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Abstract

Plantar pressure sore occurrence is an indicator of increased plantar pressures which may develop into
subsequent foot problems and pain. Therefore, the aim of this study was to assess the effect of special
footwear on plantar pressure sore distribution. 67 healthy pregnant women participated in three
data collection sessions, at the 27, 32 and 37 gestational weeks. At each data collection session, the
plantar pressure sore distribution was assessed for both feet. During the first data, collection session
participants were randomly divided into a control and experimental group. The experimental group
obtained the unique footwear. For the control group, the results show an increase in pressure sores
occurrence in the medial edge of thumb and first metatarso-phalangeal joint. The special footwear
introduction in the experimental group increased the pressure sore occurrence at the edge of the heel,
probably associated with the plantar pressure redistribution more to the heel area. The distribution of
pressure sore areas of the control and experimental group is in accordance with our hypothesis that
the special footwear redistributes the plantar pressures, however, the trend of these changes is not
clear as there are many factors influencing the foot condition during advanced stages of pregnancy.
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INTRODUCTION

During pregnancy, an array of symptoms affects the lower extremity. Up to 75% of pregnant women
complain about foot pain (Karadag-Saygi et al., 2010) and more than 50% of pregnant women
report increased dryness of the skin, swelling of the foot and increased foot width (Ponnapula,
& Boberg, 2010). Pregnancy-related relaxation of the ligaments of the foot arches along with
increasing body weight may cause a decrease in the transverse and longitudinal arch of the foot
associated with plantar pressure distribution changes (Nyska et al., 1997). Additionally, the in-
crease in foot swelling and volume may result in an increase in foot length and width making
the choice of suitable shoes difficult. Additionally, many women report an increase in a foot size
during pregnancy (Wetz et al., 2006).

Nevertheless, non-fitting shoes have an adverse effect on muscles and bones and may lead to
foot pain and plantar pressure sores development (Chiou et al., 2015). The plantar pressure sore
develops under the osseous structure in place of the highest load during the stance phase of the
gait cycle (Vafeka, & Varekova, 2015). The plantar pressure evaluation helps with the examinati-
on of foot deformities as it is an indicator of starting changes in the structure of the foot (Kolaf,
Vlach, & Jelen 2005; Machtova, 2006). Furthermore, pressure sores may develop into a skin mal-
function, and they are one of the risk factors for foot ulceration (Filip et al., 2008). Additionally,
the plantar pressure sores formation is affected by the shoe fitting, especially those placed at the
edges of the foot (Vareka, & Vatfekova, 2015). Therefore, the shoe fitting is an essential factor in
plantar pressure sore formation. Special footwear may be designed to decrease and/or redistribute
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the plantar pressure moments to increase the comfort of the feet of pregnant women (Jang et
al., 2010; Marques et al., 2005). Nevertheless, studies investigating the effect of special insoles or
footwear on the gait during pregnancy on a large sample of participants is lacking.

The aim of this study was to (i) analyze the effect of advancing pregnancy on the plantar
pressure sore occurrence and (ii) analyze the effect of special footwear on plantar pressure sore
distribution during advanced phases of pregnancy as pressure sores occurrence is a consequence
of increased plantar pressures and these overload areas of the foot may develop into severe pro-
blems and foot pain subsequently.

MATERIAL AND METHODS

100 healthy pregnant women were asked to participate in this study. 67 of them participated in
all data collection session at their 27, 32 and 37 gestational week (g.w.) (£ 1 week). Their mean
height was 168.71 (¥7.21) cm, mean body mass was 74.67 (+9.83), 76.67 (¥9.19) and 79.28 (¥9.60)
at the first, second and third data collection session, respectively.

