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ASSOCIATION OF BMI ON TEMPORAL-SPATIAL 

PARAMETERS OF GAIT IN YOUNG ADULTS 
 

ABSTRACT 
OBJECTIVE 

To study the effects of BMI on temporal-spatial gait 

parameters in young adults 

TARGET POPULATION AND SAMPLE SIZE 

Target population in this study is students. Total 40 students 

participated in this study. Participants were drawn from 

College of Physical Therapy.  

STUDY DESIGN 

Observational study 

METHOD 

40 young adults both male and female were selected from 

College of Physical Therapy. BMI of participants were 

calculated after taking their height and weight. Then we 

divided 40 students in each category of BMI, keeping 10 

students in each group of underweight, normal weight, 

overweight and obese. Each participant was instructed to 

walk over 20 meters area on a selected even surface both 

indoor and outdoor at their normal pace wearing normal 

footwear. Step length and cadence were measured and gait 

velocity of each participant was calculated. Results were 

then compared for both outdoor and indoor walk of 

underweight, overweight and obese individuals with normal 

weight individuals and then analysis was done using SPSS. 

CONCLUSION 

This study revealed statistically no significant differences in 

the measured variables between four groups, i.e. 

underweight, normal weight, overweight, and obese young 

individuals in both outdoor and indoor settings. The 

overweight, and obese young adults walked with shorter 

step length and with slow gait speed due to their shorter 

steps in both outdoor and indoor walk when compared to 

normal weight young adults data. While there were no 

significant differences found between underweight step 

length, cadence and gait velocity in both outdoor and indoor 

walk when compared with normal individual data but their 

results were better than obese and overweight groups. 
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INTRODUCTION 

Walking is the most widely recognized human physical exercise that we all perform 

regularly1,2. When a person begins to walk initially from their first year of life, they learn to 

walk quickly until they adapt an individual walking manner3. Walking, running and standing 

creates a challenge for us to maintain our balance at all the time. In spite of the individual own 

way of walking, people adapt certain abnormal gait patterns that can cause future problems 

while walking like heel, knee and back pain.According to the researches, about 50% of the falls 

occur when we walk4. Our body is challenged more when we initiate walking, turning, saving 

ourselves from bumping into obstacles and terminating the walking5,6. 

Gait is a series of rhythmical, alternating movement of trunk and lower body that causes the 

centerof gravity and body to move forward. The characteristic features of walk comprises of 

an alternating rhythmical swinging forward of the leg and foot strike that incorporates all the 

joint and muscle of the human body7. Gait analysis is a tool to asses, plan and treat their 

problemfor those individuals who have abnormal gait pattern, gait. For gait analysis, we study 

different temporal (time) and spatial (distance) parameters; more importantly are gait velocity 

and cadence3.  

Spatiotemporal gait parameters are the mostly used objectives performed in the clinical 

setting,commonly gait velocity and cadence is the most broadly used measure and is supposed 

to be a good presentation of overall gait performance. Gait velocity may additionally be utilized 

as a pointer of fall risk, fear of falling and to determine the decrease in motion. Cadence is a 

number of steps taken in a minute; step length is the distance from heel-to-heel or toe to toe of 

the same foot whereas gait velocity is the proportion of step length and cadence8, 9. 

For a healthy body weight, it is important to know Body Mass Index (BMI). To measure the 

particular attributes of gait parameters it is important to compare these parameters with BMI 

i.e. underweight, normal weight, overweight and obese in young adults3. 

Healthy weight is a part of overall great wellbeing. To enjoy the attributes of health, having 

energy for work and having the ability to think clearly it is important that one should have a 

good healthy weight. A man who tires rapidly and needs essentialness may have weight that is 

putting the individual far from accomplishing his/her objectives. Healthy weight is statistically 

related to good health. Being above or below the range may cause health issues as well as 

mobility problems7. 

Excess body weight is related to major clinical and general wellbeing issues10 and muscular 

activity11. It has been studied that locomotion may be more directly related to weight12. 

According to the WHO classification for BMI, weight <18.5 kg/m2 is underweight, weight in 

between 18.5-24.9 kg/m2 is normal weight, 25-29.9 kg/m2 is overweight and >30 kg/m2 is 

obese13.  

In 2005, the total numbers of overweight and obesity were 937 million and 396 million 

respectively. The occurrence of obesity has increased in recent years10. Related potential 

wellbeing dangers have been recognized in the adult population12. Many pathologies and 

degenerations of the balance control system in elderly have led the researchers and clinicians 

to learn and explore more about how the body system works and to identify problems when 

they arise. As the age of an individual increases, it is getting critical to maintain our mobility 

due to increase in the falls, injuries and many pathologies inthe elderly and is a very major 

concern of our elderly4-6. 

