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Abstract

Background: Grip strength is often used as a proxy for systemic muscle strength due to its ease of measure-
ment, but varying errors may occur due to measurement factors. Standing long jump and vertical jump are
components of physical fitness, considered to reflect lower extremity muscle power. This systematic review
aimed to evaluate the suitability of grip strength as a measure of muscle strength and its relationship to stand-
ing long jump and vertical jump performance following muscle-strengthening exercises.

Methods: Articles were selected using the PICOSD framework through a search of PubMed, Web of Science,
and ScienceDirect up to Dec 6, 2024, including studies involving young, healthy adults, muscle strength im-
provement, and key terms such as grip strength, standing long jump, vertical jump, and resistance or plyome-
tric training. Thirteen studies were included, comprising 496 participants. Effect sizes for grip strength, stand-
ing long jump, and vertical jump were calculated, with internal validity confirmed via publication bias and quali-
tative assessment.

Results: Meta-analysis of 13 articles with 32 data points revealed a significant improvement in grip strength
after muscle-strengthening programs (I>=60%, P<.01), with an effect size (ES) of -1.36 (95% CI: -2.11, -0.62).
However, standing long jump and vertical jump showed no significant differences post-training (long jump:
I?=0%, P<.65; vertical jump: [’=4%, P<.41), with small effect sizes (long jump, ES: -0.28 [95% CI: -0.51, -
0.05]; vertical jump, ES: -0.35 [95% CI: -0.52, -0.19]).

Conclusion: Grip strength is a more reliable indicator of muscle strength than standing long jump and vertical
jump, which mainly assess muscle strength rather than muscle strength.
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Introduction

Muscle strength refers to the ability of a muscle for sport-specific performance and is closely
or muscle group to voluntarily exert maximum linked to the level of maximum force exerted (2).
force against an external load (1). It is essential Several training methods, including traditional
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resistance training, plyometrics, sprinting, and
sport-specific combined training, have proven
effective in improving muscle strength (3). Multi-
joint exercises are more effective than single-joint
exercises, and free-weight exercises are superior
to machine-based exercises like the Smith ma-
chine for enhancing sports performance and
functional movements (2). Strengthening both
upper and lower extremities improve sports per-
formance by enhancing force transmission to the
ground, as seen in sprinting and vertical jumping
(4). Conversely, a decline in muscle strength can
impair coordinated movement, decrease joint
stability, and increase the risk of falls and reduced
athletic performance (5).

Muscle strength assessment is commonly inte-
grated into physical fitness evaluations, alongside
cardiorespiratory endurance, agility, muscular en-
durance, flexibility, and balance. Grip strength,
easily measured using a dynamometer, has be-
come a widely accepted indicator of muscle
strength in both fitness and medical contexts (6).
Grip strength reflects the ability to hold or grip
objects, which is crucial for daily tasks and sports
requiring gripping or handling rackets (7). Alt-
hough grip strength is primarily associated with
forearm muscles, previous studies demonstrate
significant correlations between grip strength and
lower extremity strength. For instance,
Bohannon, Magasi (8) reported strong correla-
tions between grip strength and knee extension
torque, with coefficients of .782 and .805 for the
left and right legs, respectively. Grip strength
could serve as a proxy for systemic muscle
strength.

Grip strength assessments are used globally, par-
ticularly in Europe and Asia, not only for fitness
evaluations but also in clinical diagnoses and
monitoring recovery, especially for aging popula-
tions and disease conditions (9). Individuals with
diseases like Parkinson’s, theumatoid arthritis, ot
chronic fatigue syndrome often show significant-
ly reduced grip strength compared to healthy in-
dividuals (10). In addition, recent research indi-
cates a global association between reduced hand-
grip strength and depression, particularly in un-
derserved regions. Timely grip strength assess-
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ments may serve as a screening tool to identify
depression risk in middle- and older-aged adults
(11).

Despite its practical advantages, grip strength
measurements are influenced by several factors,
including posture, grip size, and body tilt during
testing. Different postures during measurement
can yield varying correlations with muscle groups
such as shoulder abductors and elbow flexors
(12). This variability highlights that grip strength
provides only an indirect estimate of overall mus-
cle strength, and it may misrepresent systemic
strength under certain testing conditions. There-
fore, alternative assessment methods should be
considered.

