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GRAU EN OPTICA I OPTOMETRIA 

MORPHOLOGICAL ANALYSIS FOR IMPROVING CLINICAL 
DIAGNOSIS OF SKIN CANCER

RESUM 

Actualment, el diagnòstic del càncer de pell es realitza de forma visual; un 
especialista examina la lesió i els seus canvis mitjançant inspecció directa 
o fent servir un dermatoscopi. Si la lesió es considera sospitosa, s'ha
d'extreure quirúrgicament per realitzar-ne la histologia i confirmar-ne el
diagnòstic. Això comporta una elevada despesa hospitalaria, a part de ser
un procés llarg i invasiu. En conseqüència, el principal objectiu d'aquest
treball és estudiar si mitjançant tecnologia 3D i el posterior anàlisi
morfològic de les lesions, es pot millorar el diagnòstic del càncer de pell.
Amb aquesta finalitat, es van processar diferents lesions mesurades
mitjançant un equip que incorporava tecnologia 3D en dos hospitals:
l'Hospital Clínic i Provincial de Barcelona (Barcelona, Espanya) i la
Università degli Studi di Modena e Reggio Emilia (Mòdena, Itàlia). En
concret es van estudiar 608 lesions amb els següents diagnòstics: nevus,
melanomes, carcinomes de cèl·lules basals, carcinomes de cèl·lules
escamoses, queratosis seborreica i altres lesions benignes com
angiomes, dermatofibromes i queratosis actínica. D'aquestes lesions es
van obtenir diversos paràmetres com ara el volum, àrea, perímetre i altres
valors de rugositat que, posteriorment, es van analitzar estadísticament.  
D'acord als resultats obtinguts, hi ha diferències estadísticament
significatives entre melanomes i nevus en termes de paràmetres d'àrea,
volum i perímetre. Per tant, el sistema pot ajudar a millorar el diagnòstic
del càncer de pell de forma no invasiva, especialment en el cas del
melanoma que és el tipus més agressiu.
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MORPHOLOGICAL ANALYSIS FOR IMPROVING CLINICAL 
DIAGNOSIS OF SKIN CANCER

ABSTRACT 

Nowadays, the diagnosis of skin cancer is made though visual inspection; 
a specialist examines the lesion and its changes by naked eye inspection 
or by using a dermatoscope. If the lesion is considered to be suspicious, it 
is excised surgically to perform its histology and confirm the diagnostic. 
This entails high hospital expenses, apart from being a long and invasive 
process. Consequently, the main objective of this work is to study whether 
through 3D technology and the subsequent morphological analysis of the 
lesions, the diagnosis of skin cancer can be improved. With this goal, 
different lesions were measured using a system that incorporated 3D 
technology at two hospitals: the Hospital Clínic i Provincial de Barcelona 
(Barcelona, Spain) and the Università degli Studi di Modena e Reggio 
Emilia (Modena, Italy). In particular, 608 lesions were studied including the 
following diagnostics: nevus, melanomas, basal cell carcinomas, 
squamous cell carcinomas, seborrheic keratosis, and other benign lesions 
such as angiomas, dermatofibromas and actinic keratosis. From these 
lesions, several parameters were obtained, such as the volume, area, 
perimeter and other roughness values, which were subsequently analyzed 
statistically. According to the results obtained, there are statistically 
significant differences between melanomas and nevi in terms of the 
parameters of area, volume and perimeter. Thus, the system can help to 
improve the diagnosis of skin cancer in a non-invasive way, especially in 
the case of melanoma that is the most aggressive type.  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MORPHOLOGICAL ANALYSIS FOR IMPROVING CLINICAL 
DIAGNOSIS OF SKIN CANCER

RESUMEN 

Actualmente, el diagnóstico del cáncer de piel se realiza de forma visual; 
un especialista examina la lesión y sus cambios mediante inspección 
directa o utilizando un dermatoscopio. Si la lesión se considera 
sospechosa, se debe extraer quirúrgicamente para realizar su histología y 
confirmar el diagnóstico. Esto conlleva un elevado gasto hospitalario, a 
parte de ser un proceso largo e invasivo. En consecuencia, el principal 
objetivo de este trabajo es estudiar si mediante tecnología 3D y el 
posterior análisis morfológico de las lesiones, se puede mejorar el 
diagnóstico del cáncer de piel. Para ello, se procesaron diferentes 
lesiones medidas mediante un equipo que incorporaba tecnología 3D en 
dos hospitales: el Hospital Clínico y Provincial de Barcelona (Barcelona, 
España) y la Università degli Studi di Modena e Reggio Emilia (Módena, 
Italia). En concreto se estudiaron 608 lesiones que incluían los siguientes 
diagnósticos: nevus, melanomas, carcinomas de células basales, 
carcinomas de células escamosas, queratosis seborreica y otras lesiones 
benignas como angiomas, dermatofibromas y queratosis actínica. De 
estas lesiones se obtuvieron varios parámetros tales como el volumen, 
área, perímetro y otros valores de rugosidad que, posteriormente, se 
analizaron estadísticamente. De acuerdo a los resultados obtenidos 
existen diferencias estadísticamente significativas entre melanomas y 
nevus en términos de los parámetros de área, volumen y perímetro. Por 
lo tanto, el sistema puede ayudar a mejorar el diagnóstico del cáncer de 
piel de forma no invasiva, especialmente en el caso del melanoma que es 
el tipo más agresivo. 
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MORPHOLOGICAL ANALYSIS FOR IMPROVING CLINICAL 
DIAGNOSIS OF SKIN CANCER

