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Abstract: Foot pain and deformities are significant problems that increase with age and are signifi-
cantly more prevalent in women. Calluses and corns are both common and inconvenient, and the
accompanying pain complaints significantly reduce the quality of life. Professional foot care is one
of the key elements in the prevention of foot disorders and improves the comfort of people with
such problems. The aim of the present research was to assess the impact of podiatry treatments
on the foot conditions, including parameters related to foot geometry, the forefoot pressure on the
ground, and the occurrence of pain in women over 50. In each volunteer, history and physical
examination were performed and an objective assessment with the use of the digital foot scanner and
the baropodometric measurements was performed. The examinations were conducted before the
beginning of the procedures and up to a week after each of the three podiatry treatments performed
at monthly intervals. Specialist foot care treatments influenced the values of the hallux valgus angle,
the varus angle of the fifth toe, and the longitudinal arch. After each treatment, the percentage of feet
with normal longitudinal arch was significantly greater than before the treatments. The treatments
influenced the value of pressure in the forefoot. The percentage of feet with pain decreased signif-
icantly after each treatment. Performed podiatry treatments, consisting of the removal of changes
related to keratosis, not only normalized the parameters related to foot geometry and the forefoot
pressure on the ground but also reduced foot pain.

Keywords: baropodometry; calluses; corns; foot painpodiatry; podoscopy

1. Introduction

The aging process progresses throughout the body. Many changes also occur in the
skin and nails of the feet. They are common problems that cause foot pain and reduce
quality of life. Proper specialist foot care is one of the key elements in the prevention of
foot disorders and in improvement of the comfort and quality of life of people [1,2].

These hyperkeratotic lesions lead to the loss of proper body stability in the elderly.
Elderly and obese people, especially with limited mobility, have problems with self-care.
They are exposed to hygienic negligence and changes resulting from incorrect pressure on
specific areas of the feet. Such patients should receive specialist foot care treatments [2–4].

Podiatry care includes the prevention of foot diseases and procedures related to the
improvement of the appearance and condition of the feet. Specialist foot care treatments
are performed in podiatry clinics. The treatments involve the shortening and correcting of
nails and removing calluses and corns [4,5].

The main problem, which increases with age and is more common in women, is
the presence of hyperkeratosis on the areas of maximum pressure of the foot. Frequent
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skin micro-injuries, caused by friction and overloading of the feet, induce the secretion
of inflammatory mediators and growth factors. These factors stimulate epidermal cells
to produce keratin with an excessive accumulation of a cohesive hard layer of stratum
corneum [2,6,7].

When the stratum corneum does not exfoliate properly but increases its thickness and
cohesiveness, calluses and corns are formed. Cohesive thickenings of the epidermis often
cause significant pain. Calluses and corns are one of the most frequently reported problems
in podiatry clinics and can be removed using podiatry equipment [6,8,9].

Each specialist foot care treatment should be preceded by an interview and physical
examination. Depending on the technique of examining the feet and lower limbs, there are
various methods: orthopedic, anthropometric (measurements of the lower limbs and com-
puter podoscopy), tensometric (baropodometric), radiographic, goniometric, functional,
and stabilographic (posturographic) [10].

The human foot shows a great diversity of shape, mainly in terms of the axis of the
calcaneus, the arch of the longitudinal medial edge of the foot, the position of the forefoot
in relation to the rear foot, and the transverse arch of the forefoot. These differences
show specific features and occur singly or—more often—in combinations, called foot
developmental variants. Pathologies are diagnosed in the case of exceeding commonly
established norms in terms of developmental variants. The alignment of the calcaneus axis
determines the correct, valgus, or varus foot. In a normal foot, the longitudinal arch of the
medial edge of the foot is maintained when the foot is loaded. In avalgus foot, the incidence
of toe zone deformities—hallux valgus—is higher than in normal and varus feet [11].

Flat foot (pes planus) is diagnosed when the skin is in contact with the ground above
the navicular bone. An excessive longitudinal arch with a high instep is called a hollow
foot (pes excavatus, pes cavus). The variants of the foot are also differentiated by the
transverse arch. The load distribution in a healthy foot is concentrated on the ball of the
big toe and the little toe. The lowered position of the medial heads of the metatarsal bones
is characteristic of the transversally flat foot (pes transversus, pes transverso-planus). The
position of the forefoot to the rearfoot is differentiated by the position of the first metatarsal
bone in relation to the axis of the talus. In a normal foot, the vertical projection of the first
metatarsal shows a slight deviation from the axis of the talus. The deviation of the entire
forefoot, medially, is called forefoot adduction (pes adductus), and, laterally, it is called
forefoot abduction (pes abductus). A severe medial deviation at the 1st sphenoid joint is
called varus of the 1st metatarsal (metatarsus primus varus). This abnormality is often
accompanied by hallux valgus [12–14].