Thus, grip strength is an indirect estimate of sys-
temic muscle strength based on forearm muscle
strength, and posture during grip strength testing
may lead to significant variability in results. At
the same time, a person could be perceived as
having low muscle strength due to the grip posi-
tion despite having high muscle strength. In addi-
tion, factors such as grip size and body tilt during
measurement introduce additional variables. De-
spite numerous studies demonstrating a strong
correlation between grip strength and overall
muscle strength, the reliability of measured items
may be uncertain. Thus, a different approach to
measuring muscle strength is warranted.
Improvements in muscle strength are positively
associated with muscular power, especially in the
lower body. Performance tests such as the stand-
ing long jump and vertical jump are widely rec-
ognized as reliable and valid assessments of lower
limb explosive strength (13, 14). These tests re-
quire participants to exert maximal force from a
stationary position, making them direct indicators
of neuromuscular power and coordination with-
out the influence of external momentum (15).
Compared to grip strength, which reflects local-
ized forearm strength and can be affected by pos-
tural factors, the standing long jump and vertical
jump offer more functionally relevant insights
into total-body muscular performance.

Therefore, this review aimed to explore whether
standing long jump and vertical jump could effec-
tively replace or supplement grip strength in as-
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sessing systemic muscle strength, based on find-
ings from studies on muscle-strengthening pro-
grams.

Methods

Search Strategy

This meta-analysis study was conducted accord-
ing to the reporting guidelines proposed by the
Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) group (16).

Inclusion and exclusion criteria

Articles were selected using the PICOSD frame-
work through a search of PubMed, Web of Sci-
ence, and ScienceDirect up to Dec 6, 2024. Key-
words included “grip strength,” “standing long
jump,” “vertical jump,” “resistance training,”
“plyometric training,” and “training.” Inclusion
criteria were: 1) young, healthy adults; 2) regular
physical activity or exercise interventions; 3) stud-
ies targeting muscle strength improvement; and
4) outcomes on grip strength, standing long
jump, or vertical jump. Duplicate data (e.g.,
plyometric vs. resistance training groups) were
treated separately. Exclusion criteria were: 1)
studies on the elderly; 2) reviews, meta-analyses,
case studies; 3) interventions under four weeks;
4) animal studies; and 5) studies lacking mean and
standard deviation data.

Data extraction

Initially, the corresponding author screened all
article titles retrieved using the keywords. Two
co-authors (JY] and SJH) independently screened
the titles and abstracts based on exclusion crite-
ria, with any disagreements resolved through
consultation with the corresponding author. Data
extracted by KSM and MJH were cross-checked,
and discrepancies were resolved by consensus to
ensure accuracy.

Quality assessment of selected studies

Two reviewers used a modified Downs and Black
Quality Index to assess articles on standing long
jump and vertical jump performance after mus-
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cle-strengthening programs (17). The assessment
form included 20 items covering reporting (nine
items), internal validity (two items), external va-
lidity (four items), and selection bias (five items),
with each item scored 0 or 1. Studies were cate-
gorized into three quality levels: high quality
(HQ, =270%), moderate quality (MQ, 40%—69%),
and low quality (LQ, <40%) (18). Disagreements
were resolved by consulting the third reviewer
(corresponding author).

Data analysis

A single researcher extracted data on sample size,
participant characteristics, assessment methods,
and outcomes, categorizing them into standing
long jump and vertical jump records before and
after muscle-strengthening programs. A meta-
analysis using a random effects model was per-
formed with R software (version 3.5; R Core
Team, Vienna, Austria). Standardized mean dif-
ference, effect size, and 95% confidence intervals
(CI) were calculated (P<.05), with effect sizes
classified as small (<0.5), moderate (0.5-0.8), or
large (>0.8) (19). Heterogeneity was assessed
(low: 0%—25%, moderate: 25%—75%, high: 75%—
100%) (19), and publication bias was evaluated
using Egger’s regression test and a funnel plot

(20).
Results

Search Results

Opverall, 2,108 articles were identified through the
literature search, of which 448 duplicate articles
and 502 articles unrelated to the topic based on
title and abstract review were excluded. In addi-
tion, 30 articles unrelated to training, 15 articles
on other types of training, 25 articles with differ-
ences in the age range of participants, 13 articles
with discrepancies in participants' characteristics,
and five meta-analysis studies were excluded.
Overall, 17 articles met the inclusion ctiteria, with
four on grip strength, four on long jump, and
nine on vertical jump. Two articles covered both
long jump and vertical jump, and one covered
both grip strength and vertical jump. This result-
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ed in 13 articles included in the meta-analysis.
Data points included 4 from one article measur-
ing grip strength in both hands, 2 from one arti-
cle on grip strength, 2 from one article on long
jump with two training methods, 6 from two arti-
cles on long jump with three methods, and 16

from five articles on vertical jump with two
methods, plus additional points from other arti-
cles. In total, 33 data points from 13 articles were
used for the meta-analysis. The article selection
process is shown in the PRISMA flow chart (Fig.

1.