RESUM EXTENS 

INTRODUCTION 
Skin cancer is an abnormal growth of skin cells and it is the most common 
human malignancy. Melanoma, which is one of the most aggressive skin cancer 
causing the greatest number of deaths, is one of the most rapidly increasing 
cancers in the world. In recent decades, more people have had skin cancer 
than all other cancers combined. Nevertheless, the 5 years survival rate for 
people with skin cancers can significantly improve if detected and treated early. 
For these reasons, the early diagnosis of skin cancer is very important.  
Skin cancer is primarily diagnosed visually (a specialist examines the lesion 
changes to determine if these are likely to be a cancer or not) through direct 
inspection or using a dermoscope. The rule to inspect skin lesions through 
dermoscopy is the ABCDE, which outlines warning signs of the most common 
type of melanoma: A is for asymmetry, B is for border irregularity, C is for color, 
D is for the diameter and E for its evolution. However, the drawback of 
dermatoscopy is that it requires considerable training of the dermatologist in the 
interpretation of what it is seen. Unless the clinical exams draw firm 
conclusions, a skin biopsy is later required. A biopsy is effective, it determines if 
there are cancerous cells in a lesion and of which kind are they. A specialist in 
histology is needed as well, for treating the sample and identifying through his/
her knowledge and experience what is wrong under the microscope. All these 
steps make it an expensive and long process. In this study, the outcomes of the 
3D technology system included in a custom made multiphotonic platform with 
which a clinical study was conducted at two hospitals are analyzed and 
compared among skin cancer lesions of different etiology. The goal is to further 
investigate about the 3D morphological differences to clinically improve the 
detection of skin cancer. 
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METHODS AND MATERIALS 
Multiphotonic platform and 3D system 
A medical cart that integrates 4 photonic prototypes was developed at the CD6 
for the diagnosis of skin cancer in the framework of the EU DIAGNOPTICS 
Project "Diagnosis of skin cancer using optics". One of them was a handheld 3D 
scanner prototype, based on a combination of two technologies: stereovision 
and structured light projection. 
Processing of the lesions and computation of morphological parameters. 
The Mountains Map Universal® software was used for processing the lesions, 
which included the removal of the tilt of a measure due to the fact that many of 
them were not strictly parallel to the skin surface, and the application of a zoom 
to remove the areas around the lesion and choose only the Region Of Interest 
(ROI). The unmeasured dots on the surface — since they had values out of the 
measurement range of the camera — were also filled with values of the 
neighboring pixels. Finally, the software also removed horizontal frequencies 
that corresponded to artifacts due to the patient's breathing, pulse or 
movement. The manual selection of the perimeter was performed later from the 
2D image. Then, the area, volume, and perimeter were computed for each 
lesion using several algorithms available in the Mountains Map Universal® 
software. The program calculated the area and volume using three different 
algorithms; however, in order to facilitate the statistical analysis carried out in 
this study, an averaged area and volume were calculated from the three 
outcomes.  
Afterwards, each 3D image was processed to obtain a series of specific 
representative profiles (~ 200) corresponding to the middle of the lesion 
approximately. The average of all these profiles was also computed. 
Three profiles were finally taken at random and, for each of them, the following 
parameters related with the roughness of the lesion were calculated following 
the guidelines of the ISO 4287 standard. 
- Pz: the maximum height of the profile within a sampling length (normal to the

skin surface),
- Psk: the skewness asymmetry of the assessed profile,
- Pt: the total height of the profile on the evaluation length,
- Pa: the arithmetic mean deviation of the assessed profile,
- PSm: the mean width of profile elements, within a sampling length
- PPc: peak count, which are the number of peaks per centimeters, each peak

being higher than the upper threshold, and falling under the lower threshold.

From the mean profile, the maximum height and the mean height for the highest 
positive value were also computed, as well as the maximum depth and the 
mean depth for the lowest negative value. The program gives the values of 
maximum height, the mean height and width for maximum, and the maximum 
depth, the mean depth and width for the minimum value.  
In addition, two other customized parameters were calculated for each lesion as 
follows: 
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They were calculated as the sum of the areas/volumes of holes (concave 
curvature) and peaks (convex curvature), both calculated by one of the three 
methods formerly commented, and normalized by the lesion’s perimeter. The 
purpose was to account for how much area/volume the lesion has with respect 
to its contour. 

Samples acquisition 
Clinical measurements of real skin lesions with the multiphotonic platform were 
acquired at the Hospital Clínic i Provincial de Barcelona (Barcelona, Spain) and 
the Università degli Studi di Modena e Reggio Emilia (Modena, Italy) from 
February 26, 2015 to December 15, 2016. All patients provided written informed 
consent before any examination and ethical committee approval was obtained. 
The study complied with the tenets of the 1975 Declaration of Helsinki (Tokyo 
revision, 2004). The lesions were diagnosed by dermatologists (SP and JM in 
Barcelona, GP and SB in Modena) using a commercial dermoscope and the 
confocal laser scanning microscope VivaScope® 1500 from MAVIG. When 
malignancy was suspected, the lesion was excised and a histological analysis 
was carried out. 

Statistical analysis 
The data were analyzed using the SPSS software for MAC (V.23.0. Armonk, 
NY: IBM Corp.). Comparisons were considered to be statistically significant for p 
values of less than 0.05. The Kolmogorov-Smirnoff test was used to evaluate 
the normal distribution of all variables. Since variables did not meet the criteria 
for normal distribution, the Kruskal-Wallis test was used to compare the data 
among groups of skin lesions, i. e., nevi, melanomas, BCCs etc.  Furthermore, 
the Mann-Whitney U test was used to compare the main outcome measures 
between each group and any other. 

RESULTS 
608 skin lesions from patients of both hospitals were measured with the 3D 
scanner prototype. While 32% (194) of the lesions could be properly analyzed, 
the remaining 68% (414) could not, due to various reasons such as: many 
unmeasured points in the surface of the lesions; pronounced artifacts due to 
micro-movement while making the acquisition; lesions not properly centered 
that went out of the field of view, and hairs on the skin. 
The diagnostics of the remaining 194 lesions that could be properly processed 
were the following: 81 (42%) corresponded to nevi (N) that were: melanocytic, 
dysplastic, blue, junctional or Spitz nevi; 60 (31%) were melanomas (MM); 18 
(9%) basal cell carcinomas (BCC); 18 (9%) other benign lesions (BB), such as 

Ap =
Areahole + Areapeak

Perimetre
Vp =

Volumehole + Volumepeak
Perimetre
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angiomas, dermatofibromas and actinic keratosis; 11 (6%) seborrheic keratosis 
(SK); and 6 (3%) corresponded to squamous carcinomas (SCC).  
The last three types of lesions (BB, SK, and SCC) were excluded from the 
analysis due to the low number of samples available in each category, which 
were not enough to perform a proper statistical analysis. For nevi (N), 
melanomas (MM) and BCCs, all analyzed parameters followed a non-normal 
distribution (p<0.05). Among all parameters computed, the Kruskal-Wallis test 
reported significant differences among lesions of different etiologies in terms of 
the area, volume, perimeter and parameters Ap and Vp (p<0.001). On the 
contrary, the parameters related with the roughness of the lesion that were 
calculated following the guidelines of the ISO 4287 did not provide significant 
differences (p>0.05) and, for this reason, they are no reported here. 
Table 1 shows the mean of the parameters that reported significant differences, 
as well as the standard deviation (SD), and the range for each type of lesion 
individually and for N, MM and BCC altogether.  

