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Abstract. The objective of this study was to investigate the effectiveness of different hardness of
personalized custom insoles on plantar pressure redistribution in healthy young males during
walking and running. Six males participated in the walking and running test (age: 24+1.6 years,
weight: 67.94£3.6 kg, height: 175.5+4.7 cm). All subjects were instructed to walk and run along a
10m pathway wearing two different hardness insoles (i.e., hard custom insoles (CHI) and soft
custom insole (CSI)) and control insole (CI) at their preferred speed. Peak pressure, mean pressure,
maximum force, pressure-time integral were collected to analyze using SPSS. The plantar pressure
of forefoot and medial midfoot were significantly increased and of lateral forefoot and lateral
midfoot were decreased by both kinds of custom insoles in running tests. While the CHI
significantly increased plantar pressure of the medial forefoot compared with the CSI and CI both in
walking and running tests. The custom insoles showed significantly higher plantar pressure on
medial midfoot. But CSI seems better than CHI because of redistributing the plantar pressure by
increasing the plantar pressure of whole forefoot. Moreover, CSI showed significantly lower plantar
pressure than CI and CHI at lateral midfoot during running test. The CHI causes significant high
pressure at medial forefoot (MF), which may raise the risk of forefoot pain.

1 Introduction

The footwear took a blossom development with increasingly people seeking for health and sports.
The industry of footwear designing and manufacturing of footwear becomes more complex.
Different materials are selected with respect to their functional requirements, especially in sports
shoes. Tong et al. reported that comparison of four podiatry clinic materials i.e., SRP-Slow
Recovery Poron (extra soft 4790-92), P-Poron (soft 4708-blue), PPF-Poron (soft 6708-blue) plus
Plastazote (firm 30 Shore A durometer) and PPS-Poron (soft 4708-blue) plus Plastazote (soft 15
Shore A durometer) used in the fabrication of simple insoles which were able to reduce the pressure
and the PPF significantly reduced the foot pressure(Tong et al., 2010). Previous studies also
concluded that young men (mean age33 (+11.13) years) and old men (mean age69 (£1.1) years)
wearing firm midsole to walk on a narrow beam can keep stability better than soft midsole and less
fall from the beam was seen(Robbins et al., 1992, Robbins et al., 1994). Furthermore, they found
the relation between sole hardness and plantar pressure. Plantar pressure increases with the growth
of shoe sole hardness. However, the wearing comfort has no significant difference among all
experimental shoes(Lane et al., 2014). Most current studies focus on the sole hardness of elderly,
but healthy or young men have received insufficient focus on this issue. Therefore, this study aimed
to explore the plantar pressure redistribution of healthy young people with different hardness
insoles, especially during running.

As the improvement of technique and designing of footwear, personalized customization
becomes popular in recent years. Custom insoles are produced by various approaches. Tsung et al.
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using foot impression casts and a commercial 3D digitizing system made three contoured insoles
from three different loading conditions for diabetic patients and normal control subjects to compare
the function of three custom insoles on relieving plantar pressure during walking. And they
concluded that the insole made from semi-weight loading condition, provided more stable standing
posture with lowest plantar pressure among all experiments insoles(Tsung et al., 2004). Then, some
studies compared two kinds of custom insoles made from computer aided designing and computer
aided manufacturing (CAD-CAM) and foam impression cast approaches. They found both kinds of
insoles can redistribute plantar pressure, which decreased plantar pressure on heel and increase
plantar pressure on middle arch. There is a difference in plantar pressure at central forefoot between
two insoles, which the plantar pressure is lower in insoles made by CAD-CAM method than foam
impression cast method(Ki et al., 2008). Moreover, it has been shown that the shape of custom
insole played the most crucial role on relieving plantar pressure, then the insole stiffness played the
second most important role(Cheung et al., 2008). Meanwhile the other factors, such as arch type,
insole thickness, midsole stiffness and thickness are less important. This information is the
foundation to enhance the manufacture and designing of custom insole as well as the disciplines for
health people choosing footwear. Foot morphology is a distinctive feature from person to person.
The insole made from silicone vacuum bag technique can conform to different foot
plantar(Caravaggi et al., 2016). This method was also used by several brands in the modern market.
However, there are little literature to evaluate the plantar pressure redistribution with combination
the personalized shape and different hardness of custom insoles.

The objective of this study was to investigate the effectiveness of personalized custom insoles
with different hardness on plantar pressure redistribution during walking and running in healthy
young males. We hypothesized that the different hardness insoles would redistribute the plantar
pressure, and as a result, the plantar pressure at medial midfoot would be increased. Another
objective is to compare whether the soft custom insole or the hard one seems better in plantar
pressure redistribution.

