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Abstract Abstract 
ABSTRACT 

Stair climbing is an important functional task that indicates independence, and generating power to climb 
stairs is a vital component of this task. Power during stair climbing is traditionally calculated using 
potential energy (PE), but it may be important to determine power expended using kinetic energy (KE). 

Purpose: The current study assessed power output for stair climbing with and without the inclusion of KE. 

Methods: Sixty participants (21-35 years) climbed a 12-step stairway with a 2-meter acceleration phase 
before the first step and a 2-meter deceleration phase after the last step. Participants completed 3 trials, 
and average time was used for calculating energy expended and power. 

Results: The mean difference between power from PE and total power was 6.16 W (SD = 2.50, t29 = 13.49, 
p < 0.001) for males and 64.76 W (SD = 2.90, t29 = 8.99, p < 0.001) for females. Agreement between power 
calculated from PE and total power was 0.99 (95% confidence interval = 0.98-1.0). 

Conclusion: Power calculated using PE and KE was significantly different from using PE alone, which may 
be clinically important. When conducting stair-climbing tests, both PE and KE may be necessary for the 
most accurate assessment of power. 
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ABSTRACT 
Background: Stair climbing is an important functional task that indicates independence and generating power to climb stairs is a 
vital component of this task. Power during stair climbing is traditionally calculated using potential energy (PE), but it may be 
important to determine power expended using kinetic energy (KE). Purpose: The current study assessed power output for stair 
climbing with and without the inclusion of KE. Methods: Sixty participants (21-35 years) climbed a 12-step stairway with a 2-meter 
acceleration phase before the first step and a 2-meter deceleration phase after the last step. Participants completed 3 trials, and 
average time was used for calculating energy expended and power. Results: The mean difference between power from PE and 
total power was 6.16 W (SD = 2.50, t29 = 13.49, p < 0.001) for males and 64.76 W (SD = 2.90, t29 = 8.99, p < 0.001) for females. 
Agreement between power calculated from PE and total power was 0.99 (95% confidence interval = 0.98-1.0). Conclusion: Power 
calculated using PE and KE was significantly different from using PE alone, which may be clinically important. When conducting 
stair-climbing tests, both PE and KE may be necessary for the most accurate assessment of power.  
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INTRODUCTION 
Stair climbing has become an important outcome for many patient populations, such as postsurgical patients, respiratory 
conditions, or hip and knee arthritis, obese patients, and nursing home residents.1-6,8,10 Stair climbing is an excellent functional 
assessment because it simulates an activity performed in everyday life. The convenience, low cost, and ease of administering the 
test make stair climbing the ideal functional outcome measure. In clinical practice, it can be used to identify impairments, assess 
change over time, and measure muscular power. Stair climbing is often assessed in hospitalized patients to determine whether 
they are able to return home and ascend stairs in their home setting.  
 
The Margaria-Kalamen test, a stair-climbing test commonly used to measure muscular power, uses potential energy (PE) as the 
key measure to determine power.9-11 The PE is calculated as follows: PE = mgh, where m is the person’s mass (kg), g is the 
gravitational constant (9.8 m/s2), and h is the vertical distance of the stairs (m). Power (W) is then calculated as energy divided by 
time.9 Kinetic energy (KE), however, is not normally included in the calculation of total energy and total power for the Margaria-
Kalamen test.9 The KE is calculated as follows: KE = ½ mv2, where m is the person’s mass (kg) and v is the horizontal velocity. To 
ensure reliability of this functional test, it may be more mathematically accurate to include both PE and KE when calculating power 
as follows: Total power = (mgh + ½ mv2)/t. 
 
Because Margaria, Aghemo, and Rovelli did not provide a rationale for including only PE in the calculation of total energy and 
power, some have questioned the validity of this test.9 Perhaps the authors were more concerned with the anaerobic energy supply 
and anaerobic power. However, differences in these calculations (PE only vs both PE and KE) may result in different outcomes, 
which would affect clinical decision-making and justification of the plan of care in relation to physical function. Therefore, the 
purpose of the current study was to assess power output for stair climbing with and without the inclusion of KE in the calculation. 
Such information may be useful for determining the most accurate method to calculate total energy and power for the stair-climbing 
test. 
  
MATERIALS AND METHODS 
Study Design 
The current study used a quasi-experimental, repeated measures design. Outcome measures included time ascending the stairs, 
PE, KE, and power with and without KE. Independent variables included the calculation of power with and without KE and the 
dependent variable was power. 
 
