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Catarina Bernardes, et al.

Evaluation of Glycemia, Glycosylated Hemoglobin and Body Mass Index in Adolescents †

Reprinted from: Med. Sci. Forum 2023, 22, 31, doi:10.3390/msf2023022031 . . . . . . . . . . . . . . 93

Cecı́lia Rozan, Luı́s Proença and Cristina Manso

Oral Health in Psychotropic-Medicated Outpatients of the Lisbon Psychiatric Hospital
Centre (CHPL) †

Reprinted from: Med. Sci. Forum 2023, 22, 38, doi:10.3390/msf2023022038 . . . . . . . . . . . . . . 97

Cecilia Rozan, Luı́s Proença and Cristina Manso

Assessment of Xerostomia in Outpatients of the Lisbon Psychiatric Hospital Centre (CHPL) †

Reprinted from: Med. Sci. Forum 2023, 22, 37, doi:10.3390/msf2023022037 . . . . . . . . . . . . . . 101

Maria de Fátima Martins, Pedro Mariano Pereira, Hélder Nunes Costa and Iman Bugaighis
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and Maria Guilhermina Moutinho

Predicting Cancer Prognostics from Tumour Transcriptomics Using an Auto Machine
Learning Approach †

Reprinted from: Med. Sci. Forum 2023, 22, 6, doi:10.3390/msf2023022006 . . . . . . . . . . . . . . 201

Afonso Ramos, Sandra Almeida, Luı́sa Ganço, Patricia Costa and António Pereira

Impact of Acid Rain with Different pH Values in Monstera deliciosa Plants †

Reprinted from: Med. Sci. Forum 2023, 22, 21, doi:10.3390/msf2023022021 . . . . . . . . . . . . . . 205

ix





About the Editors
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Editorial

Preface of the 6th Congress of the Egas Moniz Centre for
Interdisciplinary Research—Immediate and Future Challenges
to Foster One Health

José Brito *, Nuno Taveira and Ana I. Fernandes *

Egas Moniz Center for Interdisciplinary Research (CiiEM), Egas Moniz School of Health & Science,
2829-511 Almada, Portugal; ntaveira@ff.ulisboa.pt
* Correspondence: jbrito@egasmoniz.edu.pt (J.B.); aifernandes@egasmoniz.edu.pt (A.I.F.)

1. Preface

The 6th Congress of the Egas Moniz Centre for Interdisciplinary Research was held in
Caparica from 5 to 7 July under the theme “Immediate and future challenges to foster One
Health”. Aligned with the key strategic orientations and expected impacts of research and
innovation on society, economy, and science, as defined in the Horizon Europe strategic
plan, the Congress provided an opportunity for researchers and health professionals to
present and discuss the expected impact of their works in different areas. These areas
included: (1) access to innovative, sustainable, and high-quality health care; (2) the use of
new tools, technologies, and digital solutions for a healthy society; (3) the promotion of
sustainable and circular management of natural resources while tackling pollution; and
(4) the security of sustainable food and nutrition systems.

There were more than 400 registered participants, including 9 international invited
keynote speakers, 35 oral communications and 150 poster presentations, after a thorough
peer-review process (89% acceptance rate).

In line with the mission of the Egas Moniz School of Health and Science to improve the
translation of research activities into educational practice, the Congress has also emerged
as an opportunity to disseminate the research work of undergraduate and postgraduate
students enrolled in the different graduation programs of the institution. A significant con-
tribution to the training of young researchers has been made by the Proceedings Scientific
Committee (Table 1) during the peer-review process, providing invaluable guidance on
how to meet the standards of scientific writing and publication of research papers.

Table 1. Proceedings Scientific Committee.

Ana Isabel Fernandes (Coordinator) Madalena Salema Oom
Fernanda Loureiro Renata Ramalho

Íris Almeida Sónia Vicente

2. Statement of Peer-Review

Works were submitted online, until 2 June 2023, through the conference submission
management system (Wordpress Plugin WP Abstracts Pro v.2.6.1 Abstracts & Manuscripts
Submission) as abstracts (max. 500 words) and, optionally, also as short proceeding papers
(up to 4 pages) to be published in this dedicated volume of MDPI’s Medical Sciences Forum
journal. A total of 208 abstracts and 63 proceeding papers were submitted.

A thorough double-blind peer-review of the proceedings was conducted by a total
of 73 reviewers (Table 2). The nominal list of those involved in the edition and reviewing
process is included in the acknowledgments. To ensure the high publication standards of the
journal, proceedings were reviewed by two independent scholars. Reviews were conducted
by expert referees to the professional and scientific standards expected of a proceedings

Med. Sci. Forum 2023, 22, 22. https://doi.org/10.3390/msf2023022022 https://www.mdpi.com/journal/msf
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journal, and considered (1) the aim, relevance, and originality of the work; (2) materials
and methods; (3) ethical considerations; (4) scientific soundness; and (5) writing—clarity,
text organization and formatting, referencing, and English language and style. Narrative
literature reviews, study protocols, and systematic reviews without meta-analyses were
not considered.

Table 2. Board of Reviewers.

Aida Duarte Diego González Maria João Cebola
Aida Simões Dora Ladislau Miguel Correia

Alexandra Rodrigues Evgenia Bekman Miguel Garcia
Alexandre Santos Gonçalo Martins Pereira Nataniel Rosa

Alzira Cavacas Graciliana Lopes Nathalie Ferreira
Amândio Dias Guilhermina Moutinho Nuno Coelho

Ana Clara Ribeiro Hélder Costa Nuno Taveira
Ana Cristina Cardoso Neves Helena Barroso Patricia Cavaco Silva

Ana Cristina Manso Inês Caldeira Fernandes Paula Ravasco
Ana Cristina Pestana Neves Isabel Barahona Paulo Mascarenhas

Ana Paula Serro Joana Costa Paulo Oliveira
Ana Raquel Barata Joana Garrido Pedro Brandão

Ana Vieira João Aguiar Ricardo Alves
André Almeida João Albernaz Neves Ricardo Baúto

António Delgado João Botelho Sara Raposo
Carla Ascenso João Couvaneiro Sergio Félix

Carla Martinho Neto João Dias Sílvia Almeida
Carlos Zagalo Jorge Caldeira Sofia Jordão

Catarina Almeida José Feliz Susana Monteiro
Catarina Ramos José Grillo Teresa Costa
Cátia Caneiras Júlia Antunes Tiago Ferro
Cecília Rozan Lucinda Bessa Vanessa Machado
Cidália Castro Mara Guerreiro Xavier Melo
Cristina Soeiro Margarida Miranda

Deolinda Auxtero Maria do Rosário Dias

The authors were notified of the reviewers’ comments and asked for revision and
resubmission until 21 June 2023. The Proceedings Scientific Committee was ultimately
responsible for checking the corrections and making the final decision. Authors received a
notification about the acceptance or rejection of their work by 26 June 2023.

The 49 accepted proceeding papers (77.8% acceptance rate) were presented at the
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Abstract: While in some countries, the possession of psychoactive substances leads to prison sentences
or execution, other countries, like Portugal, follow an avenue leading to a drug-tolerant culture.
However, there is a lack of empirical data on Portuguese populations to measure the drug-use
trend. The present study uses multidisciplinary approaches to explore the prevalence of alcohol and
drug consumption on a Portuguese student population (N = 81, ages ranged from 17 to 40 years),
associating it with psychological and genetic factors. The results show a prevalence of cannabis
consumption higher than what is reported by the EMCDDA, and suggests that carriers of the minor
allele of 5-HTTLPR have a higher propensity for addiction.

Keywords: genetic variations; psychological factors; consumptions; drugs; alcohol

1. Introduction

Drug abuse is a ubiquitous historical phenomenon that largely depends on the cultural
and political environment. In Portugal, the primary drug law is Decree-Law 15/93, which
frames the legal regime applicable to drug trafficking and consumption of psychoactive
substances. Decree-Law 130-A/2001 changed the 1993 framework by decriminalizing the
consumption, acquisition and possession of drugs for personal consumption. Notwith-
standing this, people possessing substances of abuse quantities below the amounts stated
on the current drug Decree-Law and not under suspicion of drug trafficking are evaluated
by the local Commission for Dissuasion of Drug Addiction. In extreme cases, punitive
sanctions can be applied, but the main purpose is to promote addiction treatment. The
Portuguese case for drug control frequently receives focus due to the encouraging results
regarding drug use prevalence, which remains reasonably low compared to other European
countries. However, the statistics compiled by the European Monitoring Centre for Drugs
and Drug Addiction (EMCDDA) indicate that between 2001 and 2007, lifetime prevalence
rates for cannabis, cocaine, amphetamines, ecstasy, and LSD use rose for the Portuguese
general population (ages 15–64) and for the 15–34 age group [1].

The Portuguese government’s investment in drug safety, which involves assessment,
drug checking, and wastewater analysis, among other analytical tools to monitor the drug
consumption trend, is the lowest in Europe, with a value of 0.003% of GDP [2], since
most of the drug-related public budget is expended on the health consequences of drug
abuse. Consequently, the lack of empirical data is a significant problem that may bias the
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reports’ numbers. The latest report by the EMCDDA indicates a lifetime prevalence of 8%
of cannabis use among the Portuguese population aged 15–34. However, the survey used
on this report was from 2016. The figures for the abuse of other drugs are much lower, with
a lifetime prevalence of 0.3% for cocaine and 0.2% for MDMA. Finally, among individuals
seeking treatment, 33.9% use cannabis and 39.4% use opioids [1].

Independently of the success or lack of success of public policies, psychoactive sub-
stance use must be studied and debated based on its very foundations without any preju-
dice. Literature data on psychoactive substance use suggest evolutionary, environmental,
neurobiological, personality [3], and genetic causes for drug addiction. However, multi-
and transdisciplinary approaches are scarce. Thus, a holistic approach for drug addiction
is needed. This assumes a higher relevance on cannabis and alcohol use due to their
consumption prevalence and people enrolling in treatment programs.

Factors such as the progression of consumption patterns, the initiation age, the sub-
stances used, the routes of administration, concurrent substance consumption, relapse
circumstances, previous cessation attempts, and drug-related health problems are signifi-
cant in comprehending the psychosocial aspects and the accompanying psychopathological
impact of drug use [4]. From a biological perspective, some studies suggest that hereditary
influences may contribute to a predisposition for substance use; however, these effects can
be mitigated by the presence of adequate parental monitoring and supervision, further
underscoring the impact of psychosocial development [5]. Several genes have been iden-
tified and associated with addiction, including the serotonin transporter gene (SLC6A4).
Serotonin (5-HT) is a neurotransmitter that, after release, is taken up again from synaptic
spaces by SLC6A4, localized in presynaptic neuronal membranes, terminating the synaptic
actions of 5-HTT and recycling it into the neurotransmitter pool. The SLC6A4 is a 31 kb
gene on chromosome 17 (17q11.2) (OMIM-182138). 5-HTTLPR, its most common polymor-
phism, is a 44-bp indel at the promotor region modifying SLC6A4 activity. It has two major
alleles: the long (L) and the short (S) form [6]. The S form is associated with lower basal
transcriptional efficiency of the SLC6A4 gene promotor, resulting in lower serotonin uptake
activity comparing with the L form [7]. Several case–control and family-based association
studies try to link variants in SLC6A4 with alcohol or drug dependence. The results are
contradictory, as some of these studies reported positive findings, while many others found
no evidence of association. A 2013 meta-analysis based on 55 studies supports the asso-
ciations of 5-HTTLPR with alcohol, heroin, cocaine, and methamphetamine dependence
and abuse [7]. However, the authors suggest that further studies are needed. According to
several studies SLC6A4/5-HTTPLR is one of the four genes associated with addiction, par-
ticularly in the European population [8]. The present research aims to explore the intricate
interplay between genetic factors and the psychosocial development of individuals with a
history of substance abuse.

2. Materials and Methods

This pilot study examined a sample of 81 female university students with ages ranging
from 17 to 40 years, with an average age of 21.04 years (SD = 3.16). DNA was obtained
from a buccal swab and the psychological variables were collected through three self-report
instruments assessing substance consumption, adverse childhood experiences, aggression
and personality. For the analysis of the polymorphism SLC6A4/5-HTTLPR, DNA was
obtained from the buccal swab. DNA extraction was performed with the QIAamp DNA
investigator Kit® (QIAGEN), according to the manufacturer’s instructions. 5-HTTLPR
genotyping was performed via PCR, using the following primers: 5′ GGCGTTGCCGCTCT-
GAATGC 3′ (forward) and 5′ GAGGGACTGAGCTGGACAACCAC 3′ (reverse). In this
process, 25 μL PCR mix reactions were used, containing approximately 50 ng of genomic
DNA, 1X Horse-PowerTM Taq DNA polymerase MasterMix® (Canvax), 5 pmol of each
primer, and 2% DMSO. Reactions were carried out with the following program: 94 ◦C
for 2 min, followed by 35 cycles at 94 ◦C for 10 s, 61 ◦C for 30 s, and 68 ◦C for 30 s. The
amplification products were analyzed on a 2.5% (w/v) agarose gel; random products were
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confirmed via Sanger sequencing. Regarding psychological variables and substance con-
sumption, The Adverse Childhood Experiences Questionnaire (ACE; Felitti & Anda, 1998;
Portuguese Version: Maia & Silva, 2007), The Reactive-Proactive Aggression Questionnaire
(RPQ; Raine et al., 2006; Portuguese Version: Pechorro et al., 2017) and the NEO Five-Factor
Inventory (NEO-FFI, McCrae and Costa in 2004) were used to collect data.

3. Results

The results indicate that 11.1% (n = 9) of the subjects reported never consuming al-
coholic beverages. The remaining 88.9% was divided between “sometimes” consuming
alcohol, accounting for 49.4% (n = 40), and “frequent” consumption, representing 39.5%
(n = 32). Regarding cannabinoid consumption, 61.7% (n = 50) reported never consuming
cannabinoids, 28.4% (n = 23) reported consuming cannabinoids “sometimes”, and the
remaining 9.9% (n = 8) reported consuming them frequently. As for heavier drug consump-
tion, including ecstasy, cocaine, or heroin, 91.4% (n = 74) reported never consuming these
drugs, while 3.7% (n = 3) reported consuming them “sometimes”, and 4.9% (n = 4) reported
consuming them “frequently”, meaning that nearly 9% of all subjects were engaged in hard
drug use. Regarding the Five Factor Model (Personality), we also found a weak positive
correlation between neuroticism and alcohol consumption, which we identified as the most
relevant (Spearman) correlation (r = 0.22, p < 0.01). This result provides a linkage that
suggests that genetic factors can influence the regulation of neurotransmitters and neural
pathways associated with reward and stress response, making individuals with higher neu-
roticism scores more vulnerable to developing problematic alcohol consumption patterns.
Concerning SLC6A4/5-HTTLPR, the subjects were separated only between consumers and
non-consumers. 5-HTTLPR allele distribution was consistent with the Hardy–Weinberg
equilibrium. The major allele frequency was L = 91(56.2%), which was consistent with the
values observed in previous studies for the European population (48–71%). The genotype
frequencies were analyzed, and there was no evidence of a significant association between
5-HTTLPR and consumption for all substances under analysis (alcohol, cannabinoids, and
ecstasy, cocaine, and heroin). For alcohol abuse, 18.1% of the ‘consumption’ group had
the SS-genotype, while in the ‘no consumption’ group, no one with the same genotype
was found. The frequency of the LL-genotype was 27.8% and 33.3% for the ‘consumption’
and ‘no consumption’ groups, respectively. The heterozygous genotype was present in
54.2% of the consumers and in 66.7% of the non-consumers. For cannabinoid consumption
analysis, the genotype distribution in the consumers was 54.8%, 22.6%, and 22.6% for the
LS-, LL-, and SS-genotype, respectively. In the ‘no consumption’ group, the distribution
was 56%, 32%, and 12%, respectively. Finally, for ecstasy, cocaine and heroin abuse, this
trend is even higher. The frequency of homozygous individuals in the ‘consumption’ group
was 28.6% for the S allele and 14.3% for the L allele. On the contrary, in non-consumers,
this distribution was 14.9% for the SS-genotype and 29.7% for the LL-genotype. The het-
erozygous individuals were evenly distributed between the two groups (57.1% and 55.4%,
correspondingly). Although the results only show trends, without statistical significance,
they are in line with what is described in the literature. The 5-HTTLPR S-allele results in
a less efficient transporting function, leading serotonin to remain longer in the synapse,
reducing its recycling period, thus resulting in a reduction in circulating serotonin [8]. This
is the reason why 5-HTTLPR has been linked to higher levels of anxiety and a negative
mood in healthy individuals, and consequent consumption/addiction.

4. Discussion

Based on the presented research, deepening the studies on genetic variability and
psychological variables is of utmost importance for developing a better understanding of
substance use. Exploring these factors contributes to a more personalized approach to treat-
ing and preventing addiction, considering individual differences and specific intervention
responses. Furthermore, analyzing the female gender in this context is crucial, as women
have biological, psychosocial, and cultural particularities that influence alcohol and drug
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consumption. The inclusion of studies focused on the female gender fills significant gaps
and provides a solid foundation for the implementation of health policies and appropriate
interventions. Therefore, continuing research in this area is encouraged, aiming to un-
derstand the risk factors, consumption patterns, and specific needs of women to promote
effective and comprehensive interventions in addressing alcohol and drug consumption.
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Abstract: People aged 65+ are generally polymedicated. In this age group, it is important to be aware
of the potential for drug-induced photosensitivity. Sunscreen use is an effective way to prevent sun
damage to the skin. Our study aimed to evaluate sunscreen use habits in 104 non-institutionalized
elderly people aged 65 years and older and the taking/use of photosensitizing medications. It
was concluded that all but one of the elderly take photosensitizing drugs but do not use sunscreen
regularly. Although all therapies were prescribed or advised by health professionals, virtually all the
elderly stated that they did not receive advice on this matter.

Keywords: drug-induced photosensitivity; drug-induced photoallergy; drug-induced phototoxicity;
elderly; sunscreen protection

1. Introduction

Photodermatoses are a group of skin problems induced by ultraviolet radiation and,
in some cases, visible light. Drug-induced photosensitivity includes photoallergy and
phototoxicity and is one of the most common photodermatoses [1]. The rate of cases of
photosensitization has been steadily increasing. This may be associated with excessive
sun exposure to achieve a socially valued suntan, but also with an increase in exogenous
triggers present in foods, dietary supplements, cosmetics, and pharmaceuticals. Medicines
represent a large percentage of photosensitizing substances, leading to an increased risk of
sunburn, rashes, and other types of skin lesions. Hundreds of drugs administered topically
or systemically are implicated in photosensitivity reactions by means of complex mecha-
nisms [2]. These include antimicrobial, cardiovascular, antihyperlipidemic, psychotropic,
antineoplastic [2], and non-steroidal anti-inflammatory [3] drugs. Photosensitivity is a
skin-related adverse drug reaction which can lead to additional complications demanding
hospitalization and the restriction of the use of some medications. The elderly population
are particularly prone to drug-induced photosensitivity due to multiple pathologies and
polypharmacy-related problems; complex therapeutic regimens, mainly in industrialized
societies, result in a burden on healthcare systems.

Regular use of sunscreen is one of the main methods of preventing photodermatoses.
However, compliance with sun protection guidelines is highly variable and tends to be
poor and gender dependent [4,5]. The prevalence of sunscreen non-usage reported in the
literature ranges from 9.9% to 68% [6,7]. In 2020, the percentage of seniors over 65 who
always used sunscreen was 13.6% in men and 30.9% in women [5]. Nevertheless, little is
known about sun protection habits in the medicated elderly, especially those living in a
familiar environment and subject to some daily sun exposure. Thus, our study aimed to
analyze the sun protection practices of non-institutionalized elderly people medicated with
at least two medications and to evaluate the relationship between these practices and the
use of photosensitizing drugs.

Med. Sci. Forum 2023, 22, 4. https://doi.org/10.3390/msf2023022004 https://www.mdpi.com/journal/msf
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2. Materials and Methods

A cross-sectional study was conducted in May 2023 with elderly people over 65 years
old, taking at least two medicines and living alone or with relatives, in Portugal and
abroad. Upon acceptance of the participants, informed consent was signed. Participants
were requested to show the packages of all medicines they were taking at the time of the
interview, and a series of demographic and anthropometric data were collected, such as
age, gender, nationality, and composition of the family household. Additionally, habits of
sun protection were assessed through the question “Do you use sunscreen?”. Respondents
had four options, namely: “never”, “rarely”, “only in summer”, and “regularly”.

Medicines taken by the elderly were characterized in terms of ATC code, route of
administration, prescriber, and photosensitizing potential. Drug-induced photosensitivity
appears to be underreported, mainly due to issues of difficult clinical recognition and
scarce documentation in public databases. For the present work, the potential for drug
photosensitivity was assessed through an extensive literature search, including reviews,
clinical cases, summary of product characteristics (SmPC), package leaflets (PL), and
databases such as Medscape [8].

Since variables of interest are measured on a nominal or ordinal scale, the association
between them was assessed using the Spearman correlation coefficient or contingency
tables and the chi-square test of independence. All statistical tests were applied at the
5% level of significance, using SPSS 28 (Armonk, NY, USA: IBM Corp.). An association
between habits of sun protection and nationality was not assessed due to the scarcity of
data per cell.

3. Results

3.1. Subjects
Demographic, Anthropometric, and Social Behavior Data

A total of 104 seniors with an average age of 78.4 years old (range 65 to 96 years) were
included in the study. Table 1 lists the frequency of the variables of interest. The percentage
of individuals who do not use sunscreen is undistinguishable from those who use it only in
summer (sig. = 0.305), but it is higher than those who rarely (sig. = 0.002) or regularly use
it (sig. < 0.001).

Table 1. Demographic and social behavior data of participants.

Gender Frequency Percentage

Male 36 34.6
Female 68 65.4

Citizenship

Portugal 62 59.6
France 32 30.8
Spain 6 5.8
Other 4 3.8

Household

Live alone 36 34.6
Live with other elderly 49 47.1

Live with younger adults 19 18.3

Use of sunscreen

Never 43 41.3
Rarely 19 18.3

Only in summer 34 32.7
Regularly 8 7.4
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3.2. Therapeutics
3.2.1. Therapeutic Groups

A total of 489 drugs were taken by the participants (average 4.7 drugs/elderly),
corresponding to 168 different molecules from 14 therapeutic groups. The top three groups
were cardiovascular system (28.7%); nervous system (19.5%); and alimentary tract and
metabolism (14.9%).

3.2.2. Route of Administration

More than 93% of the drugs were administered via the oral route (Figure 1).

2.25

Figure 1. Routes of drug administration used by the elderly in the study.

3.2.3. Photosensitizing Drugs

Ninety-nine percent of the elderly people who participated in the study use between
1 and 13 photosensitizing drugs (Figure 2). Only one elderly person was not taking any
photosensitizing medicine.

25

2

5 25

2

8

Figure 2. Number of photosensitizing drugs (PD) taken by the elderly.

3.3. Associations between Use of Sunscreen Habits and Variables of Interest
3.3.1. Gender

There is no association between gender and use of sunscreen habits according to the
chi-square test for independence (sig. = 0.470).

3.3.2. Use of Photosensitizing Drugs

A Spearman correlation coefficient of −0.104 was estimated from the data of n = 104
subject, with an estimated significance of 0.157. In conclusion, no association exists between
skin protection and the use of photosensitizing medicines.
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3.3.3. Household

The association with ‘living alone’ was assessed using contingency tables and the
chi-square test of independence, which showed that the variables are not associated
(sig. = 0.297). The same lack of association was observed between skin protection behavior
and living with younger adults (<65 y.o.) (sig. = 0.428).

4. Discussion and Conclusions

Nearly all the elderly people in this study took several photosensitizing drugs, but
they did not have regular habits of sun protection. In fact, only 7.4% of the participants
used sunscreen regularly. This value is lower than 13.6% and 30.9% previously reported for
men and women in the same age group [5]. To our knowledge, there are no published data
on the sun protection habits of the elderly (institutionalized or in a home environment) who
take photosensitizing medications. In the present study, no questions were asked about the
eventual symptoms of photodermatoses. Moreover, the duration of the treatments is not
known. Although all the medicines were prescribed by a doctor (99.6%) or advised to be
taken by a pharmacist (0.4%), only in two cases did a participant report being informed of
the importance of using sunscreen during the therapy. To minimize the risk of skin lesions
caused by photosensitizing drugs, it is of the utmost importance that the elderly be advised
to use sunscreen whenever therapy includes such medication.
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Abstract: In the elderly, many chronic diseases and systemic conditions, medications, and salivary
dysfunctions, mostly caused by therapeutic radiation and chemotherapy, are associated with hy-
posalivation and xerostomia, affecting quality of life. The purpose of this study was to identify
and evaluate potential factors associated with xerostomia and/or hyposalivation in a local elderly
population. Almost half of the participants had hyposalivation and some reported xerostomia. There
was a significant association between hyposalivation and xerostomia. Hyposalivation was most
common among women, those taking one or more types of medication simultaneously, those taking
antidepressants, and participants with rheumatoid arthritis and depression. There was a tendency
for individuals with poorer oral-health-related quality of life to exhibit hyposalivation.

Keywords: xerostomia; hyposalivation; geriatrics

1. Introduction

In the elderly, several chronic diseases and systemic conditions, such as autoimmune
diseases, polymedication, and salivary dysfunction, mostly caused by therapeutic radiation
and chemotherapy, are associated with reduced salivary flow [1]. Xerostomia is defined as
the perception of dry mouth, whereas hyposalivation is the objective reduction in salivary
flow [2]. However, both conditions can cause signs or symptoms that affect quality of
life [1,3]. The purpose of this study was to identify and evaluate potential factors associated
with xerostomia and/or hyposalivation in a local elderly population.

