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Abstract. A noninvasive, quick, reliable, and relatively cheap procedure for the diagnosis of onychomycosis is put
forward. It is known that a nail may show an abnormal appearance, although only 50% of all the nails having such
an appearance may owe it to the presence of onychomycosis; hence, adequate diagnosis of nail disease is needed
for appropriate prescription of medication and treatment of the nail. In order to contribute to the process of improve-
ment in the diagnosis, a procedure based on the analysis of medium-range infrared images is presented in which itis
possible to observe energy changes mostly due to the changes in emissivity of the nail. As a nail is more affected by
onychomycosis, such changes become more intense. Also, it was found that a nail without onychomycosis has
a lower temperature than toe skin, but has a higher emission of energy. Fifty percent of the ailments that may
a cause a fingernail or toenail to have an abnormal appearance are not considered in the present work. © 2013
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1 Introduction

A nail can be unhealthy due to different reasons, but maybe the
best known is fungal infection. It can be present in one or more
nails, and it may begin as a white or yellow spot under the tip
of a fingernail or toenail.'™ As the nail fungus spreads deeper
into the nail, it may cause nail discoloration and thickening, and
development of crumbling edges, an unsightly and potentially
painful problem.*® Such a condition is commonly called
onychomycosis.

Onychomycosis is a chronic infection of the nail plate and
nail bed caused by dermatophytes, yeasts, and nondermatophyte
molds."*” Onychomycosis accounts for approximately 50% of
all nail problems and 30% of all cases of dermatophytosis.
However, it can be said that not all patients with dystrophic
nails have onychomycosis.**!!' Commonly considered as
“just a cosmetic problem,” onychomycosis can lead to serious,
long-term and permanent damage to the digits.'>*> The disease
is approximately 20 times more common in toenails than in
fingernails.">!> Additionally, it is known that patients with
psoriasis, diabetes, and immunosuppression are more prone
to onychomycosis.!?!® Sports activity and age also increase
the risk of onychomycosis.**!! Finally, genetics may be another
factor governing the epidemiology of onychomycosis.”!”
Recurrence, either by re-infection or relapse of a previous infec-
tion, is seen in up to 50% of cases.'®

Smoking and peripheral arterial disease are independent
predictors of onychomycosis infection. Gupta et al.'° found a
significant relationship between patients with peripheral arterial
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disease and onychomycosis. Diabetes is another factor that
promotes prevalence of onychomycosis. Different studies have
shown that diabetic patients with extremity complications are
at least twice as likely to suffer from onychomycosis as normal
individuals.'>'*?* Additionally, in patients suffering from HIV,
it was observed that most of the infections in extremities are
associated with onychomycosis.?’

There are four major clinical presentations of onychomyco-
sis: distal subungual (on the distal cutting edge of the nail),
proximal subungual (just next to the cuticle), superficial
(above the nail), and total dystrophic onychomycosis. Distal
subungual infection is the most common and is subdivided
into distal lateral subungual and subungual onychomycosis.
Both of these conditions begin at the distal section of the nail
and then spread under the nail, infecting the nail bed.'*”
Total dystrophic types of onychomycosis infection involve
the whole nail and can be considered as a combination of all
the types of diseases.”?!

Therefore, a diagnosis of onychomycosis needs to be estab-
lished to select appropriate therapy'’?>* and to avoid the
common problem to prescribe medications for onychomycosis
when it is not present in the nail. Normally, diagnosis can be
achieved by means of direct microscopy, a fungal culture,
and the histological analysis of the nail plate,'”3%?* and
more recently, through the extraction of DNA and the analysis
of its sequence.? Of these, fungal cultures and DNA analysis are
the only methods that will identify the genus and species of the
causative pathogen, which is necessary for the selection of
an antifungal agent."” The clinician should be aware of the
possibility of false-negative results, which occur at a rate of
approximately 5% to 15%.%
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Superficial fungal infections can be easily managed once a
proper diagnosis is made.'” Care should be taken to correctly
identify signs and symptoms of other diseases that clinically
mimic onychomycosis. These include psoriasis (the most
common such disorder), lichen planus, bacterial infections,
contact dermatitis, traumatic onychodystrophies, pachyonychia
congenita, nail bed tumors, yellow-nail syndrome (rare), and
idiopathic onycholysis."*5%

Here, a new diagnostic method based on infrared (IR) images
analysis is proposed, with which it is possible to determine when
a dystrophic nail suffers from onychomycosis, and which offers
advantages such as being a noninvasive, completely innocuous,
fast, and being a low cost procedure. This methodology is very
quick to implement and it only includes the uncovering of the
extremity under study, so that at that moment, a reaffirmation or
dissertation can be made about the presence of onychomycosis
in a dystrophic nail. The procedure allows for making a visual
evaluation on the spot to acquire the image, and then a detailed
evaluation will allow diagnostic verification through digital
image analysis. However, at the moment, the procedure does
not allow one to determine between different dermatophytes,
and its use is only recommended to determine if a nail has ony-
chomycosis or not.