Procedures 
The local institutional review board approved the study. All participants were informed of the benefits and risks of the study before 
signing an institutionally approved informed consent form to participate. Potential participants were graduate students from a local  
university who were recruited via flyers and word-of-mouth.  
 
Participants were included in the study if they were aged between 21 and 35 years, had adequate English proficiency to follow 
simple instructions, and were able to ambulate independently a minimum of 150 ft (45.72 m) without the use of an assistive device. 
Using the Iowa Level of Assistance Scale, independence was defined as being able to perform the activity safely without the 
supervision of another individual in the room.17 Exclusion criteria were lower extremity surgery within the past year, lower extremity 
amputation within the past year, or diagnosis with a neurologic condition, such as Parkinson disease or stroke with lower extremity 
involvement. 
 
After meeting eligibility requirements and providing consent, the following demographic characteristics of participants were 
obtained: sex, age, height, weight, and body mass index (BMI). Height was measured using a standard stadiometer and recorded 
in centimeters; weight was measured using a standard bathroom scale and recorded in kilograms. The BMI was calculated using 
the participant’s height and weight. 
 
Instrumentation 
A 12-step staircase was used in the current study. Each step was 16.5 cm (6.5 in). Total vertical height of the staircase was 191 
cm (75.2 in), and total horizontal distance of the staircase was 301 cm (118.5 in). There was a 2-meter acceleration phase before 
the first step, and a 2-meter deceleration phase: both were marked on the floor with masking tape. 
 
Two Lafayette Instrument Company Model 63501IR infrared sensors (Lafayette, IN) were connected to a Lafayette Instrument 
Company Model 54060 timing device and were used to record each participant’s time. One sensor was placed on the platform 
below the first step and one sensor was on the last step. As the participant ascended the first step, the timing device was triggered 
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to start timing; and after the last step, the timing device was again triggered to stop timing. The timing device had reported accuracy 
to 0.001 seconds. 
 
Participants were instructed on stair climbing using the stair climbing protocol. They began the test 2 m in front of the stairs, 
ascended the stairs, and continued walking until they reached the back wall approximately 2 m past the last step. The participants 
were instructed to ascend each step independently and to not “skip” any steps. They were also instructed to resist using the 
handrails on the stairs unless necessary for balance and safety. Since no other verbal cues were given, the participants were 
instructed to start ascending the staircase when ready. Each participant completed 3 trials of stair climbing. Because of the nature 
of the task, participants could rest after a trial if needed, or they could perform another trial. The average time ascending the stairs 
was calculated from the 3 trials and was used for calculation of energy expended. The PE expended when ascending the stairs 
was calculated as follows: PE = mgh, where m was the mass (kg) of the participant, g was the gravitational constant (9.8 m/s2), 
and h was the vertical distance (m) of the staircase. The KE when ascending the stairs was calculated as follows: KE = ½ mv2, 
where m was the participant’s mass (kg) and v was the horizontal velocity (m/s). Power was calculated as the energy divided by 
time.  
 
Statistical Analyses 
All data were analyzed separately based on participant sex. Mean and standard deviation (SD) was calculated for age, height, 
weight, BMI, average time when ascending the stairs, power calculated from only PE when ascending the stairs, power calculated 
from only KE when ascending the stairs, and total power  (PE and KE) when ascending the stairs. A t test was used to test for 
differences between the power calculated from only PE and total power. These results were reported using mean, SD, and 95% 
confidence interval (CI) with associated effect size and statistical power. An intraclass correlation coefficient (ICC) was calculated 
to determine agreement between power calculated from only PE and total power. A Pearson product moment correlation coefficient 
was calculated to determine the relationship between power calculated from only PE and total power. Bland-Altman plots were 
used to observe agreement in outcomes for power output with and without KE. Significance level was set a priori at 0.05. Microsoft 
Excel (Redmond, WA) and SPSS version 23.0 statistical software (IBM, Chicago, IL) were used for data collection and analysis. 

 
RESULTS 
Sixty participants (30 male, 30 female) completed the study. Descriptive statistics for study participants are summarized in the 
Table. 
 
