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Evaluation of climbers finger 
strength 

What is the best arm and body position? 
 
What is the suitable grip? How many fingers should be 

used? 
 
 How deep should be the testing hold? 
 
What type of contraction should be tested? 
 
 And the other variables such as material of the hold, 

inclination of the hold,… 
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Arm positions during testing x climbing 
During testing 
 

 1. shoulder flexed at 90° (externally rotated or not) 
with an elbow flexed at 90°  

 

 2. shoulder abducted at 45° and elbow flexed at 90°  
 

 3. shoulder flexed at 180° and elbow fully extended  

During climbing 
 

→ primary position of the arm when applying force on 
the hold is with the shoulder above 90° abduction or 
flexion! 



The aim of the study 

The aim of the study was to evaluate the 
validity and reliability of 4 different arm 

positions for finger flexor strength 
measurement in sport climbers.  



Methods 
25 male and 21 female climbers with self 

reported RP between III and X+ on the UIAA 
scale 

 

climbers were divided according to their 
reported climbing grade from lower grade (≤ 
VI+ UIAA; 6a French scale; 5.10a YDS) to 
advanced climbers (> 6+ UIAA) 



11 lower grade female climbers (24.2 ± 3.2 years; 
61.5 ± 8.3 kg, 167.2 ± 5.2 cm) 

 

10 female advanced climbers (25.0 ± 2.5 years; 
57.2 ± 8.6 kg, 165.6 ± 7.3 cm) 

 
 

13 lower grade male climbers (25.5 ± 3.5 years; 
74.3 ± 6.7 kg, 178.7 ± 5.3 cm) 

 

12 advanced male climbers (28.4 ± 6.7 years; 
67.9 ± 8.0 kg, 175.7 ± 5.4 cm) 



4 different arm positions 
with other variables held 
constant 
 

– the same finger position 
on the gauge 

– sitting position 

– randomly assigned arm 
position 

 





Statistical analysis 

The ICC was used to assess the intra-session 
reliability for all tests of the left and right hand.  

 

To assess the criterion related validity repeated 
analysis of covariance was used (4 x 2 x 2), with 
the arm position as a within subject factor, sex 
and climbing ability as between subject factors, 
and body mass as a covariate.  



Average values from all the test results of the 
left and right hands were analyzed.  

 

To control the effect of body mass on the 
strength results, the inclusion of body mass as 
a covariate was preferred, rather than 
standardizing the scores with regard to body 
mass.  



Results 

A high ICC was found for all positions:  
 

– right hand (handgrip) 0.97; (90/90) 0.96; (130/50) 
0.97; (180/0) 0.96;  

 

– left hand (handgrip) 0.97; (90/90) 0.96; (130/50) 
0.98; (180/0) 0.95.  

 

– SEM ranging  from 22-26 N 
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Discussion 

Reasons of higher strength in different arm 
positions? (Watts et al., 2008) 

 

How to assess the effect of body mass on 
strength (ratio, linear regression, allometric 
scales?)  

 

Grouping design x correlation. 
 

 Is the measurement valid also for top elite 
climbers? 

 



Conclusion 

 The positions 180/0 and 130/50 were most suitable to 
assess finger flexor strength.  

 

 The 90/90 position provided substantially less validity. 
 
 The handgrip dynamometry had the lowest criterion 

validity from the proposed tests.  
 
 The use of strength to body mass ratio might be 

problematic, as it increases the strength differences 
between ability groups with unequal body mass.  
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Finger flexors strength 
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The aim of the study 

The aim of our study was to assess the 
validity and the reliability of four climbing 

grip positions during finger flexors strength 
measurement using electronic scales in 

sport climbers. 

