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The majority of reported injuries among military populations are injuries due to cumulative repeti-
tive microtrauma — overuse injuries. Plantar pressure measurement is a simple tool to analyse
lower limb biomechanics through the assessment of forces applied to the foot. This study aimed
to determine the relation between peak plantar pressure and lower extremity overuse. Sixty-six
active-duty infantry male soldiers, with mean age 29.7 years (range 22-40 years), and mean ser-
vice time 5.2 years (range 1-15 years) participated. The highest peak plantar pressure (PPP) at
the forefoot occurred at the hallux (cases: 50.82 n/cm SD = 38.84; control: 34.39 n/cm SD =
28.03) and 3" metatarsal head (cases: 54.40 n/cm SD 33.83; control: 49.16 n/cm SD =
28.87). The study demonstrated elevated PPP among cases. Statistically significant results were
found at the hallux (y2(1) = 6.8; p = 0.01), medial heel (y2(1) = 5.18; p = 0.02) and lateral heel

(x2(1) =

12.12; p < 0.01) regions. The results show that plantar pressure assessment could be

used as a useful screening tool for early lower extremity overuse injury detection.
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INTRODUCTION

Sustaining an injury reduces military readiness, increases
the financial burden of additional health care and is a lead-
ing cause of medical discharge among military personnel
(Geary et al., 2002; Jones et al., 2010; Ruscio et al., 2010;
Lovalekar et al., 2018). Musculoskeletal injuries (MSKI)
are common among different countries and the reported in-
jury rates are consistently high. Reported acute and overuse
injury incidence in the British army is 49% and it is 53% for
military personnel in the USA (Sharma et al., 2015; Grier et
al., 2020). The majority of reported MSKI among different
military populations are injuries due to cumulative repeti-
tive microtrauma (Hoffman et al., 2015). Repetitive high-
intensity training with a short recovery period is a signifi-
cant contributor to injury with gradual onset — overuse in-
jury (Kaufman et al., 2000). For example, it has been re-
ported that 51% of young conscripts in Finland during six
months sustained an overuse injury (Taanila et al., 2015).

Previous studies showed that a history of injury is a strong
risk factor for the next injury (Knapik et al., 2003; Fulton et
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al., 2014). For this reason, systematic injury rate assessment
and long-term injury trend monitoring are important parts of
the injury prevention process (Wardle and Greeves, 2017).
Regional Logistics Command (LC) military medical care
centres in Latvia provide written acute musculoskeletal in-
jury monthly reports to the National Armed Forces LC Mil-
itary Medical Support Centre. Medical reports contain data
on the injured person, injury date and place, injured body
part and side, and injury type similar to the Barell injury
matrix (Barell et al., 2002). Medical-record based on one-
year injury incidence in the Latvian Army is 12.4%; most
injured locations are lower legs (2.5%), foot and toes
(1.7%) with only three cases of stress fractures reported.

The Latvian Land Forces are one of the biggest military
branches of the Latvian Army, with three thousand soldiers
involved at average age 34.2 years. A large portion of the
Latvian Army is formed by infantry soldiers, also known as
“foot soldiers”. According to survey results among infantry
soldiers, the lower extremity is the most injured body site
(56%), where self-reported lower extremity overuse injury
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occurs in 45% subjects. In comparison, self-reported upper
extremity overuse injury occurrence is only 11% (Nestero-
vica, 2018).

Foot health for infantry is essential in not only providing
adequate shock-absorbing and normal gait cycle on uneven
terrain, but also in maintaining good health status and the
highest state of military readiness. Foot type as well as
forces applied to the foot are important. Studies have shown
good Foot Posture Index (FPI) inter- and intra-rater reliabil-
ity with the ability to quantify foot type (Redmond et al.,
2006; Cornwall et al., 2008; Morrison and Ferrari, 2009) .
Plantar pressure measurement with a pressure plate is a sim-
ple method to assess the direction and force applied to the
foot and it is a key tool to analyse lower limb biomechanics
(Landorf and Keenan, 2000). For plantar pressure manage-
ment, foot orthotics with different stiffness and cushioning
components have been used among pathological and
healthy populations (Bonanno et al., 2019; Chatzistergos et
al., 2020). Different foot orthotics have shown good results
in lower limb injury incidence reduction during military
training (Snyder et al., 2009; Bonanno et al., 2018).

