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Background: Plantar hyperkeratosis (HK) is a very prevalent foot lesion formed due to an alteration in the ker-
atinisation process, thereby increasing keratynocites and accumulating multiple layers of the stratum corneum
that leads to plantar pain. As foot shape and plantar pressures is related with their appearance, the aim of this
study is to examine how foot posture and plantar pressure influence the appearance of this keratopathy.
Material and methods: On a sample of 400 subjects (201 men and 199 women), the plantar pressures were
evaluated by the Footscan® platform in 10 zones. The clinical exploration consisted in the valuation of the Foot
Posture Index (FPI), and the assessment of the appeerance (and location) or not of plantar calluses or
hyperkeratosis.

Results: 6.3% of the feet presented a highly supinated FPI, 15.5% were supinated, 57.3% corresponded to neutral,
17.3% were pronated and 3.8% were highly pronated. The participants with HK on the hallux, on the 1st, 2nd,
3rd or 5th MTH or on the lateral heel had a significantly higher pressure index (p < 0.001), ranging from 24.3 to
44% higher than those with no such alteration. Of the highly pronated feet, 66.7% presented HK in the hallux,
while 32.3% of the supinated feet and 60% of the highly supinated feet presented it beneath the first MTH.
Conclusion: Foot posture influences the appearance of HK, though its association with plantar pressures. The
participants with HK presented a mean foot pressure that was 32.3% higher than in those with no such condition.
These values can be considered predictive for the appearance of HK and should be indicative of the need for
preventive treatment.

Funding 1. Introduction

No external funding was received for this research.
Ethical responsibilities

The studies involving human participants were previously reviewed
and approved by the Research Ethics Committee of the University of
Extremadura (ID: 05/2011). All participants gave prior written
informed consent to take part in this study.

Plantar hyperkeratosis (HK), one of the most prevalent foot lesions
[1], affects 30-65% of people aged over 65 years, especially those with
systemic pathologies such as rheumatoid arthritis [2] or diabetes [3]. It
is produced by an alteration in the keratinisation process [4-7] which
increases the thickness of the stratum corneum, in response to excessive
pressure or friction on the skin. In most cases, this effect arises from the
use of inappropriate footwear [3] or is caused by a biomechanical
alteration [4-9], but it can also be triggered by sports activities [4,5].
Other risk factors include subtalar protonation [9] associated with the
presence of hallux abductus valgus [1,2,10], flat feet [3] and minor
deformities of the second, third and fourth toes [1]. In addition, some
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studies refer to problems such as inadequate hygiene [5], the loss of
elasticity or of plantar pad [5,11], the impact of friction from seamed
hosiery [12], prolonged standing [8,11,13], excess weight [5,11] or
aging.

HK is most frequently located in the first radius, in the medial zone of
the first metatarsophalangeal joint and/or the medial zone of the hallux
[1,13]. This condition can make walking difficult and heighten the risk
of falls, especially in the elderly [14,15], thus decreasing their quality of
life [16,17]. Moreover, it has been associated with elevated plantar
pressure, but to date the only studies conducted in this regard have
focused on data for elderly or diabetic patients [10,18,19]. Although
excessive pressure may play an important role in the development of HK
among persons who are otherwise healthy, the pathological plantar
pressure threshold at which this skin lesion may appear and the type of
stride making a person more vulnerable to the condition have yet to be
established. In view of these considerations, the aim of this study is to
examine how foot posture and plantar pressure influence the appearance
of this keratopathy.

2. Material and methods
2.1. Participants

This study was carried out at a podiatric clinic of the Universidad de
Extremadura in the city of Plasencia (Spain). Participants were selected
by non-random sampling, in accordance with standard recommenda-
tions for the communication of observational studies, known as
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) [20]. A total sample size of 400 subjects was considered, and
statistical significance was assumed at p < 0.05. The following inclusion
criteria were applied: the patient should be aged 18-65 years, with
asymptomatic, symmetric feet (similar foot posture, footprint, shape and
morphology) and no joint deformities. The exclusion criteria were: (a)
degenerative bone or joint disease; (b) lower limb surgery; (c) prior
serious foot injury provoking morphological alterations; (d) obvious leg
length discrepancy; (e) loss of balance; (f) painful cutaneous condition
such as helomata or plantar warts; (g) inability to step correctly and in
good coordination on the pressure platform during measurement. The
study was approved by the university’s Human Research Committee (ID:
05/2011), and informed written consent was obtained from all
participants.

