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Abstract: The main purpose of this study was to examine the effects on gait of carrying different
standardized police loads. In this cross-sectional study, we randomly recruited 30 special police
officers. Spatiotemporal and kinetic gait changes were evaluated by using the Zebris FDM pressure
platform, when load carriage ranged from 5 to 45 kg. Heavier loading conditions significantly
increased ground reaction forces and plantar pressures for both feet beneath the forefoot, midfoot,
and hindfoot regions of the foot. However, as load increased there were no significant changes in
spatiotemporal gait parameters. This study shows that heavier loads carried by special police officers
significantly increase ground reaction forces and plantar pressures under different foot regions. Thus,
special interventions aiming to lower kinetic gait parameters throughout a different ergonomics and
design of standardized equipment should be considered.
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1. Introduction

Special police forces are required to carry heavy loads as part of their daily routines [1,2].
Although such loads may have protective effects with regard to specific tasks [1,3], evidence
has shown that the load used often exceeds the maximum of 45% body mass [4]. Moreover,
the magnitude of absolute load being carried is rapidly increasing [1,3]. This negative
trend affects human locomotion, increasing the energy expenditure costs [1,5] and the level
of musculoskeletal injuries [2,6]. Indeed, previous work has demonstrated that the most
common injuries are related to stress fractures and lower body joints, mainly the hip, knee,
ankle, and foot [2].

Carrying high loads can impact the biomechanics of gait. In a recent review looking
at the impact of load carriage on military personnel [7], load carriage had no effect on
spatiotemporal variables, like step or stride length, cadence, or step width [8–11], yet the
increases in vertical peak forces and pressures in loaded conditions, compared to unloaded
conditions, were consistently reported [8,12,13]. It has been hypothesized that military
personnel are more experienced in carrying heavy loads and their gait is too robust to
be affected by additional loads [14]. On the other hand, additional added mass of the
carried load gradually increases the ground reaction forces [13] and plantar pressures [9,12],
leading to greater breaking and propulsive forces [8,10,13].

Special police officers often perform physically demanding tasks such as issuing arrest
warrants, rural operations, and personal protection, and antiterrorism responses [15]. In
addition, special police officers are challenged by performing vigorous physical activities,
like running, pulling and pushing, lifting, carrying heavy objects, and negotiating obstacles
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daily [16]. All these activities are regularly accompanied by even heavier load carriage
exceeding >50% of body mass, compared to military personnel [15,17], leading to the
conclusion that they walk less and have lower step frequency [18]. Due to biomechani-
cal adaptations under different loading conditions, previous findings based on military
personnel may not be applicable to special police officers [7].

Therefore, the main purpose of the study was to examine the effects of load carriage
on the spatiotemporal and kinetic gait changes in special police officers. Based on pre-
vious findings in military personnel [7], we hypothesized that heavier load carried by
special police officers would have no significant effect on spatiotemporal gait changes,
yet ground reaction forces and plantar pressures under the different foot regions would
steadily increase.

2. Materials and Methods
2.1. Study Participants

For the purpose of this cross-sectional study, we randomly selected 30 full-time
special police officers, who were part of the Anti-Terrorist Special Police Unit “Lučko”
with more than five years of service. All participants were healthy and without acute
or chronic conditions at the time the study was conducted. All participants were males
between 28 and 51 years of age (mean ± SD; age = 40 ± 6 years, height = 180.0 ± 5.0 cm,
weight = 89.0 ± 8.0 kg) and consented to be in the study. All procedures conducted in this
study were anonymous and in accordance with the Declaration of Helsinki [19]. The Ethical
Committee of the Faculty of Kinesiology and Lučko approved the study.

2.2. Loading Conditions

During testing, each participant walked over a platform with each of four loads
standardized by the Ministry of Internal Affairs for special police officers: (1) body weight
only (no load), (2) with a 5-kg load (load 1, belt plus a pistol with a full handgun’s magazine
plus an additional full handgun’s magazine plus a nightstick and handcuffs), (3) with a
25-kg load (load 2, load 1 + a helmet plus a fully equipped backpack and a rifle), and (4) with
a 45-kg load (load 3, load 1 + load 2 plus a bulletproof vest and night vision goggles). The
order of the other load was randomized, to reduce the impact of a learning effect.

