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Effect of Calcaneal Taping on Peak Plantar Pressure of Forefoot
and Rearfoot during Gait
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Purpose: The purpose of this study was to determine the effects of calcaneal taping on peak plantar pressure of rearfoot and forefoot
while walking.

Methods: Fifteen healthy subjects with normal feet participated in this study. Inclusion criteria were as follows: (1) no disturbance of
gait and foot pain, (2) normal range of motion of ankle joint, (3) no foot deformity. Pedoscan was used for recording of plantar pressure
data during walking. The participants walked along a 12-m walkway before and after application of calcaneal taping. The plantar pres-
sure gait was measured 3 times under barefoot and calcaneal taping conditions randomly at a speed practiced with the metronome dur-
ing gait. The peak plantar pressure data were calculated for medial and lateral areas of the rearfoot and forefoot. The paired t-test was
used to determine significant differences in peak plantar pressure of rearfoot and forefoot before and after application of calcaneal tap-
ing. A p-value less than 0.05 was accepted as significant.

Results: The calcaneal taping resulted in statistically significant decreases in peak plantar pressure of the rearfoot (medial side: p=0.03;
lateral side: p=0.01). However, there were no significant changes in peak plantar pressure of the forefoot (medial side: p=0.45; lateral
side: p=0.40).

Conclusion: The calcaneal taping is recommended to reduce plantar pressure of the rearfoot in weight-bearing activities in subjects with

plantar heel pain caused by atrophy of the fat pad.

Keywords: Calcaneal taping, Plantar heel pain, Plantar pressure

INTRODUCTION

Plantar heel pain is a common symptom that occurs in 15% of adult
patients with foot disease. It is caused by a variety of diseases includ-
ing plantar fasciitis, heel spur, calcaneal fracture, rupture of plantar
fascia, planar nerve entrapment, and heel pad syndrome.'

Plantar fasciitis is the most common foot disease cause of plantar
heel pain. It occurs most commonly in the 40 to 60 age group. It is
associated with various factors including limited dorsiflexion of the
ankle joint excessive pronation and supination, prolonged weight
bearing activities such as standing and walking**

Although the pathological mechanism of plantar fasciitis is un-

known clearly, the result of the biopsy study showed that secondary

degenerative change occurred without acute inflammation in with
patients with strain or minimal damage of plantar fascia.” Heel pad
syndrome is sometimes misdiagnosed as plantar fasciitis.

Heel pad syndrome involves deep pain of the planter heel when
walking with bare feet or on hard ground. It is caused by injury and
fat atrophy as well as inflammation of the heel pad." Atrophy of the
heel fat pad is accompanied by loss of water, collagen and elastic tis-
sue after 40s ages.” The heel pad is composed of fibrous septa and
closely packed fat cells. Fibrous septa, composed of rich collagen
and elastin fibers, prevent deforming or leaking of adipose cham-
bers in a closely-packed compartment.®

The heel pad effectively absorbs shock and damping vibration

during activities of weight bearing.” Part of the impact energy
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caused in the deformation of the heel pad during ambulation is dis-
sipated as heat, and part is restored to the subsequent elastic energy.
Atrophy of fat pad or rupture of fibrous septa is present in aging
heel pads.®

Under these conditions, overload of soft tissue surrounding cal-
caneus causes inflammation accompanied by pain and edema in
the plantar heel during sustained weight bearing. Therefore, stiff-
ness and elasticity of the heel fat pad are very important in cushion-
ing, because of decrease of 20%-25% of total contact force during
heel strike. Previous studies have reported that feet with heel pad
syndrome were stiffer than feet in the control group.** Also, previ-
ous studies determined elasticity of the heel pad in patients with
plantar heel pain and elderly people."* Ozdemir et al.* reported
that elasticity of the heel pad was reduced with increasing age and
weight in 50 subjects with plantar heel pain. Hsu et al." found that
the compressibility index (CI: ratio of thickness of the loaded heel
pad to it unloaded) and energy dispersion ratio were greater in el-
derly subjects compared to younger subjects.

Various methods including resting, ice pack therapy, anti-inflam-
matory drug, painkiller, stretching of calf muscles, heel cup, taping,
corrective footwear, and orthosis were used in management of plan-
tar heel pain in clinic or sports fields. Most previous studies evaluat-
ed low-dye taping and calcaneal taping for management of plantar
fasciitis caused by excessive pronation of the foot. Noran and Ken-
nedy" reported that low-dye taping significantly increased the pres-
sure of lateral midfoot and decreased the pressure of medial forefoot
and rearfoot. Hyland et al.” reported that calcaneal taping was more
effective in reducing plantar heel pain than sham taping and
stretching of plantar fascia. Although some research determined ef-
fectiveness of taping to control pronation of the foot on the change
of foot pressure, no study to evaluate taping to reduce the load of
heel pad through measuring plantar pressure has been reported.