2.2. Procedure

A clinician with more than eight years’ experience in the treatment
of foot pathologies recorded the anthropometric variables (age, sex and
body mass index), screened for the inclusion and exclusion criteria and
obtained the necessary study data as follows:

A. Location of HK: With the subject lying on an examination table,
the foot was inspected and the presence or absence of HK in the
following areas was noted on a data collection sheet: hallux, other toes,
1st to 5th metatarsal heads (MTHs), midfoot, medial heel and lateral
heel.

B. FPI measurement: Foot pressure was measured with the subject
standing in a relaxed position on both feet, with their arms relaxed at
their side, looking straight ahead, holding this position for about 2 min.
Because the FPI has good intra-observer reliability but only moderate
inter-observer reliability [21,22], all measurements were taken by the
same examiner. The FPI criteria evaluated were talar head palpation,
supra and infra-malleolar curvature, calcaneal frontal plane position,
prominence in the region of the talonavicular joint, congruence of the
medial longitudinal arch, and abduction/adduction of the forefoot on
the rearfoot. Each criterion was scored on a scale of —2, —1, 0, +1 or +2.
The FPI cutoff points to define the type of foot were; a) Highly supinated
—12 to —5, b) Supinated - 4 to —1, ¢) Neutral 0 to 5, d) Pronated 6 to 9
and e) Highly pronated 10 to 12.
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C. Plantar pressure measurement: In this study, the measuring sys-
tem used was the FootScan® platform, with dimensions 40 x 50 x 2 cm,
with 4096 sensors (4 sensors per cm?) and operating at 150 Hz. This
instrument is known to be reliable, with high intra-class correlation
coefficients, and has been validated for the assessment of plantar pres-
sure distribution [23]. The platform was recalibrated prior to each data
collection. In use, the platform was placed at the centre of a carpet about
8 m in length and the same thickness as the platform. The data corre-
sponding to the second step were taken for analysis, since this protocol
has been shown to be the most reliable and repeatable. The subjects
were instructed to stand at 1.5 m from the carpet, and then to take their
first step on the carpet and the second on the platform, and to walk about
4 m. The capture of the step data was repeated as many times as
necessary to obtain five valid measurements. The platform’s software
automatically divides the foot into ten masked zones — medial and
lateral heel, midfoot, first to fifth MTHSs, hallux and lesser toes. The
maximum pressures were normalised (obtaining so the pressure index)
to the subject’s weight using the following: maximum pressure under
each zone/weight x 100. This formula obtained a value that can be
defined as the relative load of each zone with respect to the total pres-
sure, and is expressed as a percentage. In order to maintain the inde-
pendence of the data for the statistical analyses, the data considered
were those only of the left foot, using the mean values of the five mea-
surements. This method produced representative and reliable data.

2.3. Statistical methods

Descriptive analyses (mean range) and the Mann-Whitney Wilcoxon
U test for independent samples were performed to analyse the differ-
ences in the pressure index between areas with and without HK. The
prevalence of HK, according to the type of foot, in men and women
separately, was determined by means of contingency tables and the chi-
square () test. All statistical tests were conducted assuming a level of
significance of 0.05, and the data were analysed using IBM SPSS 19
software.

3. Results

The sample consisted of 400 participants (201 men and 199 women)
with non-pathological feet. The mean age of the sample was 29 + 10.7
years (range 18-65 years), mean height 169.3 + 9.2 cm (range 149-196
cm), mean weight 68.3 &+ 14 kg (range 43-130 kg) and mean BMI 23.7
+ 3.5 kg/m? (range17.1-37 kg/m?). The anthropometric data, by sex,
are listed in Table 1.

Of the 400 feet analysed, 25 presented a highly supinated FPI (6.3%),
62 were supinated (15.5%), 229 corresponded to a neutral FPI (57.3%),
69 were pronated (17.3%) and 15 were highly pronated (3.8%). The Chi-
Square test showed no significant differences between the distribution of
foot types by sex (Table 2, p = 0.143). The participants with HK on the
hallux, on the 1st, 2nd, 3rd or 5th MTH or on the lateral heel had a
significantly higher pressure index (Table 3). Specifically, the feet with
HK in these areas presented an average pressure index range 24.3-44%
higher than those with no such alteration. The mean difference was

Table 1
Anthropometric data.

