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Abstract

Background: The aim of this study was to systematically determine the effects of rock climbing on College
Students’ physical fitness by means of Meta-analysis.

Methods: Studies investigated the possible fitness benefits of rock climbing were identified through a comput-
erized search of six electronic databases: China National Knowledge Infrastructure, China Science Periodical
Database, PubMed, Web of Science, SPORTDiscus and PsycINFO. Effects of rock climbing exercise interven-
tion trials >4 wk, published in English and Chinese between Jan 1996 and May 2016, including between subject
and within subject designs, were reviewed. Nine studies were included in this meta-analysis. Ten selected variables
in this meta-analysis were: Body fat percentage, VOamax, Heart rate, Handgrip strength, Lower limb pedaling
power, Vertical Jump, Push-Ups, Pull-Ups, Sit-Ups, and Sit-and-reach. The effect sizes of these ten variables
were calculated (P<0.05) and forest plots along with effective sizes were presented.

Results: Rock climbing can significantly improve Handgrip strength, Lower limb pedaling power, Vertical Jump,
Push-Ups, Pull-Ups, Sit-Ups and Sit-and-reach (P<0.01), and significantly increase VOzmax (P<0.05), however,
rock climbing did not show significant improvement on Heart rate and Body fat percentage.

Conclusion: As a newly popular physical exercise, rock climbing has a significantly positive impact on the phys-
ical fitness among college students. Rock climbing may be more effective if the college students engage in it for
a longer term.
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Introduction

Nowadays, the pace of modern life has been rap-
idly accelerated, and sedentary lifestyle plus lack of

health condition are of concern. Meanwhile, there
are other factors such as the lack of attractive fit-

physical activity is becoming a growing health
problem (1), especially among college students.
Due to the lack of interest in physical exercise,
most college students in China may spend little
time on the exercise and could not form good ex-
ercise habits. Therefore, their physical fitness and
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ness programs and lack of fitness facilities at the
Chinese Universities may lead to the potential de-
cline of the physical fitness among college stu-
dents (2).

Rock climbing has been recognized for many years
as a recreational physical activity or entertainment
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that links its peculiar way of sport with the beauty
of nature mountain environment (3). Rock climb-
ing as a physical education course may attract the
college students to participate in physical activities
because current competitive sport events may not
meet the needs or interests of these college stu-
dents (4). Rock climbing is not only a leisure phys-
ical activity but also becomes competitive sport
(5). In Brazil, Rio De Janeiro, on the International
Olympic Committee (IOC) 129th plenary session,
1OC officially announced that competitive climb-
ing was accepted as an official game in 2020 Tokyo
Olympic (6). Therefore, it would require us to have
new understandings and proper development
plans for this competitive rock climbing sport.

The physical benefits from rock climbing have
been investigated in numerous studies (7-11). In
rock climbing, the muscular system and facet
joints can get plenty of exercises so that it should
have a good effect on the balanced development
of various parts of the body (7). During rock
climbing, the climbers face variety of different an-
gles and heights of the rock wall and have to over-
come her/his body-weight and continuously com-
plete turnarounds, pull-ups, even adventure ac-
tions like jumping to different spots by using the
artificial handholds on the rock wall. Rock climb-
ing has high and comprehensive physical demands
on the climbers, such as the requirements on the
muscle power and endurance of upper and lower
limbs, hands and feet, waist and abdominal, and
the truck and hip flexibilities (8, 11). Muehlbauer
and associate examined the effect of an indoor
climbing training program on core/handgrip
strength and trunk mobility in men and women
and concluded that maximal isometric strength of
trunk flexors/extensors, trunk mobility (flexibil-
ity) in sagittal and front planes, and handgrip
strength were significantly improved after 8 wk of
indoor climbing training (8). A principal compo-
nent analysis was conducted to identify important
physical and physiological factors in climbing and
climbing training factors are strength, anaerobic
power and percentage body fat (11). Younger
climbers can almost match an adult climber’s
VOypeak without any additional training, and that
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aerobic potential is not a limiting factor to climb-
ing performance (9, 10). However, the systemati-
cal reviews and meta-analyses focusing on the ef-
fects of rock climbing on physical fitness among
college students have not been well documented.

