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INTRODUCTION 

As the human body carries a load, the body’s posture, 
gait and center of pressure are altered to keep the 
body mass centered. The center of mass location is 
dependent on the center of pressure (CoP) location. 
CoP is the point of the location of the vertical ground 
reaction force vector (Jamshidi, 2010). Adding a load 
results in an impact increase of the gravitational force 
for the body, challenging the body’s ability to maintain 
balance. Adding a load also requires larger muscle 
forces and moments to control balance, leading to an 
increase in CoP displacement (Costello, 2012).  

With normal walking, the center of pressure shifts in 
all directions to maintain symmetry and balance. 
During ambulation with a load, the demand to 
maintain stability and balance is heightened. The 
body’s CoP location can be altered impacting the 
patient's ability to control their balance. The purpose 
of this study is to investigate the effect of backpack 
carriage on CoP distance during stance and single 
support phases of gait. A young adult student 
population will carry a backpack weighing 25 lbs. over 
both shoulders while walking normally. I hypothesized 
that the CoP distance will increase with weight 
carriage during stance and single support phases of 
the gait cycle. 

METHOD 
Subjects: 4 males and 6 females; ages 23 to 31, 
mean age of 25.7 years old; one participant had a 
transtibial amputation and used a prosthesis. 

Apparatus: The ProtoKinetics Zeno Walkway Mat was 
used to collect data for this study. Four books with a 
total weight amount of 25 lbs. were placed in a 
backpack weighing 2.6 lbs. 

Procedures: As each participant entered the room, 

they were instructed to stand just before the beginning 
of the Zeno Walkway mat. The participants were 
handed the backpack weighing 27.6 pounds and were 
were instructed to make 6 passes on the mat at a self-
selected pace. The anthropometric data that was 
collected was stance CoP distance (cm) and single 
support CoP distance (cm) (SS CoP).  
 

Data Analysis: The variables collected for this study 

were CoP distances (cm) during stance and single 
support. CoP stance and SS distances were compared 
with and without a backpack. A two-tailed, paired T-
Test was conducted in order to test the possibility of the 
relationship in both directions.  

RESULTS 

There was no significant difference for CoP during 
stance phase when comparing backpack carrying to 
baseline, however, there was a significant difference 
between conditions during single support. The P-
value for single support CoP distances with a 
backpack versus without a backpack were 0.0009, 
showing a statistical significance. 

 
Figure 1. CoP distance (cm) during single support 

 BASELINE INTERVENTION 

MEAN 12.457 11.064 

STANDARD 
DEVIATION 

2.764 2.901 

 P-VALUE = 0.0009 

Table 1. Single Support CoP distance (cm) results 

DISCUSSION 

Once a heavier weight was added to ambulation, CoP 
distance was altered and decreased during both 
stance and single support.  In a study conducted by 
Yamaguchi et. al (2016), they discovered that shorter 
step lengths result in reduced COP distances during 
human bipedal walking. When the participants took 
shorter steps, the CoM was moved anteriorly causing 
the CoP distance to decrease. 

CONCLUSION 

Further examination needs to be conducted to 
examine long term effects of heavy backpack carriage 
on the development of the body. 
 

CLINICAL APPLICATIONS 

Adding a load to our body can cause alterations in 
gait that can lead to impairments that may affect the 
body long term. Additional variables need to be 
recorded to determine how else the body is affected 
during ambulation while carrying a backpack. 
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