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Effect of Walking with Combat Boots on the Muscle Tone

and Stiffness of Lower Extremity

Background: Shoes cover the feet and ankle joints and come into contact with
the ground directly during walking, and the shape of shoes is related to the
muscle tone of the lower extremity muscles. However, no study has been
conducted on the muscle tone of the lower extremity after wearing combat
boots.

Objectives: To compare and analyze the effects of walking in combat boots
and in athletic shoes on muscle tone and stiffness, to identifying the effect of
the characteristics of shoes on the muscle tone.

Design: Randomized controlled trial.

Methods: Thirty subjects were randomly divided into a combat boots group
and an athletic shoes group, and interventions were implemented. Both
groups walked for 30 minutes on a treadmill at 4.2 km/h. MyotonPRO was
used to measure the muscle tone and stiffness of the lower extremity. The
measuring sites were set to five muscles on both legs.

Results: In the combat boots group, muscle tone and stiffness of the medial
gastrocnemius on the dominant side, the muscle tone and stiffness of rectus
femoris, and the muscle stiffness of hamstring on the non—dominant side sig—
nificantly decreased after walking. In the athletic shoes group, there was no
significant change in the muscle tone and stiffiness.

Conclusion: The results of this study can be used to inform the wearing com—
bat boots while walking on a treadmill reduces the muscle tone and stiffness
of the lower extremity compared to athletic shoes. It indicates that the restric—
tion of joint movement occurring when wearing combat boots influences
reducing muscle tone and stiffness.
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INTRODUCTION

Combat boots are shoes specially made for soldiers
and were developed for the purpose of absorbing
shock, protecting the feet from direct trauma, and
providing stability for the ankle joints, and their per—
formance is constantly being improved.' Recent
trends in studies for the ergonomic improvement of
combat boots have generally centered around the feet
and the lifespan of the boots, including impact
absorption ability, the posture correction effect of
wearing functional insoles, and the accelerated aging
of rubber for combat boots,”" Since among major
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activities related to damage to soldiers, body move—
ments are the most frequent cause of damage (with
35% of injuries being attributed to running and 20%
attributed to walking and marching), it can be con—
sidered that previous studies have focused on the
functionality of combat boots in order to address such
problems.’

If the scope of studies, which has thus far been the
foot area affected by the wearing of combat boots, is
expanded to other body parts, the fact that the shape
of the shoes is an important factor that affects body
functions, including the functions of the joints and
muscles of the lower extremity, should be considered.®



Previous study reported that along with soldiers’
high—intensity training programs and military equip—
ment, the effects of shoes acted as a main cause of
damage to the musculoskeletal system of the leg.’
The experience of ankle sprain before enlistment acts
as a potential risk factor that increases the rate of leg
damage by 13% after enlistment.® The most common
musculoskeletal injuries in soldiers are muscle strain,
sprain, overuse, and knee conditions, and the rate of
injuries related to leg training is shown to be 37%.°
On reviewing the rates of injuries by single body part,
it can be seen that the injury rate of ankle joints was
the highest at 13%; followed by that of the knee joint
at 13%; that of the pelvis, hip, or femur areas at 13%;
and that of the lower back at 7.5%,°

All the muscles and fasciae in the regions ranging
from the feet to the lower back have complex rela—
tionships in the role of physical mechanical compen—
sation and functional performance through mutual
functional connections.” Considering the fact that
shoes are an important factor that affects the
mechanics of lower extremity injuries of soldiers,
diverse studies are needed to improve the anthropo—
metric functions of combat boots,” Although fourth—
generation new combat boots have been developed
and distributed recently, the development of combat
boots considering environmental and seasonal factors
has been proposed.” In going beyond the existing
studies related to combat boots regarding the shock
absorption ability limited to the feet region and the
accelerated aging of the insole and rubber, quantita—
tive analysis of the effects of combat boots on major
joints and muscles will have positive effects on
improving the function of combat boots as well as on
preventing injuries and enhancing combat power,”™

The muscle tone and stiffness of the lower extremity
muscles are affected by the deformity of body align—
ment, knee joint damage, and paralysis related to
nervous system damage.” " Muscle tone refers to the
internal stiffness induced by the elasticity of the con—
tractile apparatus and the intrinsic elasticity of mus—
cle tendons and connective tissues in relation to
physical properties, and abnormal muscle tone causes
body damage.” However, since muscle tone and
stiffness are often evaluated subjectively in clinical
practice, objective evaluation is necessary to measure
muscle tone in order to monitor the effectiveness of
medical treatment or therapeutics.”