!
Table 1. Mean ± SD and (range: minimum, maximum) of the parameters that showed 

statistically significant differences among lesions. 

We performed the Mann-Whitney U test, which allowed us to compare between 
pairs of types of lesions (Table 2). As it can be seen, when we compared MM 
vs. N all parameters showed statistically significant differences (p<0.05) 
meaning that melanomas and nevi are significantly different in terms of all these 
variables. On the other hand, regarding MM vs. BCC and N vs BCC, differences 
were not significant, meaning that it is difficult to distinguish a BCC from any 
other type of lesion (MM and N). 

!
Table 2. P-values of the Mann-Whitney U test. 
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The following figures (Figures 1, 2 and 3) show the boxplots for the area, 
volume and perimeter as well as Ap and Vp for the malignant lesions studied 
(MM and BCC) and the benign ones (N). MMs is the category that presents 
higher values of area, volume and perimeter.  

! !

!   
Figure 1. Boxplots of area (top left), volume (top right) and perimeter (bottom) of the different 

skin lesions. Five statistical descriptors are shown in these plots: maximum, third quartile, 
median, first quartile and minimum. 

!  
Figure 2. Boxplot of Ap of the different skin lesions. Five statistical descriptors are shown in 

these plots: maximum, third quartile, median, first quartile and minimum. 
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Figure 3. Boxplots of Vp of the different skin lesions (left) and the same but excluding outlier 

124 in the case of the melanomas (right). Five statistical descriptors are shown in these plots: 
maximum, third quartile, median, first quartile and minimum. 

It should also be noted that nevi is generally the type of lesion that presents 
more outliers (values out of the quartiles), which means a greater variability 
among samples. 
The parameter Ap follow the same pattern as the previous ones (i. e., the area, 
volume and perimeter): malignant etiologies present the highest values 
although only significant differences can be established between MM and the 
other groups as commented above. Surprisingly, in the case of the Vp 
parameter, the median of the BCCs is higher than that of the MMs while the 
mean of the MMs is much higher than the one found for BCCs. A deeper 
analysis of this parameter reveals that there is one outlier in the MM group 
(124) with a value extremely high. Therefore, this parameter is not considered a 
reliable parameter. 
It should be mentioned that the application of different algorithms of the 
Mountains Map Software was better (more robust) in computing the area than 
the volume. The repetition of measurements also revealed less dependency in 
the case of the area than in the volume. It is also important to highlight that that 
some of the steps of the process are done manually such as the Fourier 
filtering. With respect to the perimeter, it was seen that when the process was 
repeated, the result was practically the same. In this case, there is a manual 
selection of the ROI, too. 

DISCUSSION 
In this study, we analyzed the morphological parameters for improving clinical 
diagnosis of skin cancer using 3D technology, which is a non-invasive 
technique. Many skin lesions were analyzed but finally only 159 skin lesions 
were included in the statistical analysis. The 3D parameters of N, MM and BCC 
were analyzed by means of statistical tests. Results were especially good at 
differentiating MM from N, which is a very relevant aspect since they are the 
most difficult etiologies to differentiate from the clinical point of view due to their 
morphological similarities. Since the melanoma is the most dangerous type of 
skin cancer that can even lead to death, this result is very relevant. On the other 
hand, the results suggested that BCCs cannot be discriminated from MM and N 
using 3D technology. It is important to note that the area was found to be a 
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more reliable parameter than the volume, since it did not depend so much on 
how the processing was done. 
According to this, our system can help to improve the diagnosis of skin cancer, 
especially melanoma. Through the area, the volume and the perimeter of the 
lesions, we can differentiate to a large extent whether a lesion is a melanoma or 
a nevus. 
Future work will focus on taking into account other variables such as age or 
gender in the statistical analysis. And to analyze together 3D information with 
others also available in the medical cart, such as, spectral information, to 
improve even more the diagnosis capability of the system. 
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Abstract: Nowadays, the diagnosis of skin cancer is made though visual inspection; a specialist examines the 
lesion and its changes by naked eye inspection or by using a dermatoscope. If the lesion is considered to be 
suspicious, it is excised surgically to perform its histology and confirm the diagnosis. This entails high hospital 
expenses, apart from being a long and invasive process. Consequently, the main objective of this work is to study 
whether through 3D technology and the subsequent morphological analysis of the lesions, the diagnosis of skin 
cancer can be improved. With this goal, different lesions were measured using a system that incorporated 3D 
technology at two hospitals: the Hospital Clínic i Provincial de Barcelona (Barcelona, Spain) and the Università 
degli Studi di Modena e Reggio Emilia (Modena, Italy). In particular, 608 lesions were studied including the 
following types: nevus, melanomas, basal cell carcinomas, squamous cell carcinomas, seborrheic keratosis, and 
other benign lesions such as angiomas, dermatofibromas and actinic keratosis. From these lesions, several 
parameters were obtained, such as the volume, area, perimeter and other roughness values, which were 
subsequently analyzed statistically. According to the results obtained, there are statistically significant differences 
between melanomas and nevi in terms of the parameters of area, volume and perimeter. Thus, the system can help 
to improve the diagnosis of skin cancer in a non-invasive way, especially in the case of melanoma that is the most 
aggressive type.  
© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 
OCIS codes: (100.6890) Three-dimensional image processing; (170.1870) Dermatology; (120.3890) Medical optics instrumentation; 
(030.5770) Roughness 
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1. Introduction 