Stair Climbing Results for Males 
The mean difference between power using only PE and total power was 6.16 W (SD = 2.50, t29 = 13.49, p < 0.001. 95% CI = 5.27-
7.06). The effect size for the t test was 2.46, and the statistical power was 0.84. The ICC (2,1) for power calculated from only PE 
and total power was 0.99 (95% CI = 0.98-1.0). The percent difference when using PE alone versus PE and KE combined was 
1.6%. The relationship of power from only PE as a function of total power is presented in Figure 1. The Pearson product moment 
correlation coefficient for power calculated from only PE and total power was 0.99 (t = 37.79, p < 0.001, 95% CI = 0.98-1.0). As 
shown in the Bland-Altman plot (Figue 2), the bias line was not close to zero, and there was a definite pattern to the data points 
with one noticable outlier. The lines representing 2 SD above and below the bias line were 20 W, which may be clinically important. 
Given the plot of agreement for power output with and without KE, there may be a clinically important bias between power 
calculated from PE when ascending the stairs and total power when ascending the stairs, especially at higher levels of calculated 
power. 
 
Stair Climbing Results for Females  
The mean difference between power using only PE and total power was 4.76 W (SD = 2.90, t29 = 8.99, p < 0.001. 95% CI=0.98-
1.0). The effect size was 1.64, signifying a large effect that was clinically important, and the statistical power was 0.99. The 
relationship of power from only PE as a function of total power is presented in Figure 3. The Pearson product moment correlation 
coefficient for power calculated using only PE and total power was 0.999 (t28 = 37.79, p < 0.001, 95% CI = 0.98-1.0). The power 
for the t test determining the relationship between power using only PE and total power was 0.82. The addition of KE to the total 
power again generated approximately 1.6% more power to climb the stairs. As shown in the Bland-Altman plot (Figure 4), the 
bias line was approximately 5 W from zero. The difference between the 2 dispersal lines representing 2 SD above and below the 
bias line was 11.60 W, representing a large difference. There was a definite pattern to the data points with a large correlation 
between points on the plot and 3 distinct outliers 
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Table. Demographic characteristics and stair-climbing test outcomes of study participants (N=60) 

Variable Mean (SD) 

 Male (n=30) Female (n=30) 

Age, y 26.73 (2.75) 26.46 (2.32) 
Height, cm 177.74 (7.23) 164.78 (6.46) 
Weight, kg 79.00 (21.75) 63.33 (7.75) 
Body mass index 24.98 (6.19) 23.32 (2.52) 
Average time for stair climbing, s 3.99 (0.48) 4.15 (0.63) 
Power from potential energy, W 380.60 (84.81) 293.50 (64.44) 
Power from kinetic energy, W 6.16 (2.50) 4.76 (2.90) 
Total power, W 386.76 (86.80) 298.25 (67.11) 

 

 

 
Figure 1. Correlation plot of power calculated from potential energy as a function of total power for male participants (n=30) 
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Figure 2. Bland-Altman plot of the differences between power calculated from potential energy and total power as a function of 
the mean of potential energy and total power for male participants (n=30) 

 

 

Figure 3. Correlation plot of power calculated from potential energy as a function of total power for female participants (n=30) 
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Figure 4. Bland-Altman plot of the differences between power calculated from potential energy and total power as a function of 
the mean of potential energy and total power for female participants (n=30) 

 

DISCUSSION 

Results of the current study suggested that KE should be considered in the calculation of total power for the stair-climbing test, 
especially given the meaningful effect it had on power outcomes in young adult males. To our knowledge, no other studies have 
investigated including both PE and KE in the total power calculation of this test even though stair climbing is a widely used outcome 
measure in clinical practice because of its availability and ease of administration when compared to other functional capacity 
assessment tools. Although we found a total power mean difference of less than 2%, the large effect size supports the use of KE 
in the calculation of total power since it improves the accuracy of power measurements. 
  
Stair climbing has been used as a functional outcome measure in many studies.4,11-13,14-38 Power has also been calculated in many 
studies by first determining the PE and then dividing the PE by the duration of time to ascend a set of  
stairs.11-13,23,24,28,29,31,37 Stair climbing has been used as an item on self-reported outcome measures.17-19,37 It has also been used 
for the assessment of patients with numerous medical issues, such as lung cancer, cardiac disease, hip and knee osteoarthritis, 
total knee arthroplasty and total hip arthroplasty, obesity, and chronic obstructive pulmonary disease and for assessment of 
independent, community-dwelling adults.4,17,18,20,26-28,30-34,36 Previous authors have endorsed the stair-climbing test for its simplicity, 
lack of expense, ease of administration, and ability to assess functional performance using an activity of daily living.16,27 In particular, 
the ease of use makes this test ideal for everyday clinical practice.  
 