At each data collection session, the plantar pressure sore distribution was assessed for both
feet using a feet image protocol. Pressure sores on the skin of the foot were assessed by palpation
and sketched into the feet image protocol. For further analysis five areas of plantar pressures
sore occurrence were used: medial edge of thumb (Area 1), the first (Area 2) and fifth (Area 3)
metatarso-phalangeal joint, heal (Area 4), and the edge of the heel (Area 5) (Figure 1), as these
five areas, are the most common locations of pressure sore development. Additionally, during
the first data collection session participants were randomly divided into an experimental (n=30)
and control group (n=37). The experimental group obtained a unique footwear J Hanadk R,
Ltd. (slippers and sneakers or winter shoes, depending on the season) in ten days after the first
data collection session with an instruction to wear it at least 3 hours per day when walking. The
patented footwear and insoles used in this study are designed to redistribute the forces acting on
the foot by a depression under the first metatarso-phalangeal joint and under the heel portion,
enabling correction of the calcaneus position, strengthening the foot muscles and having a positive
effect on a blood supply (Zvonaf, & Kolarova, 2014; www.botyhanak.cz; Gimunova et al, 2017).
The informed consent was provided prior the first data collection session by all participants.
The study was approved by the Ethical board of the Masaryk University, Brno, Czech Republic.

Fig. 1 Analyzed plantar pressure sore areas 1-5.
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STATISTICAL ANALYSIS

Descriptive statistics were performed using Statistica 12. To compare differences in plantar pre-
ssure sore distribution between different collection sessions and special footwear users and non-
-users, effect size obtained by Cohen’s d was used. Cohen’s d is interpreted as >0.20 small, >0.50
medium, clinically significant, >0.80 substantial effects (Cohen, 1977). Cohen’s d is expressed
in absolute value.

RESULTS

Means and standard deviations for both feet of the control and experimental group at each data
collection session are shown in Table 1. In general, for the control group, the occurrence frequency
of plantar pressure sores is higher during the 32 g.w. compared to the first data collection session.
In contrast to the experimental group, where a reduction of pressure sore occurrence frequency
was observed between the 1% and 2™ measurement for the area 1 and 3 at the right foot.

Table 1: The frequency of pressure sore areas occurrence means and standard deviations (SD) for the
control and experimental group (Area 1: medial edge of thumb, Area 2: the first metatarso-phalangeal
joint, Area 3: fifth metatarso-phalangeal joint, Area 4: heal and Area 5: the edge of the heel).

left foot right foot
lst 2nd 3rd lsl 2nd 3"1
measurement | measurement | measurement | measurement | measurement | measurement
Mean | SD |Mean| SD |Mean | SD |Mean | SD | Mean | SD | Mean | SD

Areal | 0,86 | 035 | 095 | 023 | 092 | 028 | 0,86 | 0,35 | 0,89 | 0,31 | 0,89 | 031

Area2 | 0,57 | 0,50 | 0,73 | 045 | 0,70 | 046 | 0,57 | 0,50 | 0,73 | 0,45 | 0,73 | 045

Cg(:'l(;tl::l Area3 | 0,73 | 045 | 084 | 037 | 076 | 043 | 0,81 | 040 | 086 | 0,35 | 0,78 | 0,42
Aread | 0,65 | 048 | 092 | 028 | 086 | 035 | 081 | 040 | 0,86 | 035 | 092 | 028

Area5 | 0,73 | 045 | 095 | 023 | 089 | 031 | 078 | 0,42 | 0,89 | 031 | 092 | 0,28

Areal | 0,87 | 035 | 093 | 025 | 093 ] 025 | 087 | 035 | 0,83 | 038 | 093 | 025

_ Area2 | 0,60 | 0,50 | 0,60 | 0,50 | 087 | 0,35 | 0,60 | 0,50 | 0,67 | 0,48 | 0,73 | 0,45
E"";:)’l‘::“tal Area3 | 0,53 | 0,51 | 0,57 | 0,50 | 0,73 | 045 | 0,63 | 049 | 0,60 | 0,50 | 0,73 | 045
Aread | 0,83 | 0,38 | 0,87 | 0,35 | 090 | 031 | 0,80 | 041 | 0,87 | 035 | 0,97 | 0,18

Area5 | 0,83 | 038 | 090 | 031 | 090 | 031 | 0,87 | 035 | 0,90 | 0,31 | 097 | 0,18