2 Method

2.1 Subject

Six male subjects from 23 to 26 years old (24+1.6), volunteered in this study, and their feet were
absent of foot deformities or any history of diseases. The average weight of subjects is 67.9(£3.6)
kg, average height is 175.5(+4.7) cm. All subjects signed a consent form for participation in this
study which was approved by the Research Academic of Grand Health Ethics Committee
(RAGH20160318).

2.2 The execution procedure of custom insoles

In this study, each subject has three pairs of insoles: (a) flat, control insoles; (b) personalized, soft
custom insoles, and; (c) personalized, hard custom insoles. The control insoles were pre-fabricated
in foam with a Shore C of hardness 30 without any contoured shape, which means virtually flat.

The soft and hard custom insoles were personalized and shape-based on each subject’s plantar
impressions. The plantar impressions were taken under a relaxed stand with body weight evenly
distributed on both feet. Each subject was instructed to stand on a machine which has two silicon
balloons, and left his or her plantar impressions on it in order to mold insole-shaped moulds.

The materials of soft and hard custom insoles were same and consisted of two layers: the upper
layer is in foam; the lower layer is in thermoplastic. All the materials have been widely used in
modern markets. Through heating and cooling, the custom insoles were shaped based on each
subject’s feet mould, and provided fitted and personalized support for the forefoot, midfoot and
heel.
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The three type insoles as seen in Figure.l were assessed:
(a) Control insole (Figure.1, a): CI, Shore C 30.
(b) Soft custom insole (Figure.1, b): CSI, Shore A75 thermoplastic at midfoot and heel, full arch

support, heel reinforcement.
(c) Hard custom insole (Figure.1, ¢): CHI, Shore A150 thermoplastic at midfoot and heel, full arch

support, heel reinforcement.

(a)

Fig. 1. [Illustration of the custom procedure of experimental insoles: a, control insole;
b, custom insole with soft material; ¢, custom insole with hard material

2.3 Protocol
This study was conducted in the sports performance laboratory of the Research Academic of

Grand Health in Ningbo University. After a sufficient time to familiar the experimental insole
condition, all subjects were instructed to walk and run along a 10m pathway at their preferred speed.
Moreover, the running speed had to be hold within in £5% of the chosen velocity of each subject to
minimize the influence of velocity on plantar pressure. Plantar pressures were measured with a
sensory insole system (pedar-X®, Novel). 6 successful trials were recorded for each kind of

experimental insole per subject.
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Fig. 2. Partition of foot plantar for plantar pressure measurement
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2.4 Data analysis

The data was acquired from the dominate foot of every subject, in this study all subjects
dominated in the right foot. And the stabile step at middle of the trial was considered to be chosen
for analysis. Peak pressure, mean pressure, maximum force, pressure-time integral were collected to
analyze using SPSS Statistical Package. The foot plantar was divided into eight regions (as shown
in figure 2): BT (big toe), OT (other toes), MF (medial forefoot), CF (central forefoot), LF (lateral
forefoot), MM (medial midfoot), LM (lateral midfoot), H (heel). After checking the normality of the
variables, a one-way test was performed for the data followed by a post hoc test corrected for
multiple comparisons to detect the effect of three insole conditions. The significance level was set
as 5% (p<0.05).

3 Result

As shown in figure 3-a and 3-c, the CSI and CHI caused a significant higher mean pressure at
MM (p=0.002, p=0) and H (p=0.015, p=0.008), and maximum force (p=0.001, p=0) at MM than the
CI during walking. Meanwhile, both the custom insoles caused a decreased pressure-time integral at
CF (p=0, p=0.018) regions.
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Fig. 3. The mean pressure, peak pressure, maximum force and pressure-time integral of subjects for
each insole condition during walking. * denotes statistically significant difference between standard
insole and soft insole (p<0.05), ® denotes statistically significant difference between standard insole
and hard insole (p<0.05), ¢ denotes statistically significant difference between standard insole and
hard insole (p<0.05)
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Fig. 4. The mean pressure, peak pressure, maximum force and pressure-time integral of subjects for
each insole condition during running. * denotes statistically significant difference between standard
insole and soft insole (p<0.05), ® denotes statistically significant difference between standard insole
and hard insole (p<0.05), © denotes statistically significant difference between standard insole and
hard insole (p<0.05)
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Comparing with the CI during running, custom insoles (CSI and CHI), as seen in figure 4-a,
showed significantly higher mean plantar pressure at BT (p=0, p=0), MF (p=0, p=0), CF (p=0, p=0)
and MM (p=0, p=0) regions; significant higher peak pressure (Figure 4-b) at OT (p=0, p=0), MF
(p=0.019, p=0), CF (p=0, p=0) and MM (p=0, p=0.007) regions ; increased maximum force (Figure
4-c) at BT (p=0, p=0), MF (p=0, p =0), CF (p=0, p =0) and MM (p=0, p=0) regions. However, both
CSI and CHI in figure 4-d showed significantly lower pressure-time integral at LF (p=0, p=0) and
LM (p=0, p=0.029) regions during running.