2. Materials and Methods

A total of 150 elderly participants, aged 65 years or older, were included in this study,
which was carried out at the Egas Moniz Dental Clinic between December 2021 and May
2022. Sociodemographic data, general health status data, Summated Xerostomia Inventory
(SXI-PL) scores, and Geriatric Oral Health Assessment Index (GOHAI) scores were obtained
via a questionnaire. Hyposalivation was assessed by calculating the rate of stimulated
(<0.7 mL/min) and unstimulated (<0.1 mL/min) salivary flow using sialometry. The data
were statistically analyzed using descriptive and inferential methodologies (chi-square and
Mann–Whitney tests), by means of IBM SPSS Statistics v.27.0. A significance level of 5%
was used in all inferential analyses.
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3. Results

The majority of participants were female (60.0%) and the mean age was 72.9 (±4.0)
years. Arterial hypertension was the most common systemic disease (60.7%). More than
half were taking medication (86.0%), with antihypertensives being the most common
(59.0%). Most participants were taking two or more types of medication at the same time
(67.0%). Almost half of the participants had hyposalivation (48.7%) and 31.3% reported
a ‘dry mouth perception’. A significant association was found between hyposalivation
and xerostomia perception (p < 0.05). Hyposalivation was more common in women
(52.2%); those simultaneously taking 1, 2, 3, or 5+ types of medication (41.9%, 53.3%,
60.6%, and 62.5%, respectively); and those taking antidepressants (57.1%). Participants
with rheumatoid arthritis and depression were also more likely to have hyposalivation
(60.0% and 66.7%, respectively). Although no significant association was found, there
was a tendency for individuals with poorer oral-health-related quality of life to have
hyposalivation (57.7%).

4. Discussion and Conclusions

Xerostomia and hyposalivation semiologically allow us to indicate the clinical and
subclinical state of a patient. Hyposalivation was a very common condition in this study,
which may be explained by the co-existence of some chronic diseases, such as rheumatoid
arthritis or depression, the concomitant use of medication, or the atrophy of salivary gland
tissue associated with ageing [1,2]. Some types of medication, such as antidepressants,
can cause vasoconstriction in the salivary glands, altering their hydro-electrolyte balance,
leading to changes in acinar cell function or glandular tubule structure [4]. Hyposalivation
in female participants can be explained by the decrease in progesterone and estrogen due to
the menopause, resulting in the salivary glands being unable to absorb these hormones [5].
Hyposalivation is a condition that promotes poorer quality of life in this age group and
should be diagnosed and treated in order to improve the well-being of the elderly [3].
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Abstract: This study examined the impact of color vision deficits on shade selection accuracy among
119 Portuguese dental students. Only males displayed color vision deficiencies (4/119). Participants
completed an Ishihara color vision screening test and a shade selection test using the VITAPAN
classical scale. Overall, 59.4% of students correctly matched shades. No significant gender difference
was found. Matching shades was easier in the order of C > B > A > D, with darker shades posing
more difficulty. Color vision deficiencies did not significantly affect accurate tooth shade selection.
However, males showed a higher prevalence of color vision deficiencies, and shade matching ease
varied based on matice.

Keywords: color; color vision deficits; shade selection

1. Introduction

In the past few decades, there has been an increasing demand from the general public
for better dental aesthetics [1]. Although patients lack dental-specific knowledge, they are
able to distinguish if a restoration has a biomimetic appearance or if it looks artificial and
unaesthetically pleasing [2]. For this reason, accurate shade selection in the restorative
treatment is crucial for its success. A visual method is commonly used by dentists to
perform this selection. However, not all dentists are able to accurately undertake this
selection, as the method is subjective and they might suffer from color vision deficits [2].
For this reason, all dentists should have some basic training in the science of color and
carry out screening tests to assess their visual acuity.

2. Materials and Methods

The sample for this study comprised 119 dental students from Instituto Universitário
Egas Moniz (IUEM, Caparica, Portugal), who were in their final year. The participants were
predominantly females (75%), within an age range of 22–42 years old and with a reported
mean age of 23. The evaluation process consisted of two stages. Firstly, a color vision test
was employed for screening, utilizing the Ishihara test. This test was administered under
standardized lighting conditions and involved participants reading numbers displayed
inside colored circles. Secondly, a shade selection test was carried out using the VITAPAN
classical scale (Vita Zahnfabrik, Bad Säckingen, Germany) for posterior comparison. During
this last phase, each student was provided with three teeth from the VITAPAN classical
scale and was required to match the shade of each tooth with a complete VITAPAN scale,
while being blind to the original shade. Regarding statistical data treatment, descriptive
statistics were performed utilizing SPSS v. 26.0 software.
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3. Results

Among the participants in the study, color vision deficiency was observed exclusively
in males, with 4 out of 119 males incorrectly identifying all discs in the Ishihara test. When
it came to matching shades on the VITAPAN classical scale, the overall accuracy rate was
59.4% among all students. Specifically, male students achieved a 54.8% accuracy rate, while
female students exhibited a slightly higher accuracy rate of 61%, although this difference
was not statistically significant. In terms of shade matching ease, students found it relatively
easier to correctly match shades in the following order of matices: C, B, A and D. Darker
shades were generally more challenging to match accurately compared to lighter shades
on average.

4. Discussion

The topic presented in this study holds significance as accurate shade selection is
vital for successful restorative dental procedures. The study aimed to contribute to the
existing literature by examining the correlation between color vision deficiencies and
shade matching using a commercial tooth shade scale, among a random pool of dental
students. The results of this study align with previous research conducted by Khosla et al.
(2017) [1] and Ethell et al. (2006) [3], which concluded that color vision deficiencies do not
significantly affect color matching. However, contrasting findings have been reported by
Davison et al. (1990) and Barna et al. (1981) [4,5], who found that color vision deficiencies
can impact color discrimination and may necessitate assistance when using color scales.

Overall, while some studies support the findings of the present study that color vision
deficiencies do not significantly impact color matching, other studies have reported differ-
ences in color discrimination abilities. These differences could potentially be influenced by
variations in lighting conditions and environmental factors during the tests. It is important
for dental professionals with color vision deficiencies to be aware of their limitations and
seek appropriate support when using color scales in their practice.

5. Conclusions

In conclusion, the findings of this study indicate that color vision deficiencies do not
appear to significantly impact the accurate identification and selection of tooth shades using
a commercial scale, specifically the VITAPAN classical scale. However, it is noteworthy
that a higher prevalence of color vision deficiencies was observed among male participants.
Furthermore, the ease of shade matching on the tooth shade scale seems to depend on the
hue. These results align with the notion that individuals with color vision deficiencies can
still effectively perform shade selection tasks in dental practice using appropriate tools
and techniques.
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Abstract: Groundwater is often used as a primary resource by those who have boreholes inside
their properties; however, this has caused concerns among health professionals. This water may
contain microorganisms or substances that are harmful. The main objective of this study was to
microbiologically analyse the quality of the water coming from boreholes in the village of Santo
Ovídio, Setúbal, by searching for bacteria that indicate faecal contamination, —such as total and
faecal coliforms, Escherichia coli, faecal Enterococci, Clostridium and Pseudomonas aeruginosa—and
quantifying them via the membrane filtration method. The research method was a quantitative,
simple, descriptive, level I study with a sample size of 20 participants. It was found that 60% of the
samples contained at least one of these microorganisms.

Keywords: pathogenic microorganisms; water quality; faecal contamination; membrane
filtration method

1. Introduction

The presence of local sanitation systems, human activity, urbanization, industrializa-
tion, and sewage makes groundwater vulnerable to contamination by organisms. Popula-
tions who have boreholes or wells often use groundwater as their main source of water.
Many people assume water is safe to drink because it looks good and is crystal clear. How-
ever, this water may contain microorganisms or substances harmful to human health and
be unsuitable for human consumption. The transmission of diseases through water mainly
involves the faecal–oral route. To protect and preserve water quality, and therefore public
health, it is essential to perform physicochemical, microbiological, and ecotoxicological
analyses of water.

Escherichia coli (E. coli) and other faecal coliforms are used as the health parameters for
monitoring water quality. Coliforms include all aerobic and facultative anaerobic organisms,
as well as Gram-negative, non-sporulated, and rod-shaped bacteria, which ferment lactose
with gas formation. Within the group of total coliforms, a subgroup of thermotolerant
coliforms can be observed. These are the ones that indicate faecal pollution since they
are restricted to the gastrointestinal tract. These are characterized by the presence of the
enzymes ß-D-galactosidase and ß-glucuronidase and the ability to ferment lactose and
mannitol with gas production, in a medium containing bile salts or other surfactants [1].
Within the thermotolerant coliforms, E. coli is the microorganism considered to be the
best indicator of faecal contamination. The Chromogenic Coliform Agar medium is used
for the isolation and identification of all these microorganisms, producing pink colonies
for non-faecal coliforms and blue colonies for faecal coliforms [2]. Other bacteria, such
as Pseudomonas aeruginosa (P. aeruginosa) and Enterococci can also be isolated in water.
P. aeruginosa is Gram-negative aerobic that is non-sporulated and positive for catalase and
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oxidase. In CN Agar medium, it produces greenish-coloured fluorescent colonies due to
the production of the pigments, pyoverdine and pyocyanin [2,3]. Faecal Enterococci are
non-spore-forming, facultative anaerobes and are negative for catalase and oxidase [4]. The
selective medium used for its isolation is Slanetz and Bartley agar. This is based on the
ability of this bacterium to reduce TTC (2,3,5-triphenyl tetrazolium chloride—colourless
dye) to formazin, which leads to typical dark pink to red colonies [2,4]. Another Gram-
positive bacterium present in the intestinal tract is Clostridium perfringens (C. perfringens).
This bacillus is a strict anaerobe and is the most important sulfite-reducing bacteria within
the genus Clostridium, forming heat-resistant spores. C. perfrigens does not multiply in
aquatic environments, but its spores can survive in water for months and, consequently,
its presence may indicate long-term faecal pollution [2,5]. The medium used to detect it is
Tryptone–sulfite–cycloserine. The anaerobic sulfite-reducing spores of the bacterium can
reduce the sulfite in the medium to sulphide, which in turn reacts with the ferric salt of the
medium, thus producing black colonies [2,3].

The International Organization for Standardization is responsible for establishing
international standards known as ISO standards for the purpose of improving quality.
There is an ISO standard for each surveyed microorganism. The method of choice for the
research of each microorganism is the membrane filtration method. To confirm the presence
of specific microorganisms in each medium, biochemical confirmation tests were performed,
such as the use of Hajna Kliger medium, as well as catalase and oxidase tests. The Hajna
Kliger medium is used for the confirmation and identification of Enterobacteriaceae. This
medium allows can differentiate between dextrose- lactose and/or sucrose-fermenting
bacteria and detect hydrogen sulfide and gas production. The catalase test is used to
evaluate the presence of the enzyme, catalase [6]. Catalase is present in most aerobic
and facultative anaerobic bacteria. The presence of this enzyme makes it possible to
differentiate microorganisms of the genus Staphylococcus spp. (catalase-positive) from other
non-catalase-producing Gram-positive cocci. The oxidase test allows the presence of the
cytochrome, oxidase enzyme, to be determined. The oxidase test is extremely important for
differentiating between Enterobacteriaceae and Pseudomonas [2,4,7].

2. Materials and Methods

The main objective of the present study was to microbiologically analyse the quality
of water coming from boreholes in the locality of Santo Ovídio, Setúbal. This was carried
out through a microbiological analysis of 20 water samples from boreholes belonging to
study participants, who were previously informed about the study via leaflets. As a proce-
dure, samples were collected in sterile containers and kept refrigerated until they reached
the laboratory. Microbiological analysis was performed within 24 h of collection. Then,
100 mL was filtered for each analysis/quantification. Filtration was carried out through a
membrane filter using a vacuum pump. After filtration, the filters were transferred to the
appropriate culture medium. Subsequently, additional confirmation tests were performed.
According to the variables, the sample, and the objectives of the study, no statistical tests
were used; only a simple statistical analysis was performed using SPSS. The results are
organized in tables and circle graphs.

3. Results

The obtained results are shown in Table 1. Figure 1 shows a pie chart with the total
number of samples that tested positive for at least one of the investigated bacteria. These
samples (60%of the total) were considered contaminated.

Table 2 shows the percentages of all microorganisms found in the tested samples.
As there were poly-contaminated samples, the total number of positives in the study
represented in this table is higher than 20 (total number of samples).
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Table 1. The number of colonies present in each sample.

Samples
/Bacteria

Total Coliforms
Faecal Coliforms

(E. coli)
Intestinal

Enterococci
Pseudomonas

aeruginosa
Clostridium

Sulfite-Reducing

SO1 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO2 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO3 1 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO4 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 19 UFC/100 mL
SO5 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 1 UFC/100 mL
SO6 12 UFC/100 mL 2 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO7 >100 UFC/100 mL 6 UFC/100 mL 18 UFC/100 mL 5 UFC/200mL 1 UFC/100 mL
SO8 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO9 >100 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 100 UFC/100 mL

SO10 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO11 >100 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 40 UFC/100 mL
SO12 >100 UFC/100 mL 68 UFC/100 mL 2 UFC/100 mL 0 UFC/200mL >100 UFC/mL
SO13 101 UFC/100 mL 1 UFC/100 mL 1 UFC/100 mL 0 UFC/200mL 40 UFC/100 mL
SO14 >100 UFC/100 mL 15 UFC/100 mL 13 UFC/100 mL 104 UFC/200mL 20 UFC/100 mL
SO15 30 UFC/100 mL 1 UFC/100 mL 1 UFC/100 mL 0 UFC/200mL 15 UFC/100 mL
SO16 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL >15 UFC/mL
SO17 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO18 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO19 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL
SO20 0 UFC/100 mL 0 UFC/100 mL 0 UFC/100 mL 0 UFC/200mL 0 UFC/100 mL

Table 2. Percentages of all microorganisms found in the tested samples.

Positive

N Percentage

Bacterium

Total Coliforms 9 28.1%
Faecal Coliforms/E. coli 6 18.8%

Enterococci 5 15.6%
Pseudomonas 2 6.3%

Sulphite Reducing Clostridium 10 31.3%
Total positive samples in the study 32 100.0%

Figure 1. Percentages of contaminated samples vs. non-contaminated samples.

4. Discussion

The objective of this study was to access if the water derived from boreholes was of
good microbial quality. Contamination by bacteria was observed in 60% of the samples. The
analysis of the positive samples revealed the presence of different bacteria: total coliforms
(28.1%), E. coli (18.8%), Enterococci (15.6%), Pseudomonas (6.3%), and Clostridium (31.3%) were
the most common. All of these results were confirmed by biochemical tests and validated
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by controls. The study confirms that some waters are highly contaminated, presenting all
the bacteria investigated as observed in SO07 and SO14. Only SO19 did not present any
microorganisms; however, we cannot confirm good microbiological water quality, since not
all microorganisms were investigated. All samples that were positive for all investigated
bacteria ended up exceeding the bacterial limits permitted by law, which states that these
microorganisms should not be present in groundwater.

5. Conclusions

Considering that residents are senior citizens (a more vulnerable population) and
the safety of groundwater was not confirmed, consuming this contaminated water could
increase health problems. An alert was given to the population in danger of consuming
water from untreated boreholes, and they were informed of all the obtained results. With
this study, we hope to provide a starting point for future studies to address this topic in
more locations and with a larger sample, contributing to the safer use of groundwater.
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Abstract: The goal of this study is to show the relationship between the 5-factor model of personality
and aggression in 54 suspects of domestic violence, between 23 and 68 years old, assessed in the
Victims Information and Assistance Office (GIAV) within the Public Prosecutor’s Office. The results
show us a positive correlation between neuroticism and physical aggression, anger, hostility, and total
aggression score; a negative correlation between extraversion and physical aggression; a negative
correlation between agreeableness and physical aggression, anger, and total aggression score; and a
negative correlation between conscientiousness and physical aggression, anger, and total aggression
score. Our results show the importance of studying the relationship between personality and
aggressive behavior and allow us to understand and find assessment strategies (e.g., personality
and aggressive behavior assessment) and prevention strategies for domestic violence. Therefore,
we reinforce the relevance of continuing the study of this topic, which could strengthen a closer
relationship between forensic psychology and law.

Keywords: personality; aggressive behavior; five-factor model; domestic violence

1. Introduction

The five-factor model (FFM) is the most modern and widely acknowledged method
of describing and evaluating personality. According to the FFM, the five basic domains
that incorporate personality are neuroticism, extraversion, openness to experience, agree-
ableness, and conscientiousness [1]. According to Costa and McCrae (1992), neuroticism
characterizes people who frequently experience negative emotions (e.g., anxiety, resent-
ment, and grief), have irrational beliefs and excessive desire and cravings, and are more
likely to experience emotional instability and psychological distress [2]. People who have a
high score on this dimension are examples of anxious and insecure people, as opposed to
people who score poorly, who typically are at ease and pleased with themselves [3]. The
level of activity, the demand for outside stimulation, the quantity and quality of social
engagement, and the quality of delight are all accounted for by the extraversion domain.
People that perform well on this dimension can be characterized as talkative and social.
People who score poorly on the dimension are contrasted with them and portrayed as
restrained and serious [3]. The ability to be open to experience is measured by one’s proac-
tive pursuit of appreciation and tolerance for experience for its own sake, as well as one’s
exploration of the unfamiliar. People that perform well on this factor are considered to
be unconventional and curious. Contrarily, persons with low scores are conventional and
realist [3]. Agreeableness measures the degree of interpersonal orientation toward others
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along a continuum ranging from sympathy and compassion to antagonistic ideas, feelings,
and behaviors. People who perform well on this dimension are thought to be kind and
sincere, whereas those who perform poorly are thought to be agitated and manipulative [3].
Conscientiousness refers to a person’s ability to regulate their impulsivity. Those who
exhibit high levels of conscientiousness are viewed as reliable and scrupulous [2]. Low
scorers, in contrast, are unreliable and reckless [3].

According to personality and aggression theorists, personality traits play a significant
role in predicting aggressive behavior [4]. The understanding of this relationship was
improved by the use of the FFM [2,5,6] and was used by a few researchers [7–9] to investi-
gate the relationship between aggression and several personality traits. While developing
the Aggressive Questionnaire, Buss and Perry (1992) assumed that this behavior could be
categorized into four factors: verbal aggression (e.g., yelling, cursing, threatening, insult-
ing); physical aggression (e.g., hitting, striking, breaking things); anger (e.g., physiological
arousal); and hostility (e.g., feelings of ill will and injustice) [10]. Agreeableness, which is
negatively correlated with both self-reported and peer-reported aggressive behavior and
violence [7], is the strongest personality predictor of this type of behavior [11]. Anger and
agreeableness were found to be negatively correlated [12]; therefore, it may be claimed that
those who have low levels of agreeableness are more likely to experience rage when they
are provoked. Apart from the measure of agreeableness, all the individual variables have a
statistically significant impact on aggressive behavior [3], whereas neuroticism is positively
correlated with hostility and anger. Neuroticism was found to have the highest individual
impact on aggression, implying that the more stable your emotions, the less aggressive
you are. This phenomenon can be explained by the fact that emotionally unstable people
(those with high levels of neuroticism) are more prone to experience negative emotions,
and as a result, they have lower levels of patience [3]. Some authors [13], by studying the
relationship between personality traits and the Aggressive Questionnaire, concluded that,
first, there is a correlation between neuroticism and all four measures of the Aggression
Questionnaire. Second, hostility and verbal aggression were mostly unrelated to (poor)
conscientiousness, although physical aggression and anger were highly related to it. On
the other hand, the correlations between the component extroversion and violent conduct
are contradictory: the link between self-reported physical violence and extroversion, for
instance, was shown to be negative [11], although another study [13] discovered a positive
correlation between both. Regarding the last factor of the FFM, openness to experience, it
appears to be unrelated to any aggressive behavior [7]. Low agreeableness, low conscien-
tiousness, and high neuroticism have previously been associated with aggression [14,15].
Higher BPAQ scores were positively associated with neuroticism and negatively associated
with agreeableness and conscientiousness [16]. In a study with 38 suspects of domestic
violence [16], the authors found a positive correlation between neuroticism and hostility, a
negative correlation between openness to experience and overall aggression, a negative
correlation between agreeableness and physical aggression and anger, and a negative
correlation between conscientiousness and anger.

2. Materials and Methods

The sample is composed of 54 suspects of domestic violence (nmen = 46 (85.2%);
nwomen = 8 (14.8%)) between 23 and 68 years old (M = 45.39, sd = 10.36) assessed in the
Victims Information and Assistance Office (GIAV) within the Public Prosecutor’s Office.
Most of the sample were only suspects (n = 35), and others were victims and suspects
simultaneously (n = 19). A large proportion of the sample had middle school education
(27.8% (n = 15)), followed by high school education (25.9% (n = 14)) and B.Sc. degrees (24.1%
(n = 13)). Our sample was mostly experts in the intellectual and scientific professions (24.1%
(n = 13)) and industrial, agricultural, and fishing workers (16.7% (n = 9)). The relationship
between victims and our sample were: 19 married; 14 ex-boyfriends/girlfriends; 11 di-
vorced; 3 boyfriends/girlfriends; 3 partners; 3 ex-partners; 1 lover. Regarding criminal
history, 38.9% (n = 21) had previous contacts with the Criminal Justice System, including
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convictions in 13.0% (n = 7) of cases. Data were collected from lawsuits, semi-structured
interviews, collateral information, and clinical and forensic assessment tools such as NEO-
PI-R [2] and BPAQ [10].

3. Results and Discussion

The goal of this study is to show the relationship between the five-factor model of
personality (NEO-PI-R) and aggression (BPAQ).

Table 1 shows a positive correlation between neuroticism and physical aggression,
anger, hostility, and total aggression score; a negative correlation between extroversion and
physical aggression; a negative correlation between agreeableness and physical aggression,
anger, and total aggression score; and a negative correlation between conscientiousness
and physical aggression, anger, and total aggression score.

Table 1. Relationship between personality and aggression.

Neuroticism Extraversion Agreeableness Conscientiousness

Physical aggression 0.431 ** −0.296 * −0.289 * −0.342 *
Anger 0.620 ** −0.135 −0.502 ** −0.402 **

Hostility 0.441 ** −0.168 −0.188 −0.165
Total aggression 0.589 ** −0.203 −0.413 ** −0.338 *

** p < 0.01; * p < 0.05.

These results are consistent with the findings of the empirical studies mentioned
above [7,11,13–17], namely, the relation between FFM and aggression. People with higher
levels of neuroticism are more likely to experience negative emotions and engage in ag-
gressive behaviors, and people with higher levels of agreeableness and conscientiousness
are more likely to experience positive emotions and are less likely to engage in aggressive
behaviors.

Our results show the importance of studying the relationship between personality
and aggressive behavior and allow us to understand and find assessment strategies (e.g.,
personality and aggressive behavior assessment) and prevention strategies for domestic
violence. Therefore, we reinforce the relevance of continuing the study of this topic, which
could strengthen a closer relationship between forensic psychology and law and a better
understanding of domestic violence offenders’ characteristics.
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Abstract: The literature shows that aggression in adulthood is associated with adverse childhood
experiences and genetics. This research aims to study the phenomenon of aggression in adulthood
and analyse its relationship with genetics (dopamine and serotonin polymorphisms) and adverse
childhood experiences. The sample was collected as part of the research project “Aggression and
Genetics in a University Context” and consists of 93 individuals, 81 women, and 12 men. Participants
completed a protocol consisting of a sociodemographic questionnaire, the Reactive–Proactive Aggres-
sion Questionnaire (RPQ), the Short Form of the Buss–Perry Aggression Questionnaire (BPAQ-SF),
and the Childhood History Questionnaire (ACE). The most important results indicate that adverse
childhood experiences are correlated with aggression in adulthood.

Keywords: aggression; adverse childhood experiences; serotonin; dopamine

1. Introduction

Human aggression is a controversial concept, with different perspectives on its origins.
Aggression is a maladaptive expression of human behaviour directed at others intending
to harm, injure, or harass [1,2]. According to the General Model of Aggression (GAM),
human aggression is influenced by knowledge structures with implications in various
sociocognitive phenomena, including perception, interpretation, decision making, and
behaviour [2]. Knowledge structures are formed from experience and influence perception
at different levels, from simple object perception to complex interpersonal perception. GAM
thus integrates a social, cognitive, and biological aspect of the development of aggression,
divided into two main processes: distal and proximal processes. Distal processes underlie
each episode of proximal processes and explain, through modifiers, how genetic and
environmental factors can influence personality through changes in knowledge structures.
The proximal processes describe how personal and situational factors influence aggressive
thoughts, feelings of anger, and arousal levels, which in turn affect appraisal and decision-
making processes, resulting in aggressive or non-aggressive behaviour [2].

The study of human aggression is very complex. It is crucial to understand how
aggression is influenced at the genetic level [3]. Our behaviour can be influenced by
two neurotransmitters, dopamine (DA) and serotonin (5-hydroxytryptamine or 5-HT) [4].
The proper functioning of neurotransmitters depends on the balance of [3], which, when
changed at the genetic level, significantly dysregulate the DA and 5-HT system [5]. These
changes at the genetic level are called genetic polymorphisms, which differ from genetic
mutations in that, to be considered polymorphic, they must have a frequency of more than
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1% in the chromosomes of the general population [6]. The changes at the genetic level
may appear during childhood and may occur in individuals with a history of adverse
experiences at this stage of life [7].

Adverse childhood experiences (ACEs) result from a series of adverse situations to
which individuals are exposed that, over time, become a limitation to normative human de-
velopment [8]. Changes at the genetic level can occur during, and especially in, childhood,
and can occur in individuals who exhibit ACE at this stage of life [2], which in turn is consid-
ered a predictor of human aggression [8]. This study is relevant to psychology and genetics
as it attempts to study a complex phenomenon like aggression by combining two areas
to understand the human aggression. The present research aims to study aggression in
adulthood, its relation with genetics, through the identification of serotonin and dopamine
polymorphisms (5-HTTLPR and DAT1) and with adverse childhood experiences.

2. Materials and Methods

The sample consists of university students (M = 20.95; DP = 2.98). The data in this
study were collected as part of the research project “Aggression and Genetics in a university
context”. It is, therefore, a sample of volunteer university students who participated in the
overall project.

The sample consists of 93 individuals, of whom 12 are male (12.9%) and 81 are
female (87.1%). Data were collected online through a battery of psychological tests. The
instruments used were as follows: (1) Buss–Perry Aggression Questionnaire—Short Form
(BPAQ-SF), adapted for the Portuguese population [9]. It assesses four aggression subscales:
physical aggression, verbal aggression, anger, and hostility. (2) The Reactive–Proactive
Aggression Questionnaire (RPQ), adapted for the Portuguese population [10], is a self-
report measure that distinguishes between reactive and proactive aggression. (3) Adverse
Childhood Experiences (ACEs), Portuguese version [11], is a self-report questionnaire
for adults that aims to assess the occurrence of adverse childhood experiences. It can be
grouped into 2 major categories: (1) experiences against the individual and (2) the family
environment. To calculate the total, it is necessary to create a variable: adversity total.
First, it is necessary to recalculate all the categories, i.e., each category is transformed into a
dichotomous value category, where the value ‘zero’ is given if the subject does not report
this form of adversity, or the value ‘one’ if this adversity is reported [11].

