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Background: Plantar warts caused by the human papilloma virus (HPV) are one of the most frequent pathologies in podiatry.
Diagnosis is usually limited to the clinical presentation of the lesion. Biopsy and polymerase chain reaction (PCR) are expensive
and can be difcult to access. However, the dermatoscope is a noninvasive tool that covers the gap between microscopic and
macroscopic diagnosis.
Objective: Tis study compares the efectiveness of diagnosis of plantar warts using a dermatoscope versus visual clinical signs.
Methods: Te study evaluated 25 patients with suspected HPV plantar warts by visual or dermatoscopic signs. Upon clinical
suspicion of HPV, a sample was taken for PCR analysis. A dermatoscopic image of the plantar wart was collected, and the
characteristic clinical signs were evaluated, including the discontinuity of dermatoglyphs, hemorrhagic dots, reddish linear vessels,
verruciform surface and frog-spawn appearance.
Results: All 25 patients showed positive results in molecular testing. Dermatoscopic fndings compatible with HPV were obtained
for 100% (25/25) of patients, while clinical signs were observed in 84% (21/25). Te most common fnding was the alteration of
dermatoglyphs, which was present in all patients at the dermoscopic level. Te sensitivity of the dermatoscope was 100% and
identical to that of PCR.
Conclusion:Te dermatoscope appears to be a useful, noninvasive and rapid tool for clinical use in the diagnosis of plantar
warts.
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1. Introduction

Plantar warts are benign tumours that are caused by in-
fection of the epidermal cells by human papilloma virus
(HPV) [1]. Plantar warts have an annual incidence of 14%
[2], and 2% of the population seeks medical attention for the
condition due to pain, limitations in daily activity and sport,
aesthetic reasons and prevention of infection in other parts
of the body [1, 3]. Diagnosis is primarily clinical, and fre-
quent clinical signs include hyperkeratosis due to

proliferation of mutated foot cells, thrombosed capillaries,
hemorrhagic dots upon delamination of hyperkeratosis and
loss of normal dermatoglyphs. Pain on lateromedial com-
pression of the plantar wart is also common [3, 4]. However,
these lesions can be misdiagnosed as hyperkeratosis, mol-
luscum contagiosum, warty carcinoma, angiokeratoma and
other lesions [2].

In 2022, Aldana et al. [5] surveyed 415 podiatrists in Spain
and assessed how many of them performed complementary
tests for to confrm the diagnosis plantar warts.Tey found that
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85.5% of the respondents did not consider complementary tests
necessary. When comparing various pathologies, 76.6% of
respondentsmade false-positive diagnoses of plantar warts, and
in the absence of complementary tests, treatment would
generally be painful for the patient.

Diagnosis of plantar warts can be made by polymerase
chain reaction (PCR) analysis of hyperkeratosis scales or
biopsy, which is considered the gold standard [4, 6].
However, this type of testing has several drawbacks, in-
cluding invasiveness, additional costs and lack of means of
sample processing. In this context, dermoscopy could be
a noninvasive and rapid alternative for diagnosis [7, 8].
Previous authors have described the dermoscopic signs of
plantar warts, but none have assessed the diagnostic per-
formance of dermatoscopy [7–11].Temain objective of this
study was to compare the clinical and dermoscopic fndings
of suspected plantar warts. Te secondary objectives were to
determine the risk factors presented by patients with sus-
pected plantar warts, the warts’ characteristics, the preva-
lence of diferent clinical or dermatoscopic signs of warts
caused by HPV and the genotypes.

2. Materials and Methods

2.1. Patients and Sample. Tis study was conducted in ac-
cordance with the Declaration of Helsinki and national
legislation on patient research [9]. Te protocol was ap-
proved by the ethics committee of the Hospital Cĺınico San
Carlos (23/473-E). All patients gave informed consent before
the start of the study. A descriptive cross-sectional study was
performed with patients suspected of having plantar warts,
who were consecutively recruited following the STARD
criteria used in diagnostic accuracy studies [12].Te patients
were evaluated in a clinic specialising in the management of
plantar warts from July 2023 to July 2024.