Muscle failure is the most common cause of foot joint deformities in adults. Most
deformities within the tarsus and metatarsals have their origin in imbalances in the action of
the shin and foot muscles, resulting from damage to the musculoskeletal elements or nerve
paralysis. These deformations also apply to the toes. The most common deformities in the
toe zone include hallux valgus, claw toe, hammer toe, hammer toe, and rigid toe [11,14].

Pain in foot deformities and skin diseases (calluses and corns) are strongly correlated
with age and are more common in women. The percentage of foot deformities and skin
changes increases with age. The progressive degenerative changes of the musculoskeletal
system elements in various developmental variants of the feet, as well as characteristic
changes in the skin of the feet, are the cause of chronic pain. Foot pain significantly affects
every day functioning and reduces the of life [15–17].

Foot diseases are common among mature and elderly people. The prevalence of
certain disorders, such as flat foot, flat valgus, varus, hollow, or deformities of the toe zone,
reaches up to 65% in the elderly population. Diseases of the musculoskeletal system and
related symptoms increase the frequency of falls and may cause significant limitations in
everyday activities.

The subject of interest of this study is the assessment of the effectiveness of routinely
performed podiatry procedures, including the mechanical removal of calluses and corns.
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The aim of the study was to assess the impact of podological procedures on the
condition of feet, including parameters related to the geometry of the foot and the pressure
of the forefoot exerted on the ground, as well as the occurrence of pain during standing
and walking in women over 50.

2. Materials and Methods
2.1. Characteristics of Volunteers and Groups

After obtaining the approval of the Bioethical Committee of the Medical University of
Silesia in Katowice, 200 feet of 100 women over 50 (68 ± 6.5) were examined. The research
started in 2015. The project is still being continued and also includes the evaluation of
other procedures.

The research was conducted after obtaining the written consent of the volunteers.
They were informed about the purpose of the research and its course. The criteria for
inclusion in the study were: voluntary participation, reporting discomfort or pain in the
feet while standing, and prophylaxis of lower limb diseases. The criteria for exclusion
from the study included: the occurrence of injuries, unhealed wounds and post-operative
conditions in the feet, the presence of infectious lesions, pain resulting from rheumatic
diseases, untreated Morton’s neuralgia or unhealed heel spurs, and the lack/withdrawal of
consent to participate in the study. On the basis of an interview about the state of health,
those people who stood and moved independently without the need to support themselves
were qualified for the study.

Then, in order to assess the physiological effect of podological treatments, the fol-
lowing groups were distinguished in the AV group (all volunteers): group T (treatment)—
76 feet of 38 women who had undergone callus and/or corns removal procedures; group C
(control)—80 feet of 40 women with keratosis but without calluses and corns, thus they
had no treatments performed; group NT (no treatment)—44 feet of 22 women who, despite
the presence of calluses and/or corns, did not agree to treatment, thus they were excluded
from further examinations (Table 1).

Table 1. Characteristics of the studied groups and subgroups.

Group/
Subgroup

No. of
Volunteers No. of Feet

Age (Years) BMI (kg/m2)

Avg. SD Min Max Avg. SD Min Max

AV 100 200 68.0 6.5 50.0 85.0 33.1 5.3 21.8 46.4
T 38 76 66.5 7.6 50.0 83.0 32.1 5.6 23.5 46.4
TF 21 42 68.9 6.6 56.0 83.0 33.0 5.6 24.4 46.4

TNA 17 34 63.9 7.9 50.0 78.0 31.0 5.4 23.5 40.8
TIP 16 32 66.1 9.6 51.0 83.0 31.7 4.9 23.5 40.9
TNP 16 32 67.6 4.7 58.0 74.0 33.5 6.0 25.5 46.4
TEP 6 12 65.3 8.3 50.0 71.0 29.6 6.0 24.3 39.2
C 40 80 69.3 6.0 54.0 85.0 33.8 5.3 21.8 43.9

NT 22 44 68.3 4.8 55.0 77.0 33.3 4.6 25.8 43.8

In groups T and C subgroups were distinguished according to the following criteria:

(1) based on foot geometry parameters—transverse flat foot according to the Wejsflog
index (W):

• transverse flat foot (TF),
• normal transverse arch (TNA).

(2) based on the force of pressure on the ground (P) in the forefoot area:

• insufficient pressure in the forefoot (TIP),
• normal pressure in the forefoot (TNP),
• excessive pressure in the front area (TEP).