The MyotonPRO equipment used to measure muscle
tone is non—invasive equipment that enables the
identification of mechanical properties such as muscle
tone and stiffness simultaneously by inducing muscle
vibration after applying brief mechanical stimulation
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using a probe.” This equipment is considered to pro—
duce a reliable measure of the mechanical properties
of muscle and tendon tissues and provides quantita—
tive measurements of soft tissues,”

Therefore, based on the necessity of such studies,
this study was intended to quantitatively compare
and analyze the effects of walking after wearing
combat boots and athletic shoes on the muscle tone
and stiffness of lower extremity muscles in healthy
adult men in their twenties, with a view to discover—
ing the effects of the properties of individual shoes on
the muscle tone and stiffness of the lower extremity
muscles, In addition, the study data as such are
intended to provide basic data for the development of
improved combat boots,

SUBJECTS AND METHODS

Subjects

This study selected 30 healthy men in their twenties
who were enrolled in Howon University in Jeollabuk—
do, South Korea, From among those who wanted to
participate in the study, candidates were selected who
had not received any medical diagnosis or treatment
in relation to musculoskeletal diseases within the last
six months, were active for participation in the study,
and had signed the agreement for participation in the
study. Those who had any cardiovascular disorder,
vestibular system disorder, respiratory system disor—
der, and so on were excluded from the study. In
addition, in this study, in order to minimize the pos—
sible effects of foot deformity on the study results,
those who had flat feet were excluded from the study
through the navicular drop test. In the navicular drop
test, after having the subject sit on a chair in a pos—
ture with 90° knee flexion, the researcher correctly
aligned the subject’s ankle joints, made the skin mark
on the most protruding point of the navicular tuber—
cle, and measured the vertical height of the skin
mark from the ground, Thereafter, the vertical height
of the skin mark was measured again when the sub—
ject was in a standing position with the load of
his/her own weight without support, and in cases
where the height changed by more than 10 mm, the
subject was diagnosed with flat feet,” and excluded
from the study. All studies were conducted with the
approval of the Bioethics Committee of Howon
University (HWU—202002—001—02).
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Interventions

In this study, 30 subjects were randomly divided
into a combat boots group of 15 subjects and an ath—
letic shoes group of 15 subjects. The combat boots
group wore combat boots (South Korean fourth—
generation new combat boots, Treksta, South Korea),
and the athletic shoes group wore personal athletic
shoes (Figure 1), Both groups walked for 30 minutes
at 4.2 km/h on the treadmill, The walking speed of
the treadmill was set according to the average walk—
ing speed of Korean men (1,175 m/s). There was no
rest time during exercise, and there was no change in
treadmill slope,

Figure 1. Compat boot (South Korean fourth—generation
new combat boots, Treksta, South Korea)

Measurement of muscle tone and muscle stiffness

In this study, Myoton®PRO (Myoton AS, Estonia)
was used to measure the muscle tone and stiffness of
the muscles of both legs of the subject. MyotonPRO is
equipment of which the high reliability has been ver—
ified through previous studies,” and has recently been
used in several human body studies relating to mus—
culoskeletal diseases® and nervous system diseases,""
The muscle tone include its tension state, character—
ized by frequency (Hz). Muscle stiffness include
mechanical property (N/m), indicating muscle ability

Table 1. General characteristic of subjects

to resist of external force,” The muscles to be meas—
ured were set to five muscles, including rectus
femoris (RF), tibialis anterior (TA), hamstring (Ham),
lateral head of gastrocnemius (LGCM), and medial
head of gastrocnemius (MGCM), in both lower
extremities, As for the postures for measurement of
individual muscles, the RF muscle and TA muscle
were measured in a supine position, and the Ham,
LGCM, and MGCM muscles were measured in a
prone position, As for the measurement method, a
marking point was drawn with a non—toxic pen on
the highest point of the muscle belly of each muscle
to be measured, so that the same points could be
measured before and after the study. The researcher
measured each marked point while maintaining the
measuring equipment in the vertical state and used
the average value of two measurements for the study
results,” All measurements were carried out by one
physical therapist for accurate palpation and meas—
urement of individual muscles, The measurements
were performed before and after treadmill walking,