Skin cancer is an abnormal growth of skin cells and it is the most common human malignancy [1]. Melanoma, 
which is one of the most aggressive skin cancer causing the greatest number of deaths, is one of the most rapidly 
increasing cancers in the world. In recent decades, more people have had skin cancer than all other cancers 
combined [2]. The incidence of skin cancer is rapidly increasing in Europe, USA and Australia. The report of 
Global Burden of Disease of Solar Ultraviolet Radiation estimates that of the 60,000 deaths caused by skin cancer 
every year from excessive sunlight, 48,000 are caused by malignant melanomas and 12,000 by other skin cancers. 
[3] Nevertheless, the 5 years survival rate for people with skin cancers can significantly improve if detected and 
treated early. For these reasons, the early diagnosis of skin cancer is very important. 
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 Due to the unreliability of dermoscopy and dermatologists caution, a lot of unnecessary surgical 
procedures are carried out, since a vast majority ends up in false positives. Also, it must be taken into account the 
high cost related with this procedure. The annual cost of treating skin cancers in the USA is estimated at $8.1 
billion: about $4.8 billion for nonmelanoma skin cancers and $3.3 billion for melanoma. [4] 
Each type of cancer has a different presentation, depending on the affected cell type and the stage at which the 
disease is recognized (fig 1): 
 

Figure 1. Different types of cancers and pre-cancers (Ref. [5]). 

The following are the most common types of skin cancer: 

Atypical Moles (Dysplastic Nevi) are non-cancerous moles that have some similarity with melanomas. The 
dysplastic nevus, is the easiest to cure if it is detected early. However, it may be difficult to distinguish between 
this kind of nevi and melanomas at the beginning stage. 

Melanoma is the most dangerous form of skin cancer. In advanced stages, it is very dangerous; however, it is rare 
that melanoma becomes present without warning. 

Basal Cell Carcinoma (BCC), which is the abnormal and uncontrolled growth of the basal cells, is the most 
common form of skin cancer and, in fact, is the most common type cancer of all kinds. The BCC takes the form of 
a sore, a red patch or a scar. However, the recovery in the first stages is completely successful. 

Actinic keratosis (AK) or solar keratosis, is a common type of skin pre-cancer. It is called pre-cancer because it 
can be the first step towards a squamous cell carcinoma (SCC). The AK consists of an uncontrolled growth of 
squamous cells in the epidermis. 

Seborrheic keratosis (SK) is a common skin growth. It may seem worrisome because it can look like a wart, pre-
cancerous skin growth (actinic keratosis), or skin cancer. Despite their appearance, seborrheic keratoses are 
harmless. 

Squamous Cell Carcinoma (SCC) is considered the second most common type of skin cancer, and consists of the 
abnormal and uncontrolled growth of squamous cells of the epidermis. The appearance of the SCCs are rough or 
scaly patches that are persistent and may bleed with a contusion. It can give us the feeling of warts or open sores 
with raised edges and a crusted surface. 

Merkel Cell Carcinoma (MCC) is a very aggressive skin cancer, which has a higher mortality rate than melanoma 
but is less frequent. It has an elevated risk of recurrence and metastasis. 

 Skin cancer is primarily diagnosed visually (a specialist examines the lesion changes to determine if these 
are likely to be a cancer or not) through direct inspection or using a dermoscope, a handheld device with a 
magnifying lens and a white and uniform illumination field. The light is often polarized to remove specular 
reflection from the skin surface to capture information from deeper tissue layers. The rule to inspect skin lesions 
through dermoscopy is the ABCDE, which outlines warning signs of the most common type of melanoma: A is for 
asymmetry, B is for border irregularity, C is for color, D is for the diameter and E for its evolution. [6] 

 However, the drawback of dermatoscopy is that it requires considerable training of the dermatologist in 
the interpretation of what it is seen. Unless the clinical exams draw firm conclusions, a skin biopsy is later 
required. A biopsy is effective, it determines if there are cancerous cells in a lesion and of which kind are they. A 
specialist in histology is needed as well, for treating the sample and identifying through his/her knowledge and 
experience what is wrong under the microscope. All these steps make it an expensive and long process. 



 Accordingly, many efforts have been made in the last years to improve cancer diagnosis through the use 
of new optical technologies available, such as confocal microscopy [7], multispectral imaging [8] and 3D 
technology [9]. 

 A recent study of the University of Queensalnd involved the use of 3D technology for skin lesion 
analysis: “The VECTRA Whole Body 360”, which allows a detailed 3-D skin image of a patient to be obtained. 
[10] The patient stands within a scaffold surrounded by 46 cameras that take an image simultaneously. A computer 
program then stitches the images together to produce the 3-D model that replicates the skin surface in complete 
detail. The main function is tracking changes in skin lesions, which can lead to a better diagnosis of skin cancer. 

 Another European project entitled DIAGNOPTICS "Diagnosis of skin cancer using optics" (seventh ICT 
PSP call for proposals 2013, 2014-2016) [11] carried out at the Centre for Sensors, Instruments and Systems 
Development (CD6) of the UPC had as the main objective the development of a multiphotonic diagnostic platform 
including multispectral and 3D techniques, optical feedback interferometry (OFI) and confocal microscopy to 
improve diagnosis and prognosis of skin cancer.  

 In this study, the outcomes of the 3D technology system included in the former platform are analyzed and 
compared among skin cancer lesions of different etiology. The goal is to further investigate about the 3D 
morphological differences to clinically improve the detection of skin cancer. 

2. Methods and materials 

2.1. Multiphotonic platform and 3D system 

A medical cart that integrates four photonic prototypes was developed at the CD6 for the diagnosis of skin cancer 
in the framework of the DIAGNOPTICS project (Figure 2 left). One of them was a handheld 3D scanner 
prototype, based on a combination of two technologies: stereovision and structured light projection. It included 
two monochrome and one color cameras as well as a light picoprojetor, obtaining a field of view of 19 x 14 mm2 
[9]. The scanner also included a housing with the functions of protecting the optics and minimizing the effects of 
light reflections inside. The system also incorporated a computer with a software developed to acquire and process 
the 3D raw data. 