The first approach to diagnosis can be done visually, since
nails showing low energy indicate high probability of the pres-
ence of onychomycosis. Later image analysis consists of com-
puting the differences of emissivity between the nail and the
surrounding skin on the toe, since correlation has been found
between negative differences and the presence of onychomyco-
sis in nails and its grade of affectation.

The main advantage of the proposed procedure is the short
time that is required for diagnosis. It only takes minutes to
confirm whether a dystrophic nail is due to onychomycosis,
and even to validate the degree of affectation of the nail. It
is known that in many hospitals prevention guidelines are in
place to examine patients in search of fungi due to health rea-
sons, because an infected patient may contaminate many others.
In order to prevent such problems, a diagnosis of the patient is
carried out upon his or her arrival to the hospital, but this kind of
diagnosis is time consuming and thus reduces the validity of the
prevention culture. The procedure laid out here requires only
a few minutes to find out whether a patient has onychomycosis
or not, returning to the prevention culture the importance that
it must have.

2 Theory

All bodies emit energy (Egg) through radiation.**3! The type of
radiation depends additionally on wavelength, on temperature,
and emissivity of the body surface. To compute the emissivity,
which is not directly measurable from the body, it is necessary to
calculate or to measure the total energy emitted by a blackbody
(Egp)™ at the same temperature of the body under study, and
then compute the emissivity (¢) using

_ Egg(4,T)

e(d) = Fon(AT) (1)

In this case, the body under study is the nail, and to under-
stand how the energy or heat is produced and then radiated, it is
necessary to know that nutrients, oxygen, and heat are delivered
to the nail by blood in arteries.>> These arteries pass through the
lateral nail fold and then run deep into the dermis. The living
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tissue is fixed to the bone, which contains capillaries and glands
that feed and regulate the temperature of the tissue, so the heat is
conducted to the superficial epidermis, the layer just beneath the
nail bed, which moves forward with the nail plate. Tiny arterial
branches, called capillaries, carry blood to the nail bed dermis
tissue, resulting in its healthy pink appearance, but these
capillaries do not reach into the nail plate. Therefore, the nail
plate receives no blood and its radiated energy corresponds to
transmitted heat from the nail bed by means of conduction
(remember that the nail plate is formed by dead cells).>*

As radiated energy from the nail depends on temperature
and emissivity, problems such as vascular disease can be the
most important variable affecting this emission, since, this dis-
ease affects directly the temperature of the nail, and the temper-
ature of all the extremity and of course, its energies. This causes
the energy received in the detector to be low, as compared to
energy emitted by a nail with normal vasculature.

A dystrophic nail may present altered temperature due to dif-
ferent reasons, such as a separation of the nail bed from the nail
plate, which produces bad heat conduction from one to the other.
In consequence, the nail is only heated through conducted heat
from the cuticle, the eponychum, and the lateral fold. This con-
dition produces lower radiated energy than that of normal nails.
The same thing happens in the free margin or cutting edge of the
nail, since capillaries and tissues are not directly in contact with
this part of the nail. Therefore, distal edge temperature is not
directly controlled by and is lower than that of the nail plate.
A thick nail is another example of low temperature because
the heat is poorly conducted through it and then it presents
low energy.

In addition to temperature alterations, emissivity changes
may appear in the nail. It occurs when a dystrophic nail suffers
from the presence of some conditions such as fungi, which alter
its radiant emission. Skin and nails also have different emissivity
values, and they can be computed to determine some types of
dystrophies.

To compute the emissivities of the nail and surrounding skin,
it is possible to take advantage of Eq. (1) once the corresponding
energies have been computed. Here, we propose to use an IR
camera in the middle range as a detector. This provides a
wide spectral range of detection (commonly from 7 to 14 pm),
and allows computing both energies, nail and blackbody, using
digital image techniques. Those images need to be acquired
using the same parameters in the camera, which are emissivity
adjustments, temperature ranges, and all the parameters
involved in the IR camera used, such as humidity, room temper-
ature, distance from the camera to the body, temperature correc-
tion, and others. Additionally, the blackbody temperature needs
to be set at the same temperature as the nail to ensure that the
emissivity has been correctly computed in the end.