Te inclusion criteria for the study were patients older
than 5 years with clinical or dermatoscopic signs of plantar
warts. Tis age was determined based on the clinical pro-
tocol, in which all patients with clinical or dermatoscopic
signs undergo PCR testing of scalpel scrapings of the hy-
perkeratosis to confrm the diagnosis and genotype of HPV.
Patients were excluded if there was bleeding upon de-
lamination of the most superfcial hyperkeratosis, which
would have prevented the correct assessment of the lesions
with a dermatoscope.

2.2.Dermatoscopic Findings, Clinical Signs andConfrmation.
When a plantar wart was suspected, the most superfcial
hyperkeratosis was removed for evaluation of the clinical
signs and assessment with a dermatoscope. Te assessment of
the plantar wart, dermoscopic diagnosis and specimen col-
lection were always performed by the same clinician, who is
experienced in the management of plantar warts. Te clinical
signs evaluated were the same as those evaluated with the
Illuco IDS-100 dermatoscope (Gyeonggi-do, Republic of
Korea) at standard x10 magnifcation and polarised light:
discontinuity of dermatoglyphs, hemorrhagic dots, reddish

linear vessels, verruciform surface and frog shrimp appear-
ance (Figure 1). Plantar warts caused byHPVwere considered
to be present when observed dermatoscopically or visually.

Te presence of pain upon mediolateral compression
was also assessed but was not recorded as a positive sign of
plantar warts caused by HPV. After dermoscopic imaging,
a sample was taken in an Eppendorf tube by deep scraping of
the hyperkeratosis for PCR analysis to confrm the presence
of a plantar wart. Te more superfcial hyperkeratosis was
discarded. PCR and HPV genotyping were performed using
the methods reported by Garćıa-Oreja et al. [4].

Samples were processed within 24 h of collection. Ge-
nomic DNA was extracted from the scales of deep hyper-
keratosis layers using the NZY Tissue gDNA Isolation kit
(NZYTech), according to the manufacturer’s instructions,
after 5 h of sample prelysis at 56°C [4].

DNA concentration was quantifed after extraction at
260 nm using a Nanodrop 2000 spectrophotometer. Te
purity was determined by absorbance ratio 260 nm/
280 nm [4].

HPV DNA amplifcation (100 ng of DNA) was per-
formed using a multiplex PCR reaction or by nested PCR
(Mastercycler Nexus GSX1) using the NZYTaq II 2x Green
Master Mix (NZYTech). Multiplex PCR was performed for
detecting and typing HPVs that are related to verrucae
vulgaris (HPV1, 2, 27 and 57) using the specifc primers and
conditions that were proposed by Lei et al. [13] Te nested
PCR was performed using the primers and conditions that
were previously described by Forslund et al. [14] for DNA
samples that were not amplifed in the multiplex PCR fol-
lowed by sequencing for HPV typing. Positive and negative
controls were included in every amplifcation cycle. Am-
plifcation of the β-globin gene using primers PC04 and
GH20 was used as internal control to assess the integrity of
human DNA. A 286-bp amplifcation was considered pos-
itive and adequate to the sample quantity for HPV detection.
All samples, including HPV negative samples, resulted
positive for β-globin test [4].

In any case, DNA was extracted again, and the ampli-
fcation was repeated for HPV negative samples and samples
with a nontypeable HPV. Te PCR products were purifed
using a NZYGelpure PCR purifcation kit (NZYTech) and
sequenced with the Sangermethod with a BigDye terminator
v3.1cycle sequencing kit (Applied Biosystems) using the
nested PCR primers and an ABI 3730 XL genetic analyser
(Applied Biosystems). Sequences were analysed using Se-
quencing Analysis software v.5.1 (Applied Biosystems), and
the HPV sequence alignment was determined through
comparison with known sequences in the GenBank database
using BLASTn software (https://blast.ncbi.nlm.nih.gov/) [4].

