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Analysis of the epidemiological profile of men 
who have sex with men as blood donors  
Andreza B. R. Oliveira,1* Kallic B. Fonseca,2 Dayana P. Coelho,2 Regina M. R. Oliveira,2 Cristiane M. 
Costa,2 Bárbara S. Santos,2 Samantha V. Baião,2 Tatiana R. A. Eleuterio,3 Flavia M. G. C. Bandeira4

Introduction

Before April 2020, in Brazil men who had sex with other men (MSM) were considered tem-
porarily unfit to donate blood for a period of 12 months after the sexual encounter with the 
same-sex partner, since this sexual practice was considered risky. In July 2020, Board Review 
No. 399 of 7 July 2020 was published,1 which authorized national blood centers to receive 
blood donations from the MSM population, regardless of the time elapsed since the last sexual 
encounter with a person of the same sex. This decision was implemented by a judicial order 
issued by the Federal Supreme Court in May 2020.

Abstract
Introduction: In May 2020, the Brazilian Supreme 
Court ruled that men who have sex with men 
(MSM) should be eligible to donate blood. Objec-
tives: This study aims to describe the epidemio-
logical, sociodemographic and serological profile 
of MSM donors in the hemotherapy center of a 
university hospital. Methodology and Resources: A 
cross-sectional study was conducted between June 
2020 and June 2023, after approval by the Ethics Re-
view Board of the Pedro Ernesto University Hospi-
tal. Results: Most MSM donors were young, single, 
and had higher education (complete or incomplete). 
In terms of gender specification, 46 (92%) identi-
fied as cis. In the sample, 64% (32) of candidates 
had taken at least one rapid test in the previous 
12-month period. Most of the individuals analyzed
were donor-eligible (90%) and non-reactive to the
serology of interest in the research (91.3%). Dis-
cussion: Most MSM donors showed a homosexual
orientation and reported regular use of condoms. 
Despite the restrictions prior to Resolution No. 
399/2020, some MSM donors had donated blood
in the past. Reactivity for syphilis (6%) among the
volunteer donors is below expectations, while above
forecast for hepatitis B (2%), based on the indicator
presented by the state blood bank network. No HIV
reactivity was found. Conclusions: The importance
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of using risky sexual behavior, rather than sexual 
orientation, as a criterion for donor eligibility was 
noted. This change would promote the inclusion of 
minorities in the blood donation process.

http://https://orcid.org/0000-0002-9355-3848
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In terms of the history of hemotherapy and MSM donations in Brazil, the pre-existing policy 
of permanent deferral of donation was changed in 2004 to one of temporary deferral of 12 
months since the last sexual encounter with a homosexual partner.2 

The decision of the Federal Supreme Court in 2020 was influenced by the impact of the 
COVID-19 pandemic, which led to a reduction in blood supply to blood centers because of so-
cial distancing measures and guidelines on staying at home. In addition, the support of social 
groups, such as pressure from the media and the help of human activist organizations, contrib-
uted to the strengthening of the arguments in favor of this change by the judiciary.3 

Following the adoption of a new blood donor screening protocol, an assessment of individual 
risk based on risk behaviors that may place blood recipients at risk of transfusion-transmissi-
ble infections (TTIs) — regardless of sexual orientation — seemed to be a sensible step, so as to 
ensure the continuity of transfusion safety for both recipients and donors.4 Therefore, a study 
from an epidemiological, sociodemographic, and serological point of view of the inclusion of 
MSM donors in a hemotherapy center at a university hospital in the State of Rio de Janeiro, 
Brazil, was conducted. 

Methodology

A cross-sectional study of 50 blood donors who identified themselves as MSM was conducted 
between June 2020 and June 2023. The study was undertaken at the Herbert de Souza He-
motherapy Service of the Pedro Ernesto University Hospital (HUPE) of the State University of 
Rio de Janeiro (UERJ). Voluntary blood donors identified as MSM were included in the research 
using convenience sampling. Candidates were approached during the clinical screening for 
blood donation and then requested to answer a structured questionnaire (APPENDIX 1) and to 
sign a free and informed consent form (APPENDIX 2). The variables analyzed were socio-de-
mographic, epidemiological, hematological and serological profiles, eligibility for clinical 
screening and sexual orientation. Secondary data extracted from the hemotherapy system 
used by the service (Hemote Plus® by SOFIS Ltda.) were used to collect data on the serological 
profile. The data collected were analyzed in an Excel® spreadsheet. The study was approved by 
the Ethics Review Board of HUPE under the opinion number 42979421.1.0000.5282. This study 
complies with the provisions of Resolution No. 466/2012 of the National Health Council5 on 
the ethics of research involving human subjects.

Results

The 50 participants predominantly comprised young, single men with complete or incomplete 
higher education. Table 1 shows the socio-demographic profile, including age, skin color, mari-
tal status, and education.

Figure 1 shows the distribution of sexual orientation among respondents, with the majority 
identifying as homosexual. In addition, 46 (92%) identified as cis, 2 (4%) as trans and 2 (4%) as 
another gender specification. In terms of partnership status, 27 (54%) of respondents had a sin-
gle partner, 11 (22%) had up to two steady partners, 10 (20%) had multiple partners and 2 (4%) 
had no sexual partners in the previous 12 months. Regular condom use was reported by 34 (68%), 
while 9 (18%) never used condoms and 7 (14%) rarely used condoms. In the last 12 months, 27 
(54%) had up to two rapid tests for sexually transmitted infections (STIs), 18 (36%) had no tests 
and 5 (10%) had more than two tests. For 19 (38%), this was their first blood donation; 14 (28%) 
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had donated at least four times; 12 (24%) had donated once; and 5 (10%) had donated two to 
three times. Most (80%) of the donations were spontaneous. With regard to the period before the 
passage of Resolution No. 399/20201, which first allowed MSMs to donate blood, 17 (34%) of the 
candidates stated that they had previously donated blood despite the provisions to the contrary 
of that law.

ORIGINAL ARTICLE

Andreza B. R. Oliveira e cols. • Risky behavior and blood donation

Table 1. Sociodemographic profile of MSM candidates for donation, Herbert Souza Hemotherapy Service, 
HUPE/UERJ, Rio de Janeiro - RJ, Brazil

Source: Analysis of the responses to the forms completed by blood donation candidates (2023).

 Variables N %

Age group ASD / gluten free 38

18 to 29 years old 34 68

30 to 39 years old 10 20

40 to 49 years old 5 10

50 to 59 years old 1 2

Skin color

Yellow 2 4

White 21 42

Brown 17 34

Black 10 20

Marital status

Married 2 4

Separated/Divorced 1 2

Single 43 86

Civil union 4 8

Educational level

Primary school complete 1 2

High school complete 8 16

High school incomplete 2 4

Higher education complete 19 38

Higher education incomplete 20 40

Total 50 100
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Table 2 shows the epidemiological and serological profile of the MSM donors, obtained from 
clinical and laboratory screening. Most of the individuals analyzed were considered eligible 
to donate, were non-reactive for the serology of interest to blood donation and, among those 
with a positive reaction, most tested positive for syphilis. Data that are unavailable due to 
problems with the computerized system or because of withdrawal from collection are classified 
as Not Available (NA).

Andreza B. R. Oliveira e cols. • Risky behavior and blood donation

Figure 1. Sexual orientation of MSM blood donors, Herbert Souza Hemotherapy Service, HUPE/UERJ, Rio 
de Janeiro - RJ, Brazil
Source: Analysis of the responses to the forms completed by blood donation candidates (2023). 

Table 2. Epidemiological and serological profile of MSM donors, Herbert Souza Hemotherapy Service, 
HUPE/UERJ, Rio de Janeiro - RJ, Brazil

Legend: HBV (hepatitis B virus); NA: not available. 
Source: HEMOTE plus System (2023), consulted by the authors.

 Variables N %

Aptitude

Eligible to donate 45 90

Not eligible to donate 5 10

Serological tests 

Reactive 4 8

Not Reactive 41 82

NA 5 10

Not serologically suitable

SYPHILIS 3 6

HBV 1 2

Total 50 100
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The Herbert de Souza Hemotherapy Service, also known as the Hemotherapy Center of the 
Pedro Ernesto University Hospital, is associated with the State University of Rio de Janeiro 
(UERJ), and has a history of receiving blood donations mainly from older donors. This charac-
teristic provides an interesting contrast to the profile of young people and students found in 
the sample of volunteers of the present study. 

Consistent with this finding, a survey of the Profile of Brazilian Blood Donors, conducted 
in national blood centers, found that the propensity to donate blood at any time in life was 
highest among younger people. However, despite being healthier and having greater access to 
information, this age group may have yet to acquire awareness and maturity about the impor-
tance of consistent donation6. 

Self-identification as cisgender was predominant in this sample. According to Reynolds et 
al.7, self-identification as trans or some other gender specification provides an opportunity to 
include a minority that until recently did not have an appropriate gender expression choice in 
blood donation questionnaires. 

The fact that more than two-thirds of donors in this sample have completed and/or are pursu-
ing higher education may be related to their awareness of the importance of blood donation 
and commitment to this cause, driven by the inclusion of LGBTQIAP+ donors, or to the greater 
visibility in donor recruitment campaigns targeted at this age group. Indeed, high levels of 
education are associated with greater opportunities for access to education, and understanding 
the importance of blood donation may also be motivated by access to education.8 

Single marital status, as well as being male and young, is associated with a greater tendency 
to have multiple partners.9 However, less than one third of donors reported having multiple 
partners in this study. 

Despite the previous restriction on blood donation by MSMs, some of them had donated 
blood. This finding indicates that blood donation took place even under a policy of restric-
tion, and can be considered a risky practice. Prospective donors must be made aware and 
educated, so that they do not lie or omit relevant information when filling in questionnaires 
and/or participating in interviews during clinical screening. At the same time, this situation 
highlights the need to reflect on the state of "sub-citizenship" in which MSM candidates 
find themselves, when they feel forced to resort to an illegal act in order to gain the right to 
donate blood.10 

The reactivity for syphilis (6%) among the participants in this study with positive serologies 
was lower than expected, while reactivity for hepatitis B (2%) was above target, bearing in 
mind that the indicator presented by the state blood bank network as a parameter for the year 
2021 was 45.56% of reactivity for syphilis and 1.85% for hepatitis B among donors with sero-
logical ineligibility.11 

Based on indicators from the Rio de Janeiro blood bank network for 2022, the profile of the 
respondents included in this sample lies within the target of less than 18% ineligibility to do-
nate blood as a result of clinical screening, since only 10% were classified as ineligible. Those 
ineligible on serological grounds, comprising the 8.7% of participants in the study whose tests 
showed reactive results, exceeded the target of less than 4%.12 This result calls attention to the 
small number of individuals included in this sample, which does not validate any extrapola-
tion. A study with a larger sample would be desirable. 
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No HIV reactivity was found in the study population. A systematic review based on scientific 
articles whose studies were conducted in developed countries examined the association be-
tween MSM blood donors, deferral policies and the risk of TTI. Four of the articles suggested 
a higher risk of combined TTI in MSM, considering HIV, syphilis and HBV; however, the lim-
itations of these studies call into question their robustness. One of the articles found that the 
12-month deferral policy for blood donation by MSM presented no or a lower risk of TTI. No
studies were available on assessing the relation between the risk of TTI associated with the
3-month deferral policy and the individual risk assessment of the donor candidate. Research
in this area should be encouraged since some hemotherapy services have begun to use these
criteria to select potential donors.13

Another study of blood donors from the same hemotherapy service found that 36% of candi-
dates gave blood because they wished to receive the result of the serological test after dona-
tion.14 In this sample, 64% of candidates were found to have had at least one rapid test in the 
previous 12 months at testing and counselling centers (CTAs). However, identification of the 
reason for testing was not possible since no such guiding question was included in the inter-
view questionnaire. Even if this is not the case for the participants in this study, it is important 
to emphasize that some candidates donate blood at blood centers in order to be tested for 
STIs, a practice engaged in by both MSMs and the heterosexual population. CTAs are available 
for these purposes, and donors should be encouraged to seek this service and should be offered 
guidance on the basic conditions of donation, in addition to having their awareness raised 
about the immunological window period, namely after using pre- and post-exposure prophy-
laxis.10

In a previous study carried out in the period at the same center before Resolution No. 
399/2020, a similar profile was found in a study of MSM donors, with differences in sexual 
orientation and prevalence of condom use. Among MSM donors, the prevalence of homosexual 
orientation and the regular use of condoms during sexual intercourse were noted. 

This study faces limitations due to the inability to inquire about sexual orientation during 
clinical screening, necessitating individual assessments to avoid bias. The small sample size 
is an obstacle to any generalization, but the framework of this study can potentially be repli-
cated in other blood centers. In conclusion, MSM donors do not appear to alter the profiles of 
the hemotherapy service significantly. The relevance of sexual behavior in donor vulnerabil-
ity classification is highlighted. Future research should involve larger MSM cohorts, so as to 
provide inputs to blood donation policies. The promotion of education and raising awareness 
about MSM blood donor vulnerability is recommended in the design of broader campaigns for 
encouragement of blood donation.
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Teeth arrangements for denture esthetics: 
perceptions of dentulous and edentulous 
individuals 
Giselle V. de Moraes,1 Joel O. Barreto,1 José Eugênio T. Rocha,1 Wagner A. de Negreiros,1 Rayrah Kayane S. 
Moreira,1 Rômulo R. Regis1*

Abstract
While bearing in mind that differing opinions on 
esthetic outcomes can emerge among dentists, 
patients and observers during the rehabilita-
tion of edentulous patients, this study compares 
esthetic perceptions of and preferences for 
various anterior teeth arrangements for com-
plete dentures among both dentulous and eden-
tulous individuals. Two edentulous individuals 
were selected, and four maxillary anterior teeth 
arrangements (“Classic”, “Supernormal”, “Se-
nile”, “Youthful”) were proposed. Photographs 
were evaluated by the patients, prosthodontists 
and dentistry predoctoral students, as well as 
edentulous and dentulous laypeople. In the 
cases of both patients, most respondents did 
perceive differences among the arrangements, 
with no differences among groups (male patient, 
P=0.353; female patient, P=0.387). Considering 
all respondents, the “Youthful” and “Classic” 
arrangements were understood to be the most 
attractive (33/48%), natural (34/51%), least arti-
ficial (34/50%), and the preferred (34/56%) smile 
for the male and female patient, respectively. 
Within each rater group, the “Classic” arrange-
ment was rated as the least artificial (P=0.03) for 
the female patient. The “Senile” and “Youthful” 
arrangements were favored for the male patient, 
who preferred the “Senile” one. For the female 
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patient, the “Classic” and “Supernormal” were 
favored, and she chose the “Supernormal” smile. 
The results highlight that esthetic perceptions 
and preferences can differ among dentulous and 
edentulous laypeople, dental professionals and 
patients. In addition, the same observer may have 
different opinions regarding tooth arrangements 
for different patients. Therefore, the patient´s 
opinion must be taken into consideration when 
determining the esthetic standards of smiles, and 
professionals should refrain from imposing their 
own esthetic preferences on patients.

Introduction

An esthetically pleasing smile is crucial for any restorative dental procedure, since this aspect of 
human appearance directly affects facial harmony, oral health, quality of life, communication, 
and business relationships.1-4 To restore oral functions, dental prostheses must ensure harmony 

Keywords: Artificial tooth; Complete denture; 
Edentulous mouth; Dental esthetics; Patient 
preference.
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in the shape and color of the teeth, gums, lips, and face. This can be challenging when all maxil-
lary anterior teeth are absent.5

The literature presents numerous methods for determining esthetic parameters for anterior 
teeth. Williams6 argues that the shape of the face resembles that of the maxillary central inci-
sors, classifying them as square, triangular, or ovoid. Building on this idea, Nelson's "Esthetic 
Triangle"7 incorporated the shape of dental arches into the aforementioned concept. Frush and 
Fischer suggest that factors such as sex,8 personality,9 and age10 influence various tooth parame-
ters, including outlines of incisal angles, size and arrangements, as well as the presence of incisal 
wear and gingival recessions. Rufenacht's morphopsychology theory11 links the maxillary central 
incisors to personality traits such as strength, energy, authoritarianism, magnetism, apathy, or 
retraction. Meanwhile, the maxillary lateral incisors have been associated with an artistic, emo-
tional, or intellectual personality. Therefore, different dental arrangements have the potential to 
significantly alter a patient’s image.

The requirements for esthetics in restorative procedures have evolved alongside the current 
trend of increased recourse to anti-aging treatments.5 In terms of rehabilitation through 
complete dentures, various concepts — the “natural”, “supernormal”, and “denture” looks — 
have been discussed in the literature.1,2,12 These concepts encompass factors such as the size 
and proportion of teeth, gingival characterization, occlusal plane, use of diastema, different 
arrangements of maxillary anterior teeth, and the degree of their exposure, among others. The 
maxillary central incisors play a significant role in non-verbal communication due to their 
prominent position in the mouth.13 The pursuit of younger-looking smile patterns has led to 
the positioning of maxillary anterior teeth at a more incisal level relative to lateral incisors and 
canines, with the objective of enhancing their visibility.14 However, literature that documents 
the application of this youthful model in the rehabilitation of edentulous elderly patients us-
ing complete dentures is lacking. 

Ideally, the esthetic parameters employed should align with the demands of patients,6 given 
the complex and subjective nature of the concept of beauty.15 Acknowledging the significance 
of esthetics in achieving successful treatment outcomes, this study aims to assess how various 
arrangements of maxillary anterior teeth impact the perceptions and preferences of prosthodon-
tists, predoctoral students in dentistry, dentulous individuals and wearers of complete dentures. 
The null hypothesis was that the perceptions and preferences of respondents regarding the four 
esthetic concepts tested would not significantly differ.