Each volunteer has undergone a study involving: a podiatry interview, visual assess-
ment and palpation of the feet, as well as objective measurement methods.
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2.2. Podoscope Examination

A 2D digital podoscope examination was performed, which consisted of scanning the
feet and obtaining a digital image. Using Podoscan 2D (Sensor Medica, Guidonia, Italy),
precise footprints of the subjects were obtained. With the use of the FreeStep Professional
software v.1.3.01, the parameters for both feet were then determined on the resulting image.
The 2D digital podoscope is an advanced analysis tool for footprints, foot geometry, and
foot loading.

After scanning, the length and width of the foot and the length of the medial longitu-
dinal arch (cm), as well as the heel angle γ (o), were obtained and further analyzed.

The Clarke index (CL) and Sztriter–Godunow index (KY) were used to assess the
longitudinal arch, while the Wejsflog index (W) and heel angle (γ) were used for the
transverse arch. Moreover, the hallux valgus (angle α) and varus of the fifth toe (angle β)
were measured (Figure 1).
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Figure 1. Graphical visualization of the determined parameters: Clarke’s index (CL), Sztriter–
Godunow index (KY), Wejsflog index (W), heel angle (γ), hallux valgus angle (α), and varus of the
fifth toe (β).

The Clarke angle (CL) is determined by the line C′–S′ (the tangent to the medial edge
of the foot) and the line passing through the point Q′ (the point of the deepest depression)
and C′ (the point where the medial tangent meets the edge of the foot). (Figure 1: in the
classification of feet according to the CL index, a flat foot was diagnosed in the range of
x—30◦, a foot with a reduced arch 31–41◦, a normal foot 42–54◦, and a hollow foot (with an
increased arch) in the range of 55◦–x.)
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The Sztriter–Godunow index (KY) determines the ratio of the length of the segment
running in the center of the arch of the longitudinal arch (W–I) to the length of the segment
drawn by the adjacent and non-adjacent part of the scanned plantar surface of the foot (J–I),
perpendicular to the medial tangent (Figure 1). Determining the KY index allows to estab-
lish the diagnosis depending on the value obtained, respectively: KY = 0.00–0.25—hollow
foot; KY = 0.26–0.45—normal foot; KY = 0.46–0.490—reduced foot I◦; KY = 0.50–0.75—
reduced foot II◦; and KY = 0.76–1.00—flat foot.

The Wejsflog index (W) is the ratio of the length (AB) to the width of the foot (CD) and
determines the degree of transverse arching of the foot (Figure 1). The length to width ratio
of the foot should be 3:1; however, in practice, the values of the Wejsflog index are in the
range of 2 < W < 3. Values closer to 2 indicate transverse flat feet, while values closer to
3 prove the correct transverse arch of the foot. Based on the data from the literature, the
borderline value of a transversely flat foot was assumed to be 2.55.

The calcaneal angle (γ) is determined by two tangents to the medial and lateral edges
of the foot (Figure 1). The lines forming the angle γ intersect beyond the heel. The norm for
the γ angle is 15–18◦ and it is assumed that values above 18◦, similarly to lower values of
the W index, indicate transverse flat feet.

The hallux valgus angle (α) is between the tangent to the medial edge of the foot and
the tangent from the point at the widest point of the forefoot (the area of the metatarsopha-
langeal joint of the first toe) to the most medial point on the edge of the big toe (the area of
the interphalangeal joint) (Figure 1).

The varus angle of the toe V (β) is contained between the tangent to the lateral edge of
the foot and the tangent from the point at the widest point of the forefoot on the outside
(near the metatarsophalangeal joint of the toe V) to the most lateral point on the edge of the
toe V (area of the interphalangeal joint proximal finger V) (Figure 1).

2.3. Baropodometric Examination

The next phases of the study included the evaluation of the foot loading rate in statics
using the FreeMED force platform (Sensor Medica, Guidonia, Italy). The baropodometric
study of feet with the use of the ground force reaction platform consisted of measuring foot
pressure distribution on the ground while standing.

According to the software, normal values are: the ratio of the pressure on the left
foot to the right foot in the amount of 50:50 ± 5%. According to the manufacturer and
distributor’s data, the load on the front foot area is in the range of 40–50%, and the rear
foot area is in the range of 50–60%.

The examination was carried out with body weight only and statically—in a standing
position. The following parameters obtained from the pressure on the left and right foot
were analyzed: total foot area directly adjacent to the ground (cm2), pressure area of the
front foot (cm2), and the percentage of pressure on the ground for the front and rear foot
areas (%).

Additionally, the software used allows for the graphic visualization of the obtained
results (Figure 2).
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2.4. Podiatric Procedures

The treatments that were performed on volunteers in a podiatry office involved in the
mechanical removal of keratosis, calluses, and corns.