The purpose of this study is to determine the effect of calcaneal
taping for reducing load of the heel pad on plantar pressure during
gait and to introduce a useful taping method for patients with plan-
tar heel pain caused by atrophy of fat pad or loss of elasticity.

This study established a hypothesis that the peak plantar pres-
sures of medial and lateral rearfoot with application of calcaneal
taping on the heel pad would be lower than those in barefoot condi-

tion during gait.
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METHODS

1. Subject

Fifteen normal subjects participated in this study. Inclusion criteria
were as follows: (1) no disturbance of gait and foot pain, (2) normal
range of motion of ankle joint, (3) 2 degree in varus positon <rest-
ing calcaneal stance position (RCSP) angle > 2 degree in valgus po-
sition, (4) no foot deformity such as hallux valgus or claw toe. Each
participant’s consent was voluntarily established after a full explana-
tion of the experiment. General characteristics of participants were
26+ 4.46 years of age, 169.80+749 cm in height, and 64.73+12.37
kg in body weight.

2.Method
1) Experimental equipment
A pressure sensor of mat type (Pedoscan, DIERS Inc., Germany)
was used for measurement of pressure of the foot according to con-
ditions of barefoot or calcaneal taping. The mat was composed of a
4,096 pressure sensor in Pedoscan, was 50 cm in width and length,
respectively. The sampling rate was 300 Hz of frequency.'*"

Heel taping for reducing the weight of the heel pad was used with
non-elastic white tape, 4 cm in width (PerformPlus, Muller Sports
Medicine Inc., Wisconsin, USA).

2) Experimental procedure

Pedoscan’s mat, composed of a pressure sensor, was fixed in the
middle of a passageway of 10 m-length. To maintain a constant gait
velocity, average gait velocity was calculated by walking at a self-se-
lected speed by 3 times repetition. The calculated gait speed and
metronome speed matched in each subject. Then, the participants
practiced pressing the middle of the mat during gait, with each sub-
ject maintaining the same step length. Plantar pressure during gait
was measured 3 times under barefoot and calcaneal taping condi-
tions randomly at a speed practiced with the metronome.

For application of calcaneal taping, the tested foot was placed
comfortably on a towel on the edge of the bed in the supine posi-
tion. An anchor tape was applied from the lateral border of the heel
at the calcaneocuboid joint to the medial end of the heel at the talo-
navicular joint (Figure 1A). The tape was applied to the lateral bor-
der of the sole and then stretched tight using one hand, while the fat
pad in the medial and lateral border of the heel was gathered in the
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Figure 1. Application of calcaneal taping.

Table 1. Peak plantar pressures of rear- and forefoot in two conditions during gait

Jong-Hyuck Weon, et al.

(Unit: N/cm?)

. Conditions )
Foot part Side - Differences t p
Barefoot Calcaneal taping
Rearfoot Medial 15.21+£1.40 13.89+1.41 1.3+1.46 3.52 0.03
Lateral 14.00+0.97 13.16+1.33 0.8+1.14 2.86 0.01
Forefoot Medial 12.15+1.64 11.80+£1.88 0.35%+1.72 0.79 0.45
Lateral 10.94+2.30 11.28+1.53 -0.34+1.53 -0.87 0.40

center by the other hand. The tape was applied from lateral to medi-
al direction of the heel pad (Figure 1B). Second tape was applied re-
peatedly placing the first tape close together and half overlapping
(Figure 1C). The third or fourth tape can be applied according to
the subject’s foot size (Figure 1D). Another anchor tape was applied
to fix the small tapes as the first anchor. Proper adherence of tape

was confirmed.

3) Data analysis and statistical analysis

The date of pressure distribution was measured by peak plantar
pressure during gait using the DICAM program of Pedoscan. Peak
plantar pressure was measured by distinguishing each area between
medial and lateral areas in forefoot and hindfoot. The paired t-test
was performed for comparison of the peak plantar pressure on me-
dial and lateral areas in forefoot and rarefoot according to barefoot
and calcaneal taping. A p-value less than 0.05 was accepted as sig-
nificant. Statistical analyses were performed using SPSS 12.0 for
windows (SPSS Inc., Chicago, IL, USA).

RESULTS

The mean of peak plantar pressures in forefoot and rearfoot accord-
ing to barefoot and calcaneal taping conditions are shown in Table

1. Calcaneal taping resulted in statistically significant decreases in
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peak plantar pressure of rearfoot (medial side: p=0.03; lateral side:
p=0.01). However, there were no significant changes in peak plan-
tar pressure of the forefoot (medial side: p=0.45; lateral side:

p=040).