[ Identification of new studies via databases and registers ]

Records identified through

database searching (n = 2108)
ScienceDirect (n = 1193)
Web of science (n = 864)
PubMed Medline (n = 51)

Identification

Records removed before
screening:

[

Records screened by titles and
abstract
(n = 1660)

Duplicate records removed
(n = 448)

Records excluded by titles and

A4

Records screened by full-text
(n=122)

Screening

abstracts
(n=1538)

Reports excluded (n = 105):

v

) |

Manuscripts finally included in
analysis
Grip strength (n = 4)
Long jump (n = 4)
Vertical jump (n = 9)

Included

\ 4

Total studies included in review
Grip strength data (n = 8)
Long jump data (n=7)
Vertical jump data (n = 18)

~—

v

No training (n = 30)
No training type (n = 15)
No healthy adult (n = 13)
No elderty (n = 42)

Multiple types in articles
(ex: plyo and resist, left and
right hand)

Fig. 1: PRISMA flow diagram of the article search and screening for data extraction

The general characteristics of the 13 articles are
summarized in Tables 1-3. Four studies were
published on or before 2010, seven between 2011
and 2020, and two in or after 2021. Participants’
mean age, weight, and height were 21.46£2.62 yr,
72.47%6.47 kg, and 174.5314.63 cm, respectively.
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All studies used a pretest-posttest design, includ-
ing 18 resistance, six plyometric, and seven com-
bined exercises. The data quantity was sufficient
for meaningful analysis based on similar system-
atic reviews (21), ensuring robust and reliable
findings.
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Table 1: Study characteristics and reported findings for grip strength articles

Sample Information Training Protocol/*intensity
Group/m  Age(years)/M
ale-female  ass(kg)/heigh
t(cm)
Tor- Vibration 23.2+4.4/71.6 1) Light squatting 1) First 2 wk: 2 min, frequency 25Hz (first | 3-5 times
vinen group/9m | 13.3/1744%8 | 2 Standing in the erect position minute), 30Hz(the second minute) a week
;)02,&1. 17t 0 3) Standing in a relaxed position 2) Next 1.5 months: 3 min, frequency /16 wk
with slightly flexed knees 25Hz/60 s + 30Hz/60 sec +
(22) o 35Hz/60 sec
4) Light jumping
%) Altisrrifiag dhe sy wrcighi 3) Last 2 months: 4 min, frequency
& Ve 25Hz2/60's + 30Hz/60 s + 35Hz/60s
from one leg to another
. + 40/60s
6) Standing on the heels
Alva- 1) Treat- 1) Treatment 1) Treatment group 1) Maximal strength training (3 setsX5 5 times a
rez et ment group * Maximal strength training; teps) week
al,, group/5m- | . 23 .9+6.7/70. Explosive strength training; * Horizontal bench press, seated row /6 wk
2012 2) Control 76+7.7/172. Golf-specific strength train- machine, barbell squat, seated barbell
(23) group/5m 1£+4.0 ing military press, seated calf extension,
2) Control 2) Control group triceps cable push-down
group - Golf drives, half-round, core *85 % of 1-RM
+ 24.2+5.4/68. stability, iron, wood §hots, 2) Combined exercise (3 setsX6 reps)
094—_9%"_‘7;/ 371' general strength training * Horizontal bench press+plyometric
- push-ups, seated row ma-
chine+explosive pull-downs, barbell
squat+vertical jumps over hurdles
(45cm), seated batbell military
press+plyometric push-ups
*70% of 1-RM
3) Golf-specific strength training (3
setsX10 reps)
+ Golf drives with weighted clubs, ac-
celerated drives with acceleration tub-
ing
Qued- Expeti- 20.2£1.3/NR/ 1) Kettlebell exercise 1) Kettlebell exercise (4 setsX15 s) 3da
ZOW B mental 170.4+11.39 - Regular swing, swing with * 25% of body weight week
. ou| : i
2015 group goblet SqEL: shovf:l, 1 2) Battle ropes exercises (4 setsX15 s) /7 wk
/4m 9f armed alternating swing, ket- %2504 of b
(24) debell burpees 25% of body weight
2) Battle ropes exercises
+ Alternating waves, jumping
jacks, parallel waves, rota-
tional slam, jump slam
Pra- 11m 22.522.8/NR/ | Chest press, pull down, buttetfly, * 2-5 sets, 1-Greps 3 times a
setyo NR rowing, leg extension, leg curl, * 90—100% of 1-RM week
et al, seated leg press, leg lying curl, /8 wk
2017 arm cutl, triceps pushdown, low
(25) pulley curl, triceps extension,
lower back, high pulley crunches,
deadlifts
2302 Available at:  http://ijph.tums.ac.ir




Moon et al.: The Assessment of Muscle Strength for Standing Long Jump and Vertical ...