Data and Statistical Analysis

Statistical analysis was conducted using a statistical
processing program (SPSS 23.0/PC, USA). The nor—
mal distribution of the study group was analyzed by
conducting a Kolmogorov-Smirnov test, Paired t—
tests were used to compare the muscle tone and
muscle stiffness of the lower extremity muscles
before and after treadmill walking within the study
groups, and independent t—tests were used for com—
parison between the study groups. All statistical sig—
nificance levels in this study were set to o=.05 for
analysis,

RESULTS

Characteristics of subjects

As for the general characteristics of the study sub—
jects, in the case of the combat boots group, the mean

Combat boots group (n=15) Athletic shoes group (n=15) P
Age (years) 247 + 192 2113 + 168 .053
Weight(kg) 23.83 = 10.25 3122 + 14.55 540
Height (cm) 17513 £ 398 17319 = 584 295
Dominant side of lower extremity Right (15) / Left (0) Right (14) / Left (1)

Mean=+SD, .05
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age was 22.47+1.92 years, weight was 75,27+6.73
kg, and height was 175,13£3.98 cm, And, in the
athletic shoes group, the mean age was 21.13+1.68
years, weight was 72,93+12,93 kg, and height was
173.19+5.84 cm, General characteristics of the sub—
jects between both groups were not significantly dif—
ferent (Table 1),

In the combat boots group, the muscle tone and
stiffness of the MGCM muscle on the dominant side
decreased significantly after intervention (treadmill
walking), and the muscle tone and stiffness of the RF
muscle and the muscle stiffness of the Ham muscle

Table 2, Muscle tone and stiffness of each muscle
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on the non—dominant side also decreased significant—
ly after intervention, On the other hand, in the ath—
letic shoes group, there was no significant change in
the muscle tone and stiffness of all muscles between
before and after intervention, In comparison between
the combat boots group and the athletic shoes group,
the muscle tone and stiffness of the Ham and MGCM
muscles on the dominant side and those of the RF
muscle on the non—dominant side in the combat boot
group significantly decreased compared to those in
the athletic shoes group (Table 2).

Variables Group Pre—test Post—test t P t P
Combat boots 1565 = 1.06 1570 £ 113 -.263 797
MT (Hz) -836 410
i Athletic shoes 1532 = 1.02 15.72 = 1.87 -1.019 326
DO Side
Combat boots 28190 + 2615 219.77 £ 2512 675 511
MS (N/m) -1.116 274
Rectus Athletic shoes 26550 + 27.38 27493 + 50.49 —956 355
femoris .
Combat boots 1556 = 145 1497 £ 1.07 3.400 004 .
MT (Hz) -3319 003
} Athletic shoes 15.24 + 1.06 1535 + 1.22 -909 379
non—DO Side
Combat boots 27757 £ 3498 266.73 = 30.92 4810 .000" .
MS (N/m) -3276  .003
Athletic shoes 26840 = 32.35 26750 = 32.26 443 664
Combat boots 2154 + 255 214 + 222 1.386 188
M (Hz) 234 816
: Athletic shoes 2049 + 122 19.96 + 2.07 1.202 249
DO Side
Combat boots 47923 + 8584 45533 £ 7272 1915 076
MS (N/m) - 587 562
L Athletic shoes 43143 = 52.79 4723 + 70.24 1.311 21
Tibialis
anterior Combat boots 2168 + 219 2131 = 247 1.283 220
MT (Hz) —1.424 166
} Athletic shoes 2073 £ 179 2093 + 161 -729 478
non—DO Side
Combat boots 465.33 + 67.74 45817 + 8353 606 554
MS (N/m) —.706 486
Athletic shoes 44013 + 65.64 44430 + 58,22 -384 707
Combat boots 15.36 = 147 1495 + 152 1.244 234 .
MT (Hz) 2107 044
) Athletic shoes 1475 + 1.31 1531 + 1.78 —1.744 103
DO Side
Combat boots 27717 = 3797 266.27 + 40.71 1.355 197 .
MS (N/m) —2237 033
Athletic shoes 25643 + 39.20 270.70 + 4602 -1.814 .091
Hamstring
Combat boots 15.00 + 1.31 1459 + 111 1918 076
MT (Hz) -670 508
) Athletic shoes 1518 = 1.37 1494 + 116 1734 105
non—-DO Side
Combat boots 266.30 + 35.29 253.00 + 3295 2493 026
MS (N/m) -1963  .060
Athletic shoes 263.10 = 37.73 262.87 £ 3591 .059 954
Combat boots 17.64 £ 190 18.00 = 1.84 -1910 077
MT (Hz) -378 708
i Athletic shoes 17.27 £ 153 1773 = 164 —2.193 .046
DO Side
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Table 2, Muscle tone and stiffness of each muscle