Variable

Total (n = 400)

Men (n = 201)

Women (n = 199)

Mean =+ SE Range

Mean + SE Range

Mean + SE Range

Age (years) 29 + 10.7 (18-65) 3210 £11.3 25.9 £ 9.1 (18-57)
(18-65)

Height 169.3 £ 9.2 175.1 £ 7.9 163.4 + 6.2
(cm) (149-196) (149-196) (149-186)

Weight 68.3 + 14 (43-130)  76.7 + 13 (50-130)  59.9 + 9.1 (43-100)
(Kg)

BMI (Kg/ 23.7£35 249 £33 223 £33
m?) (17.1-37) (17.1-37) (17.1-35.8)
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Table 2 Table 5
Distribution among FPI groups by gender. Prevalence of hyperkeratosis, by sex.
Group Men (n = 201) Women (n = 199) p Location Men Women P
1Supinated 18 (9%) 7 (3.5%) 0.143 HK Hallux YES 29.9% 28.6% 0.791
Supinated 34 (16.9%) 28 (14.1%) NO 70.1% 71.4%
Neutral 111 (55.2%) 118 (59.3%) HK Lesser toes YES 1.5% 4.0% 0.122
Pronated 30 (14.9%) 39 (19.6%) NO 98.5% 96.0%
1 Pronated 8 (4%) 7 (3.5%) HK 1st MTH YES 25.4% 27.1% 0.689
NO 74.6% 72.9%
HK 2nd MTH YES 17.9% 43.7% <0.001
NO 82.1% 56.3%
Table 3 HK 3rd MTH YES 9.5% 27.6% <0.001
Foot pressure index (PI) in participants with and without hyperkeratosis. NO 90.5% 72.4%
, , HK 4th MTH YES 9.0% 18.1% 0.008
No HK  With HK p Percentage increase of PI NO 91.0% 81.9%
Pressure Index Mean range HK 5th MTH YES 23.4% 37.7% 0.002
NO 76.6% 62.3%
Hallux 187.2 232.7 <0.001 24.3% HK Midfoot YES 0.0% 0.5% 0.498
1st MTH 187.8 236.10 <0.001 25.7% NO 100.0% 99.5%
2nd MTH 180.1  246.4 <0.001  36.8% HK Medial heel YES 4.0% 13.1% 0.001
3rd MTH 189.2 250.3 <0.001 32.2% NO 96.0% 86.9%
5th MTH 1767 254.6 <0.001  44% HK Lateral heel YES 7.5% 14.6% 0.023
Lateral heel 193.9 253.2 0.001 30.5% NO 92.5% 85.4%

HK, Hyperkeratosis; PI, Pressure index; MTH, Metatarsal head.
Mann-Whitney Wilcoxon U test.

32.3% (Table 3).

Of the highly pronated feet, 66.7% presented HK in the hallux, while
32.3% of the supinated feet and 60% of the highly supinated feet pre-
sented it beneath the first MTH. Both groups of supinated feet also
presented a higher prevalence of HK in the third and fifth MTHs and in
the lateral heel (p = 0.039, 0.010 and 0.017 respectively, Table 4). The
images at the top of Table 4 summarizes the pattern of the HK location in
each type of foot based on the FPI.

The female participants presented more HK than the men in the
second, third, fourth and fifth MTHs and in the medial and lateral heel
(Table 5). In the second and third MTHs, 43.7% and 27.6% of the women
presented HK, compared to 17.9% and 9.5% of the men, respectively (p
< 0.001 in both cases).

4. Discussion

The development of HK is a response by the skin to external pressure
or friction, which generally coincides with the location of a bony
prominence. Our study results show that supinated and highly supinated
feet are most subject to HK in general, but especially in the first and/or

Table 4
Presence of hyperkeratosis (%) by foot group.

Type of foot Localitation of hyperkeratosis

1Supinated n 28.0% 60.0% 22.0% 36.0% 16.0%
=25

Supinated n 33.9% 32.3% 29.0% 46.8% 22.6%
=62

Neutral n = 26.2% 24.5% 19.2% 29.7% 9.2%
229

Pronated n = 27.5% 15.9% 13.0% 18.8% 5.8%
69

1Pronated n 66.7% 20.0% 0.0% 20.0% 6.7%
=15

p value 0.018 <0.001 0.039 0.010 0.017

1, Highly; HK, Hyperkeratosis; MTH, Metatarsal head.
Chi-square test (x?).
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HK, Hyperkeratosis; MTH, Metatarsal head.
Chi-square test (x?).

fifth MTH. Highly pronated feet are only associated with the appearance
of HK in the hallux (Table 4).