2.3. Gait Analysis

To assess spatiotemporal and kinetic parameters of the gait, we used a pressure plat-
form (ZEBRIS company, FDM; GmbH, Munich, Germany; number of sensors: 11,264;
sampling rate: 100 Hz; sensor area: 149 cm × 54.2 cm). The assigned protocol has been
described previously [20]. In brief, the walkway was 10.5 m in length (1.5-m platform and
4.5-m custom-designed dense material placed before and after the platform). Each partici-
pant was instructed to walk at a preferred speed and to look straight forward across the
platform, while being barefoot. After the signal, the participants walked from the starting
to the finishing line 10.5 m apart, after which they needed to turn around for 180◦ and
continue to walk over the platform until they reached the end of the walkway. The protocol
was repeated four times with a total of eight trials across the platform, as recommended by
previous studies [21]. The reliability analysis showed a strong intercorrelation between the
trials under each loading condition (Cronbach’s α = 0.92–0.97). Once the data collection
for each loading condition was complete, the load was removed and the participants were
allowed to sit and rest for 3 min between the loading conditions or when heart rate was
below 100 beats per minute [22].

2.4. Data Analysis

Basic descriptive statistics are presented as mean and standard deviation (SD). A
Kolmogorov–Smirnov test was used to assess the normality of the distribution. The
dependent spatiotemporal variables included foot rotation (◦, left and right foot), step
length (cm, left and right foot), stride length (cm), step width (cm), step time (s, left and
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right foot), stride time (s), cadence (steps/min), and gait speed (m/s), whereas the kinetic
variables included ground reaction forces (N) and plantar pressures (N/cm2) of the left
and right foot beneath the hindfoot, midfoot, and forefoot regions. The software generated
rotations of both feet by measuring the position of each foot being placed on the platform
in the support phase of the gait and comparing the angle of a footprint to platform (which
is in line with 0◦ and 180◦). Consequently, the angle between the straight platform line and
foot placement serves as the foot rotation. For each participant, the dependent variables
were averaged across the eight successful trials and analyzed with one-way repeated
measures ANOVA to test the effects of load configuration (no load, load 1, load 2, and load
3). Where significant differences between load configurations were observed, a modified
Bonferroni procedure was used. All statistical analyses were performed by using SPSS
v23.0 software (IBM, Armonk, NY, USA) with an alpha level set a priori at p < 0.05 to denote
statistical significance.

3. Results

Basic descriptive statistics are presented in Table 1.

Table 1. Basic descriptive statistics of the study participants (N = 30).

Study Variables Mean (SD) Min Max

Age (years) 40.0 (6.0) 27.0 55.0
Height (cm) 180 (5.0) 174.0 189.0
Weight (kg) 89.0 (8.0) 78.4 96.5

Body-mass index (kg/m2) 27.5 (1.8) 24.8 30.5
Loading conditions

Load 1 (kg) 5.0 / /
Load 2 (kg) 25.0 / /
Load 3 (kg) 45.0 / /

Figure 1 shows spatial gait changes under different loading conditions. Heavier loads
had no significant time effects on left foot (F1,3 = 1.104, p = 0.351, η2 = 0.031) and right foot
rotation (F1,3 = 0.519, p = 0.670, η2 = 0.022), step length of the left foot (F1,3 = 0.376, p = 0.351,
η2 = 0.012), step length of the right foot (F1,3 = 0.863, p = 0.463, η2 = 0.030), stride length
(F1,3 = 0.534, p = 0.660, η2 = 0.025), and step width (F1,3 = 1.688, p = 0.175, η2 = 0.053).

Time changes for temporal gait parameters under different loading conditions are pre-
sented in Figure 2. Similar to spatial variables, more mass added resulted in nonsignificant
time effects for step length of the left foot (F1,3 = 0.467, p = 0.706, η2 = 0.012) and right foot
(F1,3 = 1.377, p = 0.254, η2 = 0.045), stride time (F1,3 = 0.958, p = 0.416, η2 = 0.033), cadence
(F1,3 = 1.293, p = 0.281, η2 = 0.041), and gait speed (F1,3 = 0.949, p = 0.420, η2 = 0.039).

Results in ground reaction forces for forefoot, midfoot, and hindfoot region of both
feet are shown in Figure 3. Heavier loading conditions significantly increased ground
reaction forces in left forefoot (F1,3 = 31.773, p < 0.001, η2 = 0.506), midfoot (F1,3 = 2.458,
p = 0.048, η2 = 0.074), and hindfoot (F1,3 = 18.150, p < 0.001, η2 = 0.368), and in the right
forefoot (F1,3 = 24.686, p < 0.001, η2 = 0.444), midfoot (F1,3 = 3.155, p = 0.028, η2 = 0.095),
and hindfoot (F1,3 = 14.903, p < 0.001, η2 = 0.323) regions. A post hoc analysis showed
that ground reaction forces under different regions of both feet significantly and gradually
increased with heavier loads, compared to the no-load condition (p < 0.05).

