the
screening tests [21].

The examination using a dynamometer may serve as a quick screening test, enabling
a regular evaluation of strength abilities [22]. In the scientific literature, one may find
studies searching for the dependence between hand grip strength and moments of muscle
forces [11,23-26]. The prediction of a muscle strength value on the basis of grip strength
alone would be beneficial, first of all, due to its simplicity and a short time of examination,
as well as a lower price of the isometric dynamometer in comparison to the isokinetic
dynamometer. However, it is disputable whether the results of hand grip strength should
be used as a predictor of general strength abilities. In the scientific literature, studies can be
found identifying the existence of a relationship between hand grip strength and muscle
force moments [11,23,24], and studies which ascertain the lack of such a dependence [25,26].
Due to the existing considerable controversies, the following objective was formulated:
to systemize the current state of knowledge, enabling the verification of whether hand
grip strength can be used as an indicator of overall strength and functional performance.
Functional performance, understood as the ability of muscles to generate force, is measured
by isokinetic dynamometers. The muscle force-generating capacity analyzed refers to the
efficiency with which muscles perform a variety of force-requiring tasks relevant to daily
activities and various physical and sporting activities.

2. Materials and Methods

In the period from December 2023 to January 2024, the following databases of articles
were searched: Sciencedirect, PubMed and Google Schoolar, in order to review the existing
research which presents the relationship/dependence between hand grip strength and
muscle strength or general muscle strength. The search was limited to the period between
2000 and 2023. The search algorithm used the PICOS approach (population, intervention,
comparator, outcomes and study design). This systematic review was conducted according
to the PRISMA guidelines [27]. During the search, the following key words were used in
all of the databases using the indicated Boolean operators.
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Hand grip AND muscle strength;

Handgrip AND muscle strength;

Hand grip AND muscle strength AND correlation OR association;

((lower limb strength) OR (upper limb strength)) AND (hand grip strength).

Diagrams were elaborated for individual entries, showing a change in the number of
articles published in particular years (Figure 1).
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Figure 1. Number of articles published in a given year depending on a key word and the database of
the articles.

Figure 2 presents subsequent steps in the search for articles, along with the number of
articles which comply with the assumed criteria.
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Figure 2. PRISMA flow diagram for systematic reviews.

2.1. Elegibility Criteria

The PICOS criteria were employed to select eligible studies. The inclusion and ex-
clusion criteria for this systematic are detailed in Table 1. The focus was put on the
cross-sectional studies which aim to verify the relationship between hand grip strength and
the moments of muscle forces and/or assess whether hand grip strength may be a predictor
of muscular strength. The study of the problem under investigation (correlation between
hand grip strength and muscle force moments) does not require analysis of changes over
time. Cross-sectional studies are widely used, allowing for an easier comparison of the
results. In addition, the inclusion criterion was narrowed down to the search for the arti-
cles in which dynamometers (and not physiotherapeutic tests) were used for the muscle
strength assessment. Two reviewers extracted the data independently, and discrepancies
were identified and resolved through discussion.

Table 1. Selection criteria used according to the PICOS model.

PICOS Category

Inclusion Criteria Exclusion Criteria

P (Population)

I (Intervention)
C (Comparators)
O (Outcomes)

S (Study designs)

Participants of different ages, both healthy and with
chronic diseases. Participants in studies in which HGS =~ Participants in which HGS and muscle strength were

and the moments of muscle forces (e.g., lower or upper not measured.
limb joints, trunk) were measured.
The study, which used a dynamometer to measure hand Studies without the HGS measurement tool
grip strength and assess the moments of muscle forces at ~ described or using physiotherapy tests to assess the
joints. moments of muscle forces.
Studies that determined the correlation between HGS No analysis of the correlation of HGS with the
and the moments of muscle forces. moments of muscle forces.
Results on the relationship between HGS and the Articles that did not analyze the relationship
moments of muscle forces; analysis of the value of the between HGS and the moments of muscle forces; no
correlation coefficient r or prediction. r-value or prediction was analyzed.

Cross-sectional studies, cohort studies. Case studies (e.g., .<5.partmp.ants per group),
descriptive studies.
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2.2. Quality Assessment

Two authors (PS and HZ) independently assessed the methodological quality of each
included study using a modified version of the Downs and Black checklist [28]. The original
version of the checklist consists of 27 questions, but for the purposes of this review, some
questions were omitted due to the difficulty of assessment, mainly because they refer to
intervention studies. Questions 1, 2, 3, 6, 7, 10, 11, 12, 18, 20, 21 and 22 were analyzed.
The selected questions assess an element such as the aims, methods, data and results of
the studies, external validity, internal validity and bias of the studies. Higher quality
scores mean that a higher percentage of the criteria were met. Any disagreement about
the methodological quality of the studies between the two authors was first discussed and
consensus was sought. If consensus could not be reached, a third reviewer (KNL) made the
final decision.

3. Results

Following the literature review, 22 articles were selected for the analysis. Quality
assessment scores for the included studies ranged from 9 to 12. The percentage scores
ranged from 75 to 100% (mean = 85.61%, SD = 6.73). All articles analyzed had a clearly
defined aim and hypothesis, and were of high methodological quality. In 16 articles, the
main results of the study were clearly described. A detailed breakdown of the results was
presented in 18 articles. In half of the articles analyzed, there was no information about the
time of recruitment of the study group (Table 2).

Their analysis process was divided into three parts: dependence between hand grip
strength and the values of moments of muscle forces in upper limbs (Table 3), dependence
between hand grip strength and the values of moments of muscle forces in lower limbs
and the trunk (Table 4), and dependence between hand grip strength and the values of
moments of muscle forces in the knee joint in isokinetic and isometric conditions (Table 5).

3.1. Dependence Between Hand Grip Strength and the Values of the Moments of Muscle Forces in
Upper Limbs

The authors sought dependences between hand grip strength and the moments of
muscle forces in upper limbs [23,29-33]. The tests were performed in various positions: in a
sitting position with an elbow flexed [23,30,33] or extended [31], in a standing position with
an upper limb hanging by the side of the body [29,32], and an upper limb elevated [29].
In their research, the authors took into consideration different groups of individuals.
The dependences between hand grip strength and muscle strength were sought after,
for instance, in a group of patients with chronic hemiparesis due to stroke [30], healthy
athletes [29], volleyball players of the national representation of Brazil [23], people with
shoulder pain, weakness, MRI-confirmed RC tears [31] and patients with spinal cord injury,
with the time since the injury of at least 6 months [33]. The tests also included healthy
individuals, both at a young and elderly ages [32].

Mandalidis et al. [29] checked at which position of the upper limb, during the mea-
surement of hand grip strength, the highest values of correlation with the moments of
muscle forces were achieved in the joints of upper limbs. They also investigated which
value obtained from the measurements, the mean value of the highest moments of muscle
forces or the value of the highest single moment, was more strongly correlated with the
values of hand grip strength. The results of their research showed that the highest values
of the Pearson correlation were reached when the correlation was performed between the
mean values of the moments of muscle forces and hand grip strength when the elbow was
flexed at an angle of 90 degrees. This position produced correlation coefficient R for the
limbs dominating in the range from 0.42 to 0.71 in the case of shoulder abductors, from
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0.45 to 0.66 in the case of elbow flexors, and from 0.4 to 0.54 in the case of shoulder rotators.
The results of the correlation were statistically significant (p < 0.05), except for the results
obtained in the case of internal rotators of the shoulder. The authors ascertained that hand
grip strength could be used as a strength indicator of shoulder stabilizers (with a certain
caution). Ahmadi et al. [23] also pointed out that hand grip strength is linearly correlated
with the values of force moments of internal and external rotators of the shoulder measured
in isokinetic conditions (R from 0.23 to 0.72). It was also confirmed by Nascimento et al. [30]
by obtaining higher values of the Pearson correlation, i.e., from 0.6 to 0.82 (all results statis-
tically significant p < 0.05). On the basis of this range, authors came to the conclusion that
in the case of a lack of isokinetic dynamometers, the measurement of hand grip strength
could be used to monitor the strength of stabilizers. Team Manske et al. [31], on the basis
of analyses, obtained the Pearson correlation values for abductors amounting to 0.378,
whereas the value of the rotator cuff (RC) was slightly higher and amounted to 0.421. The
authors drew attention to a weak linear correlation between the loss of hand grip strength
and abduction strength (r = 0.27), and RC (r = 0.193). No dependences were found between
hand grip strength and the rotator cuff dysfunction. The researchers assessed that hand
grip strength should not be used solely for the diagnosis of the RC injuries. On the basis
of the conducted tests, Roman-Liu et al. [32] pointed out changes in the muscle strength
values of upper and lower limbs occurring with increasing age in a group of men and
women. The values of the Pearson correlation obtained by the researchers between hand
grip strength and the values of muscle force moments equaled 0.3-0.6 in the case of women
and 0.35-0.65 in the case of men (all coefficients were statistically significant p < 0.01). The
researchers found that in most cases, hand grip strength was weakly correlated with the
moments of forces in upper and lower limbs.

Table 2. Quality assessment scores for the included studies.

Study 1 2 3 6 7 10 11 12 18 20 21 22 Total %
Mandalidis et al. (2010) [29] 1 1 1 1 0 1 1 1 1 1 1 1 11 91.67%
Nascimento et al. (2012) [30] 1 1 1 0 1 1 0 1 1 1 1 1 10 83.33%

Ahmadi et al. (2020) [23] 1 1 1 1 1 1 1 0 1 1 1 1 11 91.67%
Manske et al. (2021) [31] 1 1 1 1 0 1 1 1 1 1 1 0 10 83.33%
Roman-Liu et al. (2021) [32] 1 1 1 0 0 1 1 1 1 1 1 1 10 83.33%
Neto et al. (2021) [33] 1 1 1 1 1 1 1 1 1 1 1 0 11 91.67%
Strandkvist et al. (2021) [11] 1 1 1 0 1 0 1 1 1 1 1 1 10 83.33%
Mello Porto et al. (2019) [34] 1 1 1 1 1 1 1 1 1 1 1 1 12 100.00%
Samuel and Rowe(2012) [35] 1 1 1 0 1 1 1 1 1 1 0 0 9 75.00%
Rodacki et al. (2020) [26] 1 1 1 1 1 1 1 1 1 1 1 0 11 91.67%
Wind et al. (2010) [36] 1 1 1 0 1 1 1 1 1 1 0 0 9 75.00%
Felicio et al. (2021) [37] 1 1 1 1 1 1 1 1 1 1 1 0 11 91.67%
Alonso et al. (2018) [38] 1 1 1 0 1 1 1 1 1 1 0 1 10 83.33%
Felicio et al. (2014) [24] 1 1 1 1 1 1 0 1 1 1 1 1 11 91.67%
Jenkins et al. (2014) [39] 1 1 1 1 1 1 1 0 1 1 0 1 10 83.33%
Bohannon (2012) [40] 1 1 1 1 1 1 1 1 1 1 1 0 11 91.67%
Bohannon et al. (2012) [41] 1 1 0 1 1 1 1 1 1 1 1 0 10 83.33%
Yeung et al. (2018) [25] 1 1 1 1 1 0 1 1 1 1 0 0 9 75.00%
Yeung et al. (2018) [42] 1 1 1 1 1 1 0 1 1 1 1 1 11 91.67%
Buendia-Romero et al. (2021) [8] 1 1 1 1 1 1 0 1 1 1 1 0 10 83.33%
Chan et al. (2014) [43] 1 1 1 1 0 1 1 1 1 1 0 0 9 75.00%
Samuel et al. (2012) [44] 1 1 1 1 1 1 1 0 1 1 0 1 10 83.33%
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Table 3. Measurement methodology of hand grip strength and muscle strength in the upper limb, the mean values of the parameters tested and correlation values,

and the conclusions drawn.

