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Abstract.	 [Purpose] This study was performed to provide evidence for the therapeutic exercise approach through 
a compative analysis of muscle activities according to climbing wall inclination. [Subjects and Methods] Twenty-
four healthy adult subjects without climbing experience performed static exercises at a therapeutic climbing at with 
various inclination angles (0°, 10°, 20°), and the activities of the trunk muscles (rectus abdominis, obliquus externus 
abdominis, obliquus internus abdominis, erector spinae) were measured using surface electromyography (EMG) for 
7 seconds. [Results] Significant differences were found between the inclination angles of 10° and 0°, as well as 20° 
in the rectus abdominis, obliquus internus abdominis, right obliquus externus abdominis, and right erector spinae. 
[Conclusion] Based on measurements of trunk muscle activity in a static climbing standing position at different 
angles, significant changes in muscle activity appear to be induced at 10 degrees. Therefore, the results appear to 
provide clinically relevant evidence.
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INTRODUCTION

The human lumbar region is a core region of the human 
body for strength generation in all activities1). However, 
recent sedentary lifestyles and too much time working with 
poor postures are promoting muscle weakness and shorten-
ing2). Maintaining a bent posture for a long time leads to 
reductions in blood and nutrient supplies, due to posterior 
lumbar compression in addition to facilitating the atrophy of 
lumbar extensors3). Chronic lower back pain causes weak-
ness in the paraspinal muscles, which reduces the potential 
for activities and decreases the size of muscles. This is at-
tributed to two mechanisms: the non-use of muscles due to 
low back pain and immobilization causeing atrophy4, 5), and 
afferent stimulation by reflective inhibition of contraction 
without pain results in the atrophy of muscles due to inhibi-
tion of the alpha motor neurons that modulate the muscles 
through spinal reflexes6). Most spinal stress originates 
from the erector spinae muscle and other muscles of the 

abdominal wall. That is, immoderate use of erector spinae 
and abdominal wall muscles is believed to cause lower back 
pain7). Histomorphologic and structural alterations occur in 
the paraspinal muscles in chronic low back pain patients, and 
weakness and atrophy of muscle fibers is predominantly ob-
served in the erector spinae8, 9). For the treatment of chronic 
low back pain, medication, injections, physical therapy, and 
exercise therapy have been widely used. In recent years, 
therapeutic climbing is being increasingly prescribed for 
patients with orthopedic diseases and injuries10). Unlikely 
sports climbing, therapeutic climbing is not dependent on 
the climbing route. One advantage of climbing is that it may 
be more exciting than other types of physical or exercise 
therapies because of its adventurous component, resulting in 
higher levels of adherence11).

It has been argued that climbing may be useful for neu-
rological rehabilitation since complex cognitive problems 
have to be solved due to the constantly changing sequence 
of movements12). Climbing may also increase the strength 
of the spinal muscles and improve muscular balance13). 
However, the benefits of therapeutic climbing have been 
determined not by scientific study results but by individual 
experience and discretion. Most studies to date have exam-
ined the effects of therapeutic climbing on psychological 
health, and studies are lacking on its physical effects through 
comparative analyses of activity levels between therapeutic 
climbing and lumbar stabilization exercises.
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Therefore, this study performed to identify the appropri-
ate angle for performing exercise by comparing the muscle 
activities of normal subjects while using a climbing wall at 
different inclinations.

SUBJECTS AND METHODS

In this study, twenty-four young adult patients (21 males, 3 
females, age 28.1±4.8, weight 70.5±12.2, height 172.4±7.8) 
with no climbing experience, no physical defects, no his-
tory of lower back pain within the past 6 months, and no 
orthopedic abnormality participated (Table 1). The subjects 
understood the principles objective, and method of this study 
and voluntarily provided their written informed consent be-
fore participating. The study protocol was approved by the 
institutional review boards of Catholic University of Daegu.

This study compared the surface activities of the obliquus 
internus abdominis, obliquus externus abdominis, rectus 
abdominis, and erector spinae of the healthy subjects who 
adopted a standing position on a climbing wall.

