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The retention of climbing-adapted features in the upper limb of some species of fossil human 

relatives (called ‘hominins’) have historically been interpreted to indicate the continued 

relevance of arboreal climbing in the human lineage. Recent paleoenvironmental reconstructions 

for two major hominin-bearing landscapes in Africa have found that fossil hominins were 

preferentially utilizing landscapes featuring a mosaic of habitats in close geographical proximity, 

including dry, uplifted flanks with rocky cliffs. Many extant species of primate use rocky and 

cliff habitats as sleeping, foraging, and refuge sites. This raises the question: could the retention 

of climbing-advantageous morphologies in fossil hominins relate to behaviors other than tree 

(arboreal) climbing, such as rock climbing? 

 

As yet, there has been no systematic comparison of the biomechanics of rock climbing grips with 

arboreal/suspensory climbing grips, partly because the instrumentation to do so accurately and 

without endangering participants does not exist. The aim of this pilot study is to quantify 

differences between two suspensory climbing grips and two rock climbing grips in terms of 

finger joint angles. If the two broad categories of grip (arboreal versus rock climbing) are 

significantly different in terms of joint angles, force and pressure distribution is also likely to be 

significantly different, justifying a more complete investigation of grip biomechanics. 

 

Five healthy, experienced rock climbers were recruited to perform two rock climbing and two 

suspensory grips on a custom rig (Fig. 1). Kinematic analysis (Qualisys Motion Capture 

Systems, Gothenburg, Sweden) was used to quantify differences between suspensory and rock 

climbing grips in terms of joint angles, determined by trigonometric functions, as a proxy for 

grip geometric shape. Pilot data was analyzed using principal components analysis and 

discriminant function analysis to assess variation within the samples (Fig. 2). Results indicate 

significant differences between angular joint configurations according to grip type (p = < 0.05).  

 

The results of the pilot data validate that these grips are real entities that are differentiable in 

three-dimensional space. While we do not currently have instrumentation for accurately 

evaluating forces and pressure in arboreal and rock climbing grips, the joint angles between grip 

types differ in a statistically significant manner between arboreal and rock climbing grips and 

cluster distinctly when examined using both PCA and DFA. It is therefore reasonable to 

hypothesize that force and pressure distributions will also differ significantly between arboreal 

and rock climbing grips. Approaching a larger, more comprehensive data set using acquisition 

methods such as kinematic analysis produces raw data that can be manipulated and analysed 

using the techniques proposed in this application. A detailed exploration of force distribution and 

kinematics between rock climbing and arboreal climbing/suspensory grips is justified and will 



further our understanding of the selective pressures that many have been acting on the hands and 

upper limbs of our fossil ancestors. 
 
 

Figure 1. Experimental set-up for the pilot grip study for A) the hook grip, and B) the crimp grip. 

Participants were asked to hang from a doorway-mounted pull-up bar to simulate under-branch grips such 

as the power and hook grips important in arboreal climbing behaviors. Similarly, a doorway-mounted 

hangboard was used to simulate grips necessary for rock climbing, including the crimp grip for small 

holds and a slope grip for larger holds. 

 

 

 

 



Figure 2. Scoreplot of discriminant function scores (LD). The arboreal and rock climbing grip 

types are readily discriminated along discriminant score 1, though there is quite a bit of overlap 

along discriminant score 2 for the Slope, Crimp, and Hook grips. While the Power grip appears 

more variable, it separates from the other grip types along discriminant score 2. 

 