In each volunteer from group T, treatments were performed 3 times every month,
and check-up and tests were conducted between the 3rd and the 7th day from when the
procedure was performed. A podiatry interview preceded each examination.

2.5. Statistical Analysis

Individual test results were collected in a Microsoft Excel 2007 spreadsheet, and, after
data import, statistical analysis was performed in STATISTICA 10. Data on an interval scale
with a normal distribution are presented as average ± standard deviation. Qualitative data
are presented in the form of number and percentage values (%). The Shapiro–Wilk test
and the quantile plot (Q-Q) were used to assess the normality of the distribution of the
obtained results.

Homogeneity of variance was assessed by Levene’s test. The chi2 test was used to
test the significance of changes in nonparametric data: the characteristic changes of the
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longitudinal and transverse arch of the feet based on the indexes obtained in podoscopic
examination in groups; percentage of feet with a specific pressure category in groups—
differences in the assignment to the appropriate category; and assessment of the presence
of pain. The ANOVA test was used to test the significance of changes in podoscopic
and baropodometric parameters after subsequent treatments in group T, and Dunnett’s
test was used in the post hoc analysis. Values for which the significance level p < 0.05
were considered statistically significant. The statistical analysis was performed by an
independent statistician, who was then included as a co-author of this paper.

3. Results
3.1. Evaluation of Changes in Podoscopic Parameters

Studies with the use of a podoscope showed significant differences between groups T
and C in terms of the average width of the foot and the average value of the alpha angle,
while significant differences were shown both between groups T and C and between groups
T and NT in the range of the average value of the β angle (Table 2).

Table 2. Anthropometric parameters determined on the scanned image of the feet and the character-
istics of the longitudinal and transverse arch of the feet based on the indexes obtained in podoscopic
examination in groups T—treatment (N = 76); C—control (N = 80); NT—no treatment (N = 44).
Avg.—average; SD—standard deviation; p—level of significance; ns—not significant; * p < 0.05;
** p < 0.01; *** p < 0.001 (+ ANOVA, Dunnett, ++ Chi2).

Parameter

T C NT p +

Avg. SD Avg. SD Avg. SD
T
vs.
C

T
vs.
NT

C
vs.
NT

Foot length (cm) 24.2 1.1 24.1 1.0 24.1 1.1 ns ns ns

Foot width (cm) 9.7 0.5 9.5 0.5 9.6 0.4 * ns ns

Length of the medial longitudinal
arch (cm) 12.9 0.6 12.9 0.5 12.9 0.6 ns ns ns

Hallux valgus angle α (◦) 18.4 10.9 14.4 8.8 17.6 10.8 * ns ns

Varus angle of the fifth toe β (◦) 17.2 4.4 14.6 4.7 14.5 4.1 ** * ns

Parameter Foot % % % p ++

Sztriter–Godunow index (KY)

hollow 21 15 32

* ns **
normal 50 60 45

lowered 1st degree 20 8 11
lowered 2nd degree 9 18 11

Clarke Angle index (CL)

with a raised arch 39 30 27

ns ns nsnormal 39 49 52
with a lowered arch 17 19 20

flat 4 3 0

Wejsflog index (W) properly arched 41 49 43 ns ns ns
flat transversely 59 51 57

Heel angle gamma (γ)
slim 54 75 70

* *** **normal 42 23 30
flat transversely 4 3 0

Groups: T—volunteers undergoing podiatry procedures; C—volunteers without calluses and corns; and NT—
volunteers with calluses and corns who have not undergone podological procedures.

The research showed significant differences in the percentages of feet with different
longitudinal arches according to the Sztriter–Godunow index. Differences were found
between groups T and C as well as C and NT (Table 2).
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There were significant intergroup differences in the average gamma heel angle between
each of the studied groups (Table 2).

The treatments affected the foot geometry (Table 3). The analysis of the average foot
length showed significant differences in the subgroup of transversely flat feet. The length
of the foot slightly increased after each treatment and after the third treatment it was
the longest.

Table 3. Foot geometry before treatments (T0) and after 1 (T1), 2 (T2), and 3 (T3) procedures in
group T—all feet treated (N = 76); and in subgroups F—transverse flat feet (N = 42); and NA—feet
with normal transverse arches (N = 34) according to Wejsflog Index. Avg.—average; SD—standard
deviation; p—level of significance; ns—not significant; * p < 0.05; ** p < 0.01; *** p < 0.001; + p = 0.06
(ANOVA, Dunnett).

