
Background
• Loaded marches are an important component of military 

training and operations and involve carrying combat 
loads ranging from 20-60+ kg over long distances.1

• Warfighters are often encouraged to utilize a “forced 
march” locomotion strategy (walking at a velocity above 
gait transition velocity [GTV]).

• Previous studies have identified increases in plantar 
pressure with increasing carried loads, possibly 
contributing to development of blisters, 
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Data Collection
• 8 healthy active females (age:24.5±2.4 years, height: 164.6±3.4 

cm, weight: 61.0±6.9 kg) participated in this IRB-approved study. 
• Participants wore combat boots with pressure-sensing insoles 

(Novel Electronics Inc, St. Paul, MN) and evenly distributed 
anterior/posterior weight vest (Figure 1).

• Plantar pressure was recorded at 100 Hz from 99 sensors during 
trials of walking, running, and forced marching (FM) on a treadmill 
while unloaded and while carrying an additional 25% and 45% of 
their bodyweight (+25%: 15.1±1.8 kg, +45%: 26.8±3.2 kg). 

• Walking was performed at a velocity 10% below the participant’s 
GTV and running and forced marching was performed at 10% 
above GTV. 

Effect of load
• Heel: Added load increased PRF at medial/lateral heel (+25%: p<0.001, p=0.042; 

+45%: p<0.001, p=0.001); +45% increased PRF vs.+25% (p<0.001) (Figure 3).
• Arch: Additional load increased PRF for both the medial and lateral arch (+25%: 

Med: p=0.002, Lat: p=0.001; +45%: Med: p<0.001, Lat: p<0.001). 
• Forefoot: +45% increased PRF at the mid-forefoot (p=0.040), +25% increased PRF 

at the lateral forefoot (p=0.044). 
• Toes: +45% increased PRF (p=0.044) at the greater toes. 

Effect of locomotion
• Heel: Walk increased PRF vs. run (Med: p=0.010; Lat: p=0.016), and FM increased 

PRF vs. run and walk (Med: p<0.001, p=0.001; Lat: p=0.002, p=0.001) (Figure 3). 
• Arch: Run and FM increased PRF compared to walk (Med: p<0.001, p=0.002; Lat: 

p=0.001, p=0.006). 
• Forefoot: Run increased PRF compared to walk and FM (Mid: p=0.004, p=0.002; 

Lat: p=0.014, p=0.002).
• Toes: Changes in locomotion type did not affect PRF at the greater toes. 

• The heel was the most sensitive to an increase in carried load. 
• Our findings support the hypothesis of increased plantar forces with increased load, 

but moving from +25% to +45% did not always significantly increase plantar force. 
• Moving from a running to a forced marching gait pattern resulted in higher PRF at 

the heel, arch, and forefoot, supporting the hypothesis of increased PRF while 
running and forced marching.

• This analysis was limited to healthy females without load carriage experience and 
did not account for running type (i.e. rearfoot, midfoot, or forefoot striking).

Clinical Significance
• This preliminary data suggests that FM with additional carried load increases peak 

plantar forces compared to walking and running, potentially increasing the risk of 
stress injury due to repeated loading.

• The heel could be a potential target for intervention such as an orthotic or novel 
shoe design to redistribute plantar forces during loaded locomotion.
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Figure 3: Average normalized peak force for the heel regions.
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Figure 2: Nine foot regions: medial/lateral heel, 
medial/lateral arch, medial/mid/lateral forefoot, 
and greater/lesser toes.4
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Data Processing
• Plantar pressures from dominant foot (all right foot, 

23-33 steps analyzed per trial) were converted to 
force based on sensor area, normalized to 
bodyweight and divided into 9 regions (Figure 2).4

• Peak regional force (PRF) was determined for 
each region.

Figure 1: Participant wearing weight 
vest, combat boots, and motion capture 
markers (not included in this analysis).

stress fractures, and nerve compression injuries during prolonged marches.2,3

• The U.S. military’s recent opening of ground close-combat positions to women 
requires evaluation of sex-specific responses to substantial load carriage.

• Research is required to examine regional plantar forces during loaded walking, 
running, and forced marching to identify potentially injurious motion patterns.

Aim
• To determine the effects of load magnitude (no load, +25%, +45%) and locomotion 

pattern (walk, run, forced march) on regional plantar forces

Hypotheses
• Peak regional force will increase with increasing carried load.
• Peak regional force will increase across all regions while running and forced 

marching compared to walking.

Interaction between 
load and locomotion
• Medial Forefoot:

Run increased PRF 
compared to walk 
(p=0.014, p=0.006); 
FM increased PRF 
compared to run 
(p=0.010, p=0.027) 
for no load and 
+25%BW. 

Data Analysis
• Two-way RMANOVA with post hoc 

Bonferroni corrections were used to 
analyze the within-subjects effects of load 
(no load, +25%, +45%) and locomotion 
(walk, run, FM) on PRF across the nine 
foot regions (α=0.05).
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