Therefore, the purpose of this study was to sys-
tematically determine the effects of rock climbing
on College Students’ physical fitness by means of
Meta-analysis. We hope that the results of this
study can provide useful information for creating
and teaching rock climbing course in universities.

Methods

Search strategy

Studies that investigated the possible physical fit-
ness benefits of rock climbing were identified
through a computerized search of six electronic da-
tabases: China National Knowledge Infrastructure
(CNKI), China Science Periodical Database
(CSPD), PubMed, Web of Science, SPORTDiscus
and PsycINFO. Articles published from Jan 1st,
1996 to May 1st, 2016 were included in this study.
Eligible studies were included if they met all of the
following criteria: 1) the effects of rock climbing
interventions were examined; 2) research subjects
were college students or age between 18 to 38 yr
old; 3) the studies had the consistent hypotheses
and experimental methods; 4) studies had original
and complete data; 5) the test venue was the arti-
ficial rock climbing wall; 6) articles were written in
English or Chinese; 7) all data required for meta-
analysis included the means, standard deviations
(SD) and sample sizes from the pre-test and post-
test. Studies were excluded if 1) study was repeat-
edly published by the same researcher(s); 2) study
had incomplete data.

Study selection

The searches of the eligible studies in the elec-
tronic databases were performed in May 2016. Af-
ter excluding duplications, 248 articles were re-
trieved. Nineteen studies were identified after
evaluating titles and abstracts of the articles by two
reviewers (LL, YTW). After carefully reviewing
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the full text of these articles, two studies were ex-
cluded due to the repeated publications; eight
studies were excluded because the data of pre-test
and post-test were incomplete. Based on final con-
sensus of two reviewers, nine studies were in-
cluded in this meta-analysis (12-20) with five stud-
ies in Chinese, four studies in English. Among
these nine studies, four studies were between-sub-
ject design (12-15) and the remains were within-
subject design (16-20). However, the data before
and after the rock climbing intervention from ex-
perimental (intervention) group were used and
treated as within-subject design study. The male
and female participants’ data (14) were separately
used as two sets of independent data into this meta-
analysis. The core strength measured was treated as
rock climbing specific strength variable in the pre-
sent study (19, 20).

Data extraction

All data were reviewed and separately extracted us-
ing a standardized form of Excel in Microsoft® Of-
fice 2010 (Microsoft Corporation, Redmond, WA,
USA). The following study characteristics were
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recorded if they were available: author, year of
publication, type of study, frequency and duration
of intervention studies. Moreover, all of the nine
studies covering five aspects of physical fitness in
terms of body composition; physiological func-
tion; muscle strength; muscle endurance; and body
flexibility and a total of 10 variables consisting of
Body fat percentage, VO,max, Heart rate, Hand-
grip strength, Lower limb pedaling power, Vertical
Jump, Push-ups, Pull-ups, Sit-ups and Sit-and-
reach, as shown in Table 1.

These nine studies involved in 149 participants
who were between the ages of 18-38 yr old and the
intervention periods ranged from 4 to 24 wk. The
basic information of each study in terms of the au-
thor(s), type of study, age (mean+SD), group
(sample) size, intervention period, and variables is
presented in Table 2.

Statistical analysis

In order for the data to be included in the meta-
analysis, at least three sets of data from pre-test
and post-test were required for effective size (ES)
calculation (21).

Table 1: Five aspects of physical fitness consisting of 10 Variables

Aspects

Variables

Body Composition
Body Function
Muscle Power
Muscle Endurance
Body Flexibility

Body Fat Percentage

Maximal Oxygen Uptake (VOomax), Heart Rate
Handgrip Strength, Lower Limb Pedaling Power, Vertical Jump

Push-ups, Pull-ups, Sit-ups
Sit-and-reach

Table 2: Nine included rock climbing studies for physical fitness

Studies Type of study Age Group size  Intervention Variables
mean+SD period

Aras & Ewert (12) Between Subject Design 2111423 9 8 wk @B

Li (13) Between Subject Design 18-22 age range 20 8 wk @G®W

Gao (14) Between Subject Design 20.75+0.8 Male 18 24 wk 0006
20.3810.9 Female (610

