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Abstract 

 

Introduction: Gripping is a prime function of the hand, no more clearly 

demonstrated than in the sport of rock climbing, however the role of the extensor 

muscles in gripping is fundamental but little data is available. Unlike flexion there 

are no population norms for extension strength and no research into the likelihood 

of flexor/extensor muscle imbalance as a cause for overuse syndromes. The study 

aims to investigates the strength of the wrist and finger flexors and extensors in a 

population of climbers and a healthy non-climbing group. It also aims to establish 

whether there is a ‘normal’ ratio and to ascertain whether climbers are outside of 

this. 

 

Method: 30 ‘elite’ climbers and 30 non-climbers were each tested first for grip 

strength using a dynamometer. Grip strength was taken in standing with the 

dynamometer held at the side, not contacting the body with the elbow at 90º. Three 

measurements were taken were taken with a 10 second rest between each one. 

Extensor strength measurement was achieved by building a custom-made device 

with a Tanita® (Illinois, USA) Body Composition Analyzer TBF-300 on a weight only 

setting – as a set of scales. Standard gym weights were placed onto a specially 

designed base, which would safely support the weights and transfer the force to the 

weight belt device. Ethics approval was gained from Sheffield Hallam University 

Health and Social Care Research Ethics and Governance Subcommittee.  
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Results: The non-climbing control group were within national averages for flexion 

strength and had a mean flexor strength of 38.81kg (range; 18.67kgs – 68.67kgs) 

and an average flexor/extensor strength ratio of 3.08 (p>0.05) with no significant 

difference between hands or due to demographic variables of gender, height or 

weight (see table 1). The climbing group were up to 12% stronger with a mean 

flexor strength of 44.68kg (range; 23.33kgs – 67.33kgs) but also demonstrated an 

average flexor/extension strength ratio of 3.08 (p>0.05). The 10 strongest flexion 

readings between both participant groups, however did demonstrate a significantly 

increased ratio of 3.45. 

Conclusion: It can be postulated that the population ‘norm’ for flexor/extensor 

strength ratio is 3.08 and that very few climbers train beyond this ‘safe’ limit. 

Individuals with a particularly strong grip may demonstrate flexor/extensor 

imbalance.  
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Introduction 

In general, an overuse injury can be defined as one that occurs as a result of 

training or repetitive performance and cannot be attributable to one specific event 

or “obvious indirect trauma” [2]. Overuse injuries in climbing are focussed around 

the fingers and forearms and include, but are not limited to: climber’s finger [5], 

tennis and golfer’s elbow and tendinopathies [19,22]. 

There is much research relating to forearm and finger flexor strength or grip 

strength and there are national and multinational norms for population strengths 

[4,6,8,13,16,25,26,28] Similarly, a lot of research has been undertaken to 

understand the principles of flexion and the mechanisms of injury to the 

components of flexion, specifically in climbing [17,23]. 

There is little evidence to support the importance of extensors in grip and no 

standardised way of measuring extensor strength has been developed. 

Consequently, there also is little information regarding population norms. 

Wrist extension is crucial in gripping to reduce active insufficiency in the flexors and 

maximise gripping power [1]. It has been established that for a grip to achieve 

maximum force the wrist needs to be extended between 0º - 30º [11] or 15º - 30º 

[7]. However, this is not always possible in rock climbing as it would sometimes 

reduce the ability of the climber to maintain their grip on a hold. 

This study aims to investigate the strength of the extensors in a population of 

climbers and a healthy non-climbing group and to compare this with a 

corresponding flexor strength measurement. A significant difference in the ratio of 

flexor/extensor strength between climbers and non-climbers would provide grounds 



   5 

for further research to consider whether this is a factor in climbing related hand and 

wrist injuries. 

 

Materials and Methods 

30 ‘elite’ climbers and 30 non-climbers were used as the study cohorts. All climbers 

were recruited at a climbing wall to match the inclusion criteria and to include as 

wide an age range as was possible.  

In the climbing cohort, there were 20 males (mean age 33.4 years) and 10 females 

(mean age 21.6) and in the control cohort there were 14 male (mean age 34.9) and 

16 female (mean age 35). 

