Effects of Wearing High Heels on Ankle Plantarflexion
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Highlights:

® In modern society many females wear
heeled shoes. Heeled shoes affect the ankle
biomechanics. Plantarflexion range of ankle also
affected.

® Recent study was conducted to observe the
effects of wearing different heel heights on
plantarflexion range.

® DPlantarflexion range does not remain same
in different heel height wearers. Increase in heel
height resultin to increase plantarflexionrange.
Abstract:

Wearing High Heels (HH) for prolong period
may cause kinetics and kinematics changes of
lower extremity. It may lead to musculoskeletal
deformities.

Objective:

To determine the effects of wearing different
high heel shoes on ankle joint plantar flexion
range.

Methodology:

120 healthy university students who habitually
wore shoes of different heel heights from 1cm to
10cm for at least 1 academic year, more than 5
days a week were selectively recruited.
Participants were grouped according to their
heel heights: flat, low, mid and high heels. Ankle
plantarflexion was measured using universal
goniometerinall4 groups.

Results:

Overall plantarflexion range was significantly
affected by heel height (p-value <0.001). Wearing
high heels significantly increased the
plantarflexion range as compared to flat shoe
wearers (p-value <0.001). There was statistically
significant difference in plantarflexion range
according to heel height (p<0.001).
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Conclusions:

Wearing high heels shoes for 1 year enhanced the
plantarflexion range of motion in all heel groups
and the change was most significant in HH
group. Habitually wearing of high heels
increases the plantarflexion range of motion in
heel wearing groups but it was not seen in flat
shoes group (FSG). Increase in range depends on
heel height; increasing the heel height results
into increase plantarflexionrange.
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Introduction:

High Heeled shoes (HHS) are characterized as a
foot-wear where the heel is higher than the
forefoot which may show increase in heel far
more than 10 cm. Typical shoes have a heel
elevation of less than 2cm." High heels (HH)
thought to be a symbolize splendor, self-belief
and elegance’. HH wearers take repeated and
short steps and there is increased hip rotation,
that makes them look more attractive.” Surveys
of shoe choice reported that 37% to 69% of
females mostly used HHS.” American Podiatric
Medical Association(APMA) found that out of
503 women 72% wore HHS often and 39%
carrying them daily.” among 39% of American
women”” and 78% of British ladies were wearing
them in daily routine.” A large number of ladies
in Western Societies often go with wearing HH
and usually without falling.” Although,
epidemiological studies showed that nearly 60%
of footrelated issues in females were related with
wearing of HHS.”"" Previously, it has been
recommended that the prolonged use of HHS
might result into harmful effects on the
musculoskeletal system, which may additionally
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resultinto chronic foot-pain and deformities.”*"

After wearing HHS, rear foot angle becomes
considerably varus and wearing HH for prolong
time might result into changes into plantar
arch.** As the heel increased the plantar region
pressure shifted from heel and mid-foot to
medial fore-foot.”"”'" In humans, HH is
responsible for shortened position of muscle
tendon units (MTUs) that is very rare situation.
In this situation, calf MTU length is decreased
due to ankle plantarflexion occurring when there
is increase in heel height.” HH disturb the ankle
joint's normal function and structure by placing
the foot in plantar flexion position.' HH are also
responsible for biomechanical changes that
result while walking such as elevated plantar
flexion and hyperextension of
metatarsophalangeal joint.” Other changes
involve plantar flexion of ankle during stance
phase that resultin alter the posture like hip and
knee flexion.’ Previous researches described that
long term use of HHS lead to increased
plantarflexion and results in reduced
gastrocnemius and soleus extensibility and also
change their activation pattern p-value< 0.05
when compared to low heel and without shoes
group.”” In 2013, Kim et al. conducted a study to
evaluate the effects of HH on ankle ROM and
muscle strength. He reported that HHS wearers
showed increased active and passive ankle ROM
on plantarflexion 25 degrees when compared to
flat shoes(FS) wearers (p-value<0.05).” The
purpose of this study was to determine the
effects of different heel heights on ankle
plantarflexion range. It was hypothesized that
increasing the heel height will result into
increased plantarflexion range.