 The light picoprojector sequentially projects a set of sinusoidal patterns shifted over the skin and the 
recorded monochrome images are then processed by a conventional phase-shifting algorithm to obtain the 
wrapped phase maps [13]. Afterwards, from these phase maps, the 3D data is obtained by triangulation. 
Additionally to the geometric coordinates of the object points (X, Y, Z), the color information of the skin (R, G, B) 
is superimposed [12] in order to determine where the contour of the lesion is (2D image). 

!   !  
 Figure 2: Medical cart (left) (Ref. [12]), and lesion and 3D prototype (top right) and topographic images of the skin and the lesion (bottom 

right) obtained with the 3D system.  



2.2. Processing of the lesions and computation of morphological parameters. 

The Mountains Map Universal® software was used for processing the lesions, which included the removal of the 
tilt of a measure due to the fact that many of them were not strictly parallel to the skin surface, and the application 
of a zoom to remove the areas around the lesion and choose only the Region Of Interest (ROI). The unmeasured 
dots on the surface — since they had values out of the measurement range of the camera — were also filled with 
values of the neighboring pixels. Finally, the software also removed horizontal frequencies that corresponded to 
artifacts due to the patient's breathing, pulse or movement (Figure 3).  

 The final 3D map of one lesion is shown in Figure 4 as an example as well as the manual selection of the 
perimeter that was performed later from the 2D color image. Then, the area, volume, and perimeter were 
computed for each lesion using several algorithms available in the Mountains Map Universal® software. The 
program calculated the area and volume using three different algorithms; however, in order to facilitate the 
statistical analysis carried out in this study, an averaged area and volume were calculated from the three outcomes.  

!  !  

Figure 3: 3D image of a lesion before (left) and after the removal the unwanted horizontal frequencies that correspond to artifacts (right). 

!  !  

Figure 4: 3D map of a lesion finally obtained after processing (left) and manual outline from the 2D image (right). 

 Afterwards, each 3D image was processed to obtain a series of specific representative profiles (~ 200) 
corresponding to the middle of the lesion approximately (Figure 5). The average of all these profiles was also 
computed. 

� !  

Figure 5: Region of the lesion from which the representative profiles are selected (left) and corresponding profiles (right). The mean profile is 
shown in blue. 



 Three profiles were finally taken from the set shown in Figure 5 at random and, for each of them, the 
following parameters, related with the roughness of the lesion, were calculated following the guidelines of the ISO 
4287 standard [14]: 

- Pz: the maximum height of the profile within a sampling length (normal to the skin surface),  
- Psk: the skewness asymmetry of the assessed profile,  
- Pt: the total height of the profile on the evaluation length,  
- Pa: the arithmetic mean deviation of the assessed profile,  
- PSm: the mean width of profile elements, within a sampling length 
- PPc: peak count, which are the number of peaks per centimeters, each peak being higher than the upper 

threshold, and falling under the lower threshold. 

 From the mean profile, the maximum height and the mean height for the highest positive value were also 
computed, as well as the maximum depth and the mean depth for the lowest negative value (figure 6). In this 
figure, we can also see the average profile value with three underlined areas. The central zone corresponds to the 
maximum value of the average profile, while the two lateral zones correspond to the minimum values. The 
program gives the values of maximum height, the mean height and width for maximum, and the maximum depth, 
the mean depth and width for the minimum value. In this case, these three values correspond to the central zone, 
which is the maximum of the average profile value.  

!  

Figure 6: Average profile value with the values of: maximum height, mean height and width of the lesion. 

 In addition, two other customized parameters were calculated for each lesion as follows:  

!       Eq. (1) 

!        Eq. (2) 

 They were calculated as the sum of the areas/volumes of holes (concave curvature) and peaks (convex 
curvature), both calculated by one of the three methods formerly commented, and normalized by the lesion’s 
perimeter. The purpose was to account for how much area/volume the lesion has with respect to its contour. 

2.3. Samples acquisition 

Clinical measurements of real skin lesions with the multiphotonic platform were acquired at the Hospital Clínic i 
Provincial de Barcelona (Barcelona, Spain) and the Università degli Studi di Modena e Reggio Emilia (Modena, 
Italy) from February 26, 2015 to December 15, 2016.  All patients provided written informed consent before any 
examination and ethical committee approval was obtained. The study complied with the tenets of the 1975 
Declaration of Helsinki (Tokyo revision, 2004). The lesions were diagnosed by dermatologists (SP and JM in 
Barcelona, GP and SB in Modena) using a commercial dermoscope and the confocal laser scanning microscope 
VivaScope® 1500 from MAVIG. When malignancy was suspected, the lesion was excised and a histological 
analysis was carried out. 608 skin lesions from patients of both hospitals were finally measured with the 3D 
scanner prototype of the medical card including nevi, melanomas, basal cell carcinomas (BCC), squamous 
carcinomas (SCC), seborrheic keratosis (SK), and other benign lesions (BB), such as angiomas, dermatofibromas 
and actinic keratosis. 

A p =
Ar ea h ole + Ar ea pea k

Per i m et r e

Vp =
Volu m eh ole + Volu m epea k

Per i m et r e



2.4. Statistical analysis 

The data were analyzed using the SPSS software for MAC (V.23.0. Armonk, NY: IBM Corp.). Comparisons were 
considered to be statistically significant for p values of less than 0.05. The Kolmogorov-Smirnoff test was used to 
evaluate the normal distribution of all variables. Since variables did not meet the criteria for normal distribution, 
the Kruskal-Wallis test was used to compare the data among groups of skin lesions, i. e., nevi, melanomas, BCCs 
etc.  Furthermore, the Mann-Whitney U test was used to compare the main outcome measures between each group 
and any other. 