Methodology

Following approval by the Institutional Ethics Committee of the local university (#627.841), 
two completely edentulous patients who were seeking new full dentures were selected for 
this observational study. They were both aged 60, and one was male (Patient 1) and the other 
female (Patient 2). Both patients demonstrated good receptiveness and cognitive ability, and 
no pre-prosthetic interventions were required. The study's nature and all its details were thor-
oughly explained, and informed consent was obtained. 

Complete dentures were fabricated according to the following technique:16,17 preliminary 
impressions were taken using stainless steel stock trays, previously modified by the ap-
plication of peripheral wax to their edges (Asfer Indústria Química Ltda, SP, Brazil), using 
irreversible hydrocolloid (Dental News Com. Imp. e Exp Ltda, PR, Brazil) as the impression 
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material. Preliminary casts were obtained using type III plaster (Chaves F/A Mineração e 
Indústria, CE, Brazil). 

Individual trays were then fabricated using colorless acrylic resin. Clinical adjustments were 
made to the individual trays, and secondary impressions were taken by border molding using a 
low-fusion stick compound (Nova DFL, RJ, Brazil) and by molding the supporting surface with 
zinc oxide–eugenol paste (Technew, RJ, Brazil). Working casts were made using type IV plaster 
(Pasom, Gold Star Brasil Indústria e Comércio Ltda, SP, Brazil). 

Record bases with wax rims were created on these casts. The wax rims were individualized, and 
maxillomandibular relationship recordings were performed. The working casts were trans-
ferred to a semi-adjustable articulator by means of a facebow. Adjustments were made to inter-
condylar distance, condylar guide, and Bennet angles (30 and 15 degrees, respectively). 

The artificial teeth (Vipi Dent Plus, VIPI Indústria, Comércio, Exportação e Importação de 
Produtos Odontológicos Ltda, SP, Brazil) were chosen by three clinical operators based on 
shape, size, and color. They followed the reference lines marked on the maxillary wax rim and 
considered each patient's esthetic preferences. An arrangement known as “Classic” for the six 
maxillary anterior teeth was utilized for placement of the artificial teeth. This arrangement 
positioned the central incisors and canines at the same incisal level, with the lateral incisors 
positioned 1mm above [Figure 1a].

Following clinical trials and approval by both participants and operators, three other arrange-
ments were tested on three additional record bases: the “Senile”, which is similar to the “Classic” 
arrangement, but has worn cuspids and the same level for the central, canine, and lateral incisors 
edges [Figure 1b]; the “Supernormal”, in which the teeth were 1.0mm longer and 1.0mm wid-
er than the “Classic” arrangement, with the same ordering of incisal levels [Figure 1c]; and the 
“Youthful”, which is similar to the “Classic” arrangement, except that the incisal edge of the max-
illary central incisors was positioned 1mm below the edge of the lateral incisors, and these, in 
turn, were 1mm below the cuspid of the canines [Figure 1d]. For example, in the case of patient 1, 
the model of the anterior teeth selected for the “Classic”, “Senile”, and “Youthful” arrangements 
measured 8mm in width and 10.4mm in length (model # 264). However, for the “Supernormal” 
arrangement, the width and length were 9.1mm and 11.4mm, respectively (model #38).

Figure 1. Upper anterior teeth arrangements.
Legend: A: “Classic” arrangement; B: “Senile” arrangement; C: “Supernormal” arrangement; D: “Youthful” 
arrangement. Source: The authors (2020).
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After esthetic and functional evaluation and approval of artificial teeth in the “Classic” ar-
rangement, the process aimed to standardize the characteristics for the various teeth assem-
blies. To achieve this, new record bases and wax rims were obtained using the same working 
cast mounted on the semi-adjustable articulator. This process maintained the previously 
established vertical dimension and centric relation. The creation of the four maxillary teeth 
assemblies was conducted in reference to the same lower record base. These assemblies were 
executed by a single denture technician who was well-versed in the characteristics of the pro-
posed arrangements. 

After approval of the different arrangements, digital camera pictures (sized 15 x 10cm) (Nikon 
Coolpix P510 Nikon Corp., Tokyo, Japan) were captured and organized into a booklet. Each pa-
tient's set of four images was presented on a single page to aid visual comparison. To prevent any 
influence on the raters' responses, the images were randomly labeled with the letters A, B, C, and 
D (A – “Classic”, B – “Senile”, C – “Supernormal”, and D – “Youthful”). An illustration featuring 
the application of the four arrangements on patient 1 is depicted in Figures 2a-d. 

Figure 2. Frontal view of the smiles composed by the different teeth arrangements.
Legend: composed by A:“Classic” arrangement; B:“Senile” arrangement; C: “Supernormal” arrangement; D: “Youthful” 
arrangement.
Source: The authors (2020).

The illustrated booklet was presented to 100 individuals, including prosthodontists, predoc-
toral dentistry students, edentulous individuals, and dentulous laypeople (25 respondents per 
group). These participants expressed their esthetic perceptions and preferences by filling in a 
questionnaire1,2 specially adapted for this study. The response unit used for comparing groups 
was the evaluation of the following parameters: Noticeable difference among arrangements 
(question 1 – “Can you perceive a noticeable difference among the four smiles of this pa-
tient?”); Attraction (question 2 – “Which smile do you consider the most attractive?”); Natu-
ralness (question 3 – “Which smile do you consider the most natural?”); Artificiality (question 
4 – “Which smile do you consider the least artificial?”); Esthetics (question 5 – “Which smile 
do you consider the most esthetically pleasing?”); Choice of smile (question 6 – “Which smile 
would you select for this patient?”).

Each patient conducted a self-evaluation of the smiles featuring different arrangements using 
the same questionnaire. They selected their preferred dental arrangement, and the dentures 
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then underwent the curing cycle. Following this, the dentures were delivered, together with 
instructions regarding their use and maintenance. In addition, follow-up appointments were 
scheduled after 1, 7, and 14 days. Further appointments were arranged based on the individual 
needs of each patient. 

Differences among groups were examined using Fisher’s exact and Chi-square tests. The anal-
yses were conducted at a significance level of 0.05 utilizing statistical software (SPSS 21.0.0; 
SPSS Inc., Chicago, IL).

Results

The majority of respondents perceived differences among the four dental arrangements (male 
patient – 92%, female patient –  99%), with no difference between the two groups (male pa-
tient, P=0.353; female patient, P=0.387) [Table 1]. In addition, the frequency of “yes” or “no” 
answers for question 1 in each group was similar, regardless of the patient (“yes”, P=0.745; 
“no”, P=0.996) (Table 1).

Table 1. Frequency of responses to question “Can you perceive a noticeable difference among the four 
smiles of this patient?” (question 1) in each group of respondents concerning their perceptions of the 
differences among the four dental arrangements.

 Group
Do you perceive a difference?

P
No Yes

Male patient

Dentulous laypeople 3 (12%) 22 (88%)

0.353

Undergraduates 2 (8%) 23 (92%)

Edentulous 3 (12%) 22 (88%)

Prosthodontists 0 (0%) 25 (100%)

Total 8 (8%) 92 (92%)

Female patient

Dentulous laypeople 0 (0%) 25 (100%)

0.387

Undergraduates 0 (0%) 25 (100%)

Edentulous 1 (4%) 24 (96%)

Prosthodontists 0 (0%) 25 (100%)

Total 1 (4%) 99 (99%)

P* 0.745 0.996

Legend: *Fisher’s	exact	test.	Non-significant	differences	(P>0.05).
Source: The authors (2020).

For the male patient, similar opinions for each teeth arrangement regarding all evaluated 
parameters were obtained from the groups of raters (Table 2). Considering the most frequent 
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responses from all respondents, the “Youthful” arrangement was identified as the most attrac-
tive (33%), the most natural (34%), the least artificial (34%), and the preferred (34%) smile. In 
the case of the female patient, the smile created with the “Classic” arrangement was identified 
as the most attractive (48%), the most natural (51%), the least artificial (50%), the most esthet-
ic (59%), and the preferred (56%) smile. For this patient, a statistically significant difference of 
opinion regarding the “artificiality” parameter (P=0.03) was observed within each rater group. 
The “Classic” arrangement was considered the least artificial by the dentulous (52%), edentu-
lous (48%), and prosthodontists (72%) groups. Undergraduates (36%) selected the “supernor-
mal” arrangement as the least artificial.

Table 3 displays the comparison of preferences and perceptions within each rater group with 
regard to the patients. Overall, the “Classic” and “Supernormal” arrangements received similar 
ratings for all questions in both patients. The same trend was noticed for the smiles created 
with the “Senile” and “Youthful” arrangements. The opinions of the edentulous and prost-
hodontists groups were aligned — they considered the “Senile” and “Youthful” arrangements 

Table 2. Frequency of responses of each rater group for questions 2-6 concerning their perceptions of the 
differences among the four dental arrangements applied for patients 1 and 2

Group

Teeth arrangements 
Male patient

P

Teeth arrangements 
Female patient

P
CL SL SN YF CL SL SN YF

M
os

t a
ttr

ac
tiv

e

Dentulous laypeople 7 (28%) 7 (28%) 5 (20%) 6 (24%)

0.943

13 
(56%) 1 (4%) 11 

(44%) 0 (0%)

0.247

Undergraduates 8 (32%) 4 (16%) 5 (20%) 8 (32%) 8 
(32%)

3 
(12%)

11 
(44%)

3 
(12%)

Edentulous 5 (20%) 7 (28%) 4 (16%) 9 (36%) 11 
(44%)

3 
(12%)

10 
(40%) 1 (4%)

Prosthodontists 5 (20%) 5 (20%) 5 (20%) 10 
(40%)

16 
(64%) 1 (4%) 8 

(32%) 0 (0%)

Total 25 
(25%)

23 
(23%)

19 
(19%)

33 
(33%)

48 
(48%) 8 (8%) 40 

(40%) 4 (4%)

M
os

t n
at

ur
al

Dentulous laypeople 6 (24%) 4 (16%) 8 (32%) 7 (28%)

0.576

12 
(48%)

4 
(16%)

5 
(20%)

4 
(16%)

0.624

Undergraduates 5 (20%) 4 (16%) 7 (28%) 9 (36%) 10 
(40%)

5 
(20%)

6 
(24%)

4 
(16%)

Edentulous 4 (16%) 8 (32%) 3 (12%) 10 
(40%)

12 
(48%)

3 
(12%)

8 
(32%) 2 (8%)

Prosthodontists 3 (12%) 9 (36%) 5 (20%) 8 (32%) 17 
(68%) 1 (4%) 5 

(20%) 2 (8%)

Total 18 
(18%)

25 
(25%)

23 
(23%)

34 
(34%)

51 
(51%)

13 
(13%)

24 
(24%)

12 
(12%)

Le
as

t a
rt

ifi
ci

al

Dentulous laypeople 8 (32%) 3 (12%) 8 (32%) 6 (24%)

0.500

13 
(52%)

a
1 (4%) 2 (8%) 9 

(36%)

0.003*

Undergraduates 5 (20%) 4 (16%) 6 (24%) 10 
(40%)

7 
(28%)

5 
(20%)

9 
(36%)

a

4 
(16%)

Edentulous 5 
(20%)

7 
(28%)

5 
(20%)

8 
(32%)

12 
(48%)

a

1 
(4%)

9 
(36%)

3 
(12%)

Prosthodontists 3 
(12%)

8 
(32%)

4 
(16%)

10 
(40%)

18 
(72%)

a

1 
(4%)

4 
(16%)

2 
(8%)

Total 21 
(21%)

22 
(22%)

23 
(23%)

34 
(34%)

50 
(50%)

8 
(5%)

24 
(24%)

18 
(18%)
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Table 2. Frequency of responses of each rater group for questions 2-6 concerning their perceptions of 
the differences among the four dental arrangements applied for patients 1 and 2 (cont.)

Group

Teeth arrangements 
Male patient

P

Teeth arrangements 
Female patient

P
CL SL SN YF CL SL SN YF

M
os

t e
st

he
tic

Dentulous laypeople 6 
(24%)

7 
(28%)

8 
(32%)

4 
(16%)

0.367

16 
(64%)

2 
(4%)

7 
(28%)

0 
(0%)

0.478

Undergraduates 8 
(32%)

7 
(28%)

3 
(12%)

7 
(28%)

11 
(44%)

3 
(12%)

9 
(36%)

2 
(4%)

Edentulous 5 
(20%)

8 
(32%)

4 
(16%)

8 
(32%)

13 
(52%)

2 
(4%)

8 
(32%)

2 
(4%)

Prosthodontists 8 
(32%)

4 
(16%)

6 
(24%)

7 
(28%)

19 
(76%)

1 
(2%)

3 
(12%)

2 
(4%)

Total 27 
(27%)

26 
(26%)

21 
(21%)

26 
(26%)

59 
(59%)

8 
(8%)

27 
(27%)

6 
(6%)

Sm
ile

 o
f c

ho
ic

e

Dentulous laypeople 6 
(24%)

5 
(20%)

8 
(32%)

6 
(24%)

0.579

16 
(64%)

1 
(4%)

8 
(32%)

0 
(0%)

0.175

Undergraduates 6 
(24%)

4 
(16%)

6 
(24%)

9 
(36%)

9 
(36%)

4 
(32%)

9 
(36%)

3 
(12%)

Edentulous 7 
(28%)

8 
(32%) 2 (8%) 8 

(32%)
12 

(48%)
2 

(8%)
9 

(36%)
2 

(8%)

Prosthodontists 4 
(16%)

5 
(20%)

5 
(20%)

11 
(44%)

19 
(76%)

1 
(4%)

4 
(16%)

1 
(4%)

Total 23 
(23%)

22 
(22%)

21 
(21%)

34 
(34%)

56 
(56%)

8 
(8%)

30 
(30%)

6 
(6%)

Legend: CL	-	Classic;	SN	-	Supernormal;	SL	-	Senil;	YF	-	Youthful.	*Chi-square	test;	aSignificant	differences	(P<0.05). 
Source: The authors (2020).

more suitable for the male patient; while finding the “Classic” and “Supernormal” arrange-
ments more appropriate for the female patient across all parameters. Similar results were 
observed for the dentate group, except for the naturalness and artificiality parameters. The 
undergraduate group was the only one to rate both patients similarly on all parameters.

Table 3. Comparison between both patients within each rater group for questions 2-6.

P* Male Patient Female Patient

Most attractive

Dentulous laypeople 0.002† CL=SN<SL=YF CL=SN>SL=YF

Undergraduates 0.198 ns ns

Edentulous 0.005† CL=SN<SL=YF CL=SN>SL=YF

Prosthodontists 0.000† CL=SN<SL=YF CL=SN>SL=YF

Most natural

Dentulous laypeople 0.319 ns ns

Undergraduates 0.286 ns ns

Edentulous 0.003† CL=SN<SL=YF CL=SN>SL=YF

Prosthodontists 0.000† CL=SN<SL=YF CL=SN>SL=YF
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P* Male Patient Female Patient

Least	artificial

Dentulous laypeople 0.094 ns ns

Undergraduates 0.306 ns ns

Edentulous 0.013† CL=SN<SL=YF CL=SN>SL=YF

Prosthodontists 0.000† CL=SN<SL=YF CL=SN>SL=YF

Most esthetic

Dentulous laypeople 0.010† CL=SN<SL=YF CL=SN>SL=YF

Undergraduates 0.049† CL=SN<SL=YF CL=SN>SL=YF

Edentulous 0.007† CL=SN<SL=YF CL=SN>SL=YF

Prosthodontists 0.018† CL=SN<SL=YF CL=SN>SL=YF

Smile of choice

Dentulous laypeople 0.004† CL=SN<SL=YF CL=SN>SL=YF

Undergraduates 0.241 ns ns

Edentulous 0.005† CL=SN<SL=YF CL=SN>SL=YF

Prosthodontists 0.000† CL=SN<SL=YF CL=SN>SL=YF

Table 3. Comparison between both patients within each rater group for questions 2-6 (cont.).

Legend: CL:	Classic;	SN:	Supernormal;	SL: Senil;	YF:	Youthful.	*Chi-square	test;		†Significant	differences	(P<0.05);	ns:–	
not	significant.
Source: The authors (2020).

The male patient preferred the “Senile” smile, considering it the most attractive and natural. 
The “supernormal” smile was deemed less artificial and more esthetic. In contrast, the female 
patient found the smile with the “Supernormal” arrangement more attractive, natural, and 
esthetic, choosing it as their preferred smile. In addition, both patients considered the “Youth-
ful” arrangement to be the least artificial.