Limited evidence regarding plantar pressure values and in-
jury risk exists. Few studies previously investigated peak
plantar pressure among injured and healthy Royal Marines
recruits and young Navy officers. High arch and greater
peak plantar pressure at the medial side of the foot in-
creased risk for a metatarsal stress fracture and ankle inver-
sion injury among Royal Marines; Dixon et al., 2019). Plan-
tar pressure has been reported to be a predictive factor of
sustaining an overuse injury of the lower limb in a con-
trolled training environment of Navy officers (Franklyn-
Miller et al., 2014).

This study aimed to investigate the relation between peak
plantar pressure and lower extremity overuse injuries
among Latvian infantry soldiers.

MATERIALS AND METHODS

Subjects. Sixty-six active-duty infantry soldiers partici-
pated in the case-control study, all were males at mean age
29.7 years (range 22—40 years) and with mean service time
5.2 years (range 1-15 years). Cases were soldiers with prior
lower leg (knee, ankle, or foot) overuse injury during the
last six month period (cases); persons who did not sustain
any lower extremity injury during the same period were the
control group). Overuse injury was defined as MSKI caused
by repetitive and/or forceful tasks or appeared as a result of
repeated overstretching or overloading (Cheron and Scanff,
2016). Overuse lower limb injuries included in this defini-
tion were: plantar fasciitis, metatarsalgia, Achilles tendino-
pathy, stress fracture, medial tibial stress, patellofemoral
syndrome, chronic exertional compartment syndrome, and
iliotibial band syndrome.

Information about injuries was obtained from surveys dur-
ing the annual medical check-up and from medical record
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data. During the data collection period, all of the partici-
pants were not injured and were free of any musculoskeletal
pain. Participation was voluntary and all study subjects pro-
vided written informed consent. Ethical approval was ob-
tained from the Ethics Committee of Riga StradinS Univer-
sity (No. 40/26.10.2017).

Procedure and data extraction. A pressure platform
(2 m x 0.4 m x 0.02 m, RSscan International, Belgium) was
embedded in the centre of a 5-metre long walkway. Firstly,
weight calibration was performed. Participants were asked
to walk barefoot in a relaxed manner at a self-selected com-
fort speed, and not to look at the ground. To minimise walk-
ing speed influence on plantar pressure measurement, a
two-step initiation protocol was used, such that participants
were positioned two steps from the platform edge. Two
walking trials were used for acclimatisation; mean data
from three successful trials were analysed for each foot.

Plantar pressure analysis software (Footscan v.7.11, RSscan
International) was configured to measure plantar pressures
in n/cm>. Software masks the foot into 10 regions: hallux,
lesser toes, each metatarsal head (1st MTH, 2nd MTH, 3rd
MTH, 4th MTH, and 5th MTH), midfoot, heel medial and
heel lateral. Peak plantar pressure (PPP) values, contact
area, and foot length values were extracted. The degree of
plantar pressure asymmetry for each region was determined
between the left and right foot in both groups using the
symmetry index (Robinson er al., 1987; Wafai et al., 2015).
A value of 0 indicates perfect symmetry between feet plan-
tar loading, while a higher value indicates higher asymme-
try in plantar loading.

For FPI measurement, the subjects were asked to stand in a
relaxed stance position with double-limb support, arms re-
laxed and looking straight forward. Additionally, foot arch
types were classified based on arch index (AI) measure-
ment. Three categories were used based on values in previ-
ous studies: high-arch (AI <0.21), normal arch (0.22 < AI <
0.26), low arch (AI > 0.27) (Cavanagh and Rodgers, 1987;
Hernandez et al., 2007). All measurements were made by
the same examiner.

Data analysis. Statistical analyses were performed using
the SPSS 22.0 software package. Firstly, all data were as-
sessed for normality using the Shapiro-Wilk test. Mostly,
data were not normally distributed; nonparametric tests
were applied in order to determine differences between
groups. Data are presented as means with standard deviation
if not stated otherwise. The Mann—Whitney test was used to
determine SI differences among groups. The significance
level was set to p < 0.05 (two-tailed).

