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Background: The aim of this study was to assess the association between foot deformities and type of shoe regularly worn
at work.
Material/Methods: We studied 150 employed women ages 30-40 years and divided them into 3 groups according to type of
footwear worn: women in Group | wore flat-soled shoes, women in Group Il wore mid-heeled shoes (heels
4.040.5 cm), and women in Group Ill wore high-heeled shoes (heels 10.0+0.5 cm). We used the CQ-ST podo-
scope for measurements.
Results: We found significant differences in right foot y angle between Groups | and IIl (p=0.033) and between Groups
Il and 11l (p=0.040). For the left foot, differences were noted between Groups | and Il (p=0.012). Group Il sub-
jects had higher values of o angle compared to Group | (p=0.000) and Group Il (p=0.000). Significant correla-
tions were also found between specific type of footwear worn and the incidence of hallux valgus of the right
foot (p=0.010) and left foot (p=0.000), and the varus deformity of the fifth toe () of the left foot (p=0.015).
Conclusions: The feet of women wearing high-heeled shoes were significantly flatter transversely, with a more laterally flexed
hallux, as compared to those wearing low-heeled or flat-soled shoes. Wearing high-heeled shoes was associ-
ated with higher incidence of hallux valgus. The incidence of varus deformity of the fifth toe was associated
with wearing high-heeled shoes.
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Background

The feet are a vital static-dynamic component of human mo-
tor system, whose overall functionality is determined by ge-
netic, environmental, and socio-economic factors, as well as
by individual lifestyle [1-3].

Gorter et al. [4] highlighted intersex differences in the con-
struction of women’s and men’s feet. Due to a weaker mus-
cle-ligament structure, women'’s feet are characterized by a
lower capacity and load tolerance than are men’s feet. Female
sex a is a bona fide risk factor for any non-traumatic foot
problems lasting longer than 4 weeks. Perera et al. [5] estab-
lished that, in comparison to men, women have a more frag-
ile foot structure, including the heads and bones of the meta-
tarsals, which are smaller and more rounded. This obviously
calls for extra care when selecting footwear. Ryan et al. [6] and
Wyderka et al. [7] found that wearing properly selected foot-
wear is important in preventing injuries to the lower limbs
and deformation of the feet. However, Lorkowski et al. [8] re-
ported that professionally active women, striving to comply
with the “business dress code”, were often required to wear
uncomfortable and confining footwear. They pointed out that
many employers have stringent expectations regarding their
female employee’s business attire, and they believe that high-
heeled shoes naturally complement women’s outfits worn at
work. According to Hsue and Su [9], 59% of women in indus-
trialized countries wear high-heeled shoes every day for 1-8 h.
De Oliveira Pezzan et al. [10] distinguished several types of
high-heeled shoes: open-toed vs. closed-toed, with tips that
are square, round, or conical. The latter, with pointed tips, have
limited toe space, which squeezes the metatarsophalangeal
joints. Nguyen et al. [11] discussed differences in construction
of women’s vs. men’s footwear, especially in sole thickness
and width of the front part, concluding that women who fol-
low modern fashion trends tend to change shoes often, and
therefore often fail to pay sufficient attention to quality and
construction. Most men, however, tend to buy shoes that are
sturdier and more durable. Perera et al. [5] argue that wom-
en’s footwear should be designed according to a specific pat-
tern, closely reflecting the structure of women’s feet, and that
women’s shoes should not differ from men’s in key quality
features. According to Duda [12], footwear should be closely
adapted to constantly changing trends and user requirements.

The present study aimed to assess the association of foot struc-
ture with the height of the heel of footwear worn at work, in
conjunction with foot deformities.

The following research questions were addressed:
1. Does heel height of shoes used for work affect the struc-
ture of women'’s feet?
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2. Are there any relationships between specific types of foot-
wear worn at work and the incidence of women’s foot
deformities?

Material and Methods

Study participants

The study involved professionally active women ages 30-40
years who live in the Brzozéw administrative district. The dis-
trict of Brzozéw was randomly selected as a research site out
of 380 administrative districts within the country. The sample
size needed was estimated to be 352 based on a 95% confi-
dence level and a 5% level error.