3. Results

From the 608 skin lesions measured, 32% (194) could be properly analyzed while the remaining 68% (414) could 
not, due to various reasons such as: many unmeasured points in the surface of the lesions; pronounced artifacts due 
to micro-movement while making the acquisition; lesions not properly centered that went out of the field of view, 
and hairs on the skin. 

 The diagnostics of the remaining 194 lesions that could be properly processed were the following: 81 
(42%) corresponded to nevi (N) that were: melanocytic, dysplastic, blue, junctional or Spitz nevi; 60 (31%) were 
melanomas (MM); 18 (9%) basal cell carcinomas (BCC); 18 (9%) other benign lesions (BB), such as angiomas, 
dermatofibromas and actinic keratosis; 11 (6%) seborrheic keratosis (SK); and 6 (3%) corresponded to squamous 
carcinomas (SCC).   

The last three types of lesions (BB, SK, and SCC) were excluded from the analysis due to the low number 
of samples available in each category, which were not enough to perform a proper statistical analysis. It is 
important to note that the parameter that represents the mean width within a sampling length (PSm) could not be 
calculated for 28 lesions.  

 Therefore, for nevi (N), melanomas (MM) and BCCs, all analyzed parameters followed a non-normal 
distribution (p<0.05). Among all parameters computed, the Kruskal-Wallis test reported significant differences 
among lesions of different etiologies in terms of the area, volume, perimeter and parameters Ap and Vp (p<0.001). 
On the contrary, the parameters related with the roughness of the lesion that were calculated following the 
guidelines of the ISO 4287 did not provide significant differences (p>0.05) and, for this reason, they are no 
reported here. 

Table 1 shows the mean of the parameters that reported significant differences, as well as the standard 
deviation (SD), and the range (minimum, maximum) for each type of lesion individually and for N, MM and BCC 
altogether.  

!
Table 1. Mean ± SD and (range: minimum, maximum) of the parameters that showed statistically significant differences among lesions. 

We performed the Mann-Whitney U test, which allowed us to compare between pairs of types of lesions 
(Table 2). As it can be seen, when we compared MM vs. N all parameters showed statistically significant 
differences (p<0.05) meaning that melanomas and nevi are significantly different in terms of all these variables. 
On the other hand, regarding MM vs. BCC and N vs BCC, differences were not significant, meaning that it is 
difficult to distinguish a BCC from any other type of lesion (MM and N). 



!  
Table 2. P-values of the Mann-Whitney U test.  

The following figures (Figures 7,8 and 9) show the boxplots for the area, volume and perimeter as well as 
Ap and Vp for the malignant lesions studied (MM and BCC) and the benign ones (N). MMs is the category that 
presents higher values of area, volume and perimeter.  

! !

!   
Figure 7. Boxplots of area (top left), volume (top right) and perimeter (bottom) of the different skin lesions. Five statistical descriptors are 

shown in these plots: maximum, third quartile, median, first quartile and minimum. 

!  
Figure 8. Boxplot of Ap of the different skin lesions. Five statistical descriptors are shown in these plots: maximum, third quartile, median, first 

quartile and minimum. 



! !  
Figure 9. Boxplots of Vp of the different skin lesions (left) and the same but excluding outlier 124 in the case of the melanomas (right). Five 

statistical descriptors are shown in these plots: maximum, third quartile, median, first quartile and minimum. 

It should also be noted that nevi is generally the type of lesion that presents more outliers (values out of 
the quartiles), which means a greater variability among samples. The parameter Ap follow the same pattern as the 
previous ones (i. e., the area, volume and perimeter): malignant etiologies present the highest values although only 
significant differences can be established between MM and the other groups as commented above.  

Surprisingly, in the case of the Vp parameter, the median of the BCCs is higher than that of the MMs 
while the mean of the MMs is much higher than the one found for BCCs. A deeper analysis of this parameter 
reveals that there is one outlier in the MM group (124) with a value extremely high. Therefore, this parameter is 
not considered a reliable one. 

It should be mentioned that the application of different algorithms of the Mountains Map Software was 
better (more robust) in computing the area than the volume. The repetition of measurements also revealed less 
dependency in the case of the area than in the volume. Moreover, it is also important to highlight that some of the 
steps of the process were done manually such as the Fourier filtering. With respect to the perimeter, it was seen 
that when the process was repeated, the result was practically the same. In this case, there is a manual selection of 
the ROI, too. 

4. Discussion 

In this study, we analyzed the morphological parameters for improving clinical diagnosis of skin cancer using 3D 
technology, which is a non-invasive technique.  

Many skin lesions were analyzed but finally only 159 skin lesions were included in the statistical 
analysis: 81 nevi (N), 60 melanomas (MM), and 18 basal cell carcinomas (BCC). 414 could not be processed due 
to various reasons such as: many unmeasured points in the surface of the lesions; pronounced artifacts due to 
micro-movement while making the acquisition; lesions not properly centered that went out of the field of view, 
and hairs on the skin. Other 18 benign lesions (BB), 11 seborrheic keratosis (SK), and 6 squamous carcinomas 
(SCC) were also excluded due to the low number of samples available in each category. 

The 3D parameters of these etiologies (N, MM and BCC) were analyzed by means of statistical tests. 
Results were especially good at differentiating MM from N, which is a very relevant aspect since they are the most 
difficult etiologies to differentiate from the clinical point of view due to their morphological similarities. Since the 
melanoma is the most dangerous type of skin cancer that can even lead to death, this result is very relevant. On the 
other hand, the results suggested that BCCs cannot be discriminated from MM and N using 3D technology. It is 
important to note that the area was found to be a more reliable parameter than the volume, since it did not depend 
so much on how the processing was done. 

Nevertheless, BCCs can be differentiated more easily from a clinical point of view and, furthermore, they 
are not very aggressive so that dermatologists are more concerned in detecting MM at early stages than BCCs. 
According to this, our system can help to improve the diagnosis of skin cancer, especially melanoma. Through the 
area, the volume and the perimeter of the lesions, we can differentiate to a large extent whether a lesion is a 
melanoma or a nevus. 