RESULTS

In total, 32 subjects were included in the case group and 34
subjects were included in the control group. Case and con-
trol group characteristics are shown in Table 1. Both group
demographic characteristics as well as foot posture vari-
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Table 1. Characteristics of study participants

Cases, Controls, P
n=32 n=34 value®
Age, years 28.5(5.2)° 30.24 (5.4) 0.07
Height, m 1.81 (0.08) 1.77 (0.07) 0.93
Weight, kg 80.5 (12.6) 81.1 (12.6) 0.93
BMI, kg/m2 24.6 (2.7) 25.7 (2.3) 0.05
Footprint length, mm 275 (1.26) 273 (1.28) 0.15
Self-selected military boot size 43.5 (1.6) 42.8 (1.4) 0.04
Smoking status, n 0.83
Non-smokers n=18 n=20
Smokers n=14 n=14

Physical activity, hours/week,n  0.59

1-2 n=9 n=9

34 n=18 n=17

5£s22 n=>5 n=_8
Left foot position, n 0.70

Supinated foot n==6 n=2

Neutral foot n=19 n=25

Pronated foot n=7 n=7
Arch index 0.26 (0.06) 0.26 (0.08) 0.60
Right foot position, n 0.70

Supinated foot n=4 n=1

Neutral foot n=25 n=27

Pronated foot n=3 n=6
Arch index 0.26 (0.07) 0.26 (0.7) 0.60

 p values based on Mann-Whitney test; ® standard deviation is given in
parentheses; foot posture determined using the Foot Posture index; signifi-
cant results are marked in bold.

ables did not differ significantly between the groups. Mean
footprint length did not differ, although smaller self-se-
lected shoe sizes were observed among controls and mean
self-selected shoe size difference observed between groups
was statistically significant.

Foot types according to Al among case and control groups
did not differ significantly; the foot arch was classified as
normal (Al = 0.26). The total FPI score ranged from -5 to
10 (median 3.00) for both groups. Pronated (n = 7) and
supinated (n = 6) left foot posture among cases were more
frequent. FPI values between the left and right foot as well
as between groups did not differ significantly (32(1) = 0.15,
p = 0.70). However, the supinated foot position was a more
common condition among cases.

Plantar pressure assessment showed differences between
groups. See Figure 1 for PPP distribution among forefoot,
midfoot, and rearfoot. Cases showed higher PPP in the fore-
foot and rearfoot regions. nghest PPP at the forefoot was
shown at the hallux (49.85 n/cm SD = 40.26) and 3rd
metatarsal head (50.38 n/cm2, SD = 38.53). At the rearfoot,
highest PPP were at both heel regions medlal and lateral,
55.26 n/cm2 (SD = 37.31), and 58.2 n/cm?> (SD = 34.94),
respectively. Both groups showed similar PPP values in the
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Fig. 1. Peak plantar pressure distribution during barefoot walking among
study groups for different foot regions. Peak plantar pressure observed in
the cases group shows wide variation, higher values were observed in the
forefoot region.

midfoot region. Highest PPP among the control group was
found under the 3rd metatarsal head (45.43 n/cm SD =
28.12). In spite of the fact that PPP was greater among
cases, when compared with controls the differences were
not statistically significant except for hallux (}2(1) = 6.8;
p =0.01) and for medial (}¥2(1) =5.18; p = 0.02) and lateral
x2(1) = 12.12; p < 0.01) heel regions. Table 2 shows peak
plantar pressure values for the different zones of the foot
among groups.

Table 3 illustrates the median PPP asymmetry among study
groups. The degree of plantar pressure asymmetry accord-
ing to SI in the case group showed a median range between
1-45% across different foot regions; perfect symmetry was
found under the 5 MTH and medial heel. SI values were
lower for the control group, with detected levels of asym-
metry range between ~7% to 16%, and perfect symmetry
found under lesser toes, 3 and Sth MTH. A statistically
significant SI difference between groups was found under
the 1°* MTH.

DISCUSSION

The vast majority of injuries in the physically active popu-
lation, as well as military populations, are MSKI, and most
are MSKI of lower extremities due to overuse (Hauschild et
al., 2019). Lower extremity and especially foot health is
crucial for military readiness of infantry soldiers. The pres-
ent study assessed foot health using FPI, PPP data, and foot-
wear comfort ratings among infantry soldiers with and with-
out a history of lower extremity overuse injury.
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Table 2. Peak plantar pressure values among cases and controls for each foot, n/cm2, (SD)

