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Abstract

Objectives: The role of shaft stiffness in military boots is widely recognized, yet most studies
focus on quantifying stiffness rather than examining how the material composition of the boot
shaft influences performance. The present study aimed to assess the effect of different boot
materials on kinetic parameters by comparing conventional leather boots to a hybrid leather-
synthetic design, evaluating their impact on mobility and biomechanical efficiency.
Methods: A repeated-measures experimental design was employed, assessing 20 healthy
male participants under four conditions: walking with a formal shoe and three military boot
types, each featuring distinct shaft materials (two leather and one a hybrid leather-synthetic
design). Ground reaction forces, rate of force development, and impulse were recorded using
a force plate. Statistical analysis involved repeated-measures ANOVA with Bonferroni
correction.

Results: Featuring synthetic materials in the shaft, boot 3 displayed reduced negative impulse
and elevated positive impulse relative to traditional leather boots during gait.

Conclusion: These findings highlighted the biomechanical advantages of hybrid boot
designs, suggesting that reduced shaft stiffness improves mobility and motion efficiency. The
study underscores the need for optimized traditional boot materials to enhance gait
performance while minimizing injury risks, particularly for military personnel.
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Extended Abstract
Background and Objective

Combat boots play a key role in protecting the foot
and ankle in harsh environmental conditions, and
factors, such as comfort, durability, design, and quality
of raw materials, affect their performance. Since the
1980s, new designs have been introduced to increase
mobility and reduce lower limb injuries. A critical
component in this regard is the stiffness of the combat
boot leg, defined by the force required to bend, which
plays a vital role in preventing injuries like sprained
ankles. Although stiffer legs provide greater stability,
research has revealed that this type of leg can reduce the
angle of dorsiflexion and the power of the ankle
muscles, causing changes in movement patterns. In
contrast, more flexible legs improve the natural
movement of the ankle. In terms of muscle activity,
greater leg stiffness is also associated with increased
muscle load, which has dual effects on performance.
Given the influence of material type on leg stiffness, few
studies have focused on the properties of the constituent
materials. The present study aimed to investigate the
effect of the constituent materials of the upper layers of
combat boots on ground reaction forces during gait,
seeking to identify optimal combinations to improve
performance and reduce biomechanical constraints.

Materials and Methods

The present quasi-experimental study was conducted
with a repeated measures design, during which 20
healthy young males walked in four different conditions
(one with dress shoes and three with various types of
combat boots). Sample selection was based on a
statistical power of 80%, a significance level of 5%, and
an effect size of 0.72. Inclusion criteria were the absence
of orthopedic or neurological disorders affecting gait
and a body mass index (BMI) below 31; informed
consent was obtained from all participants. Combat
boots included Combat Boot 1 with a hard leather top
and protective design, Combat Boot 2 with a softer
leather and absorbent inner lining, and Combat Boot 3
with a hybrid upper layer (leather and CORDURA®
nylon) with breathable and resistant properties. The sole
of all combat boots was designed with polyurethane and
a Vibram structure. The comparison shoe was a leather
dress shoe with a flat sole and a heel height of 1 cm.
Ground reaction forces were measured in different
phases of gait, including foot pressure, push-off
breaking, weight acceptance, unloading, and push-off.
A high-precision DSI force plate recorded data with a
sampling rate of 1000 Hz. Three valid replicates were
performed for each condition, and gait speed was
controlled within a standard range. Statistical analysis
included ANOVA with repeated measures, Mauchly
test, Bonferroni correction, and calculation of effect size
(Cohen's d), with the significance level set at p<0.05.

Results

The means of age, weight, height, and BMI of the
subjects participating in the present study were 28.7+8
years, 76.21+7 kg, 175+4 cm, and 25+2.5, respectively.
It is noteworthy that the Mauchly test was performed to
examine the assumption of sphericity, and the results
confirmed this assumption. Therefore, no statistical
corrections were needed (P=0.12). The results revealed

that the type of shoe significantly affected the ground
reaction force and the rate of force development. The
ANOVA analysis demonstrated significant differences
between combat boots and dress shoes during gait. Dress
shoes generally produced higher force values, while
combat boots significantly reduced these forces
(P=0.001), especially at the first peak of vertical force.
Although the second and fourth peak values of vertical
ground reaction force showed less reduction, the
differences were still significant (P=0.001). The rate of
force development was significantly reduced in Combat
Boot 3, and this difference was significant compared to
the other two combat boots (P=0.00). Regarding the
peak negative anterior-posterior force, Combat Boot 1
demonstrated the highest value (P=0.004). In contrast,
during the peak positive force, although the difference
was not significant (P=0.054), this value was close to the
threshold of significance. Different results may be
obtained by increasing the sample size or changing the
experimental conditions. In addition, the value of the
negative impulse was significantly variable (P=0.006),
so that the highest value was related to Combat Boot 1.
In contrast, the positive impulse in Combat Boot 3
obtained the highest value (P=0.001).

Discussion

The present research investigated the effect of the
material type of the upper layers of combat boots on gait
kinetic parameters. Three types of combat boot
materials, including hard leather (Combat Boot 1), soft
leather (Combat Boot 2), and a hybrid of leather and
nylon (Combat Boot 3), were compared with a dress
shoe. The results demonstrated that the dress shoe
produced more impact force compared to the combat
boots during the initial contact phase, while Combat
Boots 1 and 2 exhibited higher weight acceptance force.
Combat Boot 3, with its softer leg design, had a lower
force development rate and lower breaking impulse. In
the push-off phase, all three combat boots produced
more propulsive force when compared with the dress
shoe. Combat Boot 3 performed better in forward
propulsion impulse, which was attributed to its leg
flexibility. Moreover, it was indicated that reducing leg
stiffness improved shock absorption, load distribution,
increased the range of motion of the ankle, and enhanced
the power of the muscles involved in ankle joint
movement, including the gastrocnemius and soleus. The
higher heel height in combat boots was also an effective
factor in reducing impact force. In general, the use of
leather and synthetic material combinations, especially
in the design of softer legs, can optimize gait
biomechanics and reduce the risk of injury. Some
limitations, such as the lack of female participation and
measurement of leg stiffness, are suggested to be
addressed in future studies.

Conclusion

The present study investigated the effect of combat
boot leg stiffness on gait kinetics. It demonstrated that
combining leather with synthetic materials in the leg
design can improve biomechanical performance. In
particular, the Combat Boot 3 with a softer leg was able to
reduce impact force, increase propulsive momentum, and
provide appropriate load distribution during the initial
contact phase. The proposed design, while reducing




muscle involvement, can delay fatigue and reduce the risk combat boot leg is likely to increase the range of motion
of injuries from prolonged activities. Overall, using more of the ankle, store more energy in the Achilles tendon, and
flexible materials in the design and fabrication of the improve gait efficiency.
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