Future work will focus on taking into account other variables such as age or gender in the statistical 
analysis. And to analyze together 3D information with others also available in the medical cart, such as, spectral 
information [12], to improve even more the diagnosis capability of the system. 
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caption. 
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Fig. 1. Sample caption (Ref. [4], Fig. 2). 

5.2 Supplementary materials in OSA express journals 

Most OSA journals allow authors to include supplementary materials as integral parts of a manuscript. Such 
materials are subject to the same editorial standards and peer review procedures along with the rest of the paper 
and should be uploaded and described using OSA’s Prism manuscript system. 

Authors can submit appropriate visualizations or small data files (see details below) for OSA to host. Large 
datasets and code or simulation files can be included but must be placed in an appropriate archival repository and 
cited as described here.  
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Video visualizations are the most commonly submitted type of supplementary materials for the express 
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only when they convey essential information beyond what can be presented within the article's PDF 
representation. Video visualizations should be uploaded upon submission and peer-reviewed along with the 
manuscript. Video files must use open compression standards for display on broadly available applications such as 
VLC or Windows Media Player. MOV, AVI, MPG, and MP4 video containers are accepted. The following video 
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Fig. 5. Three traps create three rings of magnetic nanoparticles. The rings interact with one another (see Visualization 3). 
[From Masajada et al., Opt. Lett. 38, 3910 (2013)]. 
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Table 2. Optical Constants of Thin Films of Materialsa 

aFrom Appl. Opt. 40, 1128 (2001). 
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choose and upload the thumbnail image. 

Authors must submit a .JPG file. The image will be resized automatically to 100 x 100 pixels. For best results, 
authors should upload an image this size or an image with square dimensions. 

!

Fig. 3. Preview of thumbnail image display on the author submission page. 
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8. Summary
Conforming to the specifications listed above is of critical importance to the speedy publication of a manuscript. 
Authors should use the following style guide checklist before submitting an article. 
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Copyright Times New Roman 8 Left
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Main Text 
First paragraph 
Subsequent paragraphs
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Section headers: Bold 
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References and links Times New Roman 8 Left Bold “References and links”. 
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Acknowledgments Times New Roman 10 Justified Bold “Acknowledgments” 
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Table Heads Times New Roman 8 Center Long heads follow table margins.



Autorització per a la difusió de treballs acadèmics (TFG, TFM, etc.) a través del dipòsit 
institucional UPCommons 

IDIOMA DEL TFC ANGLÈS 

1. Difusió pública del treball acadèmic
"Els titulars de la propietat intel·lectual dels treballs acadèmics dirigits o coordinats per professorat de la UPC són els estudiants autors del mateixos que, com 
a tals, són qui els poden reproduir, distribuir, comunicar públicament, transformar i/o cedir-ne els drets d'explotació a tercers."   .... Propietat industrial i 
intel·lectual dels treballs acadèmics presentats a la UPC (TFG  PFM, tesines, tesis doctorals, etc.)" de la web del Servei de Biblioteques: http://publica.upc.edu/
copyright/tfg 

En/Na DANIEL ESPINAR MARTÍNEZ DNI/Passaport núm. 53833619A, autor/a del treball  acadèmic titulat 

“MORPHOLOGICAL ANALYSIS FOR IMPROVING CLINICAL DIAGNOSIS OF SKIN CANCER” 

(  ) AUTORITZO  la comunicació pública de les dades bibliogràfiques i del text complet del treball en xarxa a través del dipòsit institucional 
UPCommons o plataforma que el substitueixi. Aquesta difusió només es portarà a terme sempre i quan el corresponent professor director, 
coordinador o tutor n’hagi descartat un tractament confidencial. 
(Si es marca aquesta opció, és obligatori escollir una llicència Creative Commons -punt 2- i emplenar també, obligatòriament, el punt 3 de l'adreça de correu electrònic 
personal (que vol dir que l'adreça de correu electrònica es farà pública o no, juntament amb la resta de dades del TFC que si es faran públiques, per si alguna persona vol 
posar-se en contacte amb ell).  

(X) NO AUTORITZO la comunicació pública del text complet del treball, motiu pel qual el Servei de Biblioteques, Publicacions i Arxius de la
UPC només difondrà a UPCommons les corresponents dades bibliogràfiques. Aquesta difusió només es portarà a terme sempre i quan el
corresponent professor director, coordinador o tutor n’hagi descartat un tractament confidencial.
(Si es marca aquesta opció, el punt 2 s’ha de deixar en blanc, però sí ha d’omplir obligatòriament el punt 3 de l'adreça de correu electrònic personal, pel mateix motiu que 
en l’apartat anterior)  

Si és confidencial, cal aportar  la clàusula de confidencialitat.

2.Atorgament d’una llicència Creative Commons [ompliu aquest apartat només si heu autoritzat la difusió del text complet del treball en xarxa]

El sotasignat autoritza la difusió del treball acadèmic: 

(   ) mitjançant la llicència CC “Reconeixement-NoComercial-SenseObraDerivada” (by-nc-nd) 
[permet reproduir, distribuir, comunicar públicament però no fer obres derivades (traduccions, etc.), sempre i quan s’esmenti l’autoria i no es facin usos comercials] 

(   ) mitjançant la llicència CC “Reconeixement-NoComercial-CompartirIgual” (by-nc-sa) 
[permet reproduir, distribuir, comunicar públicament i fer obres derivades (traduccions, etc.), sempre i quan s’esmenti l’autoria i no es facin usos comercials] 

(   ) sense aplicació de cap llicència CC 
[les condicions d’ús del treball dipositat són únicament les permeses per la Llei de propietat intel·lectual (BOE núm. 97, de 22/4/1996)]  

3. Difusió pública d’una adreça de correu electrònic

El sotasignant autoritza la difusió del registre bibliogràfic del seu treball: 

(   ) amb l’adreça de correu electrònic          
[s’ofereix una adreça de contacte que permeti la futura comunicació entre l’autor i els investigadors, empresaris o altres possibles usuaris interessats en la seva obra] 

(   ) sense cap adreça de correu electrònic   [no s’ofereix cap adreça de contacte]

En cap cas aquesta autorització implica una cessió en exclusiva dels drets d’explotació de l’autor/a sobre l’obra ni impedeix l’explotació normal 
de l’obra a través de les formes habituals. 
La durada de l’autorització serà indefinida, excepte revocació expressa per part dels titulars dels drets i/o incompliment de qualsevol de les 
parts de les obligacions contingudes a la mateixa 
L’autor/a declara que és el legítim propietari dels drets d’autor de l’obra que s’autoritza. Si el document inclou obres de les quals no n’és el 
propietari dels drets d’explotació (fotografies, dibuixos, textos, etc.), l’autor/a declara que ha obtingut el permís sense restricció del titular 
corresponent per atorgar la present autorització. 