Some evidence of characteristic plantar pressure patterns has been
identified with specific foot postures. Thus, persons with pes planus (flat
feet) usually present higher values for pressure, force and contact area in
the medial arch, the central forefoot and the hallux, while those with pes
cavus receive greater pressure on the heel and lateral forefoot, and less
pressure, force and contact area on the midfoot and hallux [24,25].
However, studies in this regard do not always use the same technique to
measure foot posture, or standardised protocols for the analysis of
plantar pressure [24,25].

Our data for the distribution of hyperkeratoses according to foot type
and the relationship between HK and plantar pressure strengthen the
theory that elevated plantar pressures are an important risk factor for
the appearance of keratopathies in the foot. Nevertheless, other factors
may also be involved. For example, the differences found regarding
plantar pressure in supinated feet suggest that HK may be related to
factors such as footwear or sports activities [26].

In supinated and highly supinated feet, the centre of pressure is
displaced laterally, causing loads to shift towards the outer edge of the
foot and consequently increasing pressure beneath the fifth MTH [27].
This delays the support of the medial area of the forefoot during the
propulsive period, abruptly transferring the load towards the first MTH,
possibly causing microtrauma and accelerating the process of keratini-
sation. Other morphological factors associated with supinated feet, such
as plantarflexion of the first metatarsal [28], may also influence the
formation of HK.

Pooter et al. [29] reported that foot pressure in persons with HK was
up to 25% higher than in a control group. Similarly, Menz et al. [10]
found that persons with HK on the hallux had a pressure index 12.3%
greater than those in a control group. In our study, pressure index in
participants with HK was 22.4-44% higher than in the control group.

Despite the widespread belief that the removal of HK reduces un-
derlying plantar pressure, neither Pitei et al. [30], Pooter and Pooter
[29] nor Menz et al. [10] observed any differences in plantar pressure
peaks after removing HK, althoug these studies don’t looked at the foot
position. This suggests that there exists a positive feedback between
hyperpressure and the appearance of HK, since it appears in areas of
high pressure, but once formed can act as a foreign body and contribute
to increasing the plantar pressure peak. At present, however, the
threshold values that separate pathological pressure from normal levels
and that could lead to the appearance of HK remain unknown. In our
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study, the participants with keratopathies presented a pressure index
value that was 32.3% higher than in those with no HK. Thus, in podiatry
visits or screenings, the finding of increased pressure values could
indicate the need for treatment to prevent the appearance of associated
skin lesions. As HK is a precursor to a foot ulcer, where 82% of patients
with diabetes are preceded by HK we have therefore a reason to start
with preventative approaches [31,32].

Our study results show that women present a higher prevalence of
HK than men, both in the forefoot and in the heel (Table 5). This seems
not been related with differences in the frequencies of foot position, as
seen in Table 3. This difference between the sexes has been noted in
previous studies [6], and is an evident fact in daily clinical practice. In
men, HKs are most frequently located in the medial forefoot (hallux and
first MTH) and lateral forefoot (fifth MTH), while in women they are
located in the central zone (second and 3rd MTHSs) and under the fifth
MTH. These data are similar to those reported by Pooter et al. [29], who
observed a greater quantity of calluses in the first and fifth MTHs in men
and in the second MTH in women. In our study, the fourth MTH pre-
sented the lowest prevalence of HK, which is consistent with other
studies in this regard. Due to its anatomical structure, the central zone of
the forefoot supports the highest pressure of all the foot groups [33].
This fact, together with the greater foot pressure experienced by women
in general [34], and the use of less physiological footwear, may explain
the greater presence of HK among females [35].

The present study is subject to certain limitations, and the results we
present should be considered with caution. Although the study sample
was large, it contained a high proportion of participants with neutral
feet. In subsequent work in this area, it would be useful to analyse a
balanced sample of all foot types in order to obtain reliable, represen-
tative values in terms of plantar pressure. Also, other factors as footwear
and sports activities that could be important alternative causes of HK
was not controlled in this study. Another question is the cross-sectional
nature of our study design. This enabled us to determine the situation at
a given time. However, long-term follow-up would reveal the evolution
of the participants’ HK status, pressure patterns and any future
symptoms.

5. Conclusions

Foot posture directly influences the appearance of HK, through its
association with plantar pressures. In our study, the participants with
HK presented a mean foot pressure that was 32.3% higher than in those
with no such condition. Therefore, the values obtained in our study can
be considered predictive for the appearance of HK. From this we
conclude that exploratory baropodometric analyses revealing plantar
pressure values exceeding 32.3% should be indicative of the need for
preventive treatment in order to avoid potential subsequent wounds.
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