Sample

Group/m

ale-female

Information

Age(years)/M

ass
(kg)/height
(cm)

Training

Table 2: Study characteristics and reported findings for long jump articles

Protocol/*intensity

White 1) Re- 21.3%1.8/80.0 1) Resistance group 1) Resistance group 2 times
head1 smtan;:(e) +2.6/ 1:7.3i9. = Skips, back, high knee, side - Skips: 2 repsX20 times per week
;E) 18a ir)o;lp/ m sh(;l;l, l;araol;e, lungz, b}?ck— * Front hops, side hops: 2 /8 wk
yome- pedal, front hops, side hops, %60 ti
(20) tric dot drills D dri(]tlps460 um;(s) .
. 2 X
group/30m 2) Plyometric group ot drills: & reps fmes
. + Others: 1repsX20 times
* Squat, leg press, extension, leg 00 .
curl, lunges, calf raises 709% (W 1-3), 75%(Wk 4—
6), 80%(Wk 7-8) of 1-RM
2) Plyomettic group
+ Week 1-3: 3 setsX20 reps
© Wk 4-6: 3 setsX10 reps
© Week 7-8: 3 setsX8 reps
Dodd 1) Com- University 1) Complex group 1) Heavy resistance: 4 setsX6 3 times
et al | plexgroup | baseball play- + Complex - rest - heavy re- reps per week
2007 2) Heavy ers/NR/NR sistance- rest - high velocity - - Squat, lunge, split squat ex- | /15 wk
@7 resistance rest ercises
group 2) Heavy resistance group *80-100% of 1-RM
3) .Plyome— : Heavy resistance - rest - high 2) High velocity: 4 setsX6 teps
tric group velocity - rest - complex - rest + Box jumps, depth jumps,
3) Plyometric group split squat jump
* High velocity - rest - complex *10-30% of 1-RM
- test - heavy resistance - rest 3) Complex: 2 setsX6 reps
* Heavy resistance+high ve-
locity
Kibel 28m/12f 1) Male * Olympic squats, vertical All exercises: 5 sets X 12 reps 2 times
cetal - 23.0+2.4/7 jumps, 3 uppet- body exercis- * Olympic squats: 75% of 1- | Pet week
2009 7.5+8.1/18 es (pulldowns, butterfly, and RM /7 wk
@8) 2.1%6.2 el fiesias); Jag it * 3 uppet-body exercises:
2) Female 70% of 1-RM
- 22.0£1.8/6 * Leg press: 70% of 1-RM
0.7+5.8/16
7.9£6.9
Chen 15m 19.1+£0.7/74.3 - Double-leg jump, single-leg Duration: each 1 min 3 times
et al +16.0/178.1+3 jump, side-to-side and front- per week
2022 9 to-back jumps, alternating leg /8 wk
(29) jump rope
Available at:  http://ijph.tums.ac.ir 2303
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et al
2002
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et al
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)

Khaza

€1

2023
(30)
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et

Sample

Group/

male-
female

Re-
sistance
group
Plyome-
tric
group/3

Om

Complex
group
Heavy

re-
sistance
group

Plyome-

tric

group

Vibra-
tion
group
/9m 17f

Training
group
/17m
17f

Func-
tional
exercise
group/9f
Re-
sistance
exercises

group/8f
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Table 3: Study characteristics and reported findings for vertical jump articles