Cases ‘ Controls
Foot X2( 1)* p-value
Left Right ‘ Left Right
Hallux 48.87 (42.22) 50.82 (38.84) 3439 (28.03) 30.35 (26.55) 6.8 0.01
Lesser toes 23.40 (29.70) 29.70 (32.07) 29.09 (29.44) 31.91 (29.95) 1.47 0.23
1" MTH 24.40 (27.10) 33.95 (35.06) 18.06 (26.56) 17.72 (19.53) 3.68 0.06
— 2" MTH 46.18 (33.83) 49.53 (35.35) 41.14 (32.75) 42.85 (34.57) 1.10 0.29
39 MTH 54.40 (33.83) 46.37 (35.36) 49.16 (28.87) 41.70 (27.29) 0.11 0.74
4" MTH 41.11 (35.05) 30.00 (32.18) 36.22 (24.88) 27.76 (23.66) 0.001 0.98
s MTH 28.24 (37.01) 25.25 (41.12) 15.34 (19.72) 15.15 (23.35) 0.98 0.33
Midfoot 53.12 (37.59) 43.77 (42.07) 47.84 (29.97) 41.82 (30.42) 0 0.99
Medial heel 56.53 (40.79) 53.99 (34.07) 40.62 (33.87) 40.55 (29.90) 5.18 0.02
Rearfoot Lateral heel 59.10* (37.98) 57.30 (32.17) 37.06 (24.51) 38.89 (29.35) 12.12 0.01

*Kruskal Wallis test results; SD, standard deviation; MTH, Metatarsal head; significant results are marked in bold; differences relate to both left and right

feet.

Table 3. Median peak plantar pressure assymetry percentage in case and
control groups with standard deviation

Cases Controls
Median assymetry, % p-value
Hallux —45.95 (67.87) —16.44 (63.70) 0.40
Lesser toes 9.52 (96.26) 0.00 (54.53) 0.12
1st MTH 22.22 (91.23) 0.00 (47.55) 0.02
2nd MTH 16.80 (54.67) 13.12 (58.48) 0.25
3rd MTH -3.60 (50.54) —16.81 (59.80) 0.51
4th MTH —23.52 (71.60) —15.34 (40.37) 0.11
5th MTH 0.00 (72.86) 0.00 (34.41) 0.95
Midfoot —29.37 (62.37) -8.97 (57.36) 0.22
Medial heel 0.00 (57.91) 13.65 (36.09) 0.53
Lateral heel -1.76 (54.24) 7.82 (55.41) 0.81

Mann—Whitney test results; a negative value indicates higher pressure at
the left foot; standard deviation is given in brackets; MTH, metatarsal
head; significant results are marked in bold.

Plantar pressure measurements are very useful for foot
function assessment, but generalised assumptions based
only on levels of PPP cannot be made. Plantar pressures
vary widely among individuals and there is no single plan-
tar pressure value that can be used as an indicator for the
onset of a foot injury (Wafai et al., 2015). Our study data
indicated that statistically significant PPP differences be-
tween cases and control groups exist at the hallux and heel
regions, which correspond to heel-contact and toe-off gait
cycle phases. It has been reported that for a healthy foot,
larger motion in the foot joints during walking was associ-
ated with lower plantar pressure in almost all regions (Gi-
acomozzi et al., 2014). It is recommended to investigate
gait pattern as well as foot and ankle motion to establish a
possible association with lower extremity injury.

Scoring of foot type with the FPI-6 was not significantly as-
sociated with a history of previous lower extremity overuse
injury. Despite that, cases appeared to have a non-neutral
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foot position more frequently when compared with controls.
This finding is consistent with a previous study, where
lower extremity overuse injury was linked with a non-
neutral foot position (Yates and White, 2004).

Our findings showed asymmetry in both FPI and PPP
among cases and controls. Foot posture and function can be
affected by injuries. The site of injury is often reflected not
only in the plantar pressure distribution but also in the
measures of asymmetry between the feet (Wafai et al.,
2013). SI was used for plantar pressure symmetry assess-
ment. The normal range of asymmetry determined among
healthy individuals is approximately 10-18% (Wafai et al.,
2015), which is similar to SI values found in our control
group (SI values from 0% to 16%). Larger and statistically
significant PPP asymmetry between cases and controls was
found at the 1 MTH. The presence of asymmetry between
feet means unequal lower limb loading and imbalance dur-
ing walking, which requires the attention of physiothera-
pists. However, lower limb motion during the gait cycle has
been considered as globally symmetrical (Sadeghi, 2003).
Lower limb dominance is task-dependent and it can impact
the roles the lower limbs play during the gait cycle and con-
tribute to a local asymmetry. Improving the abnormal bio-
mechanical parameters of the lower extremity during mili-
tary training can prevent stress fracture of the lower limbs
(Zhao et al., 2020).