Jiang (15) Between Subject Design 36.212.5 10 12 wk @@

Cargo (16) Within Subject Design 20.69+1.3 16 7 wk O®

Cuerdo & Pagaduan (17)  Within Subject Design 182+ 1.8 37 4 wk O@E@®

Kasundra & Jethwa (18) Within Subject Design 16 to 27 22 4 wk ®©®

Shi (19) Within Subject Design 18-22 age range 7 9 wk @EO®®®

Shi (20) Within Subject Design 20£2.0 10 12 wk O®® (9@

Abbreviations: @Body Fat Percentage, (2)VO,max, 3)Heart Rate, @Handgrip Strength, (5)Lower Limb Pedaling Power, @Vertical]ump,

@Push—Ups, Pull—Ups, @Sit—Ups, Sit—and— reach
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The effective sizes of these ten variables were cal-
culated and the forest plots were generated from
each study (22). Positive values of ES mean favor-
able outcome for the intervention and negative
values of ES mean non-favorable outcome for the
intervention. Usually, ES is considered small (0.2
< ES < 0.4), medium or moderate (0.4 < ES<0.6)
and large (ES=0.6) with P<0.05 (23). The analyses
of overall ES were implemented using random-
effects model (24). The forest plots were gener-
ated from Excel Chart Function in Microsoft® Of-
fice 2010 (Microsoft Corporation, Redmond, WA,
USA) (21).

Results

The results of the effect sizes and forest plots of the
aforementioned ten vatiables are described as follows.

Body fat percentage

Five sets of the Body Fat Percentages data from
four studies involving 81 participants were utilized
(14,16, 17, 20) in the meta-analysis. Two independ-
ent sets of test data of male and female were in-

cluded (14). Overall, there was no a significant dif-
ference between the pre-test and posttest in the
Body Fat Percentage (95% CI, -1.22-0.43), and the
mean ES is -0.83, P=2.0 in Table 3, considered a
large ES, but is not statistically significant.

VO:max

Three sets of the VO,max data from two studies
involving 27 participants were utilized in the meta-
analysis (12, 14). Two independent data sets of
male and female (14) were included. Overall, there
was a significant difference between the pre-test
and posttest in the VO,max (95% CI, 0.14 — 1.38),
and the mean ES is 0.76, P<0.05 in Table 4, con-
sidered a large ES.

Heart rate

Four sets of the Heart Rate data from three studies
involving 37 participants were used in the meta-
analysis (12, 14, 15).Overall, there was no signifi-
cant difference between the pre-test and posttest
in the Heart Rate (95%CI, -1.14-0.18), and the
mean EF is -0.79, P=2.0 in Table 5, considered a
large ES, but is not statistically significant.

Table 3: Effective size (ES) and forest plot of body fat percentage

Effect Size Forest Plots
Studies Weight Random, 95%CI Random, 95% CI
ES Low High
Gao (14) 771% 314 452 -1.76
(Male) —_——
Gao (14) 6.38%  -3.72 -525  -2.19
(Female) B
Cargo (16) 2531% -0.08 -0.77 0.61
Cuerdo & Pagaduan (17) 44.35% -0.44 -091 0.02 ->
Shi (20) 16.24% -0.79 -1.70 0.12 e
Total 100%  -0.83 -122  -0.43 Test for overall effect: Z=-4.07 (P=2.0)

Heterogeneity: Q=30.87, df=5, C=187.70, T2=1.14
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Table 4: Effective size (ES) and forest plot of VO,max

Eftect Size Forest Plots
Studies Weight Random, 95%CI Random, 95% CI
ES Low High
Aras & Ewert (12) 37.64% 035 -0.58 1.28
—_.—
Gao (14) (Male) 38.01% 0.18 -0.75  1.11 =
L
Gao (14) (Female) ~ 2435% 230 1.11  3.49 >
Total 100%  0.76  0.14  1.38 Test for overall effect: Z=2.42 (P<0.05)