To compute the energy of the nail, skin, and blackbody
through digital IR images, Michel’s equation, that comes from
the general equation to compute energy in a continuum range,
may be used.*®¥” To do this, it is necessary to use a program
that can read the images, allow the selection of a specific area,
and show the corresponding pixel gray levels in that area. With
the gray levels that directly correspond to the intensity level
received for the detector at the moment of its acquisition, it
is possible to compute the energy of that area (E4,.,) using

Eprea = i i [NG(X’ y)]z- (2)

x=1 x=1
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Here, x and y correspond to the axes on the image, n and m are
the limits of these axes’ area, and NG(x, y) is the gray level in
the (x, y) position on the selected area. Once both energies have
been computed, Eq. (1) can be applied and emissivity obtained.

For the procedure proposed above, it was necessary to com-
pute differences of emissivity between nail and skin of the toe.
To quantify the damage of the nail, it was carried out through
the operation emissivity of the nail minus emissivity of the skin
of the toe using

Ae = Enail — Eskin- 3

3 Method

To conduct this study, 141 people between 30 and 75 years old
were recruited, of which 65 were women and 76 were men. 58
were diabetic type II. All of them were randomly invited to par-
ticipate in the study, and once the institutional ethical committee
approval was achieved, the participants signed the informed
consent form.

The inclusion criteria for the participant was that, on the day
the images were acquired, the participant had clean feet without
having used any talc powder, body lotion, petrolatum, or any
other cleaning or cosmetic product (such as nail polish), and
that they had not used antifungal products in the four weeks
prior to their appointment.

3.1 Acquisition of the IR Images

The patient was met at the laboratory and asked to keep his or
her feet uncovered for 20 min to avoid the influence of kind
of shoes and conditions of arrival, so that they adapted to the
environmental conditions of the place. An effort was made to
keep room temperature at 20 £ 1°C. Once the participant had
adapted, he or she was asked to sit straight on the spot
where the cameras had been placed for image acquisition.
Images were taken of both naked feet placed on a plastic tem-
plate (acrylic piece) to avoid direct contact with the floor in
order to prevent excessive heat loss to the floor. To document
the procedure, a digital picture of both feet was taken using
a Samsung ST65 digital camera (Samsung Electronics Co.,
Seoul, South Korea)

For the acquisition of the IR images, two medium-range IR
cameras were used: a FLIR E45 camera (FLIR Systems, Inc.,
Wilsonville, OR), and an SDS Infrared Hotfind LX camera
(SDS Infrared Ltd., Guangzhou, China). The two cameras
were used to comparatively validate the results of the study.
For the FLIR camera, the temperature range was 18 to 38°C,
with a reflected room temperature of 20°C. For the Hotfind cam-
era, the temperature range was 18 to 38°C, sphere temperature
from —20 to 250°C, level 28°C and spam 20°C, and a temper-
ature correction of 0°C. Room temperature for both cameras was
20°C, with a humidity of 60% (it was the average in the
laboratory).Emissivity was 0.95 for both (since that was the
emissivity of the blackbody used as a reference).Both
cameras were set as eight-bit grayscale where the dark levels
represent the lower energies. Regarding the focus for the
cameras, it was adjusted manually to achieve a sharp and well-
focused image at a distance of 60 cm from the participant’s foot.
This distance was determined in such a way that the acquired
imaged allowed the visualization of all toes and toenails, and
they occupied most of the image.
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Once all the images had been taken (IR and conventional),
temperature of the nails, fingertips, and phalanges (on the upper
side, next to the nail, and the instep) was taken using a calibrated
Fluke 541I digital thermometer (Fluke Co., Everett, WA), thus
setting the basis for calculation of the skin and nail emissivities.
In order to calculate the emissivities, the blackbody had to be set
at the same temperature. Therefore, it was necessary to consider
that the thermocouple has a stabilization time of around 1 min,
and it was necessary that all nails and skin of toes wait this time.

For the calculation of emissivities, images of an OMEGA
BB701 (OMEGA Engineering Inc., Stamford, Connecticut)
blackbody were acquired using the same two IR cameras, which
was at the same temperature of the body part under study (nail or
skin), at the same distance, and using the same adjustments with
which the participant images had been taken.