The analysis of the genetic material revealed two polymorphisms, one of serotonin
(5-HTTLPR) and the other of dopamine (DAT1). The 5-HTTLPR polymorphism has been
divided into three different groups: heterozygous (ID); homozygous for insertion (II); and
homozygous for deletion (DD). When we refer to homozygous for insertion or homozygous
for deletion, it means that there has been an insertion or deletion of one or more nucleotides
in a genetic sequence.

3. Results

Chi-squared tests were run to analyse the association between the polymorphisms
(5-HTTLPR and DAT1) with the ACE subscales. A significant association was obtained be-
tween the 5-HTTLPR (serotonin polymorphism) and the emotional abuse scale (χ2 = 6.756;
p = 0.034). Thus, heterozygotes (ID) (63.6%) are the ones with more indicators of the
presence of a history of the emotional abuse scale, followed by deletion homozygotes (DD)
(27.3%) and insertion homozygotes (II) (9.1%).

To verify the relationship between the aggression scales’ scores (BPAQ-SF and RPQ)
and ACE scores, Pearson correlation analysis was used, as shown in Table 1.
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Table 1. Correlations between the indicators of aggression (BPAQ-SF and RPQ) and ACE (n = 93).

Anger Hostility Total BPAQ
Reactive

Aggression
Proactive

Aggression
Total RPQ

Experiences Against Individual 0.22 * 0.45 ** 0.37 ** 0.30 ** 0.25 * 0.30 **
Dysfunctional Family Environment - 0.23 * - - - -

Total ACE - 0.39 ** 0.30 ** 0.22 * - 0.22 *

* p < 0.05; ** p < 0.01.

4. Discussion

It was possible to verify the existence of a significant relationship between the 5-
HTTLPR polymorphism and emotional abuse, with the percentage of individuals who
are heterozygous (ID) having a higher number of indicators of the presence of a history
of emotional abuse compared to those who are homozygous. This polymorphism is
mainly involved in inhibiting impulsive aggression [12,13]. This finding is supported in
the literature, with several studies showing that adverse childhood experiences and the
5-HTTLPR are related [12].

No association was found between dopamine and the other variables. It was not pos-
sible to confirm, as reported in the literature, that the presence of the DAT1 polymorphism
in individuals with ACEs presents higher levels of aggression [11]. Studies conducted in
university students on the differences between men and women showed that the effects of
polymorphisms on aggression were significant only for men [14].

It was also found that the greater the number of experiences against the individual
(e.g., types of abuse and neglect), the greater the level of aggression in adulthood. This
finding is consistent with what has been explained in the literature [15].

It was found that the dysfunctional environment was only correlated with hostility,
i.e., the more significant the exposure to the dysfunctional environment (e.g., experiencing
domestic violence), the higher the level of hostility in the future. A meta-analysis study
shows that both anger and hostility are associated with exposure to an event such as
domestic violence [16].

Finally, the fourth outcome found that adverse childhood experiences were not associ-
ated with anger or proactive aggression, so this finding does not support the literature [17].

When examining the results of the present research, it is possible to identify an
association with the distal processes of the GAM. In this case, environmental modifiers
assessed as adverse childhood experiences correlate with the forms and functions of
aggression as explained by the model. Biological modifiers, assessed in this research as
serotonin and dopamine, were only correlated with environmental modifiers and, according
to the GAM, these act together to influence personality, thus modifying personal (and
situational) factors and consequently influencing aggressive thoughts and feelings of anger,
which in turn affect appraisal and decision-making processes, resulting in aggressive or
non-aggressive behaviour [18].

The research carried out has several limitations. The first is related to the sample, as it
is small. The second limitation relates to the lack of heterogeneity (there are more women
than men), which is reflected in the low level of aggression, as men show higher levels
of aggression.

5. Conclusions

In summary, the results show that the significant relationship between serotonin poly-
morphism and adverse childhood experiences are correlated with aggression in adulthood.
Through this result, we can verify the importance of how a childhood free of adverse
experiences can be associated with a low risk of being aggressive in the future.
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Abstract: Cyber aggression can be defined as a form of aggression where the perpetrator uses digital
media to harm a person or group of people. The literature has linked aggression to personality and
genetics. This study aimed to show the relationship between cyber aggression and personality and
polymorphisms associated with aggression-related serotonergic and dopaminergic processes. The
sample consisted of 93 individuals, 81 women (87.1%) and 12 males (12.9%) with a mean age of 20.95
(SD = 2.98), and it was collected as part of the research project “Aggressiveness and Genetics in a
University Context”. The most important results indicate that cyber aggression and aggression are
related to personality traits, especially agreeableness. An influence of genetic variables was not found.

Keywords: aggression; cyber aggression; personality; genetics; serotonin; dopamine

1. Introduction

Human aggression can be defined as any behaviour performed by an individual with
intention to cause harm to another person or group of people. The perpetrator must believe
that the behaviour will cause harm to the victim and the victim must be motivated to avoid
that harm [1].

With the expansion of communication technologies in recent years and their inte-
gration into everyday life, new benefits and problems have emerged, including a new
form of aggression, cyber aggression, amplified by internet communication [2,3]. This
includes defamation, social exclusion, swearing and comments that indirectly apply to an
individual [2,4]. Some forms of cyber aggression are similar to verbal aggression, involving
hostile words and insults to cause psychological harm to the victim [3,5].

Several variables are used to study aggression, and therefore cyber aggression, and
one of these variables is personality. Personality traits such as agreeableness, neuroti-
cism [6] and conscientiousness [7] are usually studied to understand their relationship
with aggression, and studies have shown a relationship between personality traits and
aggression. Looking at these personality dimensions and their relationship with aggression,
the agreeableness trait is the one that is most negatively associated with aggression, i.e.,
people with higher scores on this personality dimension show less aggressive behaviour [6],
as is conscientiousness, which also tends to be negatively associated with aggression [7].
On the other hand, neuroticism is positively associated with aggressive behaviour. Open-
ness to experience is not associated with aggression [6], and extroversion has had mixed
results, with studies finding negative relationships between extroversion and physical
aggression [7] and other studies finding a positive relationship between the two [8].

Personality and aggression are also linked to some genetic markers. Some studies on
this issue have found a relationship between the serotoninergic and dopaminergic systems
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and aggression. These genetic markers impact the manifestation of hostile behaviour, anger
and other antecedents of aggressive behaviour [9–11] and personality, thus influencing
human behaviour [12]. According to some studies on the General Model of Aggression, one
of the models that tries to explain aggression, it has been possible to verify a link between
aggression and serotonin [13].

This paper aimed to show the relationship between cyber aggression and personality
traits and some polymorphisms related to serotoninergic and dopaminergic processes.

2. Materials and Methods

The sample consists of 93 individuals, including 81 females (87.1%) and 12 males
(12.9%), aged between 17 and 40 years, with a mean age of 20.95 (SD = 2.98). First, genetic
material was collected to find two polymorphisms related to serotonin and dopamine. The
collection was performed by collecting DNA from mouth cells obtained from swabs. The
volunteers extracted their own mouth cells, which were properly stored for later use in
the Laboratory of Molecular Pathology and Forensic Biochemistry. Participants completed
an online battery of psychological instruments: (1) the short version of the Buss-Perry
Aggression Questionnaire (BPAQ-SF) [14], which assesses four forms of aggression (Phys-
ical and Verbal Aggression, Anger and Hostility); (2) the Reactive-Proactive Aggression
Questionnaire (RPQ) [15], which assesses reactive and proactive aggression; (3) the Cyber-
Aggression Typology Questionnaire (CATQ) [16], which assesses the different dimensions
of cyber, impulsive-appetitive, impulsive-aversive, controlled-appetitive and controlled-
aversive aggression; (4) and the NEO Five-Factor Inventory-3 (NEO-FFI-3) [17], which
assesses the five dimensions of personality (Openness, Conscientiousness, Extroversion,
Agreeableness and Neuroticism).

The present research is integrated in the scope of the project “Aggressiveness and
Genetics in a University Context” which was previously approved in the IUEM’s ethics
committee. All of the participants signed an informed consent form, and their data were
coded to ensure the privacy and confidentiality of each individual participant.

3. Results and Discussion

Concerning the cyber aggression behaviours, weak to moderate, positive, statistically
significant correlations were found between the cyber aggression subscales and the other
forms and functions of aggression. The results presented in Table 1 indicate that the
agreeableness dimension showed significant and negative correlations with all the subscales
that define cyber aggression, noting that participants with higher scores in agreeableness
showed lower scores in all the subscales that assess cyber aggression. Another study [18]
supports this finding by showing that agreeableness is negatively correlated with the
perpetration of cyber aggression. No significant correlations were found between the other
personality dimensions and cyber aggression.

Table 1. Relationship between cyber aggression and personality.

Neuroticism Conscientiousness Extraversion Agreeableness Openness

Impulsive-Aversive 0.09 −0.09 0.06 −0.35 ** −0.09
Controlled-Aversive −0.00 0.00 0.08 −0.32 ** −0.09

Controlled-Appetitive 0.03 −0.05 0.03 −0.27 ** −0.02
Impulsive-Appetitive −0.02 −0.05 0.05 −0.37 ** 0.02

Total 0.06 −0.07 0.06 −0.37 ** −0.07

** p < 0.05.

Regarding the dopaminergic and serotoninergic processes related to cyber aggression,
the results showed no significant differences between the two genetic polymorphisms in
relation to cyber aggression. Concerning the dopaminergic and serotoninergic processes
involved in personality, the results showed no significant differences between the categories
defining the two genetic polymorphisms and personality. According to studies on the Gen-
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eral Model of Aggression, it has been possible to verify relationships between personality
and aggression, especially with the serotonin polymorphism, which was not verified in
this study [13].

4. Conclusions

In summary, this study presented significant results concerning the relationship be-
tween cyber aggression and personality. The study between cyber aggression and genetics
did not show any significant results, even though the literature found relationships between
the two variables, which may be related to this study’s limitations. These are related to the
sample, which is small and presents a much lower number of men than women, which may
have significantly influenced the results obtained. This is important because studies have
reported higher aggression scores in men than women [19,20]. It is therefore essential to
have a large and more representative sample of the university population. With this study,
we tried to find and confirm information about cyber aggression, personality and genetics
that can contribute to the prevention of and intervention in cases of cyber aggression.
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Abstract: This article delves into an explanatory model of interpersonal behavior based on alex-
ithymia and internet dependence, demonstrating how these factors affect interpersonal relationships
in a sample of university students. Alexithymia refers to a persistent difficulty in identifying, describ-
ing, and expressing emotions, which can hinder emotional connection with others. Internet addiction
can lead to a neglect of interactions and social isolation, thereby reducing interpersonal relationships.
The results of this study suggest that both alexithymia and internet addiction can have a negative
impact on interpersonal relationships by interfering with the expression of emotions, communication
and social engagement.

Keywords: alexithymia; internet dependency; personality; interpersonal relationships

1. Introduction

Alexithymia is a clinical concept used to describe people who have significant difficulty,
or even inability, to express their emotions and intentions. [1]. Studies suggest that alex-
ithymia is a multifactorial personality trait associated with deficits in cognitive–emotional
processing; it is often observed in various disorders involving difficulties in identifying,
verbalizing, and experiencing emotional situations [2]. Personality is described by a hi-
erarchical model called the Big Five (neuroticism, extraversion, openness to experience,
agreeableness, and conscientiousness). This plays an important role in the lives of subjects
who have different personalities, and thus experience their emotions differently. A positive
association was found between alexithymia and neuroticism, the latter being considered the
greatest predictor of alexithymia. A negative association was found between alexithymia
and extraversion, openness to experience and conscientiousness [3]. These domains, along
with agreeableness, are associated with lower levels of alexithymia. Openness to experience
is, after neuroticism, the greatest predictor of alexithymia [4]. Some authors suggest that
alexithymia may play a critical role in the pathogenesis of internet dependency disorders,
among others [5]. Existing literature also shows that individuals with alexithymia have
difficulty in identifying, expressing, and communicating emotions, and they may use the
internet as a tool for social interaction to better regulate their emotions and fulfill their social
needs. It is common for individuals with alexithymia to engage in addictive behaviors as a
form of escape from their real lives and the negative emotions underlying their condition.
Thus, individuals with alexithymia are more likely to be addicted to the internet than
individuals without alexithymia, as they use it as a tool for emotional expressing. Online
addiction behaviors may impact the way emotions are regulated by enhancing emotion
control, gaining validation online, and compensating for disadvantages in real life [6]. It is
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becoming essential to study the relationship between the two variables, and how internet
use is perceived by individuals with alexithymia. The causal relationship is not yet clear
due to the interaction of numerous other variables that may influence this relationship
(e.g., environment and family). Alexithymia is related to behavioral dependence and lack
of assertiveness, which suggests that individuals with difficulty expressing their emotions
assertively become unable to adequately cope with negative emotions and stressful situa-
tions. Other research [3,4] has also shown that subjects with high levels of alexithymia tend
to have difficulty expressing emotions and understanding the emotions of others, which
can negatively affect their interpersonal behaviors. This can include difficulty in showing
affection and facing problems communicating with others. Therefore, in interpersonal
relationship behaviors, alexithymia can have a significant effect. Thus, difficulties in recog-
nizing and expressing emotions can lead to inadequate communication and less ability to
emotionally connect with others. Internet addiction refers to the excessive or uncontrolled
use of the internet, which has negative psychological and social effects [7]. This dependency
can negatively affect interpersonal relationships as individuals may prioritize virtual inter-
actions over face-to-face contact, resulting in social isolation, decreased social interactions,
and difficulties in face-to-face communication. We also know that excessive internet use
seriously affects academic development, physical and mental health, and interpersonal
relationships. There are studies indicating that factors affecting internet addiction include
personality traits, emotions, and knowledge. When analyzing the relationship between
internet dependence and personality, specifically related to alexithymia, the main findings
indicate that more neurotic, extrovert, less agreeable and less conscientious individuals
have a higher degree of internet addiction [8,9]. However, the literature has not yet reached
a consensus on the association between neuroticism and excessive internet use. This article
aims to study an explanatory model for interpersonal behaviors based on alexithymia,
personality, and internet dependency. This research contributes to the development of
prevention programs and strategies for training social skills in young adults, considering
individual differences and the challenges of the internet use.

2. Methods and Materials

2.1. Participants

The sample consists of 491 young university students, of whom 119 are male (24.2%),
and 372 are female (85.8%).

2.2. Instruments

The survey consists of five scales: (a) a sociodemographic questionnaire, aimed at
complementing and contextualizing the collected information; (b) the Toronto Alexithymia
Scale (TAS-20) by Taylor, Ryan, and Bagby (1985), translated and validated in Portuguese
by Prazeres, Parker, and Taylor, 2000); (c) the Internet Addiction Test (IAT, Young, 1998);
(d) the Neo-Five Factor Inventory (NEO-FFI, Costa, and McCrae, 1989), (e) the Interpersonal
Behavior Scale—Reduced Version (ECIr-translation and adaptation by Vagos, Pereira, and
Arrindell, 2014).

3. Results

The results of the TAS scale indicate that the sample presents low scores in all three
test subscales, indicating a generally low level of alexithymia. The results obtained via
the scale of internet addiction show that 65.2% of students present a low level of severity
of internet use and 34.2% a moderate level of severity of internet use. The analysis of the
relationship between alexithymia and internet addiction showed low/moderate, positive,
and significant correlations between alexithymia subscales and the internet addiction
general score (Table 1).
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Table 1. Correlations between the indicators of alexithymia (TAS) and internet addiction (IAT) (N = 491).

TAS-Difficulty in Describing
Feelings and Emotions

TAS-Difficulty in Identifying
Feelings and Emotions

TAS-Outward-Oriented
Thinking Style

(IAT) Internet addiction 0.483 ** 0.344 ** 0.162 **
** p < 0.01.

Table 2 indicates that there is a significant, low/moderate and positive correlation
between all alexithymia subscales and neuroticism. On the other hand, moderate negative
correlations were observed between alexithymia (difficulty in describing and identifying
feelings and emotions) and personality dimensions, agreeableness, and conscientiousness.

Table 2. Correlations between the indicators of alexithymia (TAS) and personality (NEOFFI) (N = 491).

Neuroticism
Openness to
Experience

Extraversion Agreeableness Conscientiousness

TAS-Difficulty describing
feelings and emotions 0.435 ** −0.351 ** −0.232 ** −0.263 **

TAS-Difficulty identifying
feelings and emotions 0.566 ** −0.241 ** −0.181 ** −0.296 **

TAS-Outward-Oriented
Thinking Style 0.138 ** 0.140 **

** p < 0.01.

Table 3 shows low/moderate correlations between all alexithymia subscales and those
of the Interpersonal Behaviors scale, which assesses the intensity of discomfort felt in social
events that trigger an assertive response.

Table 3. Correlations between the indicators of alexithymia (TAS) and the Interpersonal Behavior Scale
(IBS) (N = 491).

IBS-Negative
Assertiveness-

Discomfort

IBS-Management
Expression-
Discomfort

IBS-Assertiveness
Initiative-

Discomfort

IBS-Positive
Assertiveness-

Discomfort

TAS-Difficulty describing
feelings and emotions 0.255 ** 0.238 ** 0.307 ** 0.297 **

TAS-Difficulty identifying
feelings and emotions 0.294 ** 0.302 ** 0.327 ** 0.262 **

TAS-Outward-Oriented
Thinking Style 0.157 ** 0.134 ** 0.165 ** 0.168 **

** p < 0.01.

4. Discussion

Based on the presented research, alexithymia and internet dependency can be negatively
associated with interpersonal relationships since they disrupt emotional expression, communi-
cation, and social engagement. Also, the association between alexithymia, internet addiction
with the personality indicates that more neurotic, less agreeable and less conscientious indi-
viduals reveal a higher degree of internet addiction and Alexithymia. The obtained results
confirm the data already presented in the literature. Gathering more data and an analysis of
gender differences are the next stages of research. Promoting the development of prevention
programs and social skills strategies for young adults considering individual differences and
the challenges of internet use is the main contribution of this project.
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Abstract: Intimate partner violence (IPV) consists of any action that holds the intention to inflict
physical, sexual and/or psychological damages to the offending person’s partner. This study aims to
identify the psychopathological symptoms in IPV offenders and victims. Our sample consisted
of 59 offenders and 63 IPV victims for whom the assessment was requested by a court order.
The information on the evaluation was obtained through the database of the Forensic Psychology
Office—Egas Moniz. The results show significative differences in five of the nine symptom dimen-
sions, namely somatization, obsessive-compulsive, anxiety, phobic anxiety, and psychoticism, and
victims have a complex presentation of symptoms. The impact of victimization is revealed in the
negative repercussions at the level of global functioning in IPV victims rather than in IPV offenders.

Keywords: intimate partner violence; psychopathology; offenders; victims

1. Introduction

Domestic violence is a major social problem with severe consequences for everyone.
It consists of every type of violence such as physical, sexual, emotional, psychological,
economic, and negligence, perpetrated in the family [1]. According to the World Health
Organization (WHO), 30% of women around the world have been victims of domestic
violence in their life, and 27% of women between 15 and 49 years old have been battered
by their intimate partner. Intimate partner violence (IPV) is a form of domestic violence
that consists of any action that holds the intention to inflict physical, sexual and/or psy-
chological damage to the offender’s partner [2]. In 2022, Portugal reported a total of
26,073 domestic violence cases (15.8% more than in 2021), where 80% were male offenders
and 72.4% were female victims [3]. So IPV continues to represent most crimes committed
in Portugal and constitutes a large problem that can have detrimental effects on families as
well as on the larger community.

Although there is no direct relationship between psychopathology and IPV, it is
common to identify personality and psychiatric disorders in several individuals judged
by the criminal justice system [4–6]. For example, in a study carried out by Siria and
colleagues [7], differences were identified between groups of offenders with and without
psychopathology, with the former having higher levels of violence, anxiety (10.7%) and drug
addiction (9.1%). Also, in this study, offenders experienced significantly higher rates in the
prevalence of anxiety, bipolar disorder, dysthymia, alcohol dependence, drug dependence,
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thought disorder and severe depression syndromes. On another level, previous studies
have shown that male offenders tended to have a higher probability of having any given
psychiatric disorder than non-offenders [8,9].

As mentioned above, IPV is a public health problem with a significant impact on
victims’ physical and mental health, particularly concerning depression [10,11] and post-
traumatic stress disorder [12,13], with this last one being recognized as one of the most
prevalent mental health outcomes of IPV [14]. The frequent use of maladaptive coping
was also related to the presence of more depressive symptomatology [15]. The literature
points out that severe and prolonged interpersonal trauma often results in a complex
exhibition of symptoms that also includes marked changes in personality functioning and
in the areas of emotional regulation, consciousness, self-perception, identity, perception,
interpersonal relations and system of meaning [16,17]. Many studies have also found
neuropsychological consequences in IPV female victims in domains such as memory and
learning [18], attention, response inhibition [19], and processing speed on tasks requiring
executive functioning [20], resulting from physical violence.

Based on studies of IPV offenders and victims’ symptomatology, this study aims to
identify psychopathological symptoms in IPV offenders and victims.

2. Materials and Methods

Our sample consisted of 59 offenders and 63 IPV victims for whom the assessment
was requested by a court order. The information on the evaluation was obtained through
the database of the Forensic Psychology Office [Egas Moniz Forensic and Psychological
Sciences Laboratory (LCFPEM)].

The IPV victims sample comprised: 58 women and five men, aged between 18 and
86 years old (M = 39.25; SD = 17.50). The IPV offenders sample comprised: 51 men and
9 women, aged between 20 and 82 years old (M = 42.21; SD = 13.84).

We used the Brief Symptom Inventory BSI [21,22], a self-report scale, composed of
53 items, that evaluate psychopathological and psychological symptoms. Respondents
rated their symptoms on a five-point Likert scale, ranging from zero (not at all) to four
(extremely), based on their experiences during the past week.

In the current study, an array of symptoms is employed in order to self-report psy-
chological symptoms of clinical relevance, encompassing nine distinct dimensions: som-
atization (e.g., experiencing faintness), obsessive-compulsive (e.g., facing challenges in
memory retention), interpersonal sensitivity (e.g., susceptibility to emotional hurt), depres-
sion (e.g., harboring thoughts of self-harm), anxiety (e.g., inner nervousness or tremors),
hostility (e.g., feeling easily irritated or annoyed), phobic anxiety (e.g., experiencing fear in
open spaces or public places), paranoid ideation (e.g., attributing most troubles to others)
and psychoticism (e.g., believing others can control one’s thoughts). This tool incorporates
three comprehensive indices of overall distress: the Global Severity Index, Positive Symp-
tom Distress Index, and Positive Symptom Total. To ensure the reliability of the identified
symptom dimensions, Cronbach’s alpha was calculated, resulting in an excellent coefficient
of 0.98.

3. Results

Based on studies of IPV offenders and victims’ symptomatology, this study aims to
identify psychopathological symptoms in IPV offenders and victims. Table 1 shows signi-
ficative differences in five of nine symptom dimensions, namely somatization, obsessive-
compulsive, anxiety, phobic anxiety and psychoticism, with a significant impact on victims’
mental healt.
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Table 1. IPV offenders and victims’ symptomatology.

Victims Offenders

M SD M SD t p

Somatization 1.23 0.59 1 0.39 1.609 0.002
Obsessive-compulsive 1.37 0.68 1.07 0.47 1.726 0.001

Anxiety 1.56 0.97 1.47 0.51 3.106 0.002
Phobic anxiety 1.11 0.46 0.96 0.34 3.202 0.001
Psychoticism 1.26 0.56 1.15 0.46 1.708 0.007

4. Discussion

This study demonstrates that victims and offenders exhibit active symptomatology,
with significant differences across five psychopathological dimensions, and with a sig-
nificant impact on victims’ mental health. Among the dimensions examined, victims
consistently score higher than offenders. Although no similar effect can be inferred, the
relevant literature has consistently identified an objective relationship between the vul-
nerability resulting from exposure to violent behaviors in victims and offenders and the
emergence of psychopathological conditions. Furthermore, the symptoms observed align
with those commonly described in the literature, where major depression, anxiety and
dependence/addiction frameworks are deeply linked with the context and dynamics of
abusive situations. In addition to aiding in assessment, these findings significantly con-
tribute to more effective interventions. They assist professionals in adapting existing
programs to achieve better outcomes in preventing recidivism. Consequently, interventions
can specifically target the factors that increase the risk of recommitting this type of violence.
Despite these valuable findings, this scientific investigation has limitations. The general-
izability of the results and data analysis might be restricted due to the small sample size.
Moreover, relying solely on self-reported measures to assess psychopathological conditions
may not cover all aspects of information processing strategies. Therefore, it is crucial to
consider these factors when interpreting the implications of the study.
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Abstract: Handball is a demanding sport with risk of overuse injuries. We aimed to compare scapular
motion, the external/internal rotator strength ratio, and shoulder rotator range of motion of handball
athletes with and without a history of overuse injury. Cross-sectional data were collected from male
handball athletes. The results showed no differences between groups, except for dyskinesia in final
assessment position and external rotation range of motion. Scapular dyskinesis prevalence was high
in both groups. These findings emphasize the importance of identifying and addressing these risk
factors in injury prevention and rehabilitation programs for handball athletes.

Keywords: handball; overhead; shoulder; overuse injury; risk factors; prevention

1. Introduction

Handball is a team sport characterized by a high playing time, rapid changes in
direction, abrupt landings from jumps, repetitive throwing, and frequent contact and
collisions between players, making it a demanding sport with a high risk of injuries [1].
Indirect or non-contact injuries are among the most common types of injuries in handball [2].
Overuse injuries arise from multiple cumulative energy transfers resulting in physical
complaints, leading to a reduction in training volume, pain, and decreased performance
in training and competitions [3]. In this sport, there are various stress movements and
positions that the shoulder joint is subjected to, especially during the throwing motion.
Therefore, a weakness or imbalance that alters any of the components of the kinetic chain
may lead to a dysfunctional shoulder or may put the individual at a high risk of upper
limb injuries [4,5]. Since most injuries in this sport are caused by repetitive overuse of
structures in a specific motion, deficits in a joint’s range of motion (ROM), the ratio of
external/internal (ER/IR) rotator strength of the shoulder, and scapular dyskinesis were
identified as modifiable intrinsic risk factors, as their effect can be altered through targeted
injury prevention programs [6].

The aim of this study is to compare the prevalence of risk factors such as scapular
dyskinesis, the shoulder ER/IR strength ratio, rotation range of motion, and associated
factors in handball athletes with and without a history of overuse injury.