DISCUSSION

The results of this study showed that calcaneal taping significantly
reduced the peak plantar pressure on medial and lateral areas of
rearfoot. However, there were no significant changes in peak plantar
pressure of the forefoot.

Previous studies evaluated change in foot pressure with applica-
tion of taping, orthosis, and various shoe inserts to subjects with
plantar heel pain such as plantar fasciitis. Russo and Chipchase'®
found that in application of low-dye taping to subjects with a nor-
mal foot, the peak plantar pressure of medial and lateral areas in
hindfoot increased (medial area: mean difference =3.7 N/cm? later-
al area: mean difference = 4.0 N/cm?), but medial and lateral forefoot
decreased (medial area: mean difference = -8.3 N/cm?; lateral area:
mean difference =-2.6 N/cm?). Contrary to previous study, in this
study the peak plantar pressure of rearfoot decreased with applica-
tion of calcaneal taping. Previous researchers speculated that the
peak plantar pressure of the midfoot would be moved to the lateral

direction because low-dye taping decreased motion of eversion,
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thus causing change in plantar pressure of the lateral rarefoot. Also,
we indicated that the peak plantar pressure of rearfoot decreased,
because the fat pad around heel may be moved to sole of foot by the
calcaneal taping,

In this study calcaneal taping was applied from lateral to medial
direction to prevent pronation of rearfoot. However, we insist that
peak plantar pressure of rearfoot could be decreased because calca-
neal taping was applied to gather the fat pad of the medial and later-
al border to the middle of the plantar heel. Therefore, calcaneal tap-
ing is recommended for patients with plantar heel pain due to atro-
phy of the fat pad as well as plantar fasciitis related to excessive pro-
nation of rearfoot.

Based on previous studies and literature, a modified method,
from a modified taping method introduced by Maria and Mark,”
was applied in this study. Their taping method could unload the
pressure of the heel fat pad, by applying the tape from proximal to
distal of the foot during gathering of the fat pad in the middle of the
plantar heel. On the other hand, in this study we applied the tape
from distal to proximal of foot to prevent movement of the fat pad
to forefoot (Figure 1B-1D). In a control randomized trial Hyland et
al.® reported that calcaneal taping decreased pain more and im-
proved the functional activities more than stretching of plantar fas-
cia duringa period of 1-week.

Calcaneal taping applied in previous study could not gather the
fat pad, it was just applied from medial to lateral direction to prevent
excessive pronation of foot. Plantar heel pain is caused by micro-
damage due to repetitive and high stress of heel pad in sustained
weight bearing activities. Antalgtic gait was shown to decrease the
loading of planter heel in patient with plantar heel pain.**** Sullivan
et al.? reported that the peak plantar pressure of the heel in the ex-
perimental group with plantar heel pain was less than in the control
group with normal foot They also found that as the pain was in-
creased, the lower the peak plantar pressure of the heel. The load of
forefoot is increased as a strategy to decrease the pain in patients
with plantar heel pain. Therefore, the change of foot pressure and
antalgic gait with application of calcaneal taping in patients with
plantar heel pain will be determined in further study. In this study,
calcaneal taping was applied from lateral to medial direction, in
other words, taping was applied towards inversion, which prevented
pronation of the foot in gait. Similar to the result of research by Vi-

cenzino et al.” there was no significant difference in change of peak
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plantar pressure in forefoot, but that of medial and lateral areas in
forefoot decreased and increased, respectively. Although plantar
pressure in the midfoot was not measured, we speculate that calca-
neal taping may affect peak plantar pressure more in the midfoot
than in the forefoot.

There are some limitations of this study. First the gait speed in
each condition or trial is unknown. The subject’s walking speed was
maintained using a metronome because it could affect change of
foot pressure. Second, the results of this study are difficult to gener-
alize to all adults. Atrophy of fat pad occurs mainly in adults older
than 40 years old, but the average age of subjects in this study was 26
years old (range: 23-40 years old), thus it cannot represent all nor-
mal adults. Finally, we did not know whether the results for change
of foot pressure in patients with plantar heel pain are the same as
those in normal feet. Finally, in this study taping was applied to nor-
mal subjects, thus we did not know whether or not it causes change
of foot pressure in patients with pain in the heel pad. Therefore, the
long-term effect of calcalneal taping on change of foot pressure and
pain in subjects with plantar heel pain will need to be determined.

The results of this study showed that calcaneal taping significant-
ly reduced the peak plantar pressure on medial and lateral areas of
rearfoot. These results indicate that calcaneal taping could be effec-
tive in decreasing pain of heel in weight-bearing activities in patients

with plantar heel pain caused by atrophy of the fat pad.
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