Inclusion criteria were: lack of any diseases and/or injuries
of the musculoskeletal system; feet with no previous surgi-
cal interventions, including lower limbs; no genetically-depen-
dent hallux valgus, as confirmed through an interview; wear-
ing specific type of footwear at work for a minimum of 8 h a
day, 5 days a week during the last 5 years preceding the study.
To rule out any elements of chance and/or inadvertent errors
in recruiting participants, the investigators ensured to have
their decisions on admission into the study well-grounded in
individual employee records covering the last 5 years preced-
ing the study, primarily with regard to individual “job descrip-
tion” and “dress code” requirements (especially in the formal,
professional attire category) actually articulating specific ex-
pectations of the management with respect to the footwear
to be worn at work by their female staff. The recruitment pro-
cess was thus highly objective, which increases the credibil-
ity of our results.

Exclusion criteria were: pregnancy; underweight, overweight,
or obese; refusal to participate in the study.

Following completion of the allocation procedure, it was estab-
lished that 188 women could not take part in the study pro-
tocol owing to their non-compliance with the study criteria.
There were 150 women enrolled into the study, and we as-
signed them to 3 equal-sized, 50-person groups according to
the type of shoe worn. Group | consisted of 50 women wearing
the flat-soled shoes, Group Il consisted of 50 women wearing
medium-heeled shoes (4.00+0.50 cm), and Group IlI consist-
ed of 50 women wearing high-heeled shoes (10.00+0.50 cm).

The stages of subject inclusion in the study are shown in
Figure 1.

The average age of the women in Group | was ¥=34.08+3.76
years, in Group Il ¥=34.38+3.78 years, and in Group llI
X=36.10%3.62 years.
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Preliminary requirment
Number of subjects assessed for initial eligibility

Figure 1. Flow of participants through the study.

Women wearning Women wearning
the flat-soled the medium-heeled
shoes court shoes
(n=50) (n=50)

Women wearning
the high-heeled
court shoes
(n=50)

(n=352)
l Excluded (n=202):
Final enrolment procedure —> —cl;litt);rrge(er;(r%;g)c lusion
l — Other reasons (n=14)
Number of subjects ultimately enrolled
(n=150)
Group | Group Il Group Il

Table 1. Comparison of select bodily characteristics in respective groups of subjects.

1} 21.88+1.80

25.00-18.83

X — arithmetical mean value; SD — standard deviation; Max. — maximum value; Min. — minimum value; Q,, — lower quartile;
Me — median; Q,, — upper quartile; F — value of one-way variance analysis ANOVA; H — value of the Kruskal-Wallis test; p — probability

value.

Table 1 contains select bodily characteristics of the subjects,
indicating their homogeneity within respective groups.

Examination protocol

The CQ-ST podoscope (manufactured by Electronic System,
EU) was applied as the research tool of choice. The device had
been entered under PL/DR 009932 reference number in the
Register of Medical Devices and corporate entities in charge of
their marketing and use for medical purposes. A stringent cali-
bration procedure completed during the manufacturing process
guarantees consistent accuracy of the readouts. By correction

of geometric distortions, the accuracy of image reproduction
is within 1 mm. The device had been granted a Declaration of
Conformity (No. DS.05.2014), attesting to its full compliance
with the essential requirements, as detailed in the Ordinance
of the Minister of Public Health on the medical devices (Journal
of Laws of 2003, No. 4, Item 45), issued pursuant to the pro-
visions of Article 12 (2) and Article 16 (3) of the Act of July 27,
2001, on medical devices (Journal of Laws No. 126, Item 1380,
and of 2002, No. 152, Item 1264).

We measured the plantar foot surfaces in a relaxed stance,
with the upper limbs hanging down freely along the body.
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Both feet were assessed simultaneously. The width and foot
angle were natural and unforced. The calculations comprised
the following indices:

1. Foot length — the line connecting the most distal point of
the forefoot (on the pad of the longest toe) with the far-
thest point within the hindfoot, in cm.

2. Foot width — the line connecting the most medially located
point on the head of the first metatarsal bone (metatarsa-
le tibiale, mtt) with the point located most laterally on the
head of the 5th metatarsal bone (metatarsale fibulare, mtf),
in cm.

3. Clarke’s angle (longitudinal foot arch) — calculated by draw-
ing a tangent to the medial edge of the foot and the line
joining the point of the largest recess of the footprint with
the mtt point, in degrees.

4. Heel angle v (transverse foot arch) — the angle between the
tangents to the medial and lateral edge of the foot, which
cross over the heel, in degrees.

5. Hallux valgus angle (o) — the angle between the tangent line
to the medial edge of the foot and the tangent to the pad
of the big toe, derived from the mtt point, in degrees.