Information
Age(years)/M
ass
(kg)/height
(cm)
21.3+1.8/80.0
12.6

/177.319.4

University
baseball play-
ers/NR/NR

23.2+4.4/71.6
+13.3/174.4£8
.0

22.8%£3.0/75.9
+14.7/173.319
9

21.7£3.0/NR/
167.2%6.1

Training

Protocol

1) Resistance group: back, high 1) Resistance group: Skips: 2 2
knee, side slide, karaoke, lunge, repsX20 times / Front hops, side times
backpedal, front h?pS, side hops, hops: 2 repsX60 times / Dot drills: pet
dot drills 4 repsX30 times / Others: 1 week
2) Plyomettic group: squat, leg repX20 times /8 wk
press, extension, leg cutl, lunges, * 70%(Wk 1-3), 75%(Wk 4—6)
et iiges 80%(Wk 7-8) of 1-RM
2) Plyomettic group: Week 1-3: 3
setsX20 reps / Wk 4-6: 3 setsX 10
reps/Week 7-8: 3 setsX8 reps
1) Complex group: complex-rest- | 1) Heavy resistance: 4 setsX6 teps / 3
heavy resistance-rest-high velocity- Squat, lunge, split squat exercises times
rest * 80-100% of 1-RM per
2) Heavy resistance group: heavy 2) High velocity: 4 setsX6 teps / week
resistance-rest-high velocity-rest- Bosx jumps, depth jumps, split squat /15
complex-rest ’ fumps ’ wk
3) Plyometric group: high velocity- *10-30% of 1-RM
rest-complex-rest-heavy resistance-
rest 3) Complex: 2 sets.X6 reps / Heavy
resistance+high velocity
Light squatting, standing in the 1) First two weeks: 2 min, frequen- 3-5
erect position, stan, in a relaxe Cc z(first minute), z(secon times
posit ding i laxed | cy 25Hz(fi i 30H d d
position with slightly flexed knees, minute) a
light jumping, alternating the body  2) Next 1.5months: 3 min, frequen- ~ Week
weight from one leg to another, cy /16
standing on the heels 25Hz/60s+30Hz/60s+35Hz/60s  wk
3) Last 2months: 4 min, frequency
25Hz/60s+30Hz/60s+35Hz/60s
+ 40/60s
Barbell deadlift training 5 setsX5 reps * weight to perform 5 2
sets of 5 times times
* add 0.45-2.2 kg if possible 5 reps per
per set week
* Remove 0.45-2.2 kg if not possi- /10w
ble 5 reps per set k
1) Functional exercise group: + First week: * Fifth week: 3 3
Burpees, barbell squats+standing 3 setsX 14 setsX12 reps | times
calf raise, alternate push up on a reps . Sixth week: 4 pet
‘ medicine ball, s.natch, cl.e;.m and - Second setsX6 teps week
jetk, lunge+holding medicine ball, week: 3 /8 wk
kettlebell single-leg deadlift setsX 12 ’ Sevelzlt?
2) Resistance exercises group: Smith reps wees
setsX6 reps
squat, barbell chest press, leg exten- - Third week: )
sion, lat pull-down, lying leg cutl, ’ * Eighth weck:
Available at:  http://ijph.tums.ac.ir




Keert
hi et
al.201
6 (31)

Alva-
rez et

2012
23)

Grif-
fiths
et al
2019
(32)

Available at:

Experi-
mental
group/1
6f
Plyome-
tric
group/1
9f

Treat-
ment
gtoup
/5m
Control

group/5

m

Tradi-
tional
training
/15m
Explo-
sive
training
/15m

1) Experi-
mental group
21.0£2.0/63.9
+4.6/174.5%5.
4
2) Plyometric
group
19.9%4.7/66.8
+15.1/175.0%7
a

1) Treatment
group
23.9%6.7/70.8
+7.7/172.1+4.
0
2) Control
group
24.2+5.4/68.1
+8.3/171.917.
0

1) Traditional
training
21.0£1.0/77.4
+1.7/178.7%1.
3
2) Explosive
training
23.0£1.0/76.1
+2.1/175.3%1.
3

Table 3: Continued...

machine shoulder press, cable lat-
eral raise

1) Experimental group: Special
training program
2) Plyometric group: Benches,
depth and lay-up jumps

1) Treatment group
Maximal strength training: Golf
drives, core stability, maximal
strength program, general strength
training,

Explosive strength training: Golf
drives, combined weights and
plyometrics program, general
strength training

Golf-specific strength training: Golf
drives, half-round, core stability
training, Golf-specific strength ex-
ercises, wood shots, general
strength training

2) Control group

Golf drives, half-round, cote stabil-
ity, iron wood shots, general
strength training

Smith machine squats, knee exten-
sion, knee flexion, hip extension,
hip flexion, heel raises, chest press,
and pull-down in that order.

1) Traditional training: 2s eccentric
and 2s concenttric repetition dura-
tion
2) Explosive training: Maximal in-
tended velocity for both concentric
and eccentric phases

http://ijph.tums.ac.ir
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5 setsX6
reps

4 setsX10
reps
* Fourth
week: 4
setsX10
reps

10 setsX11 reps

1) Maximal strength training(3
setsX5 reps): Horizontal bench
press, seated row machine, barbell
squat, seated barbell military press,
seated calf extension, triceps cable
push-down * 85% of 1-RM

2) Combined exercise(3 setsX6
reps): Horizontal bench
press+plyometric push-ups, seated
row machine+explosive pull-
downs, barbell squat+vertical jumps
over hurdles(45cm), seated barbell
military press+plyometric push-ups
*70% of 1-RM
3) Golf-specific strength training(3
setsX 10 reps): Golf drives with
weighted clubs, accelerated drives
with acceleration tubing

3sets
*80% of 1-RM

times

per

week
/8 wk

times

week
/6 wk

times
per

week
/6 wk
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tzi, et
al. group/9
2010 m

(33)

Weight-
lifting

Plyom-
etrics
group/9
m

Com-
bined
group/9

m

The quality assessment results are presented in
Table 4. The mean qualitative score of the in-
cluded studies was 15.07 points (75.36%), with 11
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20.31£2.0/85.2

1+6.8/184.818.

3

Table 3: Continued...

1) Weightlifting group: snatch from
a squat position, high-pull, power
clean, half-squat, clean and jerk
2) Plyometric group: double-leg
hurdle hops, alternate single-leg
hutrdle hops, double-leg hops, half-
squats
3) Combined group: Snatch from a
squat position, high-pull, power
clean, half-squat, clean and jerk, and
4 PL drills: double-leg hurdle hops,
alternate single-leg hurdle hops,
double-leg hops, half-squats

33).