Discussion

The primary aim of the current study was to explore the perceptions and preferences of vari-
ous dentate groups with different levels of dental knowledge, as well as completely edentulous 
patients wearing complete dentures, with regard to different teeth arrangements during the 
rehabilitation of edentulous individuals using complete dentures. Although the differences 
between the smiles in the present study may appear small, 97% of dentulous respondents 
(dentulous, undergraduates, and prosthodontists groups) and 92% of edentulous individuals 
perceived distinctions among the four dental arrangements. This suggests that the smiles 
differ noticeably in the opinion of most observers. Furthermore, this perception within each 
group was not influenced by the patient’s sex. This finding aligns with Waliszewski and cols.1 
who found that 96% of edentulous respondents were able to differentiate between the three 
proposed dental arrangements (“Natural”, “Supernormal”, and “Denture look”). In addition, 
Stockheimer and Waliszewski2 observed that 96% of both dentulous and edentulous respon-
dents were able to observe differences between such smiles.
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In general, significant differences in responses among rater groups for all evaluated param-
eters were more noticeable in the case of the female patient. Specifically, among edentulous 
respondents, a majority (48%) preferred the smile with the “Classic” arrangement, aligning 
with previous findings1,2 where 55% of edentulous respondents shared this preference. The 
“Classic” arrangement was also identified as the most attractive (44%), natural (48%), least ar-
tificial (48%), and most esthetic (52%). In Waliszewski and cols.2 study, this smile was chosen 
by 53.5% of edentulous respondents as the most attractive, 56% as the most natural, and 54% 
as the least artificial. Furthermore, in Stockheimer and Waliszewski study (2012),2 the “Clas-
sic” smile was selected by most edentulous respondents as the most attractive (53%), natural 
(55%), and least artificial (53%). Interestingly, only 12% of respondents considered this smile 
the most artificial, aligning with previous findings of 9%1 and 11%2 in earlier studies. 

Furthermore, the “Classic” smile was favored by 64% of dentate laypeople, being considered 
the most attractive (56%), the most natural (48%), the least artificial (52%), and the most 
esthetically pleasing (64%) arrangement. In a previous study,2 53% of dentate participants 
preferred this smile and regarded it as the most attractive (53%) and most natural (55%). The 
smile featuring the “Supernormal” arrangement ranked second as the most preferred, most at-
tractive, most natural, and most esthetically pleasing by both groups, but was rated as the third 
most artificial. This finding contrasts with previous studies,1,2 in which this arrangement was 
the least preferred, considered the most artificial, least attractive, and least natural by these 
groups. These differences may have emerged due to variations in the number of respondents 
and the inclusion of a fourth smile configuration for evaluation in the present study. 

When assessing the responses of all raters, notable differences were observed among pa-
tients. The female smile typically features rounded outlines of incisal angles, imparting a 
more delicate appearance.13 This may explain why the majority of respondents favored the 
“Classic” arrangement, characterized by a more controlled display of teeth, for the female 
patient (56%). This was considered the most attractive (48%), the most natural (51%), the 
least artificial (50%), and the most esthetically pleasing (59%) arrangement. 

Conversely, square and straight incisal angles, lending a more robust appearance,13 appear to 
be more appealing in the case of the male patient. This could explain why the “Senile” smile 
was rated as the most attractive, most natural, least artificial, most esthetically pleasing, and 
the preferred choice for the male patient, compared to the “Classic” and “Supernormal” ar-
rangements (Table 3). Patient 1 favored the “Senile” arrangement in their smile, considering 
it the most attractive and natural. Patient 2 expressed a preference for more visible teeth, 
favoring the “Supernormal” arrangement as the most attractive, natural, esthetically pleas-
ing, and their preferred smile. 

The smile design referred to as the “Youthful” arrangement in this study was based on 
parameters identified as ideal for a youthful smile,14 where the incisal edges of the upper 
central incisors are positioned below the edges of the lateral incisors, which, in turn, are 
positioned below the canine cuspid when viewed from the front. Thus, the acceptance of this 
youthful setting was evaluated when applied to older adult denture wearers, a demograph-
ic group not previously explored in the literature. The low acceptance of this arrangement 
by these patients could likely be attributed to the youthfulness characteristics it imparts to 
the smile, rendering it incompatible with older patients. According to Pithon and cols.,18 an 
esthetic conflict can arise when restoring the smile of an adult with features more suited to a 
younger individual, which are easily noticed by any observer. For older edentulous persons, a 
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satisfactory and pleasing smile might be one that mirrors the characteristics of their natural 
smile, in alignment with their present age.12

The results underscore the divergence regarding the esthetic perceptions and preferenc-
es observed among the various individuals surveyed and the rehabilitated patients in this 
study. The level of “dental knowledge” can potentially influence esthetic preferences, since it 
involves the consideration of theoretical and anatomical aspects during esthetic evaluations. 
The opinions of laypeople may differ from those of predoctoral dental students and prost-
hodontists due to this disparity in knowledge. Therefore, the patient’s perspective must be 
taken into account when establishing esthetic standards for smiles. Professionals should re-
frain from imposing their own esthetic ideals onto patients, since the perception of beauty is 
entirely subjective and personal. In addition, one must recognize that differences in percep-
tions of beauty and naturalness exist not only between sexes and ages but also encompass 
objective aspects, such as dental lines and angles. 

The limitations of the present study include that only two patients, both around 60 years 
old, were evaluated, and that respondents were asked to assess the images only once. Fu-
ture studies might consider evaluating these arrangements across different age groups (e.g., 
around 40 or over 70 years old). Increasing the number of respondents could potentially 
reveal more significant differences between groups. To validate the reliability of partici-
pants´ responses, a second set of identical pictures, presented in different sequences, could 
be used. In addition, demographic characteristics, such as respondents´ gender, age, duration 
of edentulism, and denture use, could be included in order to achieve a more comprehensive 
understanding of how these factors influence esthetic perceptions and preferences.

Conclusions

Regardless of the level of dental knowledge or experience with dental prostheses, all groups of 
evaluators noticed differences between the proposed dental arrangements. With the exception 
of undergraduates, both “Senile” and “Youthful” arrangements were preferred for the male 
patient, who selected the “Senile” smile. In the case of the female patient, the preferred ar-
rangements were “Classic” and “Supernormal”, and she chose the “Supernormal” smile. Thus, 
the same observer may have differing opinions when evaluating tooth arrangements proposed 
for different patients. These results highlight the importance of taking into consideration the 
patient´s opinion when determining the esthetic standards of a smile, and the need for profes-
sionals to avoid imposing their esthetic preferences on patients.
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Introduction

The age of an individual can be measured in forensic situations to identify both skeletal 
remains and bodies in decomposition as well as in the civil field to assist in adoption pro-
cesses, identification of underage offenders, immigration, asylum procedures, and other 
purposes.1,2 Teeth have played a decisive role in cases of forensic investigation since they 
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Abstract
Introduction: Methods for estimation of dental 
age are highly reliable and their application plays 
an important role in the forensic field. Neverthe-
less, controversies remain regarding the accuracy 
and applicability of these protocols in specific 
populations. Objective: Evaluate the accuracy and 
applicability of the dental age estimation methods 
recommended by Demirjian, Willems and AlQha-
tani. Methodology: Two calibrated examiners 
analyzed 330 panoramic radiographs of a Brazilian 
population of both sexes, with ages ranging from 
6 to 16 years (n = 30), according to each method. 
The values of the estimated ages were compared 
with the chronological age (Wilcoxon's test: 
Demirjian and Willems; Pearson's Chi-square test: 
AlQahtani; p<0.05). Results: For the Demirjian 
method, the estimated age showed no difference 
concerning the chronological age for the 9- and 
15-years groups (p=0.758 and p=0.510, respective-
ly), with an overestimate rate up to 1.1 years and 
an influence due to sex. The Willems method did 
not show differences for the groups from 11- to 
15-years (p=0.5302, p=0.3622, p=0.9224, p=0.9426 
and p=0.1024, respectively), regardless of sex, with 
an overestimate rate of 0.8 years at maximum. For 
the AlQahtani method, the highest accuracy rates 
were found for the 6- and 7-years groups (50% and 
57%, respectively), with an overestimate rate up to 
0.6 years, without any influence due to sex. Con-
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clusions: The dental age estimated by the Demir-
jian, Willems and AlQahtani methods in a sample 
of Brazilian children and adolescents showed 
excellent match with chronological age, with the 
Willems method showing the greatest precision in 
the sample as a whole.
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are naturally preserved even after the disintegration of tissues and bones.3 In addition, they 
have specific identifiable features, which means that each individual has teeth with unique 
morphological characteristics.4

Some authors consider that radiographic methods of age estimation are one of the safest and 
most reliable for attribution of chronological age since dental radiography is a non-destructive 
technique and teeth are less susceptible to nutritional, hormonal and pathological changes.5 
Among the various protocols used to measure estimated age, those based on the stages of den-
tal mineralization are more reliable when compared to those that rely on bone development 
since they suffer less interference from factors such as sex, race, and systemic disease.6,7 Ac-
cording to several authors,8,9 the state of the art methods for estimating the dental age of chil-
dren and adolescents are those of Demirjian and colleagues10 and Willems and colleagues.11

Both the Demirjian and colleagues10 and the Willems and colleagues11 methods are based on 
the maturation stages of the seven left lower permanent teeth, although the Willems method is 
designed to minimize the estimated divergences of the Demirjian method by adapting statistical 
data. Despite being popular, the Demirjian method has usually presented age overestimations, 
while the Willems method has been considered to be the most accurate for the estimation of 
dental age of young individuals.8,9,12,13 In addition, AlQahtani and colleagues14 developed the 
“London Atlas of Human Tooth Development and Eruption” for age estimation, which uses both 
dental development and alveolar eruption for individuals from 30 weeks of intrauterine life to 23 
years old. The number of analyses made using the AlQahtani method remains low.

Discrepancies in tooth mineralization stages have already been found when comparing popu-
lations with different racial features.9,15-18 Cultural and ethnic differences among populations 
may explain the discrepancies observed in the estimated dental age and this fact has led to the 
introduction of new scores and classification criteria for specific populations.7,9 

Therefore, this study aimed to evaluate the accuracy and applicability of the Demirjian, Wil-
lems and AlQahtani methods for estimation of dental age in a population of children and 
adolescents from the southeastern region of Brazil.

Methodology

Experimental design and sample characterization

This study received ethical approval from the Research Ethics Committee on Human Sub-
jects (CAAE 69505017.8.0000.0064, UNICID, São Paulo-SP, Brazil). It consisted of a cross-sec-
tional, blind observational study in which digital panoramic radiographs (“DVI Radiologia 
Odontológica” Radiology Clinic database, Ribeirão Preto-SP, Brazil) of children and adoles-
cents with chronological age of 6 to 16 years, of both sexes, residing in the southeastern region 
of Brazil, were subjected to analysis. 

Initially, a total of 352 radiographic images were selected, which comprised a sample number 
of 176 images for each sex. This selection was based on the statistical data from the study of 
Frítola and colleagues  (2015), which used a sample size of 173 males (43%) and 225 females 
(57%). After applying exclusion criteria, a total of 330 images were used in the present study, 
with a sample number of 115 images for each sex, distributed into the 11 age analysis groups 
(n=15 for each sex, in each age group).
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The images were selected according to the following inclusion criteria: digital panoramic 
radiographs of 6- to 16-year old boys and girls, from southeastern Brazil, taken between 2014 
and 2017. The exclusion criteria were: images with low clarity, poor quality and/or distortions, 
without due record of chronological age or sex, with the presence of agenesis or dental ex-
tractions, facial trauma or any other type of anomaly or dental development syndromes (n=30; 
11 groups).

Calibration of examiners and evaluation of radiographic images 

The radiographic images were analyzed by two previously calibrated examiners, in a dark envi-
ronment, using a 14-inch monitor, through a specific Windows® image visualization program 
(Microsoft Office 2010, Windows® 8). The inter- and intra-examiner calibration was calculated 
by the Intraclass Correlation Coefficient (ICC), using IBM SPSS Statistics v22 x64 for Windows® 
software, with a Cronbach alpha reliability model and a 95% confidence interval.

Calibration was performed for the three methods of age estimation by analysis of 11 panoram-
ic radiographs that were not included in the sample number. Each examiner evaluated the 
same radiograph three times, with a 48-hour interval between each evaluation. For the in-
tra-examiner analysis, the estimated dental age in each of the three evaluations was 
compared, between different analysis times while the estimates of dental age made by the two 
examiners were compared with each other for inter-examiner analysis.

Application of dental age estimation methods

Three methods of dental age estimation were applied, which are based on the analysis 
of mineralization and permanent teeth eruption: the Demirjian, Willems and AlQahtani 
methods.

The Demirjian and colleagues[10] method considers the maturation stages of the seven left 
lower permanent teeth, classified in categories from "A" to "H", which range from the beginning 
of the coronal crypt mineralization to the fully closed root apex. Subsequently, a numerical 
value is assigned to each tooth according to the maturation stage and differentiated by sex. 
These values are summed, resulting in a total “Maturity Score” value, which in turn, is convert-
ed to an estimated dental age.

The Willems and colleagues11 method uses the same maturation stages "A" to "H". However, the 
process of estimating age is simplified by new statistical calculations. In this case, the “Maturity 
Score” table is no longer used. The values of the maturation stages for each tooth are summed 
and this final result is already the estimated age.

AlQahtani and colleagues14 established “The London Atlas of Human Tooth Development and 
Eruption” method for estimation of age, which is based only on the maturation of the right side 
and involves the measurement of dental eruption in relation to the level of the alveolar ridge. 
The atlas is used for a direct comparison between the panoramic image and its respective com-
patible image in the atlas.

Radiographic images were blinded, and the digital image files were identified by number and sex. 
A maximum of 20 images per day were analyzed in order to avoid visual fatigue and a consequent 
impairment of the analysis. 
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Statistical analysis

For the Demirjian and Willems methods, agreement between the estimated ages and the chrono-
logical age was evaluated using the Wilcoxon non-parametric test (R Core Team 2017), consid-
ering the variable age without normal distribution (Kolmogorov-Smirnov). The comparison was 
performed by age group and sex. For AlQahtani method, the values of the estimated age interval 
were compared with the chronological age values for each group, and the accuracy rate of the 
method was measured. In order to evaluate the influence of sex on age estimation, Pearson's 
Chi-square (R Core Team 2017) was applied. The significance level was set at 5% in all the tests.

Results 

The ICC values presented for intra-examiner 1 were 0.991, 0.991 and 1.000, for the Demirjian, 
Willems and AlQahtani methods, respectively. For intra-examiner 2, the values were 0.978, 
0.978 and 1.000, for the same methods, respectively. The ICC values presented for the inter-ex-
aminer calibration were 0.993, 0.993 and 0.991, for the Demirjian, Willems and AlQahtani 
methods, respectively.

For the Demirjian method, when the mean of the estimated ages was compared with the chrono-
logical age of the individuals, the only groups that did not present a statistically significant 
difference for age correlation were 9- and 15-year groups (Wilcoxon test, p>0.05, Table 1). 

Age groups Estimated age, 
mean 

Chronological 
age, mean 

Estimated age, 
median

Chronological 
age, median p value

6 years 7.6 (±0.5) 6.5 (±0.3) 7.5 (±0.5) 6.5 (±0.3) p=1.81 x 10-6

7 years 8.1 (±0.4) 7.4 (±0.3) 8.1 (±0.4) 7.5 (±0.3) p=4.43 x 10-6

8 years 9.0 (±0.9) 8.4 (±0.3) 8.6 (±0.9) 8.4 (±0.3) p=0.005

9 years 9.7 (±1.2) 9.4 (±0.3) 9.2 (±1.2) 9.5 (±0.3) p=0.758*

10 years 10.9 (±1.1) 10.5 (±0.3) 10.9 (±1.1) 10.4 (±0.3) p=0.038

11 years 12.0 (±1.2) 11.5 (±0.3) 11.9 (±1.2) 11.6 (±0.3) p=0.037

12 years 13.7 (±1.4) 12.5 (±0.3) 13.5 (±1.4) 12.5 (±0.3) p=7.35 x 10-5

13 years 14.1 (±1.3) 13.5 (±0.3) 14.4 (±1.3) 13.5 (±0.3) p=0.010

14 years 15.0 (±1.1) 14.5 (±0.3) 15.2 (±1.1) 14.5 (±0.3) p=0.026

15 years 15.5 (±0.8) 15.4 (±0.3) 16.0 (±0.8) 15.5 (±0.3) p=0.510*

16 years 15.7 (±0.6) 16.4 (±0.3) 16.0 (±0.6) 16.4 (±0.3) p=1.767 x 10-6

Table 1. Mean (±s.d.) and median (±s.d.) values of the estimated age (in years), obtained by the Demirjian 
method, compared with the chronological age for each age group (n=30, 15 male and 15 female).

Legend: *	Bold	values	with	asterisks	did	not	present	significant	statistical	differences	(Wilcoxon	test,	p>0.05).      
Source: Comar LP (2023).

When data were analyzed in relation to the percentage of estimation of the method, an average 
overestimation rate smaller of up to 1.1 years was observed. Furthermore, the estimated and 
chronological age values were found to present significant differences for both male and female 
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individuals (Wilcoxon test, p=5.82×10-10 and p=2.82×10-5, respectively) when the sexes were 
evaluated separately.

The Willems method showed even greater precision than the Demirjian method (observational 
data) and was statistically accurate in estimating the age of the population in the 11-, 12-, 13-, 
14-, and 15-year groups, regardless of sex (Wilcoxon test, p>0.05, Table 2). 