Device and Position for

Moments of Strength

Author and Participants + . . Torque Measurement Device and Hand Grip F Val Hand Grip Force Values .
Year Characteristics Measm;:;%;:: d Grip Position and forip Torce Vatues Recalculated by the Authors Correlation Value Conclusions
Averigfc;“n?i?:;::taig:u}de' A\'era‘iic:::f‘f;;tsi];iulde{ Average moment Shoulder Average moment Elbow The tests showed a
Kin Com 11, 60° ‘/.; [Nm] € 60° /s [Nm] abductors 60° /s [Nm] flexors 60° /s [Nm] positive correlation
L Lafayette, dominant and non-dominant Domi Domi - - betw.een squeeze force and
Mandalidis . standing, the shoulder at 0°, internal and external rotators and 90° 42";‘;“2“3‘ Kol 900 418‘;2‘1‘2‘;‘78 NI dominant 35.1 + 7.4 dominant 24.0 + 4.9 dominant 54.2 + 7.9 dominant 44.6 + 10.1 isokinetic torque.
etal. (2010) 1? healthy mzaslu;athlctsb 90°, and 180° of flexion and abductors of the shoulder as well Nore. lkgl; Non-domina t[ I non-dominant 33.2 4 9.1 non-dominant 23.1 + 4.3 non-dominant 52.2 + 8.4 non-dominant 43 + 6.9 According to the authors,
[29] mean age 2.7 years, the elbow in full extension as the flexors of the dominant and o o oedominan 5 HG isometric force can be
i ; ; Pearson correlation .
non-dominant elbow examination dominant 90° 41.7 + 6.6 [kg]; 90° 408.95 + 64.72 [N]; .usifi mvmommr ;hef
with velocity 60° /s . _ dominant r = 0.62 dominant r = 0.51 isokinetic strength of
dominant r =029 d"m(‘“i“é 55‘)0'54 (¢ <0.01) (v <0.05) certain muscle groups
non-dominant r = 0.34 on- doi\ina‘nt =033 non-dominant r = 0.61 non-dominant r = 0.52 (with some caution).
=0 (p <0.01) (p <0.05)
The test indicated
houlder i | ould ! statistically positive
Biodex System-3 P S °':0t;:i$h“ma S O:'m;;.g:“ma Scapular protraction— Scapular retraction— associati,t;nc bfetweend
iodex System-3 Pro, — — o o isometri > force an
60 N/kg x 100 60 N/kg x 100 isometric orce a
12 with chronic Isokinetic measures of peak torque 60° /s [N/kg x 100] 60°/s [N/kg x 100] /sIN/kg 1 /sIN/kg ! isokinetic peak torque.
Nascimento Jamar, and work during shoulder Paretic: 15.0 + 10.4 [Nm] The authors suggest that

etal. (2012)
[30]

hemiparesis due to stroke
(6 man, 6 woman—age
mean 52 + 10.5 years)

sit on a chair with their
elbows flexed ata 90° angle

rotations and scapular
protraction-retraction movements
were obtained with the isokinetic
dynamometer at a speed of 60° /s.

Non-paretic:
33.0 + 9.3 [Nm]

- Paretic: 18.6 7.3
Non-paretic: 31.6 + 7.6

Paretic: 182 +7.3
Non-paretic: 31.0 + 5.8

Paretic: 172.0 £ 71.9
Non-paretic: 311.8 + 95.6

Paretic: 214.0 £ 75.1
Non-paretic: 334.8 + 99.2

Pearson correlation

Paretic: r = 0.82 (p = 0.001)
Non-paretic: r=0.81
(p =0.001)

Paretic: r = 0.61 (p = 0.035)
Non-paretic: r = 0.74
(p = 0.007)

Paretic: r = 0.60 (p = 0.039)
Non-paretic: r = 0.67
(p=0.039)

Paretic: r = 0.72 (p = 0.008)
Non-paretic: r = 0.71
(p=0.010)

in the absence of isokinetic
dynamometers or
isometric HG force
measurements can be used
clinically to monitor the
strength level of shoulder
stabilizers.

Ahmadi
etal. (2020)
[23]

12 players of the Brazilian
national sitting volleyball
team (6 F/6 M) aged
between 20 and 40 years
(mean age: 33.2 + 6.1)

Jamar,
sit on a chair with their
elbows flexed ata 90° angle

Biodex System 4 Pro,

The shoulder internal rotation (IR)
and external rotation
(ER)—According to the
manufacturer’s recommendations
examination with velocity 60° /s
and 180° /s

Dominant: 47 + 12.6 [kgf]
Non-dominant:
40.1 £ 9.4 [kgf]

Shoulder internal rotation
60° /s [Nm]

Shoulder external
rotation 60° /s [Nm]

Shoulder internal rotation
180° /s [Nm]

Shoulder external rotation
180° /s [Nm]

Dominant:
460.91 + 123.56 [N]
Non-dominant:
393.24 +92.18 [N]

Dominant: 57.1 £+ 17.2
Non-dominant:
504 +£11.3

Dominant:43.5 + 12.8
Non-dominant: 38.5 + 7.8

Dominant: 57.4 + 15.7
Non-dominant:
537 +11.3

Dominant: 40.9 + 10.6
Non-dominant: 35.8 + 6.6

Pearson correlation

Dominant: r = 0.42
Non-dominant: r = 0.42

Dominant: r = 0.67
(p <0.05)
Non-dominant: r = 0.33

Dominant: r = 0.23
Non-dominant: r = 0.5

Dominant: r
Non-dominan
(p <0.05)

HG strength is correlated
with isokinetic data on
shoulder external rotator
strength in Brazilian
Sitting Volleyball players.
The authors conclude that
in the absence of isokinetic
dynamometers, isometric
HG force measurements
could be used to monitor
shoulder external rotator
muscle strength levels.

Manske
etal. (2021)
[31]

47 patients
The average age of all
patients was 59.8 years,
ranging from 34-74,
presenting with shoulder
pain, weakness, and
MRI-confirmed RC tears

Jamar,
seated upright in a chair with
the arm hanging
straight down

Lafayette Instrument Company,
Lafayette,

Abduction strength was measured
while the subject was seated with
the shoulder in 90° of abduction,

or within available range of
motion, and 90° of elbow flexion,
External rotation (ER) force was
measured when the patient was

sitting with the shoulder in a
neutral position and the elbow in

90° flexion and 0°
Ppronation/supination

Hand grip strength
(affected), 27.8 4 11.0 [kg]
Hand grip strength
(healthy) 30.2 + 10.4 [kg]

Shoulder external
rotation—neutral position

Hand grip strength (affected), {affected) [kp)

272.62 + 107.87 [N]
Hand grip strength (healthy)
296.16 + 101.98 [N]

Shoulder external
rotation—neutral
position(healthy) [kg]

Shoulder Abduction
strength (affected) [kg]

Shoulder Abduction
strength (healthy) [kg]

69+34

8.7+£35

52+29

6.8+27

Pearson correlation

r = 0.421 (Statistical
significance)

Not performed

r = 0.378 (Statistical
significance)

Not performed

Tt was found that hand
grip strength did not
correlate with rotator cuff
(RC) strength. Grip force
should not be used to
diagnose RC failures.

Roman-Liu
etal. (2021)
[32]

240 persons,

(4 groups of 60 persons
each: two groups of
women and men (18-30
years old) and two groups
of older women and men
(55-67 years old))

VETEK,
neutral position, standing
upright, with the upper limb
straightened along the body
and the elbow fully extended
(0 degrees)

Biodex Medical Systems,
izometric, moments of: flexion and
extension in the elbow, pronation
and supination of the forearm,
flexion and extension in the wrist
joint, flexion and extension in the
hip, flexion and extension in the
knee and plantar flexion and
dorsiflexion in the ankle (in a body
position appropriate for the
maximum strength capabilities of a
given type of force)

No data available

No data available

No data available (values presented only in the graph)

Multivariate regression analysis was performed using generalized linear and nonlinear (GLZ) models with a power link
function, with continuous age and hand grip strength predictors. The Pearson correlation coefficient was also calculated.
No data available (values presented only in the graph).

In most cases, hand grip
strength is poorly
correlated with upper and
lower limb strength
moments. The best
correlation is for pronation
and supination of the
forearm. The best
approximation of the
models developed is knee
strength.
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Table 3. Cont.

Device and Position for

Author and Participants + N . Torque Measurement Device and Hand Grip F Val Hand Grip Force Values Moments of Strength )
Year Characteristics Measug;ﬁ;:}"' d Grip Position and Grip Force Values Recalculated by the Authors Correlation Value Conclusions
Saehan Corporation, Biodex System 4 Pro, Shoulder abduction [Nm] Shoulder adduction [Nm] Trunk flexion [Nm] Trunk extension [Nm]
108 patient with spinal with participants seated, isokinefic shoulder Whole group 61.1, Whole group 87.8, Whole group 48.4, Whole group 42.3, In this survey hand grip
Neto et al. cord injury time since Sla"“lc“ff agg;cted/ elbow abduction/adduction at 60° /s, Whole group 100.5 [kgf], Whole group 985.56 [N], Female 44.9, Female 62.3, Female 40.7, Female 38.2, Stfengtléfﬂ’as a Sllgﬂflﬂcant
(2021) [33] injury of at least 6 months B l‘sosim;;"i‘ e isometric trunk flexion/ extension- ij[mlali 530-05[[;3:]], izrrlmleoiiglz [[I:I]] Male 63.8 Male 92.0 Male 52.6 Male 43.3 nl]’:il;‘cﬁ o
20 female, 88 Male , 2 o ale X ale 1010.1 N N N
¢ age—31.7 years ) distal phalanges of the hand izsgi "’:\ef}e\fse;gtr[[:le;::\:?o;ﬁi 8 Linear multiple regression model abduction/adduction
P reslmg‘n‘n i‘e dle flexion and extension, respectively Whole group: r = 0.75 Whole group: r = 0.77 Whole group: r = 0.61 Whole group: r = 0.54 moment.
ynamometer handle (p <0.05) (p <0.05) (p < 0.05) (p <0.05)

Table 4. Measurement methodology of hand grip strength and muscle strength in the lower limb, mean values of the parameters tested and correlation values, and
the conclusions drawn.