Subjects performed static exercise on a 4×3 m, inclina-
tion-adjustable therapeutic climbing wall at various angles 
ranging from vertical (0 degree) to overhanging (30 degrees). 
The wall inclination (0 degree, 10 degrees, and 20 degrees) 
was measured using Goniometers (HiResTMGoniometers, 
Kineman Enterprises, USA). The holds used for therapy 
were large and easy to grab. They were also arranged sym-
metrically. An exercise mat was place on the floor for safety 
purposes. The posture was as follows: both hands and feet 
on the wall, slightly wider than shoulder width and shoulders 
flexed at 90 degrees, elbows extended14). Each trial consisted 
of 3 consecutive measurements lasting 7 seconds and span-
ning a period of 30 seconds with rest. The activities of the 
trunk muscles were measured using surface electromyog-
raphy (LXM5380, LAXTHA, KOREA) for 7 seconds. The 
first and last seconds of data were discarded, and the middle 
5 seconds were used in the analysis. The RMS (root mean 
square), which is considered to indicate the power output15), 
of the EMG signals was calculated.

The RMS value is, a parameter frequently chosen for 
analysis because it reflects the level of physiological activi-
ties in the motor units during contraction16).

All statistical analyses were performed using SPSS 20.0 
software. The significance of differences in muscle activities 
(obliquus internus and externus abdominis, rectus abdomi-
nis, and erector spinae) among the different to wall inclina-
tions were analyzed by two-way ANOVA, and Tukeys HSD 
was performed as post hoc analysis. A significance level of 
α = 0.05 was chosen.

RESULTS

In this study, there were significant differences in RALT 
(rectus abdominis left) (F=11.9, p=<0.05), RART (rectus 
abdominis right) (F=11.2, p<0.05), IOLT (internus obliquus 
left) (F=7.3, p<0.05), IORT (Internus obliquus right) (F=7.6, 
p<0.05), EORT (externus obliquus right) (F=14.8, p<0.05), 
and ESRT (erector spinae right) (F=3.8, p<0.05) at 10 de-
grees, but EOLT (externus obliquus left) (F=1.4, p>0.05), 
and ESLT (erector spinae left) (F=2.4, p>0.05) did not show  

significant differences.
The magnitudes of the muscle activities of RART, RALT, 

IORT, IOLT, and EORT were in the order of 10>20>0 de-
grees (p<0.01). ESRT muscle activity was in the order of 
10>20>0 degrees (p<0.05). The magnitudes of the EOLT 
and ESLT’s muscle activities were in the order of 10>20>0 
degrees (p>0.05, Tables 2 and 3).

DISCUSSION

Isometric exercise utilizing gravity as resistance is one 
type of exercises that strengthens the trunk muscles involved 
in spinal stabilization. Because gravity is always active in 
the vertical direction, patterns of muscle activities depend on 
the direction and degree of inclination of the body17). Sports 
climbing is an exercise on artificial rock climbing walls, with 
effort exerted against gravity the upper and lower limbs18), 
and it leads to even development of upper and lower limb 
muscles and improvement of balance19). Sports climbing has 
recently been utilized therapeutically, especially in Germany, 
as interest in the sport has increased20). Kim et al.21) reported 
that trunk muscle activity of patients with chronic low back 
pain was significantly increased by therapeutic climbing 
exercise (0 degree) compared to mat exercise. However, 
Grzybowski et al.20) reported that exercise on a vertical 
wall (0 degree) allowed weight-bearing through the lower 

Table 1.	General characteristics of 
the subjects (n=24)

Subjects
Age (yrs) 28.1±4.8
Weight (kg) 70.5±12.2
Height (cm) 172.4±7.8
 Mean±SD

Table 2.	Average right side muscle activities of the different wall 
inclinations				   (Units: )

Rt
RA IO EO ES

0’ 9.2±1.4    
**

15.3±5.0   
**

12.8±4.5   
**

51.4±15.5   
*

10’ 16.4±11.8 20.9±7.6 19.0±5.8 60.2±17.0      *
20’ 10.9±3.2    ** 17.6±6.4   ** 15.2±5.0   ** 59.9±15.6
 *p<0.05, **p<0.01; Rt: right; RA: rectus abdominis; IO: inter-
nus obliquus; EO: externus obliquus; ES: erector spinae

Table 3.	Average left side muscle activities of the different wall 
inclinations				   (Units: )

Lt
RA IO EO ES

0’ 10.3±1.8     
**

16.4±7.5    
**

17.3±16.1 53.2±16.6
10’ 19.3±14.5 24.0±12.3 23.7±18.8 61.3±17.9
20’ 12.1±3.8    ** 17.7±8.2    ** 18.8±18.2 58.2±15.2
 **p<0.01; Lt: left; RA: rectus abdominis; IO: internus obliquus; 
EO: externus obliquus; ES: erector spinae



3139

extremity. Therefore, this study was performed to identify 
the appropriate angle for rehabilitation exercise performance 
via the comparison of muscle activities of healthy subjects at 
different wall inclinations (0, 10, and 20 degrees).