Age groups Estimated age, 
mean

Chronological 
age, mean

Estimated age, 
median

Chronological 
age, median p value

6 years 7.1 (±0.8) 6.5 (±0.3) 7.0 (±0.8) 6.5 (±0.3) p=0.0003

7 years 8.0 (±0.6) 7.4 (±0.3) 8.1 (±0.6) 7.5 (±0.3) p=0.00015

8 years 9.3 (±1.0) 8.4 (±0.3) 9.5 (±1.0) 8.4 (±0.3) p=0.00017

9 years 9.8 (±0.9) 9.4 (±0.3) 9.7 (±0.9) 9.5 (±0.3) p=0.0368

10 years 10.9 (±0.8) 10.5 (±0.3) 10.8 (±0.8) 10.4 (±0.3) p=0.0060

11 years 11.5 (±0.8) 11.5 (±0.3) 11.7 (±0.8) 11.6 (±0.3) p=0.5302*

12 years 12.9 (±1.3) 12.5 (±0.3) 12.3 (±1.3) 12.5 (±0.3) p=0.3622*

13 years 13.5 (±0.9) 13.5 (±0.3) 13.6 (±0.9) 13.5 (±0.3) p=0.9224*

14 years 14.4 (±1.2) 14.5 (±0.3) 14.1 (±1.2) 14.5 (±0.3) p=0.9426 *

15 years 15.1 (±1.1) 15.4 (±0.3) 15.8 (±1.1) 15.5 (±0.3) p=0.1024*

16 years 15.2 (±0.9) 16.4 (±0.3) 15.8 (±0.9) 16.4 (±0.3) p=1.804 x 10-6

Table 2. Mean (±s.d.) and median (± s.d.) values of the estimated age (in years), obtained by the Willems 
method, compared with the chronological age for each age group (n=30, 15 male and 15 female).

Legend: *	Bold	values	with	asterisks	did	not	present	significant	statistical	differences	(Wilcoxon	test,	p>0.05).
Source: Comar LP (2023).

In relation to the percentage of estimation of the method, an average overestimate rate of up to 
0.8 years was observed, with a statistically significant influence for both sexes (Wilcoxon test, 
p=0.0006 for males and p=0.5155 for females). 

In the case of the AlQahtani method, comparisons were made between the mean interval of es-
timated age and the mean chronological age, with an accuracy rate that varied from 57% (7-year 
group) to 27% (15-year group), with the highest accuracy rate found in the cases of individuals 
aged 6 and 7 years (50% and 57%, respectively, Table 3).

In this method, an average overestimate rate of up to 0.4 years was observed, with no significant 
difference in relation to sex in general, except for the 16-year group, which presented a 60% 
accuracy for females, significantly differing from the 6.67% accuracy for males (Pearson's Chi-
square, p=0.0067).

ORIGINAL ARTICLE

Livia P. Comar e cols. • Age estimation by dental methods



v.23, n.2, jul-dec/2024        33

Age groups Minimum estimated 
age, mean

Maximum estimated 
age, mean

Chronological age, 
mean

Accuracy %
(n=30)*

6 years 6.4 (±0.8) 7.4 (±0.8) 6.5 (±0.3) 50.00%

7 years 7.2 (±0.8) 8.2 (±0.8) 7.4 (±0.3) 56.67%

8 years 8.5 (±1.0) 9.5 (±1.0) 8.4 (±0.3) 36.67%

9 years 9.3 (±1.0) 10.3 (±1.0) 9.4 (±0.3) 33.33%

10 years 10.5 (±1.0) 11.5 (±1.0) 10.5 (±0.3) 40.00%

11 years 11.0 (±1.0) 12.0 (±1.0) 11.5 (±0.3) 40.00%

12 years 12.3 (±1.1) 13.3 (±1.1) 12.5 (±0.3) 36.67%

13 years 13.5 (±0.9) 14.5 (±0.9) 13.5 (±0.3) 43.33%

14 years 14.4 (±1.1) 15.4 (±1.1) 14.5 (±0.3) 33.33%

15 years 15.0 (±1.2) 16.0 (±1.2) 15.4 (±0.3) 26.67%

16 years 15.8 (±0.8) 16.8 (±0.8) 16.4 (±0.3) 33.33%

Table 3. Accuracy rate (%) of the estimated age interval compared to chronological age (in years), mean 
(±s.d.), by AlQahtani method, for each age group (n=30, 15 male and 15 female).

Legend: * Simple correlation descriptive data (% of accuracy).
Source: Comar LP (2023).

Discussion

In recent years, the evaluation of the chronological age of individuals has grown in importance 
in the field Forensic Medicine, and tooth analysis has become a valuable diagnostic tool.3 In 
Brazil, the age of 12 represents the legal transition between childhood and adolescence; the 
age of 14 stands for sexual consent, while 16 is the age for relative incapacity, in which individ-
uals become capable of partially exercising their civil rights.12,19

The tooth is the most resistant tissue of the human body and can also withstand high tem-
peratures; therefore, it can often be analyzed when all other tissues, including bones, have 
been destroyed.3,20 So, teeth are extremely useful for estimating chronological age and are 
preferable to skeletal methods, because they are durable and resistant in archaeological con-
texts, and their development is less influenced by environmental factors than bone growth.6,7 

Radiographic examination of the stages of development and mineralization of human den-
tition is one of the most common methods used for estimating age.21,22 Such methods are 
non-destructive and provide accurate estimates for both living and dead individuals.22

The present study evaluated three methods of dental age estimation in which the stages of 
teeth mineralization and eruption were considered. In the Demirjian and Willems methods, 
the stages of mineralization of the seven left lower permanent teeth are evaluated, while the 
AlQahtani method presents an Atlas of Human Tooth Development and Eruption based on the 
development of teeth on the right side. 
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The methods were independently analyzed for accuracy and applicability. The Demirjian 
method was shown to be statistically accurate only for the 9- and 15-year groups, although 
the overestimation rates observed can generally be considered acceptable. The highest rates 
of age overestimation were observed in the 6-, 7-, 8- and 12-year groups, with a variation of 
up to 1.2 years.

The Willems method proved to be more accurate than the Demirjian one since this method 
shows no statistical differences in a larger population of individuals (11- to 15-year groups), as 
well as lower rates of overestimation (up to 0.8 years).

The results of the present study align with published data. Urzel and Bruzek23 found consis-
tent age overestimation rates for the Demirjian method and greater accuracy and reliability for 
the Willems method in a French population of children aged 4 to 15 years. Ye and colleagues24 
compared the Demirjian and Willems methods in Chinese children aged 7 to 14 years, and 
observed that the Demirjian method overestimated age by 1.68 years for boys and 1.28 for girls 
and that the Willems method showed greater precision, with an overestimation of 0.35 years 
for boys and underestimation of 0.02 years for girls. 

Frítola and colleagues,8 in a comparison of the Demirjian and Willems methods in a young 
Brazilian population, observed that the Demirjian method overestimated the chronological 
age by 0.65 years, whereas the Willems method did not present significant differences between 
estimated and chronological ages, and was therefore more accurate. Similarly, the Willems 
method also showed reliable results in a population in southern Brazil, confirming its efficacy 
and proving its applicability in the context of Brazilian forensics.12

In a study of German children aged 6 to 14, the Demirjian method showed overestimates for all 
ages, especially for boys.25 After a systematic review and meta-analysis, Sehrawat and Singh22 
concluded that the Willems method provides comparatively lower overestimations in compar-
ison with other methods for estimation of dental age and is accurate and reliable enough to be 
used for forensic purposes.

More recently, Chandail and colleagues13 compared the Willems and Demirjian methods in an 
Indian population aged 7 to 14 years and found that the former showed a lower mean percent-
age error when compared to the results obtained from the Demirjian method. The authors 
concluded that the Willems method was an effective method of age estimation and was better 
and more accurate than the Demirjian technique.

For the AlQahtani method, high accuracy rates were observed in individuals up to 13 years 
old, with the highest accuracy percentages being observed in 6- and 7- year groups (50% and 
57%, respectively) and an overestimate up to 0.6 years. Considering that 57% was the highest 
accuracy rate found, one might assume that this method presented a low accuracy rate for this 
specific population. However, few studies about AlQahtani method are available for compari-
son, especially in Brazilian populations, which may be due to the fact that it is relatively new 
(2010) and also because methods based on image comparisons can be considered less accurate 
in heterogeneous populations, such as those of Brazil.

AlQahtani and colleagues26 observed that Schour & Massler, Ubelaker and the London At-
las underestimated ages in a study with skeletal samples aged up to 23 years, but that the 
London Atlas was the most accurate, with an underestimation of 0.10 years. These results 
differed from the present study; however, a comparison between the present study and 
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AlQahtani and colleagues26 may be impractical since the current work evaluated a Brazilian 
population of children and adolescents. More recently, Willmann and colleagues27 evaluated 
the accuracy of biological age determination in a multiethnic European sample using the 
Nolla, Demirjian, and the London Atlas (AlQahtani) methods. The authors observed that the 
most accurate methods were those of the London Atlas, which showed an average absolute 
deviation 1.2 years. 

All three methods evaluated in the present study were shown to be applicable and present-
ed estimated age results very close to the chronological age. The Demirjian and Willems 
methods may be preferable when gender differentiation is required and the Willems method 
demonstrated the greatest accuracy in this specific population. The present results agree with 
a recent review study, in which the authors demonstrated that the Demirjian, Willems and 
AlQahtani methods were found to be useful in an Indonesian population of children and ado-
lescents, presenting greater accuracy than other methods.28

The search for precise methods to estimate the dental age of individuals in specific popula-
tions is also based on the importance of its applicability in the forensic context. Several fo-
rensic case reports have demonstrated the importance of applying an adequate and accurate 
method to estimate the dental age of individuals.9,28-32

All three protocols analyzed in the present study were considered easy to apply and no major 
difficulties were found during their application. The Willems method was considered by 
the examiners to be the simplest and the AlQahtani the most error-prone, despite the Atlas 
method being easy to analyse. For this reason, interval values of estimated age were adopted 
for this method.

One relevant limitation is the heterogeneity of the evaluated population since the individuals 
were not classified by race and origin since these data were inaccessible to the researchers. One 
should also bear in mind that the development of an individual can be influenced by several 
factors, which result in differences in the stages of tooth mineralization among individuals of 
different sex, biotypes and ethnicities.20

Therefore, further research with samples from other Brazilian regions and ethnicities should 
be conducted, with the aim of confirming the accuracy and applicability of the three methods 
in specific Brazilian populations. Forensic experts should not restrict themselves to a sin-
gle method of analysis but should invest in the application of different available methods in 
order to reproduce, as far as possible, the available data and thus estimate more precisely the 
chronological age of individuals.

The estimates of dental age using the Demirjian, Willems and AlQahtani methods in a sample 
of Brazilian children and adolescents showed an excellent match with chronological age, with 
the Willems method showing the greatest precision in the sample as a whole.
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lesions are present and 2.03% in the presence of 
endodontic treatment. Conclusion: We conclude 
that periapical lesions, root canal filling and prox-
imity of the dental roots to the floor of the max-
illary sinus interfere with the appearance of sinus 
mucosal thickness.

Introduction: Sinus mucosal thickness and maxil-
lary sinusitis can be caused by several predisposing 
factors. Some studies indicate that sinusitis can 
be of odontogenic origin and that this condition is 
responsible for 10% to 12% of maxillary sinusitis. 
Objective: To assess the odontogenic conditions of 
the maxillary posterior teeth and their proximity to 
the maxillary sinus (SM) and correlate these factors 
with the mucosal thickness of the SM, using cone 
beam computed tomography images. Methodology 
and resources: CBCT images of 393 patients aged 
between 18 and 75 years were analyzed, noting 
aspects such as the presence of root canal fillings, 
periapical lesions, and the contact of the roots of 
the maxillary posterior teeth with the floor of the 
SM. Results and discussion: All results are pre-
sented as odds ratios (OR) and 95% confidence 
intervals (CIs). Statistically significant differences 
(p<0.001) were found among the variables studied, 
and the probability of thickness of the MS mucosa 
is greater in men (1.73%), 7.27% when periapical 

Introduction

The paranasal sinuses are cavities inside some skull and facial bones caused by pneumatic diver-
ticula. These sinuses have several functions, including reducing the weight of the skull, protect-
ing infraorbital and intracranial structures, absorbing impacts and contributing to facial growth. 
The maxillary sinus (MS) is the largest of the paranasal sinuses and is the pneumatic space 
contained within the maxilla, a pair of bones that constitute the middle third of the face.1

Thickness of the sinus mucosa, greater than 2mm, and maxillary sinusitis are globally prev-
alent pathologies.2,3 Inflammation of the Schneiderian membrane can be caused by several 
predisposing factors, including upper respiratory tract infections, immunodeficiency, asth-
ma and inhalation of foreign bodies.4 However, some studies indicate that sinusitis can be of 
odontogenic origin and that this condition corresponds to 10 to 12% of maxillary sinusitis, 
being more common in adults than in children.2,3
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The anatomical proximity of the floor of the MSs to the apices of the teeth leads one to assume 
that dental and sinus pathologies may be closely related (AKSOY, 2016). According to some 
studies, periapical changes, dental implants, periodontal diseases and endodontic treatments 
point to such a relationship.5,6

Since treatments differ in accordance with the cause of maxillary sinusitis, an accurate diagno-
sis needs to be made. If the underlying odontogenic conditions are not diagnosed correctly, the 
treatment will not be successful. However, even today, some scholars disagree with this posi-
tion and believe that sinus mucosal thickening is totally unrelated to dental pathologies and, 
therefore, further studies must be conducted.7

In search of evidence to prove this association between periapical lesions, intimate contact 
relationships of dental roots, and endodontic treatments with mucosal thickening and MS 
opacification, this study using Cone Beam Computed Tomography (CBCT) was conducted to 
better assess dental and sinus conditions and to evaluate the existence of this relationship in a 
Brazilian population.

The study's null hypothesis is that periapical lesions, endodontic treatment, and proximity to 
the root of teeth with MS do not influence its thickening.

Methodology

This is an observational, longitudinal, and retrospective study, which was approved by the 
Permanent Committee on Ethics in Research Involving Human Beings of the State University 
of Maringá (CAAE - 03629118.4.00000104). Since it is an observational study, the informed 
consent form was waived for patients. A total of 750 CBCT scans were evaluated, and referred 
to the Image Laboratory for Clinical Research (LIPC) of the Health Technology Center (CTS), 
of the Research Support Center Complex (COMCAP), located in the Department of Dentistry 
of the Universidade Estadual of Maringá (DOD-UEM), from 2014 to 2019. The study included 
CBCT scans performed for different purposes, which contained the regions of interest and im-
ages of: patients younger than 18 years old; patients with a history of trauma or surgery in the 
region to be investigated; syndromic patients; patients with some bone pathology (especially 
osteoporosis); patients whose images showed scattering and insufficient visualization of bone 
edges; edentulous patients; and patients in whom a mucous retention cyst was present.

All images were obtained by use of i-CAT Next Generation® equipment (Imaging Sciences In-
ternational, Hatfield, PA, USA), with a volume of 300μ of isometric voxel, FOV (Field of View) of 
17 × 23cm, tube tension of 120kVp and tube current 3-8mA. All examinations were performed 
by the same radiologist as prescribed by the clinician responsible for each patient. The images 
were analyzed with the tomographer's own program (Xoran version 3.1.62; Xoran Technolo-
gies, Ann Arbor, MI, USA) by two previously calibrated examiners, who evaluated the images at 
two different times, with a minimum time interval of one week between assessments. To avoid 
eyestrain, only 10 images/day were observed.

Twenty tomographic images were evaluated for calibration purposes. All images used for cali-
bration came from the LIPC database and were subsequently discarded. The calibration lasted 
2 weeks, and intra-examiner agreement was evaluated, using Cohen's Kappa test for categori-
cal and discrete variables and Lin's Concordance Correlation Coefficient (CCC) for continuous 
variables to ensure the reproducibility of the study. A significance level of 5% was adopted.
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For image analysis, the work by Aksoy et al. 2019 was used as a reference, where mucosal thick-
ness in the MS at CBCT was measured (at the point of maximum thickness of the MS floor), 
recorded and classified as: Grade 1 - 0 to ≤2mm (normal mucosal thickening), Grade 2 - <2 to 
≤10mm (moderate mucosal thickening), and Grade 3 - <10mm (severe mucosal thickening)8.

The presence of the first and second premolars, as well as the first, second and third molars in 
the upper right and left regions, was registered in the data table. The presence of root canal fill-
ings and periapical lesions of these teeth was also recorded when these had a thickness greater 
than or equal to 0.5mm. The anatomical relationship between MSs and teeth was determined 
for each tooth individually and classified as: Type 1: A gap exists between the roots and the MS 
floor; Type 2: At least one tooth root is in contact with the MS floor; and Type 3: At least one 
tooth root has entered the floor of the MS. These measurements and classifications were made in 
the sagittal and coronal reconstructions and entered into a spreadsheet for statistical analysis.

A database containing qualitative and quantitative variables was organized to allow tabulation 
and statistical analysis. All statistical procedures were performed with the R software version 
3.6.0. (R., Auckland, NZL). Descriptive analysis was performed to extract initial information from 
the data. The chi-square test was used for categorical variables. A multinomial logistic regression 
model was performed for subgroup analysis. All results are presented as odds ratios (OR) and 
95% confidence intervals (CIs) obtained by multinomial regression, while controlling for the risk 
of thickening in relation to age, sex, periapical lesions, endodontic treatment, and the relation-
ship with the roots and the MS. The Intraclass Correlation Coefficient (ICC) was used to evaluate 
inter-observer and intra-observer agreement. The chi-square test was applied to compare the 
distribution of MS mucosal thickness according to the number of cases and their form (unilateral 
or bilateral), the type of relationship between the tooth roots and MS thickness, and the associa-
tion between periapical lesions, endodontic treatment, and thickening of the MS mucosa. 