Device and Hand Grip Force

it Torque
PARTICIPANTS  Position for ) . Values Recalculated Mo
Author R ! i Hand Gri (oments of Strength .
and Year + Charad Hand Gri. Device and Position Force Values by the Authors Conclusions
Strength Er T
orrelation Value
Allmuscle
groups
tested were
ot i signifi-
) (extension— s AL Left cantly
o’ oo E“;i - t:)t:vng P Téffé:[m 285 £ 935 [kgf] Ankle dorsal fl 1 Ankle plantar fl I correlated
sitona ition wil 5 3 sa ion -neutral posil ° a i i
chair with position ¢ Rioht. Right: Hip extension 90° [Nm] Hip abduction 90° [Nm] Knee extension 30° [Nm] Knee flexion 30° [Nm] nkle dorsal flexion -neutral position (0 nkle plantar flexion neutral with
i 45 people, knee joint at 90, : ankle) [Nm] position (0° ankle) [Nm] handgri
Strandkvist people, their elbows 2938 +5015 [N] 29.95 + 1035 [kgf] grip
eta each over helr elbow abduction-laying B8+ 101501 Women: Left strength,
(@021) 70 years old 90" angle down on the side Ot N 2253 & 432 [kef] meaning
[, (7K/18M) and to hold andllu\l'ver 1;:“1; e Right: Right: that there
the dy- neutra position 2332 + 403 [N] 2278 + 4.1 [Kgf] wasa
" hip and knee)), ki 3 3 - 8f] ot d
el e/t gkt Men Left valid model
position of seated position with NI 37.45 + 7.45 [kgf] 'AIL: Left: 86.6 = 29.4 Right All Left: 67.8 + 24.8 Right: ‘All Left: 85.5 = 35.6 Right showing a
the lower the knee joint at a 3899+ 95.1 [N] : AlL: Left: 62.6 + 19.9 Right: 70.6 + 22.7 All: Left: 51.2 + 24 Right: 55.5 + 25.2 W 3?% 73 91 ‘19 5 All Left: 218 £ 8 Right: 235 + 8.5 329 relationship
arm and 30° flexion), ankle - - 39.76 & 9.69 kef] Women: Left: 37.1 + 12.5 Right: 39.1 = 125 Women: Left: 37 + 15.3 Right: 41.9 + 15 “Right:6. Lot Women Left: 517 + 112 Right Women Left: 18.3 & 5.6 [Nm] Right: Womnen Left: 649 & 21.9 Right: between
hand (pla;lar f;lexlon)and Men: Left: 367.3 + 73.1 Right: 389.9  95.1 Men: Left: 72.5 + 18.2 Right: 75.9 % 23.7 Men: Left: 112.8 + 216 Right: Men |_,¢ﬂ.9?]3.() o Right: Men Left: 27 + 8.4 Right: 28.2 + 89 Men 1 ef;,)yse 15 Right halnd g:Lp
orsiflexion) 3122 6.3 + 21 08.5+31.4 streng|
Orthogonal projection to latent structures (OPLS) regression model. and lower
No data available (values presented only in the graph) strength.
The
. research
Biodex System 4 Pro, gresearch
isometric, trunk hand grip
extensors and trength
flexors (at strength can
semi-standing be used to
position), hip iepresent
abductors and the global
adductors (lateral
decubitus position, strength of
with the limb to be younger
tested upward at o Hip Hip and older
15° of hip dorsal Ankle extensor PT ab- ad- Knee ex- Knee people
of hip or plantar flexion, tensor ) T i . tensor PT_60° fle due- due- tensor flexor living in the
amar, abduction), hip Global muscle strength [Nm flexion, R—neutral position (0° ankle) semi Trunk flexor PT -semi-standing Hip extensor PT—60° flex Hip flexor PT—60° flex [Nm| tor tor PT— PT— community,
g P p
g floxoms and R—neutral standing osition [Nm] [Nm] > > y
Mello 150 people, with the lexors an 5 o [Nm] o P PT— PT— 60° flex 60° flex h
3 recommen- ortonsors - - position (0 position’ by T- . even when
Porto et al. age range e . 255 + 8.1 [kgf] 250.17 + 79.14 [N] Kle) [N N 15 15 [Nm] [Nm] taking into
(019 134] S dations of (positioned at 60° of ankle) [Nm] [Nm] [Nl [Nl ing int
the hip flexion), knee variables
American f " ariables
Society of exors an that may
. xtensors interfere
an (positioned at 60° of Dith th
Therapy with the
Py knee flexion), ankle relationship
plantar flexors and hetween
dorsiflexors. measure-
The global muscle ments.
strength determined However
is the sum of the and grip
peak rotational strength
s of th 51.08 1868 alone does
n?r(i:]r:mgiot :\E 684.31 + 223.40 25.39 +£9.25 57.11 +27.31 17_319'51331 63.88 + 31.91 7221 +£26.95 34.68 + 1433 + + 41»036%8994 5%;?% not
dominant muscle > 17.43 1864 3 climinate
groups of the lower Pearson correlation the need to
N - N test
hmbbt ;r,e oints - — - o -
studied. _ r=0369 _ r=0528(p _ _ _ 0.627 0511 z =0 muscle
=069 (p < 0.05) Jo69” £=0557 (p < 0.05) T £=07(p < 0.05) £=0476 (p < 0.05) r=0673(p < 0.05) e o 015 o eroupeif
0.05) 0.05) X f necessary.
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Table 4. Cont.

Device and ;
vic Hand Grip Force
Author PARTICIPANTS Position for Torque Values Recalculated Moments of Strength .
and Year +C P Hand Grip Device and Position Force Values by the Authors Conclusions
Strength .
Correlation Value
custom-built
isometric
dynamometer,
designed and built
Bioengineering Unit, A good
University of correlation.
Strathelyde in was found,
Glasgow, UK, determined
isometric; knee that 31-60%
extensor and flexor of changes
‘moments were in hand grip
measured at 20°,
60° and 90°; hip 5‘"1‘;5[‘,1‘
ould be
82 healthy Jamar, extensor f‘l‘fd flexor Average value for the 3 tested positions Knee ext. Average value for the 3 tested positions Knee flex. Average value for the 3 tested Average value for the 3 tested Average value for the 3 tested positions Hip Average value for the 3 tested linked to
Samuel elderly gitona e e 05 S0 Nod [Nm] [Nm] positions Hip ext. [Nm] positions Hip flex. [Nm] abd. [Nm] positions Hip adduct. [Nm] changes in
o o chair wit! ! o data . . jom
(azrzﬁ ZI;?WE] gndividuls, SR “of hi No data No data available torques.
men an B ~ flexion; Hand grip
women, at the oxedat hip abductor and
age between anele adductor strength strength is
60 and 88 was tested with the an ‘f“l‘sfftf”
years ip in a neutral o
position as the strength,
device did not allow seems
for testing multiple unsubstanti-
joint angles in this atedina
plane of movement. helﬂ‘hy
The maximal muscle erson
‘moments from the P
three positions
previously were No data available
averaged to produce Pearson correlation
an overall value for 000) 062 (7 <000)
h of th ) Males: r = 0.68 (p < 0.01) Women: r = 0.73 (p < 0.01) Males: r = 0.73 (p < 0.01) Women: r = 051 (p < 0.05) < - Sy < Males: r = 052 (p < 0.01) Women: r = 0.32 All: Males: r = 0.41 (p < 0.05) Women: r =
A e ¢ All: r = 0.78 (p < 0.01) All: =078 (p < 0.01) Ui =G (<) ATk ¢ 04 All:T=077(p < 20,69 (p <0.01) 0.32 AlL r = 0.56 (p < 0.01)
groups. 071 (p <0.01) 0.01)
Hip Hip Hi Hi
ifles Knee exten- exten- P P
isometric ey Dorsiflexor Dorsiflexor extensor e onee Knee flexor Knee flexor Knee flexor sor flexor flexor
strength isokinetic isokinetic strength isokinetic isokinetic Isometeic isokinetic isokinetic strength isokinetic Isokinetic isoki- metic hetic
3 > o > trengtl 0 ol ° °
s 60° /s (kgf) 180° /s (kg ok 60° /s (kgh) 180° /s (kgf) E ??;f) 60° /s (kgh) 180° /5 (kg) (keh 60° /s (kg 180° /s (kgf) aetic é& {)S & é’
(kgf) 5 i Most of the
ALL: L authors”
695 3 correlations
+ + . of HG with
273n 207n ;glgLi' 4’22} strength
Biodex Medical ALL:562 + ALL:382 + ALL: 63.1 + ALL:375 + ALL: 404 + ALL: 404 + =51 =51 o8, - tests were
amar, O Systems, 19.8n= 69 135n=148 fLi2e3 L ALLi 28 % AlL175 % 197n=199 981 =69 127n=19 oLD: OLD: 2ins 0TS insignifi-
dominant isokinetic QLb: 605 QLD:399 OLD:28.1 + OLD: 229 OLD: 17.7 QLD 75 O QLD 432 08 43 615+ 50.1 + cant, with
two groups, {?ﬁiﬁ‘} measurements of All: 235 + 6.0 All: 230.46 + 58.84 oD, VoD, 118n=72 +54n=31 +34n=72 oD oD 365 ETvon: 3ldn 27n 13in= 10. i;, n= mig:ét‘:ges
» OLD: 60 to 70 owhile the ankle, knee, hip joint ¥ AN VOD: 246 vop:227 VOD: 17.0 14 EALTS YO A -t 27 25 VOD: 25 VOD: rangin
Rodacki years 9o7lcl n= were seated with speed 60° /s, OLD: 246 + 6.7 OLD: 241.24 + 65.7 Z7 +98n=76 +63n=38 +37n=76 +37n=76 =102 3 10; vOD: VOD: 1555.56 + 3372 + rom in-
etal . ° /s, 35 e 5n= 7n= significant
(2020) [26] “/’E)ali Z,} Lo 86 “;‘:‘a‘; 4 isometric k{,ie joint VOD: iffs +52 VOD: 22«»1.35 +50.99 iy iy 26 2 tolow and,
o position was set at 607, the [kgf] IN] 234n 187n inafew
’ with the hip joint at 105° and =26 = 2 modorate.
elbow in the ankle joint in a Pearson correlation They do not
;&lgrf‘ neutral position, confirm that
y according to the ity HGisa
manufacturer e practical
guidelines. ALL: r ALL: 1= Tl ALL:r= i = fig (= and simple
0.17481 o.zzsg = 0. 19381 033 0.22 (g = 1558 . 79(6’ 0.005) ‘measure for
0.034) OLD: 0.005) OLD: 0.019) OLD: e 0.002) OLD: 0.027) OLD: 0.015) OLD: 0.265) OLD: OLD: r determin-
=004 (p 152 (p r=0.163 ( oo (LD; r=0054 (p 0.009 r=0031 083 (p =0.033 ing overall
= 0.905) = 0.204) - 0.171) 0286 VoD — 0.598) - 0.929) — 0.765) - 0.417) (= strength
VOD: 1= VOD:r= VOD:r= D: r = : VOD:r= D:r = VOD: 1= VOD: 1= 0.874)
0349 (p = 017 (p= 0291 (p= 0215 (g = s 8 gé%(” 0382 (Ip < 0.329 ({; < 0.359 (p < 0192 (p= VOD: r
0.002) 0.308) 0.011) 0.06! 2 001) 001) 0.001) 0.043) =0563
(p=
0.003)
There s a
strong
correlation
384 Dutch etween
children, dynamometer B
- «;:::g;; :\Rg Cltec typ T Movements such as Total muscle strength Total muscle strength (controlled for weight) Total muscle strength (controlled for height) :;;'.‘Efal
ind et al Technics, hip flexors and . . muscle
@B BRSO Guoningen,  ankie doeiflerors available No data available strongih, so
boy groupn= Holandia were examined. The i
13 Sage 135 following was then strength can

+38;
female group
n 3

150 £4.1

calculated total
muscular strength.

No average values

Pearson correlation

Boys Left: r = 0.9 Right: r = 0.9 Girls Left: r = 0.8 Right: r = 0.7 (all correlations are
significant at the 0.01 level)

Boys Left: r = 0.5 Right: r = 0.5 Girls Left: r = 0.6 Right: r = 0.5 (all correlations are
significant at the 0.01 level)

Boys Left: r = 0.6 Right: r

0.6 Girls Left: r = 0.4 Right:
significant at the 0.01 level)

r= 03 (all correlations are

be used as a
general
indicator of
overall
muscle
strength.
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Table 5. Measurement methodology of hand grip strength and muscle strength in the knee joint, mean values of the parameters tested and correlation values, and

the conclusions drawn.

Device and Torque Hand Grip Force
h " Participants + Position for Measurement Hand Grip Force Values Moments of Strength Conclusi
Author and Year Characteristics Measuring Hand Device and Values Recalculated by onclusions
Grip Strength Position the Authors Correlation Value
220 women over 65
years of age; K .
division into Biodex System 3 nee extension
groups according J:amar/ " txprgs ¢ strength and hand
to the duration of with the tsokinetiv: knee TUG>10s—204%  TUG > 10 5—200.06 No data available grip strength can be
Felicio et al. (2021) TUG (over 105) recommendations e tomeore mas 47 [kgf] +46.09 [N] particularly useful
1371 over10sn of the American oSt TUG < 105220 £ TUG < 105-215.75 indicators in
- Society of Hand 4.2 [kgf] +41.19 [N] screening for

127—group age:
71.2 + 4.8; below n
=93—group age

70.6 £5.0;

angular velocity

Reduced backward linear regression model

Model 1 for TUG > 10s: r = 0.2 (p < 0.001)

Model 2 for TUG < 10 s: r = 0.06 (p = 0.03)

functional fitness in
older people.

Alonso et al. (2018)
[38]

110 older women
over 60

No data available

No data available

Knee extensor—dominant [Nm/Bw %]

Knee flexor—dominant [Nm/Bw %]

Knee extensor—Non dominant [Nm /Bw %]

Knee flexor—Non
dominant

[Nm/Bw %]

No data available

Spearman’s correlation

Dominant: 0.43 (p < 0.001)
Non Dominant: 0.39 (p < 0.001)

Dominant: 0.13 (p = 0.21)
Non Dominant: 0.16 (p = 0.12)

Dominant: 0.35 (p < 0.001)
Non Dominant: 0.38 (p < 0.001)

Dominant: 0.1 (p =
0.36)

Non Dominant:
0.16 (p = 0.13)

HG can be used as
a substitute
indicator of overall
strength capacity
for screening
among older
women.