 

Inclusion criteria for climbing group 

 Have been climbing for a minimum of 5 years 

 Between 21 and 65 years of age 

 Climbing at UIAA metric grade [21] 6,33  or above 

Exclusion criteria for both groups 

 Current injuries on upper limb requiring treatment or causing pain or 

discomfort 

 Currently receiving treatment 

 Recent illness or undergone surgery 

 

Informed consent was obtained prior to data collection and to comply with data 

protection no personal information, which could identify each participant was 

obtained but signatures were obtained to validate test data. Ethics approval was 
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gained from Sheffield Hallam University Health and Social Care Research Ethics 

and Governance Subcommittee.  

 

 

Equipment 

The weight of the participant was measured using a Tanita® (Illinois, USA) Body 

Composition Analyzer TBF-300 and 1 or 2 Kg’s were removed from the final 

measurement to account for light or heavy clothing. Height was measured using a 

Leicester Height gauge. To measure grip strength a Dynex (Baseline® , Fabrication 

Enterprises Inc, NY, USA) dynamometer was used. This is a standard device for 

measuring grip strength and has been found to produce reliable and valid results 

[24]. It measures a concentric contraction of the main flexor group through a very 

small range. The limit of the range is almost comparable to an isometric contraction 

as there is little movement of the hand during flexion. The device was set on to 

setting 2 which has been shown (with the Jamar® dynamometer – a similar device) 

by The American Society of Hand Therapy (ASHT) to produce maximal handgrip 

strength [3] and is considered to test the inner range [9]. The posture of the 

participant was as recommended by the ASHT with the elbow at 90º which has 

been shown to yield maximal results [14]. 3 measurements were taken with a 10 

second rest between each measurement. 

 

To measure extensor strength, it was necessary to devise an effective system to 

provide a directly comparable measurement to the dynamometer – isometric or 

minimally concentric contraction of the extensor group with instantly measurable 

results to minimise fatigue. 
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This was achieved by using a Tanita® Body Composition Analyzer TBF-300 Illinois, 

USA) as a set of scales. Standard gym weights were placed onto a specially 

designed base, which safely supported the weights and transfers the force to the 

weight belt device. A fully adjustable and load bearing strap was attached and then 

which was placed over the back of the hand in pronation but not over the thumb. 

This ensured that the load was primarily taken by the wrist extensors and not the 

thumb. 

 

After some pre-tests, 25kg of weights were chosen and placed onto the scales 

along with the lifting equipment. During the lift the scales would register a minimum 

value which was subtracted from 25Kg to give the participants total lift 

measurement i.e. if the scales registered a minimum of 5Kg during the lift then the 

total weight lifted would be 25Kg-5Kg = 20Kg (see figure 1). 

 

Each participant was then tested by taking three measurements of grip strength 

from each hand and followed by a 1 minute rest and then three measurements of 

extension strength from each hand were taken. 

 

Each participant was extensively informed about the test protocol and gave 

informed written consent. Ethics approval was gained from Sheffield Hallam 

University Health and Social Care Research Ethics and Governance Subcommittee 

(SHUREC).  
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Data Analysis  

All data was first analysed using Microsoft Excel® to establish data set averages 

and to provide comparisons to published norms. All data is interval and ratio data 

and the Statistical Package for Social Sciences as above was used to assess 

whether the data was normally distributed by applying Kolmogorov-Smirnov and 

Shapiro-Wilk tests. P > 0.05 was defined as the data was not significantly different 

from normal distribution and could therefore be treated as parametric. The means 

of the parametric data were analysed using an independent sample t-test while 

non-conforming variables were analysed via the Mann-Whitney U-test. 

 

Results 

60 participants fulfilled the inclusion criteria; 30 in the control group and 30 in the 

climbing group. 4 respondents either withdrew from the process or were unsuitable. 

All data variables apart from weight were found to be not statistically significant 

from normal (p > 0.05). 

Of the 30 control group participants (14 male and 16 female) the mean age was 35 

years (range 21-46). The mean height was 172.60m (range 150.5-192m) and the 

mean weight was 79.51Kg (range 55-102.8Kg). 