The established significance level was p-value ≤0.05.
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Figure 1. Parasagittal reconstruction exemplifying measurements of mucosal thickness in the sinus mu-
cosa. 
Legend: A: Grade 1 - 0 to ≤2mm (normal mucosal thickening), B: Grade 2 - <2 to ≤10mm (moderate mucosal 
thickening) and C: Grade 3 - <10mm (severe mucosal thickening)

Figure 2. Parasagittal reconstruction exemplifying the close relationships between the roots of posterior 
teeth and the floor of the sinus mucosa. 
Legend: A: Type 1: A space between the roots and the sinus floor, B: Type 2: At least one tooth root is in contact 
with the sinus floor, and C: Type 3: At least one tooth root has ente-red the sinus floor from the breast
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Analyzed groups
Thickness of the MS mucosal (n=284) Normal mucosa of the MS (n=502)

N % n %

Gender

Male 7.2 (±0.8) 8.2 (±0.8) 7.4 (±0.3) 56.67%

Female 8.5 (±1.0) 9.5 (±1.0) 8.4 (±0.3) 36.67%

Age

18 to 33 10.5 (±1.0) 11.5 (±1.0) 10.5 (±0.3) 40.00%

34 to 49 11.0 (±1.0) 12.0 (±1.0) 11.5 (±0.3) 40.00%

>49 12.3 (±1.1) 13.3 (±1.1) 12.5 (±0.3) 36.67%

Results

The sample consisted of 393 individuals, 246 of whom were female (62.59%) and 147 male 
(37.40%). The mean age was 33.64 years (±12.21), with a maximum of 80 years and a minimum 
of 18 years. Use of the Intraclass Correlation Coefficient (ICC) led to the conclusion that the 
null hypothesis — that inter-examiner agreement is purely random — was rejected for all vari-
ables under study (p-value <0.001). In other words, inter-examiner and intra-examiner agree-
ments were verified, with coefficients ranging from 0.89 to 0.98 (Landis & Koch, 1977), thus 
indicating excellent reliability and reproducibility.

Table 1. Demographic characteristics of study subjects

Legend: MS= Maxillary Sinus.

The right MS mucosa presented 250 type 1 (normal), 94 type 2 (moderate), and 49 type 3 
(severe) cases. The left MS mucosa was responsible for 252 type 1 (normal), 97 type 2 (mod-
erate), and 44 type 3 (severe) cases. A breakdown of the total of 786 MSs and adjacent teeth 
shows 736 first premolars, 725 second premolars, 725 first molars, 749 second molars, and 224 
third molars, totaling n=3159 teeth and a total of 771 missing teeth. Of the total, 502 MSs were 
classified with type 1 mucosa (0mm to 2mm-normal), 191 MSs with type 2 mucosa (2.1mm to 
10mm-moderate), and 93 MSs with type 3 mucosa (greater than 10mm-severe), resulting in 
284 MSs (36.13%) with moderate to severe thickening. Thickening of the MS mucosa great-
er than 2mm in one or both SMs was observed in 193 (49.11%) patients. This thickening was 
present only on the right side in 55 patients, of which 44 type 2 and 11 type 3; while 52 showed 
thickening only on the left side, with 39 type 2 and 13 type 3; and 86 were bilateral.

As shown in Table 2, when analyzing all MSs (n=786), most scans presented grade 1 thickening 
(normal) and a type 2 relationship with the roots (at least one tooth root in contact with the 
MS floor). However, grade 2 thickening and type 2 root relationship were significantly elevated 
(n=135).
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Degree of 
thickness Number total 

Type 1 
relationship all 

teeth
n (%)

Type 2 
relationship at 
least 1 tooth

n (%)

Type 3 
relationship with 
at least 1 tooth

n (%)

Total
n (%)

1 502 100 (12.72) 361 (45.93) 41 (5.22) 502 (63.87)

2 191 14 (1.79) 135 (17.17) 42 (5.34) 191 (24.30)

3 93 4 (0.51) 61 (7.76) 28 (3.56) 93 (11.83)

Total 786 118 (15.02) 557 (70.86) 111 (14.12) 786 (100)

Table 2. Association between the types of anatomical relationship of the roots of the teeth and thickening 
of the maxillary sinus mucosa.

Legend: Degree of thickness = Degree of thickness of the MS mucosa. Total number = Total number of MS. Type 1 rela-
tionship all teeth = Number of MSs that presented type 1 anatomical relationship (%) in all teeth. Type 2 relationship with 
at least 1 tooth = Number of MSs that have type 2 anatomical relationship with at least 1 tooth (%). Type 3 relationship in 
at least 1 tooth = Number of MSs that presented type 3 anatomical relationship in at least 1 tooth (%).

MS thickness 
degree

Group of teeth

1 PM
n (%)

2PM
n (%)

1M
n (%)

2M
n (%)

3M
n (%)

Total
n (%)

1 476 (15.07%) 468 (14.81%) 469 (14.84%) 482 (15.26%) 141 (4.46%) 2036 (64.44%)

2 175  (5.54%) 169  (5.35%) 171  (5.41%) 176  (5.57%) 55  (1.74%) 746 (23.61%)

3 85    (2.69%) 88     (2.79%) 85    (2.70%) 91    (2.88%) 28  (0.89%) 377 (11.95%)

Total 786 118 (15.02) 557 (70.86) 111 (14.12) 786 (100)

Table 3. Association between the degree of mucosal thickening in the MS and different groups of teeth

Table 3 shows that, when analyzing all MSs (n=786), grade 1 MS thickening predominates in all 
tooth groups.

Groups of teeth Thickness of the 
MS mucosa

Relationship of the roots with the MS

Type 1
n 

Type 2
n 

Type 3
n 

Total
n 

1PM

1 466 10 0 476

2 169 6 0 175

3 78 7 0 85

Legend: 1PM: 1 premolar. 2PM-2 premolar. 1M- 1 molar. 2M- 2molar. 3M- 3 molar.

Table 4 shows that the 1M and 2M are the teeth that present the greatest association with MS 
mucosa thickening (n=786) grades 2 and 3 in type 2 and 3 root relationships with the MS.

Table 4. Association between groups of teeth with MS mucosal thickness and type of relationship between 
roots and MS.
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Groups of teeth Thickness of the 
MS mucosa

Relationship of the roots with the MS

Type 1
n 

Type 2
n 

Type 3
n 

Total
n 

2PM

1 380 83 5 468

2 126 42 1 169

3 63 23 2 88

1M

1 163 280 26 469

2 31 116 24 171

3 15 54 16 85

2M

1 121 336 25 482

2 32 124 20 176

3 9 63 19 91

3M

1 51 84 6 141

2 12 38 5 55

3 3 19 6 28

Total 1719 1285 155 3159

Table 4. Association between groups of teeth with MS mucosal thickness and type of relationship 
between roots and MS (cont.)

Thickness of the MS 
mucosa
(n=786)

Maxillary Sinus
n (%)

Form of involvement
n (%)

p value
Unilateral

n (%)
Bilateral

n (%)

1 502 (63.88) 107 (13.61) 395 (50.25)

<0.001*
2 191 (24.30) 154 (19.59) 37 (4.71)

3 93 (11.83) 73 (9.32) 20 (2.54)

Total 786 (100) 334 (42.52) 452 (57.5)

Legend: 1PM: 1 premolar. 2PM-2 premolar. 1M- 1 molar. 2M- 2molar. 3M- 3 molar.

Individual analysis of the MSs shows that most of the grade 2 and 3 thickenings occurred uni-
laterally (n=154 and n=73, respectively), and that these differences are statistically significant 
(Table 5).

Table 2. Association between the types of anatomical relationship of the roots of the teeth and thickening 
of the maxillary sinus mucosa

Legend: *p<0.05	statistically	significant	difference.	Chi	square	test.
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Thickness of the 
MS mucosa 

Relationship of the roots with the MS
Total
n (%) P-value

Type 1
n (%)

Type 2
n (%)

Type 3
n (%)

1 1181 (37.40) 793 (25.11) 62 (1.96) 2036 (64.47)

<0.001*2 + 3 537 (17.1) 492 (15.58) 93 (2.94) 1122 (35.62)

Total 1718 (54.5) 1285 (40.6) 155 (4.9) 3158 (100)

P-value 0.0002*3 0.038*3 <0.001*3

Table 6 shows that approximately half of the MSs present some degree of mucosal thickening 
(n=1122), and that n=585 of them have some relationship with the root of at least one tooth.

Table 6. Type of relationship between tooth roots and MS thickening

Legend: *p<0.05	statistically	significant	difference.	Chi	square	test.

Table 7 shows that the majority of the 786 MSs did not present any mucosal thickening. How-
ever, in cases where the MS presented thickening, both grade 2 and grade 3, an association ex-
isted between the thickening and the presence of a periapical lesion or endodontic treatment, 
and this association was statistically significant (p<0.001).

Degree of 
thickness 
of the MS 
mucosa

Total

Total 
number of 
periapical 

lesions

Mean 
number of 
periapical 
lesions of 

the MS

P value

Total 
number of 
endodontic 
treatments

Mean num-
ber of root 
treatments 

per MS

P value

1 502 22 0.04 a <0.001 81 0.16 a <0.001*

2 191 43 0.22 b <0.001 54 0.28 b 0.001*

3 93 28 0.30 c <0.001 26 0.28 c <0.001*

Total 786 93 0.12 161 0.20

Table 7. Association values between periapical lesions, root canal treatment and mucosal thickening in 
the MS.

Legend: Chi-square	test	*Statistically	significant	(p<0.05)	Different	superscript	letters	indicate	that	a	significant	differ-
ence between the datasets pertaining to the presence of lesions and the degree of mucosal thickening, in each vertical 
column,	at	the	0.05%	level.	Values	with	the	same	superscript	letters	were	not	statistically	different,	p<0.05	(a	vs	b,	a	vs	
c, and b vs c).

Given the evidence from the statistical tests suggesting a possible association between some 
variables that could cause thickening of the MS mucosa, a new statistical test was performed. 
Table 8 presents the risk of MS thickening concerning the presence of a periapical lesion, 
endodontic treatment, male sex, and type 2 and 3 root relationships of the teeth, with the risks 
being 7.27, 2.03, 1.73, 1.36, and 3.29, respectively.
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Variables
MS mucosal thickness

Present % Absent % OR 95%CI p value

Gender 

Male 
(n=294) 130 16.54 164 20.86 1.73 1.29-2.34 0.0004*

Female 
(n=492) 154 19.59 338 43.00 1

Age

18 to 33 
(n=431) 144 18.32 287 36.56 1

34 to 49 
(n=255) 95 12.08 160 20.35 1.18 0.86-2.20 0.34

>49	(n=100) 45 5.72 55 7.00 1.55 1.04-2.53 0.06

Periapical 
lesion
Present 
(n=93) 71 9.03 22 2.8 7.27 4.39-12.04 <0.0001*

Absent 
(n=693) 213 27.0 480 61.07 1

Endodontic 
treatment
Present 
(n=161) 80 10.18 81 10.30 2.03 1.43-2.89 <0.0001*

Absent 
(n=625) 204 25.95 421 53.6 1

Proximity 
relationship 

of roots 
with MS
Type 1 

(n=1718) 537 17 1181 37.39 1

Type 2 
(n=1285) 492 15.58 793 25.11 1.36 1.17-1.58 <0.0001*

Type 3 
(n=155) 93 2.94 62 1.96 3.29 2.35-4.62 <0.0001*

Table 8. OR and 95% CIs for risk of MS thickening in terms of sex, age, periapical lesion, endodontic 
treatment and relationship between tooth roots and MS.

Legend: Chi	square	test.	CI	=	confidence	interval	at	95%.

Discussion

Sinusitis is a pathology that affects the population of the entire world and can manifest it-
self chronically or acutely (Aksoy and Orhan, 2019). The main causes are septum deviation or 
enlarged nasal turbinates, issues related to bacterial, viral, and fungal infections, as well as 
allergies and polyps, cystic fibrosis, nasal and sinus tumors, and odontogenic conditions.9

Some studies report a prevalence rate of mucosal sinus thickening that varies between 37% 
and 62%.6,10–12 In our study, a prevalence of 36.13% was found, which is close to the values 
found in the literature.
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Our results reveal that the teeth most closely related to the MSs were the maxillary second 
molars, first molars, second premolars, third molars and first premolars respectively. This 
result is very similar to the findings of several authors,13–16 except for the inversion of the order 
of the second premolar with the third molar.13–16 This inversion may have been caused by the 
number of missing third molars in our sample.

In the present study, 585 roots were found in close contact with the floor of the MS or within 
the MS, suggesting that this is an odontogenic factor for possible mucosal thickening. The 
analysis shows that when there is a relationship between the floor of the MS and the root of 
the type 3 tooth, the probability of developing mucosal thickening increases (OR= 3.29), while 
the probability is lower (OR=1.36) in type 2.

In clinical practice, the proximity between adjacent teeth and the MS should be considered, 
since alterations can result in various complications such as sinusitis, oroantral fistula, dis-
placement of the file, and root or filling materials into the MS.15

In our work, we observed that individuals over 49 years of age have an increased chance of 
having mucus thickening in the MS (OR=1.55). Some studies3,6,10 indicate that the occurrence 
of mucosal thickening increases with patient age. According to Aksoy and Orhan 2018, older 
individuals may be more susceptible to dental disease, which in turn increases the prevalence 
of maxillary sinusitis.16

From the results obtained, we observed a statistically significant difference (p=0.0004) between 
the presence of mucous thickening and sex. Males are more likely (OR=1.73) to develop this al-
teration than females. Perhaps this greater involvement can be explained by the fact that some 
studies show us that men have more endodontic treatments and periapical lesions. In addition, 
women between 40-59 years of age use regular dental services approximately 40% more than 
men in the same age group.17

With regard to the prevalence of periapical lesions, our results in general show that 11.83% 
(n=93) of the teeth had periapical lesions and 20.48% (n=161) had undergone endodontic 
treatment. These values are close to those found by Aksoy and Orhan 2018. Our study found 
that 71 teeth (76.34%) with periapical lesions and 80 teeth (49.68%) with endodontic treat-
ment were involved with thickening of the MS mucosa.

Most previous studies2,3,6,18–21 have reported a positive association between periapical lesions 
and mucosal thickening, although some results show the opposite.10–12

The results of this study indicate a positive relationship between the prevalence of sinus 
mucosal thickening and the presence of periapical lesions (p<0.001). Furthermore, we found 
that individuals with periapical lesions are more likely (OR=7.27) to show thickening of the MS 
mucosa. In individuals with endodontic treatment, this chance decreases considerably (OR= 
2.03) but even so, it was twice as high as that of an untreated individual.

This can be explained, given that, after the occurrence of pulpal necrosis, bacterial virulence 
factors promote bacterial invasion and tissue degradation in the periodontal bone.22 The infec-
tion and its by-products originating from the infected tooth can spread to the MSs and irritate 
the sinus mucosa.23,24

A relevant point to be remembered is that mild mucus thickening in the MS is a normal and 
frequent finding in asymptomatic patients, but sinus mucus thickening greater than 2mm may 
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be related to sinusitis.25 On the other hand, mucosal thickening of the MS equal to or great-
er than 4mm may represent rhinosinusitis, and this individual may suffer from headache or 
facial pain, daytime cough, nighttime cough, obstruction, and nasal discharge.26 In cases where 
treatments have already been performed for these conditions and a recurrence of the case hap-
pens, a dental investigation should be carried out.

This research study presents limitations due to the number of participants and would have 
been greatly enriched by an expansion that would enable us to evaluate patients and verify the 
clinical signs and symptoms caused by the mucous thickening, identify where patients pre-
sented symptoms, what these were, how to treat them and how to help the patient in relation 
to the treatment.

Conclusion

We can conclude that the presence of periapical lesions, root canal filling, and proximity of 
the dental roots to the floor of the sinus mucosa may be related to the appearance of sinus 
mucosa mucosal thickening. Patients with type 3 mucosal thickening can develop maxillary 
sinusitis of odontogenic origin.
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Venous thromboembolism during air travel 
in pregnant women 
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Abstract
Introduction. Air travel (AT) has become an in-
tegral part of modern life, including for pregnant 
women who may need to travel for a variety of 
reasons. While the overall risk of venous thrombo-
embolism (VTE) during AT is low, specific popula-
tions, such as pregnant women, face significantly 
higher risks. This study explores the relation 
between air travel and VTE in pregnant women, by 
examining the risk factors, epidemiology, and pre-
ventive strategies. Objectives. To analyze the inci-
dence of VTE in pregnant women during air travel, 
identify associated risk factors, and evaluate pro-
phylactic measures to mitigate these risks. Meth-
odology and Resources. A comprehensive review 
of existing literature was conducted, focusing on 
studies related to the incidence of VTE in air trav-
el, especially in pregnant women. Data from epi-
demiological and review studies were reviewed to 
assess the risk factors and the efficacy of prophy-
lactic measures, including mechanical and phar-
macological interventions. Results and Discussion. 
The review indicates that pregnant women are at 
an elevated risk for VTE, especially during flights 
that last longer than 6 hours. Contributing factors 
include venous stasis, hypercoagulability, and 
hypoxia. Prophylactic measures, such as the use of 
graduated compression stockings and low molecu-
lar weight heparin (LMWH), are recommended for 
high-risk individuals, although routine pharmaco-
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logical prophylaxis is not generally indicated. Con-
clusion. The study highlights the importance of a 
personalized risk assessment for pregnant women 
who plan to travel by air. While general preventive 
measures should be universally recommended, 
pharmacological prophylaxis should be reserved 
for high risk travelers. Further research is needed 
to refine the guidelines for pregnant travelers and 
ensure their safety.

