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Abstract: Stair climbing is one of the most important human daily activity and presents challenges for all human beings 
including old adults, younger adults and children. Various factors, such as stair height, climbing mode, and climbing style, 
make the climbing more or less hazardous. In order to provide a safe and less hazardous use of the stairs, research needs to be 
done to determine the effects of these factors. The objective of this study is to explore the effect of these factors on the Ground 
Reaction Force (GRF) and thus on the hazardousness of stairs climbing. Two-axis force platform was used to measure the GRF. 
Five (5) younger adults were asked to use climbing mode (ascent and decent) at three different height stair heights (7, 6.8 and 
6.5 inch) by using two climbing styles (walking and running). In addition, participants’ body weight, stature and average time 
spent on each condition were recorded. The experiment was repeated two times. The data collected was analyzed using mixed 
level factorial design. Results of data analysis indicated that the highest average GRF (762.05 N) was related to highest stair 
height (7 inch). However, the effect was more significant in case of climbing mode and style (P<0.05).  Moreover, the contour 
plot results indicated that stair descent is more difficult and risky than ascent (about 300 N more force required) as well as 
running required more GRF energy than walking (about 200 N more force required). These results inferred that individuals 
should take caution while they try to run during the stair decent. Future study may include more participants as well as 
consideration of stair climbing speed and parallel reaction force effect to predict the joint kinematics and kinetics during the 
stair climbing. 
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1. Introduction 

 
Stair climbing activity, which is performed by most of the people on a daily basis, contribute to the accumulation of 

physical activity throughout the day (Bellicha et al., 2016). Compared to the level ground walking, physical demand and risk 
for stair climbing is increased (Lewis et al., 2015). Older adults are at a greater risk while performing stair climbing activity 
resulting in 10.7% of falls related to this activity (Bergland et al., 2003). 

Since falls or slips may occur due to environmental conditions such as material properties, tread, wear, and human 
behavior such as health of the sensory system, the elderly appear to be particularly exposed to this type of risk (Redfern et al., 
2001). To check for slip propensity, the ground reaction force (GRF), the required coefficient of friction (RCOF), the angle 
and loading rate are widely adopted as a standard measure for the biomechanical analysis of stair climbing (Redfern et al., 
2001; Christina & Cavanagh, 2002). GRF is a force that acts from ground on any contacted structures and is one of most 
common response to evaluate the human performance during climbing. GRF, applied during the entire action, could be 
measured to track the reason associated with fall at stair climbing. The force platform was designed to provide a working 
surface sensitive to the applied force and frequently used to study, diagnose, and treat various disabilities affecting walking 
gait, running gait and postural stability in humans as well as in animals (University of Connecticut, 2017). Use of force plates 
to measure the gait has been the gold standard in industry and in most hospitals (Haynes & Lockhart, 2012; Lee et al., 2014). 

A type of mobility test, stair-walking was used to evaluate the human performance and motor evaluation of children 
and adolescents with intellectual disability (ID). The results indicated that stair-walking was more sensitive than straight-line 
level working in capturing gait characteristics for adolescents with ID (Shieh, 2016).  Stair climbing includes two different 
modes, stair ascent and stair descent. Many previous studies have concluded that during descent were three times more falls 
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