Methodology:

The sample size was calculated by the following
formula keeping the power of study equal to 90 %
and level of significance equal to 5%. The sample
size should be 30 in each group. 120 healthy and
young females average age 23.87+3.17 years
(range18-30 years) who wear specific heeled shoes
from past 1 year, for more than 5 days of week have
participated in this study from different universities
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of Lahore, Pakistan. Subjects with neural and
musculoskeletal system dysfunction or pain were
excluded. Convenient sampling technique was used.
Study was cross-sectional. Participants answered the
structured questionnaire consisting of
demographics, medical history and shoe wearing
tendencies including frequency and duration of
period over the preceding 1 year. The dominant leg
was determined by asking the subjects that which leg
they would be more likely to use when kicking a ball.
Subjects were explained that their information will
kept confidential. The subjects were sorted in 4
groups based on eligibility criteria of the heel heights
outlined in another study2l. The different heel
heights were classified as : 1cm (Flat Shoe Group) ,
4cm (Low Heel Group) , 7cm (Mid Heel Group) and
10cm (High Heels Group) and reported as flat shoes
group(FSG), low heel group(LHG), mid heel
group(MHG) and high heels group(HHQG)
respectively. All 4 groups included 30 females in each
group who had habitually worn shoes with specific
heel heights (1, 4, 7 and 10cm) minimum three days a
week from the last 1 year. Active and passive
plantarflexion ROM was measured by using
Universal Goniometer. Active ROM was
measured because most of the tasks performed
in daily life require active ROM and Passive
ROM was measured to confirm viscoelastic
properties of the involved muscles. Maximal
angular ranges of palntarflexion were measured.
To measure the plantarflexion, subjects were
asked to place their ankles over the edge of a
table while lying in a supine position. Fulcurm of
the goniometer was placed at lateral malleolus,
stationary arm was placed along the fibular head
with moving arm parallel to 5" metatarsal. Then
subjects were asked to perform plantarflexion
and the measurements were recorded. Passive
ROM was measured by the investigator itself. All
measurements were taken 3 times and then the
mean was calculated. Collected data was entered
and analyzed by using spss 21.

Results:

In recent study mean age of the subjects was
23.87+3.17years (rangel8-30years) (Table 1).
Data was collected by 120 females. There is
statistically significant difference between
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Plantarflexion (Active and Passive) according to
shoe heel height (p-value <0.001). Difference in
plantar flexion (active and passive) of flat shoes
with low heels, mid heels and high heels was
significant. Difference in plantar flexion (active
and passive) of low heels with mid heels and
High Heels was significant. Difference between
Plantarflexion(Active and Passive) of Mid Heels
and High Heels was significant. All these
associations showed (p-value<0.001) (Table 2,3).
There is statistically significant difference
between Plantar Flexion (Active) according to
heel height (p-value <0.001). Comparison of
different heel heights shows that as the heel
height increases, active plantarflexion range also
increases. Planatrflexion(Active) of (FS) group
was 39.25+4.65 degrees, (LH) group was 51.1500
+3.15996 degrees, (MH) group was 60.45+4.64
degrees and (HH) group was 57.5000+11.74514
degree which shows statistically significant
difference among groups (Table 2).

There is statistically significant difference
between PlantarFlexion (Passive) according to
shoe heel height (p-value <0.001). Comparison of
different heel heights shows that as the heel
height increases , passive plantarflexion range
also increases. Plantarflexion(Passive) of FS
group was 45.55+5.18 degree, LH group was
56.80+£3.07 degree, MH group was
67.0500+5.02640degree and the HH group was
64.07+12.57 degree, There is statistical significant
difference among all 4 groups. Comparison of
different heel heights shows that as the heel
height increases , passive plantarflexion range
alsoincreases (Table 3).