Felicio et al. (2014)
[24]

221 older women,
age: 71.07 £4.93

Theray
Py selected was 60° /s
Jamar,
with the Biodex Multi-Joint
recommendations  System3,
of the American isokinetic; 60° /s
Society of Hand knee
Therapy
Jamar, Biodex System 3

with the Pro,
recommendations isokinetic; knee
of the American -velocities selected
Society of Hand were 60° /s with
Therapy five repetitions and
/s

21.2 4.6 [kgf]

20741 45.01 [N]

Knee 60° /s [Nm]

Knee 180° /s [Nm]

Knee 60° /s [%—normalized to body weight]

Knee 180° /s
[%—normalized to
body weight]

No data available

Spearman’s correlation

Extensor: r = 0.26 (p = 0.101)
Flexor: r = 0.16 (0.017)

Extensor: r = 0.15 (p = 0.025)
Flexor: r = 0.09 (p = 0.172)

Extensor: r = 0.12 (p = 0.0.058)
Flexor: r = 0.07 (0.288)

Extensor: r = 0.03 (p
= 0.603)
Flexor: r = 0.01
(0.790)

For healthy adults,
isometric
measurements of
hand grip strength
and knee extension
reflect a common
relationship,
namely limb
muscle strength.

Jenkins et al. (2014)
[39]

16 man
(721 £ 7.1 age)

Biodex System 3,
isometric leg was

TSDI21C, Biopac Hoxed to o0,

Systems; A
A isokinetic muscle
with the .
. actions of the leg
recommendations

extensors at 1.05

of the American rad/s and 3.14

Society of Hand

35.4 + 0.1 [kg]

346.66 + 1.17 [N]

Isometric knee extension

Isokinetic knee 60° /s

Isokinetic knee 180° /s

130.93 + 1.43 [Nm]

11848 + 0.4 [Nm]

7217 + 312 [Nm]

Tsometric hand grip
strength were not
reliable and should
not be used as
outcome variables
in older men.
Therefore, hand
grip strength may
not be an adequate

Bohannon (2012)
[40]

s (60° /s
Therapy rad/ }’égg /{; and Pearson correlation substitute for lower
1 = 0.363 (not statistically significant) 1 = 0.382 (not statistically significant) 1 = 0.467 (not statistically significant) body strength.
Grip and knee
extension strength
appear to reflect a
common
. underlying
34 people (61-93 Iémar, I}\\dal;r(;)_l;i;r; Left 157.0 = 70.9 Left Left knee extension [N] Right knee extension [N] construct (limb
with the 1 muscle strength)
age M-80.2 £ 8.1) dynamometer, 16 + 7.23 [kg among patients

(25 woman, 10
man) with
coexisting diseases

recommendations
of the American
Society of Hand

isometric patients
sat with their knees
at 90° of flexion

[N]
Right 163.3 + 742
[N]

Right 16.65 + 7.56
[kgf]

treated in a
home-care setting.
When the intention

Thera .
Py m;d theg legt;s 141.8 + 419 158.6 + 44.1 of testing is to
ependen . .
P Pearson correlation characterize limb
muscle strength,
Left Grip: r = 0.68 (p < 0.001) Left Grip: r = 0.61 (p < 0.001) either one might be
Right Grip: r = 0.56 (p < 0.001) Right Grip: r = 0.58 (p < 0.001) used.
164 participants, Isometric
106 were women Jamar, Left knees at 90° [Nm)] Righ ° s s
) ght knees at 90° [Nm] measurements of
. 1 (50.6 + 22,4()4?:;8 with tget‘ Biodex, Left 326[.]3]i 113.4 Left 33[.13;]1 11.56 hand grip strength
Bohannon et al. were men (45. recommendations isometric with 170.4 +73.1 (52.5-420.0 171.7 d kne ensi
N : : . 3.1 (525 . 7 £71.8(39.7-416.4, an ee extension
(2012) [41] 20.2) (age range of the American knees at 90 degrees Right 349.9 + 119.6 Right 35.68 + 12.2 ( ) ( ) in healthy adulte
18-85 years mean Society of Hand [N] [kgf] Pearson correlation reflect a common
age of the whole Therapy - : :
Left Grip: r = 0.782 (p< 0.001) Left Grip: r = 0.805 (p< 0.001) underlying
group 48.8 £ 21.7) construct.

Right Grip: r = 0.772 (p< 0.001)

Right Grip: T = 0.805 (p< 0.001)
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Table 5.

Cont.

Device and Torque Hand Grip Force
Participants + Position for Measurement Hand Grip Force Values Moments of Strength .
Author and Year Charaa s Measuring Hand Device and Valuns lculated by Conclusions
Grip Strength Position the Authors Correlation Value
MyoAge cohort MMU cohort:
and geriatric custom-built

Research from outpatients: dynamometer;
various projects: JAMAR Sammons  DHEAge cohort: an
MyoAge cohort: Preston, Inc, isokinetic
181 young healthy Bolingbrook, IL dynamometer
individuals (aged position: upright (Biodex Medical
18-30 years) and standing position Systems Inc,

320 older healthy with their arms Shirley, NYY, USA);
individuals (aged along the side g’eriat‘ric .

69-81 years) while holding the outpatients: Knee extension strength [Nm]

Manchester dynamometer; Forcelink B.V.

Metropolitan MMU cohort: (Culemborg, The Young male527 +  Young male 51681 HG scores and knee
University cohort: JAMAR Patterson Netherlands); 53.2 [kg] Young = %171 N] extension strength
42 young healthy Medical, ProMo cohort: a female 33 [kg] Old Young female showed a low to
individuals(aged Warrenville, IL Good Strength male 285 + 40.3 323.62 [N] Old male moderate
18-40 years) and position: upright dynamometer chair [kg] Old female 279.48-+395.21 [N] corelation,
108 older healthy standing position (Metitur Ltd. 17.1 = 267 [kg] Old female 261.84 regardless of age

Yeung et al. (2018) individuals (aged with their arms Palokka, Finland) IN] and health status.
125] 60-90 years) along the side Myo. Ag’e cohort: HG alone should
Dehydroepiandrosterone while holding the custom-built not be taken as a
in older individuals dynamometer; vices i Geriatric proxy for overall
cohort: 68 healthy DHEAge cohort: U;ilet‘e :;elzi:\ggloem/ MyoAge Cohort MMU Cohort DHEAge Cohort Outpatients ProMo Cohort uscle strength.
individuals: female Baseline i
and male dynamometer, i o ok Youngmale2090  Youngmalelses  YCUIEMIC93  Noungmake 1411 Young male Youngmale 1111y
individuals aged position: American B.V. (Culemborg, < 59.8 Young +42.2 Young a8 oo B Notapplicable 425 Young o
60-80 years, Society of Hand The Netherlands) female 149.4 + 35.9 female 96.1 + 25.0 Notapmtieable Old Notaoliableold  Youngfemale 1180 female616£217 = "0 (I8
Geriatric Therapists ; ; Old male 156.6 + Old male 249.3 + PP ppicabe + 315 Old male Old male 285.3 + 3 :
N . Ny in The Netherlands, male 141.1 + 44.6 male Notapplicable Old male old

outpatients 163 instructions; and an isokinetic 42.2 old female 96.1 74.6 old female old female old female 118.0 + 111.1 £ 42.50ld 91.7 old female female

older healthy ProMo cohort: dynamometer +25.0 Notapplicable Notapplicable 315 : female 61.6 4 21.7 218.9 £+ 819

individuals, Good Strength (Biodex system 3 PP -

Promoting Mobility dynamometer, Pro, Biodex Pearson correlation
after Hip Fracture Metitur ,Ltd" Medical System Young male: r = Young male: r = Young male: r = Young male: r = Y. le NA Young male: r = Young male: r =
 cohort: 78 Palokka, Finland, Inc, Shirley, NY, 036 (p < 0.05) 0.35 (p < 0.05) 045 (p < 0.05) 037 (p < 0.05) poung male NA 054 (p < 0.05) 0.4 Young female:
mdlf/}duals with position: seated USA) in France; Young female: r = Young female: r = Young femal Young female not Oﬁng 93‘85&(;1& Young female: r = r=0.57 (p < 0.05)
mobility problems - with supported and isometric knee 045(p<005)0ld 044 (p <005 Old 675 Old male: applicable Old o<t 054(p<005Old  Old male: r=067
flexed at 90 degrees extension strength male: r=0.35 (p < male: r =045 (p < 0.37 (p < 0.05) old male not applicable ma e g; nal (p < male: r = 0.44 old (p <0.05) old
elbow at90° extension 0.05) old female: r = 0.05) old female not female not old female: r=0.44 0'03)511 enz)aOES. = female: r = 0.57 (p < female: r = 0.69 (p <
0.44 (p < 0.05) applicable applicable (p <0.05) 2 (<) 0.05) 0.05)
Forcelink Inc.,
gt e
n = 163, geriatric s‘t;ncll‘mg poslt;on strength (KES) was Male: 33.0 4 5.5 Male: 323.62 + 53.9 Knee extension strength [Nm] that measuring
Yeung et al. (2018) patients (64 Males, W“h‘ ® arms & org measured in a ke Femaler IN] HGS alone may not
[42) 99 Woman) age: b oldine the seated position, ok 4o kel Female: 210.85 + be sufficient in
8L7£72 dvnamon%eter in Vf':goh‘;’zs :":L k;ee: T 48[N] Male: 1112 + 42.5 [Nm] Female: 61.6 + 21.7 [Nm] clinical practice as a
J i ees, a S
one hand force ﬁinsducz\; linear regression adjusted for age, sex and further adjustment for standardized KES (for model of HGS) or standardized HGS (for model of KES) meah;ﬁz:;t?_uscw
mounted in a chair o
The authors did not
conclude whether
there was a
correlation high
enough to use
squeeze force as a
surrogate for lower
. . limb muscle
TKK 5101, Grip-D, Chronojump, Dominant B o1 . P o1 N
Buendia.Romero 13 older people Takey, Tokis, Barcellona,? handsrip/BM Dominant IKE/BM (N-kg 1) Non-dominant IKE/BM (N-kg~1) strv;ng‘th;lln
etal. (2021) 8] (mean age 87.0 & Japonia, Hiszpania, (kg-kg 1) dotormined that
109 years) ticipants seated Isometric Knee ctermined tha
particip 2 023 +
shoulder adducted Extension (knee 0.0 ; knee extension
o EXi .06Non-dominant strength is
elbow flexed to 90°, joint flex under handgrip/BM reproducible and
wrist in a neutral 110-120 degree) 1 procuct
e (kg'kg™ ") that it is an
position 021 =006 appropriate
1t for

2.37 £0.89

2.60 £0.91

Dominant handgrip/BM: r = 0.47
Non-dominant handgrip/BM: r = 0.6 (p < 0.05)

Dominant handgrip/BM: r =
Non-dominant handgrip/BM:

67 (p < 0.01)
0.68 (p < 0.01)

screening lower
limb strength in
older people.
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Table 5.

Cont.

Device and Torque Hand Grip Force
Participants + Position for Measurement Hand Grip Force Values Moments of Strength .
Author and Year comicipants Measuring Hand Device and op lculated by Conclusions
Grip Strength Position the Authors Correlation Value
In the older
population,
quadriceps thigh
Total n = 764—age Jamar, muscle strength
83 yers; stand up and hold Microfet2 Quadri trength (kg) and hand grip
yEAn the dynamometer icrotets, Total 20 [kg] Total 196 [N] uadriceps strength (Xg, strength are only
Chan et al. (2014) Men-243—age 82 ; ; isometric, knees
) in the dominant ’ Man 30 [k,
; yers; hond it the flexed at an angle vtan 30 Tke] Man 294 [N] moderately
Woman-521—age and with the arm 90° ‘oman 18 [kg] Woman 176 [N] associated, and that
83 yers; parallel to the body quadriceps strength

everyone over 75
years of age

without squeezing
the arm against the
body

Total 25
Man 32
‘Woman 23

using linear or logistic regression models adjusting for age and sex

and hand grip
strength are
independently
associated with
several health
outcomes.