Introduction

Air travel (AT) has become increasingly common and accessible in recent decades and has 
become part of the lives of women, including pregnant ones, who need to travel for work, 
leisure, or even as part of their employment in the airline industry.1 In 2015, approximately 
3.5 billion people were estimated to have traveled by air worldwide, a 6.8% increase compared 
to the previous year.2 In Brazil, over the past 10 years, with the exception of 2016, the number 
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of passengers on commercial flights has followed the global growth trend. According to the 
National Civil Aviation Agency (ANAC), in 2016, around 115 million Brazilians were trans-
ported on domestic and international flights.3 The increase in the number of passengers has 
been accompanied by an increase in medical issues related to AT, especially in long-haul or 
long-distance flights. Overall, the most frequently reported medical issues have been hypoxia, 
infectious diseases, jet lag, anxiety crises, and venous thromboembolism (VTE).4 Generally, the 
risk of VTE during air travel is not high; however, it can be significant in some specific groups, 
such as pregnant women.5-7 

Epidemiology

Defining which VTE episodes are directly related to AT can be difficult, since there is no general 
consensus about the maximum time interval between the landing of the aircraft and the diagno-
sis of VTE that characterizes such an association.2-4 Initial studies were based on isolated clinical 
data with no laboratory or ultrasound confirmation, and the definition of what constituted a 
long-distance flight varied greatly.4,7 

Another factor complicating a more consistent epidemiological analysis is that studies tend 
to be rather specific, with some exclusively reporting the incidence of deep vein thrombosis 
(DVT) and others focus only on pulmonary embolism (PE), while a smaller number encompass-
es both factors.

The incidence and prevalence of VTE also vary according to the method used for diagnosis, and 
also whether it was measured through active search, for example, in asymptomatic patients, or 
if it was conducted only in symptomatic patients who sought medical assistance after a flight. 
Nevertheless, a direct relation appears to exist between the duration of the flight and VTE, which 
mostly manifests itself within the first two weeks after landing, within four days on average, and 
with the risk persisting for up to four weeks.3,8

A meta-analysis of 14 studies involving 4,055 episodes of DVT, published in 2009, showed that 
the pooled overall relative risk is 2.8 times higher in long AT. Furthermore, the absolute risk of 
symptomatic DVT in the 8 weeks following a long-haul flight is one episode in 4,500 flights.8 
Such data, therefore, do not suggest universal and widespread practices of VTE prophylaxis 
during AT, although, risks can increase significantly in some passenger profiles.

A cohort study involving 7,592 employees of large corporations who traveled regularly for about 
4.4 years showed that the risk of VTE can increase up to 20 times in passengers who have recent-
ly undergone surgery, and up to 18 times in those diagnosed with an active cancer.8

The incidence of VTE after flights lasting longer than 4 hours is of one event in 4,656 flights,5,9 

and around 0.5% after those lasting over 8 hours, in low and medium-risk passengers. Severe epi-
sodes of PE immediately after flights of up to 8 hours are extremely rare. On flights lasting longer 
than 12 hours, this figure is five episodes per million.10

Air travel and venous thromboembolism

The association between AT and VTE has been recognized for more than 70 years. In the 1970s, 
the increase in the number of flights that transported passengers in positions that often require 
prolonged immobility, led to the coining of the term “economy class syndrome”. However, VTE 
can affect passengers in any aircraft seating class.11 At least eight risk factors can be related to 
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VTE during AT: flight duration exceeding 6 hours; age higher than 40; use of oral contraceptives 
(OC) or hormone replacement therapy (HRT); gravidic-puerperal cycle; chronic venous disease; 
obesity (body mass index [BMI] >30kg/m2); acquired or genetic thrombophilias; and extremes of 
stature.12,13 Combinations of these factors increase the risk; for example, an overweight woman 
using OC has a risk of VTE after a long flight 60 times higher than a woman without these fac-
tors.6

Aircraft-related VTE risk factors

Hypoxia 

For financial reasons, most commercial flights maintain an atmospheric pressure (AP) inside the 
aircraft similar to an altitude between 1,800 and 2,400 meters above sea level, since maintaining 
higher AP requires greater fuel consumption due to increased aircraft weight.4 Prolonged pas-
senger exposure to this hypoxia can trigger the activation of the extrinsic coagulation pathway 
through microparticles carrying tissue factor14,15 and raise serum concentrations of factor VIII 
and plasminogen activator inhibitors (PAI) 1.16 Nevertheless, the clinical impact seems to be 
restricted to passengers with associated risk factors, such as thrombophilias or OC users.15

Position during travel

In addition to causing compression of the popliteal vein for long periods, venous stasis caused 
by sitting in a position with limited space between rows that do not allow regular movement of 
the feet and lower limbs can trigger a coagulation cascade during AT.4,14,17,18 This factor is more 
evident in people taller than 1.90 meters, since they remain in more restricted positions, and 
in those shorter than 1.60 meters, in whom compression of the popliteal vein occurs because 
their feet do not touch the ground and remain in a hanging position.17,18

Dehydration

During AT, the cabin humidity is generally low. In a study evaluating 18 flights, the relative 
average air humidity in the cabin was 10.3%. For purposes of comparison, the relative humidity 
ranges between 40 and 60% indoors at sea level, and between 70 and 90% outdoors.19 More-
over, dehydration can be intensified by regular consumption of alcoholic beverages, coffee, 
and teas, which induce diuresis.4 Based on these data, passengers are advised to increase their 
fluid intake to prevent VTE.19,20 Contradicting these findings, some studies do not support the 
hypothesis that, in isolation, fluid loss during AT contributes to VTE formation.15,19

Flight duration

Although there is no consensus regarding the exact duration for a flight to be considered 
long-haul, a clear relationship exists between VTE and flights lasting longer than 6 hours. The 
risk of VTE increases 2.3 times in long flights compared to short flights, and rises by 26% for 
every two hours of flight.2,4 The estimated risk of fatal PE is 0.5/106 for flights over 3 hours and 
1.3/106 for flights over 8 hours.1

Class type and seat location

Although the term “economy class syndrome” is systematically used as a synonym for AT-re-
lated VTE, the risk factors for passengers traveling in any class — economy, business or first 
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— remain basically equal.4,22 However, the risk of VTE doubles for passengers seated by the 
window compared to those seated in the aisle, especially obese passengers, for whom the risk 
increases sixfold.6,22

Passenger-associated risk factors

Gender 

No statistical differences in VTE between males and females were found in several studies.23 
However, Lapostolle et al. published a cohort study that indicates that the female sex consti-
tutes an independent risk factor for VTE after long-duration AT that is three times higher than 
in males (0.61 vs. 0.20 per 1 million passengers).24

Others

Recent surgery, cancer, acquired and genetic thrombophilias, oral contraceptives, and HRT are 
considered additional risk factors for passengers engaging in long-distance AT.4,5,8,22,25-27

Pregnancy

Pregnant women present the three etiopathogenic components of Virchow's triad: a) venous 
stasis, due to compression of the inferior vena cava and left common iliac vein by the gravid 
uterus and decreased venous tone due to the myorelaxant action of progesterone; b) hyperco-
agulability, secondary to the induction of hepatic synthesis of coagulation FVII, FVIII, and FX 
by placental estriol, increased fibrinogen and PAI I and II, and decreased protein S synthesis; 
and c) endothelial injury, which occurs during nidation, endovascular remodeling of the utero-
placental arteries, and with the delivery.28,29 These changes, which are important to protect 
women from bleeding during childbirth, predispose to VTE.29,30

Recent data showed that approximately 44% of women have traveled during pregnancy, among 
which around 66% sought some form of counseling.31

In the absence of obstetric complications or comorbidities, AT is generally safe for pregnant 
women.31 Most airlines allow boarding up to the 36th week of pregnancy, although some re-
strict international flights during the early stages due to the risk of spontaneous abortion.32

Nausea and hyperemesis gravidarum, common complications in the first trimester, can exacer-
bate dehydration due to fluid loss and the inability to replenish fluids, as well as limit ambula-
tion, all of which favor the development of VTE.31

In the third trimester, the risk of VTE may increase due to excess weight or obesity, restricted 
mobility, preeclampsia, or even the onset of premature labor during AT.31

The frequency of VTE specifically in pregnant women who are traveling is still unknown.6,30 

The MEGA 5 study showed that the risk of VTE during the first two trimesters of pregnancy is 
slightly elevated. However, this risk increases in the third trimester by 9 times and in the first 
six weeks postpartum by 20 to 80 times.5,33

In any case, the estimated risk of VTE of 0.3 to 1/1,000 for pregnant women, means that phar-
macological prophylaxis is not routinely recommended, although general measures should be 
encouraged.6,28,31
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VTE prophylaxis during AT in pregnant women

The risk level of each passenger should be individually defined.31 Preventing VTE during preg-
nancy, based on guidelines that take into account risk factors, and subsequently instituting 
mechanical and/or pharmacological prophylaxis is the best strategy to reduce this complica-
tion.12,28-31

General measures

All pregnant and postpartum women should be encouraged to adopt a range of measures to 
mitigate the risk of VTE in flights that exceed 4 hours. These include: choosing aisle seats 
to facilitate movement; regular ambulation; plantar dorsiflexion exercises every 30 minutes 
while seated; wearing comfortable and non-restrictive clothing; maintaining good fluid intake; 
avoiding diuretic beverages; and keeping the space under the seat free for better foot move-
ment.10,12,23,28,31-34

Graduated compression elastic stockings (GCES)

GCES, up to knee height and with a compression between 14 and 30mmHg at the ankle, reduce 
venous stasis and the incidence of VTE in intermediate or high-risk patients, including preg-
nant women. These stockings are especially useful for those with contraindications to antico-
agulants and/or a high risk of bleeding.36 Contraindications for using GCES include: substan-
tial lower limb edema; severe peripheral arterial disease or neuropathy; dermatitis; significant 
lower limb deformities; and congestive heart failure.38

Pharmacological prophylaxis

The pharmacological prophylaxis of VTE during AT has been a subject of debate, both regard-
ing which medications to use (and their doses) and the patient profile that should receive 
them.11,12,39 No indication exists for routine use in pregnancy, and only some profiles, consid-
ered to be of high risk, may benefit from this measure.10,39

Acetylsalicylic acid (ASA)

The effectiveness of ASA in VTE prophylaxis is limited, and its side effects, such as bleeding, 
can be severe. Furthermore, ASA crosses the placental barrier and, therefore, should not be 
recommended.12,23

The LONFLIT III study showed that passengers with high-risk of VTE who used 400mg of ASA 
12 hours before the flight and for three days after landing did not have protection against VTE, 
whereas the use of enoxaparin (1mg/kg, 2 to 4 hours before flight) reduced the prevalence of 
VTE (evaluated by Doppler ultrasound) from 4.8 to 0%.11

Low molecular weight heparin (LMWH)

LMWH is used in the prophylaxis and treatment of VTE during the gravidic-puerperal cycle, 
since it does not cross the placental barrier and possesses an excellent efficacy-to-safety ratio. 
LMWH is, therefore, the drug of choice in pregnant women at high risk of VTE during long-dis-
tance AT. Enoxaparin (0.5mg/kg, subcutaneously before the flight) is the most widely used sub-
stance due to its practicality, rapid onset of action, and protection for at least 16 hours.6,12,34-39
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Direct oral anticoagulants (DOACs)

DOACs have gradually replaced warfarin and LMWH in the prophylaxis and treatment of VTE 
due to their posological advantages and excellent efficacy-to-safety profile. In addition, they 
do not require routine laboratory monitoring.40 The rapid onset of action and short half-life of 
DOACs are characteristics that would be relevant to preventing VTE during AT.2,39 Since there 
are no studies corroborating this indication, however, DOACs are still considered off-label.2,39,40 
Moreover, they are contraindicated throughout the gravidic-puerperal cycle and during breast-
feeding, because they cross the placental barrier and are excreted in breast milk.40

Final message

Air travel, especially flights lasting more than 6 hours, poses various risks for pregnant women, 
one of the most feared of which is venous thromboembolism. All pregnant women who plan to 
take a long-distance flight should seek medical advice on the risks to safety and health both for 
themselves and their fetuses, including VTE prevention through general measures and, poten-
tially, pharmacological prophylaxis.
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Introduction

Jorge Lobo’s disease (JLD) or lobomycosis is a non-debilitating chronic skin disease that 
affects human beings – mainly in the epidermis and dermis as well as, more rarely, in the 
hypodermis – in the tropical area of Central and South America. It is caused by the fungus 
Paracoccidioides lobogeorgii.1 Pathogen access to Homo sapiens tissues often occurs after 
traumatic injury.2

The advent of Paracoccidioidomycosis Ceti and 
new views on Lobomycosis (Jorge Lobo’s disease)
Rodrigo Siqueira-Batista,1* Fernanda M. Hammer,2 Isabela S. Brito,3 Gabriela S. Carvalho,2 Jorge 
Luiz D. Gazineo,4 Marli do C. Cupertino,2 Renato N. Feio,5 Salvatore Siciliano6

Abstract
The disease caused by the fungus Paracoccid-
ioides lobogeorgii – called lobomycosis – is an 
uncommon morbid condition that produces skin 
lesions in humans. Since its formal description 
in the 1930s, the disease has continued to be 
the subject of research, especially concerning a 
better characterization of its etiological, diag-
nostic, and therapeutic aspects. In addition to 
a series of questions about the disease’s pa-
thology that have persisted over the decades, 
the possible involvement of cetaceans, which 
have lesions similar to those described in Homo 
sapiens, must also be investigated. The debate 
about the etiology of the proliferative verru-
cous cutaneous lesions caused by non-culti-
vable yeast that has been reported in dolphins 
has been almost completely resolved in recent 
years, as all the evidence points to the etiologi-
cal agent belonging to the genus Paracoccidioi-
des. There is no molecular evidence of infection 
by Paracoccidioides lobogeorgii in cetaceans. 
Based on these preliminary considerations, the 
objectives of the present article are (1) to re-
view the main etiological, pathogenic, clinical, 
diagnostic, therapeutic, and ecoepidemiological 
findings of human lobomycosis and (2) to pres-
ent the most important aspects of the ceti PCM 
of aquatic mammals. 
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The first reports of the disease, dating from 1915, refer to the involvement of the Kaiabi In-
dians, in Mato Grosso, Central Brazil, a region in which the disease was called “miriaip” or 
“piriaip”, i.e. that which “burns”.3 Formally, however, the first description of mycosis was made 
in 1931, by the Brazilian physician Jorge Lobo, professor of dermatology at the Recife Faculty 
of Medicine (Pernambuco, Brazil), who examined a 52-year-old rubber tapper from the Amazon 
basin. The patient had confluent nodular lesions on the skin over the lumbosacral region for 
19 years, which the biopsy revealed to be a yeast-like microorganism, currently called Paracoc-
cidioides lobogeorgii1, a causative agent of chronic localized cutaneous paracoccidioidomycosis 
– both of which are microorganisms belonging to the order of the Onygenales.4

An interesting aspect of lobomycosis – and reason for much debate over the years – con-
cerns the involvement of cetaceans through a disease like the morbid condition produced by 
Paracoccidioides lobogeorgii.1,5,6 This observation generated significant doubts about whether 
such attacks – in humans, and cetaceans – are the same nosological entity, or if they represent 
different morbid conditions. More recent studies have allowed the differentiation between the 
disease of H. sapiens, lobomycosis, and the disease described in non-human animals, which, as 
will be seen below, became known as paracoccidioidomycosis ceti (PCM ceti).7 It is important to 
highlight the existence of paracoccidioidomycosis, a disease caused by Paracoccidioides spp. in 
humans, which has been described in other mammals (e.g., armadillos), but not in cetaceans.8 

Furthermore, researchers have been attempting to define the exact genus and species respon-
sible for Jorge Lobo’s disease for more than 90 years (Table 1). Initially described by Jorge Lobo 
in 1931, the disease's causative agent was surrounded by taxonomic uncertainties, particularly 
due to its non-cultivable nature. Over the years, various names were proposed for this elu-
sive pathogen, including Loboa loboi and Lacazia loboi.2,6,9 However, molecular advances have 
clarified these ambiguities. Recent DNA sequencing and phylogenetic studies have conclusive-
ly determined that the etiologic agent in humans is Paracoccidioides lobogeorgii, which places 
this causative agent firmly within the Paracoccidioides genus that also includes species known 
to cause systemic infections, such as Paracoccidioides brasiliensis.

Based on those brief notes, this article presents the main aspects of JLD, with emphasis on: (i) 
the etiology and its controversial points; (ii) the pathogenesis and pathological findings; (iii) 
the clinic, diagnosis, treatment; and (iv) ecoepidemiology – addressing the findings in humans 
(JLD) and related conditions in aquatic mammals (PCM ceti).