1) Weightlifting group

+ First 2 wk: 4 setsX4 reps * 75

% of 1-RM

© Week 3, 4: 4 setsX6 reps * 80%

of 1-RM

- Last 4 wk: 4 setsX4 reps * 80—

90 % of 1-RM
2) Plyometrics group
- First 2 wk: 4 setsX6 reps
© Week 3, 4: 6 setsX6 reps

* Last 4 wk: performance speed

has increased

3) Combined group

* First 2 wk: 4 setsX6 reps/4

setsX6 reps

© Week 3, 4: 4 setsX6 reps/6

setsX6 reps

* Last 4 wk: 4 setsX4
reps/intensity increased

Table 4: Quality assessment of the included studies
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16 wk (four resistance and one combined pro-
gram). One study used data from two groups,
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while two assessed grips strengths in both hands.
These studies involved 60 participants (mean age:
22.8 yr), with group sizes ranging from <10 to
21-31 participants. Seven of eight studies report-

ed increased hand strength. The data showed
high heterogeneity (I>=60%, P<.01), and the ef-
fect size was statistically significant at -1.36 (95%
CIL: -2.11, -0.62) (Fig. 2).

Experimental Control Standardised Mean Weight  Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Torvinen et al., 2002 26 3080 7.7000 26 3050 7.9000 iR 4 007 [048; 061) 301%  144%
Avarez etal, 2012_A_left 53878 85700 5 4420 75700 —& 176 [-2.73;-0.80] 95%  124%
Avarezetal, 2012_A gt 5 4212 54900 5 4398 6.1400 - 097 [-183,-012) 1222%  130%
Anarezetal, 2012_B_left 54536 90400 5 4814 75800 —ti— 1.00 [-1.86;.0.15) 121%  130%
Anarezetal,2012_B right 5 4592 88000 5 4844 63100 1 079 [-163, 0.04)] 127%  131%
Quednow et al, 2015 13 3950 106300 13 4208 11.4500 - -120 (-2.05;-0.35) 124% 13.0%
Prasetyo et al, 2017_nght 11 2989 39000 11 4227 36700 —— ! 397 [550;.243) 38% 94%
Prasetyo et al, 2017 _left 11 3607 51200 11 3992 50200 ] 227 |-338;-1.15) 72% 116%
Common effect model 96 96 > -0.95 [-1.25; -0.65]  100.0% -
Random effects model < .36 [-2.41; -0.62) 100.0%
Heterogeneity. I = 60%, t° = 0.3847, p < 0.01 T 1 T

-4

2 0 2 4

Fig. 2: Comparison outcome of grip strength by the strength training

Standing long jump
Seven data points from four studies assessing
standing  long  jump  through  muscle-

strengthening programs were included. The pro-
grams comprised resistance (n=4), plyometric
(n=2), and combined (n=1) training, lasting 7
(n=1), 15 (n=1), and 8 (n=2) wk, respectively.

Experimental Control
Study Total Mean SD Total Mean sD
Whitehead, etal ,2018_A 10 190 04000 10 210 0.4000
Whitehead, etal ,2018_8 10 21004000 10 230 0.4000
Dodd, et al, 2007_A 32 25001800 32 254 0.1700
Dodd, et al, 2007_B 31 25402000 31 256 0.1900
Dodd, etal, 2007_C 28 25401900 28 257 0.1600
Kibele, et al , 2009 20 22402800 20 228 02800
Chen, etal, 2022 15 23401800 15 251 01700
Common effect model 146 146
Random effects model
Heterogeneity I° = 0%, t“=0,p =065

One study included two groups and another
three groups, totaling 146 participants (mean age:
21.4 yr). One of the seven studies reported im-
proved standing long jump performance. No sig-
nificant heterogeneity was found (I’=0%, P=.65),
with an effect size of -0.28 (95% CI: -0.51, -0.05)
(Fig. 3).

Standardised Mean Weight  Weight

Difference SMD 95%-C| (common) (random)