Overweight and obesity are associated with significant mobility issues that can decrease person 

satisfaction7. Individuals with underweight have 12% body fat ratio in young female and 5% 

body fat ratio in males13. In adults, gait parameters can vary with increasing adiposity, and can 

cause slow walking speed and greater base of support14,15. Up till now the limited number of 

studies has been published focusing on gait characteristics in obese16. According to the Lancet 

Medical Journal, 33% of adult in Pakistan are overweight or fat with more women gaining 

weight than men17,18. The study conducted by the corporation of scientists around the globe of 
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the Institute for Health Metrics and Evaluation (IHME) at the University of Washington shows 

that 30 percent rate of adults overweight and obesity have increased to 37 percent in 2013 since 

198017. Pakistani youngsters are overweight and their weight rate was six percent for young 

men and 10 percent for young women in 201318. According to recent study of Global Burden 

of Disease published in The Lancet medical journal showed that the ranking of Pakistan in 

terms of obesity was 9th out of 188 countries19. 

The purpose of the study is to focus on the impact of body mass index (BMI) on temporal-

spatial parameters of gait in young adults in both indoor and outdoor setting. 

METHODS 

Study Design 

Observational study design. It gives an opportunity to see the gait pattern during walking of 

normal weight, underweight, overweight and obese individuals. 

Study population and sample 

Target population in this study is students. Participants belonged to Doctor of Physical Therapy 

(DPT) course and were students of five Batches. 

Sample size and selection of sample 

Total 40 students participated in this study and their selection was based on each category of 

BMI. 

Sampling Technique 

The study was based on random sampling technique through which participants were randomly 

selected and then grouped into different categories of BMI  

Inclusion Criteria 

• Female and male, between age of 18-25 years 

• Ability to walk 20 meters without use of any assistive device 

Exclusion Criteria 

• Pregnancy 

• Neurologic or orthopedic condition 

• Visual and auditory impairment 

• Any history of fracture on spine and lower limbs 

Study Period 

This study was conducted for 2 months. All the data was collected in day time within university 

scheduled timing hours. 

Data Collection Tool  

• Assessment form 

• Weighing machine and height scale to calculate BMI of each participant 

• Digital pedometer to count steps 

• Measuring tape for step length 

• Stopwatch 

• Markers on ground 

Procedure 
40 young adults both male and female that were meeting the inclusion criteria were selected 

from College of Physical Therapy. Each participant signed an institutionally approved consent 

form prior to the study. Members were clarified all the method before the start of the review. 

Each participant weight was taken in kilograms by weighing scale machine and height was 

measured in feet from the height scale. Now to calculate the BMI we divided weight by height. 

Participants were then categorized as underweight, normal, over weight and obese according 
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to the standard WHO BMI classification. We divided 40 students in each category of BMI 

keeping 10 students in each category. 

An even surface area was selected and was measured 20 meters walk area on ground. Starting 

and ending points were marked on ground. Each participant was instructed to walk over 20 

meters area on a selected even surface both indoor and outdoor at his or her normal pace 

wearing normal footwear. Both outdoor and indoor walk area have been selected according to 

the nearest possible place from university. Step length was measured for each participant by 

using a measuring tape at the beginning of the walk. To calculate cadence of each individual 

pedometer was attached on their waistband belt or either placed in pocket to calculate the steps 

they will walk in one minute. Then researcher started the stopwatch and the participantswere 

instructed to walk 20 meters without taking any rest in between. Each participant was noted 

down when the participant reached the ending line, time and cadence. Gait velocity (m/sec) 

was calculated by multiplying step length with cadence of each participant at the end of walk. 

Data Analysis Strategies 

We used SPSS statistical analysis program to analyze our result. Frequency distribution is 

determined; Turkey HSD test and one-way ANOVA are applied for this study. 

We determine the mean and standard deviation of our data by using one-way ANOVA as the 

nature of our table was quantitative. Also using one-way ANOVA lower and upper limit of 

confidence interval and significance value was determined using one-way ANOVA. In our 

study, Turkey HSD is applied. Graphical representation was done with bar charts for better 

representation and understanding of the result. Normality distribution in the scoreswas found. 

Frequency of gender and age are identified. All this was done using SPSS analysis software. 

 

RESULTS 
In our study, we aim to determine whether BMI has any effect on temporal spatial gait 

parameters. For this purpose we selected 40 participants, 10 in each category of BMI i.e., 

underweight, normal weight, overweight and obese 12 male with a valid percent of 30% and 

28 female with a valid percent of 70% as shown in table 1. 