Samuel et al. (2012)

Young adults (10 M
age: 24+ 4.2and
10 K age: 24 + 2.5)
Elderly individuals
(9Mage: 71.2 + 6.6
and 9 K age: 72.4 +
8.3)

Biometrics
DataLink software
(Biometrics Ltd.,
Wales, UK),
with the
recommendations
of the American
Society of Hand
Therapy

Quadriceps
strength was
assessed with the
participant seated
in a strength testing
chair, with the hips
and knees at 90°

Young adults M:444
+92[N]
Young adults K: 298
+60[N]
Elderly individuals
M: 410 + 57 [N]
Elderly individuals
K:229 + 37 [N]

Young adults M:
45.27 +9.38 [kgf]
Young adults K:
30.39 = 6.12 [kgf]
Elderly individuals

M:
41.80 + 5.8 [kgf]
Elderly individuals

K:
23.35 + 3.77 [kgf]

Quadriceps Strength (N)

Young Males: 585 + 123 [N]
Young Females: 434 + 139 [N]
Older Males: 399 + 99 [N]
Older Females: 225 4 88 [N]

Pearson correlation

Young Males: r = 0.63
Young Females: r = 0.83 (p < 0.05)
Older Males: r = 0.35

The authors
concluded that
expressing lower
limb strength and
squeeze strength as
aratio may be a
sensitive method of
distinguishing
relative differences
between young and
older people. They
note the need for
further research to
determine whether
squeeze strength is
dependent on
quadriceps strength
in relation to the
rate of strength
decline.
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Neto et al. [33] performed isokinetic tests of adduction and abduction in the shoulder
joint, as well as the isometric flexion and extension of the trunk. They applied a multiple
linear regression model and developed four predictive equations. The regression equations
obtained for the trunk flexion and extension were statistically significant. The authors found
that predictive equations calculated for the shoulder joint may constitute an alternative
method to the measurement of hand grip strength.

3.2. Dependence Between Hand Grip Strength and the Values of Moments of Muscle Forces in the
Trunk and Lower Limbs

Scientific literature features investigations searching for the dependences between hand
grip strength and the moments of muscle forces in the trunk and lower limbs [11,26,34-36].
Such studies focus on the testing of muscle force moments in isometric conditions [23,34]
and isokinetic conditions [26] in the scope of the hip, knee and tarsal joints [11,34], as
well as on the measurements of moments of forces in the trunk muscles [34]. One can
also find studies which search for the dependence between hand grip strength and global
muscle strength, which was defined as the total sum of force moments of the muscle groups
tested [34,36]. Hand grip strength was most often tested in a sitting position [11,26,34,35].
The tests were performed mainly with the participation of elderly individuals and focused
on the comparison of the correlation coefficient values between age groups of elderly
people [11,26,34,35], for instance, in the following age ranges: 60-70 and 71-86 years of
age [26], or 60-69, 70-79, 80 years of age and more [35]. As a result of the literature
review, only one article was found where the study group was in the age range from 8
to 20 years of age [36]. Only Strandkvist et al. [11], seeking out dependences, decided to
apply Orthogonal Projection to Latent Structures, i.e., the OPLS regression model. Other
authors used the Pearson linear correlation for the assessment of dependences [26,34-36].
Strandkvist et al. [11] showed that there exists a strong and valid model demonstrating the
relationship between hand grip strength and lower limb strength. Porto et al. [34] tested
not only the dependence between hand grip strength and the moments of muscle forces
exerted on the joints in the lower limb and the trunk, but also calculated global muscle
strength, defined as the total sum of all measured moments of muscle forces. Value R of
the Pearson linear correlation was within the range of 0.369 to 0.7 (all values statistically
significant). The authors observed that hand grip strength may be applied to show global
muscle strength in elderly people (HG and global muscle strength—R = 0.69, p < 0.05).
The researchers noticed that the dependence between hand grip strength and all muscle
groups reached low-to-moderate values. The authors think that positive linear dependence
eliminates the necessity of testing different muscle groups, if necessary.

Samuel and Rowe [35] obtained different results while testing the extensors and flexors
of the knee and hip, as well as the adductors and abductors of hips. On the basis of the
results obtained by the authors, it was possible to determine the range within which
correlation values fall, i.e., from 0.56 to 0.78 (p < 0.01). On the grounds of their results, they
came to the conclusion that hand grip strength poorly reflects the changes in the muscle
forces of lower limbs. The researchers suggested that a better alternative method was the
measurement of the maximum isometric moment in the knee joint. Additionally, within
the scope of their research, they estimated how strength decreases in the age groups of
octogenarians in relation to sexagenarians, and found that the relative reduction in muscle
strength falls into the range from 14.3% to 27%.

Rodacki et al. [26] also obtained the Pearson correlation coefficients between hand
grip strength and the moments of muscle forces of lower limbs in isometric and isokinetic
conditions. However, they were deemed scarce or low (r from —0.067 to 0.391), and most
of them did not show any statistical significance. The authors drew a conclusion that the
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generalization of hand grip strength and its application as a simple measurement of lower
limb strength should be treated with caution.

Wind et al. [36] observed that, in children, the values of the Pearson correlation
coefficient between hand grip strength and the total muscle strength in the upper limb
joints are high, i.e., boys showed 0.9 (p < 0.01), whereas girls showed 0.7 (p < 0.01) for the
right and left side of the body. However, when the correlation between hand grip strength
and the total muscle strength controlled for weight was performed, the values of correlation
were lower, i.e., boys showed 0.5 (p < 0.01) for the right and left hand, whereas girls 0.6
(p < 0.01) for the right hand and 0.5 (p < 0.01) for the left hand. The researchers showed
that there was a strong correlation between hand grip strength and the moments of muscle
forces expressed in N, and decided that hand grip strength could be used as an indicator of
global muscle strength.

3.3. Dependence Between Hand Grip Strength and the Values of Muscle Force Moments in the
Knee Joint in Isokinetic and Isometric Conditions

The greatest interest among researchers is aroused by the dependence between hand
grip strength and the moments of forces which are exerted by the muscles responsible for
the extension and flexion of the knee joint. The tests were performed in isokinetic and
isometric conditions.

3.3.1. Tests in Isokinetic Conditions

Tests in isokinetic conditions were performed by Felicio et al. [24,37], Alonso et al. [38],
Rodacki et al. [26] and Jenkins et al. [39]. All of them performed tests at an angular velocity
of 60°/s. In addition, Felicio et al. [24], Rodacki et al. [26] and Jenkins et al. [15] performed
tests at an angular velocity of 180°/s. Each of the above researchers performed hand grip
strength tests in accordance with the recommendations of the American Society of Hand
Therapy using the Jamar dynamometer [24,37,38] or TSD121C, Biopac Systems [39]. In each
case, the Biodex 3 System Pro was used to test muscle force moments. The study group
in each article consisted of older people; in the case of Alonso et al. [38], Felicio et al. [24],
Rodacki et al. [26] and Felicio et al. [37], it was older women, whereas in the case of Jenkins
et al. [39], it was only men. Felicio et al. [37] used a backward linear regression model. The
following variables were used in its development: work performed by the extensors during
the test at a speed of 60° /s related to the subject’s body mass and hand grip strength. Based
on this, the researchers concluded that knee extension strength and hand grip strength can
be useful indices in screening tests to assess functional fitness in older people. However,
where possible, the tests should be used in a complementary way.

Alonso et al. [38] pointed out to the non-linear Spearman correlation between hand
grip strength and the moments of forces of knee joint extensors (values referred to the body
weight) values r from 0.35 to 0.43 (all values statistically significant p < 0.05). No correlation
was shown in the case of flexors of the knee joint. The authors found that lower hand
grip strength was significantly related to the strength of lower limbs in adult women, and
thanks to that, it may be used as a substitute indicator.

On the other hand, in their studies Felicio et al. [24] did not show a linear, statistically
significant correlation between hand grip strength and the moments of forces of extensors
and flexors in the knee joint. Due to this fact, their conclusions differed from Alonso
et al. [38] and Felicio et al. [37]. They reached the conclusion that it is necessary to be
cautious about the generalization that hand grip strength may be used as an indicator of
global muscle strength in elderly women. A lack of statistically significant linear correlation
between hand grip strength and the moments of muscle forces in the knee joint measured in
isokinetic conditions (at a velocity of 180° /s—r = 0.467, and 60° /s—r = 0.382) and isometric
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conditions (r = 0.363) was also reported by Jenkins et al. [39]. These authors found that
hand grip strength may not be a proper substitute of global muscle strength.

3.3.2. Tests in Isometric Conditions

The dependences between hand grip strength and the moments of muscle forces in
the knee joint during an isometric contraction were searched for also by Bohannon [40],
Bohannon et al. [41], Yeung et al. [25], Buendfa-Romero et al. [8], Yeung et al. [42], Chan
et al. [43], Rodacki [26] and Samuel et al. [44]. The above-mentioned authors studied
hand grip strength in a sitting position with the elbow flexed [8,26,40,41,44], and also in a
standing position with the limb hanging on the side of the body [25,42,43]. In each of the
analyzed articles, the study group consisted of elderly individuals [8,25,26,40-44]. Only in
three articles were young participants also additionally tested [25,41,44]. The majority of
the authors decided to search for the Pearson linear correlation.

Bohanon [40] determined the range of correlation values between hand grip strength
and the moments of forces of extensors and flexors in the knee joint measured in isometric
conditions at the level of 0.56-0.68; all correlations were statistically significant (below
p < 0.001). On the basis of the results, the authors came to the conclusion that hand
grip strength may be used as an alternative to the muscle strength of lower limbs. Also,
Bohannon et al. [41] obtained high coefficients of the linear correlation between hand grip
strength and the moments of forces of knee joint extensors, in the range of 0.772 to 0.805
(p <0.001), in the group of healthy adults. However, despite such a high correlation, they
found that the differences in the activities requiring hand grip strength and knee extension
exclude widespread support to use them interchangeably.

Yeung et al. [25] performed tests in six different places, and thanks to that, several
large study groups were created, i.e., two groups of young individuals and five groups
of elderly people. On the basis of the conducted analyses, it was ascertained that in the
study group of young individuals linear correlation coefficients between hand grip strength
and the moments of forces of knee joint extensors fell into the range from 0.36 to 0.45
(p < 0.05), whereas in the study group of the elderly, from 0.35 to 0.67 (p < 0.05). The
researchers observed that the dependence between hand grip strength and the force of
the knee extension differed at an individual level. Due to this fact, the application of the
measurement of only one group of muscles as an indicator of general strength seems to
be unjustified.

Buendia-Romero et al. [8] performed tests on a small group of 13 elderly individuals
with an average age of 87 years. Value r of the Pearson correlation between hand grip
strength (dominant and non-dominant) and the moments of forces of knee extensors fell
into the range of 0.47-0.68 (statistically significant). The main conclusion reached by
Buendia-Romero et al. [8] was that the force of the knee extension constitutes a repeatable
and appropriate evaluation method in the screening tests of lower limbs. However, they
did not address the dependence between hand grip strength and the force of the knee
extensors. Neither did they define whether the hand grip strength itself was sufficient for
the assessment of general strength. Yeung et al. [42] developed models based on the analysis
of linear regression in order to investigate the relationship between hand grip strength and
the moments of muscle forces in the knee joint, taking into considerations aspects such as
age and gender, as well as physical and psychological features. The researchers came to
the conclusion that health features are more related to the knee extension force than hand
grip strength.