6. The angle of the varus deformity of the fifth toe (B) - the an-
gle between the tangent line to the lateral edge of the foot
and the tangent to the pad of the fifth toe, derived from the
mtf point, in degrees.

The method of determining the individual indicators is dem-
onstrated in Figure 2.

To ensure overall integrity of the research process, all tests
were carried out in the morning, using the same measuring in-
strument operated by the authors. Women wore their gym uni-
forms, and were barefooted. All study protocol procedures were
pursued in full compliance with the Helsinki Declaration. All
participants received detailed information regarding the study
aims and methods to be applied. The study was approved and
endorsed by the Bioethics Review Committee.

Statistical analysis

Based on the data collected, the descriptive statistical calcula-
tions were made. Consistency of pertinent variables with ref-
erence values in normal distribution was verified by Shapiro-
Wilk test. To assess intergroup differences in the average level
of numerical features, one-way analysis of variance (ANOVA)
or, alternatively, Kruskal-Wallis test were applied. With regard
to statistically significant differences, a post hoc test was used
for multiple comparisons. The analysis of qualitative data was
carried out using the Pearson chi-square test. The results were
considered statistically significant if the probability level of the
test was lower than the predetermined significance level of
p<0.05. Stat Soft STATISTICA (version 13.1) was used to pro-
cess all test results.
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Figure 2. The method of determining the key indicators of foot
structure.

Results

We found no significant differences between the 3 groups
in terms of right and left lower limbs, foot length and width,
Clarke’s angle, and the angle of the varus deformity of the fifth
toe (B) (Table 2). There was, however, a significant intergroup
variation in the heel angle (y) of the right (p=0.013) and left
(p=0.014) foot, as well as the hallux valgus angle of the right
(p=0.000) and left (p=0.000) foot.

A more detailed analysis with the post hoc test showed dif-
ferences in heel angle (y) of the right foot between Groups |
and Il (p=0.033) between Groups Il and Ill (p=0.040), and
for the left foot, the results differed between Groups I and Il
(p=0.012). The feet of women from Group Ill had significant-
ly higher values of this variable (Figure 3).

The post hoc test results for the right and left foot showed
significant differences in the values of the hallux valgus angle
(o) between Groups | and lll (p=0.000) and between Groups
I and 11l (p=0.000). Women in Group Ill had higher angle val-
ues than those in Groups | and Il (Figure 4).

Table 3 shows there was a significant dependence between
the type of footwear worn and the frequency of hallux valgus
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Table 2. Comparison of morphological features of the foot structure in respective study groups.

Length of the right foot [cm] Length of the left foot [cm]

F=0.90; p=0.409 F=1.61; p=0.202

% - arithmetical mean value; SD — standard deviation; Max. — maximum value; Min. — minimum value; Me — median; F — value
of one-way variance analysis ANOVA; H — value of the Kruskal-Wallis test; p — probability value. * p<0.05.

of the right foot (p=0.010) and left foot (p=0.000). In Group Ill, A similar dependence was found regarding the angle of the
this deformation was more frequent than in Groups | and Il. varus deformity of the fifth toe () of the left foot (p=0.015).
Group Il women were more likely to have varus deformity of
the fifth toe than were women in Groups | and Il. There was
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Figure 3. Post hoc test results comparing heel angle (y) variables
in the 3 study groups.

no significant intergroup diversity in the prevalence of the lon-
gitudinal and transverse arches (Table 3).

Discussion

The effect of footwear on overall condition of the motor sys-
tem and various gait parameters warrant wide-scale research.
Our search of the literature found no in-depth research pub-
lished on the incidence of foot deformities in women wearing
different types of shoes in a specific work setting for at least
8 h a day, at least 5 days a week, and for at least 5 consecu-
tive years. Thus, based on our earlier studies assessing how
the incidence of foot deformities affect various components
of individual functional fitness in later life, we decided to pur-
sue the present study.

According to Yu et al. [13], the human foot has adapted to
the body’s standing posture through a longitudinal and trans-
verse arch, whereas wearing poorly fitting shoes disrupts the
three-point support of the foot, and consequently contributes
to progressive foot defects. Silva et al. [14] assert that walking
in high-heeled shoes causes deviations from correct posture,
which may manifest through protruding head, increased lum-
bar lordosis, increased pelvic anteversion, valgus knees, and
altered foot shape. Prolonged standing while wearing high-
heeled shoes forces the center of gravity to shift forward.
This in turn adversely affects the body contouring, especially
in young women with developing skeletal system.