2.3. Statistical Analysis. Statistical analyses were performed
using SPSS for Windows Version 25.0 (SPSS Inc.). Te
results are presented using tables and graphs, and quanti-
tative variables are presented as means. Te Shapiro–Wilk
test was performed to determine the sample distribution,
and p> 0.05 was obtained, so parametric tests were used.
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Qualitative variables were represented as frequencies and
percentages, and the chi-squared test was used to compare
them. Epidat v3.1 (Galicia, Spain) was used to determine the
sensitivity and specifcity of dermoscopy and visual clinical
signs with respect to PCR. A sample size calculation was
performed online with the GRANMO calculator Version
7.12 (Institut Municipal d’Investigació Mèdica, Barcelona,
Spain). Te result was 46 samples with a statistical power of
0.80 and alpha of 0.05.

3. Results

A total of 25 patients were examined in this study. Teir
mean age was 46.72± 23.58 years, 36% (9/25) of the patients
were men and 64% (16/25) were women. Te mean body
mass index was 25.05± 4.17. Te risk factors for plantar
warts are shown in Table 1, and their characteristics are
shown in Table 2. Te most common sign was loss of
dermatoglyphs in both visual fndings (n� 21) and derma-
toscopic fndings (n� 25), which was found in all lesions
with dermatoscopy. Te frequency of the other clinical signs
is shown in Table 3.

Statistically signifcant diferences were observed with
the use of the dermatoscope and visually found clinical
signs in hemorrhagic dots (p< 0.01), verruciform surface
(p< 0.001) and frog spawning pattern (p< 0.001). Fur-
thermore, 80% (n � 20) had pain upon mediolateral
compression. Te results of genotyping obtained from the
samples collected for PCR are shown in Table 4. Mixed
HPV genotyping was obtained in six cases with the fol-
lowing biotypes: 2-57, 1-2, 1-27, 2-57, 1-27 and 2-27. A
cross table between diagnoses of plantar warts through
PCR versus clinical signs and dermatoscopy was obtained,
and the result showed a sensitivity of 100% for the der-
matoscope versus PCR, while clinical signs had only 84%
sensitivity (Table 5).

4. Discussion

In this study, we observed that the prevalence of all
clinical signs of plantar warts was higher when using the
dermatoscope versus visual diagnosis. Aldana et al. [5]
found that podiatrists used complementary tests in-
frequently, and only 12.7% of clinicians considered
a complementary test necessary before treating lesions.
Clinicians who used additional testing had a preference
for excisional biopsy, which was three times more com-
mon than molecular testing. Both tests involve additional
cost and are invasive, and not all podiatrists have the
means to perform them.

All 25 of the patients with suspected plantar warts had
positive PCR and dermoscopic results, while only 21 patients
showed visual clinical signs, indicating that the dermatoscope
had a higher diagnosis rates than visual diagnosis. Patil et al. [7]
did a dermoscopic comparison of plantar warts before removal
of superfcial hyperkeratosis and after, and the results showed
that there was an increase in the prevalence of all dermoscopic
signs with removal. Based on this, our study analysed plantar
warts after removal of the more superfcial hyperkeratosis,
which would provide a more accurate diagnosis.

Alteration of the dermatoglyph pattern was observed in
all plantar warts evaluated through the dermatoscope. All
other fndings were present to a lesser extent, as reported
previously [7, 8]. Many clinicians consider mediolateral
compression of the plantar wart to be pathognomonic, but as
we observed in the present study, 20% (n� 5) of patients
have no pain when performing this manoeuvre [3, 4]. Other
studies have used dermatoscopes for clinical follow-up and
for clinical discharge after interventions in cases with no
clinical signs [9–11, 15].