Chan et al. [43] conducted studies in a large group of 764 individuals (243 men,
521 women), each participant was above 75 years of age. In the first phase of the analyses,
the results were normalized using square root transformation followed by standardization
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into Z scores, whereas the dependence itself was determined by means of linear regression.
The researchers obtained the value 0.44 (95% CI) in the case of hand grip strength and
the force of the knee extensor (dominant sides), and 0.87 (95% CI) in the case of hand
grip strength and the knee extensor strength (non-dominant sides). The next model was
adapted to age and gender, and thanks to that fact, a value of 0.42 was obtained for the
dominant side and 0.87 for the non-dominant side. The researchers found that in the elderly
population, the strength of the quadriceps and hand grip strength were related only to
a moderate degree, and were independently connected with several health effects. The
researchers also determined that the combination of the measurements of muscle strength
in lower limbs and hand grip strength may be useful in the diagnostics of health conditions;
however, they did not define whether the measurement of sole hand grip strength was
going to be sufficient.

Samuel et al. [44] searched for a linear dependence between hand grip strength and
the moments of forces of knee joint extensors in a group of younger and elderly individuals,
taking into account their gender. Only the group of young women showed statistically
significant Pearson’s correlations (r = 0.83, p = 0.01). The correlation coefficient for the whole
group amounted to 0.73 (p = 0.000). Samuel et al. [44] additionally determined the ratio
of hand grip strength to quadriceps strength. It amounted to 0.75 in young adults, which
means that the strength of knee extensors surpassed hand grip strength by approximately
25%. A higher value was reached in the case of elderly people, equaling 1.1. A decrease
in the muscle strength was expected with increasing age; however, a higher ratio of hand
grip strength to quadriceps strength indicated a bigger loss of quadriceps strength in
comparison to hand grip strength with increasing age.

4. Discussion

The aim of the systematic review of the literature was to verify whether hand grip
strength can be used as an indicator of overall strength and functional performance. This
task required ordering the existing knowledge and results obtained in scientific research on
the dependences between hand grip strength and muscle strength/moments of forces in
the joint muscles.

Selected articles were subjected to the impact of methodological quality assessment
(risk of bias). The score for all articles was above 75%, with an average score for all articles
of 85.61%, SD = 6.73. This shows a correct selection of articles of high scientific quality.

Based on the systematic review of the literature, only half of the studies analyzed
showed a relationship between hand grip strength and muscle force moments in the trunk,
upper and lower limbs. No definitive conclusions can be drawn about the existence of
these relationships in different age groups or for specific parts of the body.

On the basis of the conducted literature review, it was observed that in the search of
dependences between the moments of muscle forces and hand grip strength, the majority
of authors decided to seek correlations by limiting the study group to the group consisting
only of elderly individuals: 12 articles [8,11,24,26,34,35,37-40,42,43]. Only four articles were
found where the dependences were looked for in the group of young subjects [23,29,33,36],
and one paper described the dependences in the group of adults at an average age of
52 years [30]. Five research papers attempted to determine such dependences both in the
group of young and elderly individuals [25,31,32,41,44].

The analyzed articles encompassed the total number of 2965 elderly individuals and
additionally 112 elderly individuals with coexisting conditions [40], 752 healthy adults,
30 physically active subjects and 120 ill patients after stroke [30], or spinal cord injury [33].
In two publications [31,41], the results were analyzed jointly in the group of young and
elderly individuals. Despite the clinical heterogeneity of the study groups, the focus of
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the study was to determine the relationship between hand grip strength and muscle force
moments. The correlation coefficients analyzed, rather than the experimental results from
the different groups, determined whether hand grip strength could be used as an indicator
of overall strength and functional performance.

In the analyzed articles, the measurement of hand grip strength was performed
most frequently according to the recommendations of the American Society of Hand
Therapy, i.e., in a sitting position, with the elbow flexed at an angle of 90°. Also, mea-
surements carried out in other positions could be found, such as with the limb extended
(straight limb) [31], in a standing position [25,29,32,42,43], e.g., with the limb hanging by
the body side [29,32,42]. The most popular device used for the measurement of hand grip
strength is a dynamometer manufactured by Jamar company (Sammons Preston, Illinois,
USA) [23-26,30,31,34,35,37,38,40-43]; however, other types are also applied: Lafayette [29],
E-Link [11], Vetek [32], TKK 5101 Grip-D [8], TSD121C Biopac System [39], Saehan Cor-
poration [33], Citec type CT3001 [36], Good Strength dynamometer [25] and Biometrics
Data Link software [44]. The Biodex system is most often used for the measurements
of the moments of muscle forces [11,23,24,26,30,32-34,37-39]. The studies analyzed were
characterized by methodological heterogeneity due to different measurement equipment.
The measurement results were presented in the same unit of measurement (Tables 3-5).
However, the relationship analyzed was demonstrated by the value of the correlation coef-
ficients.

Researchers performed measurements of the moments of muscle forces in isokinetic
or isometric conditions in various angular positions. The following muscles were tested:
flexors and extensors of the hip joint, abductors and adductors of the hip joint, flexors
and extensors of the knee joint, dorsal and plantar flexors of the tarsal joint, extensors
and flexors of the trunk, external and internal rotators of the shoulder, and abductors
and adductors of the shoulder blade. The greatest interest is aroused by the search for
the dependence between hand grip strength and the moments of forces of extensors and
flexors of the knee joint [8,24,25,37-44] (Figure 3). The methodological differences in testing,
including different measuring equipment and different measuring positions of participants,
can affect the correlation results analyzed.

Hand grip strength dependences were most often correlated with the measured maxi-
mum moments of muscle forces. However, Mandalidis et al. [29] conducted research where
they searched for the dependence between mean maximum moments and obtained lower
values in comparison to other authors [23,29,30]. On the other hand, Felicio et al. [24]
compared correlation values obtained for hand grip strength expressed in kgf and the
moments of muscle forces expressed in Nm, or when they were normalized to body weight.
Mandalidis et al. [29] and Felicio et al. [24] reported lower correlation values between hand
grip strength and muscle moments when related to body weight compared to unnormal-
ized results.

On the basis of the literature review (performed on 22 scientific articles), it was found
that 11 articles showed a statistically significant, strong, positive correlation between the
value of hand grip strength and the values of moments of muscle forces in the trunk, as
well as upper and lower limbs [11,23,29,30,34,36-38,40-42]; five articles [24,32,33,35,39]
determined that such a dependence was small and advised adopting a cautious approach
to it; four articles [25,26,31,39] ascertained that there was no dependence, whereas two
articles [8,43] did not interpret the meaning of the result.
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Zheoulder external rotation 120°/s [23]
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Hip extension 30° [11]
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Cuadriceps strength [£3,44]
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Knee extensor isokinetic 180°s [26,24,33]
Knee flexor isckinetic 80°/s [26,38]

Knee flexor isckinetic 180°s [26]

Ankle dorsal flexion [11,26,34]
Ankle plantar flexion [11,26,34]
Plantarflexor isakinetic 607 [26]
Flantarflexor isokinetic 180° [28]

Dorsiflexor isokinetic 60" [28]
Darsiflexor isokinetic 180° [28]

Figure 3. Classification of the analyzed publications according to the type of movement of the
body part.

Dependences between the value of hand grip strength and the values of moments
of muscle forces in the trunk, as well as upper and lower limbs may be analyzed in age
groups. Taking into consideration the conclusions described in the articles where the study
group consisted of elderly individuals, i.e., 12 articles [8,11,24,26,34,35,37-40,42,43], only
6 research teams ascertained that [11,34,37,38,40,42] hand grip strength could be used as a
prognostic coefficient; 2 articles informed on a weak dependence [24,35]; whereas successive
2 articles reported the lack of dependence [26,39]. In the group of young individuals, i.e., in
the case of 4 articles [23,29,33,36], a positive correlation was revealed in 3 groups [23,29,36],
whereas, in the case of one group, caution was advised as per the prognosis of muscle
strength on the basis of hand grip strength [33].

In the case of research which analyzed the results of correlation jointly for the group
of adults and elderly individuals [25,30-32,41,44], information on the occurrence of depen-
dences was found in two publications in the scientific literature [30,41]; two articles came
to the conclusion that one should be cautious in such an assessment [32,44], whereas two
articles revealed no such dependences [25,31].
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Dependences between the values of hand grip strength were also searched for with
reference to the results of moments of muscle forces for particular parts of the body, i.e.,
the trunk, upper and lower limbs. Six articles assessed the dependence between hand
grip strength and the moments of muscle forces in upper limbs [23,29-33], including three
articles [23,29,30] indicating a positive linear dependence; two articles informed about a
weak correlation [32] or advised a cautious approach to the result [33]; one article indicated
the lack of dependence [31].

In five analyzed articles [11,26,34-36], the dependence was sought between hand
grip strength and muscle strength of the lower limbs, including three articles indicating
a positive linear dependence [11,34,36], 1 showing the lack of dependence [26] and 1
revealing a weak dependence [35]. Among other researchers, Porto et al. [34] reached the
conclusion that the very measurement of hand grip strength was sufficient to assess the
strength abilities of a particular muscle group; however, it could not be used if there were
contraindications against using an isokinetic dynamometer, e.g., recent injuries.

However, the greatest interest among researchers was aroused by the search for
dependence between hand grip strength and strength abilities of the muscles in the knee
joint. Such a relationship was sought after in 16 articles in total [8,11,24-26,32,34,35,37-44].

Seven independent studies found a positive correlation [11,34,37,38,40—42]; four arti-
cles [24,32,35,44] advised a cautious approach to hand grip strength as a muscle strength
predictor or recommended further investigations; three articles informed about the lack
of dependences [25,26,39]; finally, two articles did not clearly state if it was a proper pre-
dictor [8,43]. At the same time, one of the articles, which defined the dependence as weak,
informed that the best approximate predictor is the values of moments of extension and
flexion forces in the knee joint [32]. It is important to note the correlation values that have
been obtained in previous studies. Some authors have conducted studies on a large group
of people and obtained low statistically significant correlation coefficients [25,36,38], so
caution should be exercised in drawing firm conclusions.

The observed relationships between hand grip strength and muscle torque may be
influenced by anatomical factors, neuromuscular coordination (motor unit recruitment),
lifestyle and diet. Hand grip strength is a function of muscle mass and cross-sectional area.
Greater muscle mass throughout the body (e.g., in the upper limbs, arms or forearms) is
directly related to a greater ability to generate force in the hand. In addition, the type of
muscle fibers (fast-twitch or slow-twitch) affects both hand grip strength and the strength
generated by other muscle groups.

Based on the review, we suggest that hand grip strength tests should be conducted in
accordance with the recommendations of the American Society of Hand Therapy. However,
in the case of muscle force moments, the test position depends on the joint being tested, so
we recommend that it be in accordance with the recommendations of the manufacturer of
the measuring device.

As results from the conducted systematic review of the literature, only half of the
analyzed scientific articles showed correlation between hand grip strength and the moments
of muscle forces in the trunk, upper and lower limbs. Methodological differences in testing,
such as different measuring position of participants, elbow placement, age, gender, presence
of disabilities, type of instruments used [45-47], and study size, can influence the analyzed
correlation results. These factors may reduce comparability between studies, and lead to
discrepancies in findings. Therefore, standardizing measurement protocols is crucial to
ensure more reliable and consistent outcomes. No irrefutable conclusion about the existence
of dependences can be reached in age groups and with reference to the results obtained for
particular parts of the body.
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Due to significant discrepancies in the research so far, hand grip strength should not be
automatically applied as an indicator of overall strength and functional performance. The
measurements of hand grip strength and the moments of muscle forces should complement
each other.

4.1. Limitations and Directions of Further Research

The limitation of the performed literature review was the fact that out of 22 analyzed
articles, only 1 focuses on testing both upper and lower limbs. It seems quite important
to check whether correlations are mutual, i.e., whether simultaneous and similar-level
correlations occur with reference to strength abilities of upper and lower limbs. It is also
necessary to study the correlation of hand grip strength and the moments of muscle forces
in the joints for movements performed in different planes in the same representative group
of subjects.

A limitation of the study was that it was based only on cross-sectional articles with
the omission of longitudinal studies. However, the investigated problem (correlation
between hand tightness and muscle force moments) does not require the analysis of
changes over time.

Another limitation was that in some articles, the size of the study group may be un-
derrepresented.