3.2 Procedure of Microbiological Analysis Laboratory

After having acquired the IR images, digital pictures, and tem-
peratures, a nail biopsy was taken following the conventional
procedure of any microbiological analysis lab. The nail that
showed clinical signs of onychomycosis was chosen, lightly
disinfected with alcohol on gauze and then scraped from center
to edge, crossing the lesion margin, using a sterile scalpel blade.
The sample taken was then deposited into a Petri dish to be later
used for a culture and analyzed by direct microscopy. It is
important to first take the images, then immediately measure
the temperature with the contact thermometer, and finally do
the nail scraping, so that the emission conditions of the nail
are not altered by the procedure.

To validate the methodology proposed here, the sample was
inspected under a microscope to search for the presence of
hyphae, which are characteristic shapes of dermatophytes at
advanced stages that can be seen under a microscope. Once it
was documented whether the sample had hyphae or not, a
traditional fungal culture of the sample was made, which on
average takes 4 weeks. This culture was carried out by two
clinical analysis laboratories in order to reduce the percentage
of false negative results.

Once the study protocol was finished for all participants,
images were processed and analyzed, the participant and black-
body image energies had been calculated, and emissivities and
their differences were obtained.

4 Results

It was found that the use of IR procedures to diagnose onycho-
mycosis allows evaluating the condition of a nail in two ways.
First, it has been found that nails that suffer from onychomyco-
sis emit less energy than nails that are free of it, and as the
ailment progresses, this energy emission decreases even more.
Consequently, if the detector is used to measure the energy in
an IR camera, such a decrease in energy will be seen in an
image.The computed emissivity differences also allow a quan-
titative evaluation of the damage caused by onychomycosis.
For the configuration of the IR cameras used in this study, it
was chosen that the lowest energy levels be represented by lower
gray levels and the darker areas in the image correspond to zones
having less energy (the used scale was 0 to 255 gray levels, thus,
level 255 corresponds to maximum energy). An example of this
is shown in Fig. 1. In such an image, feet of six different par-
ticipants having nails with Trichophyton rubrum are presented
as nails with dark zones. It was observed that such darkness on
the nail is independent of foot vascularity. Since it is assumed
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Fig. 1 Infrared (IR) images of nails with onychomycosis (from top to bot-
tom and left to right): the first five correspond to diabetic participants
and the last is not a diabetic participant.

that darker feet have less blood flow than those showing higher
brightness, those dark feet correspond to diabetic people with
peripheral artery disease (two upper right images).

A quick qualitative evaluation of the nail condition can be
attained with the naked eye. A nail or a portion of it that appears
to be darker than the corresponding toe or than other areas of the
nail itself, evidences a high probability of suffering from ony-
chomycosis. An example of this is shown in Fig. 2, in which the

r‘
|

Fig. 2 Onychomycosis is in the hallux. Upper images are the IR images
and the bottom ones are corresponding photographs for a diabetic
participant.
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Fig. 3 IR images of nails without onychomycosis (from top to bottom
and left to right), images one and five correspond to nondiabetic par-
ticipants, three is a diabetic participant with peripheral artery disease,
and the right column corresponds to diabetic participants without
onychomycosis.

photographs show the evidence of a dystrophic nail in the hallux
(big toe) of both feet, and low energy is observed in the IR
images. This is indicative of the presence of onychomycosis,
which was corroborated by means of positive fungal culture
developed in both toes for T. rubrum.

An example of feet of some participants that had nails with-
out onychomycosis is shown in Fig. 3. In these IR images, it is
possible to see nails with the same or more radiant energy than
the skin of toes, which were found to be an indication of the
absence of onychomycosis. This higher energy emitted for
the nail, in spite of its lower temperature than skin, is due to
the higher emissivity of the nail. Again, the vascularity of the
feet (directly responsible for the energy of the foot) does not
affect the evaluation because the presence of onychomycosis
can be evaluated comparatively with other sections of the
same limb of the participant and darkening of the nail is com-
pared to the same toe of the participant, thus some toes may be
less energetic than others, but this does not affect the evaluation,
as is the case in the left central image of a diabetic participant
that is shown in Fig. 3.

Healthy nails of diabetic and nondiabetic participants with-
out any visible dystrophies, were always found to be more ener-
getic than the surrounding skin. An example of this is shown in
Fig. 4, in which the nails emit more energy than the toes.