Heterogeneity: Q=8.67, df=2, C=8.35, T2=0.80

Table 5: Effective size (ES) and forest plot of Heart Rate

Eftect Size Forest Plots
Studies Weight Random, 95%CI Random, 95% CI

ES Low High
Gao (14) (Chinese 151%  -3.67 -5.18 -2.15
Male)

"
Gao (14) 11.97%  -44  -611 -2.69
(Chinese Female)
-

Jiang (15) 36.29% 1.02  0.09  1.95 ——
(Chinese) o
Aras & Ewert (12) 36.64% -022 -1.14  0.71 0 w0 s0 4o s a0 a0 oo 10 ao
Total 100%  -0.79 -1.40 -0.18 Test for overall effect: Z=-2.56 (P=2.0)

Heterogeneity: Q=46.89, df=4, C=8.99, T?=4.88

Handgrip strength

Eleven sets of the handgrip strength date from
seven studies involving 118 participants were used
in the meta-analysis (13-17, 19, 20). The male and
female data (14), as well as the left hand and right-
hand data (14, 15), were included. Overall, there
was a significant difference the pre-test and post-
test in Handgrip Strength (95% CI, 0.52-1.10), and
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the mean ES is 0.81, P<0.01 in Table 6, considered
a large ES.

Lower Limb Pedaling Power

Four sets of Lower Limb Pedaling Power data
from three studies involving 48 participants were
used in the meta-analysis (13-15). Overall, there
was significant difference between the pre-test and
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posttest in Lower Limb Pedaling Power (95%CI,
0.15-0.57), and the mean ES is 0.36, P<0.01 in Ta-
ble 7, considered a medium ES.

Vertical Jump

Four sets of Vertical Jump data from three studies

involving 62 participants were used in the meta-
analysis (14, 17, 19). Overall, there was a signifi-
cant difference between the pre-test and posttest
in the Vertical Jump (95% CI, 0.29-1.18), and the
mean ES is 0.73, P<0.01 in Table 8, considered a
large ES.

Table 6: Effective size (ES) and forest plot of Handgrip Strength

Eftect Size Forest Plots
Studies Weight  Random, 95%CI Random, 95% CI
ES Low  High
Li(13) 8.22% 3.24 2.30 4.18
Gao (14) 7.26% 1.27 0.25 2.28
(Male, left) —
Gao (14) (Male, right) 6.47% 1.71 0.63 2.80 -
Gao (14) 4.2% 3.09 1.72 4.46
(Female, left)
Gao (14) (Female, right) 3.22% 0.28 2.34 5.50 :j
Jiang (15) (left) 9.3% 0.07 -0.81 0.94 Y
Jiang (15) (right) 9.3% -0.07 -0.94  0.81 S B
Cargo (16) 13.59%  0.12 -0.58 0.81 —
Cuerdo & Pagaduan (17) 24.08%  -0.24  -0.70  0.22 Py
Shi (19) 6.82% 0.14 -0.91 1.19
Shi (20) 7.51% 1.51 0.52 2.50 oo 2 e e 40 5
Total 100% 0.81 0.52 1.10

Test for overall effect: Z=5.43 (P<0.01)

Heterogeneity: Q=87.10, @%5, C=53.32, T2=1.45

Table 7: Effective size (ES) and forest plot of Lower Limb Pedaling Power

Effect Size Forest Plots
Studies Weight Random, 95%CI Random, 95% CI
ES Low High

Li(13) 10.9% 6.67 5.08 8.26

Gao (14) (Male) 29.08% 0.12 -0.8 1.05

Gao (14) Female) 29.02% 0.17 -0.75 1.10
Jiang (15) 31% 0.97 0.43 1.51 .