T F NA

Avg. SD p Post hoc Avg. SD p Post hoc Avg. SD p Post hoc

Foot length (cm)

T0 24.15 1.14

ns

23.70 1.01

**

24.81 1.01

nsT1 24.15 1.13 ns 23.71 1.03 ns 24.79 0.96 ns
T2 24.15 1.13 ns 23.72 1.03 ns 24.78 0.98 ns
T3 24.18 1.11 ns 23.76 1.01 * 24.79 0.95 ns

Foot width (cm)

T0 9.73 0.53

**

9.90 0.53

*

9.47 0.43

nsT1 9.76 0.53 * 9.94 0.53 ns 9.51 0.41 ns
T2 9.76 0.53 * 9.94 0.53 ns 9.50 0.42 ns
T3 9.78 0.52 *** 9.96 0.52 ** 9.52 0.42 ns

Length of the
medial longitudinal

arch (cm)

T0 12.93 0.61

ns

12.70 0.54

+

13.25 0.55

nsT1 12.97 0.74 ns 12.70 0.54 ns 13.37 0.81 ns
T2 12.93 0.59 ns 12.71 0.53 ns 13.25 0.53 ns
T3 12.94 0.58 ns 12.73 0.54 ns 13.25 0.50 ns

Hallux valgus angle
α (◦)

T0 18.38 10.90

***

22.44 11.20

***

12.48 7.26

nsT1 17.61 11.01 * 21.56 11.57 ns 11.87 7.03 ns
T2 17.61 10.63 * 21.42 10.98 + 12.06 7.22 ns
T3 16.87 10.73 *** 20.51 11.34 *** 11.58 7.09 ns

Varus angle of the
fifth toe β (◦)

T0 17.21 4.40

***

18.07 4.21

***

15.97 4.43

***
T1 15.97 4.16 *** 16.49 4.27 ** 15.23 3.93 ns
T2 15.33 4.54 *** 16.16 4.46 *** 14.13 4.46 ***
T3 15.39 4.44 *** 16.24 4.98 *** 14.16 3.21 ***

There were also significant differences in the average foot width in the whole T group
and TF subgroup after the procedures compared to the width before the removal of calluses
and corns. The width slightly increased, and it was the largest after the 3rd treatment.
Podiatry treatments did not significantly affect the average length of the medial longitudinal
arch; however, there was a tendency to increase the length of the medial longitudinal arch
with each procedure in the subgroup of transverse flat feet (pbefore_after = 0.06). Specialist
foot care treatments influenced the values of the hallux valgus angle α in the T group as
a whole due to changes in the TF subgroup. It was found that angle α decreased after
each procedure and was the lowest after the third procedure. Podiatry treatments had a
significant effect on the values of the varus angle β of the fifth toe in group T and in both
analyzed subgroups. Varus angle β decreased after the first treatment, there was further
improvement after the second treatment, and the third treatment strengthened the former
positive change (Table 3).

Podiatry treatments influenced the longitudinal arch according to Sztriter–Godunow
(KY) and Clarke index (CL). After each treatment, the percentage of feet with a normal
longitudinal arch was significantly greater than before the treatments (Figure 3).
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Figure 3. Percentage of feet with different longitudinal arches determined by Sztriter–Godunow
index (KY) (a) and Clarke index (CL) (b) in group T before the treatments (T0), # pbefore_after < 0.001;
and after 1 (T1), 2 (T2), and 3 (T3) treatments; * p < 0.05; ** p < 0.01; *** p < 0.001.

3.2. Evaluation of Changes in Baropodometric Parameters

There were no significant differences in the average value of the pressure (%) of the
forefoot area on the ground in all groups (Table 4).

Table 4. Foot pressure surface parameters and percentage of feet with a specific pressure category
in groups T—treatment (N = 76); C—control (N = 80); NT—no treatment (N = 44). Avg.—average;
SD—standard deviation; p—level of significance; ns—not significant (+ ANOVA, Dunnett, ++ Chi2).

Parameter

T C NT p +

Avg. SD Avg. SD Avg. SD
T
vs.
C

T
vs.
NT

C
vs.
NT

Total feet pressure surface (cm2) 113.7 27.6 114.5 22.4 115.5 25.7 ns ns ns

Area of pressure front zone (cm2) 61.2 17.4 61.5 14.2 62.8 17.5 ns ns ns

Pressure of the front zone
of the foot (%) 40.7 11.1 40.3 9.3 40.6 10.9 ns ns ns

Foot area Pressure category % % % p ++

Front of the foot
insufficient 45 45 43

ns ns nsnormal 38 44 36
excessive 17 11 20

Rear of the foot
insufficient 17 11 20

ns ns nsnormal 38 44 36
excessive 45 45 43

In the subgroup with excessive pressure in the front area (EP), performing three
treatments significantly influenced the value of the pressure in the forefoot. After the third
treatment, it was the lowest (Table 5).
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Table 5. Foot pressure surface parameters in subgroups EP—with excessive pressure; NP—with
normal pressure; and IP—with insufficient pressure before (T0) and after 1 (T1), 2 (T2), and 3 (T3)
treatment. Avg.—average; SD—standard deviation; p—level of significance; ns—not significant;
* p < 0.05; ** p < 0.01 (ANOVA, Dunnett).