Significant differences were found between CSI and CHI. As for Two types of custom made
insoles, CHI showed higher mean pressure than CSI at MF, CF and H (p=0, p=0.012, p=0.004)
during running and at MF (p=0.012) during walking. In particular, CSI showed even lower mean
pressure than CHI at LM (p=0.11) during walking.

Furthermore, CSI had smaller pressure-time integral at MF than CI (P=0.007), and CSI also had
smaller pressure-time integral at LM than CI and CHI (p=0, p=0,018) during running.

4 Discussion

The aim of this study was to investigate the effectiveness of soft and hard custom insoles on
plantar pressure redistribution during walking and running. It shows that custom insoles could
significantly increase the plantar pressure on MM region, which exhibited same result as previous
finding(Lee et al., 2012).

This investigation also found that maximum force and mean pressure of MM were significantly
increased while wearing CHI and CSI during walking, which showed lower maximum force, mean
pressure at other toes (OT) than CI. These two findings demonstrated that both CHI and CSI
increased plantar pressure at foot arch and relieved plantar pressure at OT, which indicated that the
redistribution of plantar pressure on foot plantar may be caused by two types of custom made
insoles. These findings are consistent with previous study(Chen et al., 2003), which found custom
insole could provide appropriate support to show a more average redistribution of plantar pressure
over whole foot and altered the pressure of other regions and arch.

As shown in the result during running test, while wearing CHI and CSI MM region exhibited an
increased pressure-time integral, but LM and LF regions exhibited a decreased pressure-time
integral. This phenomenon may be explained by the sufficient support on foot arch by custom
insoles, meaning maybe larger contact area at MM region and longer roll over time against the
support surface. The joint effect with the longer pressure time and increased pressure result in the
increase in pressure time integral at MM region(Tsung, Zhang, Mak and Wong, 2004), but the
pressure-time integrals of LF and LM were significantly decreased when running with CHI and CSI.
These finding demonstrated that CHI and CSI can reduce the plantar pressure of foot on the lateral
side (LF and LM) and increase in MM. It has been reported that the elderly with forefoot pain have
high plantar pressure on lateral forefoot(Menz et al., 2013, Waldecker, 2002), therefore, the
previous studies also proved that the custom made insole can reduce the pressure-time integral on
LF and LM. Custom insoles can effectively relieving pain, but whether these custom insoles used in
this study can relieve forefoot pain still need further investigation(Gijonnogueron et al., 2013,
Hirschmuller et al., 2009, Witana et al., 2009).

It should be noticed that in this study plantar pressure of MF and CF were significantly increased
during walking and running with custom insoles (CHI and CSI). Especially in contrast to CI during
running, the maximum force, peak pressure and mean pressure at MF region of CHI were increased
38%, 21%, 38% respectively. The maximum force, peak pressure and mean pressure of CF while
wearing CHI were increased 25%, 21%, 24% respectively. Previous studies have reported that the
peak pressure of heel, midfoot and forefoot can be increased along with the increasing of sole
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hardness. It has also suggested that wearing hard sole can enhance stability and balance during
walking (Menant et al., 2008, Menant et al., 2008, Robbins, Gouw and McClaran, 1992).

Meanwhile, this study investigated which custom insole (CHI and CSI) could better redistribute
plantar pressure and bring as less negative influence on foot function as possible. It shows that the
plantar pressure of CHI was significantly higher than CSI at MF during walking and running.
Additionally, hard custom made insole (CHI) showed higher pressure-time integral on MF as well
as significantly higher maximum force, mean pressure on H than soft custom made insole (CSI).
Because of same material used to cast these two types of experimental insole, hardness might be the
primary reason of increasing the plantar pressure. But, no significant difference of pressure-time
integral showed on MM region between CHI and CSI. This is an important finding indicated that
without significant difference of redistribution plantar pressure on MM region, CHI was
significantly increased the plantar pressure on forefoot (MF) compared to CSI.

In this study, we tested the effectiveness of different hardness custom insoles for redistributing
plantar pressure during walking and running in health young man. Three types of insoles were
compared the effect of hardness on plantar pressure redistribution. The result exhibited that the
custom insoles (CSI and CHI) could significantly increase the plantar pressure on midfoot of both
medial and lateral sides (MM and LM). However, the CHI significantly increased the forefoot (MF
and CF) pressure, this may potentially raise the risk of forefoot pain.