 

Table 1: Gender Distribution 

Gender Frequency Percentage 

Male 12 30 

Female 28 70 

Total 40 100 

 

The frequency and percentage according to the age of the participants in the study are shown 

below in table 2. 

 

Table 2: The Age and Percentage in 

all Four Groups 

Age Frequency Percentage 

19 1 2.5 

20 5 12.5 

21 8 20 

22 1 2.5 

23 17 42.5 

24 6 15 

25 1 2.5 
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26 1 2.5 

 

We took each participant step length, cadence and gait velocity in both outdoor and indoor 

walk in which they walked at 20m area. We started our analysis by using SPSS (one-way 

ANOVA) which gave us mean and standard deviation of each gait parameter in each category 

of BMI i.e., underweight, normal weight, overweight and obese as shown in table 2 in both 

indoor and outdoor. It was found that there is significant difference between indoor walk step 

length with mean of 0.610 and p-value (0.034) and gait velocity with mean of 69.61 and p-

value (0.004) as compared to the outdoor walk step length, cadence and gait velocity in all four 

groups. 

Table 3: Means and Standard Deviations of Gait Parameters in Indoor and Outdoor 

P<0.05 was considered significant using one way ANOVA 

Gait Parameters 

ANOVA test was used for between groups and within groups for sum of square, mean square 

and significance  for indoor walk gait velocity, the result gave statistical difference with p-

value (0.04) as shown in table 3. 

 

 

 

Table 4: ANOVA Test of Gait Parameter 

  

Sum of 

Square 

Mean 

Square 

Significa

nce 
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ANOVA test was used for between groups and within groups for sum of square, mean square 

and significance of indoor walk step length, the result gave statistical difference with p-value 

(0.034) as shown in table 5 

Table 5: ANOVA Test of Gait Parameter 

  

Sum 

of 

Squar

e 

Mean 

Square 

Significa

nce 

IW. Step 

Length 

Between 

Groups 
0.39 0.01 

0.03* 
Within 

Groups 
0.14 0.04 

Multiple Comparison using Turkey HSD test 

Multiple comparison was done using Turkey HSD test in which comparison was done among 

four BMI groups in indoor walk step length, in which no significant difference were found 

between underweight versus normal weight, overweight and obese. Also no difference was 

found among normal weight versus underweight, overweight and obese. There was significant 

difference found between overweight versus obese with a p-value (0.020) while no differences 

were found between overweight versus normal weight and underweight. Also there was 

significant difference found between obese versus overweight with a p-value (0.020) while no 

significant differences were found between obese versus normal weight and underweight as 

shown in table 6. 

Table 6: Multiple Comparison using Turkey HSD test 

I.W Step length (p-value 0.034) 

BMI BMI 
SIGNIFICANT 

VALUE 

Underweight 

Underweight   

Normal weight 0.99 

Overweight 0.283 

Obese 0.589 

Normal 

Weight 

Underweight 0.99 

Normal weight   

Overweight 0.444 

Obese 0.404 

Overweight 

Underweight 0.283 

Normal weight 0.444 

Overweight   

Obese 0.020* 

Obese 
Underweight 0.589 

Normal weight 0.404 

IW. 

Gait 

Veloci

ty 

Between 

Groups 
1408.766 

469.58

9 

0.04* 

Within 

Groups 
3146.324 87.39 
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Overweight 0.020* 

  

Obese   

Multiple comparison was done using Turkey HSD test in which comparison was done among 

four BMI groups in indoor walk gait velocity, in which no significant difference were found 

between underweight versus normal weight, overweight and obese. Also no significant 

difference was found among normal weight versus underweight, and overweight and obese. 

There was significant difference found between overweight versus obese with a p-value (0.003) 

while no differences were found between overweight versus normal weight and underweight. 

Also there was significant difference found between obese versus overweight with a p-value 

(0.003) while no significant differences were found between obese versus normal weight and 

underweight as shown in table 7. 

 

 

 

 

 

 

 

 

 

 

Table 7: Multiple Comparison using Turkey HSD Test 

I.W Gait Velocity (P-value: 0.004) 

BMI BMI 
SIGNIFICANT 

VALUE 

Underweight 

Underweight   

Normal weight 0.879 

Overweight 0.476 

Obese 0.111 

Normal 

Weight 

Underweight 0.879 

Normal weight   

Overweight 0.893 

Obese 0.89 

Overweight 

Underweight 0.476 

Normal weight 0.893 

Overweight   

Obese 0.003* 

Obese 

Underweight 0.111 

Normal weight 0.02 

Overweight 0.003* 

Obese   
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Graph values of Indoor and Outdoor Walk 

Following graphs are represented to show mean values of indoor walk step length, cadence and 

gait velocity as well as mean values of outdoor walk step length, cadence and gait velocity. 