The activities of trunk muscles at the three wall inclina-
tion angles (0, 10, and 20 degrees) were significantly dif-
ferent at the angle of 10 degrees. This result was consistent 
with the result of a study by Grzybowski et al.20) who used 
six wall inclination angles (0°, 4°, 8°, 12°, 15°, 18°). They 
reported muscle activity differed significantly at 12° and 
higher. Crommert et al.22) reported that muscle activity 
increased at the imposed flexion moment, i.e. with arms 
extended horizontally forward at the level of the shoulder 
joints, compared to at the imposed moment, i.e. arms in-
clined forward or backward, during a study on the activity 
of the erector spinae during load-bearing by the upper limbs 
in an orthostatic posture. In this study, measurements of the 
activities of the erector spinae with the shoulders flexed at 90 
degrees were similar to those reported by previous studies. 
Given that reduced extensor muscle endurance in patients 
with low back pain is the result of stress, tremor, dysfunction 
and inhibition of the erector spinae23), therapeutic climbing 
on a 10-degree wall should be effective in improving the 
muscle strength of the erector spinae. The obliquus externus 
abdominis is involved in spinal stabilization and trunk rota-
tion as well as maintaining minimal isometric contraction 
to stabilize the trunk in a standing position while utilizing 
the climbing wall. The obliquus internus abdominis plays 
a role similar to that of a corset by contracting with the 
transversus abdominis and is initially activated with sudden 
load bearing due to the movement of the lower limbs23). In 
this study, no significant differences were found for the left 
obliquus externus abdominis. This was because of fixation 
of the trunk to maintain the standing position, and the small 
amount of load placed on the trunk due to stabilize the turnk 
during movement of the upper and lower limbs. In conclu-
sion, the measurements of trunk muscle activity in a static 
climbing standing position at different angles show signifi-
cant changes in muscle activity are induced at 10 degrees. 
Therefore, this result provides clinically relevant evidence. 
Further evidence for a patient-directed approach to therapy 
should be obtained through comparison of muscle activities 
using smaller increments of inclination angle in future stud-
ies. A limitation of this study was that measurements were 
performed in the same posture, since muscle activity may 
vary with movement.

REFERENCES

1)	 Muscolino JE, Cipriani S: Pilates and the ‘powerhouse’-I. J Bodyw Mov 
Ther, 2004, 8: 15–24.  [CrossRef]

2)	 Jang SG, Choi YH: A study of junior school students and senior school 

students about weakness of back muscle and back pain. J Kor Soc Phys 
Ther, 2004, 16: 246–263.

3)	 Takemitsu Y, Harada Y, Iwahara T, et al.: Lumbar degenerative kyphosis. 
Clinical, radiological and epidemiological studies. Spine, 1988, 13: 1317–
1326. [Medline]  [CrossRef]

4)	 Parkkola R, Rytökoski U, Kormano M: Magnetic resonance imaging of the 
discs and trunk muscles in patients with chronic low back pain and healthy 
control subjects. Spine, 1993, 18: 830–836. [Medline]  [CrossRef]

5)	 Hides JA, Stokes MJ, Saide M, et al.: Evidence of lumbar multifidus muscle 
wasting ipsilateral to symptoms in patients with acute/subacute low back 
pain. Spine, 1994, 19: 165–172. [Medline]  [CrossRef]

6)	 Cooper RG, St Clair Forbes W, Jayson MI: Radiographic demonstration 
of paraspinal muscle wasting in patients with chronic low back pain. Br J 
Rheumatol, 1992, 31: 389–394. [Medline]  [CrossRef]

7)	 Chang SR: Relationship between compressive force at L5/S1 and erector 
spinae muscle electromyography. Journal of Kiis, 10, no 4 December 95.

8)	 Yu WG, Jung YJ, Lee JH, et al.: Muscle activity of low back muscles dur-
ing isometric back extension exercises. KAUT PT, 2001, 8: 76–88.

9)	 Arokoski JP, Valta T, Airaksinen O, et al.: Back and abdominal muscle 
function during stabilization exercises. Arch Phys Med Rehabil, 2001, 82: 
1089–1098. [Medline]  [CrossRef]

10)	 Engbert K, Weber M: The effects of therapeutic climbing in patients with 
chronic low back pain: a randomized controlled study. Spine, 2011, 36: 
842–849. [Medline]  [CrossRef]

11)	 Buechter RB, Fechtelpeter D: Climbing for preventing and treating health 
problems: a systematic review of randomized controlled trials. GMS Ger-
man Medical Science, 2011. Vol. 9, ISSN 1612–3174.