 



Participants 

55 climbers 
 

self-reported climbing abilities RP between 5 
and 12- on the UIAA scale (4c - 9b+ French 
scale; 5.6 - 5.15c Yosemite decimal scale; 14 - 
38 Ewbank scale) 



Climbing 

ability group 

Sex Climbing ability 

RP (UIAA) 

Age (years) Body mass (kg) Heigh (cm) 

Lower grade  
Male (N = 7) IV to VI 25.9 ± 8.2 75.7 ± 8.5 176.6 ± 6.7 

Female (N = 8) IV to VI 22.8 ± 2.9 58.9 ± 6.8 162.5 ± 4.4 

Intermediate  
Male (N = 10) VI+  to VIII 25.8 ± 9.0 74.8 ± 4.8 178.1 ± 3.9 

Female (N = 7) VI+ to VII+ 29.5 ± 6.7 64.7 ± 10.7 168.7 ± 6.5 

Advanced  
Male (N = 10) VIII+ to IX+/X- 24.1 ± 7.6 66.2 ± 8.3 173.9 ± 8.4 

Female (N = 5) VIII- to IX 25.5 ± 4.1 55.2 ± 4.8 166.4 ± 5.7 

Elite + high 

elite 

Male (N = 5) X- to XII- 24.0 ± 7.6 65.6 ± 4.9 178.0 ± 5.2 

Female (N = 2) IX+  to X 16.9 ± 1.8 49.5 ± 2.1 165.0 ± 6.3 



Methods 









Reliability analysis 

The intra-session reliability or the consistency 
was analysed in all participants from 3 trials 
for the left and for the right hand.  

 

To assess the inter-session reliability, twelve 
climbers repeated the same measurement 
after 6-7 days.  The mean scores from the first 
and from the second measurement were 
computed for the inter-session reliability. 

 



Results - reliability 
Left hand Right hand 

Intra-session 
Inter-

session 

Intra-

session 

Inter-

session 

3 

trials 

2 

trials 

mean 3 

trials 

3 

trials 

2 

trials 

mean 3 

trials 

OG 0.94 0.93 0.90 0.93 0.93 0.94 

CG 0.93 0.94 0.88 0.96 0.96 0.95 

IM 0.95 0.93 0.88 0.91 0.88 0.91 

MR 0.97 0.97 0.94 0.97 0.98 0.94 

ANOVA results did not reveal a significant difference 
between 1-2, 2-3, 1-3 trials. Two trials are sufficient, 
when testing maximal finger flexor strength.  



Strength in females  
Effect of body mass corrected by ANCOVA 
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Strength related to body mass 
in females 
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 Strength in males  
Effect of body mass corrected by ANCOVA 
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Strength related to body mass  
in males 
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Bivariate (in italic) and partial correlations (bold) 
among climbing abilities (RP, OS) and finger 

strength 

  
RP OS OG CG IM MR 

Body 

mass 

RP 1.000 .968 .628 .625 .521 .636 -.131 

OS .968 1.000 .638 .648 .541 .647 -.121 

OG .806 .811 1.000 .908 .871 .847 .498 

CG .788 .808 .880 1.000 .823 .856 .476 

IM .677 .694 .830 .770 1.000 .860 .490 

MR .746 .753 .821 .831 .836 1.000 .375 



Discussion 
 The highest criterion validity was found for the 4-finger 

positions (R = 0.788 - 0.811) to the RP or OS 
performance.  

 
 Handgrip strength to OS performance  
 R= 0.36 in 16 elite climbers (España-Romero  
 et al., 2009);  
 R = 0.57 handgrip strength + % fat in  39  
  World-Cup climbers (Watts et al., 1993) 
 R = 0.55 in 136 males;   
 R = 0.75 in 69 females (Baláš et al., 2012) 
 



Crimp x open grip; half crimp grip? 
 

The strongest position in intermediate and 
elite male climbers was OG followed by CG. 
This finding is in discrepancy with the 
Schweizer and Hudek (2011) who found that a 
crimp grip generated more flexion moment 
than an open grip independently on the size 
of the hold.  

 



You cannot properly analyze rate of force    
development. 
 
You have to put additional weight on strong 

climbers.  
 
You have to carefully control the slow execution 

of strength measurement. 

Disadvantage of strength measurement 
on scales in standing position 



Conclusion 

The use of a climbing fingers board and digital 
scales appears to represent a relatively 
inexpensive, straightforward, reliable and valid 
method to assess climbing-specific finger 
strength using different grip positions. 

 

The open grip and crimp grip were found most 
specific to the self-reported climbing 
performance. 