Regular measurements of hand grip strength as a predictor of muscular system
strength capacity could be used in physiotherapy. In the future, it is important to de-
velop a simple method of measuring muscle strength in the lower limbs and other parts of
the body undergoing physiotherapy, and provide reference values for each age group and
gender. However, it should be noted that the use of hand grip strength as a substitute for
knee extensor muscle strength does not show the effect of knee extensor strength training
and may also affect the motivation of the subject.

4.2. Clinical Suggestions and Practical Applications

Based on the results of this systematic review, the following clinical suggestions
are suggested:

e  The hand grip strength test can be used as a screening test to identify any strength
deficits or muscle imbalances, especially because it is carried out using reliable mea-
suring equipment. The test is simple, quick and not expensive. Abnormal screening
results can be a suggestion to expand the diagnosis of the musculoskeletal system, for
example, in office workers [48].

e  Regular measurements of hand grip strength, which is a predictor of musculoskeletal
strength capacity, could be used in physiotherapy to assess progress in the rehabilita-
tion process.

e  Regular measurements of hand grip strength could be useful in the diagnosis of
sarcopenia [49,50].

e  Studies have shown a positive correlation between hand grip strength and torque [23,
29], suggesting that measuring isometric hand grip strength can be a useful indicator of
muscle strength in different muscle groups. In athletes, particularly those with limited
access to more sophisticated measurement tools such as isokinetic dynamometers,
regular monitoring of hand grip strength can help assess muscle strength and identify
any imbalances or deficits in the strength of specific muscle groups.
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5. Conclusions

The performed literature studies show that it is necessary to be cautious about the
generalization that hand grip strength can be used as an indicator of overall strength and
functional performance.

On the grounds of the current scientific knowledge, it cannot be stated that there is an
irrefutable proof that there is dependence between hand grip strength and the moments
of muscle forces, neither with reference to different age groups, nor particular parts of
the body.

Author Contributions: Conceptualization, P.S.; methodology, P.S. and H.Z.; formal analysis, P.S.
and H.Z,; data curation, P.S., H.Z. and K.N.-L.; writing—original draft preparation, P.S. and H.Z,;
writing—review and editing, P.S., H.Z., KN.-L. and R.M.; visualization, P.S. and H.Z.; supervision,
R.M. and K.N.-L. All authors have read and agreed to the published version of the manuscript.

Funding: The Article Processing Charge was financed under the European Funds for Silesia 2021-
2027 Program, co-financed by the Just Transition Fund project entitled “Development of the Silesian
biomedical engineering potential in the face of the challenges of the digital and green economy
(BioMeDiG)” (project number: FESL.10.25-12.01-07G5/23).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: This research was carried out as part of the project: “Mathematical model of
prediction of health consequences in musculoskeletal system as a result of sedentary lifestyle”, grant
number: 2019/35/0/ST8/02719, which was funded by the National Science Centre Poland.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.

10.

de Araujo Ribeiro Alvares, J.B.; Rodrigues, R.; de Azevedo Franke, R.; da Silva, B.G.C.; Pinto, R.S.; Vaz, M.A.; Baroni, B.M.
Inter-Machine Reliability of the Biodex and Cybex Isokinetic Dynamometers for Knee Flexor /Extensor Isometric, Concentric and
Eccentric Tests. Phys. Ther. Sport 2015, 16, 59-65. [CrossRef]

Hamill, J.; Knutzen, K.M. Biomechanical Basis of Human Movement; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2003.
Nakano, L.; Wolosker, N.; Rosoki, R.A.; Netto, B.M.; Puech-Leao, P. Objective Evaluation of Upper Limb Claudication: Use of
Isokinetic Dynamometry. Clinics 2006, 61, 189-196. [CrossRef]

Molczyk, L.; Thigpen, L.K.; Eickhoff, J.; Goldgar, D.; Gallagher, J.C. Reliability of Testing the Knee Extensors and Flexors in
Healthy Adult Women Using a Cybex® II Isokinetic Dynamometer. . Orthop. Sports Phys. Ther. 1991, 14, 37-41. [CrossRef]
Stone, C.A.; Nolan, B.; Lawlor, P.G.; Kenny, R.A. Hand-Held Dynamometry: Tester Strength Is Paramount, Even in Frail
Populations. J. Rehabil. Med. 2011, 43, 808-811. [CrossRef]

Roy, J.-S.; Ma, B.; MacDermid, J.C.; Woodhouse, L.J. Shoulder Muscle Endurance: The Development of a Standardized and
Reliable Protocol. Sport. Med. Arthrosc. Rehabil. Ther. Technol. 2011, 3, 1. [CrossRef]

Emery, C.A.; Maitland, M.E.; Meeuwisse, W.H. Test-Retest Reliabilty of Isokinetic Hip Adductor and Flexor Muscle Strength.
Clin. J. Sport Med. 1999, 9, 79-85. [CrossRef]

Buendia-Romero, A.; Hernandez-Belmonte, A.; Martinez-Cava, A.; Garcia-Conesa, S.; Franco-Lépez, F.; Conesa-Ros, E.; Courel-
Ibafiez, J. Isometric Knee Extension Test: A Practical, Repeatable, and Suitable Tool for Lower-Limb Screening among Institution-
alized Older Adults. Exp. Gerontol. 2021, 155, 111575. [CrossRef]

Xie, H.; Ruan, G,; Deng, L.; Zhang, H.; Ge, Y.; Zhang, Q.; Lin, S.; Song, M.; Zhang, X.; Liu, X,; et al. Comparison of Absolute and
Relative Handgrip Strength to Predict Cancer Prognosis: A Prospective Multicenter Cohort Study. Clin. Nutr. 2022, 41, 1636-1643.
[CrossRef]

Fess, E.; Moran, C. American Society of Hand Therapists Clinical Assessment Recommendations. Available on-
line: https://www.researchgate.net/profile/Elaine-Fess/publication/303400806_American_Society_of_Hand_Therapists_


https://doi.org/10.1016/j.ptsp.2014.04.004
https://doi.org/10.1590/S1807-59322006000300002
https://doi.org/10.2519/jospt.1991.14.1.37
https://doi.org/10.2340/16501977-0860
https://doi.org/10.1186/1758-2555-3-1
https://doi.org/10.1097/00042752-199904000-00007
https://doi.org/10.1016/j.exger.2021.111575
https://doi.org/10.1016/j.clnu.2022.06.011
https://www.researchgate.net/profile/Elaine-Fess/publication/303400806_American_Society_of_Hand_Therapists_Clinical_Assessment_Recommendations/links/57409a6208aea45ee847b254/American-Society-of-Hand-Therapists-Clinical-Assessment-Recommendations.pdf
https://www.researchgate.net/profile/Elaine-Fess/publication/303400806_American_Society_of_Hand_Therapists_Clinical_Assessment_Recommendations/links/57409a6208aea45ee847b254/American-Society-of-Hand-Therapists-Clinical-Assessment-Recommendations.pdf

Appl. Sci. 2025, 15,1847 22 0f 23

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Clinical_Assessment_Recommendations/links/57409a6208aea45ee847b254 / American-Society-of-Hand-Therapists-Clinical-
Assessment-Recommendations.pdf (accessed on 4 February 2024).

Strandkvist, V.; Larsson, A.; Pauelsen, M.; Nyberg, L.; Vikman, I; Lindberg, A.; Gustafsson, T.; Roijezon, U. Hand Grip Strength Is
Strongly Associated with Lower Limb Strength but Only Weakly with Postural Control in Community-Dwelling Older Adults.
Arch. Gerontol. Geriatr. 2021, 94, 104345. [CrossRef]

Hunt, D.R.; Rowlands, B.J.; Johnston, D. Hand Grip Strength—A Simple Prognostic Indicator In Surgical Patients. J. Parenter.
Enter. Nutr. 1985, 9, 701-704. [CrossRef]

Klidjian, A.M.; Foster, K.T.; Kammerling, R.M.; Cooper, A.; Karran, S.J. Relation of Anthropometric and Dynamometric Variables
to Serious Postoperative Complications. Br. Med. J. 1980, 281, 899. [CrossRef]

Tomes, C.; Schram, B.; Pope, R.; Orr, R. What Is the Impact of Fitness on Injury Risk during Police Academy Training? A
Retrospective Cohort Study. BMC Sports Sci. Med. Rehabil. 2020, 12, 39. [CrossRef]

Fraser, B.].; Blizzard, L.; Buscot, M.].; Schmidt, M.D.; Dwyer, T.; Venn, A.]J.; Magnussen, C.G. The Association Between Grip
Strength Measured in Childhood, Young- and Mid-Adulthood and Prediabetes or Type 2 Diabetes in Mid-Adulthood. Sport. Med.
2021, 51, 175-183. [CrossRef]

Chan, D.C.C; Lee, WTK,; Lo, D.H.S.; Leung, ].C.S.; Kwok, AW.L.; Leung, P.C. Relationship between Grip Strength and Bone
Mineral Density in Healthy Hong Kong Adolescents. Osteoporos. Int. 2008, 19, 1485-1495. [CrossRef]

Snow-Harter, C.; Bouxsein, M.; Lewis, B.; Charette, S.; Weinstein, P.; Marcus, R. Muscle Strength as a Predictor of Bone Mineral
Density in Young Women. ]. Bone Miner. Res. 1990, 5, 589-595. [CrossRef]

Camargo, E.C.; Weinstein, G.; Beiser, A.S.; Tan, Z.S.; Decarli, C.; Kelly-Hayes, M.; Kase, C.; Murabito, ].M.; Seshadri, S. Association
of Physical Function with Clinical and Subclinical Brain Disease: The&nbsp;Framingham Offspring Study. J. Alzheimer’s Dis.
2016, 53, 1597-1608. [CrossRef]

Cruz-Jentoft, A.].; Baeyens, ].P; Bauer, ].M.; Boirie, Y.; Cederholm, T.; Landi, F; Martin, F.C.; Michel, ].P,; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European Consensus on Definition and Diagnosis: Report of the European Working Group on Sarcopenia
in Older People. Age Ageing 2010, 39, 412-423. [CrossRef]

Sasaki, H.; Kasagi, F.; Yamada, M.; Fujita, S. Grip Strength Predicts Cause-Specific Mortality in Middle-Aged and Elderly Persons.
Am. J. Med. 2007, 120, 337-342. [CrossRef]

Bohannon, R.W. Hand-Grip Dynamometry Predicts Future Outcomes in Aging Adults. J. Geriatr. Phys. Ther. 2008, 31, 3-10.
[CrossRef] [PubMed]

McGrath, R.P,; Kraemer, W.J.; Snih, S.A.; Peterson, M.D. Handgrip Strength and Health in Aging Adults. Sport. Med. 2018, 48,
1993-2000. [CrossRef]

Ahmadi, S.; Gutierrez, G.L.; Uchida, M.C. Correlation between Handgrip and Isokinetic Strength of Shoulder Muscles in Elite
Sitting Volleyball Players. ]. Bodyw. Mov. Ther. 2020, 24, 159-163. [CrossRef]

Felicio, D.C.; Pereira, D.S.; Assumpgao, A.M.; de Jesus-Moraleida, ER.; de Queiroz, B.Z.; da Silva, ].P.; de Brito Rosa, N.M.; Dias,
J.M.D.; Pereira, L.S.M. Poor Correlation between Handgrip Strength and Isokinetic Performance of Knee Flexor and Extensor
Muscles in Community-Dwelling Elderly Women. Geriatr. Gerontol. Int. 2014, 14, 185-189. [CrossRef]

Yeung, S.S.Y.; Reijnierse, E.M.; Trappenburg, M.C.; Hogrel, ].Y.; McPhee, ].S.; Piasecki, M.; Sipila, S.; Salpakoski, A.; Butler-Browne,
G.; Pdasuke, M.; et al. Handgrip Strength Cannot Be Assumed a Proxy for Overall Muscle Strength. . Am. Med. Dir. Assoc. 2018,
19, 703-709. [CrossRef]