Etiology

For many years, the taxonomic classification of the etiological agent of human lobomycosis 
and the corresponding disease in cetaceans was a major scientific challenge since the patho-
gens involved are fungi that, although abundant in the lesions, are not cultivable.4,10,11

Under microscopy, whether direct examination using potassium hydroxide (KOH) or evalua-
tion of histological sections stained by Grocott, the pathogen morphology involved in lobo-
mycosis can be identified: globular and multinucleated cells. The microorganism has a clear, 
well-refringing double membrane, thicker than that seen in Paracoccidioides brasiliensis, with 
an inner membrane free from irregularities or folds. In tissues, the etiologic agent presents a 
globoid shape with a thick wall. The size corresponds to approximately 8 to 12μm in diameter. 
The multiplication of this fungus occurs through continuous budding, whose structures are 
identified in numerous ways in the tissues. The formation of chains of several elements joined 
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characteristically, like a rosary, is common.12 The proliferation of L. loboi is related to a de-
crease in mediated immunity due to the high expression of transforming growth factor cyto-
kines (TGF-β); this leads to reduced macrophage activity, which contributes to the non-elimi-
nation of the pathogen.13

In 1971, Migaki et al.14 described a lacaziosis-like disease identified in H. sapiens in a bot-
tlenose dolphin, Tursiops truncates, off the coast of Florida.14 Since then, similar cases have 
been reported, with the first record of the disease in dolphins in Brazil, also in T. truncatus, 
being described by Simões-Lopes et al,15 in 1993, off the coast of Santa Catarina.15 Due to the 
similarities in the macroscopic and microscopic characteristics of the disease in humans and 
dolphins — in addition to the inability to cultivate both etiologic agents responsible for each 
of the morbid conditions — some believed that L. loboi, the etiologic agent of lobomycosis in 
humans, also affects these animals.10,11 This perception is also due to the existence of several 
human pathogens – such as P. brasiliensis, Paracoccidioides lutzii e L. loboi – which are grouped 
in the order Onygenales and are responsible for diseases that may present cutaneous manifes-
tations similar to the disease described in the species T. truncatus.10,11,16

The morbid condition – very similar to lobomycosis – that affects cetaceans has been named 
by some authors as lacaziosis-like disease (LLD = lacaziosis-like disease or lobomycosis-like 
disease).9,10 

However, preliminary phylogenetic analyses have already shown a greater proximity between 
LLD agents and Paracoccidioides spp., when compared with the fungus L. loboi.10 Therefore, the 
hypothesis that Lacazia loboi would be the fungus responsible for the disease, both in humans 
and in dolphins, was recently challenged following the DNA sequencing of the pathogen, 
which identified a fungus distinct from L. loboi named Paracoccidioides lobogeorgii.6,11,17

From these current findings of phylogenetic and/or molecular associations, the classification 
used to name the disease in dolphins is no longer sustainable. Thus, and also to minimize fur-
ther divergences and confusion, the name Paracoccidioidomycosis ceti (PCM ceti) has been pro-
posed for the disease present in cetaceans – compatible lesions have already been identified in 
T. truncatus (bottle nose dolphins), Tursiops aduncus (Indo-Pacific bottlenose dolphins), Sota-
lia guianensis (Grey dolphins) and Lagenorhynchus obliquidens (Pacific white-backed dolphins)
– ,18,19,9,20,11 which is triggered by a non-cultivable fungus of the genus Paracoccidioides,11,17 for
which the name Paracoccidioides brasiliensis var. ceti16 has been suggested.

One theory, based on phylogenetic data, associates the emergence of PCM ceti with infections 
in dolphins that swim along the coastal areas of South America. It is caused by an ancestor of 
P. brasiliensis (which, as mentioned above, is a cultivable fungus). The fact that P. brasiliensis
var. ceti cannot be cultured suggests two hypotheses of/for infection: (i) through infected ani-
mals transmitting the pathogen by direct contact with uninfected dolphins; and/or (ii) through
routine dolphin contact with the pathogen located in South American river estuaries.21

Despite comparable clinical manifestations, important distinctions exist between the human 
pathogen and the similar disease found in dolphins. Initially, dolphin disease was thought to be 
caused by the same agent as in humans. However, modern molecular techniques have revealed 
that the dolphin pathogen, now named Paracoccidioides ceti, forms a distinct species within the 
same genus. This species was also found to be non-cultivable, but its genetic material shares sig-
nificant similarities with P. lobogeorgii. This confirms their close evolutionary relationship while 
also highlighting the differences between the human and dolphin variants of the disease.22,23
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PROPOSED NAME
YEAR 

OF PRO-
POSAL

AUTHOR(S) REASON FOR REJECTION

Glenosporella loboi 1940 Fonseca OF, Leão 
AE.24

Later	identified	as	Paracoccidioides brasiliensis due to con-
tamination with a typical isolate. Not the true agent of Jorge 
Lobo's disease (JLD). 

Glenosporopsis 
amazonica 1943 Fonseca OF.25 Identified	as	Aspergillus penicillioides, an environmental con-

taminant.	Incorrect	original	identification.

Paracoccidioides 
loboi

1948-
1949

Almeida F, Lacaz 
C.26

Molecular studies showed this was not a variety of Paracoc-
cidioides brasiliensis but a different species. Name corrected 
to Paracoccidioides lobogeorgii.

Blastomyces loboi 1952 Langeron M, Van-
breuseghem R.27

Proposed as a new name but based on erroneous phenotypic 
comparisons with other Blastomyces species.

Loboa loboi 1956 Ciferri R.28
Later	identified	as	a	synonym	of	Paracoccidioides brasiliensis 
due to contamination. Rejected for not describing the true 
pathogen.

Lobomyces loboi 1958 Borelli D.29 Name did not follow botanical nomenclature rules and lacked 
a Latin description. Later deemed invalid.

Lacazia loboi 1999
Taborda PR, Tabor-
da VA, McGinnis 
MR.30 

Widely accepted for a time, but molecular analyses showed it 
was related to Paracoccidioides genus. Renamed as Para-
coccidioides lobogeorgii.

Candida loboi 2015 Costa PF.31 Identified	as	Candida tropicalis, a contaminant, not the true 
etiologic agent of Jorge Lobo's disease.

Paracoccidioides 
lobogeorgii 2021

Vilela, de Hoog, 
Bagagli, and Men-
doza.22

Confirmed	by	molecular	analyses	as	the	true	etiologic	agent	
of Jorge Lobo's disease in humans. The recent taxonomic 
review has resolved the longstanding confusion surrounding 
the	causative	agents	of	Jorge	Lobo’s	disease,	confirming	that	
Paracoccidioides lobogeorgii is responsible for the human 
form, while Paracoccidioides ceti affects dolphins. This dis-
tinction underscores the unique evolutionary paths of these 
organisms, despite their shared genus and similar disease 
presentation.

Source: The authors (2024).

The identification of these species, despite their inability to grow in culture, was made possible 
through the extraction of DNA from infected tissues and the subsequent genetic sequencing. By 
comparing specific genetic markers, such as the Gp43 gene and other coding regions, researchers 
could place P. lobogeorgii and P. ceti within the Paracoccidioides genus. The construction of phy-
logenetic trees showed that these non-cultivable pathogens cluster closely with other cultivable 
Paracoccidioides species, thus solidifying their taxonomic placement (Table 1).22,23

In summary, the recent taxonomic review has resolved the long-standing confusion surround-
ing the causative agents of Jorge Lobo’s disease by confirming that Paracoccidioides lobogeorgii 
is responsible for the human form, while Paracoccidioides ceti affects dolphins. This distinction 
underscores the unique evolutionary paths of these organisms, despite their shared genus and 
similar disease presentation.22,23

Table 1. Controversial points of the name of the agents that caused Jorge Lobo´s disease over the years
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The disease in humans: pathogenesis, clinical aspects, diagnosis and 
treatment

Pathogenesis

After inoculation of the fungus in the skin, the appearance of the first symptoms and signs 
usually takes between three months and two years. The lesions' evolution generally occurs 
very slowly; such changes may be unique and localized or disseminated over large areas of the 
tegument.12 Multiple lesions are presumed to arise from autoinoculation. The hypothesis of 
hematogenous dissemination, as in leishmaniasis, is considered for more distant manifesta-
tions32 and is supported by observation of the fungus in an intravascular environment.33 Lym-
phatic involvement is quite uncommon,4 although it has been described in the Kaiabi Indians33 
and in cases from the 1970s.34

The histopathology of lobomycosis has enough typical characteristics to distinguish it from 
other lesions of paracoccidioidomycosis. The following aspects should be highlighted in the 
examination: richness of pathogens; intense histiocytosis, without the formation of individ-
ualized granulomas; and absence of yeasts with the typical “rudder wheel” morphology.35 The 
epidermis normally shows atrophy, although vegetating and hyperkeratotic epithelial hyper-
plasia can be seen. In the dermis, a thin layer of subepithelial collagen, usually unharmed, like 
the “Unna band” of lepromatous leprosy, is present. The remainder of the dermis is filled along 
its entire length by a diffuse inflammatory granuloma with a fibrous but never necrotizing 
evolution. Histochemical analyses demonstrate a polysaccharide impregnation of the inflam-
matory granuloma, which usually extends to the contours of the hypodermis, but does not 
jeopardize it.32

No B lymphocytes and few T lymphocytes are found in lobomycosis granulomatous le-
sions.32,36 Infiltrative-looking masses are formed, which contain granulomas composed of 
giant foreign body-type cells, each harboring numerous phagocytosed fungal elements in 
addition to quiescent macrophages in different proportions.12,36 The characteristics of the 
tissues of the affected lymph nodes are similar to those described in granulomas.34,37 In the 
intracytoplasmic region of some giant cells, asteroid-shaped bodies – of unknown nature – 
are observed. They have the appearance of solitary eosinophilic intracytoplasmic structures 
surrounded by a lipid layer. Under the electron microscope, these asteroid bodies consist 
of branches of dense, filamentous material, as well as myelin structures, which make the 
assembly resemble the image of asteroid bodies in sarcoidosis.13,38 This appearance can 
be confused with the sporotrichosis findings. The fungus L. loboi (now known as Paracoc-
cidioides lobogeorgii22) can also be found in the extracellular environment surrounded by 
histiocytes.39,40 The viscera are not usually affected because of the poor thermotolerance of 
the fungus, which is confirmed by the presence of lesions mainly on the skin of the coldest 
regions of the human body.12

The possibility of malignant transformation of lesions, which have a chronic evolution to 
squamous cell carcinoma, also exists. This fact was verified in two Kaiabi Indians, one of whom 
had disseminated metastases.3,33 Other cases of carcinomatous degeneration were also de-
scribed in a Colombian indigenous person;41 a 64-year-old farmer from the state of Pará;42 an 
83-year-old indigenous person residing in the state of Amazonas;40 and an 87-year-old rubber 
tapper from the banks of the Purus River, Amazonas.5
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Clinical aspects

Lobomycosis is a cutaneous mycosis (whose presence is almost entirely restricted to the skin; 
only one case on the labial mucosa has been reported),43 that is, without visceral involvement 
(one reported case of testicular involvement).44 Satellite adenopathy is not described, except 
in scarce circumstances. Most of the patients come from the Amazon Basin, and their general 
condition is satisfactory despite the long evolution of the process, since the disease can affect 
the individual for decades and presents a slow clinical course.12,32

Commonly reported symptoms include burning and itching near the lesions. The disease is 
characterized by dermal-epidermal nodules of various sizes or plaques resulting from the con-
fluence of nodules. The lesion that most affects patients – and that gives rise to the diagnosis 
– is keloidiform nodular alteration. Plaques are formed, which can occupy a considerable area
of the body and present polycyclic contours with prominent edges.12

In some patients, multiple lesions of different shapes are described, with numerous types 
of manifestations in the epidermis, such as macules, papules, infiltrated plaques, gums, ke-
loid-like nodules, and even ulcerated lesions.12,45 Atrophic skin lesions, which resemble tu-
berculoid leprosy in their clinical form, have also been reported.32 Another form that has been 
detected includes verruciform disorders.12,32 The appearance of the lesions generally varies 
with their topography: the points of support are unharmed, while the dorsum of the foot has 
hardened, polylobed, non-fistula-shaped vegetations with a shell-on-rock appearance. In ad-
dition to the other lesions mentioned above, those of the pseudokeloid type can be observed in 
the limbs and in the rest of the body.33

The habit of carrying straw and wood on their shoulders to build tents, as well as chestnuts 
and flour.32 Manifestations in the distal extremities of the upper and lower limbs and in the 
gluteal region are also common; however, other parts of the body can also be affected, such as 
shoulders, back and abdomen (Figure 1).12,16 In more severe cases, large areas of skin may be 
affected by dispersion or by clustered and confluent nodules. Disseminated skin lesions have 
been described in an HIV-infected patient.46

Figure 1. Regions of the human body, marked in gray circles, where skin changes. They are most 
commonly in cases of Jorge Lobo’s disease
Source: The authors (2024).

LITERATURE REVIEW

Rodrigo Siqueira-Batista e cols. • The Advent of Paracoccidioidomycosis Ceti and New Views on Lacaziosis



v.23, n.2, jul-dec/2024        62

Complications include possible restrictions of movement, significant cosmetic damage, 
secondary infections, ulcerations, and carcinomatous degeneration.14,19,5 Squamous cell 
carcinoma infiltration in long-term lobomycotic lesions has been described in some pa-
tients,33,40,41,42,47,48 including cases of death.40,47 

Differential diagnoses that must be established include: paracoccidioidomycosis, in its nodular 
and vegetative cutaneous form; vegetative chromomycosis;3,41 histoplasmosis, in its African 
and American forms;3 sporotrichosis;49 cutaneous leishmaniasis, in its pseudo-lepromatous 
form;3,32 keloid scar; dermatofibrosarcoma protuberans; fibroma and neurofibroma;50 lupus vul-
garis, in verrucoid forms;51 nodular or reactional tuberculoid leprosy, especially ear lesions;32 
squamous cell epithelioma; skin metastases from deep squamous cell carcinomas;3,32 Kaposi's 
sarcoma;49 sarcoidosis; and lymphomas, mainly mycosis fungoides.46 Cases of co-infection 
with L. loboi (now, known as Paracoccidioides lobogeorgii22) and P. brasiliensis, an association 
already described in the literature,4 may also occur.

Diagnosis

Laboratory diagnosis can be performed by analysis of the material collected from the skin 
lesion (whether ulcerated or not) or the pus from gummy lesions, diluted in saline solution 
and examined between the slide and coverslip under an optical microscope. The material can 
be stained with hematoxylin-eosin (H&E) or Gomori's methenamine silver (GMS), which is 
specific for fungi.12 The result of the analysis can be confirmed by the finding of characteristic 
globular cells in the shape of a lemon, alone or grouped in small chains.1

Treatment

The recommended therapy is conservative surgical extirpation of non-extensive or dissemi-
nated lesions, with clinical follow-up of up to three years.52 Cryosurgery is an alternative and 
presents good results for this type of injury.12,53

Lobomycosis is normally resistant to antimicrobial treatment; in rare cases, clinical improve-
ment is observed with the use of azole derivatives – such as ketoconazole (at a dosage of 
400mg/day) –, but the fungi always persists.32,33,54 Due to its anti-inflammatory action, another 
therapeutic option that has been put forward involves the use of clofazimine (with or without 
itraconazole) at a dosage of 200mg/day for three months, followed by 100mg/day for a variable 
period. Furthermore, a recent study conducted in Acre (Brazil) showed that the treatment used 
in leprosy (clofazimine, dapsone, and rifampicin) can also be relatively effective in treating 
lobomycosis. Pharmacological treatment is appropriate, especially for extensive and dissemi-
nated forms of the disease.12,32,33,49,53

One possible treatment option is posaconazole, which has shown good results – in an individ-
ual who had lesions on the face, trunk, and limbs since childhood – by generating a reduction 
in keloids and even scarring. Although this is the first report in the literature of treatment with 
posaconazole in the extensive form of the disease, the results were satisfactory and may indi-
cate a possible therapeutic alternative.55

The early diagnosis and treatment of lobomycosis are hampered by many factors, such as the 
similarity in the pattern of lesions with other diseases already mentioned, resulting in the 
need to exclude differential diagnoses, in addition to the long incubation period of the dis-
ease.56 The general health of individuals affected by lobomycosis is not usually impacted; how-
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ever, late or incorrect diagnoses can worsen the disease and/or leave the patient susceptible to 
co-infections.56

The disease in aquatic mammals (Pcm Ceti): clinical aspects, diagnosis 
and treatment

Pathogenesis

The fact that the alterations caused by P. brasiliensis var. ceti in dolphins are confined to 
subcutaneous tissues suggests that the pathogens are most likely introduced in this region 
by traumatic implantation of fungal elements. Upon reaching the subcutaneous tissues P. 
brasiliensis var. ceti changes to a yeast-like form and successfully establishes itself inside 
the host.16

After entering the animal’s organism, the pathogens increase in size very slowly and may 
take months or even years to produce large parakeloid granulomatous lesions, with rare 
dissemination to other organs. Yeast cells trigger a slowing of immunity, via a Th2 response 
pattern, when they proliferate inside inflammatory cells and affect macrophages. Transform-
ing growth factor β1 (TGF-β1) is released, blocking the release of nitric oxide and inhibiting 
the production of interferon gamma (IFN-γ). Adaptive immunity is compromised due to a 
dramatic decrease in the number of circulating helper B and T cells. Antibodies against P. 
brasiliensis var. ceti cross-reacted with the antigens of cultivable P. brasiliensis isolates.16,44

The presence of melanin in the cell wall of P. brasiliensis var. ceti is believed to protect 
pathogens from the host's immune response. The viability of yeast cells is reduced to about 
40% of viable cells in the tissues of the infected host.57 Subcutaneous granulomas, present in 
infected dolphins, show numerous branched yeast cells of uniform size, arranged in chains 
and surrounded by inflammatory cells and significant fibrosis44. The proliferation of CD8 T 
cells believed to be promoted by TGF-β1 is also responsible for producing immunoglobulins 
and other factors that promote the fibrosis process, causing the paracheloid external appear-
ance of skin lesions.16

Clinical aspects

The PCM ceti lesions described in dolphins are generally similar to the changes produced by 
lobomycosis in humans. The disease usually has a chronic course and takes time to develop 
into large, characteristic monomorphic or multimorphic lesions.16 In fact, nodular, ulcer-
ous-crusted, verrucous skin lesions with colors ranging from white to pink are identified. The 
changes described in dolphins may be more pronounced and reach the lymph nodes, but with-
out the involvement of internal organs.14,51,58 Lesions in these animals can cover large somatic 
areas, predominantly in the cephalic region and with a possibility of extension to the back and 
tail. In addition, they may be associated with scarring from previous injuries, such as collisions 
and shark bites.59

The dolphins affected by the disease are older and usually show evidence of immune deficien-
cy. In fact, these animals are often found to be very debilitated and/or carry multiple associ-
ated comorbidities.28,60,61 Furthermore, in dolphins, a substantial decrease in CD4+ helper T 
lymphocytes, B cells, CD19+ and CD21+ associated with the morbid condition has been de-
scribed.39 Indications also exist that the presence of the fungus predisposes to co-infections, 
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as occurred in a bottlenose dolphin in Kinko-wan, Japan, which presented bronchopneumonia 
with the isolation in culture of Enterobacter cloacae, Klebsiella pneumoniae and Aeromonas hy-
drophila. Indeed, areas where reports of the disease are more frequent may harbor populations 
of immunocompromised dolphins.21,58

Figure 2. The regions of the dolphin's body, marked by gray circles, where skin changes most commonly 
appear in cases of Paracoccidioidomycosis ceti
Source: The authors (2024).