Variables Group Pre—test Post—test t P t P
Combat boots 32163 = 50.36 32893 + 4649  —1.493 158
DO Side MS (N/m) -163 872
LG Athletic shoes 307.43 + 40.39 315.87 + 40.48 —1.704 10
Combat boots 17.66 + 1.61 1756 + 150 669 515
MT (Hz) —1.262 217
Athletic shoes 1726 £ 2.00 1749 + 188 —1.071 302
non—DO Side
Combat boots 31963 + 3374 32173 + 3994 —.468 647
MS (N/m) —1.059 298
Athletic shoes 31193 + 5434 32217 + 48,67 —1.642 123
Combat boots 16.91 + 1.06 16.32 + 87 3927 .002"
M (Hz) -3323 002"
Athletic shoes 16.58 + 1.48 16.82 = 1.70 -1.210 246
DO Side
Combat boots 291.47 + 1999 280.00 = 16.77 4.050 001"
MS (N/m) -3585  .001"
Athletic shoes 280.30 + 33.80 284.83 + 35.88 -1.314 210
M
GeM Combat boots 16.52 + 1.05 16.52 + 1.02 0.000  1.000
MT (Hz) -188 852
Athletic shoes 16.53 + 1.59 16.58 = 1.49 -303 767
non—DO Side
Combat boots 284.60 *+ 20.61 28377 + 19.48 214 834
MS (N/m) -835 334
Athletic shoes 280.63 + 34.39 28440 = 3120  —1.095 292

Mean=+3D, ‘.05, “A.01, MT: Muscle tone, MS: Muscle stiiness, DO: Dominant

LGCM: Lateral head of gastrocnemius, MGCM: Medial head of gastrocnemius

DISCUSSION

Shoes cover the foot and ankle joints and come into
direct contact with the ground during walking,
Therefore, the shapes of shoes affect the muscle tone
of the lower extremity muscles, In this study, when
the subjects walked on a treadmill for 30 minutes at a
speed of 4.2 km while wearing athletic shoes and
combat boots, respectively, no significant difference
in the muscle tone and stiffness appeared between
before and after walking in the athletic shoes group.
A previous study reported that when subjects walked
at the same speed as in this study, there was no sig—
nificant change in the muscle tone or stiffness of the
TA, peroneus longus, and MGCM muscles on both
sides:” findings identical to the results of this study.
On the other hand, in the combat boots groups of this
study, muscle tone and stiffness were significantly
lower in the RF, Ham, and MGCM muscles after
walking, In the case of boots, a smoother boot shaft
and lower vamp stiffness increase the movements of
the ankle joints, gait velocity, and step length.” In

the case of the combat boots applied in this study, the
movement of the ankle joint is limited because the
boot shaft is firm and the vamp stiffness is high, It
has been reported that taping or ankle braces, which
are frequently applied to limit the movement of the
ankle joint, reduce the efficiency of the ankle joint,
but have a positive effect on maintaining balance by
providing somatosensory feedback,”™ Therefore, it is
thought that since the combat boots applied in this
study have hard boot shafts and high vamp stiffness,
it played the role of an orthosis for the ankle joint,
thereby reducing the mobility of the ankle joint while
improving stability, Since the combat boots improve
the stability of the ankle joint when compared to
other shoes, it is judged that the reduction in mobility
as such affected the decreasing of the muscle tone,
On the other hand, in the case of athletic shoes, it is
considered that since the boot shaft is below the
ankle and the vamp stiffness is softer than combat
boots, the movement of the ankle joint is not limited
and, therefore, no change in the muscle tone and
stiffness was caused,
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As for the muscle tone and stiffness of each muscle,
no significant difference appeared in the TA muscle
and LGCM muscle of combat boots group and athletic
shoes group, The contraction of the TA muscle func—
tionally acts on the ankle dorsiflexion and inversion
to prevent foot drop in the swing phase during walk—
ing and acts on heel strike in the stance phase, Since
the boot shaft was high in the case of the combat
boots used in this study, the ankle dorsiflexion and
inversion movements were limited during walking so
that the muscle tone and muscle stiffness of the TA
muscles on both sides decreased after walking, but no
significant difference appeared, On the other hand,
the muscle tone and muscle stiffness of the LGCM
muscle of both the combat boots group and athletic
shoes group increased after walking, but no signifi—
cant difference appeared. The reason for the increase
of LGCM’s muscle tone and muscle stiffness,
although not significant, is considered that initial
values of LGCM muscle tone and stiffness are lower
than the muscle tone and stiffness of TA muscle,