2. Materials and Methods

2.1. Study Design

This was a cross-sectional study. We used Kforce-Link® pull dynamometer (Kinvent,
Montpellier, France) to assess the ER/IR rotator force; a digital inclinometer, through the
Clinometer® smartphone application (Plaincode, Stephanskirchen, Germany), to evaluate
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shoulder ROM; and a measuring tape to assess scapular displacement through the lateral
scapular slide test (LSST).

2.2. Participants

Handball clubs from Lisbon and Setúbal districts in the second division were contacted
to obtain their permission to develop this study. Volunteer players from the integrating
clubs participated in the study if they were registered male handball athletes in senior and
under 20 teams, and athletes with a history of a dominant shoulder overuse injury in the
last 12 months were allocated to the injury group. The exclusion criteria were underage, any
cognitive impairments, orthopedic shoulder surgery in the last 12 months, and traumatic
shoulder injury in the last 3 months.

2.3. Procedures

Assessments were made for both sides. For ROM measurement, a digital inclinometer
trough clinometer app was used. It was positioned parallel to the midline of the anterior
region of the forearm. Passive IR and ER measurements were taken in the supine position
with the dominant shoulder at 90◦ abduction and the elbow flexed at 90◦. For strength
measurements of the shoulder, three maximum voluntary isometric contractions of 5 s
with 30 s pauses between repetitions were performed. For measurement of scapular
displacement, a tape measure was used, measuring between the inferior angle of the
scapula and D7 in neutral position, 45 and 90 degrees of shoulder abduction, according to
the lateral scapular slide test.

2.4. Statistics

If normal distribution was verified, a parametric independent t-test was performed
to compare the groups; otherwise, a Mann–Whitney U test was used. To investigate the
relative contribution of the characterization variables to the neuromuscular profile of the
athletes, a binary logistic regression model for each dependent variable was used.

3. Results

A total of 59 participants participated in the study. The healthy group had 39 athletes
with an age of 22.8 ± 5.3 years and a body mass index (BMI) of 26.9 ± 4.5 kg/m2. The un-
healthy group had 20 athletes with an age of 24.0 ± 7.0 years and a BMI of 25.1 ± 3.7 kg/m2.
There were no differences between groups in a variable measurement mean comparison ex-
cept for dyskinesia at 90◦ shoulder abduction and 45◦ horizontal abduction, with maximal
IR (p = 0.045) and in external rotation ROM (p = 0.035). The prevalence of risk factors for
each group is detailed in Table 1.

Table 1. Prevalence of risk factors by group.

Healthy Group (n = 39) Injury Group (n = 20) p

Risk n (%) No Risk n (%) Risk n (%) No Risk n (%)

Internal Rotation 11 (28.2%) 28 (71.8%) 7 (35%) 13 (65%) 0.402
External Rotation 17 (43.6%) 22 (56.4%) 3 (15%) 17 (85%) 0.026 *

TROM 11 (28.2%) 28 (71.8%) 4 (20%) 16 (80%) 0.233
Ratio ER/IR 10 (25.6%) 29 (74.4%) 5 (25%) 15 (75%) 0.609

Scapular Dyskinesis 19 (48.7%) 20 (51.3%) 10 (50%) 10 (50%) 0.572

Abbreviations: ER = external rotators; IR = internal rotators; TROM = total range of motion. p-value with
chi-square for comparison of occurrences between groups; * p-value < 0.05.

4. Discussion

Handball is a throwing sport that places a high demand on the shoulder joint, making
it prone to injuries. Recent studies have confirmed that between 17% and 44% of all overuse
injuries in handball are in the shoulder [2,7]. Identification of changes in ROM, strength
of rotational movements, and scapular position can be used to identify athletes at risk of
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injury. Therefore, we compared the neuromuscular profile characteristics of athletes with
and without a history of injury to identify the prevalence of identified risk factors in each
group and investigated their association with sociodemographic characteristics.

4.1. Range of Motion

There were no differences between the groups regarding internal rotation (IR) range
of motion. However, we found that an additional hour of training reduces the probability
of having an IR deficit of more than 10◦ by 37.2%. Functional adaptations in handball
result in a shift in the total available ROM, with a reduction in IR and an increase in ER
that could be up to 16◦, with increased anterior capsular laxity and excessive glenohumeral
translation during ER [8,9]. Our results are consistent with this, as we observed significative
differences between groups, with an average increase of 14.65 ± 10.5◦ in athletes with injury
and 7.72 ± 14.9◦ in healthy athletes. These changes may contribute to the selective atrophy
of the infraspinatus muscle, caused by a functional denervation of the suprascapular nerve.
A gain in ER ROM of less than 5◦ has also been identified as a risk factor, as it could indicate
a tendency for retraction of IR [10], and our results showed a significantly higher rate of
this within the healthy group. These functional alterations may underlie shoulder overuse
injuries and are a possible causative factor in the short to medium term, making their
prevention extremely important.

A reduced total ROM could increase the probability of experiencing substantial shoul-
der problems throughout the season [10]. Nonetheless, we observed low rates of athletes
presenting a reduced total ROM when compared to the non-dominant side in both groups.
Reductions in IR and increases in ER present in the dominant shoulders of uninjured
overhead athletes are regarded as normal soft tissue adaptations to repeated throwing [10],
and the changes we found are in accordance with that.

4.2. Strength Ratio ER/IR

Although no significant differences in shoulder rotator strength were observed be-
tween the groups, the injury group had an ER/IR strength ratio significantly lower than 1.
This may be due to the rehabilitation process performed to return to sports, which tends to
correct the tendency to a ratio greater than 1 [11]. These findings contradict our hypothesis
that athletes with a greater IR strength will be found among the healthy group. Scapular
stability is crucial for normal shoulder function, especially in a handball athlete [11]. Our
results showed that each additional year of training decreases the risk of a stronger ER
than IR by 14.5%, and each added unit within the healthy body mass index (BMI) range
decreases the risk of having a strength ratio imbalance in favor of ER by 23.8%.

4.3. Scapular Dyskinesis

The presence of significant scapular movement differences in athletes with injuries
may be one of the causes of their injury history, as a combination of reduced scapular
adduction/retraction capacity with excessive ER can contribute to an increased risk of
anterior glenohumeral instability, which may be the underlying cause of the previously
manifested overuse injuries [9]. Despite the fact that we found similar scapular dyskinesis
occurrence rates between groups, the injury group had greater scapular displacement on
the dominant side compared to healthy athletes in the final evaluation position. Current
evidence indicates that most scapular problems in throwing athletes can be attributed to a
loss of control of the normal resting scapular position and dynamic scapular movement,
resulting in scapular protraction that can result in increased loads, altered movements,
and reduced muscle activations that may be associated with decreased performance and
increased injury risk [12]; our results are in line with this knowledge.

4.4. Limitations

We assessed the ROM with participants in supine with the shoulder at 90◦ abduction
and the elbow at 90◦ flexion to replicate a shooting position, but this could promote mea-
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surement errors through compensations. The cross-sectional design of our study prevented
the determination of our findings as causes or consequences of overuse injuries. A longitu-
dinal setting and improved strategies to control measurement errors are recommended for
future studies.

5. Conclusions

Analyzing the rotation ROM, scapular displacement, and ER/IR strength ratio in
handball athletes with and without a history of injury should be standard practice for the
development of injury prevention programs and targeted rehabilitation for athletes with
shoulder overuse injuries, since both groups present high rates of identified risk factors.
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Abstract: The in vitro human embryo is a liminal being towards which the beneficiaries of assisted
reproductive technology (ART) can ascribe different moral statuses. Moreover, this ontological
manipulation can be combined with a temporal dimension. Namely, a set of narratives of hope can
be identified, in terms of how patients project the future considering the accomplishment of the
parental project. In turn, these narratives of hope will have repercussions at the ontological level, i.e.,
on the meaning-making processes around the human embryos created during ART treatments. A
Portuguese research project provides empirical data (from semi-directive interviews) to map these
plural conceptualizations of human embryos.

Keywords: human embryo; moral status; meaning-making processes; ontological manipulation;
narratives of hope

1. Introduction

The in vitro human embryo constitutes a liminal entity that gives rise to plural concep-
tualizations [1]. Namely, it is characterized by an ambiguity of its moral status, oscillating
between different states—with the boundaries among these states being also fluctuant and
difficult to define [2].

Within this ontological manipulation [3], the discourses of ART beneficiaries show
that the way embryos are perceived oscillates throughout the therapeutic path [4]. In fact,
these conceptualizations range from a functional understanding of this being, as a tool/means
in service of a plan of action (for achieving pregnancy) to an appropriation according
to general equivalence classes/categories [3]. That is, the case of classifications such as
valuable biological material, genetic heritage, offspring, potential child, a gift for other couples or
to science, etc. [5].

Moreover, this apprehension in generality gives place to a gradual rise in singularity [3]:
a progressive emotional attachment to the embryo as a singular entity—giving it an irre-
placeable character. This singularization of the embryo, as a child, manifests in particular
emotional ambiences—such as love towards it and grief in case of loss, but also through
symbolic gestures like giving a name [3]. And in case of embryo loss, that same name is
not given to another embryo—thus expressing that irreplaceable character, different from
an understanding in generality.

However, the ontological manipulation of the human embryo presents further com-
plexity. Namely, it is also necessary to consider that the moral statuses do not only vary
between different beneficiaries [5]. The meaning-making processes can also change along
the therapeutic trajectory of each beneficiary. Modifications in the way ontological ma-
nipulation develops—such as the stages of treatment at which the emotional attachment
begins—may occur during the therapeutic trajectory of an individual patient.
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Concerning these ontological fluctuations, an element of patients’ experience emerges,
attached to the uncertainty [6] of a clinical treatment’s outcome: hope regarding the achieve-
ment of the therapeutic goal. Indeed, hope is a vector of ontological manipulation regarding
different aspects of the clinical trajectory [7]. In the concrete case of ART treatments, it can
shape the meanings built around the embryo, triggering fluctuations in the ontological
markers that determine the transitions between statuses assigned to that entity [3].

Hope can be characterized as a lens that guides the actor’s perspective towards a
particular phenomenon situated in the future. Namely, it involves a relationship between
knowledge—which provides a certain degree of predictability about the outcome of a plan
of action (such as a clinical protocol)—and uncertainty—about the accomplishment of the
plan’s goal [8,9].

Moreover, hope is multidimensional, depending on the greater or lesser degree of
tangibility of the objective projected into the future. Namely, what emerges from patients’
discourses is that hope can oscillate within a continuum between hope as expectation and
hope as desire [7,9]. Hope as expectation means hope as anticipating what is likely and
concrete in the future (in this case, achieving pregnancy)—supported, for example, by
biomedical information or past experiences. Hope as desire constitutes a focus on a more
remote/generic possibility—therefore, a looser relationship with the objective that guides
the therapeutic plan.

In turn, these plural ways of operationalizing hope will have repercussions on an
ontological level, particularly in terms of oscillations in the moral status attributed to the
human embryo. It is this dynamic between the two dimensions—how narratives of hope
performed by ART beneficiaries are a driving force of the ontological manipulation of the
embryo—that we seek to develop in a preliminary exploration.

2. Methods

The data presented in this text was collected from a research project conducted in Por-
tugal from 2017 to 2022. The project is named ETHICHO—Ethico-ontological Choreographies:
Forms of objectification and evaluation of the human embryo in vitro in the context of Assisted
Reproductive Technologies and Scientific Research. The project relies on a mixed methods
approach, encompassing an online questionnaire and semi-directive interviews. However,
considering its objectives, the explorative analysis developed in this text rests only on data
from the latter technique.

For a brief methodological description, 69 semi-directive interviews were conducted
with ART beneficiaries/patients between September 2019 and January 2021. Potential in-
terviewees were contacted through non-probabilistic convenience and snowball sampling,
relying predominantly on social networks, along with the support of Portuguese associa-
tions for people with infertility. One fundamental methodological criterion for selecting
potential respondents was outlined: to have undergone at least one cycle of second-line treat-
ment, i.e., a treatment cycle involving the creation of in vitro embryos: In vitro Fertilization
(IVF) or Intracytoplasmic Injection technique (ICSI).

All interviews were recorded and fully transcribed, and the qualitative analysis was
carried out with the technical support of the software MaxQDA (2018 version). All study
participants provided written or verbal informed consent prior to data collection. Ethical
approval was obtained from the host institution of the research project before data collection
began. In addition, respondents were given pseudonyms to ensure anonymity.

3. Results

Concerning the temporal dimension of analysis, a set of narratives of hope can be
identified in beneficiaries’ discourses, with patients describing changes in the format of
hope from the beginning of treatment and throughout the therapeutic process. These
variations in the management of hope can take different forms:

52



Med. Sci. Forum 2023, 22, 49

(a) Oscillations between concrete and vague plans. In the face of uncertainties and failures
throughout the clinical trajectory, a coping mechanism in the present emerges: a (partial)
subtraction of the future, in terms of a detachment from hope as expectancy to hope as a desire;

(b) Tensions/ambivalences between projecting and dimming the future. Namely, patients’
discourses can show situations of tension/ambivalence between the suspension (with
different degrees) of hope as expectation (about the accomplishment of the parental project)
in favour of hope as desire, but in which moments of focusing on a concrete future emerge
(e.g., fantasizing with elements of the parental project);

(c) Combinations of expectation and desire. Patients can also manifest narratives of hope
in the form of building expectations on short-term stages (such as, for example, obtaining
viable embryos), while, at the same time, maintaining a focus on the fulfilment of the
parental project in more general forms (thus, as a desire).

In turn, these narratives of hope will have repercussions at an ontological level—
i.e., on the meaning-making processes around the human embryos generated during the
ART treatments. To illustrate this temporal and ontological dynamic, an excerpt from an
interviewed couple is presented.

At the time of the interview, two treatment cycles characterize their clinical path. The
couple’s discourse illustrates how the failure to achieve pregnancy in this first cycle led
to a reconfiguration in the format of engagement in the treatment (and with the embryos)
in the second treatment cycle. Namely, a deferment in the process of emotional bonding
takes place:

Denise: “[. . .] we were already warned, we tried not to emotionally bond with them,
because if it was already painful the first time, this time there was an emotional barrier.
[. . .] I tried not to create too much affection in the first few months because I was always
thinking “Oh, oh, oh, I’m going to lose the baby”, “Oh, oh, oh, this is going to be really
bad”. So, I tried to abstract myself a little bit, because I already knew the pain. I tried to
think “This is not happening”. I mean, I did all the mandatory medical treatment, but my
emotional part was always very contained there, until that ultrasound”.

Leonard: “Indeed, the image, the image is very strong. It precedes the contact itself,
when you begin to feel moving and the first connection.

Firstly, concerning the temporal dimension, the couple’s discourse highlights how the
loss of pregnancy in the first cycle is a determinant factor in the change in how engagement
in the new treatment cycle takes place. As the female interviewee describes, the involvement
in the therapeutic trajectory remains (“I did all the mandatory medical care”). However,
there is a change in terms of how hope is operationalized. The narrative of hope associated
with the engagement in a therapeutic plan suffers a partial suspension, being managed in
the direction of a desire—that is, as a more general form of hope.

Thus, if expectation encompasses a vulnerability for the one who produces/supports
this format of hope—considering the emotional impact in case the objective fails—the
(partial) suppression of the future (in the form of expectation) becomes a coping mechanism
for the couple (“I already knew the pain”, “I tried to abstract myself a little bit”). Thus,
there is a change in how the female interviewee projects herself into the future concerning
the goal of the treatment (i.e., obtaining a full-term pregnancy).

On the other hand, this operationalization of hope also leads to reconfigurations
at the ontological level. Namely, the beginning of the process of singularization of the
embryo, associated with the gradual construction of an emotional bond, is relegated to
a later stage in the trajectory. Specifically, it is the echogram image that stands out as a
moment of oscillation in the meaning assigned—instead of the blastocyst stage (i.e., the
last stage of the development of an embryo in vitro) in the previous treatment cycle. As
described, there was an attempt to “not connect emotionally” with this being, in contrast to
the first treatment cycle. Thus, at the ontological level, there is a transfer of the oscillations
in the meanings attributed to the embryo—in particular, the beginning of the process of
singularization—to a subsequent moment of the therapeutic trajectory.
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4. Discussion and Conclusions

The different stages of the therapeutic trajectory of ART beneficiaries, which may affect
their hope regarding the outcome of the treatment, are likely to consubstantiate moments
of reconfiguration of the meanings attributed to the embryos and the attached emotional
ambiences [1]. These modes of (re)configuration in the meaning-making processes favour;
thus, a double pluralism in the ontological constructions around this entity, according to
the vicissitudes and circumstances associated with the therapeutic trajectory of patients
resorting to ART. In particular, the ontological markers [3] that punctuate the clinical path
of the interviewees can, thus, metamorphose according to different moments of success,
failure, setbacks and restarts that characterize the therapeutic trajectory [6].
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Abstract: We have developed a novel aptamer-based siRNA delivery system for HIV therapy. Apsi510
was obtained by chemical conjugation of an anti-HIV integrase aptamer and an siRNA sequence
targeting the HIV-1 TAR/poly A regions to a dendron [2-((4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)phenyl)amino)acetaldehyde]. Apsi510 activity against HIV-1NL4.3 was evaluated in two exper-
imental systems using HeLa CD4+ and TZM-bl cells. Apsi510 activity was dose-dependent and
inhibited >95% of viral replication at 50 nM. Apsi510 inhibited HIV-1 replication to a similar extent as
siRNA alone, indicating efficient intracellular release of the siRNA molecule. Apsi510 is a promising
drug candidate for the treatment and prevention of HIV.

Keywords: HIV integrase aptamer; TAR siRNA; Apsi510 compound; antiviral activity

1. Introduction

The human immunodeficiency virus (HIV) is the causative agent of acquired im-
munodeficiency syndrome (AIDS), a disease that remains incurable and requires lifelong
treatment. The best way to end the HIV/AIDS pandemic by 2030 is to cure the infection.
Stem cell transplantation has already cured four HIV patients. Simpler, more accessible
therapeutic strategies to cure HIV infection have been explored, but none have yet reached
the clinic [1].

RNA interference (RNAi) is a natural antiviral defense mechanism found in plants,
fungi and invertebrates [2]. It is mediated by small interfering RNA (siRNA) and micro-
RNA (miRNA), which degrade or repress messenger RNAs (mRNAs), thereby silencing the
expression of specific genes. Several studies have reported using siRNA agents for silencing
key HIV-1 genes and inhibiting HIV-1 replication [3,4]. HIV has a high rate of mutation;
therefore, effective siRNAs should target conserved sequences [4]. Naito et al. described
a highly effective targeting of the trans-activation response (TAR) element and the poly
A region in the HIV-1 LTR [5]. Nevertheless, the lack of efficient delivery systems and
low biostability challenge the potential of siRNA-based therapies. Several strategies may
improve siRNA therapeutic efficacy, including the use of chemically modified siRNAs and
novel siRNA delivery vehicles such as polymers, lipids, peptides, antibodies, nanoparticles,
dendrimers and aptamers [6]. Aptamers (Ap) are short (15–80 nucleotides, DNA or RNA)
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single-stranded oligonucleotides capable of binding specific molecules (small molecules,
proteins, nucleic acids) with high specificity and affinity [7]. They have been used in various
biomedical applications including aptamer–drug conjugates as a simple and effective way
to deliver therapeutic agents to specific targets. However, concerns have been raised about
the clinical effectiveness of the first generation of aptamer–drug conjugates (ApDC) due to
their low circulating half-life and low stability [6]. Circulating half-life can be increased by
chemical modifications, such as locked nucleic acids and the conjugation of high-molecular-
weight polymers [6]. Reversible or irreversible covalent bonds (e.g., amides, imines or
disulfides) have been used for conjugation, increasing the stability of ApDCs and allowing
drug release in target cells [8].

The HIV integrase enzyme is highly conserved and is crucial for proviral DNA inte-
gration [9]. Several successful aptamers with anti-integrase activity have been identified,
including T30695—an aptamer consisting of a repeating motif of a d(GGGT)4 forming a
parallel-strand G-quadruplex [10]. In humanized mice, dendrimer-siRNA nanoparticles tar-
geting both cellular and HIV-1 (tat/rev) transcripts led to a significant viral suppression [11].

In this study, we developed and evaluated the anti-HIV-1 activity of a novel T30695
aptamer-siRNA510 conjugate, named Apsi510. siRNA510 targets the TAR/poly (A) regions
in the HIV-1 LTR promoter, which is the binding site for the Tat protein and many cellular
factors involved in transcription initiation [12]. Disruption of the TAR/poly A regions
disturbs the recruitment of these viral and cellular factors, affecting the production of new
virus particles.

2. Materials and Methods

2.1. Apsi510 Synthesis

The inner core of Apsi510 is the linker 2-((4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)phen-
yl)amino)acetaldehyde, which is conjugated with an Ap targeting the HIV-1 integrase protein
(T30695) [13] and one siRNA sequence. The synthesis of this linker (1) was attained following
the methodology depicted in Figure 1. From commercially available 1-fluro-4-nitrobene
(2, mono ApDnC) and aminoacetaldehyde dimethyl acetal, intermediate 3 was obtained
in good yields by nucleophilic aromatic substitution. After the introduction of the acetal
side chain, the nitro moiety was subsequently reduced to amine and reacted with maleic
anhydride (4). After ring closure to form the maleimide intermediate (5), acid hydrolysis of
the acetal gave the final aldehyde side chain in 1.

Figure 1. Synthesis of the linker (1) for the aptamer and siRNA510. (a) Aminoacetaldehyde dimethyl
acetal, DMSO, overnight, r.t; (b) (1) Pd/C 10%, Et3SiH, MeOH, 1 h, r.t.; (2) maleic anhydride, DCM,
3 h, reflux; (c) acetic anhydride, sodium acetate, 1 h, r.t.; (d) H2O:TFA (90:10), 10 min, r.t.

The maleimide group in 1 allowed the irreversible covalent conjugation of the thio-
modified-HIV-1-integrase-targeting T30695 aptamer. Finally, the acid-labile imine-linker
was synthesized by reaction of the commercial amino-modified siRNA510 with the alde-
hyde side chains to form the acid-labile linkage. The C6-amino-modified siRNA is placed
in the 5′-terminus of the sense strand. The imine-acid-labile linkers are expected to re-
lease the siRNA content in the acidic endosomal compartments, after cell internalization.
Purification of Apsi510 was performed by reversed-phase HPLC.
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2.2. Production of Virus and Antiviral Assays

HeLa cells were co-transfected with pNL4.3 or pNL4-3.Luc.R-E- DNA (0.5 μg) and
treated with different concentrations of siRNA510 (5–30 nM), Ap(T30695) (25–50 nM) or
Apsi510 (25–50 nM). For experiments with pNL4.3, the media were collected after 48 h and
virus production in the supernatant was assessed by measuring replication in TZM-bl cells.
TZM-bl cells express the luciferase gene under the control of the HIV LTR promoter, which
is activated upon HIV infection. For assays with NL4-3.Luc.R-E-virus, firefly luciferase
activity was directly measured in HeLa cells 48 h post transfection.

3. Results

3.1. Production of Apsi510

We synthetized the aptamer conjugate (Apsi510) combining a branched aromatic inner
core (dendron) and the commercial HIV-1 integrase Ap (T30695) attached by a thioether
linkage. This ensemble allowed the attachment of one acid-triggered (acid-labile imine)-
releasing linker containing siRNA510.

3.2. Activity of siRNA510, Ap(T30695) and Apsi510 against HIV-1

The activity of different concentrations of siRNA510, Ap (T30695) and Apsi510 was
evaluated against the subtype B reference isolate HIV-1NL4.3 in HeLa-CD4+ and TZM-
bl cells (Figure 2). siRNA510 and Ap(T30695) (50 nM) alone inhibited >80% of HIV-1
replication in TZM-bl cells (Figure 2A). On the other hand, Apsi510 exhibited a dose-
dependent antiviral activity with 50 nM, inhibiting >95% of HIV-1 replication in both
experimental systems (Figure 2A,B).

(A) (B) 

 
Figure 2. Apsi510 potently suppresses HIV-1 production. (A) HeLa cells transfected with pNL4.3
plasmid were treated with different concentrations of siRNA510, Ap(T30695) or Apsi510. Super-
natants collected after 48 h were used to infect TZM-bl cells and 48 h after infection, luciferase activity
was quantified. (B) HeLa cells were transfected with pNL4-3.Luc.R-E-plasmid and treated with
Apsi510 (6.25–50 nM). Luciferase activity was quantified 48 h after transfection.

4. Discussion

We successfully synthesized Apsi510—an HIV-1-specific integrase aptamer conjugated
to a dendron bound to HIV-1 TAR/poly A-specific siRNA510. Conjugation of siRNA510 with
the dendron molecule was expected to protect the siRNA from ribonuclease degradation and
to promote cell uptake via endocytosis, thereby increasing the antiviral activity of Apsi510.
Apsi510 was a very potent inhibitor of HIV-1 replication in two different experimental
systems. The antiviral activity of Apsi510 was higher than those of siRNA510 and Ap(T30695)
alone, suggesting an additive effect. A similar inhibitory activity has been obtained with
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other aptamer-siRNA-based compounds. For example, an anti-gp120 aptamer-anti-tat/rev
siRNA chimera had potent anti-HIV activity in vitro and in vivo [14]. Likewise, siRNA
aptamers against the HIV protease and the CCR5 co-receptor inhibited HIV-1 replication and
cell entry in vitro and in vivo [15]. As siRNA510 has the potential to block RNA expression,
Apsi510 may promote HIV latency by the block and lock strategy [1]. On the other hand,
as Ap(T30695) inhibits HIV-1 integration, Apsi510 may help to decrease the size of the HIV
reservoir and be useful in a shock-and-kill strategy for an HIV cure [1]. These potential
activities are being investigated in cell lines that model the HIV reservoir and HIV latency,
such as ACH-2 and J-lat E-6. In conclusion, Apsi510 has shown potent activity against HIV-1
and may be useful for the treatment, prevention and cure of HIV infection.
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Abstract: Halitosis is an unpleasant breath odor that interferes with self-confidence and with people’s
professional and social lives. The aim of this cross-sectional study was to evaluate the impact of
tongue coating on intra-oral halitosis in patients with periodontitis. The Winkel Tongue Coating Index
(WTCI) score was found to be positively and significantly correlated with VSC values (rho = 0.473,
p < 0.001). WTCI may be associated with levels of volatile sulfur compounds (VSCs) when other
causes of extra-oral halitosis are excluded.