Rodacki, A.L.E; Moreira, N.B.; Pitta, A.; Wolf, R.; Filho, ].M.; Rodacki, C.D.L.N.; Pereira, G. Is Handgrip Strength a Useful
Measure to Evaluate Lower Limb Strength and Functional Performance in Older Women? Clin. Interv. Aging 2020, 15, 1045.
[CrossRef]

Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Getzsche, P.C.; Ioannidis, ]J.P.A.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.;
Moher, D. The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Health Care
Interventions: Explanation and Elaboration. J. Clin. Epidemiol. 2009, 62, e1-e34. [CrossRef]

Downs, S.H.; Black, N. The Feasibility of Creating a Checklist for the Assessment of the Methodological Quality Both of
Randomised and Non-Randomised Studies of Health Care Interventions. J. Epidemiol. Community Health 1998, 52, 377-384.
[CrossRef]

Mandalidis, D.; O’Brien, M. Relationship between Hand-Grip Isometric Strength and Isokinetic Moment Data of the Shoulder
Stabilisers. J. Bodyw. Mov. Ther. 2010, 14, 19-26. [CrossRef]

Nascimento, L.R.; Polese, ].C.; Faria, C.D.C.M.; Teixeira-Salmela, L.F. Isometric Hand Grip Strength Correlated with Isokinetic
Data of the Shoulder Stabilizers in Individuals with Chronic Stroke. J. Bodyw. Mov. Ther. 2012, 16, 275-280. [CrossRef]

Manske, R.C.; Jones, D.W.; Dir, C.E.; LeBlanc, H.K,; Reddy, M.A; Straka, M.A.; Demel, K.; Prohaska, D.; Mendez, G.; Smith, B.
Grip and Shoulder Strength Correlation with Validated Outcome Instruments in Patients with Rotator Cuff Tears. J. Shoulder EIb.
Surg. 2021, 30, 1088-1094. [CrossRef]


https://www.researchgate.net/profile/Elaine-Fess/publication/303400806_American_Society_of_Hand_Therapists_Clinical_Assessment_Recommendations/links/57409a6208aea45ee847b254/American-Society-of-Hand-Therapists-Clinical-Assessment-Recommendations.pdf
https://www.researchgate.net/profile/Elaine-Fess/publication/303400806_American_Society_of_Hand_Therapists_Clinical_Assessment_Recommendations/links/57409a6208aea45ee847b254/American-Society-of-Hand-Therapists-Clinical-Assessment-Recommendations.pdf
https://www.researchgate.net/profile/Elaine-Fess/publication/303400806_American_Society_of_Hand_Therapists_Clinical_Assessment_Recommendations/links/57409a6208aea45ee847b254/American-Society-of-Hand-Therapists-Clinical-Assessment-Recommendations.pdf
https://www.researchgate.net/profile/Elaine-Fess/publication/303400806_American_Society_of_Hand_Therapists_Clinical_Assessment_Recommendations/links/57409a6208aea45ee847b254/American-Society-of-Hand-Therapists-Clinical-Assessment-Recommendations.pdf
https://doi.org/10.1016/j.archger.2021.104345
https://doi.org/10.1177/0148607185009006701
https://doi.org/10.1136/bmj.281.6245.899
https://doi.org/10.1186/s13102-020-00188-7
https://doi.org/10.1007/s40279-020-01328-2
https://doi.org/10.1007/s00198-008-0595-1
https://doi.org/10.1002/jbmr.5650050608
https://doi.org/10.3233/JAD-160229
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/j.amjmed.2006.04.018
https://doi.org/10.1519/00139143-200831010-00002
https://www.ncbi.nlm.nih.gov/pubmed/18489802
https://doi.org/10.1007/s40279-018-0952-y
https://doi.org/10.1016/j.jbmt.2020.07.015
https://doi.org/10.1111/ggi.12077
https://doi.org/10.1016/j.jamda.2018.04.019
https://doi.org/10.2147/CIA.S253262
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1136/jech.52.6.377
https://doi.org/10.1016/j.jbmt.2008.05.001
https://doi.org/10.1016/j.jbmt.2012.01.002
https://doi.org/10.1016/j.jse.2020.07.041

Appl. Sci. 2025, 15,1847 23 0f 23

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Roman-Liu, D.; Tokarski, T.; Mazur-Rézycka, ]. Is the Grip Force Measurement Suitable for Assessing Overall Strength Regardless
of Age and Gender? Measurement 2021, 176, 109093. [CrossRef]

Neto, ER.; Dorneles, J.R.; Carneiro Leao Veloso, ].H.; Gongalves, C.W.; Gomes Costa, R.R. Peak Torque Prediction Using Handgrip
and Strength Predictors in Men and Women With Motor Complete Spinal Cord Injury. Top. Spinal Cord Inj. Rehabil. 2021, 27, 49.
[CrossRef] [PubMed]

Porto, ].M.; Nakaishi, A.P.M.; Cangussu-Oliveira, L.M.; Freire Jtnior, R.C.; Spilla, S.B.; Abreu, D.C.C. de Relationship between
Grip Strength and Global Muscle Strength in Community-Dwelling Older People. Arch. Gerontol. Geriatr. 2019, 82, 273-278.
[CrossRef] [PubMed]

Samuel, D.; Rowe, P. An Investigation of the Association between Grip Strength and Hip and Knee Joint Moments in Older
Adults. Arch. Gerontol. Geriatr. 2012, 54, 357-360. [CrossRef] [PubMed]

Wind, A.E.; Takken, T.; Helders, P.J.M.; Engelbert, R H.H. Is Grip Strength a Predictor for Total Muscle Strength in Healthy
Children, Adolescents, and Young Adults? Eur. |. Pediatr. 2010, 169, 281-287. [CrossRef]

Felicio, D.C.; Filho, J.E.; de Queiroz, B.Z.; Diz, ].B.M.; Pereira, D.S.; Pereira, L.S.M. Knee Extension Strength and Handgrip
Strength Are Important Predictors of Timed Up and Go Test Performance among Community-Dwelling Elderly Women: A
Cross-Sectional Study. Sao Paulo Med. J. 2021, 139, 77-80. [CrossRef]

Alonso, A.C.; Ribeiro, S.M.; Silva Luna, N.M.; Peterson, M.D.; Bocalini, D.S.; Serra, M.M.; Brech, G.C.; D’Andréa Greve, ].M.;
Garcez-Leme, L.E. Association between Handgrip Strength, Balance, and Knee Flexion/Extension Strength in Older Adults. PLoS
ONE 2018, 13, e0198185. [CrossRef]

Jenkins, N.D.M.; Buckner, S.L.; Bergstrom, H.C.; Cochrane, K.C.; Goldsmith, J.A.; Housh, T.J.; Johnson, G.O.; Schmidt, R.J.;
Cramer, ].T. Reliability and Relationships among Handgrip Strength, Leg Extensor Strength and Power, and Balance in Older
Men. Exp. Gerontol. 2014, 58, 47-50. [CrossRef]

Bohanon, R.W. Are Hand-Grip and Knee Extension Strength Reflective of a Common Construct? Percept. Mot. Skills 2012, 114,
514-518. [CrossRef] [PubMed]

Bohannon, R.W.; Magasi, S.R.; Bubela, D.J.; Wang, Y.C.; Gershon, R.C. Grip and Knee Extension Muscle Strength Reflect a
Common Construct among Adults. Muscle Nerve 2012, 46, 555-558. [CrossRef] [PubMed]

Yeung, S.5.Y.; Reijnierse, E.M.; Trappenburg, M.C.; Blauw, G.J.; Meskers, C.G.M.; Maier, A.B. Knee Extension Strength Measure-
ments Should Be Considered as Part of the Comprehensive Geriatric Assessment. BMC Geriatr. 2018, 18, 130. [CrossRef]

Chan, O.Y.A,; van Houwelingen, A.H.; Gussekloo, J.; Blom, ].W.; den Elzen, W.P.J. Comparison of Quadriceps Strength and
Handgrip Strength in Their Association with Health Outcomes in Older Adults in Primary Care. Age 2014, 36, 9714. [CrossRef]
[PubMed]

Samuel, D.; Wilson, K.; Martin, H.J.; Allen, R.; Sayer, A.A.; Stokes, M. Age-Associated Changes in Hand Grip and Quadriceps
Muscle Strength Ratios in Healthy Adults. Aging-Clin. Exp. Res. 2012, 24, 245-250. [CrossRef]

Du, W,; Cornett, KM.D.; Donlevy, G.A.; Burns, J.; McKay, M.]. Variability between Different Hand-Held Dynamometers for
Measuring Muscle Strength. Sensors 2024, 24, 1861. [CrossRef]

Pino-Ortega, J.; Carvajal-Espinoza, R.; Becerra-Patifio, B.A. Evaluation of Hand Muscle Strength Using Manual Dynamometry: A
Reliability and Validity Study of the Activ5 Instrument. Appl. Sci. 2024, 14, 8775. [CrossRef]

Savas, S.; Kilavuz, A.; Kayhan Kocak, F.O.; Cavdar, S. Comparison of Grip Strength Measurements by Widely Used Three
Dynamometers in Outpatients Aged 60 Years and Over. |. Clin. Med. 2023, 12, 4260. [CrossRef] [PubMed]

Zadon, H.; Michnik, R.; Nowakowska-Lipiec, K. Assessment of Musculoskeletal Loads among Office Workers Due to Predicted
BMI Increase. Appl. Sci. 2024, 14, 8928. [CrossRef]

Sousa-Santos, A.R.; Amaral, T.F. Differences in Handgrip Strength Protocols to Identify Sarcopenia and Frailty—A Systematic
Review. BMC Geriatr. 2017, 17, 238. [CrossRef] [PubMed]

Vaishya, R.; Misra, A.; Vaish, A.; Ursino, N.; D’Ambrosi, R. Hand Grip Strength as a Proposed New Vital Sign of Health: A
Narrative Review of Evidences. J. Health Popul. Nutr. 2024, 43, 7. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.measurement.2021.109093
https://doi.org/10.46292/sci20-00027
https://www.ncbi.nlm.nih.gov/pubmed/34456546
https://doi.org/10.1016/j.archger.2019.03.005
https://www.ncbi.nlm.nih.gov/pubmed/30889410
https://doi.org/10.1016/j.archger.2011.03.009
https://www.ncbi.nlm.nih.gov/pubmed/21481952
https://doi.org/10.1007/s00431-009-1010-4
https://doi.org/10.1590/1516-3180.2020.0182.r1.30102020
https://doi.org/10.1371/journal.pone.0198185
https://doi.org/10.1016/j.exger.2014.07.007
https://doi.org/10.2466/03.26.PMS.114.2.514-518
https://www.ncbi.nlm.nih.gov/pubmed/22755456
https://doi.org/10.1002/mus.23350
https://www.ncbi.nlm.nih.gov/pubmed/22987697
https://doi.org/10.1186/s12877-018-0815-2
https://doi.org/10.1007/s11357-014-9714-4
https://www.ncbi.nlm.nih.gov/pubmed/25280549
https://doi.org/10.1007/BF03325252
https://doi.org/10.3390/s24061861
https://doi.org/10.3390/app14198775
https://doi.org/10.3390/jcm12134260
https://www.ncbi.nlm.nih.gov/pubmed/37445293
https://doi.org/10.3390/app14198928
https://doi.org/10.1186/s12877-017-0625-y
https://www.ncbi.nlm.nih.gov/pubmed/29037155
https://doi.org/10.1186/s41043-024-00500-y
https://www.ncbi.nlm.nih.gov/pubmed/38195493

	Introduction 
	Materials and Methods 
	Elegibility Criteria 
	Quality Assessment 

	Results 
	Dependence Between Hand Grip Strength and the Values of the Moments of Muscle Forces in Upper Limbs 
	Dependence Between Hand Grip Strength and the Values of Moments of Muscle Forces in the Trunk and Lower Limbs 
	Dependence Between Hand Grip Strength and the Values of Muscle Force Moments in the Knee Joint in Isokinetic and Isometric Conditions 
	Tests in Isokinetic Conditions 
	Tests in Isometric Conditions 


	Discussion 
	Limitations and Directions of Further Research 
	Clinical Suggestions and Practical Applications 

	Conclusions 
	References