Terrassa, 7  de Juny  de 2018 

Signatura de l’autor/a:  

En compliment del que estableixen la Llei orgànica 15/1999, de 13 de desembre sobre protecció de dades de caràcter personal i el Reial Decret 
que aprova el Reglament de desenvolupament de la Llei Orgànica de Protecció de dades de caràcter personal, us informem que les vostres dades 
personals recollides per mitjà d'aquesta autorització seran tractades i quedaran incorporades als fitxers de la Universitat Politècnica de 
Catalunya (UPC) per dur a terme una gestió correcta de la prestació de serveis bibliotecaris. Tanmateix, us informem que podeu exercir els drets 
d'accés, rectificació, cancel·lació i oposició davant del Servei de Biblioteques, Publicacions i Arxius, amb domicili a: Campus Nord UPC, edifici 
TG. C/Jordi Girona, 31. 08034 Barcelona, a l'adreça de correu electrònic: info.biblioteques@upc.edu. 

Així mateix, consentiu de manera expressa que les vostres dades siguin cedides als estaments oficials públics oportuns i necessaris, i amb la 
finalitat de garantir la correcta prestació dels serveis autoritzats. Aquest consentiment podrà ser revocat en qualsevol moment.  

http://publica.upc.edu/copyright/tfg
http://publica.upc.edu/copyright/tfg
http://upcommons.upc.edu/pfc/
http://upcommons.upc.edu/pfc/
http://www.boe.es/buscar/act.php?id=BOE-A-1996-8930&tn=2&vd=&p=20141105&acc=Elegir
mailto:daniel.esma96@gmail.com
mailto:info.biblioteques@upc.edu


Declaración de confidencialidad de los Trabajos académicos (TFG, TFM, etc.)

Declaración de confidencialidad

Don/doña MERITXELL VILASECA, como profesor/a responsable de la dirección, coordinación y/o tutoría del 
Trabajo académico depositado por el estudiante DANIEL ESPINAR MARTÍNEZ titulado “MORPHOLOGICAL 
ANALYSIS FOR IMPROVING CLINICAL DIAGNOSIS OF SKIN CANCER” declaro que:

(X) El trabajo académico es confidencial (según las condiciones detalladas a continuación)
(   ) El trabajo académico no es confidencial

Período y motivos de la confidencialidad
[Cumplimentar este apartado sólo si  ha declarado que el trabajo es confidencial]

El  abajo  firmante  declara  que  el  trabajo  académico  ha  de  ser  confidencial  por  el  período  de  tiempo  que  a 
continuación se indica: 

(X) Hasta la fecha  15 de JUNIO de 2022
(   ) La duración de la confidencialidad es indefinida

El abajo firmante declara que los motivos de esta confidencialidad son:

(   )  Se quiere evaluar la posibilidad de proteger el trabajo
(   ) Un tercero  manifiesta interés en comercializar el trabajo
(   )  Forma parte de un trabajo de investigación con una empresa que está sujeta a confidencialidad 
(X) Otros: Publicación en una revista de investigación.

Difusión pública del trabajo confidencial
[Cumplimentar este apartado sólo si  ha declarado que el trabajo es confidencial]

El  abajo  firmante  autoriza  la  difusión  del  trabajo  confidencial  al  depósito  institucional  en  UPCommons  o 
plataforma que lo substituya bajo estas condiciones:
(   ) Difusión del texto completo del trabajo a partir de la fecha de embargo indicada en el apartado anterior 
(siempre y cuando el autor del trabajo autorice esa difusión)
(   ) Difusión única de los  datos bibliográficos del trabajo  (sin el texto completo)
(X) La confidencialidad del trabajo no permite ninguna difusión del mismo

En el caso de que la confidencialidad del trabajo no permita ninguna difusión del mismo, el Servicio 
de  Bibliotecas,  Publicaciones  y  Archivos  de  la  UPC,  acogiéndose  al  artículo  37.1  de  la  Ley  de 
Propiedad Intelectual, depositará en cerrado el proyecto en UPCommons (sin ningún acceso público al 
texto ni correspondientes datos bibliográficos), garantizando así su confidencialidad, preservación y 
conservación.

Terrassa, 7  de Junio de  2018

Firma del profesor director, coordinador y/o tutor:



En cumplimiento de lo establecido en la Ley Orgánica 15/1999, de 13 de diciembre sobre protección de datos de 
carácter personal y el Real Decreto que aprueba el Reglamento de desarrollo de la Ley Orgánica de Protección 
de  datos  de  carácter  personal,  le  informamos  de  que  sus  datos  personales  recogidos  por  medio  de  esta 
autorización serán tratados y quedarán incorporados a los ficheros de la  Universidad Politécnica de Cataluña 
(UPC)  para  llevar  a  cabo  una  gestión  correcta  de  la  prestación  de  servicios  bibliotecarios.  Sin  embargo,  le 
informamos que puede ejercer los derechos de acceso, rectificación, cancelación y oposición ante el Servicio de 
Bibliotecas, Publicaciones y Archivos, con domicilio en: Campus Nord UPC, edificio TG. C / Jordi Girona, 31. 
08034 Barcelona, en la dirección de correo electrónico:info.biblioteques@upc.edu.

Asimismo, acepta de manera expresa que sus datos sean cedidos a los estamentos oficiales públicos oportunos y 
necesarios, y con el fin de garantizar la correcta prestación de los servicios autorizados. Este consentimiento podrá 
ser revocado en cualquier momento.