The climbing group participants (20 male and 10 female) the mean age was 33 

years (range 21-56). The mean height was 172.15m (range 153-184m) and the 

mean weight was 68.51Kg (range 39-86.2Kg). 

The flexors for both groups were, on average 107% stronger in the dominant hand; 

the climber’s flexion average for the dominant hand 45.40Kg compared to 43.96Kg 
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for the non-dominant hand and the control’s average dominant strength was 

40.12Kg compared to 37.5Kg (Table 1). 

There were no significant differences between the means of age, height and weight 

and all strengths tests for either group but the control group did demonstrate a 

greater range of strength measurements for all variables. There was no statistically 

significant difference between the weights of the two groups (p= 0.368) (Table 1). 

 

There was no significant difference between the groups right hand strength (flexion 

p=0.1, extension p=0.396, ratio p=0.592) however the left-hand flexion and 

extension measurements were statistically significant (p= 0.044 & 0.036 

respectively) although the ratio between these two measurements was not 

statistically significant (p=0.72). 

 The overall ratio of flexor strength to extensor strength for the control group not 

differentiating between variables for gender, height, weight or age was 3.0825 and 

the climbing group 3.0775, which gives an overall population ratio of 3.08 

regardless of whether individuals are climbers or non-climbers. 

 

Discussion 

The study demonstrated effective gathering of population norms for forearm 

flexor/extension strength ratios. The equipment was easy to source and use and 

proved a reliable method of measurement. Although the use of a dynamometer has 

been shown to lack specificity for testing grip strength of climbers [8] there are 

other tests that have been devised looking at the particular issue of climber’s grip. 

Nevertheless, this study is not intended to look at grip but to compare one muscle 
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group with another i.e. flexors with extensors. Thus, using the dynamometer is 

relevant and as a test of absolute flexor strength will give an appropriate 

comparison to the test for absolute extensor strength.  

 

The difference of 7% in flexion strength between dominant and non-dominant 

hands of both groups supports the findings of Grant [10] who identified a difference 

of 7.99% in climbers although a larger difference in non-climbers of 11.73% for their 

inner range grip average. The difference between the females and males in our 

study were not as significant as found by Grant [10] with only a 2% difference 

between male and female in the control and a 4% difference between the male and 

female climbers. 

Extension strength followed a similar pattern to flexion strength with an increase in 

strength corresponding to an increase in flexion strength. In the climbing females, 

the dominant hand was 7.44% stronger than the non-dominant hand (only 1.34% 

more than flexion) and 7.57% stronger in the males (5.24% more than flexion).  

However, the differences were more significant in the non-climbers. The females 

dominant hand extension was 22% stronger than their non-dominant hand and the 

male’s extensor strength was 14% stronger. This is a difference between flexion 

and extension of 14% (females) and 8% (males).  

 

This adds to the evidence supporting the role of the extensors in gripping. The 

difference between participant groups left hand (non-dominant) flexion and 

extension strengths shows that a climber becomes accustomed to using his non-

dominant hand for maximal strength tasks whereas non-climbers would defer and 
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use their dominant hand. This explains the greater disparity between dominant and 

non-dominant extension strength in the non-climbers. This supports a previous 

study, which also suggested a “more even bilateral strength” [9] in climbers. A 

finding which was also shown in studies of finger strength in climbers [18]. 

 

Despite the differences between overall strength of participant groups and the 

significant difference with non-dominant strength the difference between 

extension/flexion ratios were not statistically significant (all p values > 0.05). 

According to the measurements collected from these participants there is no 

difference between the finger and wrist extensor/flexor strength ratio between 

climbers and non-climbers. This proves that climbing also trains the extensors, 

which is obvious analysing the hand position while gripping. To apply full strength 

to the grip when loading the finger flexors a degree of extension in the radiocarpal 

joint is beneficial [19]. Nevertheless, it is hypothesised that a shift of the 

extensor/flexor ratio up or down may be the origin of insertion tendinopathies of the 

finger flexor or extensors [15,27].  