-
Total 100% 0.36 0.15 0.57

Test for overall effect: Z=3.53 (P<0.01)

Heterogeneity: Q=57 df=4, C=12.03, T2=4.49
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Table 8: Effective size (ES) and forest plot of Vertical Jump

Eftect Size Forest Plots
Studies Weight  Random, 95%CI Random, 95% CI

ES Low High
Gao (14) (Chinese Male) 15.15%  1.74  0.66 2.82

- =

Gao (14) (Chinese Female) 12.08% 248 1.25 3.71 -
Cuerdo & Pagaduan (17) 56.7% 026 -0.2 0.71 S
Shi (19) (Chinese) 16.07%  0.15 -0.9 1.20
Total 100% 073 0.29 1.18 Test for overall effect: Z=3.22 (P<0.01)
Heterogeneity: Q=15.81, %4, C=15.81,T2=0.81
Push-ups Pull-Ups

Three sets of the Push-Up data from three studies
involving 54 participants used in the meta-analysis
(17, 19, 20). Overall, there was a significant differ-
ence between the pre-test and posttest in the
Push-Up (95%CI, 0.35-1.32), and the mean EF is
0.84, P<0.01 in Table 9, considered a large ES.

Four sets of the Pull-Ups data from four studies
involving 86 participants were used in the meta-
analysis (13, 17-19). Overall, there was a significant
difference between the pre-test and posttest in the
Pull-Ups (95% CI, 0.7-1.49), and the mean ES is
1.09, P<0.01 in Table 10, which is a very large ES.

Table 9: Effective size (ES) and forest plot of Push-Up

Eftect Size Forest Plots
Studies Weight Random, 95%CI Random, 95% CI
ES Low High

Cuerdo & Pagaduan (17)  65.31% 0.50 0.03 0.96
Shi (19) 11.64% 2,36 1.00 3.73
(Chinese) -
i
Shi (20) (Chinese) 23.05% 1.03  0.09 1.96
>
0.0 0.5 10 15 2.0 25 3.0 35 4.0
Total 100% 0.84 0.35 1.32

Test for overall effect: Z=3.39 (P<0.01)

Heterogeneity: Q=6.5, 6_[]%3, C=11.2,T2=0.4
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Table 10: Effective size (ES) and forest plot of Pull-Ups

Effect Size Forest Plots
Studies Weight  Random, 95%CI Random, 95% CI
ES Low High

Li (13) 16.51% 291  2.02 3.8
(Chinese) -
Cuerdo & Pagaduan (17) 42.43% 071  0.24 1.18 .

—.—
Kasundra & Jethwa (18) 30.38% 0.6 0 1.2 .
Shi (19) 10.67% 123 008 237 -
(Chinese)

0.0 05 1.0 15 20 25 3.0 35 4.0
Total 100% 1.09 0.7 1.49 Test for overall effect: Z=5.46 (P<0.01)

Heterogeneity: Q=20.92, #4, C=24.38,1T2=0.73

Sit-Ups

Three sets of the sit-ups data from three studies
involving 41 participants were used in the meta-
analysis (18-20). Overall, there was a significant

difference between the pre-test and posttest in the
in the Sit-Ups (95%CI, 0.62-1.70), and the mean
EF is 1.16, p<0.01 in Table 11, considered a large
ES.

Table 11: Effective size (ES) and forest plot of Sit-Ups

Eftect Size Forest Plots
Studies Weight Random, 95%CI Random, 95% CI
ES Low High
Kasundra & Jethwa  50.86%  1.29  0.64 1.94
® m
L
Shi (19) 20.69%  1.04 -0.08 2.16
(Chinese) u
Shi (20) (Chinese) 28.45%  1.01 0.08 1.94 $
Total 100% 116 0.62 1.70 Test for overall effect: Z=4.24 (P<0.01)

Heterogeneity: Q=0.38, 6_[]%3, C=10.77, T2=-0.15

Sit-and-Reach

Four sets of Sit-and-Reach data from three studies
involving 58 participants were used in the meta-
analysis (13-15, 20). Overall, there was a significant

Available at:  http://ijph.tums.ac.ir

difference between the pre-test and posttest in the
Sit-and-Reach (95% CI, 1.01-1.99), and the mean
ESis 1.5, P<0.01 in Table 12, which is a very large
ES.
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Table 12: Effective size (ES) and forest plot of Sit-and-reach