Some cases may present a nail that looks dystrophic to the
naked eye, but when it is analyzed using IR images, it appears as
a nail without onychomycosis.An example of this is shown in
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Fig. 4 Nails without onychomycosis in a nondiabetic participant.

Fig. 5 Dystrophic nails without onychomycosis in a diabetic
participant.

Fig. 5. All the cases considered in this study were corroborated
through fungal cultures and direct microscopy.

It was found that long nails may generate confusion when
making the diagnosis, since the end of the nail’s edge presents
a lower temperature than the nail plate, and in consequence, it
emits lower energy. It is important that the nail be short to make
a correct diagnosis. An example of this case is shown in Fig. 6,
in which is presented a case where a participant arrived with

Fig. 6 End edge of the nails emit lower energy, which may be confused
with onychomycosis.
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long nails, but without any dystrophy. He was invited to cut
his nails and after having waited around 20 min, he was re-
examined.

Visual assessment of onychomycosis through IR images may
be affected by the subjectivity and ability of the evaluator at the
time of assessing the case. To avoid this, it is recommended that
additional to the first visual assessment through IR images, the
energies and emissivities of the nail and the adjacent skin are
also evaluated.

Since emissivity is dependent on temperature which nor-
mally varies between individuals and between fingers or toes,
the emissivity of the nail is directly affected. High variation
was found to exist in toe and toenail temperature from person
to person. The average toes’ temperature of the participants was
found to be 28.34 £ 3.32°C with a range from 22.0 to 36.3°C.
For participants without diabetes, it was 30.48 4+ 2.57°C, and for
diabetic participants, it was 27.25 + 4.13°C. Toenail tempera-
ture average was 26.47 + 2.41°C with a range from 21.7 to
34.1°C in nondiabetic participants 29.31 £ 1.99°C and in dia-
betic people it was 25.19 4 2.86°C. Due to this, high variation
on temperature was not possible to find a correlation between
onychomycosis and nail emissivity.

Thus, in order to make a good diagnosis, it was decided to
calculate the differences in emissivity between the nail and the
skin right next to it in the same patient, and that this difference in
emissivity would be used as an indicator of the presence or
absence of onychomycosis. This threw good correlation.

Considering the difference in emissivity between nail and toe
in the same individual (nail emissivity minus toe emissivity),
a good correlation was found between these differences and
the presence of onychomycosis. The graphs shown in Figs. 7
and 8 present these computed differences in emissivity for
each foot. The first graph (Fig. 7) corresponds to the presence
of onychomycosis, and then to the absence of it (Fig. 8) among
the group of patients who took part in the study.

Having analyzed the experimental data, an adjustment was
carried out to have two distribution curves, and it was found
that it is possible to statistically distinguish the two groups of
participants. That is, two data distributions that include (sepa-
rately) participants with onychomycosis and those who do
not suffer from it were obtained, and it was corroborated that
the participants with onychomycosis were correctly grouped
with those diagnosed with direct microscopy and positive cul-
ture. That is, those participants with onychomycosis were clas-
sified in the relevant group. These two distribution curves are
shown in Fig. 9.

An analysis of temperature showed that there is sufficient
statistical evidence to support that means of nails’ temperatures
of participants with onychomycosis and without it are different.
A statistical test was developed to determine if the mean of nail
temperature in participants with onychomycosis was lower than
the mean of nail temperature in participants without onychomy-
cosis. The statistical test produced sufficient evidence to assev-
erate that temperature in a nail with onychomycosis is lower
than the temperature of a nail without onychomycosis (with a
p value of 0.015). To develop this test, it was considered
that the mean temperature of nails with onychomycosis was
25.59°C with a standard deviation of 2.12, while the mean tem-
perature of nails without onychomycosis was 27.64°C with a
standard deviation of 2.42.

Additionally, it was verified that there was a difference
between the mean temperature of toenails and of toes in the
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participants, because the emissivity differences are computed
from these two parts. It was found that in participants with ony-
chomycosis did not have statistical difference between means of
nail temperature and of toe temperature (mean temperature of
toe was 25.95°C with standard deviation of 2.26), and in partic-
ipants without onychomycosis, enough evidence was found
to support that a nail without onychomycosis has a lower tem-
perature than toe temperature (mean temperature of toe was
29.09°C with standard deviation of 3.16). This also supported
the asseveration that a nail with onychomycosis has a lower tem-
perature than one without it.

Additionally, it was found that nail temperature is lower than
the temperature at distal part of the toes, but statistically equal to
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that of the tips of the toes (p = 0.0001), and that in the case of
healthy nails, the increment in the energy of the nail with
respect to the toe observed in the IR images is due to a higher
emissivity.