EP NP IP

Avg. SD p Post hoc Avg. SD p Post hoc Avg. SD p Post hoc

Total area of the
load area (cm2)

T0 112.3 20.0

ns

ns 127.2 30.1

ns

ns 102.7 23.0

ns

ns
T1 118.7 18.7 ns 123.6 38.6 ns 104.2 21.9 ns
T2 110.4 23.9 ns 122.1 31.0 ns 108.9 24.9 ns
T3 112.1 21.0 ns 122.5 29.3 ns 108.0 23.4 ns

Surface loaded
front area of the

foot (cm2)

T0 65.3 12.6

ns

ns 69.9 17.4

ns

ns 52.2 14.6

ns

ns
T1 67.2 10.8 ns 69.4 19.0 ns 54.0 14.0 ns
T2 63.9 14.5 ns 66.4 18.0 ns 56.2 14.9 ns
T3 63.3 12.7 ns 66.4 18.6 ns 55.8 15.2 ns

Load the front area
of the foot (%)

T0 56.62 6.25

*

ns 44.97 3.32

ns

ns 31.06 6.56

ns

ns
T1 53.69 6.54 ns 44.24 7.03 ns 33.12 6.28 ns
T2 53.15 10.78 ns 43.34 6.60 ns 33.47 6.36 ns
T3 47.77 7.21 ** 42.24 7.03 ns 33.68 7.90 ns

3.3. Assessment of the Presence of Pain

The podiatry interview regarding foot pain allowed for a statistical analysis of the per-
centage of feet affected by specific ailments in the studied groups. The highest percentage
regarded pain when loading the forefoot (Table 6).

Table 6. Percentage of feet with pain reported in group T—treatment (N = 76); C—control (N = 80);
NT—no treatment (N = 44). * p < 0.05; ** p < 0.01; *** p < 0.001 (Chi2).

The Presence of Pain
T C NT p

% T vs. C T vs. NT C vs. NT

Pain when standing on straight legs (position 1) 43 30 23 ns * ns
Increased pain when loading the forefoot (position 2) 61 38 48 ** ns ns

Stabbing in the forefoot when walking (position 3) 46 14 14 *** *** ns
Pain when loading the hindfoot (position 4) 18 18 16 ns ns ns

More than half of the feet in group T were affected by increased pain in the forefoot
when weight was transferred to this area. The lowest percentage of affected feet was
found in the control group. A significant difference in symptoms was found between
these groups.

There were highly significant differences between groups T and C and between groups
T and NT regarding the occurrence of stabbing pain in the foot while walking. Almost half
of the examined feet in group T experienced pain.

The percentage of feet with heel pain was low and statistical analysis showed no
intergroup differences.

Pain assessment showed that the percentage of feet with pain when standing, as well
as during the transfer of body weight to the forefoot, significantly decreased in group T after
1, 2, and 3 procedures (Figure 4). The percentage of feet with pain decreased significantly
after each treatment compared to T0 (before treatment).
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Figure 4. Percentage of feet with pain before treatments (T0) and after 1st (T1), 2nd (T2) and 3rd
(T3) treatment when loading feet in different positions. Position 1—pain when standing on straight
legs. Position 2—pain when shifting weight to the forefoot. Position 3—stabbing pain in the front
of the foot when walking. Position 4—pain when transferring weight to the heel area. *** p < 0.001,
** p < 0.01, * p < 0.05, + p = 0.054.

Assessment of stabbing pain in the forefoot and during loading the hindfoot also
showed a significantly lower percentage of feet with stabbing pain when walking compared
to the initial condition and a significantly lower percentage of feet with pain in the hindfoot
area when transferring the body weight to the heels compared to the initial condition. A
significant reduction in the percentage of feet with stabbing pain was found after the first
treatment and its radical reduction after the third treatment. Although the initial percentage
of feet with hindfoot pain was low, in this case, it was also significantly reduced after the
2nd and 3rd treatments.

4. Discussion

Foot problems in late adulthood (over 50), especially in the elderly (over 65), are among
the most frequently cited problems of this developmental period in published studies. Foot
dysfunctions increase with age and are significantly more common in women [18,19].