Keywords: halitosis; tongue coating; periodontitis

1. Introduction

Halitosis or oral malodor is a unpleasant breath odor that impacts the quality of
life [1,2]. As one of the primary symptoms of periodontitis, halitosis frequently prompts
patients to seek treatment [3]. Intra-oral halitosis is caused by pathological conditions
(periodontitis and gingivitis) and physiological traits, particularly tongue coating (TC), a
grayish-white deposit on the tongue. Several studies have addressed the tongue coating
with halitosis, but the number of studies on the tongue coating impact on intra-oral halitosis
in periodontitis patients is still scarce. The aim of this cross-sectional study was to evaluate
the impact of tongue coating on intra-oral halitosis in patients with periodontitis.

2. Materials and Methods

This research received approval from the Egas Moniz Ethics Committee, following
the guidelines of the Helsinki Declaration from 1975, with the 2013 revisions. The study
participants were consecutively selected from the Periodontology Department at Egas
Moniz Dental Clinic for the purpose of periodontal assessment, spanning from October
2019 to March 2021. To be included in the study, participants needed to have periodon-
titis and be aged between 18 and 65. They were required to adhere to the recommended
methods for halitosis evaluation and provide informed consent. Exclusion criteria en-
compassed a history of previous periodontal treatment, recent antibiotic usage within
the last 4 weeks, a medical history of radiotherapy or chemotherapy, external sources for
halitosis, and pregnancy.

A single trained examiner conducted a comprehensive examination of the entire
mouth using a manual periodontal CP-12 probe (Hu-Friedy®, Chicago, IL, USA). The
definition of periodontitis followed the AAP/EFP 2018 consensus [4]. To diagnose halitosis,
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a two-step approach was employed: Step (1) A self-reported questionnaire was used to
rule out potential causes of extra-oral halitosis; Step (2) Volatile sulfur compounds (VSC)
were measured using a device (Halimeter®, Interscan Corp, Chatsworth, CA, USA). A
VSC concentration below 80 ppb indicated no detectable odor, while a concentration above
80 ppb indicated the presence of halitosis [5].

The evaluation of tongue coating was performed using the Winkel Tongue Coating
Index (WTCI) [6]. In summary, the dorsum (upper surface) of the tongue was divided into
six areas: three posterior and three anterior. Tongue coating in each of these sextants was
assessed and categorized as follows: 0 = no coating, 1 = light coating, 2 = severe coating.
The overall WTCI score was obtained by summing up the scores from all six areas, resulting
in a possible range of 0 to 12.

Data were analyzed by descriptive and inferential methodologies. Bivariate correlation
was assessed by the Spearman correlation coefficient (rho). A significance level of 5% was
established for the inferential analysis.

3. Results

The present study explored the correlation between the intra-oral halitosis (VCS
counting) and clinical parameters of periodontitis and tongue coating.

From a total of 71 participants, 51 were evaluated, regarding halitosis status, by VSC
counting. From those, 37.3% were diagnosed as exhibiting halitosis (VSC > 80 ppb). The
WTCI score ranged from 0 to 9, with a median value of 3 (±2). WTCI score was found
to be positively and significantly correlated with VSC values (rho = 0.473, p < 0.001). No
significant correlation was identified between WTCI and periodontal clinical parameters
Plaque Index (rho = 0.112, p = 0.437) and Gingival Index (rho = 0.083, p = 0.568).

4. Discussion

Although this study has its limitations, our current discoveries offer supplementary
evidence to clarify the impact of tongue coating on intra-oral halitosis in patients with
periodontitis. However, it’s important to note that these results are derived from a cross-
sectional study, and as such, prospective longitudinal studies are required to assess the
temporal relationship of these events.

5. Conclusions

Considering the constraints of this observational study, there appears to be a corre-
lation between the Winkel Tongue Coating Index and volatile sulfur compound (VSC)
levels in patients with periodontitis, after excluding other causes of extra-oral halitosis.
To establish a potential causal relationship, additional intervention studies are necessary.
Therefore, it is crucial to incorporate tongue scraping into oral hygiene instructions.
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Abstract: Yeast species other than Candida albicans are becoming more clinically relevant in the
Intensive Care Unit (ICU) landscape, making it important to identify them correctly. The aim of
this study was to evaluate the concordance of the identification of clinical isolates from ICUs, at the
species level, by conventional and molecular methods. All isolates (n = 371) underwent identification
by cultural, MALDI-TOF MS and PCR. The direct concordance between conventional and molecular
identification was 92% (341/371). These results allow us to conclude that culture-based methodologies
are still useful to reliably identify the most frequent yeasts, but for rare, uncommon or cryptic species,
technologies such as MALDI-TOF MS or PCR are needed.

Keywords: Candida spp.; MALDI-TOF MS; PCR; yeasts; identification

1. Introduction

Invasive fungal infections are increasing, and Candida spp. is the main cause [1]. Yeast
species other than Candida albicans are becoming more frequent, and some of them may
have variable patterns of susceptibility to antifungal agents, making it important to identify
them correctly [2]. Molecular amplification methods (polymerase chain reaction (PCR)) and
proteomic analysis by Matrix-assisted Laser Desorption Ionization–Time-of-flight Mass
Spectrometry (MALDI-TOF MS) techniques have emerged as alternative methods [3,4].
The aim of this study was to evaluate the concordance of the identification of ICUs isolates,
at the species level, by culture methods based on standard morphological and biochemical
criteria, MALDI-TOF MS and PCR.

2. Materials and Methods

During a two-year multicenter prospective observational study in ICU patients from
two tertiary hospitals located in the Lisbon metropolitan area, 988 axillar/inguinal swabs
were taken and identified at the species level to unveil the prevalence of C. auris at Por-
tuguese ICUs. This investigation has been approved by the Institutional Ethical Board of
all institutions enrolled.

All swabs’ isolates (n = 371) were plated on Sabouraud Dextrose Agar and chromogenic
agar (CHROMagar®). For C. albicans suspected colonies, a filamentation test was made.
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API® Candida or API® 20 C AUX galleries (bioMérieux, Marcy l’Etoile, France) were used
for identification according to the enzyme profile and sugar assimilation pattern. PCR
assays were optimized for C. auris and Candida cryptic species identification [5,6]. MALDI-
TOF MS methods analysis with Vitek–MS®(bioMérieux, Marcy l’Etoile, France) system
was used for definitive identification.

The following species presumptively identified by phenotypic methods from ICU
patient samples were studied: C. albicans complex (n = 183), C. parapsilosis complex (n = 115),
C. glabrata complex (n = 39), C. tropicalis (n = 15), C. guilliermondii (n = 3), C. famata (n = 2),
C. kefyr (n = 1), Saccharomyces cerevisae (n = 1), Rhodotorula sp. (n = 9) and Trichosporon sp.
(n = 3). ATCC collection strains C. parapsilosis 22019, C. glabrata 15126, C. albicans 90028 and
C. auris DSMZ 21087 were included in the study.

3. Results

Identification of the 371 isolates by MALDI-TOF MS included 355 Candida species
isolates. Namely, C. albicans (n = 185), C. parapsilosis complex (n = 112) [C. parapsilosis
sensu stricto (n = 109), C. orthopsilosis (n = 2), C. metapsilosis (n = 1)], C. glabrata (n = 36),
C. tropicalis (n = 15), C. lusitaniae (n = 4) and C. guilliermondii (n = 3). Other yeast species
included: Rhodotorula rubra (n = 9); Trichosporon inkin (n = 5); Trichosporon asahii (n = 1);
and S. cerevisae (n = 1). No isolate of C. auris was retrieved within this cohort. The direct
concordance between the conventional identification method and MALDI-TOF MS was 92%
(341/371). Discrepancies were observed with the following species: C. parapsilosis; C. glabrata;
C. tropicalis; C. guilliermondii; C. famata; and C. kefyr. In this work, MALDI-TOF MS allowed
the correct identification of the yeasts C. lusitaniae, C. guilliermondii, S. cerevisae, T. inkin and
T. asahii erroneously identified by conventional methods such as C. parapsilosis. There was a
100% correlation between MALDI-TOF MS and PCR assays for the identification of cryptic
species of C. albicans, C. parapsilosis, C. glabrata complexes and C. auris.

4. Discussion

The accurate identification of Candida and other yeast species is extremely important,
contributing to the increase of knowledge about the epidemiology of these microorganisms
in the ICU setting. As already published by other authors, a limitation of conventional
methods is the inability to identify cryptic species of C. albicans, C. parapsilosis and C. glabrata
or new emerging species like C. auris [7–9].

These results allow us to conclude that conventional methodologies are still useful
to reliably identify the most frequently isolated yeast species from clinical samples, but
when dealing with rare, uncommon, or cryptic Candida species, it is important to confirm
them using technologies such as MALDI-TOF MS. The PCR assays used allowed a reliable
species identification and has the potential to be implemented in a cost-effective manner
into epidemiological studies to broaden the limited knowledge of cryptic and rare species.
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Abstract: The frequency of Candida spp. isolates as a cause of hospital infections has risen, and
in vitro antifungal susceptibility testing (AST) plays an increasingly important role in guiding thera-
peutic decisions. This multicenter study aimed to determine AST pattern of Candida spp. isolates
from Intensive Care Unit (ICU) patients. In total, 674 patients were enrolled, and axillar/inguinal
swabs were collected at admission and during the ICU stay (5th and 8th day). In vitro AST was
performed on 355 Candida spp. isolates, according to the concentration gradient Etest® strip technique.
The overall susceptibility rates were 100%, 99.7%, 98.3%, and 97.7% for amphotericin B, voricona-
zole, anidulafungin, and fluconazole, respectively. The current study demonstrates that antifungal
resistance remains infrequent among Candida spp. isolates in Portugal’s ICUs.

Keywords: Candida spp.; ICUs; Fluconazole; Voriconazole; Amphotericin B; Anidulafungin; resistance

1. Introduction

The frequency of Candida spp. isolates as a cause of hospital infections has risen in
recent years, leading to high morbidity and mortality rates [1]. Studies have shown that
Candida species are the second or the third most common cause of septicemia in Intensive
Care Unit (ICU) patients [2], and Candida spp. colonization can be a predictor of candidemia
among this cohort of patients [3]. Most often empirical antifungals are prescribed for
candidemia, mainly based on locally and country-wide antifungal surveillance data, which
differ for every geographic region [4]. Therefore, this study aimed to evaluate antifungal
susceptibility pattern of Candida spp. colonization isolates from ICU patients.

2. Materials and Methods

In this multicenter prospective observational study, 675 patients in ICU were recruited
from January 2020 through December 2022. Collection of axillar/inguinal swabs was
made at admission and during the ICU stay (5th and 8th day). Patient data were obtained
through a form containing epidemiological and clinical information. This investigation
has been approved by the Institutional Ethical Board of all institutions enrolled. Isolates
were identified by cultural, Matrix Assisted Laser Desorption Ionization-Time of Flight
Mass Spectrometry (MALDI-TOF MS), and molecular methods. In vitro antifungals sus-
ceptibility tests (AST) were performed for fluconazole, voriconazole, amphotericin B, and
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anidulafungin, according to the concentration gradient Etest® strip technique, following
the manufacturer’s instructions. C. parapsilosis ATCC 22019 and C. krusei ATCC 6258 stan-
dard strains were used as quality controls. Results were interpreted based on the clinical
breakpoints recommended by the European Committee on Antimicrobial Susceptibility
Testing (EUCAST).

3. Results

In total, 355 Candida species isolates were recovered from 988 samples. E-test determi-
nation was performed for the isolates, namely, C. albicans (n = 185), the C. parapsilosis com-
plex (n = 112) (C. parapsilosis sensu stricto (n = 109), C. orthopsilosis (n = 2), and C. metapsilosis
(n = 1)), C. glabrata (n = 36), C. tropicalis (n = 15), C. lusitaniae (n = 4), and C. guilliermondii
(n = 3).

Most Candida species exhibited susceptibility to antifungals. Amphotericin B, voricona-
zole, and anidulafungin were the drugs for which all Candida species showed more sus-
ceptibility, which were, respectively, 100%, 99.7%, and 97.5%. The overall rate of resistance
to fluconazole was 2.3%. For fluconazole, NAC isolates were more resistant (1.4%) than
C. albicans (0.8%). The rates of susceptibility to fluconazole were 96.8, 95.5, and 100%
in C. albicans, C. parapsilosis, and C. tropicalis, respectively. For the other triazole tested,
voriconazole, resistance was only observed for C. albicans (1.6%) isolates, but 3.2% (6/185)
and 2.7% (3/112) of C. albicans and C. parapsilosis, respectively, presented MICs within the
intermediate category. Resistance to drugs within the same class was detected, with two
strains of C. albicans and one strain of C. parapsilosis showing resistance to the two azoles
tested. Resistance to anidulafungin was observed for three species: C. tropicalis (6.7%),
C. albicans (3.8%), and C. parapsilosis (2.7%).

4. Discussion

The current study demonstrates the prevalence and antifungal susceptibility pattern
of Candida species in Portugal’s ICUs. Within this cohort, antifungal resistance is infrequent
among Candida isolates. Similarly to published data, in our isolates, azole resistance was
noted in C. albicans, C. parapsilosis, and C. glabrata, whereas echinocandin resistance was
noted in C. albicans, C. parapsilosis, and C. tropicalis [5–8].

The overall rates of resistance were 2.3 and 0.3% for fluconazole and voriconazole,
respectively, which were in line with previous reports, particularly from other European
countries [2]. Studies on antifungal susceptibility profiles in Portugal are not recent
and used small samples, making it impossible to draw conclusions about antifungal
resistance [9,10]. Still, despite the differences in practical details and origin of the iso-
lates, Faria-Ramos et al. [10] reported higher resistance rates: 5 and 12% for fluconazole
and voriconazole, respectively.

In this study, three Candida spp. exhibited resistance to anidulafungin, namely,
C. tropicalis (6.7%, 1/15), C. albicans (1.6%, 3/185), and C. parapsilosis (0.9%, 1/112). C. glabrata
and other Candida spp. did not show any resistance to anidulafungin. These results were in
line with the resistance values reported in the literature [6,11,12].

In conclusion, these observations emphasized the importance of knowing the lo-
cal epidemiology and resistance patterns for Candida spp. within institutions to guide
therapeutic decisions.
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Abstract: Work-related musculoskeletal disorders (MSDs) are concerning among dental students.
The study aims to compare the prevalence of MSDs between male and female dental students. A
total of 63 dental students completed the Nordic Musculoskeletal Questionnaire. The results showed
that female students had a higher prevalence of symptoms in the neck and lower back compared
to those of the male students. In the weekly assessment, male students had a higher occurrence of
symptoms in the hands and wrists. These findings emphasize the need to address musculoskeletal
issues among dental students, targeting their different etiologies to prevent disabilities and early
retirements associated with MSDs.

Keywords: musculoskeletal disorders; dental students; sexual dimorphism; ergonomy

1. Introduction

In recent years, work-related musculoskeletal disorders (MSD) have become one of
the most important health issues among health care workers [1]. Up to 95.8% of dentists
could develop MSDs in their lifetime and 92% reported musculoskeletal pain in the last
year [1–3]. This issue began early in dentist’s careers, with a prevalence among students
between 44% and 93% [2,4,5], with an increasing number of preclinical dental students
voicing concerns about MSDs [3]. MSDs contribute considerably to sick leave, reduced the
students’ productivity and terminating their clinical practice earlier than they desired [1,3].

MSDs are defined by the World Health Organization (WHO) as a disorder of the
muscles, ligaments, tendons, joints nerves, and bones not directly resulting from an acute or
instantaneous event (e.g., slips or falls). MSDs are work-related when the work environment
promotes their development [1]. Dental professionals have higher risk of developing
musculoskeletal disorders or symptoms compared to that of the general population [1,2].
Although increasing evidence is suggesting that psychosocial factors may be associated
with the prevalence of MSD, the physical burden of clinical work associated with incorrect
postures or poor body mechanics have been described as the major factors associated
with MSDs referred by dental health workers [1,3,4]. The characteristics of clinical work
and prevalence results demonstrate that female students are more susceptible to develop
MSDs [6–9].

Therefore, the aim of this study is to compare the prevalence of musculoskeletal
disorders between male and female dental students.

2. Materials and Methods

The participants of this study were students from the fourth and fifth years of their
integrated master’s degree in dentistry at Egas Moniz School of Health & Science enrolled
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in clinical practice. We provided an intuitive and easy online form of the Nordic Muscu-
loskeletal Questionnaire (NMQ) to collect the data, which has shown good reliability and
moderate validity for use in epidemiological studies [10].

3. Results

A total of 117 students were contacted to participate, and 85 answered the question-
naire, achieving a response rate of 72.7%. Ten were excluded due to being older than
30 years, and 12 were excluded for having been diagnosed with ongoing musculoskele-
tal injuries, leaving a total of 63 participants. The total was composed of 81% women
and 19% men with the following characteristics: 22.54 ± 1.51 years, 1.67 ± 0.08 m, and
59.95 ± 11.11 kg. Descriptive statistics by sex are described in Table 1.

Table 1. Sociodemographic data by sex.

Students Age (years) Height (m) Weight (kg)

n (%) Mean ± SD [range] Mean ± SD Mean ± SD
Female 51 (81%) 22.57 ± 1.54 [20–28] 1.64 ± 0.06 56.67 ± 8.53
Male 12 (19%) 22.42 ± 1.44 [20–25] 1.78 ± 0.09 73.92 ± 10.12

Abbreviations. SD = Standard deviation; kg = kilogram; m = meter.

The occurrence rate by sex was assessed within the last year and week, and they
are represented in Figure 1. In a 12-month span, the most frequently reported symptoms
among women were in the neck (68.6%) and lower back (66.7%), while among the men,
they were in the lower back (58.3%) and shoulders (41.7%). A total 92.2% of the female
students reported symptoms in at least one body region over the past year, while among
the men, the total prevalence was 91.6%.

Figure 1. Annual and weekly prevalence of musculoskeletal symptoms among dental students.

The weekly higher occurrence rates were in the neck (68.6%) and lower back (27.5%)
among the women and wrists and hands (75%) and neck (66.7%) among the men. For a
week-long period, 58.8% of the female students reported symptoms in one or more body
regions, while among the men, this rate was 50%.

4. Discussion

The oral cavity represents a very small working area [2]. Dentists’ work position
necessitates them leaning their head towards the patients with their arms distant from their
body and continuously rotating their trunk, while maintaining high levels of attention and
concentration for long periods. The repeated use of these positions results in excessive
and continued pressure placed on the musculoskeletal structures in the neck, shoulders,
trunk, and waist, exacerbating and highlighting the MSD impact among people in this
profession and ultimately leading to a reduced working efficiency and prematurely disabled
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dentists [2,4,5,9]. Dental procedures, such as the filling of a cavity or the preparation of a
root canal, require static postures [11], which are defined as positions that are maintained
for more than four seconds [12]. The kinematic analysis of the work-related musculoskeletal
loading of trunks determined that the static positions of a dentist’s head and trunk are
generally retained for 27.4% and 23.6% of the treatment time, respectively [2].

The present study aimed to monitor and compare the development of musculoskeletal
complaints between male and female dental students.

The neck and lower back are the most frequently reported sites of pain, with occurrence
rates being generally higher in comparison to those of previous studies [1,6–9]. However, it
is important to note that comparisons across studies should be made cautiously, considering
factors such as the study design and sample sizes.

Ergonomics and sexual dimorphism could play significant roles in understanding
the occurrence and development of musculoskeletal disorders in dentistry students. The
occurrence of neck pain is more common higher among women within the general popu-
lation [13], and this is explained by the existence of different physiological mechanisms
for pain perception between sexes. Despite the asymmetry in the male and female par-
ticipants that could influence the weight of each change between the groups, our results
reflect a larger difference between the sexes when comparing to the general population,
with women (68.6%) having an annual rate that is twice as large as that of men (33.3%).
Since dental work often involves prolonged periods of head tilting, which can lead to the
overloading of neck muscles and cervical spine joints, an association between this and the
described sexual dimorphism for pain perception could present a possible explanation for
this higher incidence. Conversely, symptoms in the lower back are commonly associated
with incorrect sitting postures, forward bending, and a lack of hip tilting during work. Al-
though the prevalence of neck and lower back symptoms is high, a disparity between sexes
was only observed for the neck, which could suggest that the physical burden associated
with clinical practice is potentially greater on the neck than it is on the lower back. The
total annual prevalence of MSDs for all body regions was similar between the male (91.6%)
and female (92.2%) students and is in line with reported outcomes in previous studies on
dental students [2,4,5] and dentists [1–3].

In a weekly report, the symptom rates between men and women were similar, except
in the hands and wrists, with men (75%) having a more than five times larger rate than
women (15.7%). Improper techniques with the sustained contraction of wrist muscles
and inappropriate ergonomic support were previously observed as the causes of these
symptoms [14] and could explain these differences. The overall rate of MSDs within a
one-week period is slightly higher among the female students (58.8%) compared to that
of the male students (50%). However, it is noteworthy that this means that one out of
every two students experienced some form of MSD in the previous week. These findings
raise concerns regarding the need to urgently develop and implement preventive strategies
tailored to the specific needs of each student group, both in the short and long terms.
Education on work-related MSDs, preventive exercises, posture correction, and ergonomic
aid implementation could be important measures to reduce the differences between the
sexes and the global prevalence of MSDs among dental students.

5. Conclusions

Our findings highlight the importance of addressing musculoskeletal issues in dental
professionals, even among students, to prevent potential disabilities and early retirement
associated with these conditions. Addressing these issues with an intervention targeting
their different etiologies and students’ sexual differences could promote better outcomes
and reduce the general MSD prevalence rates among dental students.
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Abstract: Childhood experiences have a significant impact on the development of resilience, shaping
an individual’s capacity to cope with stress and adversity throughout their lifespan. This study
aimed to analyze the relationship between positive childhood experiences (PCEs), adverse childhood
experiences (ACEs), and resilience in adulthood. The results revealed that emotional and physical
abuse and emotional and physical neglect are negatively correlated with PCEs and resilience. PCEs
protect individuals against ACEs and promote better health and resilience in adulthood. The findings
emphasize the importance of reducing ACEs and increasing PCEs in childhood, preventing long-term
impacts and mental health outcomes, and increasing resilience levels.

Keywords: childhood experiences; resilience; adults

1. Introduction

Childhood experiences are important for an individual’s development and well-being
throughout their life [1,2]. While adverse childhood experiences (ACEs), such as abuse or
neglect, can interfere with the development of resilience, decreasing one’s levels of it [3,4],
positive childhood experiences (PCEs), like having a stable routine, can promote it [5],
enhancing mental and physical health in adulthood [6–10].

Resilience plays an important role during a child’s development and corresponds to
the ability to adapt to adversity and overcome difficulties [6,11]. ACEs can affect resilience
through difficulties in establishing emotional bonds, lower self-esteem, and psychopatho-
logical symptoms [4], leading to an impaired capacity for developing resilience [12]. On the
other hand, PCEs can contribute to healthy relationships and future social experiences [5],
having a positive effect against adversity through an improvement in resilience and avoid-
ance of adversity reoccurrence later in life [7,11]. Research suggests that the quality of
parental care and support received during childhood can impact the development of re-
silience and an individual’s ability to cope effectively with stressors later in life [13,14].
The present study aims to analyze the relationship between childhood experiences and
resilience in adulthood.

2. Materials and Methods

Our sample comprised 76 Portuguese adults, 54 women (71.1%) and 22 men (28.9%),
with ages between 18 and 70 (M = 35.59, SD = 15.30). Participants answered questions from
sociodemographic questionnaires online, the Benevolent Childhood Experiences Scale [9],
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the Childhood Adverse Experiences Questionnaire [15], and the Resilience Scale [16]. All
participants granted their consent to participate in this study. The study followed the
ethical principles outlined in the Declaration of Helsinki [17] and was approved by the
Institutional Review Board of Egas Moniz School of Health and Science.

3. Results and Discussion

The results showed that emotional abuse is positively correlated with physical abuse
(r = 0.696, p < 0.001) and with emotional (r = 0.546, p < 0.001) and physical neglect (r = 0.332,
p = 0.003). Physical abuse is positively correlated with both emotional (r = 0.416, p < 0.001)
and physical neglect (r = 0.256, p = 0.026). There are also positive correlations between
emotional and physical neglect (r = 0.432, p < 0.001). Negative correlations were found
between emotional neglect and self-determination (r = −0.343, p = 0.002), adaptability
(r = −0.281, p = 0.014), resilience (r = −0.333, p = 0.003), and PCEs (r = −0.600, p < 0.001).
Both physical (r = −0.251, p = 0.029) and emotional abuse (r = −0.252, p = 0.028), as well as
physical neglect (r = −0.384, p < 0.001), are negatively correlated with PCEs.

These findings are consistent with the existing literature, showing that multiple ACEs
(e.g., emotional neglect) are susceptible to co-occurring [18] due to risk factors, such
as dysfunctional family dynamics [19], and are associated with lower levels of PCEs
(e.g., supportive family environment) [20,21] and resilience [21]. Research suggests that the
tendency to experience several ACEs [19] can generate cumulative problems in an individ-
ual’s life [22]. This can interfere with emotional support and a nurturing environment [23],
contributing to fewer PCEs [20,21] and impairments in the development of resilience [21].
Later in life, exposure to ACEs can lead to impairments in the psychological and social
functioning of an individual [4]. On the other hand, studies have also reported that the
presence of at least six types of PCEs could mitigate the effects of ACEs [24,25], leading to
better mental health [10] and the development of resilience through an adequate response
to adversity [25].

The results also show that women experience more emotional negligence, t(74) = 11.252,
p = 0.001, sexual abuse, t(74) = 11.594, p < 0.001, physical abuse, t(74) = 15.810, p < 0.001,
and emotional abuse, t(74) = 4.366, p = 0.004, than men. Our results are in line with those of
other research. The literature argues that women are more likely to experience ACEs due
to gender-based violence (e.g., sexual abuse) [26].

Assessments of ACEs, resilience, and positive factors (PCEs) will allow a better under-
standing of an individual’s needs and a better adjustment of the support needed for positive
functioning and well-being [12]. The present study may be constrained by limitations, such
as a non-representative sample, due to its insufficient size and lack of heterogeneity in
gender representation, restricting the ability to accurately capture the diverse characteristics
of the larger population. Our results show the importance of implementing preventive
actions to promote childhood protection and foster close relationships for stable and healthy
mental development.
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Abstract: One of the most common oral diseases and a public health concern is dental caries. Risk
assessment and health factor identification are necessary for prevention. Our research focuses on
evaluating how dental caries experience is affected by employability. Radiological, oral, sociode-
mographic, and behavioral questionnaires were included in the investigation. Individuals who are
unemployed display an increased occurrence of tooth decay. Regarding employability, the results
showed a significantly lower experience in employed participants when compared to unemployed
participants. Employability should be considered as a relevant health determinant of dental health.