Diagnosis 

The investigation of this disease in cetaceans can be a genuine challenge since they are pro-
tected species and the collection of material from them for histopathology is strictly regulat-
ed. For a long time, cases were diagnosed only by photographs and macroscopy, without his-
topathological, serological, or molecular data.62 Subsequently, a presumptive diagnosis was 
made from the observation of the yeast structures detected in the lesions of these animals 
by means of histopathology, including procedures of yeast staining with Gomori’s meth-
enamine silver (GMS). This process revealed the presence of numerous dark ovals, 2 to 10μm 
wide, connected by short isthmuses. Such findings were considered a diagnosis of cases of 
the disease in dolphins.16,63 Currently, detection of the disease is based on molecular tech-
niques, as well as on observation of the yeast cells, which are characteristic of the disease, 
either by cytology or histopathology.64

Many of the cases reported as being LLD – “lobomycosis-like disease”, currently called PCM 
ceti – were classified as such without pathological examinations or without evidence of fun-
gal bodies. This classification was based solely on external observations of skin lesions that 
resemble those described in humans.7

Treatment 

The paucity of experiences in capturing dolphins for treatment is the reason for the lack of 
data on the effectiveness of drugs in the literature. When these animals are treated with strat-
egies used in humans, the responses obtained are usually similar.61

So far, in attempts to treat PCM ceti, no antifungal agent has been proven effective, except for 
one case of apparent improvement reported by Dudok Van Heel,35 based on the use of mi-
conazole and a supposed remission of the disease in a dolphin of the T. truncatus species.9,35 
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Esperón et al.63 reported ineffective treatment of a dolphin with topical itraconazole and keto-
conazole. Subsequently, the same animal received 2.5mg/kg of oral itraconazole and 2.0mg/kg 
of terbinafine. The skin lesions were reduced to small nodules, and subsequently disappeared 
and did not recur. Surgical removal of small lesions may be an option; however, surgery in 
large or multicentric lesions is not recommended.16

Ecoepidemiology: lobomycosis and Pcm Ceti

Up to 1996, 418 cases of the disease had been reported in humans, of which 255 were in Brazil 
and 50 in Colombia.32 In 2020, after epidemiological studies of the Kaiabi tribes, Florian et al.32 
identified 63 occurrences of lobomycosis between the years 1965 to 2019, of which 60 had al-
ready been diagnosed and three were new cases. Among the 63 patients, 39 (61.9%) were male 
and 24 (38.1%) were female. Most of the reports originated from Central and South America, 
mainly in the Amazon region;56 in Brazil, all cases came from the Amazon, which is an endem-
ic area for P. lobogeorgii. Six Colombian soldiers who served in the Amazon region had nodular 
and cheilodian lesions on the face, trunk, and limbs, which took two to 15 years to become 
noticeable.36,65 Sporadic and isolated cases of the disease have been reported in Europe, the 
United States, and Canada. All such patients reported previous travel to Central or South 
America. Recently, two cases of lobomycosis were reported in South Africa.49 The geographic 
distribution extends between the Tropic of Cancer and the Tropic of Capricorn, especially near 
the Equator. The climate and regions conducive to the development of the fungus are tropical 
and subtropical humid forests, with an average annual temperature of 24°C and rainfall greater 
than 2000mm per year.3,33,51

The humans most commonly affected are aged between 21 and 40 years. No single ethnic 
group predominates, since all populations appear to be equally susceptible.49 Men are affect-
ed in 92% of cases, which can be explained by their carrying out of professional activities in a 
rural environment, as is the case of rubber tappers, foresters, prospectors, hunters and farmers. 
Early exposure in a hyperendemic environment, probably associated with occupational activi-
ties, could clarify this occurrence of cases. The Kaiabi Indian tribe, who inhabited Mato Grosso, 
Central-West Brazil, constitutes a different epidemiological model for this disease. In a span of 
30 years, the tribe accounts for 32% of Brazilian cases and 21% of the total number of cases.32 
In this setting, the affected group is aged between 10 and 25 years. Furthermore, among the 
Kaiabi, agricultural activities are more developed than in other tribes in the locality. No reports 
of cases of lobomycosis in adjacent villages have been filed.47,52 No new cases of lobomycosis 
among the Kaiabi have appeared since they migrated to the Xingu National Park (southeastern 
Pará), which is in the Amazon.3,33

Possible reservoirs and transmission routes are still not well clarified. The etiological agent 
was detected in the soil of Argentina and Venezuela, and also in vegetables in Brazil; while 
speculation about an aquatic reservoir is based on the existence of a similar disease (PCM ceti) 
in cetaceans. The entry point of the fungus is probably the skin, and local trauma usually pre-
cedes the skin injury. A wound over a pre-existing lesion can cause a local recurrence.3,33 Inter-
human transmission has never been confirmed, but two cases stand out as possible instances 
of non-human animals participating in the disease of H. sapiens.33,66,67,68,69

The first case was reported in Europe in 1983, when a granuloma, as well as supratrochlear 
lymphadenitis, was observed on the skin of one hand of an aquarium attendant three months 
after occupational contact with a bottlenose dolphin (T. truncatus). This specimen had been 
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captured in the Bay of Biscay and showed the presence of skin granulomas, whereas biopsied 
specimens showed morphologically indiscriminate organisms of L. loboi66 (now, known as 
Paracoccidioides lobogeorgii22). Analogous pathogens were also present in the patient's skin 
lesions and in the supratrochlear lymph nodes66. Based on these findings, one cannot con-
clude with certainty that the microorganism infected the aquarium attendant. The second case 
was described in São Paulo, Brazil – an area where the disease is not endemic – and involved a 
veterinarian who handled mice in a laboratory, which had been experimentally infected with 
L. loboi (now, known as Paracoccidioides lobogeorgii).22 Thus, the transmission of lobomycosis
from a non-human animal to a human has been documented.68

Despite scant evidence of zoonotic behavior – from lobomycosis? from PCM ceti? –, the pos-
sibility of such an occurrence raises concern in areas that are endemic of the disease in ceta-
ceans, especially in those cases where such animals are used for recreational purposes, such as, 
for example, in the Indian River Lagoon, Florida.9,19,59,69

Until the present moment, no registered cases of paraccidioidomycosis ceti in porpoises exist. 
All the confirmed reports relate to Delphinidae. The disease in cetaceans has been diagnosed 
in: (1) T. truncatus (bottle-nosed dolphins), in Brazil, in Cuba, on the east coast of the United 
States (histologically and microbiologically indistinguishable from JLD), in Europe and Ja-
pan;10,11 (2) T. aduncus (Indo-Pacific bottlenose dolphins), in the Indian Ocean, between Mo-
zambique and Madagascar;9,18 (3) Sotalia guianensis (Guiana dolphin - Delphinidae), in Surina-
me;19 and (4) Lagenorhynchus obliquidens (Pacific white-backed dolphin), in Japan.11,20 Similar 
cases of PCM ceti have not been described in the boto, Inia geoffrensis, and the tucuxi, Sotalia 
fluviatilis, which inhabit the Amazon and Orinoco rivers.19,59

Dolphins are more sensitive to environmental changes, whether of natural or anthropogenic 
origins. Therefore, the increased incidence of disease in these animals may also be related to 
responses to environmental changes, such as exposure to pesticides and other contaminants 
or variations in temperature, salinity, vegetation, and even increased survival of the pathogen 
in the marine environment.69 Furthermore, the molecular confirmation of the disease in L. 
obliquidens, in Japan, suggests a possible geographic expansion of the etiologic agent, in addi-
tion to raising the hypothesis that other cetacean species may be infected. In this context, the 
possible spread of the pathogen by ballast water from ships or other floating media (oil plat-
forms, for example) is a subject of discussion; meanwhile, the disease could be expanding.17

Final considerations

After almost one hundred years of its recognition among the Kaiabi Indians and seventy years 
of its more systematic clinical description, lobomycosis continues to raise questions for clini-
cians and mycologists. Similarly, many gaps remain in our understanding of PCM ceti in aquat-
ic mammals, a disease once confused with lobomycosis. Scientific advances have increased our 
knowledge of the areas of molecular biology and genetic engineering of etiological agents and 
the respective diseases in humans and cetaceans. However, further research is required into 
aspects of etiopathogenesis, transmission, diagnosis (including the possibility of cultivation in 
the laboratory) and prevention. Similarly, more effective treatments may be proposed, which 
can lead to improvements in the quality of life for the different animal species affected by 
these diseases as well as psychosocial gains.
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the order in which they are referenced in-text. All abbreviations must be explained with a legend below the table. 
There must be the source from which the table was extracted and/or the authorship of it, this information must be 
written below the table, after the legend for the abbreviations, if any.  

Images: can be photos, illustrations, graphics, drawings, etc. Images must be submitted as separate files (.tiff or 
.jpeg). They must be assigned a number in ascending order and receive a title and/or subtitle explanation. They 
must also be referenced within the text. All abbreviations must be explained with a legend below the image. There 
must be the source from which the image was extracted and/or the authorship of it, this information must be writ-
ten below the image, after the legend for the abbreviations, if any. 

2. Clinical cases: 

Case report: usually it describes one to three patients or a family case. The text must be up to 2,000 words long, 
with up to three tables or images and up to 25 references. The abstract must be no more than 100 words long. 

Clinical case solution: it must contain a step- by- step description of the decision process of clinical cases. Patient 
information must be presented to one or more clinical experts in stages (text in bold) to simulate the way information 
is made available in clinical practice. The expert must answer (text in regular font) as new information is added, sharing 
their reasoning/arguments with the reader. The text must be up to 2,500 words long, and must have up to 15 references. 

3. Literature review: 

It must be about subjects relevant to medical practice. These will form a section about the common theme of each 
issue. These are limited to 5,000 words (excluding abstract and references) and a maximum of five images and/or 
tables. Maximum of 40 listed references. Literature reviews will be submitted for the editorial board analysis under 
invitation by the guest editor of this section, and must conform to the following standards: 

Title page: this page must contain title and author information as follows: 

Title (in English) 100 characters maximum, counting spaces; 

Short title (in English) 50 characters maximum, counting spaces; 

the name of each author with their affiliation in this particular order: first name, abbreviated middle names, last 
name. Department (or service). Course. University (or institution). City, state/province/ territory, country. 

contact information for an author: first name, abbreviated middle names, last name, e-mail.

Abstract: must be written in English with a maximum of 250 words. Must follow the structured abstract model, 
with mandatory introduction, objective(s), methodology and resources, results and discussion, conclusion(s). It is 
well known that the abstract gets more visibility and distribution than the full text of the paper. Therefore, it must 
contain the essential information in the paper, but cannot be just a patchwork of sentences from it. It must be 
succinct and direct, highlighting what is most important in the full text in order to encourage a full reading. In the 
conclusion, all results must be related to the objectives of the study. The discussion must assert the contribution 
of the results to the body of knowledge about the subject of research. 

keywords: three to six terms related to the subject must be given according to MeSh (Medical Subjects Headings). 
Keywords must be separated by semicolons. 

Literature reviews may fall into two types: 

a. Systematic review and meta-analysis - Through a synthesis of original studies' results, the paper must answer 
specific relevant health sciences questions about the theme of its issue (see BJBHS's focus). It must detail the search 
process to find the original studies, selection criteria, and synthesis procedures for the results of the reviewed stud-
ies (which may or may not be meta-analysis procedures). 

b. Narrative/critic review - Narrative or critic review has a descriptive discursive character, and aims to offer a broad 
presentation and to discuss themes of scientific interest within the health field. It must have a clear formulation of the 
scientific subject of interest, a theoretical-methodological critic of the reviewed works, and a conclusive synthesis. It 
must be elaborated by experienced researchers in the field in question or by renowned experts of notorious knowledge. 

Acknowledgments: must be concise and limited to people and institutions that contributed to the research in some 
degree, but could not be included as authors. 

In-text citations: BJHBS follows the Vancouver style, according to the general rules of The NLM Style Guide for 
Authors, Editors, and Publishers, second edition (www.ncbi.nlm.nih.gov/books/NBK7256/). For in-text citations, use 
Arabic numerals superscript,1 without spaces, right after a word or punctuation: "Parkinson's Disease1 description 
began in the 1950s,2 when..." In some cases, the names of the authors may figure in the text: "Phillips12 analyzed 

http://www.ncbi.nlm.nih.gov/books/NBK7256/


v.23, n.2, jul-dec/2024        73     

several conditions of..."; and up to two authors can be named: "Handel and Matias15 conducted a study about..." 
However, when the number of authors is three or more, the first author must be named along with the expression 
"and cols.": "Silveira and cols.13 have proposed a new methodology..." 

References: all referenced cited in-text must be in the reference list. References shall follow the Vancouver style, 
according to the general rules of The NLM Style Guide for Authors, Editors, and Publishers, second edition (www.ncbi.
nlm.nih.gov/books/NBK7256/). They are limited to published material, papers, and abstracts. Authors are responsible 
for providing precise and complete references. In references with more than one author, authors up to three must be 
named. From there on, an "et al" must follow the first three authors. There must be no more than 40 references. 

Tables and/or images: up to a maximum of five, including the authorship and/or source. 

Tables: must be created in dedicated software, such as Excel. The width must be proportional to one page in the 
current layout. The font must be Arial, size 9, single space. Tables must be imported to and submitted in a text file: 
.doc/.docx (Microsoft Word), .rtf (Rich Text Format), or .odt (Open Document Text). They must be assigned a number 
in ascending order and receive a title and/ or subtitle explanation. They must also be referenced within the text. The 
content of a table must not replicate that of an image nor vice versa. Their numbers must be assigned according to 
the order in which they are referenced in-text. All abbreviations must be explained with a legend below the table. 
There must be the source from which the table was extracted and/or the authorship of it, this information must be 
written below the table, after the legend for the abbreviations, if any.  

Images: can be photos, illustrations, graphics, drawings, etc. Images must be submitted as separate files (.tiff or 
.jpeg). They must be assigned a number in ascending order and receive a title and/or subtitle explanation. They 
must also be referenced within the text. All abbreviations must be explained with a legend below the image. There 
must be the source from which the image was extracted and/or the authorship of it, this information must be writ-
ten below the image, after the legend for the abbreviations, if any. 

4. Other submissions: 

Editorial: it is a commentary on or analysis of papers in a given issue. It may include an image or table and be no 
more than 750 words long, containing up to five references. It will be written by the editor in chief or by an invited 
contributor at their request. 

Editorial comment: it’s a complementary text done by an invited editor, generally specialist in a controversial topic, 
in order to bring a critical overview to the discussion. It may include an image or table and be no more than 750 
words long, containing up to five references. It will be written by the editor in chief or by an invited contributor at 
their request. 

Letters to the editor: space for readers to talk about recently published papers. Each letter must have up to 200 
words (excluding references), five references and one image or table. It must be submitted no later than six months 
after the publication of the relevant paper. Letters non-related to papers published by BJHBS are limited to 500 
words (excluding references), five references, and one image or table. Authors of letters will be required to provide 
their details, as well as contact information and possible conflicts of interest. The decision about the publication of 
a letter is made by the editor in chief. 

On-line submission 

Papers and other types of material must be sent to submission.bjhbs@hupe.uerj.br, along with the introduction 
letter. The subject of the e-mail must be: "Type of paper [original paper, case report, literature review]" or "Letter to 
the editor" -- title" + last name of its main author in UPPER CASE. 

All subsequent communication must happen through responses to the original e-mail. 

The editorial committee will analyze the material according to the editorial policies of BJHBS and will answer re-
garding acceptance for peer review as soon as possible. If it's considered fit for publication, it will be processed and 
proceed to editing, proofreading and layout. 

After a paper's acceptance, the term of copyright transfer and the statement of conflicts of interest must be sent as 
soon as possible. 

The final layout will be forwarded to the authors for final approval in .pdf format. This approval must be given ac-
cording to a deadline defined by the editorial team. 

Papers and other texts that do not conform to the specifications of these guidelines will be returned without any 
analysis by the editorial board of BJHBS. Such material must be re-submitted for new analysis once specifications 
are followed. 

Boulevard 28 de Setembro, 77 Térreo - Vila Isabel | Rio de Janeiro/RJ  
CEP: 20.551-030 | 55 21 2868 8506 | E-mail: bjhbs@hupe.uerj.br 
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