Socio- . .
Demographics Age Height Weight BMI
Mean £ S.D [23.87+3.17 | 4.84+0.37 | 55.71+5.23 | 25.92+5.57

Table 1: Socio-Demographics
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95% Confidence P-value

Plantar Flexion | Meanz Std. Interval
(Active Deviation Lower | Upper

Bound | Bound
Flat Shoes 39.25+4.64 37.52 40.98
Low Heels 51.1543.16 49.97 52.33 <0.001
Mid Heels 60.45+4.64 58.72 62.18
High Heels 57.50+11.75 53.11 61.89
Total 52.09+10.65 50.16 54.01

Table 2: Impact and comparison of different
heel heights on Plantar flexion (Active)

95% Confidence

Plantar Flexion| Meant Std. Interval P-value
(Active Deviation Lower | Upper
Bound | Bound
Flat Shoes 45.55+5.18 43.62 47.48
Low Heels 56.80£3.07 55.65 57.95 <0.001
Mid Heels 67.05+5.03 65.17 68.93
High Heels 64.07+12.58 59.37 68.76
Total 58.37+11.08 56.36 60.37

Table 3: Impact and comparison of different
heel heights on plantar flexion (Passive)

Discussion:

This study distinguished the effects of different
heel heights on ankle Plantarflexion range in
habitual heel wearers. In this study the effects in
users of 4 different heel heights were compared.
In this study it was found that increasing the heel
height increases the range of plantarflexion.
Maximum range of motion of plantarflexion was
greater in HH group as compared to FS, LH and
MH groups. A previous study reported that in
the habitual HH wearers the calf muscle
musculotendinous structural changes in the
form of gastrocnemius fascicle length shortening
and increased thickness and stiffness of the
Achilles tendon. They observed these findings
on a sample size of 22 female participants. They
found resting position of ankle more
plantarflexed 11.42+1.95 in HH group while
6.3242.38 in FS group. They concluded that
muscle structure may adapt to a chronic change
in functional demand.” Recent study agrees with
this study, the prolonged use of heeled shoes put
the calf MTU in a shortened position, thus
reducing the ankle dorsiflexion and increasing
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the plantarflexion and inversion range. Another
study reported that habitual wearing of HH
shoes increases the plantarflexion range when
compared to FS wearers which agrees with the
results of this study. They observed active
plantarflexion in Flat shoes group was 80.7+16.9
while in HHS group was 100.8+13.4 and passive
plantarflexion was 88.6+22.7 in Flat shoes group
while 106.8+16 was in High heel shoes group.
They reported that HHS wearers showed
increased active and passive ankle ROM on
plantarflexion 25 degrees when compared to flat
shoes(FS) wearers (p-value<0.05). They
conducted their study on a small sample size of
20 participants.” Recent study was done on a
large sample size of 120 subjects and found
similar results as in the above mentioned study
but here we compared 4 different heel heights
groups while they only compared 2 groups. But
none of these studies observed the effects of
prolong wearing of 4 different heel heights on
plantarflexion range. Instead they observed the
plantarflexion range of specific heel heights in
wearers or have compared the 2 groups. In
contrast to these studies recent study have
observed the effects of habitually wearing of
different heel heights on plantarflexion range in
4 different groups. Another, strength of the
following study is the larger sample size.
Previous studies examined in a smaller group of
subjects but in recent study the effects were
observed in a larger group of subjects and
included the participants who wore a specific
heel height from a specific time period. By
placing the foot in plantarflexion position,
increases the risk of anterior ligament tear as
there is lengthening of ligament for prolong
period of time. It is recommended that the
habitual wearers of more than 5cm heel height
must undergo stretching exercises in
dorsiflexion direction and strengthening
exercises in plantarflexion direction.
Conclusions:

Wearing of HH shoes for 1 year may contribute
to enhancing the plantarflexion range of motion
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in all heel groups and the change was most
significant in HH group. Habitually wearing of
high heels increases the plantarflexion range of
motion in heel wearing groups but it was not
seen in FSG. Increase in range depends on heel
height; increasing the heel height results into
increase plantarflexion range.
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