Keywords: dental caries; public health; risk factor; employability

1. Introduction

Dental caries, affecting approximately 2.3 billion permanent dentitions worldwide,
stands out as one of the most prevalent diseases. This condition is marked by a dysbiosis
of the oral biofilm, primarily caused by fermentable carbohydrates [1]. As well as a
lower perceived quality of life, dental caries are associated with considerable economic
burdens [2]. Dental caries can result in eating difficulties, tooth loss, and toothache and
may also lead to absence from school and work if not effectively managed [3,4]. Several
groups within the population are at greater risk of dental caries, resulting in an unequal
distribution of caries among the population [1]. The risk is increased by a number of
factors, including cariogenic bacteria, cariogenic diets, oral hygiene habits, dental anxiety,
socioeconomic status, education level, smoking habits, and others [5]. Gaining a thorough
comprehension of these factors at the population level is imperative for devising effective
oral health promotion strategies and policies [6]. Providing aggregated data on caries
experience and factors related to it [7,8], a retrospective analysis was performed of a cohort
of initial dental visits to a renowned Portuguese university hospital. Our primary objective
was to assess caries experience and employability within the study population.

2. Materials and Methods

2.1. Sample Size, Study Design, and Setting

A secondary analysis of initial patient visits to a university dental clinic, specifically
the Egas Moniz Dental Clinic in Almada, Portugal, is presented in this study. Data were
collected for this study from an ongoing database of first-time patients that began on
1 January 2016 and was completed on 13 March 2020 using a nonprobability sampling
approach. The initial appointments encompassed a thorough process, incorporating a self-
reported health questionnaire, a comprehensive clinical examination of the entire mouth,
and radiographic evaluations (including panoramic X-rays and/or bitewings). In addition,
this study collected data on age, sex, education level, employment status, general medical
history, medications used, smoking habits, and oral hygiene practices via self-reported
questionnaire. A dental student observed the participants during the examination, and
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a qualified clinical assistant verified the final diagnosis. Patients were informed about
their condition and treatment plan. This study required patients to give written consent,
to be willing to participate, and to be 18 or older to be eligible. Patients with incomplete
data or edentulous teeth were excluded. Due to the possibility of dental caries causing
edentulism, it was excluded from this study. A higher prevalence of periodontitis has been
reported in the observed population [9], which could result in an overestimation of dental
caries, especially in the missing teeth component. This study did not include patients with
disabilities or special needs since they are managed by the Egas Moniz Dental Clinic’s
Special Needs Department.

2.2. Dependent Variables

We employed a dichotomous variable (present or absent) to assess caries experience.
Additionally, we utilized the DMF index as a continuous variable since it is the most used
index for dental caries.

2.3. Independent Variables

Self-reported questionnaires were used to collect sociodemographic and behavioral
information. Age, sex, education level, and occupation are important independent variables
for determining health determinants and sociodemographic factors. Caries are predicted
using several of these variables [10]. Males and females were divided into two groups by
gender. The subjects were divided into four age groups based on their age: 18–24, 25–44,
45–64, and 65+. Regarding occupation, subjects were categorized into four categories:
student, employed, unemployed, and retired.

2.4. Statistical Analysis

The data analysis was conducted using IBM SPSS Statistics version 28.0 for Windows
(IBM Corp., Armonk, NY, USA). An analysis of the collected data was conducted using
the Kruskal–Wallis test, a non-parametric statistical test, followed by an analysis of the
pairwise differences using the Bonferroni test as a post hoc analysis.

3. Results

Participant Inclusion and Characteristics

The 9860 incoming patients met the eligibility criteria in 9349 (94.8%) cases, while 511
were excluded. In total, 36 (59.9%) of those excluded were younger than 18, 204 (39.9%)
were edentulous, and 1 (0.2%) had an incomplete triage questionnaire. Among the 9349
participants, 59.8% were females, and 64.3% were aged 25 to 64, according to Table 1. In
terms of occupation, the majority, 53.3%, were employed, with a smaller proportion of
11.6% unemployed, while 35.2% were either students or retired.

Table 1. Participant sociodemographic characterization (n = 9349).

Variable Sub-Variable n (%)

Gender Female 5592 (59.8%)
Male 3757 (40.2%)

Group by age (years) 18 to 24 1867 (20.0%)
25 to 44 2907 (31.1%)
45 to 64 3101 (33.2%)
≥65 1474 (15.8%)

Occupation Student 1616 (17.3%)
Employed 4980 (53.3%)

Unemployed 1083 (11.6%)
Retired 1670 (17.9%)

This study involved a total of 9349 individuals, out of which 8521 (91.1%) reported
dental caries experience. Table 2 reveals that unemployed individuals exhibited a statisti-
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cally significant increase in both decayed teeth and missing teeth (p < 0.001) in comparison
to their employed counterparts. The study findings indicate that the mean number of filled
teeth was significantly higher among employed individuals compared to their unemployed
counterparts.

Table 2. Dental caries and sociodemographic, health, and behavioral factors (n = 8521).

Variable Sub-Variable n (%) Decayed Missing Filled DMFT Mean

Gender
Female 5090 (59.7%) 5.8 (4.3) a 6.6 (7.4) a 3.3 (3.6) a 15.7 (8.2) a

Male 3431 (40.3%) 6.3 (4.8) b 6.5 (7.4) a 2.7 (3.3) b 15.5 (8.2) a

Group by age
(in years)

18 to 24 1496 (17.6%) 4.6 (4.5) a 0.7 (1.5) a 1.9 (2.6) a 7.3 (6.3) a

25 to 44 2702 (31.7%) 6.9 (4.9) b 3.5 (4.5) b 3.6 (3.7) b 14.1 (7.0) b

45 to 64 2932 (34.4%) 6.2 (4.1) c 9.4 (7.2) c 3.7 (3.8) c 19.2 (6.7) c

≥65 1391 (16.3%) 5.5 (4.1) d 13.9 (7.9) d 2.1 (2.8) a 21.5 (7.0) d

Occupation

Student 1255 (14.7%) 4.1 (4.2) a 0.9 (2.2) a 2.2 (2.8) a 7.2 (5.5) a

Employed 4661 (54.7%) 6.4 (4.5) b 5.7 (6.2) b 3.7 (3.8) b 15.8 (7.3) b

Unemployed 1024 (12.0%) 7.4 (5.1) c 8.3 (7.9) c 2.7 (3.4) b 18.4 (7.5) c

Retired 1581 (18.6%) 5.6 (4.1) d 13.4 (8.0) d 2.2 (2.8) a 21.2 (7.1) d

Data are mean (standard deviation). Different letters indicate statistically different mean values (Bonferroni,
p < 0.05). Abbreviations: DMFT: Decayed, Missing, Filled Teeth index; n—number of participants. Statistical
analysis for a significance level p < 0.05.

4. Discussion

This study highlights a high incidence of dental caries in the population. Among
the participants, 91.1% had at least one tooth affected by dental caries, emphasizing its
widespread prevalence globally [1,11]. The results might concern both the population in
the Portuguese capital and those in less developed rural areas. Further epidemiological
studies can aid the government in devising improved oral health policies [12].

Occupation is a significant variable. Unemployed participants showed higher dental
caries rates, consistent with previous studies suggesting poorer oral health among the
unemployed. Occupational settings can influence oral health, and socioeconomic status
based on occupation is a common variable in epidemiological studies. Workplace stress,
healthcare policies, and health insurance can affect oral health in older adults [13].

There are several potential explanations for how unemployment can affect oral health.
One possibility is that dental treatment costs can be high even for those who are employed,
and in certain countries, access to public dental care is limited or practically nonexis-
tent [13,14].

Dental caries is a dangerous disease, but due to its risks and dynamic nature, more
epidemiological research is needed to understand how it affects Portugal’s population.

5. Conclusions

The incidence of caries in this population was quite high, and the existence of this
condition was found to be significantly linked with occupation. In understanding dental
caries, variables and determinants must be understood; however, behavioral and cognitive
biases must be considered as well. These data could be utilized to prepare comprehensive
epidemiological research and public health interventions in the future.
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Abstract: Oral health is particularly important in adolescents undergoing orthodontic treatment.
However, studies have shown that, in this period, behaviors that are favorable toward oral health
appear to decrease. Measures such as self-prevention and self-promotion do not seem to be as effective
as they should be. This study has assessed dental hygiene habits and knowledge regarding oral
health using a questionnaire that was given to the participants. The sample consisted of 200 subjects
aged between 10 and 24 years old. The results suggest that there is a lack of knowledge surrounding
oral-self-care and prove the need to invest in oral health education.

Keywords: oral health education; adolescents; self-prevention; health promotion

1. Introduction

Oral health is crucial, particularly in adolescent patients because of the physical and
mental transformations that happen in this phase. Therefore, the habits acquired in this
phase tend to have future repercussions on the self-esteem and health behavior of the
individual. However, studies have shown that, in this period, behaviors that are favorable
toward oral health appear to decrease since oral health is considered to be less important
from their perspective. Measures such as self-prevention and self-promotion do not seem
to be as effective as they should be [1–4]. This line of study aims to identify the mental
representation of a part of the body, namely, the inner oral cavity. In the present study, we
seek the perception of adolescents on this topic with the mere objective of contributing to
the creation of innovative oral health strategies and health instruments.

2. Materials and Methods

This study assessed the dental hygiene habits and knowledge regarding oral health us-
ing a questionnaire that was given to the participants. The sample consisted of 200 subjects
aged between 10 and 24 years old in consultations at the Egas Moniz University Clinic [5].
They were first asked to draw the interior of their oral cavity before and after undergoing
orthodontic treatment. Then, they were invited to answer a questionnaire concerning oral
health behaviors and knowledge. Finally, the patients were given information to help them
maintain and improve their self-care. The data were then analyzed using various tools;
among them was a content analysis grid, created especially for this study, that was made of
analytical categories and subcategories [6]. The data obtained were also analyzed using the
statistical software IBM SPSS 28.

3. Results

While adolescents are at risk of developing dental health problems due to their oral
health habits but also their knowledge and motivation, the results showed that there is a
significant lack of knowledge in adolescents, especially in terms of frequency of brushing,
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duration, and technique of brushing. Only 67 patients (33.5%) revealed that they brush the
inside surface of the tooth, and most of the sample (62%) admitted brushing their teeth
for approximately 2 min. Although 78.5% of the adolescents, through the orthodontic
consultations, reported that they had access to information regarding their health, the
results showed that they did not use it properly. Regarding the results obtained from the
drawings, they indicate that there is a low area of knowledge surrounding the interior of
the oral cavity. Although the subjects were asked to draw the interior of the oral cavity,
55.5% of drawings represented a broad smile in M1 (before) and 60.5% represented that in
M2 (after the orthodontic treatment), supported by an extra-oral view.

4. Discussion

Firstly, the results showed that most of the subjects demonstrated a lack of oral health
knowledge. When asked how do you brush your teeth?, most of the patients admitted
brushing the occlusal and facial face, whereas 67 subjects (33.5%) stated that they brushed
the lingual face. Then, when asked are you using any additional tools to clean your teeth?,
85 patients (42.5%) responded that they were not. Nevertheless, not only this, but in most
cases they revealed to have already received some information about oral hygiene, and
they also disclosed that they perceived this information well (Tables 1 and 2).

Table 1. Descriptive analysis regarding the information about oral hygiene received by the patients.

Have You Already Received Some Information about Oral Hygiene
since You Started Orthodontic Treatment?

N %

Yes 157 78.5
More or less 40 20

No 3 1
Total 200 100

Table 2. Descriptive analysis regarding the perception of the received information.

If So, Did You Understand the Received Information Well? N %

Yes 196 99.5
No 1 0.5

Yes, but I still have some doubts 0 0.0
Total 197 100

Furthermore, it is surprising that most of the adolescents in the study self-evaluated
their oral health as being good (64%) or reasonable (25.5%) when asked.

In relation to the inner oral cavity knowledge, the patients were asked if they knew
the number of teeth in their mouth. The results showed that only 26.5% were assumed to
know it, and 58.5% responded incorrectly (Table 3).

Table 3. Descriptive analysis regarding the self-perception of the number of teeth.

Do You Know How Many Teeth You Have in Your Mouth? N %

Yes 53 26.5
More or less 107 53.5

No 40 20
Total 200 100

Secondly, concerning the results of the content analysis of the drawings obtained, the
data indicate that the self-perception of the inner oral cavity was perceived as a smile by the
subjects. In fact, the adolescents’ drawings represented a broad smile from an extra-oral view,
which was in contradiction with what they were assigned to do—draw the interior of your
oral cavity (Table 4, Figure 1).
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Table 4. Descriptive analysis regarding the view category.

View Category
M1 M2

N % N %

Extra-oral view 111 55.5 122 61

Intra-oral view 89 44.5 77 38.5

Total 200 100 200 100

  
Figure 1. Drawings from a patient representing a broad smile from an extra-oral view.

5. Conclusions

To conclude, adolescents need to receive better education on oral hygiene care in
order to enable self-prevention and self-promotion and hence facilitate this. Information
should be given regularly as it showed efficacy in the short term and adolescents should
be continually reminded of it. To this end, the shortage of knowledge proves the need to
invest in oral health education.
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Abstract: This study was conducted to assess the oral status of nursing home residents diagnosed
with dementia in the Lisbon region, Portugal. In this cross-sectional observational pilot study, the
oral and dental status were evaluated by determining the Decayed-Missing-Filled-Tooth (DMFT)
index, frequency of oral hygiene, presence of erosion lesions or mucosal lesions, presence of dentures,
and Shorted Xerostomia Inventory (SXI-5). This study aims to be a starting point for a broad analysis
of this population and a further determination of potential associations between oral status and
anamnestic factors as well as dementia data.

Keywords: oral health; nursing home; dementia

1. Introduction

According to the World Health Organization (WHO), dementia is a group of disorders
that affect memory, thinking, and the ability to carry out daily activities [1]. It is the leading
cause of disability, dependence, and mortality, particularly among the elderly. Few studies
have attempted to establish a link between oral health and brain health [2–4]; however,
evidence suggests that people with dementia are more likely to have poor oral health, such
as increased dental plaque, poorer periodontal condition, more coronal and root caries,
higher Decayed-Missing-Filled-Tooth (DMFT) scores, a smaller number of remaining teeth,
and fewer dentures to replace lost teeth [2,5–7]. In addition, some studies have linked oral
disease to the subsequent risk of developing cognitive impairment and dementia [8]. The
prevalence of oral health problems increases in cognitively impaired people, particularly
those with dementia, due to their declining cognitive abilities, memory loss, learning
disabilities, attention deficits, and deteriorating motor skills [3]. This vulnerability is even
greater in care home residents, where oral health is often overlooked. In this sense, this
study aimed to evaluate the oral status of nursing home residents diagnosed with dementia
in the Lisbon region, to further determine possible associations between oral health status
and anamnestic factors as well as dementia data.

2. Materials and Methods

This was an exploratory cross-sectional pilot study among elderly people living in
nursing homes in the Lisbon region, Portugal, conducted between March and May 2023.
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The study was reviewed and approved by the Ethics Committee of the Egas Moniz School of
Health and Science, Portugal (1182, 26 January 2023), and Montepio Residences. Residents
or their legal guardian were informed about the study verbally and in writing and gave
written informed consent. A total of nine elderly people living in three different nursing
homes in Lisbon (Residência Montepio da Parede, Parque das Nações, and Montepio)
were included in this study. The inclusion criteria included newly admitted residents
in Montepio Residences, written informed consent, and a diagnosis of dementia by the
assistant clinician. Participants who did not meet these criteria were excluded from the
study. Oral examinations were performed by a single dentist (J.P.L.) using a headlamp,
mouth mirror, and exploratory and periodontal probes, mostly in the resident’s room, but
occasionally in other designated private rooms for observation. Residents were examined
in a sitting or reclining position. The examination was recorded, transcribed into the
patient’s medical record, and entered into the study database. The examinations included
oral health questionnaires and a full-mouth examination. The DMFT index was used to
assess caries experience [9]. DMFT is a numerical expression of caries prevalence obtained
by summing the number of decayed (D), missing (M), and filled (F) teeth (T). The sum
of these numbers gives the DMFT index value, which can range from 0 to 32, including
wisdom teeth. In addition, oral hygiene frequency and the assessment of the presence
of erosive lesions, mucosal lesions, and dentures were completed. The Short Xerostomia
Inventory (SXI) is a sum rating scale comprising five domains, and it assigns a continuous
scale score between 5 and 15, indicating the severity of chronic xerostomia [10]. The data
collected were used to determine the urgency of intervention required. Data collection
followed the recommendations of the World Health Organization (WHO) in Oral Health
Surveys–Basic Methods, 3rd edition [9]. Cognitive impairment was assessed using the Mini
Mental Status Examination (MMSE). This scale allows patients to be scored on a scale from
0 to 30 points. A person is considered to have cognitive impairment if they score 14 or less
and are illiterate. If the person has 1 to 11 years of schooling, a score of 22 or less indicates
cognitive impairment. However, if the person has more than 11 years of schooling, a score
of 27 or less indicates cognitive impairment [11].

3. Results

A total of nine participants (77.8% female) were evaluated. The mean MMSE score
was 13.1. The mean age of the participants was 83.4 years, with a range of 74–92 years. All
had completed primary education, only. The mean number of comorbidities was 4.4, and
the participants had a mean of 6.1 for permanent medications. The data on population
characteristics are shown in Table 1.

Table 1. Characteristics of the total study population.

MMSE, mean (range) 13.1 (2–22)
Gender, n (%)

Female 7 (77.8%)
Male 2 (22.2%)

Age in years, mean (range) 83.4 (74–92)
Education level, (n) Basic education (9)

Number of medical conditions, mean (range) 4.4 (3–6)
Number of medications, mean (range) 6.1 (1–10)

n = number of cases.

Information regarding the oral health evaluation is presented in Table 2. Two patients
were edentulous (22.2%) and, therefore, did not participate in the dental examinations.
The mean number of remaining teeth was 15.3, ranging from 4 to 25 teeth still present.
The mean DMFT index was 22.1, with a total of 32 decayed teeth, 111 missing teeth, and
12 filled teeth accounted for. Regarding oral hygiene, most patients reported brushing their
teeth at least once a day (44.4%). Mucosal lesions were found in five patients and consisted
of ulceration (n = 1), prosthetic stomatitis (n = 1), hemangioma (n = 1), fibroma (n = 2), and
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a white lesion on the dorsum of the tongue referred for biopsy and differential diagnosis.
Removable dentures were used by only two participants (22.2%), and both were acrylic
removable dentures. SXI scale score was, on average, 9 (5–13). Regarding the urgency of
intervention after the oral health study, all of the individuals are in need of treatment, and
one of the patients was referred for further evaluation.

Table 2. Oral health status observed in dementia patients.

Prevalence of edentulism (%) 22.2
Number of remaining teeth among dentate

patients
1–9 (%) 22.2

10–19 (%) 22.2
20 or more (%) 33.3

DMFT index, mean (range) 22.1 (16–32)
No. Decayed Teeth (DT), n 32
No. Missing Teeth (MT), n 111

No. Filled Teeth (FT), n 12
Oral hygiene frequency, n (%)

Never 0 (0)
Once a day 4 (44.4)

More than once a day 3 (33.3)
Presence of erosion lesions, n (%)

No signs of erosion 2 (22.2)
Enamel lesion 2 (22.2)
Dentinal lesion 2 (22.2)

Pulp involvement 0 (0)
Presence of oral mucosal alterations, n (%) 5 (55.6)
Wearing a removable dental prosthesis (%)

Yes 22.2
No 77.8

SXI-5, mean (range) 9 (5–13)
Intervention urgency
No treatment needed 0 (0)

Preventive or routine treatment needed 3 (33.3)
Prompt treatment including scaling needed 3 (33.3)

Immediate (urgent) treatment needed 2 (22.2)
Referred for comprehensive evaluation 1 (11.1)

4. Discussion

The results are consistent with the literature and confirm poor oral health in people
with dementia; a high prevalence of edentulism, no dentures to replace lost teeth, more
coronal and root caries, higher Decayed-Missing-Filled-Tooth (DMFT) scores, and a need for
intervention in all individuals were observed. The frequency of oral hygiene assessed was
not consistent with the oral hygiene observed, which was generally very poor. A complete
periodontal assessment is of paramount importance, as well as the determination of plaque
and gingival index to provide a quantitative and comparable analysis of oral hygiene
and gingival inflammation. Further studies should focus on the relationship between
the patients’ oral health, the type of dementia, and the severity of cognitive impairment.
Moreover, exploring the carers’ oral health knowledge, practices, and barriers they face
when performing oral hygiene will provide a better understanding of how to improve the
oral health of people with dementia.

5. Conclusions

These preliminary results are in line with the literature and can serve as a basis for
further research into the oral health of people with dementia. The findings of this study
should encourage patients, carers, health professionals, and dentists to ensure regular
preventive dental examinations and treatments for individuals with dementia.
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Abstract: Early screening of diabetes is crucial. This study’s objectives are to evaluate the levels
of glycemia, HbA1c and body mass index (BMI) in students of secondary schools, to describe and
frame the levels evaluated and detect potential cases of pre-diabetes or unknown diabetes. A Level I
descriptive study with a sample of 234 students allows us to discover that 89% had unaltered blood
levels of glycemia. Furthermore, 5% had altered glycemia levels and 69% of female and 73% of male
students had a normal BMI value. Of the students, 21% and 16% of females and males, respectively,
were overweight, and 9% of males were “Obese”.

Keywords: blood glucose; glycosylated hemoglobin; teenagers; BMI; diabetes

1. Introduction

The assessment of blood glucose, glycosylated hemoglobin and BMI are increasingly
important to prevent diseases [1–3]. Measuring these at schools plays a key role in education
for healthy lifestyle habits. Some measurements have already been taken, namely the
removal of some carbohydrate-rich foods at bars and training at curricular units in the
health area [4]. Diabetes is characterized by an increase in the level of glucose in the blood,
i.e., hyperglycemia, and is associated with several complications, including retinopathy,
nephropathy, neuropathy and an increased risk of cardiovascular disease. Type 2 diabetes
in children [5] and young people is clearly related to the increase in childhood obesity, as a
result of the currently lived sedentary lifestyle and a predominantly hypercaloric diet [6].
In this research paper, we evaluated the levels of glycemia, glycosylated hemoglobin,
body mass index (BMI) and measurement of weight-for-height/length [2] in students of
secondary schools. As a secondary outcome, we described and framed the levels assessed,
detected potential cases of prediabetes or detected unknown positive cases or severe acute
malnutrition cases [6], clarifying and referring to medical consultation to confirm the
pathology. An informed consent form was drawn up and delivered to secondary schools,
so that parents would be aware of the contents of screening and they could consent or
refuse the participation of their child.

2. Materials and Methods

The sample consisted of 234 students with ages between 14 and 19 years from two
secondary schools (Moita e Ramada) that were selected using the convenience method. Of
the students, 145 were from the E.S. (secondary school) of Moita (62%) and 89 are students
from E.S. da Ramada (38%). A mixed methodology (quantitative and qualitative) and a
Level I descriptive study were employed.
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Informed consents were given to those responsible for the education of the students.
Only after we had obtained their consent we proceeded to the collection and assessment of
the aforementioned parameters.

Cases with values of glycemia under 70 mg/dL resulting from prolonged periods of
fasting were excluded.

In order to measure glycemia, we used glucometers and the respective glucose strips
of this device. In the case of BMI measurement, a tape measure placed on the wall was
used to determine height and a calibrated scale to determine weight. In addition to this, we
used another tape to measure the abdominal circumference of young people. For capillary
blood sampling, we used cotton wool and alcohol for disinfection and lancets to prick one
of the fingers, in order to obtain a drop of capillary blood to analyze. After pricking we put
a band-aid on it to stop the bleeding.

For the measurement of glycated hemoglobin, we use the HbA1c measurement device
provided by Siemens Healthcare Diagnostics Portugal, as well as HbA1c, which consists
of a cartridge with a reagent and capillary titrator. All instruments were calibrated and
controlled before use.

3. Results and Discussion

The average height of the students in the sample was 1.68 m and the average weight
of the pupils in the sample was 64 kg. The density of pupils decreased as higher weight
values were considered.

The BMI values of the pupils in the sample ranged from 15.1 to 34.9 kg/m2 (when
rounded to the nearest unit), having an average value of 22.5 kg/m2. For females, the mean
value was 22.8 kg/m2. For males, the average was 22.2 kg/m2.

In this investigation, we encountered a great majority of students (89%) with unaltered
blood levels of glycemia and 5% (11 cases) with altered glycemia levels.

From the 11 elevated cases of glycemia, 4 were tested with high values of HbA1c
(≥6). Of those four students, three were “Overweight” based on their BMI. These results,
although not expressive, may be indicative of a positive relationship between overweight
and glycemic overweight, and the level of glycemia of an individual. In fact, being over-
weight may be one of the causes of possible changes in blood glucose levels, which may
eventually lead to diabetes.

Both female and male students presented a very similar distribution. The majority
of female and male students (69% female students and 73% male students) had a normal
BMI value (values from 18.5 to <25 that fall within the healthy weight range). There was
also a considerable proportion of overweight students (21% females and 16% males had
BMI values within 25.0 to <30), and “Obese” (9% males had BMI values of 30 or higher).
At the opposite end, no pupils suffered from “Severe Acute Malnutrition” (weight-for-
height/length < -3SD or mid-upper arm circumference < 115 mm), and only a very residual
percentage of students suffered from “Moderate Acute Malnutrition” (1% female and 2%
male students). These results, although not very significant in number, may be indicative of
a positive relationship between overweight and positive relationship between overweight
and an individual’s glycemic level. In fact, overweight weight may be one of the causes
of possible alterations in glycemia levels, with the possibility of eventually developing
diabetes. All red-flag cases were reported to those responsible for students’ education in a
closed envelope.

In future, it is important to carry out similar actions in a timely manner, to raise
awareness among teachers and students of the importance of this screening for their health
and promote greater adherence, motivating parents and guardians to encourage their
children to participate.