Control group: the effect of pregnancy on pressure sore occurrence

The results of effect size for control group are shown in Table 2. The results show that changes in the pressure
sores occurrence happen mostly in area 1, 2 and 5, in both feet, between the 1%-2"¢ and 1%-3™ measurement.
The occurrence of pressure sores changes is noticeably higher for the left foot in the control group. The high-
est values (clinically significant effect) of Cohen’s d we can see in areas of the heel in the comparison between
1%-2" measurement (d = 0,71; d = 0,64) and 1*-3" measurement (d = 0,52) in the left foot. Analysis of the right
foot revealed the only small effect of the gestational week on the pressure sore occurrence.
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Table 2: Results of Cohen'’s d (=0.20 small /*/, = 0.50 medium, clinically significant /**/, > 0.80 large
effect /***/) and its confidence intervals (Cl) comparing 15-2n¢, 2nd-31 and 1-3" measurement of the
control group.

1'-2" measurement 2m-3" measurement 15-3" measurement
Cohen’s d CI Cohen’s d CI Cohen’s d CI
Area 1 0,71%** -0,87 to -0,62 0,17 0,08 to 0,29 0,52%* -0,68 to -0,42
Area 2 0,64%* -0,78 to -0,56 0,2 0,12 to 0,30 0,42* -0,57 to -0,32
left foot Area 3 0,26* -0,41 to -0,14 0,2 0,08 to 0,34 0,06 -0,21 to 0,08
Area 4 0,28* -0,39 to -0,21 0,11 0,03 to 0,20 0,17 -0,29 to -0,08
Area 5 0,34* -0,50 to -0,20 0,06 -0,09 to 0,21 0,28* -0,44 to -0,13
Area 1 0,15 -0,42 to 0,09 0,17 -0,41 to 0,02 0,32* -0,60 to -0,13
Area 2 0,30* -0,58 to 0,08 0,09 -0,31t0 0,10 0,39* -0,68 to -0,20
right foot | Area 3 0,15 -0,42 to 0,09 0,21* -0,03 to 0,50 0,07 -0,21 t0 0,36
Area 4 0,08 -0,32t0 0,14 0,00 -0,22t0 0,22 0,08 -0,32t0 0,14
Area 5 0,34* -0,69 to 0,03 0,00 -0,31to 0,31 0,34* -0,69 to -0,03

Experimental group: the effect of tested footwear on pressure sore occurrence

For the experimental group the results of effect size analysis obtained by Cohen’s d are shown in Table 3. In con-
trast to the control group, most of the significant changes of the pressure sores occurrence happen between the
2r_3dand 1""-3" and data collection sessions in the experimental group. The most changes significant by effect
size occur in area 3, 4 and 5 for the left foot and in area 1 to 4 for the right foot. The clinically significant effect
was found in a comparison of 2"-3" measurement and 1?"-3" measurement at the area of the first metatarso-pha-
langeal joint (d = 0,63) for the left foot and at the area of heel (d = 0,57) in comparison of 1%-3 measurement.

Table 3: Results of Cohen’s d (= 0.20 small /*/, = 0.50 medium, clinically significant /**/, = 0.80 large
effect /***/) and its confidence intervals (Cl) comparing 1524, 2"-3r and 1*-3¥ measurement of the
experimental group.

15'-2" measurement 2m-3" measurement 1%'-3" measurement
Cohen’s d CI Cohen’s d CI Cohen’s d Cl
Area 1 0,09 -0,23t0 0,03 0,10 -0,23 t0 0,01 0,19 -0,33 to -0,09
Area 2 0,19 -0,33 to -0,09 0,00 -0,11 to 0,11 0,19 -0,33 to -0,09
left foot Area 3 0,07 -0,25t0 0,11 0,35* -0,53 to -0,19 0,42* -0,60 to -0,20
Area 4 0,22* -0,35to0 -0,13 0,00 -0,09 to 0,09 0,22* -0,35to0 -0,13
Area 5 0,00 -0,18 t0 0,18 0,63** -0,81 to -0,51 0,63+ -0,81 to -0,51
Area 1 0,18 -0,46 to 0,06 0,38* -0,62 to -0,25 0,57** -0,85to -0,44
Area 2 0,10 -0,34to0 0,11 0,27* -0,48 to -0,15 0,38* -0,62 to -0,25
right foot Area 3 0,07 -0,27 to 0,41 0,28* -0,63 to -0,03 0,21* -0,55t0 0,10
Area 4 0,09 -0,15t0 0,35 0,32* -0,58 to -0,14 0,22* -0,46 to 0,05
Area 5 0,14 -0,48 to 0,20 0,14 -0,48 t0 0,17 0,28* -0,63 t0 0,03