Wearing high-heeled shoes causes supination of the feet and
increased pressure on the forefoot. Frey et al. [15] studied 356
women ages 20-60 years by applying a shoe outline to the
footprints and conducting a diagnostic survey. To ensure re-
liability of the results, the center of the foot was determined
by drawing a line running through the middle of the second

Figure 4. Post hoc test comparing hallux valgus angle (o)
variables in the 3 study groups.

toe and the heel, and the center of a shoe was determined by
a line running through the center of the heel and the center
of the distal tip of the shoe. These studies found that 88% of
women wore ill-fitted footwear (too short by 1.2 cm, on aver-
age), of which 27% reported wearing high-heeled shoes; 76%
had deformed feet, most commonly hallux valgus.

Borchgrevink et al. [16] used X-ray photographs and survey
questionnaires in 2 groups of women (ages 40-66 years) —
those wearing high-heeled shoes for at least 5 years vs. those
who never wore high-heeled shoes — reporting that long-term
wearing of high-heeled shoes was not associated with foot de-
formities, although it did contribute to discomfort and corn
formation. Lorkowski et al. [8] found that over 60% of women
working in large corporations, banks, and offices wear high-
heeled shoes, out of which 70% report having diminished
quality of life due to periodic bouts of pain and overall reduc-
tion in ability to use their feet. However, Knapik [17] found
that foot deformities were not associated with wearing high-
heeled shoes, but rather with wearing shoes that are too short
or too narrow in the tip.

Zostawa et al. [18] examined 2 groups of women ages 19-25
years: those who reported wearing high-heeled shoes regularly
for at least 5 h a day, at least 3 times a week, for a minimum of
2 years vs. those who wore flat-soled shoes only. The results of
tests making use of the BTS Smart-E motion analysis system and
the 2 Kistler 9286A dynamometric platforms prompted them to
infer that long-term wearing of the high-heeled shoes resulted
in permanently altered overall gait kinematics. In the support
phase of the gait, women wearing high-heeled shoes had a sig-
nificantly smaller dorsiflexion in the metatarsophalangeal joints,
which initiates a chain of adverse changes directly affecting the
transverse arch. The authors suggest that the actual cause of
these permanent alterations is the abnormal force exerted on
the tibialis anterior, gastrocnemius, and soleus muscles, which
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Table 3. Prevalence of the types of longitudinal and transverse arch of the feet and the hallux valgus and the varus deformity of the
fifth toe in the study subjects, depending on the specific type of footwear worn.

Feature

The medial longitudinal Flat foot 9 18.0 11 22.0 16 32.0 36 24.0
arch based on the T T
Goncsange o Memalfot @ w0 s 76 3 e a2 7
High arched foot 0 0.0 1 2.0 1 2.0 2 1.3
- p@e-ao4p=0s00
© Fatfet 7 140 11 220 17 340 35 233
Normalfoot 42 840 38 760 33 660 113 753
T e
””””””””””””””””””””””””””””””” ¢ @=642,p=0169
Transversearchbased  Flatfot 3 60 3 60 6 120 12 80
onthe heel angle (Y)
Normal foot 39 78.0 39 78.0 41 82.0 119 79.3
" ghachedtoot 8 180 8 160 3 60 1 127
””””””””””””””””””””””””””””””” © @)=690;p=043¢
© Fatfot 1 20 6 120 6 120 13 87
Normalfoot 41 820 37 740 42 840 120 800
ghachedtot 8 1607 iee 3 e T Tha
””””””””””””””””””””””””””””””” ©(@=784p=0007
Settingofthehallx  Normalsettingof .. oo Lo oo
based on the hallux ~thehallux ——— 7 T T
vl Al () " Hallux valgus 11 22.0 11 22.0 23 46.0 45 30.0
- p@-easp=000t
:‘hoe";;llljjtﬁ"g of 35 70.0 37 74.0 14 280 86 573
B Haluxvalgus 15 300 13 260 36 720 64 427
- g@-254p0000"
CSettingoftheVioe  Normalsettingof .o
based on the V toe theVtoe
povus deformity angle g The V toe varus 38 76.0 43 86.0 43 860 124 827

® deformity

Normal setting of
the V toe

If The V toe varus
deformity

X2 (2)=8.43; p=0.015*

rf - right foot; If — left foot; n — number of observations; % — percent of observations; y? — value of the Pearson chi-square test;
p — probability value. * p<0.05.
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affects the rigidity of the longitudinal arch [18]. Yu et al. [13]
observed that during walking in high-heeled shoes, there was
a greater accumulation of pressure forces, combined with an
increase in the dorsiflexion value in the metatarsophalangeal
joints, as compared to walking in flat-soled shoes.