With this screening work in schools, we have also been able to demonstrate how
important it is for higher-education establishments, due to their capabilities and involving
students and teachers, to provide a service of social responsibility to the community.
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The two screening actions in Moita and Ramada secondary schools explained that there
should be a joint effort in the educational establishments with the respective curricular
units, students and teachers, in order to create greater proximity with the community,
promoting an active attitude of solidarity, and thus contributing to their contribution to the
promotion of citizenship.

In this study, there are some questions that should be deepened, and which, due
to the results obtained, become urgent. It is necessary to have a screening with a larger
sample, taking into consideration the lifestyles in urban and rural areas, cross-reference
results obtained using different geographical regions and with different geographic regions
with different lifestyles, eating habits and social conditions. Thus more studies should be
conducted to assess the gaps in health literacy among the younger age groups, in order to
promote more training and awareness on diabetes.

The percentage of young people with pre-diabetes in this study is worrying and there
is a need for in-depth research using a larger, if not massive, sample of Portuguese schools,
as there is a challenge ahead which must be considered with seriousness. To this end,
faculties must play a fundamental role in researching and deepening the various issues
mentioned in this document. Additionally, creating multidisciplinary teams to promote
health literacy and prevention in the fight against diabetes is a social responsibility in the
context of academic classes.

Thus, we believe that our work leaves an open door for further investigations on dia-
betes in adolescents, which, although may represent an enormous effort within institutions,
should be seen as a necessary and fundamental challenge for the preservation of a healthy
life among the community.
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Abstract: We conducted a cross-sectional study to assess the oral health status in psychotropic-
medicated outpatients of the Lisbon Psychiatric Hospital Centre (CHPL). Sixty outpatients of the
General Psychiatry consultation consented to participate in this study. An oral examination and
a structured questionnaire were conducted. Among the 60 subjects, 61.70% were males and the
mean age was 51.53 ± 11.15 years. The prevalence of dental caries was 98.3%, and the decayed,
missing, filled index (DMFT) mean score was 18.03 ± 9.39. Considering the tooth brushing frequency,
30% and 40% brushed their teeth once and twice daily, respectively.

Keywords: psychotic disorders; oral health; dental caries

1. Introduction

In Portugal, 22.9% of the total population have experienced a mental health disorder
at some stage in their life [1]. There is evidence that people with a serious mental illness
experience worse oral health outcomes than the general population [2]. Oral health is an
important aspect of general health and well-being because of its effects on pain, eating,
speech and quality of life [3]. People who have experienced a mental health disorder are a
heterogeneous group, who commonly exhibit many factors which may contribute to poor
oral health, including xerostomia caused by psychiatric medication, lack of motivation for
self-care, poor oral hygiene and difficulties to access dental care [4]. The aim of this study is
to assess the prevalence of dental caries and self-care behaviour in psychotropic-medicated
outpatients of the Lisbon Psychiatric Hospital Centre (CHPL).

2. Materials and Methods

A cross-sectional study was conducted over a period of 4 months (March–June 2022)
at the outpatients department of the General Psychiatry and Non-Medical Nursing con-
sultation (injectable) at the CHPL. The inclusion criteria for the patients were as follows:
(1) had a psychiatric diagnosis according the International Classification of Diseases-10 [5];
(2) have had the psychiatric condition for at least 1 year; (3) have taken antipsychotic
medication for at least 1 year; (4) being treated as an outpatient; and (5) over 18 years
old. A sample of 60 outpatients was selected randomly from the psychiatry department of
CHPL of both genders, aged between 27 and 72 years who consented to participate in this
study. Approved by the Ethics Committee of the Lisbon Psychiatric Hospital Centre and
the Instituto Universitário Egas Moniz. The prevalence of dental caries was assessed using
the decayed, missing, and filled teeth index (DMFT). Subsequently, a questionnaire was
applied regarding sociodemographic variables, psychiatric pathology, and oral hygiene
habits. Data were submitted to descriptive analysis using IBM SPSS Statistics®v.28 software.
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3. Results

Amongst 60 outpatients, 61.70% (37) were males and the mean age of the study
population was 51.53 ± 11.15. The majority of the population, 53.34% (32), had primary or
less education level; 46.7% (28) had less than 1 monthly family income of minimum wages,
and 46.7% (28) were retired (Table 1). The frequency distribution of psychiatric patients
was 66.70% (40) schizophrenia, schizotypal, and delusional disorders, 31.70% (19) epilepsy,
and 1.7% (1) neurotic, stress-related, and somatoform disorder (Table 2). The prevalence
of dental caries was 98.3% and the DMFT score was 18.03 ± 9.39 among our population.
Overall DMFT scores ranged from 0 to 32, whereas the mean of decayed (D) score was
3.63 ± 3.9, the mean of missing (M) score was 12.81 ± 11.03, and the mean of filled(F) score
was 1.56 ± 2.95 (Table 3). According the tooth brushing frequency, 40.0% of the population
brushed the teeth twice daily (Table 4). The results demonstrate a statistically significant
correlation between the prevalence of dental caries and subjects who never brush their
teeth (p = 0.018) (Table 5). A total of 63.30% of the population had their last dental visit over
a year ago (Table 6).

Table 1. Distribution of participants according to sociodemographic characteristics.

Variables Absolute Frequency Relative Frequency

Gender Male 37 61.70%
Female 23 38.30%

Educational Level Primary or less 32 53.34%
Secondary or higher 15 25.00%

Graduate student or higher 13 21.70%
Employment status Employed 15 25.00%

Unemployed 17 28.40%
Retired 28 46.70%

Income Not known/No response 4 6.70%
Less than 1 monthly family income wage 28 46.70%

1–2 monthly income 23 38.30%
2–4 monthly income 5 8.30%

Table 2. Distribution of participants according to their psychiatric diagnosis.

Psychiatric Diagnosis
Absolute

Frequency
Relative

Frequency

Schizophrenia, schizotypal, and delusional disorders 40 66.70%
Epilepsy 19 31.70%

Neurotic, stress-related, and somatoform disorder 1 1.7%

Table 3. Distribution of mean scores of DMFT.

Mean SD Minimum Maximum

DMFT 18.03 9.39 3 32
D 3.63 3.9 0 18
M 12.81 11.03 0 32
F 1.56 2.95 0 16

Table 4. Distribution of tooth brushing frequency.

Tooth Brushing Frequency Absolute Frequency Relative Frequency

Not known/No response 5 8.30%
Never 8 13.30%

Sometimes 5 8.30%
Once daily 18 30.00%
Twice daily 24 40.00%
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Table 5. Distribution of DMFT mean scores among tooth brushing frequency.

Tooth Brushing Frequency DMFT p-Value 1

Not known/No response 32.0 ± 0.0 -
Never 23.75 ± 10.64 0.018

Sometimes 16.2 ± 6.61 0.381
Once daily 16.0 ± 8.58 0.356
Twice daily 15.13 ± 7.93 0.084

1 A significance level of 0.05 was considered statistically significant.

Table 6. Frequency of last dental visit.

Last Dental Visit Absolute Frequency Relative Frequency

Not known/No response 1 1.70%
Over a year 38 63.30%

Unless a year 21 35.00%

4. Discussion and Conclusions

The DMFT index is classified in five levels: 0.0–4.9 very low, 5.0–8.9 low, 9.0–13.9 moderate,
14.0–17.9 high, and more than 18 very high [6]. The most recent study of the prevalence of
caries in the general population is from the World Health Organization from the year 2000.
The prevalence of caries in permanent teeth is between 25% and 50% [7], lower than for the
data obtained in our study. Goud et al. (2021) determined that dental caries was prevalent
in 87.3% of psychiatric outpatients in India, the mean of DMFT scores was 4.06, and the
mean of decayed (D) score was 3.4 [8]. Deepali et al. (2021) conducted a study on oral
health in patients of schizophrenia in Haryana, and 72% and 3% of the subjects brushed
their teeth once and twice daily, respectively [9]. An epidemiological study conducted
by Nielsen J et al. (2011) indicated that 43% of participants had visited the dentist within
one year. Despite the prevalence of suboptimal oral health among mental health disorder
patients compared with the general population, dental services are often underutilized
by this heterogeneous group due to the stigma, helplessness, low self-esteem, and low
income [10,11]. The poor oral health of people with psychological disorders remains a
largely forgotten problem. The findings of this study suggest that the oral health concerns
of this heterogeneous group are unrecognized, especially with regard to dental caries, and
they lack the responsibility to take care of their oral health. The increased focus on the
physical health of people with psychiatric illness should include consideration of oral
health, and a closer collaboration between dental and mental health professionals is also
important.
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Abstract: This study aimed to assess the prevalence of xerostomia in psychotropics-medicated outpa-
tients of the Lisbon Psychiatric Hospital Centre (CHPL). For this cross-sectional study, 60 outpatients
who underwent a general psychiatry consultation signed a consent form and answered a question-
naire assessing Summated Xerostomia Inventory (SXI-PL), and sialometry was performed. Amongst
the 60 subjects, 61.70% were male, and the mean age was 51.53 ± 11.15 years. Among the population,
the prevalence of hyposialia was 16.7%, and that of xerostomia was 23.3%. Higher SXI-PL scores
(7.60 ± 2.26) were reported in patients with normal saliva flow. The symptom that showed a higher
severity of xerostomia was “My mouth feels dry” (1.78 ± 0.81).

Keywords: psychotic disorders; hyposalivation; xerostomia

1. Introduction

Saliva is a biochemically complex fluid consisting of a mixture of water, proteins,
glycoproteins and ions that collaborate to carry out several functions for the homeostasis of
oral health, including lubrication of oral tissues. It also plays a major role in the process of
remineralization and antimicrobial activity and acts as a physical barrier due its numerous
immune and nonimmune defence components. Salivary secretion dysfunction is mainly
attributed to adverse drug effects, leading the symptom of mouth dryness (xerostomia)
because of hyposialia [1]. Hyposialia has been documented upon exposure to antipsychotics
and other medications (first-generation antipsychotics, second-generation antipsychotics
and anticholinergics) which often disturb saliva secretion [2]. The aim of this study was to
assess the prevalence of hyposialia and xerostomia in psychotropics-medicated outpatients
of the Lisbon Psychiatric Hospital Centre (CHPL).

2. Materials and Methods

A cross-sectional study was conducted from March to June 2022 for a period of
4 months at the outpatient department of the General Psychiatry and Non-Medical Nurs-
ing Consultation Department at the CHPL. The inclusion criteria for the patients were
as follows: (1) has a psychiatric diagnosis according to the International Classification
of Diseases-10 [3]; (2) has had a psychiatric condition for at least 1 year; (3) has taken
antipsychotic medication for at least 1 year; (4) is being treated as an outpatient; and (5) is
over 18 years old. A sample of 60 outpatients were selected randomly from the psychiatry
department of the CHPL, consisting of individuals of both genders aged between 27 and
72 years who consented to participate in this study. This study was approved by the
Ethics Committee of the Lisbon Psychiatric Hospital Centre and the Egas Moniz Ethics
Committee with the approval number 1126. Subsequently, a questionnaire was applied
regarding sociodemographic variables and SXI-PL. Sialometry was performed for unstimu-
lated (USFR) and stimulated (SSFR) salivary flow rates. Hyposialia was considered when
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USFR < 0.1 mL/min and/or SSFR < 0.7 mL/min [4]. Data were submitted to descriptive
analysis using IBM SPSS Statistics® v.28 software.

3. Results

Amongst the 60 outpatients, the majority were male, at 61.70% (37), and the mean age
of the study population was 51.53 ± 11.15. The majority of the population, 53 34% (32),
had completed primary school or had a lower education level; 46.7% (28) had fewer than
1 monthly family income at minimum wage and 46.7% (28) were retired (Table 1). The
frequency distribution of psychiatric patients was as follows: schizophrenia, schizotypal
and delusional disorders, 66.70% (40); epilepsy, 31.70% (19); and neurotic, stress-related
and somatoform disorder, 1 (1.7%) (Table 2).

Table 1. Distribution of participants according to sociodemographic characteristics.

Variables Absolute Frequency Relative Frequency

Gender Male 37 61.70%
Female 23 38.30%

Educational Level Primary or less 32 53.34%
Secondary or higher 15 25.00%
Graduate student
or higher 13 21.70%

Employment status Employed 15 25.00%
Unemployed 17 28.40%
Retired 28 46.70%

Income Not known/no
response 4 6.70%

Fewer than 1 monthly
family income at
minimum wage

28 46.70%

1–2 monthly incomes 23 38.30%
2–4 monthly incomes 5 8.30%

Table 2. Distribution of participants according to their psychiatric diagnosis.

Psychiatric Diagnosis Absolute Frequency Relative Frequency

Schizophrenia, schizotypal and
delusional disorders

Epilepsy
Neurotic, stress-related, and

somatoform disorder

40 66.70%
19 31.70%
1 1.7%

The prevalence of hyposialia was 16.7% and xerostomia was 23.3% among our popula-
tion (Table 3). Overall SXI-PL scores ranged from 5 to 15 with a mean of (7.41 ± 2.28) and
the severe symptom that showed higher perception of xerostomia was “My mouth feels
dry” (1.78 ± 0.81) (Table 4). The mean SXI-PL scores were higher in patients with normal
saliva flow (7.60 ± 2.26). The results demonstrate no statistically significant correlation
between SXI-PL scores and hyposalivation (p > 0.05) (Table 5).

Table 3. Distribution of the frequency of salivary flow conditions.

Absolute
Frequency (n)

Absolute Frequency (n)

Normal 50 83.30%
Hyposialia 10 16.7%
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Table 4. Distribution of the mean scores of Summated Xerostomia Inventory (SXI-PL).

SXI-PL Mean SD

My mouth feels dry when eating a meal 1.38 0.66
My mouth feels dry 1.76 0.81

I have difficulty in eating dry foods 1.26 0.54
I have difficulty swallowing certain foods 1.33 0.57

My lips feel dry 1.68 0.81
Total 7.41 2.28

Table 5. Distribution of SXI-PL mean scores among salivary flow conditions.

Hyposialia Normal Total p-Value 1

SXI-PL 6.5 ± 2.27 7.60 ± 2.26 7.85 ± 2.37 >0.05
1 A significance level of 0.05 was considered statistically significant.

4. Discussion

The SXI-PL score was higher in patients with normal saliva flow conditions among
our population. Patients with mental disorders often have behavioural pattern impairment
and an inability to distinguish symptoms of a concurrent physical illness and do not often
consider their oral status [5,6]. Thomson et al.’s (2000) and Hopcraft et al.’s (2010) presented
evidence for oral reactions being drug-induced is variable; both studies demonstrated that
hospitalized patients who endured dry mouth symptoms more likely had been exposed to
more than two kinds of drugs (cardiovascular, psychiatric and allergy drugs) than those
who did not complain of dry mouth. [7,8]. Putten et al. (2011) concluded that “My mouth
feels dry” (1.8 points) was the most severe symptom of xerostomia reported among a Dutch
population [9]. The phenomenon of poor oral health among people with psychological
disorders remains a largely neglected problem, and concerns have arisen regarding the
iatrogenic effects of antipsychotics and xerostomia-inducing drugs on oral health. Greater
awareness of these repercussions could help to protect against the poor outcomes seen in
chronic psychosis and relieve the burden of the implications for public health [10].

5. Conclusions

The major limitations of this study were the small size of our sample population
and the fact that it was conducted for a single institution, which did not ensure causal
relationships and did not give a general perspective of the whole population suffering from
mental disorders. Future studies should consider a broader sample size among different
institutions. Closer collaboration between mental health clinicians and dentists should also
be considered to remove the barriers to care and improve the oral health measures for this
neglected population.
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Abstract: This study aimed to evaluate the failure rate of mini-implants used at the orthodontic
external clinic, Egas Moniz School of Health and Science. A retrospective cross-sectional investigation
was performed. This included the insertion of 232 TADs into 125 consecutive patients and was
always performed with an immediate loading protocol. The examined variables were: gender, age,
Angle’s classification, presence of pathologies, medication, smoking, receiving jaw, placement side,
and insertion site. Descriptive statistics were used and inferential analysis was performed, revealing
the six-month failure rate of the used TADs to be 25%. A significant association was found between
being a smoker, the failure rate (p = 0.036), and the placement site (p = 0.003).

Keywords: miniscrew; orthodontic; mini-implant; skeletal anchorage; temporary anchorage device

1. Introduction

Anchorage management is an essential component of planning a successful orthodon-
tic treatment. A reliable anchorage system can ensure predictable tooth movement accord-
ingly [1]. Over the past century, numerous intra-oral and extra-oral anchorage techniques
have been utilized to secure adequate anchorage. Traditionally, maximum anchorage
control was mainly obtained using extraoral devices. This was carried out with or without
intraoral auxiliary appliances, such as elastics and transpalatal arches [1–3]. A paradigm
shift occurred when new bone-anchoring devices were developed for orthodontic purposes.
Mini-implant (MI) evolution in the past two decades has enabled clinicians to perform
challenging orthodontic treatment procedures that were previously considered inconceiv-
able when relying on conventional anchorage devices. Generally, MI stability for more
than six months is considered a success. However, a wide range of success rates were
reported in the literature, ranging from 55.6% to 100% [4]. This wide discrepancy might be
due to the multiple contributing factors that may cause MI failure, such as factors related
to the implant, related to the patient, related to location, and related to orthodontics and
implant maintenance. Identifying these factors is crucial to avoiding MI loss during treat-
ment, which might compromise the planned orthodontic treatment outcome. Numerous
studies have examined the factors that cause failures in MIs, as evidenced by previous
research [5–8]. A recent systematic review and meta-analysis found that success rates
varied across studies due to inconsistent factors. Another review established a correlation
between the failure rate of MIs and specific factors, while a separate investigation restricted
the assessment of success or failure to the placement area of the MI. This underscores
the scarcity of studies that comprehensively analyze all contributing factors collectively,
indicating a need for more research. Therefore, the objective of this study was to investigate
the failure rate of MIs and all associated factors that contribute to such failures.
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2. Materials and Methods

The present study was a retrospective investigation that evaluated the rate of success
of MI when integrated with fixed orthodontic treatment between January 2017–December
2019. The investigation was undertaken at the orthodontic clinic, Egas Moniz School
of Health and Science University clinic. Ethical approval was obtained from the Ethics
Committee of the same school, and the participants granted their informed consent. The
sample comprised 232 Mis. These were inserted into 125 consecutive orthodontic patients
(mean age 23.4, SD = 11.7 years) by the same operator. A titanium Ti-6AI-4V MI was
positioned at all the insertion sites (Osstem Implant Biofisa Ø1.8xH10xG/H1.5): infra-
zygomatic, buccal shelf, anterior and posterior inter-radicular space, retromolar area, and
the tuberosity zone. Insertion was always performed using an immediate loading protocol.
Failure referred to the detection of an expected loss or the presence of mobility requiring
the replacement of the MI in the used prior six months. The IBM Package for Social Science
(SPSS, V26) was used for the analysis. The overall MI failure rate and the failure rate of each
variable were determined. The chi-square test was used to evaluate a possible association
between each variable and the MI failure level. The Mantel–Haenzel odd ratio (OR) and
95% confidence interval (CI) were calculated at a significance level of 5%.

3. Results

The six-month failure rate of the used MI was 25%. A significant association existed
between being a smoker and a failure rate at p = 0.036 (Figure 1). Furthermore, the
placement site significantly determined the stability of the MI, where the interradicular
region had the highest success rate at 84.4% (p = 0.003). In contrast, there was a similar
association (p > 0.05) between the following variables and the level of MI failure: gender,
presence or absence of pathologies, whether the patient was medicated or non-medicated,
type of malocclusion, recipient jaw, and direction of movement aided by the MI.

  

Figure 1. (a) The number and the percentage of succeeded and failed mini-implants (MI) associated
with smoking habit (a) and position of insertion (b) with the confidence interval and the p value.

4. Discussion

This was a retrospective observational study that evaluated the failure rate and the
factors contributing to the failure of MI after its integration into fixed orthodontic treatment.
Similar studies categorized the causes of MI failure to host-related and implant-related
factors [4–8]. The MI used in this study had the same characteristics and were placed by the
same clinician. Therefore, the following discussion includes only the host-related factors.

This study revealed a significant association between MI failure and smoking. Nu-
merous investigations reported the same findings [9–12]. Several complications that might
compromise the MI survival time are associated with smoking. This includes such issues as
peri-implantitis and mucositis, leading to MI loosening [9]. Bayat and Bauss [10] reported a
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deleterious effect for the heavy smoking, which is the consumption of of >10 cigarettes/day,
on the success rate of MI. However, they did not notice significant discrepancies in the
success rate between light smokers and non-smokers. In our study, the patients were cate-
gorized only into two groups according to their self-reporting; smokers and non-smokers,
without any discrimination made being between the smoking intensity. It is recommended
that researchers undertake prospective studies to refine the methodology and categorization
of the investigation.

5. Conclusions

Based on the results obtained in the present study, it is possible to conclude that the
failure rate of MI, used as orthodontic anchorage in the orthodontic external clinic at the
Egas Moniz School of Health and Science, was 25%. MI that had been inserted into the
infra-zygomatic region failed the most (36%), and those inserted into the interdental region
failed the least (15.6%). Gender, the existence or non-existence of pathologies, use or lack of
use of medication and MI-supported tooth movement were the least influential variables.
Conversely, the position of MI placement and smoking were the most influential factors
contributing to the high MI failure rate.
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Abstract: Individuals who have higher emotional intelligence show higher levels of life satisfaction.
This study analyzed the impact of emotional intelligence on life satisfaction in a sample of 144 indi-
viduals aged between 18 and 77 years (M = 36.97, SD = 15.87), comparing victims and non-victims of
violence. Participants answered an online protocol comprising a sociodemographic questionnaire, the
Wong and Law Emotional Intelligence Scale (WLEIS), and the Satisfaction with Life Scale (SLWS). Age
and emotional intelligence impact life satisfaction, and victims showed low emotional intelligence
and satisfaction scores. As emotional intelligence is an essential skill in emotional evaluation and
regulation, its relationship with life satisfaction should also affect quality of life.

Keywords: emotional intelligence; life satisfaction; victims; non-victims

1. Introduction

Emotional intelligence is the ability to understand, control, and regulate emotions in
oneself and others [1]. It can be explained by the influence of subjective well-being on the
subject’s life [2]. On the other hand, life satisfaction is a person’s assessment of their overall
quality of life [3]. Positive mental health outcomes and longevity are essential for good life
satisfaction [4]. Emotional intelligence focuses on emotional problem-solving, is related to
life satisfaction, and can be a protective factor for mental health [5]. Therefore, emotional
intelligence is responsible for individual differences in life satisfaction [6], and emotions
are the source of emotional intelligence [7].

Individuals who suffered victimization experiences show more vulnerability and have
lower emotional intelligence. They present difficulties in evaluating, regulating, and using
emotions (they experience more negative emotions than positive ones), increasing stress
and dissatisfaction with life [4]. Therefore, the main objective of this study is as follows: to
identify the relationship between emotional intelligence and life satisfaction; to compare
a sample of victims and non-victims of violence in adulthood and a sample of men and
women regarding emotional intelligence and life satisfaction; to analyze the variables that
explain the variance of satisfaction with life in a sample of the Portuguese population.

2. Materials and Methods

This study comprised a sample of 144 individuals aged between 18 and 77 years
(M = 36.97, SD = 15.87). Of the participants, 41 were men (28.47%), and 103 (71.53%) were
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women. Nearly half of the sample (n = 66, 45.8%) reported being victims of violence in
adulthood. The study design is cross-sectional with a non-probabilistic sample. Participant
recruitment was conducted by disseminating the study through personal and social contact
networks. Participants answered online the sociodemographic questionnaire, the Wong
and Law Emotional Intelligence Scale (WLEIS) [8], and the Satisfaction with Life Scale
(SLWS) [9]. The WLEIS [8] measures emotional intelligence in four areas: self-emotion
appraisal, others’ emotion appraisal, use of emotion, regulation of emotion. The SLWS [9]
evaluates several components of subjective well-being, assessing overall satisfaction with
life. All participants granted their consent to participate in this study. The study followed
the ethical principles outlined in the Declaration of Helsinki [10] and was approved by the
Egas Moniz Ethics Committee.

3. Results

3.1. Correlation Analyses

The results show statistically significant positive correlations between satisfaction
with life and emotional intelligence (r = 0.541, p < 0.001), self-emotion appraisal (r = 0.428,
p < 0.001), others’ emotion appraisal (r = 0.363, p < 0.001), regulation of emotion (r = 0.364,
p < 0.001) and use of emotion (r = 0.511, p < 0.001).

3.2. Comparison Analyses

Victims of violence in adulthood show lower scores than non-victims on self-emotion
appraisal (M = 14.167, SD = 3.317) [F(1,142) = 4.668, p = 0.032], use of emotion (M = 13.803,
SD = 3.892) [F(1,142) = 5.837, p = 0.017], regulation of emotion (M = 13.542, SD = 3.633)
[F(1,142) = 6.855, p = 0.010], emotional intelligence (M = 56.727, SD = 10.051) [F(1,142) = 5.204,
p = 0.024], and satisfaction with life (M = 17.182, SD = 4.543) [F(1,142) = 5.046, p = 0.026].
Women show higher scores on the emotional intelligence assessment of others’ emotions
compared to men (M = 16.204, SD = 2.374) [F(1,142) = 4.152, p = 0.043].

3.3. Regression Analyses

The explanatory model of satisfaction with life, created using a Multiple Linear Regres-
sion, showed that the model is significant. Durbin–Watson was 2.17, and VIF was <3. Sex,
regulation of emotion, and others’ emotion appraisal are not significant. We performed a
new model only with significant paths. The model is significant (F(3,140) = 22.89, p < 0.001)
and explains 33% of the variance in satisfaction with life. Age (β = −0.19, p = 0.01), self-
emotion appraisal (β = 0.28, p = 0.001), and use of emotion (β = 0.39, p < 0.001) are significant
predictors of satisfaction with life.

4. Discussion

The results show that emotional intelligence is related to life satisfaction. When
emotional intelligence increases, life satisfaction also increases. Those outcomes align with
other studies [6,11], which showed that individuals with higher emotional intelligence
are more satisfied with their lives and are more able to understand and pay attention to
their emotions, leading to greater personal fulfillment and achievement. Thus, emotional
intelligence is necessary to control emotions and determine life satisfaction [12].