DISCUSSION

The purpose of this study was to analyze the effect of advancing pregnancy and special footwear
usage on the plantar pressure sore occurrence. The plantar pressure occurrence is an indicator
of increased plantar pressures and associated subsequent foot problems and pain. The results of
this study revealed differences in the pressure sore area occurrence between special footwear users
and non-users. Furthermore, the descriptive data suggest differences between left and right foot.
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In the control group, in which the effect of pregnancy on the pressure sores development was
analyzed, most of the changes were observed between the 18-2" and 1%-3" measurement. In
contrast to the control group, most of the significant changes of the pressure sores occurrence in
the experimental group, in which the effect of tested footwear on the pressure sores development
was assessed, happened between the 2"-3 and 1%-3™ data collection session. With advancing
pregnancy, an increase in extracellular fluid and soft tissue enlarging the volume of the feet has
been observed in the previous study (Alvarez et al., 1988). Additionally, longer stance time, asso-
ciated with the need to increased safety of the movement during pregnancy, was observed in the
last trimester (Karadag-Saygi et al., 2010; Forczek, & Staskiewicz, 2012; Gimunova et al., 2015).
As the plantar pressure sore develops during the stance phase of the gait cycle under the osseous
structure in place of the highest load, the prolonged stance time and foot volume changes are
probably the cause of 1%-3" data collection changes. The special footwear introduction seems to
postpone the increase in the pressure sore occurrence compared to the control group, possibly
by the plantar pressure redistribution.

For the pregnancy related changes, i.e., the control group, results show that changes in pre-
ssure sores occurrence (clinically significant) happened mostly in the medial edge of thumb and
first metatarso-phalangeal joint. These changes were noticeably higher for the left foot. Using the
experimental footwear was related to changes (clinically significant by effect size) which occurred
in the area of the edge of the heel for the left foot and in the medial edge of thumb for the right
foot. The distribution of pressure sore areas of the control and experimental group is in accordance
with our hypothesis that the special footwear redistributes the forces acting on the foot. During
pregnancy, the increased loading on the forefoot described in the previous study (Karadag-Saygi
et al., 2010; Ogamba et al., 2016) increases the forefoot pressure sore occurrence observed in
Area 1 and 2 in the control group. The special footwear introduction in the experimental group
led for the left foot to the increase in pressure sore occurrence at the edge of the heel probably
associated with the plantar pressure redistribution more to the heel area as an increase in pressure
sore occurrence in the forefoot areas was not significant. Nevertheless, this trend is not clear for
the right foot of the experimental group.

Generally, the foot loading pattern shows no significant differences in symmetry during regular
gait. However, it has been suggested that laterality, a limb preference to particular tasks, exists
in lower extremities (Riskowski et al., 2012; Sadeghi et al., 2001; Sadeghi, 2003) and functional
differences of each limb during the gait were described (Riskowski et al., 2012; Sadeghi et al.,
2001) being possibly the reason of differences in the areas of pressure sores between left and right
foot seen in this study.

There is a number of the study limitations as pregnancy produces an array of factors influen-
cing both, the gait and lower extremity. Also, the occurrence of pressure sores may differ depen-
ding on the foot shape or the season and the associated difference in used shoe type. Another
limitation is no record about the exact time using the tested footwear per day in the experimental
group. Future studies of pressure sore occurrence connected with a ground reaction force analysis
will bring more information on the cause of pressure sores formation and their prevention.

CONCLUSIONS

Generally, it can be said that for both feet within experimental and control group there has been
an increase in plantar pressure sores in all areas in comparison with the first measurement.
Development of plantar sores in advancing measurements is different for both feet and groups.
Changes between footwear users and non-users were revealed, but the trend of these changes is
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rather unclear as there are many factors influencing the foot condition during advanced stages
of pregnancy.
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