Infantry soldier’s feet are regularly exposed to large forces
and are constantly adapting to various environments. Foot-
wear should be comfortable to reduce pressure, shear, and
shock forces from the foot. Consequently, it is important to
analyse foot function as well as military footwear comfort
and proper fit. Footwear sizes in the Latvian Army have
been self-selected by the soldier and an improper size may
have been used. It is known that a large proportion of the
common population wear incorrectly sized footwear, which
is associated with foot pain and foot disorder (Schwarzkopf
et al., 2011; Buldt and Menz, 2018). Our study identified
that cases used bigger shoe sizes than controls (p = 0.04),
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but the difference between groups was not statistically sig-
nificant. Such a difference might appear due to different
foot width or lack of footwear comfort among injured sub-
jects and these factors were not included in data analysis.

Our study findings should be considered in context with
limitations of the study. The retrospective case-control
study design was a limitation due to the relatively small
study population, inability to establish causal sequences,
and recall bias of history of injury. The study grouping also
depended on medical-record quality. It has been reported
that approximately half of MSKI among infantry popula-
tions are not reported to medical personnel (Smith er al.,
2016). The used plantar pressure system is able to measure
the force that is perpendicular to the pressure sensor and it
is not possible to measure other forces, for example, shear
forces. The masking process was performed automatically
by the software, which could shift plantar pressure values. It
has been reported that automated masking reduces overall
pressure values (Deschamps et al., 2009). Gait kinematic
and EMG data were not collected and therefore conclusions
about overall lower limb biomechanics and their influence
on injury risk could not be made.

CONCLUSIONS

To the authors’ knowledge, this is the first study of peak
plantar pressure and symmetry index among infantry sol-
diers in Latvia with and without a history of lower extrem-
ity overuse injury. The study results demonstrate elevated
peak plantar pressures among cases with prior lower ex-
tremity injury. Significantly high results were found at fore-
foot (hallux, Xz(l) =6.8; p =0.01) and rearfoot (medial heel
2(1) = 5.18; p = 0.02; lateral heel (x*(1) = 12.12; p <
0.01)). Cases demonstrated asymmetrical peak plantar pres-
sures and foot posture. The results showed that plantar pres-
sure assessments could be a useful screening tool for early
lower extremity overuse injury detection or in planning im-
plementation of an injury prevention programme.
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MAKSIMALAIS PLANTARAIS SPIEDIENS KA APAKSEJO EKSTREMITASU PARSLODZES TRAUMU RISKA FAKTORS
KAJNIEKU VIDU

Karaviru populacija liels ipatsvars no novérotam muskuloskeletalam traumam ir kumulativa rakstura parslodzes traumas, kas skar apaksejas
ekstremitates. Pédas plantaro spiedienu jeb uz pédam izdarita spéka sadalijuma izmekl€Sana ir vienkarSa apaks€jo ekstremitasu
biomehanikas analizes metode. Sis pétijums analizg saistibu starp maksimalo plantdro spiedienu (MPS) un apakigjo ekstremitasu parslodzes
traumam. Gadijumu—kontroles pétijjuma piedalijas seSdesmit sesi aktiva dienesta kajnieki, vid€jais vecums 29,7 gadi (vecuma diapazons
22-40 gadi); vidgjais izdienas ilgums 5,2 gadi (no 1 lidz 15 gadiem). MPS pédas prieksgja dala tika registréts I pirksta rajona (gadijumi:
50,82 n/cmz, SD = 38,84; kontroles: 34,39 n/cmz, SD = 28,03) un pie III pleznas kaula (gadijumi: 54,40 n/cmz, SD = 33,83; kontroles:
49,16 n/cmz, SD = 28,87). Paaugstinati MPS tika noveéroti gadijumu gru})é. Statistiski ticamas atSkiribas atrastas pie I pirksta (X2 (1) =6,8;
p = 0,01), pap€za rajona mediali ()(2 (1)=5,18; p = 0,02) un laterali ¥~ (1) = 12,12; p < 0,01). Petijjuma rezultati rada, ka pédu plantara
spiediena izmekléSana ir noderiga skrininga metode agrinai apaks$€jo ekstremitasu parslodzes traumu diagnostikai.
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