The energy of healthy nail was found higher than the energy
of toe skin, even when skin temperature is higher than nail tem-
perature. This is indicative that the emissivity of the nail is
higher than the emissivity of the skin. A nail without onycho-
mycosis has a lower temperature than toe skin, but has a higher
emission of energy. This high emission is due to higher emis-
sivity of the nail. However, when the nail is affected by onycho-
mycosis, two processes are presented; a diminishing in the
emissivity of the nail, and also a diminishing in the temperature
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of the nail, both of which contribute to a decrease the energy of
the nail.

5 Discussion

Applying the suggested diagnostic method, some considerations
have to be taken into account to reduce the probability of false
positive cases. For example, in the cases where there are clin-
ically damaged nails (dystrophic nail) which, due to blood cir-
culation problems, also look darker (less energized) to the naked
eye, it is advisable to obtain the difference in emissivities
between the nail and the tip of the toes, since if there is periph-
eral arterial disease, the energy of the toes is diminished by
the decrease in temperature, and the same happens to the tem-
perature of the nail. This causes a confusion to the naked eye,
but not to the difference of emissivities. Another situation to
consider is detachment of the nails not caused by onychomyco-
sis. A first visual examination has to be done to discard this
situation.

False positives in our test will be those cases where the
calculated difference in emissivities turns out to be negative,
indicating the presence of onychomycosis when there is actually
no such thing. This may be due to a detachment of the nail plate
because of some other reason, or to a different case of nail
dystrophy. The mistake can be fully made if a nail anomaly is
detected visually, which might contribute to a false positive.
However, if the nail looks fine to the naked eye, the presence
of onychomycosis can be then discarded.

The false negative cases will be those in which there is
onychomycosis, and that neither in the IR images nor in the

Journal of Biomedical Optics

116005-7

calculation of differences in emissivity can one detect the pres-
ence of onychomycosis. However, in the present work, it was
not possible to make such cases evident.

A good diagnosis of onychomycosis through the method
suggested in this work must include the following considera-
tions: the nail is to be free of any kind of ointment, body lotion,
make-up, or any other substance that might modify the nail
emissivity in a superficial manner, so that if a decrease in emis-
sivity is detected, it can be linked to onychomycosis. Also, the
nail must be well trimmed, and there should be no detachment of
any kind from the skin. If there were energy reduction in a nail
that is too long or somehow detached, the decrease might be
attributed to a decrease in nail temperature, and not to a change
in emissivity caused by onychomycosis.

Like in other diagnoses, it is suggested to carry out the two
tests for onychomycosis, direct microscopy and culture of a
sample of the nail, to make sure whether it is present or not.
Here, it is suggested to carry out, in addition to IR analysis,
a complementary test to determine the type of dermatophyte
present in the nail.

All positive cases of onychomycosis considered here were
corroborated by positive fungal culture, but unfortunately all
presented 7. rubrum as dermatophyte in the nail. Results
shows that IR images’ evaluation is a good tool to diagnose
onychomycosis. However, more research is needed to evaluate
the possibility of using the same technology for discrimination
of different kind of fungus affecting a nail.

6 Conclusions

Dystrophic nails of the participants, which were corroborated
with positive fungal culture and/or hyphae by direct microscopy
to suffer onychomycosis showed low energy emission. This
energy decrease is mostly due to a diminution on the nail
emissivity.

It was found that nails with lower energy than adjacent skin
have a very high possibility of suffering from onychomycosis,
and nails with higher energy than adjacent skin have a very low
possibility of suffer onychomycosis in people with diabetes and
without it.

Darker areas on the nail are indicative of onychomycosis.
It can be seen with a naked eye on the IR image and can be
corroborated through calculating the differences of emissivity
through the IR image.

The procedure described herein offers an advantage that is
hard to match by the methods currently in use for the diagnosis
of the ailment, since it is a completely noninvasive method, lead-
ing to a higher prevention of contagion, to the avoidance of
the susceptibility of a culture and of its contamination, and
to a much faster response time and a relatively low cost.

In this work, it was correlated to the use of IR techniques in
the diagnosis of onychomycosis, which is most frequently
caused by dermophyte fungi. However, there are other factors
whose behavior is still to be studied, and which also damage
nails and correspond to the other percentages that were left
out of this work, such as yeasts, which are known to have differ-
ent epidemiologies and etiologies.
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