Indoor Walk Gait Parameters: 

Outdoor Walk Gait Parameters: 

DISCUSSION 

The goal of the study was to find whether BMI has any effect on temporal spatial gait 

parameters in healthy young adults. Such information will help us to predict future fall for 

adults and provide us movement related abnormalities faced by underweight, overweight and 

obese individuals and the consequences faced due to unhealthy weight. Overweight and obesity 

are associated with significant mobility issues that can decrease person satisfaction7. 

Energy imbalance results from weight abnormalities. It is observed that underweight children 

have depleted their body’s fat stores and possibly some of their lean tissues as well because 

they consume too little food to support their energy activities so to gain weight they should eat 

more to expand their energy. While obese and overweight children have expanded energy 

because they have consumed more food energy so to reduce the body fat they need to exercise 

and work more to expand their energy they take in from food.  Total body weight and increased 

body fatness in obese and overweight children have a negative influence on children’s physical 

performance20,21. Due to the fact that during walking and running, the body fats adds to the 

mass of the body without making a contribution to force generating capacity. Children those 

are underweight conform their body to the energy storage by decreasing body mass and energy 

expenditure related to activity. Physical activity and motor performance are reduced because 

body energy stores are diminished, basal metabolic rate (BMR) and resting metabolic rate 

(RMR) are diminished22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The gait parameters used in this study are cadence (steps/min), step length in meter and gait 

velocity (m/s). Total 40 students participated in this study 12 male and 28 female that met the 

inclusion criteria of our study. All participants walked in indoor and outdoor area. There were 

no significant differences noted between underweight step length, cadence and gait velocity in 

both outdoor and indoor walk when compared with normal individuals. It was also found that 
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there is no significant difference in overweight and obese individual’s step length, cadence and 

gait velocity when walked in outdoor surfaces. While it was found that there is a significant 

difference between indoor walk step length (p-value 0.034) and gait velocity (p-value 0.004) 

in obese and overweight adults when compared with outdoor walk data. There was significant 

difference found in overweight versus obese group and obese versus overweight group with p-

value (0.020) in indoor walk step length. Also there was significant difference found in 

overweight versus obese group and obese versus overweight group with p-value (0.003) in 

indoor walk gait velocity. That meansobese and overweight individuals walked with slow 

speed and distance when compared to normal young adult’s indoor walk data. This may be due 

to the fact that overweight and obese individuals have more mass and adipose tissue in their 

legs so they walked with shorter step length and slow speed which alters their gait. 

In a research it is suggested that overweight and obese individuals have greater net metabolic 

cost of walking normalized by body mass. He also suggested that obese and overweight 

individuals have greater center of mass (COM) displacement which can affect their gait22. 

Percent body fat is directly related to the net metabolic rate; also greater net metabolic rate 

could be a cause of biomechanical changes in gait pattern23. 

According to a study gait parameters of children with different weight abnormalities, gait 

parameters were evaluated using Biodex gait trainer treadmill and compared their results with 

normal individuals. The study revealed statistically significant difference in obese children 

with slower gait speed and shorter step length whereas underweight young adult’s results were 

better than other groups but however less than normal children24. 

According to another study with persistent overload of the locomotor system in obese women 

here were adaptive changes noted to the spatiotemporal gait characteristics. They noticed new 

biomechanical constrains modifications to the spatiotemporal stride characteristics without 

noticeable impact on the preferred walking speed and on the stride length due to increased body 

weight. The stride length remained unaltered which resulted in a significant increase of both 

limb swing velocity and the stance-to-swing ratio while shortening of the swing time was 

noted25. 

CONCLUSION 

The results of this study revealed statistically no significant differences in themeasured 

variables between four groups i.e. underweight, normal weight, overweight, and obese young 

individuals in both outdoor and indoor settings. In conclusion, overweight, and obese young 

adults walked with shorter step length and with slow gait speed due to their shorter steps in 

indoor setting as compared with their outdoor walking and when comparedto normal weight 

young adults data. While there were no significant differences found between underweight step 

length, cadence and gait velocity in both outdoor and indoor walk when compared with normal 

individual data but their results were better than obese and overweight groups. Despite all of 

the limitations experienced above, we were able to conduct and complete this study efficiently. 

Overall results led us to the following conclusion: 

• There is significant difference is indoor walk step length and gait velocity. 

• Overweight and obese individuals have shorter step length and gait velocity in indoor walk 

as compared to their outdoor walk. 

• Underweight individuals walk was better than other groups however still less than normal 

group in both outdoor and indoor walk. 
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