Finally, Figure 4 presents changes in plantar pressures under forefoot, midfoot, and
hindfoot regions of the feet under different loads. Heavier load carriage significantly
increased plantar pressures in the left forefoot (F1,3 = 2.549, p = 0.041, η2 = 0.074), midfoot
(F1,3 = 2.029, p = 0.050, η2 = 0.050), and hindfoot (F1,3 = 5.207, p < 0.001, η2 = 0.0.147) and
in the right forefoot (F1,3 = 2.930, p = 0.037, η2 = 0.085), midfoot (F1,3 = 2.865, p = 0.039,
η2 = 0.082), and hindfoot (F1,3 = 4.901, p < 0.001, η2 = 0.133) regions. Similar to ground
reaction forces, a post hoc analysis showed that plantar pressures under different regions of
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both feet significantly and gradually increased with heavier loads, compared to the no-load
condition (p < 0.05).
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4. Discussion

The purpose of the study was to examine the effects of load carriage on the spatiotem-
poral and kinetic gait changes in special police officers. The main findings of the study
are: (1) no significant spatiotemporal gait changes are observed, when applying heavier
loads, and (2) gait kinetics, mainly ground reaction forces and plantar pressures under the
different foot regions significantly increased after heavier loads.

In agreement with several other studies in military personal, our study showed that
heavier loads did not have significant effects on spatiotemporal gait variables in special
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police officers, including step length, stride length, cadence, and step width [8–11,23,24], ir-
respective of the load type carried. Most recently, a systematic review by Walsh and Low [7]
has suggested that nonsignificant effects may be explained by evenly distributed loads such
as body armor vs. loads borne on the back. It Although we found no significant changes
in spatiotemporal biomechanics, some variables like stride length and cadence gradually
tended to increase with heavier loads, which is in line with previous studies [9,10]. Because
special forces are potentially more experienced in heavy load carriage, spatiotemporal
structure of walking becomes too robust to be affected by additional heavier loads [14].

Changes in gait kinetics under heavier loading conditions obtained in this study are
in line with previous studies [1,4,8–10,12,13]. Specifically, both vertical ground reaction
forces and plantar pressures under the different foot regions significantly increased with
heavier loads. The mechanism underlying this phenomenon is based on the added mass
of the carried load, where the associations between the increased forces and loads are
proportional [13]. Indeed, previous evidence has shown that the increased ground reaction
forces are congruent with the increased plantar pressures associated with carrying addi-
tional load [12]. The greater impact forces and plantar pressures beneath the foot regions
increase the incidence of load carriage-related injuries [1], leading to greater breaking and
propulsive forces during walking [8,10,13]

This study is not without limitations. Although we examined both spatiotemporal and
kinetic gait changes under different loads, we did not measure gait kinematics and elec-
tromyography properties. A systematic review by Walsh and Low [7] showed that heavier
loads significantly increased hip and knee range of motion, hip and knee extension mo-
ments, ankle plantar flexion moments, hip, knee, and ankle sagittal power generation and
the activity of antigravity and propulsive trunk and leg muscles. Secondly, the participants
were instructed to walk at self-selected speed over the platform in laboratory conditions.
Most of previous studies conducted among military personnel have used a predetermined
speed by using treadmill walking or running modes [7]. It is possible that task-specific
walking speed would give different changes in given variables. Thirdly, physical fitness
was not assessed as a mediator. A higher level of physical fitness has been suggested as
a protective factor between heavier load carriage and gait biomechanics [17]. Fourth, the
length of a walkway might be short, causing the speeds to be “clipped”. Fifth, we did not
test civilians, so we cannot compare our findings to the general population. Sixth, the load
was not tested independently of how it was distributed on the body. Finally, the testing
procedure was based on walking barefoot, whereas walking under specific conditions and
tasks using insole shoe sensors inside the footwear might have given different results. Thus,
future research should focus on examining kinematics, kinetics, and electromyography of
the gait under the different loads and tasks in special police officers considering physical
fitness/preparedness.

5. Conclusions

This study shows that heavier loads did not lead to greater spatiotemporal gait changes,
yet the level of ground reaction forces and plantar pressures significantly increased with
mass added in a sample of special police officers. The findings would suggest that spa-
tiotemporal gait patterns of special police officers are too robust to be modified under
heavier loading conditions. However, both ground reaction forces and plantar pressures
increased with increased load, pointing out that it might be appropriate to consider the
tradeoffs between necessary equipment and risk of injury.
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