The muscle tone and stiffness of the Ham and
MGCM muscles on the dominant side significantly
decreased in the combat boots group compared to the
athletic shoes group. Whereas, the muscle tone and
stiffness of the RF muscle on the dominant side
showed no significant different in the between
groups. It considered that muscle tone and stiffness
of MGCM muscle decreased significantly after walk—
ing compared to before walking in combats groups.
The Ham muscle is located behind the leg, connected
to the MGCM muscle, which is affected by decreased
MGCM’s muscle tone and stiffness, However, RF
muscle is located at the front of the leg, so it is con—
sidered that it was not affected by MGCM’s muscle
tone and stiffness, In the case of combat boots, it is
considered that since the boot shaft was high, which
relatively restricts the movement of plantar flexion
and dorsiflexion of the ankle joint but relatively
increases the stability of the ankle joints, the muscle
tone of the MGCM muscle significantly decreased
after walking, In general, ankle—foot orthosis (AFO),
which provides stability to the ankle joints, plays the
role of lowering muscle tone and is applied to subjects
with high muscle tension due to stroke or cerebral
palsy utilizing the foregoing apparatus.” The combat
boots used in this study also restrict the movements
of the ankle joints, similarly to AFO, and the restric—
tion of movements as such is considered to have
affected the lowering of the muscle tone of the mus—
cles. Another previous study reported that in the case
of combat boots, the values of the angle at heel
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strike, relative range of motion, and peak dorsiflexion
of the ankle joints in the sagittal plane when running
were significantly lower compared to running shoes,”
This means that when walking in combat boots, the
movement of the ankle joints in the sagittal plane
decreases and the muscle activity of the gastrocne—
mius muscle, which is mainly involved in plantar
flexion in the sagittal plane, decreases, This is con—
sidered to be the reason why the muscle tone and
muscle stiffness of the MGCM muscle on the domi—
nant side decreased in the results of this study, In the
case of the Ham muscle, the muscle tone and muscle
stiffness significantly decreased on the dominant side
in the combat boots group compared to the athletic
shoes group, This suggests that the muscle tones of
the two muscles decreased together because the fas—
ciae of the Ham and MGCM muscles had continuity.’
These results indicate that the characteristics of the
shoes termed combat boots affect the muscle tone
and stiffness of not only the muscles of the ankle
joint but also the muscles of the knee joint,

The limitations of this study include the fact that
the qualitative and quantitative differences in walk—
ing were not compared, When walking wearing com—
bat boots, the number of steps and the angle of the
lower limb joints may be changed to compensate for
the restriction of the movements of the ankle joints,
Therefore, in future studies, a spatiotemporal analy—
sis of walking after wearing combat boots should also
be conducted, In addition, another limitation of this
study is that the muscle tone and stiffness of the
lower extremity muscles during running and march—
ing related to military training were not checked,
However, it may not be appropriate to control major
variables, such as an increase in weight due to the
wearing of military gear or military weapons or
changes in the slope of the ground during a march,
and check the physiological changes of the lower
extremity muscles according to the characteristics of
combat boots, Our follow—up study is planned to
study the increase or decrease in the muscle tone and
muscle stiffness of the lower extremity muscles dur—
ing the march of soldiers, focusing on the main
results derived from this study. In addition, since the
subjects’ walking was performed on a treadmill in this
study, it should be considered that the muscle tone
may differ from that of walking on the general
ground, However, until now, studies that have
investigated muscle tone when walking wearing
combat boots or athletic shoes are limited, and the
results of this study will be significant in that they
can be used as basic data on wearing combat boots,
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From the results of this study, it could be seen that
wearing combat boots while walking on a treadmill
for 30 minutes further reduced muscle tone and
stiffness of the lower extremity muscles compared to
athletic shoes, Such study results indicated that the
restriction of joint movements occurring when wear—
ing combat boots has an effect on decreasing muscle
tone,

CONCLUSION

Combat boots relatively limit the movement of the
ankle joint compared to athletic shoes, and this char—
acteristic has an effect on decreasing the muscle tone
of the lower extremity muscles, Based on the results
of this study, if the effects on the muscle tone and
stiffness of the lower extremity muscles are taken
into account when developing combat boots and the
results are used for product development, the prod—
ucts can be utilized more diversely not only by sol—
diers but also by subjects with high muscle tone or
hypermobility of the ankle joint and other similar
conditions,
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