— 048 [-1.37; 0.41] 6.7% 6.7%

— 048 [-1.37, 0.41) 6.7% 6.7%

——t— 023 [0.72, 0.27] 22% 222%

=t -0.10 [-0.60; 0.40] 216% 216%

— -0.17 [-069; 0.36) 195% 19.5%

014 [0.76; 0.48) 139% 139%

- -094 [-1.70;-0.18) 9.3% 93%

<> -0.28 [-0.51;-0.05]  100.0% -

- T<> ey 028 [-0.51;-0.05) - 100.0%
15 -1 050 05 1 15

Fig. 3: Comparison outcome of long jump by the strength training

Vertical jump

Eighteen data points from nine studies assessing
vertical jump through muscle-strengthening pro-
grams were included. The programs involved re-
sistance (n=10), plyometric (n=4), and combined
(n=5) training, lasting 6—16 wk. Five studies in-
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cluded two groups and two studies three groups,
totaling 290 participants (mean age: 21.21 yr).
Two of 18 studies reported improved vertical
jump performance. No significant heterogeneity
was found (I?=4%, P=.41), with an effect size of
-0.35 (95% CI: -0.52, -0.19) (Fig. 4).
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-C| (common) (random)
Whitehead, et al, 2018_A 10 4100 114000 10 47.70 128000 053 142, 037] 34% 34%
Whitehead, et al, 2018_B 10 5850 7.0000 10 61.80 6.7000 : 046 [-1.35; 0.43) 35% 35%
Dodd, & Awar, 2007_A 28 6654 72600 28 6781 69200 - 0.18 [.0.70, 0.35) 100% 100%
Dodd, & Aar, 2007_B 316599 82400 31 6623 80400 N 003 [-053, 047] 111% 11.1%
Dodd, & Awar, 2007_C 326556 80100 32 6621 79500 . B 008 [057; 041) 115% 115%
Torvinen, et al, 2002 26 2770 79000 26 3020 76000 ~- 032 [-0.86, 0.23) 9.2% 92%
Thompson, et al, 2015 34 4600 113000 34 49.40 113000 = 030 [0.78; 0.18) 121% 121%
Khazael, et al, 2023_A 9 4169 59700 9 4505 57100 —afr- 055 [-1.49; 040) 31% 31%
Khazaei, etal, 2023_B 8 3850 4.1500 8 4287 44200 Vg P | 096 [202, 0.09) 25% 25%
Keerthi Kumar, etal , 2016_A 16 3560 50600 16 4220 54100 ) -123 [-1.99,-046) 47% 47%
Keerthi Kumar, etal, 2016_B 19 3389 45900 19 3357 51200 HE— 008 [057, 0.70) 6.8% 6.8%
Griffiths, etal, 2019_A 153890 25000 15 3960 25000 il 027 [-0.99, 045) 53% 5.3%
Gniffiths, etal, 2019_B 15 3880 30000 15 40.00 3.0000 —a- 039 [-1.11, 0.33) 5.3% 5.3%
Arabatz), etal, 2010_A 9 3460 75000 9 3980 68000 - 1 E 069 [-165 027 30% 30%
Arabatz, etal, 2010_B 9 3150 6.3000 9 3610 6.4000 — 069 [1.65, 0.27) 3.0% 3.0%
Arabatz), etal, 2010_C 9 3440 83000 9 3960 86000 —ar - 059 [-1.53; 0.36) 31% 31%
Avarez etal, 2012_A 53002 28600 5 3266 26000 —id 087 [-2.20; 0.46) 16% 16%
Avarez etal, 2012_8B 53340 14700 53628 08800 —+—1 215 [3886,.043) 0.9% 09%
Common effect model 290 290 4 <0.35 [-0.52;-0.19) 100.0% -
Random effects model ° -0.35 [-0.52; -0.19) - 100.0%
Heterogenety: /2 = 4%, <% < 0.0001, p = 0.41 ' '

= L L R B S

Fig. 4: Comparison outcome of vertical jump by the strength training

Risk of bias

Funnel plots showed an even distribution among
studies, suggesting minimal publication bias. Eg-
ger’s regression test, conducted for vertical jump

studies (210 results), revealed no bias (P=.27).
Tests were not performed for grip strength and
long jump due to insufficient data points (Fig. 5).
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Fig. 5: Funnel plots for publication bias

Discussion

This review aimed to determine whether grip
strength is suitable for assessing muscle strength,
based on previous studies evaluating standing
long jump and vertical jump performance after
muscle-strengthening programs. Among the 13
articles included in the meta-analysis, four studies
were published on or before 2010, seven between
2011 and 2020, and two after 2021. Muscle-
strengthening programs included resistance train-
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ing (n=18), plyometric training (n=6), and com-
bined training (n=7).

Among grip strength studies, resistance training
programs (n=4) were most common, with one
study on alternative resistance-related training. A
meta-analysis was conducted using eight data
points. Grip strength is widely considered a
marker of physical muscle strength (5, 8). Since
muscle strength refers to the ability to lift maxi-
mal loads, exercise programs targeting strength
can significantly enhance athletic performance
(25). Many studies in the meta-analysis reported
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improved grip strength following training. Prior
research indicated that long-term lower extremity
muscle-strengthening programs could maintain
or improve grip strength (5), with notable im-
provements seen after high-intensity training,
particularly in the dominant hand. Moreover,
short sessions about 20 min, three times a week
can effectively enhance grip strength (24). Per-
sonalized programs based on fitness assessments
are also important (10). In the included studies,
participants consistently trained three times per
week for at least four weeks, suggesting that con-
sistent lower extremity strengthening can mean-
ingfully improve grip strength (5, 6).