Effect Size Forest Plots
Studies Weight  Random, 95%CI Random, 95% CI
ES Low High

Li (13) (Chinese) 23.01% 326 231 4.21
Gao (14) (Chinese Male) 17.7% 1.82  0.72 291
-~ m

Gao (14) (Chinese Female)  7.16% 4.68 2.89 6.47
Jiang (15) 25.95% 0.3 -0.58  1.18 ——
(Chinese) S —
Shi (20) 26.18%  0.06 -0.82 0.94 S =
(Chinese)

-1.00 0.00 100 200 3.00 400 5.00 6.00 7.00
Total 100% 1.5 1.01 1.99

Test for overall effect: Z=6.02 (P<0.01)

Heterogeneity: Q=43.60, #5, C=15.54, T2=2.55

Discussion

Considering the significance and the values of ES
from the combined studies, results from the pre-
sent meta-analysis demonstrated that rock climb-
ing exercise would have significant effects on
Handgrip strength, Lower limb pedaling power,
Vertical jump, Push-ups, Pull-ups, Sit-ups and Sit-
and-reach  (P<0.01), significant benefits on
VOomax (P<0.05). However, rock climbing did
not show significant effects on Body fat percent-
age and Heart rate.

Body fat percentage

The Body Fat Percentage is an indicator of fitness
level since it is the only body indicator in the pre-
sent study which directly calculates a person's rel-
ative body composition without regard to body
height or weight (25). The results of the present
study showed that, after rock climbing exercise,
there was no significant difference in the Body Fat
Percentage (ES=-0.83, P>0.05) in Table 3. This
may be related to the length and frequency of ex-
perimental time, or may be also related to gender
and activity level of the participants. When the in-
tervention period is 24 wk and the body fat per-

1448

centage of the participants was significantly de-
creased (14). However, when the intervention pe-
riod is 4 wk, and Body Fat Percentage of the par-
ticipants was not significantly decreased (17). If
the intervention time was extended, Body Fat Per-
centage may be significantly reduced (16). The ef-
fect of rock climbing on body fat among college
would remain for future study.

Body function

Body function refers to the life activities demon-
strated by the person as a whole and each organ
system composing of it (26). VO,max and Heart
Rate are the two indicators selected to reflect the
impact of rock climbing on body function in col-
lege students. Rock climbing has a significant ef-
fect on college students’ VO,max (ES=0.76,
P<0.05) in Table 4, but no significant effect on
heart rate (ES= -0.79).

VO:max is the maximum rate of oxygen con-
sumption as measured during incremental exet-
cise. It reflects the aerobic physical fitness of the
individual and is an important determinant of their
endurance capacity during prolonged, sub-maxi-
mal exercise (27). In rock climbing, climbers need
to overcome their own weight and move upward

Available at:  http://ijph.tums.ac.ir
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when they are climbing, which is equivalent to
weight-bearing exercise. In addition, the coordina-
tion of the hands and feet on the rock contacting
points may require extensive muscle forces so that
rock climbing may result in increasing exercise in-
tensity. During the climbing, climbers often
stretch muscle fibers, increase the body's blood
circulation and metabolism, and increase muscle
oxygen carrying capacity, so that the maximum ox-
ygen uptake may be improved. As frequent
stretching of the muscle fibers may increase micro
blood circulation and metabolism which may im-
prove muscle aerobic capacity, muscle strength
and finally improve the VO,max (28).

Heart rate is the heartbeat measured by the num-
ber of contractions of the cardiac muscle per mi-
nute (bpm) (29). A long training can lead to re-
duced resting heart rate and increased the cardiac
output, plus the changes in dominating the nerv-
ous tension and sensitivity of the heart serve as the
causes of the lowered heart rate (12, 14, 29). Rock
climbing may improve the myocardial contraction
force of college students in the short term, thereby
reducing the heart rate. However, due to the rela-
tively short time practice, the impact of rock
climbing on the heart rate may not be significantly
improved (Table 5). The participants’ heart rate in-
creased after the rock climbing training (15) and
this report is consistent with other studies (12, 14,
29). Therefore, further study on the impact of rock
climbing on heart rate would be warranted.