Previous studies have suggested weakness of the wrist extensor muscles relative 

to the flexor muscles contribute to the onset of lateral epiconylalgia [23]. This study 

investigates this hypothesis by estimating the ratio of extensor to flexor muscle 

capacities among healthy non-players (n = 10), healthy tennis players (n = 20), 

symptomatic players (n = 6), and players who have recovered from lateral 

epicondylalgia (n = 6). Maximum joint moments in flexion or extension were 

measured during seven tasks involving the voluntary contraction of wrist and 

fingers. Using these data, the muscle capacities of the main muscle groups of the 
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hand (wrist flexors, wrist extensors, finger flexors, finger extensors, and intrinsic 

muscles) were estimated using a musculoskeletal model. These capacities were 

then used to compute the extensor/flexor capacity ratios about the wrist and the 

finger joints. Compared to healthy non-players, healthy players presented higher 

extensor muscle capacities and greater capacity ratios showing that playing tennis 

generates specific adaptations of muscle capacities. Interestingly, symptomatic 

players, similar to those of non-players, showed more imbalanced ratios than 

healthy players. These results confirmed that the ratio of flexor/extensor muscle 

capacities seems to be associated with lateral epicondylalgia and can be further 

used to understand its incidence and consequences. Thus, antagonist training has 

become common when prescribing a therapy regimen for these conditions. 

While the strength of the forearm flexor muscles is widely considered as a limitation 

in performance climbing [12,20] it is an important finding of this study that specific 

muscle group training (of the flexors) has produced a corresponding increase in the 

antagonistic group. This will be as a direct result of activation of the extensors in 

grip to maximise position and strength as well as providing support to the wrist, 

hand and fingers. None of the climbers actively trained their extensors. 

 

Another finding of the study is that if only the 10 strongest flexion measurements (4 

from non-climbers, 6 from climbers) all of which were above 60Kg, were compared 

with their corresponding extensor strength the result shows that the average 

extensor/flexor ratio is 3.43; significantly beyond the ‘norm’ as defined in this study. 

If the 10 weakest flexion measurements, all of which were below 27Kg (8 from non-

climbers, 2 from climbers) were compared with their corresponding extensor 
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strength the results show that there was an average ratio is 3.15; not significantly 

abnormal but also not diametrically opposed to the stronger participants. This is as 

would be expected if the ratio directly corresponded with a significant increase in 

strength and not just strength differences where weaker individuals would show a 

ratio of less than the norm of 3.08. This may be evidence to support physiological 

change in the very strongest of examples but does not, necessarily prove a link 

with climbing as 4 out of 10 of this sample were non-climbers. Further 

measurements with climbers who are symptomatic for medial or lateral epicondylitis 

are necessary to evaluate weather this ratio is different in those. 

 

A limitation of the study is the test for extension strength. The equipment used for 

testing the extensor strength was not designed for purpose and it could easily be 

seen how improvements could be made. The scales did not ‘record’ the minimum 

or maximum reading which meant the investigator had to maintain close 

observation but rapid changes in the output reading made 100% accurate 

outcomes impossible. The weights and lifting apparatus were entirely designed by 

the author and no studies or independent tests have confirmed the validity and 

accuracy of the equipment.  

 

Whilst every effort was made to ensure posture and position of the participants 

were as similar as possible using an adjustable chair the environment where the 

tests took place meant this protocol could not be strictly followed. Also, it has been 

previously noted that the position for flexor strength testing (as recommended by 

the American Society of Hand Therapists) is not functional to climbing, however – 
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given this lack of specificity it is felt that the position allowed for a greater parity of 

testing between groups. It can also be seen that by their very nature climbers would 

have been very competitive and it was noticed by the investigator that climbers 

appeared to engage more enthusiastically with the test. 

 

Conclusion 

The study concludes than for most climbers and non-climbers grip strength muscle 

imbalance is not a significant problem. Individuals who can perform at a very high 

level are unlikely to have an imbalance so can discount this as a reason for injury. 

However, in individuals who have significantly increased flexion strength 

(regardless of climbing ability) there could be a need to actively maintain extension 

strength to ensure that appropriate strength norms are maintained. Further studies 

on injured versus non-injured climbers, especially on behalf of insertion 

tendinopathies of the medial and lateral epicondyle would be necessary. 
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