According to Szczygiet et al. [19], wearing high-heeled shoes
limits overall mobility in the ankle joints and extends the gait
phases. When any such non-physiologically designed footwear
is worn for extensive periods of time, it overloads and widens
the forefoot. Pointed and narrow tips of shoes restrain the
forefoot and push the large toe sideways, towards the other
toes. Wearing high-heeled shoes also has an adverse effect
on the first radius of the foot. As the foot is set in plantar flex-
ion, inversion of the first metatarsophalangeal joint and sub-
luxation of the head and metatarsal bones occur. Hensl and
Sands [20] found that hallux valgus occurred 15 times more
often in people who wear shoes, but it may also occur in popu-
lations that do not wear shoes on a daily basis. In people who
walk barefoot, this type of deformity is painless. Hallux valgus
is more common in women than in men, with a 9: 1 sex ratio.

Women'’s shoes worn during office work should first and fore-
most ensure foot comfort. One of the key footwear manufac-
turing challenges consists in offering attractive and stylish
women’s shoes that are adequately tailored to requirements
such as ensuring stability of the foot, adequate cushioning,
adhesion, and protection.

The results of the present study suggest that high-heeled
shoes could easily be replaced by attractive shoes in a variety
of styles not exceeding the critical 4 cm height of the heel,
which ensure stylish appearance for all female staff, but with-
out the hazard, discomfort, and potential long-term deformi-
ties associated with wearing high-heeled shoes.

Our findings revealed that the heel height of women’s shoes
was associated with the actual shape of the feet in women aged
30-40 years. The feet of women wearing high-heeled shoes were
flatter and had higher incidence of valgus hallux compared to
women who wore flat-soled and/or low-heeled footwear. These
results suggest that wearing shoes with the heels no more than
4 cm in height may not actually be an independent factor in-
strumental in altering the morphology of women’s feet.

As the height of the heel increases, the pressure exerted on
the forefoot becomes proportionally greater, while less pres-
sure is placed onto the heel. Hence, walking in high-heeled
footwear (i.e. heels over 10 cm in height) is significantly as-
sociated with foot morphology.

Wearing high-heeled shoes causes excessive overload of the
forefoot and flexion of the toes in the interphalangeal joints,

CLINICAL RESEARCH

which stretches the ligaments stabilizing the transverse arch,
as well as lowers the arch. Uneven distribution of pressure
forces within the forefoot increases compression of the sec-
ond and third metatarsal bones, which can lead to formation
of calluses under the heads of these bones. As the calluses
deepen, walking becomes more painful.

Mika et al. [21] reported that wearing high-heeled shoes is as-
sociated with detrimental overloading of the musculoskeletal
system, and that walking in high-heeled shoes increased ex-
ertion of the gastrocnemius muscle of the calf, straight thigh
muscle, and anterior tibial muscle. It follows that long-term
wearing of high-heeled shoes causes overload of the muscles
and damages muscle tissues. It is therefore reasonable to be-
lieve that long-term wearing of high-heeled shoes damages
foot structure.

The feet of women who wear high-heeled shoes become more
susceptible to degenerative changes in the active-passive sta-
bilizers area, as well as to more appreciable deformations with-
in their anterior-central edge. The accompanying painfulness
naturally prompts women to seek ways to relieve the antero-
medial edge, which in turn can further hurt the feet [22]. Our
previous studies demonstrated that foot deformities reduced
overall postural stability in later life [23].

The results of the present study contribute to on-going re-
search in this subject, although further studies, to be pursued
on much larger population samples and broader age groups,
are still required. Given the seriousness and large scale of this
issue, a target-oriented, public educational campaign should
also be considered as a viable option.

Conclusions

The feet of women wearing high-heeled shoes were flatter
transversely and had a more laterally flexed hallux compared
to the feet of those wearing low-heeled or flat-soled shoes.
Wearing high-heeled shoes was associated with hallux val-
gus. The incidence of varus deformity of the fifth toe was as-
sociated with the type of shoe worn — high-heeled vs. low-
heeled or flat-soled.

Study limitations

A limitation of this study is that the size of the population of
potential subjects was reduced by use of inclusion criteria to
ensure homogeneity within each group.

Conflicts of interest

None.
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