For the standing long jump, the meta-analysis
included four data points from resistance pro-
grams, two from plyometric programs, and one
from another resistance-related program. For the
vertical jump, there were 10 from resistance, four
from plyometric, and five from combined or oth-
er programs. The effect size for the standing long
jump was low (-0.28) and for the vertical jump
was -0.35. No significant changes were observed
in seven of eight data points for the standing long
jump and 17 of 18 for the vertical jump. This
may be due to the exercise programs' limited sets,
repetitions, and speeds. Resistance exercises im-
prove muscle functions such as strength, power,
endurance, and growth, depending on load, repe-
titions, exercise type, rest periods, and number of
sets (25). Effective resistance training typically
involves 1-5 repetitions at 75%—-90% of 1RM for
power, six repetitions at =85% of 1RM for
strength, 6—12 repetitions at 67—85% of 1RM for
hypertrophy, and 12+ repetitions at <67% of
1RM for endurance (34). However, some studies
targeting standing long jump used 12 repetitions
or continuous 1-minute exercises, indicating en-
durance rather than strength focus. Vertical jump
studies often used light weights (10%—30%) or
moderate repetitions (10—12 reps), which may
not have effectively developed strength or power.
Consequently, muscle endurance, not strength or
power, was likely emphasized (5). Exercise speed
also plays a crucial role in muscle function devel-
opment, but most articles did not regulate speed;
only Dodd and Alvar (27) incorporated high-
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speed exercises with light weights. Without con-
trolled speed despite low repetitions, no signifi-
cant improvements were observed in jump per-
formance. Thus, adjusting both load and speed is
critical for improving standing long jump and
vertical jump through strength programs.
Plyometric exercise, a form of resistance training,
enhances balance, coordination, agility, and pow-
er via rapid, high-load muscle contractions (35).
The stretch-shortening cycle intense eccentric
contraction followed by immediate concentric
contraction is central to plyometric training (36).
Typically, plyometric programs involve quick,
jump-based movements (37) and can significantly
improve performance with appropriate progres-
sion, aiming for about 400 jumps per day (38).
This can enhance both physical ability and mus-
cle strength (39). However, the plyometric pro-
grams in the analyzed studies often involved low-
er intensity and more repetitions, focusing more
on technique than strength or power. While ben-
eficial for general fitness, such protocols may not
significantly enhance quick, forceful movements
like jumps and may even increase injury risk (39).
Plyometric training's effectiveness is heavily de-
pendent on the individual’s baseline strength and
power levels, and programs need to be tailored
accordingly to achieve optimal performance out-
comes. Effective plyometric training for improv-
ing jump performance requires carefully planned
intensity, duration, and frequency (40). Although
prior studies showed significant muscle power
improvements through plyometric exercise, this
meta-analysis found that plyometric training had
minimal effects on enhancing standing long jump
and vertical jump. This discrepancy could be ex-
plained by the varying training loads and the po-
tential for technique over load focus in the ana-
lyzed protocols, which may limit improvements
in explosive power.

This study had several limitations. The meta-
analysis covered only three sports with few arti-
cles and various resistance training types, limiting
analysis of specific training characteristics. Thus,
caution is needed when interpreting the effect
sizes. Although grip strength is widely used for
muscle strength assessment due to its conven-
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ience, its focus on upper extremity muscles ques-
tions its validity as a systemic measure. This study
highlights the need to explore alternative, more
accurate methods for assessing overall muscle
strength in practical settings. In the meta-analysis
of grip strength, moderate heterogeneity was ob-
served (IZ = 60%), possibly due to individual var-
iability in training responses. This may reflect the
influence of factors such as upper limb usage,
baseline strength, and intervention characteristics.
Additionally, the inclusion of only 'young, healthy
adults' was to control for confounding factors,
but this limits the generalizability of the findings
to broader populations. Future research should
include more diverse groups, such as older adults
and individuals with varying health conditions, to
better understand the applicability of the results.

Conclusion

The meta-analysis included studies that assessed
handgrip strength, standing long jump, and verti-
cal jump using resistance training, plyometric ex-
ercises, or other resistance-related training pro-
grams to improve physical muscle strength.

Assessment of grip strength in young adults be-
fore and after muscle strength training in most
studies revealed improved grip strength. Howev-
er, the results showed no statistically significant
differences between the standing long jump and
the vertical jump. Grip strength is more indica-
tive of muscle strength among physical factors,
while standing long jump and vertical jump, pri-
marily testing power, may not effectively assess
muscle strength components. Given the inherent
association of the standing long jump and vertical
jump with muscle strength and power, enhancing
performance may necessitate exercise repetitions
and speed adjustments to improve muscle power.
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