Muscle power

Muscle power is the ability to generate a maximal
force in a short time in any accelerating motion.
Muscle power may be more important than mus-
cle strength when performing some activities of
daily living such as quickly rising from a chair, fast
climbing stairs, or crossing a street (30, 31).

The present study selected handgrip strength
(ES=0.81) in Table 6, lower limb pedaling power
(ES=0.30) in Table 7 and vertical jump (ES=0.73)
in Table 8 to reflect the implement of rock climb-
ing on muscle power and strength. The rock
climbing may significantly improve the muscle
power and strength of the college students. The

Available at:  http://ijph.tums.ac.ir

skills of rock climbing with handwork and foot-
work have a direct effect on the muscle power and
strength development in the college students (14).
Significant improvements in core strength and
trunk mobility, as well as grip strength, have been
found in sedentary young adults after 8 wk of in-
door climbing (32). Moreover, during climbing
with the small rock contact points, the climber has
to exert a tremendous force to maintain the body
balance and to change het/his positions during
climbing. For the hand techniques, it is critical for
the climber to fully use the power of the thumb,
she/he tries to put the thumb on the back of ful-
crum or cross ride of the index finger and middle
finger so that the hand-grip force during climbing
is increased. For the foot techniques, the climbers
should manage their feet support and control the
muscle strength and power. The present study se-
lected vertical jump to reflect the explosive leg
strength (33). Therefore, during the climbing, the
pressing force from the lower limbs and vertical
jump exercise is sustained and sufficient.

Muscle endurance

Muscular endurance is the ability of a person to
perform a long time continuous muscle work,
namely the ability to fight fatigue (34). The present
study selected push-ups (ES=0.84) in Table 9, and
pull-ups (ES=1.09) in Table 10 and sit-ups
(ES=1.16) in Table 11 as variables to reflect the
impact of rock climbing on muscle endurance.
Rock climbing has a significant effect on muscle
endurance of the college students. Push-ups are an
indicator reflecting the upper body strength en-
durance of extensor muscle group (35). Pull-ups
are an indicator reflecting the endurance of upper
body centripetal force from the flexor muscle
group (35). Sit-ups are an indicator reflecting the
endurance of the core muscle groups over fa-
tigue within a given time (20).

During the climbing exercises, especially during
the games or competitions, muscular endurance of
the college students is greatly improved and pro-
moted (36). In order for climbers to complete the
climbing task successfully, they need to overcome
muscle fatigue period to maintain good physical
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strength. Thus, after a period of rock climbing,
muscular endurance of the college students can be
significantly improved.

Flexibility

Flexibility may be defined as the range of motion
at a single joint or a series of joints (37). It is often
mentioned in rock climbing instructional books
that flexibility is an important component of the
physical fitness for climbing (38). As a measure
of overall flexibility (39), the sit-and-reach was
employed, but we acknowledged its limitations
for assessing overall climbing-specific flexibility.
The results showed that the impact of flexibility
(ES=1.5, P<0.01) in rock climbing on the college
students is very significant in Table 12.

While climbing, the climbers try to make the ideal
movement and the best posture as they can safely
stay on the rock wall in accordance with the
climbing challenge. In order to achieve this, they
may need to stretch the body and extremities to
the maximum possible extension during climbing
(40). In some cases, such as in competition, they
have to tolerate muscle fatigue to continue
stretching the body, which is the effective way to
improve their flexibility. In addition, during the
warm-up and relaxation exercises before and af-
ter the rock climbing, the stretches of all body
segments would also facilitate the body flexibility
(41, 42). Therefore, the rock climbing may signif-
icantly improve the flexibility of the college stu-
dents.

Conclusion

Rock climbing may significantly improve
VOymax, Handgrip Strength, Lower Limb Pedal-
ing Power, Vertical Jump, Push-Ups, Pull-Ups,
Sit-Ups and Sit-and-Reach for the college stu-
dents. Longer term engaged in rock climbing may
have better results for the college students’ physi-
cal fitness. However, the impacts of rock climbing
on body fat percentage and heart rate remain to be
further researched.
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