Between 20 and 45% of women aged over 65 years of age will develop one or more foot
problems, which, although not specific to older women. These include structural defects
of the toes including hallux valgus, hammer, mallet or claw toes, skin disorders, fungal
infection of the toes and toe nails, thickened toe nails, ulcers, fissures or cracks between
the toes, corns and calluses, and flat or high-arched feet. Foot pain is common and may be
associated with other co-morbid diseases of the foot [20]. Conducted research showed that
60% of women over 50 had at least one callus or corn.

This study showed that calluses and corns with the predominant location on the
forefoot were common changes associated with hyperkeratosis and in many women over
50, causing pain when standing and at the time of weight transfer to the forefoot of the
affected limb.

Pain prevention and treatment are particularly important in the elderly due to the
increased risk of falls due to these ailments. Awale et al. [21] showed that both foot pain
and the condition of the foot arch may play an important role in increasing the risk of falls.
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The presence of lesions and pain was the basis for an assessment of anthropometric
parameters related to the state of the foot arch and baropodometric parameters related
to possible overloading or underloading of the feet in individual groups, as well as the
evaluation of the effects of removing these lesions in group T.

Plantar callosities under lesser metatarsals are often accompanied by the hallux valgus,
and the cause of callosity is thought to be associated with the foot deformity, such as the
metatarsal length discrepancy, the abnormal metatarsal head height, cavus, flat foot, and
rheumatoid conditions [22]. Moreover, hypermobility of the first ray, which is caused by
an instability of the first metatarsocuneiform joint, is one of the factors that induces hallux
valgus [23]. However, it is unclear which variable is most involved in the cause of callosity
in hallux valgus deformity [22].

Therefore, the wider angle α in group T may suggest a connection to the presence
of calluses in the forefoot. These calluses and related ailments were the reason why
women sought specialist foot care. The results of our research are consistent with those of
Murahashi et al. [22], which showed a correlation between the occurrence of hyperkeratosis
in the forefoot and hallux valgus.

The conducted research showed that the average value of the hallux valgus angle in
transversely flat feet decreased significantly after three procedures. The decrease in the
average value of angle α was demonstrated after each treatment, regardless of the arching
state; however, this change was not significant in the case of feet with normal arches.

It was noted that there was a significant decrease in the value of angle β after removing
the hyperkeratosis from the forefoot.

Removal of the lesions had a significant impact on the condition of the longitudinal
arch, which was previously suggested by the tendency to elongate the medial longitudinal
arch. It was shown that the percentage of normal feet by both Clarke’s and KY indexes was
higher after each treatment compared to the percentage of normal feet before removal of
lesions. After each treatment, the percentage of flat and hollow feet was also lower.

The presence of calluses on the forefoot seems to be related to the disturbance of foot
geometry, manifested by an increased angle α and/or β, and callus removal reduces these
angles which promotes changes towards the restoration of normal longitudinal foot arch.

There was no correlation between the presence of calluses and corns on the forefoot
with the presence of longitudinally flat feet, lowered feet, or with increased arches according
to Clarke index; however, it was observed that hyperkeratosis occurred more often in
women with a hollow foot according to the KY index. People with a hollow foot burden
the forefoot and heel area the most [24]; hence, this is probably the cause of hyperkeratosis
in the overloaded area. The highest percentage of normal feet according to the Clarke
index was recorded in women from group C and those with calluses and corns who did
not undergo treatment due to the lack of pain.

Formation of calluses and corns on the forefoot is related to the foot arch condition—a
normal longitudinal arch and high transverse arch (slender foot) reduce the likelihood of
the occurrence of hyperkeratosis.

It was shown that both the length and width of the foot increased in women with a
transverse flat foot according to the W index after the third treatment. The average width of
the foot increased significantly after each treatment. Women who experienced discomfort
and pain in the feet probably adopted an analgesic posture before the procedures, which
could lead to contracture of the flexor muscles. After removing the hard lesions, the muscle
tone was probably lowered, and thus the foot was lengthened and wider.

Calluses mask transverse flatfoot and their removal lengthens and widens the foot,
thus revealing the real arch of the foot.

Therefore, further analysis was carried out on the baropodometric parameters. Biome-
chanical changes involving overloading increase the risk of blisters, fissures, calluses, and
corns [25].

Conflicting scientific reports on the characteristics of the foot pressure distribution
pattern for foot deformity make it difficult to establish, in the framework of clinical as-
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sessment, whether the observed abnormalities in the foot loading may be typical of the
deformity. The literature confirms the changes in the pressures on the plantar surface of the
foot associated with hallux valgus or flatfoot; however, the results are inconclusive.