12)	 Lazik D, Bernstädt W, Kittel R, et al.: Therapeutisches Klettern, 1st ed. 
Stuttgart: Thieme, 2009.

13)	 Heitkamp HC, Wörner C, Horstmann T: Sport climbing with adolescents: 
effect on spine stabilising muscle strength. Sportverletzung Sportschaden. 
Organ Ges Orthopadisch-Traumatologische Sportmedizin, 2005, 19: 28–
32.  [CrossRef]

14)	 Kim SH, Lee JI: Comparison of trunk muscle activity during static stand-
ing position and standing position on therapeutic climbing wall. J Korean 
Soc Phys Ther, 2014, 26: 27–32.

15)	 Andersson GB, Ortengren R, Herberts P: Quantitative electromyographic 
studies of back muscle activity relatated to posture and loading. Orthop 
Clin North Am, 1977, 8: 85–96. [Medline]

16)	 Kim JY, Jung MC: The comparison of sensitivity of numerical parameters 
for quantification of electromyographic (EMG) signal. Jounal of the Ko-
rean Institute of Industrial Engineers, 1999, 25: 330–335.

17)	 Anders C, Brose G, Hofmann GO, et al.: Evaluation of the EMG-force re-
lationship of trunk muscles during whole body tilt. J Biomech, 2008, 41: 
333–339. [Medline]  [CrossRef]

18)	 Grant S, Hasler T, Davies C, et al.: A comparison of the anthropometric, 
strength, endurance and flexibility characteristics of female elite and 
recreational climbers and non-climbers. J Sports Sci, 2001, 19: 499–505. 
[Medline]  [CrossRef]

19)	 Watts PB, Daggett M, Gallagher P, et al.: Metabolic response during sport 
rock climbing and the effects of active versus passive recovery. Int J Sports 
Med, 2000, 21: 185–190. [Medline]  [CrossRef]

20)	 Grzybowski C, Donath L, Wagner H: [Association between trunk muscle 
activation and wall inclination during various static climbing positions: 
implications for therapeutic climbing]. Sportverletz Sportschaden, 2014, 
28: 75–84. [Medline]

21)	 Kim SH, Seo DY: Effects of a therapeutic climbing program on muscle 
activation and SF-36 scores of patients with lower back pain. J Phys Ther 
Sci, 2015, 27: 743–746. [Medline]  [CrossRef]

22)	 Crommert ME, Ekblom MM, Thorstensson A: Activation of transversus 
abdominis varies with postural demand in standing. Gait Posture, 2011, 33: 
473–477. [Medline]  [CrossRef]

23)	 Hodges PW, Richardson CA, Richardson C: Contraction of the abdominal 
muscles associated with movement of the lower limb. Phys Ther, 1997, 77: 
132–142, discussion 142–144. [Medline]

http://dx.doi.org/10.1016/S1360-8592(03)00057-3
http://www.ncbi.nlm.nih.gov/pubmed/2974629?dopt=Abstract
http://dx.doi.org/10.1097/00007632-198811000-00019
http://www.ncbi.nlm.nih.gov/pubmed/8316880?dopt=Abstract
http://dx.doi.org/10.1097/00007632-199306000-00004
http://www.ncbi.nlm.nih.gov/pubmed/8153825?dopt=Abstract
http://dx.doi.org/10.1097/00007632-199401001-00009
http://www.ncbi.nlm.nih.gov/pubmed/1534505?dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/31.6.389
http://www.ncbi.nlm.nih.gov/pubmed/11494189?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2001.23819
http://www.ncbi.nlm.nih.gov/pubmed/21192296?dopt=Abstract
http://dx.doi.org/10.1097/BRS.0b013e3181e23cd1
http://dx.doi.org/10.1055/s-2005-857953
http://www.ncbi.nlm.nih.gov/pubmed/857228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17959185?dopt=Abstract
http://dx.doi.org/10.1016/j.jbiomech.2007.09.008
http://www.ncbi.nlm.nih.gov/pubmed/11461053?dopt=Abstract
http://dx.doi.org/10.1080/026404101750238953
http://www.ncbi.nlm.nih.gov/pubmed/10834350?dopt=Abstract
http://dx.doi.org/10.1055/s-2000-302
http://www.ncbi.nlm.nih.gov/pubmed/24963738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25931721?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.743
http://www.ncbi.nlm.nih.gov/pubmed/21269831?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2010.12.028
http://www.ncbi.nlm.nih.gov/pubmed/9037214?dopt=Abstract