Acknowledgement

This study sponsored by National Natural Science Foundation of China (81772423), K. C. Wong
Magna Fund in Ningbo University, and Anta Sports Products Limited.

References

[1] Tong, J.W., Ng, E.Y. 2010. Preliminary Investigation on the Reduction of Plantar Loading
Pressure with Different Insole Materials (Srp—Slow Recovery Poron®, P—Poron®, Ppf-
Poron®+ Plastazote, Firm and Pps—Poron®+ Plastazote, Soft). The Foot, 20, 1-6.

[2] Robbins, S., Waked, E., Gouw, G.J., McClaran, J. 1994. Athletic Footwear Affects Balance in
Men. British journal of sports medicine, 28, 117-122.

[3] Robbins, S., Gouw, G.J., McClaran, J. 1992. Shoe Sole Thickness and Hardness Influence
Balance in Older Men. Journal of the American Geriatrics Society, 40, 1089-1094.

[4] Lane, T.J., Landorf, K.B., Bonanno, D.R., Raspovic, A., Menz, H. B. 2014. Effects of Shoe
Sole Hardness on Plantar Pressure and Comfort in Older People with Forefoot Pain. Gait &
Posture, 39, 247-251.

[5] Tsung, B.Y., Zhang, M., Mak, A.F., Wong, M.W. 2004. Effectiveness of Insoles on Plantar
Pressure Redistribution. Journal of Rehabilitation Research & Development, 41 767.

[6] Ki, S.W., Leung, A.K., Li, A.N. 2008. Comparison of Plantar Pressure Distribution Patterns
between Foot Orthoses Provided by the Cad-Cam and Foam Impression Methods. Prosthetics
& Orthotics International, 32, 356.

[7] Cheung, J.T., Zhang, M. 2008. Parametric Design of Pressure-Relieving Foot Orthosis Using
Statistics-Based Finite Element Method. Medical Engineering & Physics, 30, 269-277.



Journal of Biomimetics, Biomaterials and Biomedical Engineering Vol. 44

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Caravaggi, P., Giangrande, A., Lullini, G., Padula, G., Berti, L., Leardini, A. 2016. In Shoe
Pressure Measurements During Different Motor Tasks While Wearing Safety Shoes: The
Effect of Custom Made Insoles Vs. Prefabricated and Off-the-Shelf. Gait & Posture, 50,
232-238.

Lee, Y.C, Lin, G., Wang, M,J. 2012. Evaluating insole design with joint motion, plantar
pressure and rating of perceived exertion measures. Work, 41 Suppl 1, 1114-7.

Chen, W.P,, Ju, C.W., Tang, F.T. 2003. Effects of Total Contact Insoles on the Plantar Stress
Redistribution: A Finite Element Analysis. Clinical Biomechanics, 18, S17-S24.

Waldecker, U. 2002. Metatarsalgia in Hallux Valgus Deformity: A Pedographic Analysis.
Journal of Foot & Ankle Surgery, 41, 300-308.

Menz, H.B., Fotoohabadi, M.R., Munteanu, S.E., Zammit, G.V., Gilheany, M.F. 2013.
Plantar Pressures and Relative Lesser Metatarsal Lengths in Older People with and without
Forefoot Pain. Journal of Orthopaedic Research, 31, 427-433.

Hirschmuller, A., Baur, H., Muller, S., Helwig, P., Dickhuth, H.H., Mayer, F. 2009. Clinical
Effectiveness of Customised Sport Shoe Orthoses for Overuse Injuries in Runners: A
Randomised Controlled Study. British Journal of Sports Medicine, 45, 959-965.

Gijonnogueron, G., Cortesjeronimo, E., Cerveramarin, J.A., Garciadelapefia, R.,
Benhamubenhamu, S., Luquesuarez, A. 2013. Foot orthoses custom-made by vacuum forming
on the non-load-bearing foot: preliminary results in male children with calcaneal apophysitis
(Sever's disease). Prosthetics & Orthotics International, 37, 495-498.

Witana, C.P., Goonetilleke, R.S., Xiong, S., Au, EYL. 2009. Effects of Surface Characteristics
on the Plantar Shape of Feet and Subjects’ Perceived Sensations. Applied Ergonomics, 40,
267-279.

Menant, J.C., Perry, S.D., Steele, J.R., Menz, H.B., Munro, B.J., Lord, S.R. 2008 . Effects of
Shoe Characteristics on Dynamic Stability When Walking on Even and Uneven Surfaces in
Young and Older People. Archives of physical medicine and rehabilitation, 89, 1970-1976.

Menant, J.C., Steele, J.R., Menz, H.B., Munro, B.J., Lord, S.R. 2008. Effects of footwear
features on balance and stepping in older people. Gerontology, 54, 18-23.