Due to the large spectrum of parameters of the pressure sensors and transducers in the
measuring devices used, the lack of standardization of the units used in the measurements
obtained on various measuring devices, as well as the lack of specific standards and
differences in the calibration of the apparatus, comparing the results of various authors of
the works is particularly difficult [26]. However, the use of the baropodometric method
increases the value of the clinical diagnostic examination of the patient’s foot abnormalities,
extending the indirect method of anthropometric examination performed with any kind of
podoscope [27].

Schulze et al. [28] showed that differences in loading the feet significantly influence
the parameters of baropodometry. Increasing body weight with an additional external
mass significantly increases the pressure value and the contact surface of the feet with the
ground. Researchers hypothesized that long-term foot loading may cause flattening of the
longitudinal and transverse arches in the feet and may exacerbate the symptoms in people
suffering from flat feet. It is likely that the lack of significant differences in the average
surface area values in our study is connected with the fact that women in all groups had a
similar average BMI index.

A beneficial effect of the procedures, visible in the baropodometric examination, is a
significant reduction in the average value of the pressure of the forefoot in the group of
women whose forefoot was overloaded. Before the procedures, the average pressure in
this group was 56.6%, and it decreased after each procedure until it reached the average
of 47.8% after the third procedure. It is worth noting that the correct upper limit of this
pressure is considered to be 50%, thus this parameter was within the normal range after
the third treatment.

The study showed that removal of calluses and corns from the forefoot reduces the
pressure in this area of the foot on the ground in women overloading this area. Treatment
of calluses and corns usually involves a mechanical debridment of lesions [29].

In Europe, hyperkeratosis is removed with a scalpel by specialists or it is treated with
pharmaceuticals that dissolve the callous layer at home [29,30].

The mechanical and pharmacological removal of these changes may reduce the subjec-
tive symptoms associated with discomfort and pain. Mechanical removal with a scalpel
has been shown to provide immediate pain reduction compared to the use of keratolyt-
ics. Removal of lesions also positively influences the structure and parameters of skin
hydration [30,31].

The purpose of Biz’s et al. prospective study was to evaluate the safety and effective-
ness of Minimally Invasive Distal Metatarsal Metaphyseal Osteotomy (DMMO) in treating
central metatarsalgia. Maestro parameters, relative morphotypes, and bone callus forma-
tions were assessed. Ninety-three patients (93 feet) with a mean age of 62.4 (31–87) years
were evaluated. They showed that DMMO is a safe and effective method for the treatment
of metatarsalgia. Although Maestro criteria were useful to calculate the metatarsal bones to
be shortened, a significant clinical improvement of all scores was achieved, and the ideal
harmonious morphotype was restored only in a few feet [32].

The authors’ own research showed that the percentage of feet affected by pain de-
creased after each treatment compared to the initial condition after removing the lesions.
The lowest percentage of the feet affected by pain were: when standing, when transfer-
ring the body weight to the forefoot, stabbing while walking and pain when transferring
the body weight to the hindfoot area—in all cases, these were found after the third treat-
ment. This result indicates a justified need to repeat treatments in order to relieve ailments
caused by hyperkeratosis, which has not been considered previously in other published
research papers.

The limitation of the presented research is the inability to assess the pressure of
individual small selected areas of the foot. The results present the assessment of pressure
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changes in the division into front and rear feet. Values expressed in percentages and area
were used, while other research laboratories use platforms that enable even more accurate
assessment of pressure in specific indicated areas of interest to us. Due to the differences
in the parameters of the sensors and transducers in the measuring devices, the lack of
standardization of the units, as well as the lack of specific standards and differences in
the calibration of the devices, comparing the results with other studies is very difficult. In
addition, the study was designed due to the higher frequency of women reporting to the
podiatry office with foot problems. It would be worthwhile to conduct a similar study in
men in the future. The obtained results of the impact of the treatments on the physiology
of the feet could then be compared with each other.

5. Conclusions

Diagnostic tests in the field of podiatry provide epidemiological data on the occurrence
of foot diseases, skin and nail diseases, their dependencies on deformities, the impact of
foot deformities and skin revelers on the load on the feet, gait and balance disorders, and
the assessment of the impact of routine podiatric procedures.

Podiatry treatments consisting in the removal of changes related to keratosis not only
normalizes the parameters related to foot geometry and the forefoot pressure on the ground
but also reduce foot pain, thus improving the well-being and quality of life of people who
regularly undergo such procedures to maintain good foot conditions.

The results of the foot examinations carried out in people who start using podiatry
procedures may allow to raise the rank of routinely performed procedures, especially in
elderly people, in whom abnormalities and dysfunctions within the feet are common. The
topic of the work dealt with the practical aspects of the impact of routinely performed
procedures that can help many patients with pain, for whom invasive treatment was
not possible.
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