In regard to risk factors, most of our samples were
women, as described in previous studies. Furthermore, 28%
had a history of plantar warts, which was the most important

(a) (b) (c)

Figure 1: Images made with Illuco IDS-100 dermatoscopy with standard ×10 magnifcation and polarized light. (a) Image of plantar wart
showing a frogspawn pattern, loss of dermatoglyphs and hemorrhagic dots under dermatoscopy. (b) Image of plantar wart showing
dermatoscopic alteration of dermatoglyphs and hemorrhagic dots. (c) Dermatoscopy image of plantar wart showing verruciform surface,
alteration of dermatoglyphs and hemorrhagic dots.
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risk factor. Excessive sweating was also reported by 36%,
which promotes the formation of breaks in the foot [2]. Te
most prevalent HPV genotypes were biotypes 1 and 2, as
described in previous studies [6].

Te main strength of the present study was that to our
knowledge, it is the frst to compare the use of a dermato-
scope with clinical signs. In addition, it is the only study that
has compared both techniques with molecular testing.

Table 1: Variables of risk characteristics presented by individuals’ plantar warts.

Variable Frequency Percentage (%)
Water sports 5 20
Use of occlusive footwear 8 32
Plantar hyperhidrosis 9 36
History of plantar wart 7 28

Table 2: Characteristics of patients’ plantar warts.

Evolution of the plantar
wart Frequency Percentage (%)

< 6months 12 48
Between 6months and 1 year 4 16
More than 1 year 9 36
Plantar wart area Frequency Percentage (%)
Plantar area of forefoot 20 80
Periungual or distal area of the toes 4 16
Heel 1 4
Type of plantar wart Frequency Percentage (%)
Endophytic 18 72
Exophytic 3 12
Mosaic 4 16

Table 3: Visual and dermatoscopic fndings of patients’ plantar warts.

Clinical sign diagnosis Dermatoscopic signs
Loss of dermatoglyphs 21 (84%) 25 (100%)
Hemorrhagic dots 9 (36%) 15 (60%)
Reddish linear vessels 0 (0%) 5 (20%)
Verruciform surface 5 (20%) 7 (28%)
Frog spawning pattern appearance 2 (8%) 3 (12%)

Table 4: Biotypes found in PCR genotyping of patients.

HPV biotypes Frequency Percentage (%)
HPV biotype 1 6 24
HPV biotype 2 4 16
HPV biotype 14 1 4
HPV biotype 27 4 16
HPV biotype 57 4 16
Mixed HPV 6 24

Table 5: Positive and negative diagnosis of PCR versus dermatoscopy and clinical signs.

PCR diagnosis
Positive Negative

Dermatoscopic diagnosis Positive 25 0
Negative 0 0

Clinical sign diagnosis Positive 21 0
Negative 4 0

Dermatoscope sensitivity 100% Clinical sign sensitivity 84%
Note: Sensitivity of the dermatoscope and visual clinical signs with respect to PCR.
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However, one of its limitations is that it was not possible to
determine the negative predictive value and specifcity with
dermoscopy versus CRP because all patients were positive
according to the molecular tests. Only patients with clinical
or dermatoscopic signs of suspected plantar warts were
included, so there was a selection bias that prevented cal-
culation of the negative predictive value and specifcity. In
future studies, the method used by Garcia-Oreja et al. [4]
with a swab on patients with healthy skin and the derma-
toscope could be applied to determine the diagnosis accu-
racy of the dermatoscope.

Another limitation is that the same clinician performed
all the dermatoscopic studies, which could have resulted in
bias in regard to the interobserver reliability. Terefore,
a future study could be conducted to determine the in-
terobserver reliability. Finally, the calculated sample size was
not reached, so this study could be considered as a pilot
study, and future studies could example larger samples to
reach the calculated result.

In conclusion, the dermatoscope appears to be a useful,
noninvasive and simple tool that increases detection rates of
plantar warts caused by HPV with a sensitivity of 100%
compared with PCR.
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draft. Sara Garćıa-Oreja: conceptualisation; methodology;
software; validation; formal analysis; investigation; and
writing–original draft. David Navarro-Pérez: con-
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