In a study by Koegelenberg, Diacon, Irani, and Bolliger, the average velocity of stair ascent was strongly correlated with maximal 
oxygen uptake (VO2 max) values in lung resection candidates, which suggested the stair-climbing test could be used as a clinical 
substitute for VO2 max testing.27 Measurement of power in stair climbing has been shown to be clinically relevant because it helps 
clinicians formulate a plan of care based on performance.38 In older adults with mobility deficits, Bean et al demonstrated stair 
climbing power tests are relevant for screening individuals at risk of disability.14 Because this test efficiently identifies individuals at 
risk for disability, it allows clinicians to establish an appropriate plan of care for these patients. For individuals with chronic 
obstructive pulmonary disease, Roig et al showed stair climbing tests may provide valuable information related to the plan of care. 
In this population, understanding functional deficits of patients allows clinicians to focus efforts on interventions specific to the need 
of the patient.30  
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In a review of outcome measures for functional capacity and overall strength and physical activity, Granger et al reported stair 
climbing was strongly correlated with cardiopulmonary exercise tests (CPET) in individuals with small cell cancer.31 Although CPET 
is the gold standard test for measuring functional capacity, it may not be readily available to clinicians due to the cost of equipment. 
The study by Granger et al also found the altitude reached during stair climbing and VO2 peak were strongly correlated in individuals 
with small cell cancer.21 Further, the incremental shuttle walk and stair-climbing tests were highly correlated with the CPET, 
suggesting that both of these tests could be used in multiple clinical settings including a patient’s home with stairs.21 Overall, these 
results suggest stair climbing could be used as an assessment of power and as a comparison after rehabilitation for multiple patient 
populations.  
 
The lack of stair climbing studies investigating differences in the power calculation using PE only versus PE and KE combined 
should be addressed with additional studies in multiple populations. The current study evaluated this calculation difference in 
healthy young adults. Our results suggested the simplicity of including PE and KE makes the power calculation a more precise 
measure. As seen in the Bland-Altman plot, as velocity increased, there was a larger change in the calculated power, making it 
more important to include kinetic energy for stair climbing at higher velocities. When stair climbing is used as an assessment of 
power, more precise total power values may influence clinical decisions in multiple patient populations.  
 
It is unknown how these power values would change in other patient populations such as older adults and athletes. The current 
study used a convenience sample of healthy adults, and future studies should investigate multiple populations using a more precise 
measure of power. A study by Zeni and Synder-Mackler concluded stair climbing may have a ceiling effect that makes it less 
effective in some patient populations.36 However, this conclusion requires further investigation since most participants or patients 
are instructed to walk up the stairs one step at a time at their normal walking speed. A ceiling effect may be found in competitive 
athletes because their normal walking speed would be more rigorous. Therefore, this effect should be investigated to provide 
normative values for individual sports that require power. Further, athletes recovering from injury, and perhaps specifically lower 
extremity injury, could use the stair-climbing test as a before and after measure to show them the power gained and needed for 
their individual sport.  
  
The effect of aging on stair climbing has been investigated in a few studies. In one study, participants were aged between 74 and 
98 years, and in another, the mean age of participants was 80 years.37,38 One patient population that needs further investigation is 
frail individuals. Frailty can be defined as unintentional weight loss greater than 10 pounds (4.5 kilograms), self-reported 
exhaustion, weakness as measured by grip strength, slow walking speed, and low physical activity.38 Given results of the current 
study, a population of frail individuals may benefit the most from the inclusion of power into their exercise program. Certainly, more 
studies are needed in this population.  
 
Limitations 
There are several limitations that may have impacted results of the current study. Our participants were recruited by convenience 
sampling, which may result in bias in terms of willingness to participate. In addition, some participants were motivated to ascend 
the stairs as quickly as possible to obtain the fastest time and beat their previous trial, which may have affected the overall power 
averages calculated in the study. Future studies should consider not telling participants their time values after each trial to minimize 
the competitive nature of the participant.  
 
CONCLUSION 
Stair climbing is a commonly used measure in multiple patient populations because of its low cost and ease of administration. As 
shown in the current study, power when calculated using PE and KE combined is significantly different from using only PE. 
Therefore, when implementing stair-climbing tests, consideration of both PE and KE is necessary for the most accurate assessment 
of power during stair climbing.  
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