The regression analysis verified that age, self-emotion appraisal, and use of emotion
are predictors of satisfaction with life. Increasing age predicts a decreased perception
of satisfaction with life. The results corroborate Garcia et al.’s [13] study, which found a
negative association between life satisfaction and age. On the other hand, an increase in self-
emotion appraisal and use of emotion explains the higher scores for satisfaction with life.
That is, individuals with high levels of self-emotion appraisal can understand and express
their emotions, and individuals with higher levels of use of emotion can use their emotions
in productive activities and personal performance, leading to higher levels of satisfaction
with life. Our results align with other studies indicating that emotional intelligence skills
impact satisfaction with life [14]. The literature reports that subjects with high emotional
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intelligence competencies demonstrate a good adaptive capacity, as they understand and
regulate their emotions and those of others, which allows them to solve social problems
beneficially [15]. Previous studies showed that emotional intelligence influences social
skills and relationships, e.g., [16]. Therefore, subjects with high emotional intelligence,
who can associate others’ emotions along with their own, have good satisfaction with life,
a consequence of each individual’s assessment of their life according to their past and
present [17]. Other variables not studied in this research, such as job satisfaction, financial
situation, compassion fatigue, and education, should also explain life satisfaction [18].

The results heightened the significant differences between victims and non-victims of
violence in adulthood regarding satisfaction with life and emotional intelligence. In the
study of Mannarini et al. [19], victims also reported lower life satisfaction. High emotional
intelligence makes individuals more motivated, allowing them to solve problems and
achieve goals using their emotions. Thus, victims with higher emotional intelligence may
be able to get through abusive situations and feel less anxiety and fear. Victims with
higher emotional intelligence exhibit less negative humor when coping with traumatic
experiences [20].

Furthermore, differences were found between men and women when evaluating other
people’s emotions, with women showing higher scores. This is corroborated by studies that
reported that women show better emotional intelligence skills [18], can better recognize
their own and others’ emotions, and show greater levels of perception and empathy than
men [21].

In short, the results reinforce previous studies in which emotional intelligence is
directly related to life satisfaction; this is associated with individuals’ ability to understand,
access, and regulate their emotions, allowing them to adapt to different contexts.
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Abstract: ID NOW™ INFLUENZA A&B 2 is a point-of-care assay for rapid molecular diagnosis of
Influenza A and B. The present study aims to evaluate the performance of ID NOW™ INFLUENZA
A&B 2 compared to a reference RT-PCR assay. A total of 67 nasopharyngeal swabs from 67 patients
for screening of Influenza A and B by RT-PCR (Allplex™ RP1) were also tested with ID NOW assay.
Of the seventeen positive Influenza A and five positive Influenza B, fifteen (88%) and five (100%),
respectively, were also detected by the ID NOW assay. The overall agreement with the reference test
was 95.5%. The sensitivity was 88.2% for Influenza type A and 100% for Influenza type B, and the
specificity was equal to or higher than 96% for both.

Keywords: Influenza A; Influenza B; point-of-care; molecular detection

1. Introduction

The Influenza viruses can cause significant seasonal morbidity and mortality, particu-
larly in young children and patients with underlying chronic diseases. Influenza diagnosis
is mainly based on clinical symptoms; however, a robust microbiological diagnosis is
required for hospitalized patients or those at risk of developing complications, such as
pneumonia. In these cases, Influenza diagnosis based on clinical observation alone can be
difficult, as a variety of other respiratory viruses with similar symptoms are often circulat-
ing at the same time [1]. Rapid and early identification of the viral cause of acute respiratory
infection has a critical role in clinical decision making, particularly for patients at risk for
severe complications of Influenza who should be treated early in the course of infection.
The implications for patient management include hospital admission or discharge, reduc-
tion in diagnostic investigations, and administration of antibiotics and antiviral therapy [2].
This not only improves patient monitoring and care and infection control, but also reduces
healthcare costs.

Currently, there are several methods available to test for Influenza, divided into antigen
detection-based assays, viral culture, and molecular detection. Real-time polymerase chain
reaction (RT-PCR) is the gold standard for identifying Influenza viruses but requires
specialized technology and skilled molecular technicians.

The ID NOW™ INFLUENZA A&B 2 assay, performed on the ID NOW instrument
(Abbott Molecular Inc.), is a point-of-care detection system for Influenza viruses. ID NOW
uses isothermal nucleic acid amplification technology, using primers and fluorescent probes
specific for the amplification of RNA targets without the need for a thermal cycler. Like
other platforms, ID NOW uses disposable test units containing target-specific reagents
where extraction, amplification, and detection take place. The ID NOW™ INFLUENZA
A&B 2 assay has been described as an easy-to-use device that provides robust and accurate
results within 15 min for the detection of Influenza A/B [3,4]. In the present study, we aim
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to evaluate the performance of the ID NOW™ INFLUENZA A&B 2 assay compared to a
reference RT-PCR commonly used in our routine diagnosis of Influenza.

2. Materials and Methods

Nasopharyngeal swabs (NPS) from 67 individuals from hospital centers were tested
between January and February 2020. Samples were processed simultaneously with ID
NOW™ INFLUENZA A&B 2 assay (Abbott) and the reference method Allplex™ Respi-
ratory Panel (RP) 1 (Seegene) within 24 h of reception at the laboratory. Previously to
amplification with Allplex™ RP1, RNA was extracted from 200 μL of a sample using
QIACube-QIAamp viral RNA mini kit (Qiagen). The real-time RT-PCR was conducted on
the CFX96 (Bio-Rad), and subsequently interpreted by Seegene’s Viewer software.

ID Now platform is an automated assay that utilizes molecular isothermal nucleic acid
amplification technology and uses as targets polymerase basic gene 2 for Influenza A virus
and polymerase acidic gene for Influenza B virus detection. Specificity, sensitivity, negative
and positive predictive values (NPV and PPV), and agreement between both tests were
analyzed with SPSS software, v.28.

3. Results

A total of 67 NPS from subjects aged between 3 weeks and 96 years (median age = 65 years;
25.4% < 1–18 years, 50.7% > 65 years, and 23.9% [18–64 years]) were tested, including
26 females (39%) and 41 males (61%). Using the reference method, a total of 21 (31.3%)
NPS were positive, while 46 (68.7%) samples were negative for both viruses. Using the
molecular platform ID NOW, a total of 22 (32.8%) NPS were positive, while 45 (67.2%) were
negative for both viruses. The results obtained are detailed in Table 1.

Table 1. Agreement of ID NOW™ INFLUENZA A&B 2 with the reference Allplex™ RP1 method.

Allplex RP1
Total

Percent Agreement
(Influenza A/B) 95% CI 1

Detected Not Detected

ID NOW
Positive 20 * 2 22 95.2% 80.7–99.7

Negative 1 44 45 95.7% 87.2–99.3
Total 21 46 67 95.5%

1 CI—Confidence interval; * one sample was only positive for Influenza B.

Detailed evaluation of the results showed that among the positive results by the
reference method, sixteen samples were positive for Influenza A, four were positive for
Influenza B, and one was positive for both Influenza A and Influenza B. By the ID NOW
platform, fifteen (from the sixteen RT-PCR positive) were positive for Influenza A and four
(from the four RT-PCR positive) for Influenza B, showing a false-negative for Influenza A.
Regarding the positive sample for both viruses, only the Influenza B was detected by ID
NOW, resulting in an Influenza A false-negative sample, but being a positive sample in
global (Table 1). Of the 46 negative samples for both viruses by the reference method, only
forty-four samples were negative using ID NOW, two samples positive for Influenza A
representing two false-positive results. All negative Influenza B samples on RT-PCR were
also negative with ID NOW.

The results comparison between ID NOW and the reference method showed a negative
agreement of 96.0% for Influenza A, 100% for B (Table 2), and 95.7% for both viruses (Table 1)
and a positive agreement of 88.2% for Influenza A, 100% for B (Table 2), and 95.2% for
both viruses (Table 1). The overall agreement of the ID NOW and the reference multiplex
RT-PCR was 94.0%, 100%, and 95.5% for Influenza A, Influenza B, and altogether (Influenza
A and B), respectively.
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Table 2. Estimated diagnostic performance of ID NOW™ INFLUENZA A&B 2.

Measurement Influenza A Influenza B

Sensitivity 88.2% (15/17); CI: 67.9–97.9 100% (5/5)
Specificity 96.0% (48/50); CI: 88.2–99.3 100% (62/62)

PPV 88.2% (15/17); CI: 67.9–97.9 100% (5/5)
NPV 96.0% (48/50); CI: 88.2–99.3 100% (62/62)

CI—95% confidence interval; PPV—positive predictive value; NPV—negative predictive value.

The sensitivity for the ID NOW assay was 88.2% (95% CI: 67.9–97.9) for Influenza type
A, 100% for Influenza type B, and 95.2% (95% CI: 80.7–99.7) for both. The specificity was
equal to or higher than 96% (95% CI: 88.2–99.3) for both. Overall, the positive predictive
value (PPV) was 90.9 (95% CI: 74.5–98.4), and the negative predictive value (NPV) was
97.8 (95% CI: 90.6–99.9). In Table 2, all clinical performance parameters are detailed per
type of Influenza. The Kappa value was 0.866 (86.6%).

4. Discussion

The main advantage of ID NOW™ INFLUENZA A&B 2 is a shorter turnaround time
compared to the RT-PCR Allplex™ RP1 assay or any other currently available molecular
assay for Influenza A/B detection. To evaluate the capacity of detecting the Influenza virus
in this point-of-care system, this study was conducted by mimicking the conditions of
routine diagnostic testing, and the results indicate that the ID NOW™ Influenza A&B 2 has
good overall performance and a high degree of concordance with the reference method.

The published results for ID NOW™ INFLUENZA A&B 2 show sensitivities and speci-
ficities between 90 and 100% when compared to various RT-PCR assays [3–6]. These high
levels of sensitivity and specificity were also found in this study, with a sensitivity > 88%
and 100% specificity in the detection of Influenza A and B viruses when compared with
RT-PCR Allplex™ RP1 assay. When comparing performance by Influenza type, as in other
studies, Influenza B showed the highest sensitivity. However, the number of positive cases
for Influenza B was always lower than for Influenza A.

In the case of Influenza A, the two false negatives obtained using the ID NOW platform
had a Ct > 37.0 using the reference method (median Ct value of 38.7 ± 1.8). Thus, since the
Ct was close to the limit of detection of the reference method, this indicated that negative
results obtained with ID NOW occurred probably in samples with low viral load. Other
studies have also reported false negative results for samples with Ct > 37.0 (using the
same reference RT-PCR assay) [3] or lower Ct > 31.0 (CDC FLU A/B PCR assay) [4]. In
addition, it was verified that positive samples for other respiratory viruses than Influenza
A or B were correctly detected as negative for Influenza with ID NOW assay, indicating the
absence of cross-reactions with other respiratory viruses.

The rate of invalid results, which can have a negative impact on the cost of the test,
the time-to-result, and consequently on patient care, has previously been reported to be
relatively low, ranging from 0 to 7.5% [5–7]. In accordance with this, no invalid results were
obtained in this study.

In conclusion, the results of this study suggest that the ID NOW™ INFLUENZA
A&B 2 assay can be used as a test for rapid and accurate diagnosis of Influenza in clinical
practice. ID NOW assay combines high speed, sensitivity, and accuracy. However, it
should be emphasized that point-of-care systems cannot replace reference methodology in
a transversal way.
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Abstract: The objectives of this study were to characterize the microtensile bond strength to enamel of
two experimental adhesive systems, one containing a novel monomer and the other having the same
composition as commercial adhesive systems, and comparing them to commercial materials. Two
experimental adhesive systems were developed in the lab, one with Bisphenol A diglycidyl methacry-
late (Bis-GMA) and the other with G(2)-isocyanatoethyl methacrylate (G-IEMA) as a substitute for
Bis-GMA. Twenty healthy human permanent molars were cut into halves and randomly divided into
eight groups based on the application mode. The experimental universal adhesive system without
Bis-GMA demonstrated comparable adhesive strength to enamel as the other universal adhesive
systems containing Bis-GMA.

Keywords: dendrimer; experimental monomer; experimental dental adhesive; G-IEMA

1. Introduction

The major paradigm shift in adhesion to tooth structure occurred in 1955 with the
introduction of phosphoric acid etching to enamel by Buonocore. Since then, the evolution
of adhesive techniques has allowed dentists to adopt a minimally invasive philosophy
in clinical practice [1,2]. Regarding material choice, currently, there is a wide offering of
adhesive systems available for bonding to tooth tissues, using different adhesive strate-
gies [3]. To simplify the use of these materials, universal adhesive (UA) systems were
introduced, allowing clinicians to choose the best adhesive strategy according to different
clinical scenarios, whether it is an etch-and-rinse, self-etch or selective enamel etching
approach [4–6].

Replacing Bis-GMA while still improving the physicochemical and mechanical proper-
ties of adhesives has been researched in recent studies [7,8]. Specifically, some authors have
examined the introduction of dendrimers as base constituents UAs. A second-generation
dendrimer derived from isocyanatoethyl methacrylate, G-IEMA, has been investigated
as a candidate for potential replacement of Bis-GMA-based systems [9,10]. Traditional
linear crosslinking monomers can be replaced successfully by dendrimer G-IEMA without
influencing the resulting properties. Not only did this monomer significantly improve
the experimental UA’s degree of conversion, but it was also responsible for reducing the
co-polymer shrinkage and controlling water sorption [11]. Further to this, the same authors
also observed that G-IEMA formulations could increase the bond strength to dentin, and
later on, showed that they have promising interfacial properties [11,12].
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However, to research and prove the beneficial applicability of G-IEMA, further studies
are needed. It is therefore important to investigate the role of G-IEMA-based systems on
the bond strength to enamel using two different adhesive strategies, while also evaluating
their impact on the contact angle of enamel surfaces, which is as of yet unknown.

2. Materials and Methods

Two experimental adhesive systems, one with Bis-GMA (EM1) and another with
G-IEMA, as a substitute for Bis-GMA (EM2), were developed in our lab. Two commer-
cial adhesives, Futurabond® M+ (VOCO) (FUT) and ScotchbondTM Universal (3M ESPE)
(SBU) were chosen as controls. Twenty healthy human permanent molars, obtained with
informed consent (approved by the Ethics Committee of Egas Moniz School of Health &
Science), were cut into halves and randomly divided into eight groups (n = 5) according to
the application mode (self-etch or etch-and-rinse): FUT_ER, FUT_SE, SBU_ER, SBU_SE,
EM1_ER, EM1_SE, EM2_ER, and EM2_SE. Afterwards, each specimen was polished with a
600 SiC grit paper for smear layer simulation and the adhesives were applied according
manufacturer’s directions. The etch-and-rinse method employed Octacid orthophospho-
ric acid (37%) (Clarben). Resin build-ups were conducted using the Schmidt Composite
Nanohybrid (MADESPA), with increments shaped as rectangular prisms. The resin build-
ups were applied in 2 mm increments, achieving a total height of 6 mm. The materials were
light-cured using the EliparTM DeepCure-S (3M ESPE) system, following the manufac-
turer’s instructions, with a 40 s cure time specifically applied to the experimental universal
adhesive systems. This system employs blue LEDs for the light-curing process. Its peak
irradiance was 1200 mW/cm2 which was confirmed with a radiometer. After processing,
the specimens were kept in distilled water for 24 h at 37 ◦C. Beams (1 ± 0.2 mm2) were
obtained through additional sectioning and tested using a universal testing machine (μTBS)
with a cross head speed of 0.5 mm/min until failure. The data analysis was performed
using SPSS (version 28.0, IBM Corp., Armonk, NY, USA) with linear mixed models (LMMs)
incorporating fixed effects, while maintaining a significance level of 5%.

3. Results

The effects of adhesive (p = 0.033) and method, or protocol, (p < 0.001) on the micro-
tensile bond strength were significant and independent of one another. There was no
interaction between the adhesive used and the technique adopted (p = 0.985) (Table 1).
Independent of application procedure, SBU displayed a considerably greater μTBS than the
experimental EM2 (p = 0.031). No variations were found between any other adhesive pairings.

Table 1. Linear mixed model analysis—Type III Tests of Fixed Effects considering the variables:
(1) adhesive and (2) adhesive strategy or protocol.

Type III Tests of Fixed Effects a

Source Numerator df Denominator df F Sig.

Intercept 1 426 531.262 0.000
Adhesive 3 426.000 2.947 0.033
Strategy 1 426 79.606 0.000

Adhesive * strategy b 3 426.000 0.050 0.985
a Dependent variable: microtensile bond strength (MPa). b In the “Adhesive * strategy” term above, the asterisk
(*) denotes the interaction between main factors Adhesive and strategy.

4. Discussion

Ongoing concerns about the use of biocompatible dental materials have called into
question the incorporation of Bis-GMA in resin-based restorative materials, due to its
Bisphenol A (BPA) content, which can elute and have systemic health implications [10].
The demand for new materials without Bis-GMA has emerged as a preventive measure to
reduce exposure to Bisphenol A [13]. The same adhesive systems who formulated and sub-
sequently evaluated the physicochemical properties and adhesion to dentin experimental
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universal adhesive systems without Bis-GMA, patented in Portugal (holder: Egas Moniz
School of Health & Science). This study followed the same line of research, assessing the
adhesion to enamel, which has not been studied until now [11,12].

According to the current scientific evidence, for enamel, the best adhesive strategy
continues to be the use of orthophosphoric acid prior to the application of the adhesive
system [13,14]. Several in vitro studies demonstrated that universal adhesive systems
have higher values of adhesive resistance to enamel when used according to the etch-
and-rinse (versus self-etch) protocol, as was observed in this study [5,15]. These results
are justified by the reduced demineralization capacity of a universal adhesive system
compared to orthophosphoric acid, resulting in an incomplete creation of microporosities,
which inevitably reduces the micro-retention of the adhesive [2]. The chemical composition
of the adhesive systems can also contribute to the differences observed in this study because,
although the experimental adhesive systems were formulated according to the chemical
composition of the commercial adhesives, the specific percentage of each component was
not discriminated.

In this study, most of the adhesive systems used had a mild pH (Futurabond® M + and
experimental adhesives), with Scotchbond™ Universal registering a more basic pH, falling
within the ultra-mild category. Although a good adhesive behavior to dentin is associated
with mild self-etching (pH ∼= 2), these solutions are unable to effectively condition the
enamel, leading to increased microleakage; a mild pH is essential prior to etching dentin
to obtain a micromechanical retention effective [16,17]. The pH of a universal adhesive
system is a relatively important property because, while an acidic medium is required
for the dissolution of the smear layer and smear plugs (opening the dentinal tubules), an
excessively acidic adhesive system can remove excess calcium, decreasing its ability to
adhere to 10-MDP, which becomes particularly important in adhering to dentin [16,17].
It is essential to select adhesive systems that contain 10-MDP, taking into account their
molecular structure, their hydrophobic behavior and the characteristics of the adhesive
interface that favor adhesion [18]. The microtensile bond strength to dentin using the same
adhesive systems and protocols as the present study, there were no significant differences
between the adhesive systems studied, suggesting that the experimental universal adhesive
system without Bis-GMA could be used effectively in dentin [12].

5. Conclusions

The four universal adhesive systems examined (Futurabond® M+, ScotchbondTM
Universal, an experimental universal adhesive system with Bis-GMA, and an experimental
universal adhesive system without Bis-GMA) showed no statistically significant differences
in adhesive strength to enamel when using either the etch-and-rinse or self-etch adhesive
strategies. The experimental universal adhesive system without Bis-GMA exhibited com-
parable adhesive strength to enamel as the other universal adhesive systems containing
Bis-GMA. The promising behavior of the experimental Bis-GMA-free universal adhesive
system indicates the need for further investigations. These studies should focus on explor-
ing the potential of the G-IEMA dendrimer as a substitute for Bis-GMA in the composition
of adhesive systems.

6. Patents

This work resulted in a national patent, registered under No. 115,064—Formulation for
a universal dental adhesive system containing a second-generation dendritic cross-linking
monomer (2019); Vasconcelos e Cruz, J., Gonçalves, L. L. and Polido, M., Moniz School of
Health & Science.
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Abstract: This study evaluated the influence of using the ForsusTM Fatigue-Resistant Device (FFRD)
on the third molar (M3) position. Pre- and post-treatment panoramic radiographs of 28 individuals
with class II malocclusion (ANB ≥ 4) treated with FFRD were compared to a matched control group
(27 individuals) using the Tavano method. A mixed model repeated-measures ANOVA revealed
the similar position of the M3s in both groups (p > 0.05) except for the significantly more proximal
vertical position of the lower left M3 to the Menton plane in the FFRD group (p = 0.010). Therefore,
the treatment with the FFRD device did not affect the position of M3s.

Keywords: Forsus; functional appliance; mandibular propulsion; third molar

1. Introduction

Class II is one of the most frequent types of malocclusion, affecting about one-third
of patients who seek orthodontic treatment [1]. The most common feature in class II
malocclusion is a retruded mandible in relation to the craniofacial structure [2]. There are
various types of treatment apparatus that allow the sagittal correction of the mandibular
deficiency by holding the mandible in a more forward and downward position, therefore
enabling the mandible to alter its postural position. These appliances enable the orofacial
musculature to stretch, and the resulting reciprocal force is transmitted to the skeletal and
dento-alveolar structures, resulting in a favourable alteration of the skeletal growth pattern
and dento-alveolar tooth movement [3]. Ritto and Ferreira [4] categorized functional
appliances into flexible, rigid or hybrid, according to the implemented force system to
provide mandibular protraction. Out of those apparatuses, hybrid appliances combine
flexible and rigid components with a spring system, aiming to move teeth by applying
continuous force 24 h a day, replacing the conventional class II elastics which require
patient compliance [5]. One of the most used hybrid functional appliances in treating class
II malocclusion is the semirigid fixed functional appliance, ForsusTM Fatigue-Resistant
Device (FFRD). This appliance has gained increased acceptance recently as a replacement
for other class II treatment modalities [5].

Third molar impaction is a common finding accounting for 98% of all impacted teeth [6]
and reaching an occurrence of 73% in young adults in Europe [7]. The aetiology of impaction
is multifactorial including genetic or pathological factors, and a lack of required space to
accommodate their size [8]. Orthodontic treatment for growing individuals frequently
affects the third molars’ eruption path. This effect is especially noticeable during non-
extraction dentoalveolar treatment of cases with class II malocclusion [9]. Understanding
this concern is essential to avoiding unpredictable side effects such as the third molars’
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impaction or altering its eruption path [10]. Therefore, this study aimed to evaluate the
influence of the treatment of class II using the FFRD on the eruption path of the maxillary
and mandibular third molars.

2. Material and Methods

Ethical approval of the present retrospective study was obtained from the Ethic Com-
mittee of the Egas Moniz School of Health and Science, and the participants/parents
granted their informed consent. A convenience sample of 55 orthodontic patients partici-
pated in this study. The present sample was categorized into two groups: the first group
included patients presented with dental and skeletal class II malocclusion (ANB ≥ 4◦ and
a retruded mandible (SNB ≤ 76◦), treated with FFRD and fixed orthodontic appliance
(n = 28; 14 males, 14 females, 13.6 years old, SD ± 2.4). The second group was the matched
controls (n = 27: 12 males and 15 females, 13.2 years old, SD ± 1.5), who had a class I
malocclusion, treated with a conventional fixed orthodontic appliance without using any
propulsive mechanics.

Pre- and post-treatment digital panoramic radiographs were taken for each patient.
All radiographs were taken using the same machine (Gendex Orthoralix 9200 DDE, Gendex
Dental Systems, Des Plains, IL, USA). Radiographic analysis was performed using Auto
CAD 2021 for Window. Landmarks and planes used in Tavano method [11] were deter-
mined on each panoramic radiograph (Figure 1). An intra-examiner reproducibility study
was undertaken on eight panoramic radiographs by repeating the tracing after two weeks
by the same operator. The results confirmed an excellent agreement between the two trials
for all the variables (≥95%).

 
Figure 1. A panoramic radiograph illustrating the different reference planes used in determining
the position of the maxillary and mandibular third molars: PO = Orbital plane, PM = Menton plane,
PT = Transversal plane, TM = Midpoint of the longest mesio-distal distance of the third molars,
I = Inclination, PS = Sagittal position, PV = Vertical position.

The inclination, the sagittal, and the vertical positions of the third molars were eval-
uated for each radiograph. Descriptive statistics and a mixed model repeated-measures
ANOVA were used to determine the measurement differences between the two time points
in each group at a significance level of 5%.

3. Results

The only statistically significant difference between the two groups was observed in
the vertical position of the lower left third molar, which was more proximal to the Menton
plane by −2.24 mm in the FFRD group compared to the controls at p = 0.010 (Table 1).
However, all the other extracted measurements were similar in both groups (p > 0.05).
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Table 1. Displays the p value of the different utilized measurements of the inclination, sagittal and
vertical third molar position (18 = upper right third molar, 28 = upper left third molar, 38 = lower
left third molar, and 48 = lower right third molar) between the group treated with ForsusTM Fatigue-
Resistant Device and controls. The asterisk symbol (0.010 *) indicates a statistically significant
p-value.

Third Molar p Value

Inclination

18 0.603

28 0.958

38 0.452

48 0.423

Sagittal position

18 0.292

28 0.077

38 0.666

48 0.345

Vertical position

18 0.453

28 0.916

38 0.010 *

48 0.290

4. Discussion

The mandibular third molar is the most prevalent impacted tooth, followed by the
maxillary third molar. The third molars’ size and shape dimorphism, variability in position,
root formation, duration of calcification, lack of required space and altered eruption path
make their eruption one of the most unpredictable events in the evolution of human
dentition [8].

It has been demonstrated that FFRD produces relatively more dentoalveolar effects, a
combination of mesialization of the lower molars and distalization of the upper molars,
which substantially contribute to class II molar relationship correction. The literature
reported an increase in the mandibular retromolar area due to the effect of FFRD [10,12].
On the other hand, there is a controversy concerning the influence of FFRD on the position
of the maxillary third molar. On one side, Heinrichs et al. [13], confirmed the existence of
a significant distalization of the maxillary third molars due to the use of FFRD, while on
the other side, Jones et al. [14], observed a significant mesialization effect. In our FFRD
group, there was a reduction in the angle of inclination of both the upper and lower third
molars. This reduced inclination value was not significantly different compared to controls.
This result might reflect the non-significant effect of FFRD on the inclination or the third
molar, or it might be a false-negative finding due to using a convenience sample with no
power calculation. According to our literature search, this study was the first to assess the
effect of non-extraction treatment of class II malocclusion with FFRD on the position of the
maxillary and mandibular third molars combined. Using the present findings to conduct
another study based on a power calculation is recommended.

Within the limitation of this study, we could conclude that orthodontic treatment of
class II malocclusion using FFRD device does not seem to influence the eruption path of
third molars; accordingly, the probability of the eruption of third molars is multifactorial
and does not rely only on orthodontic treatment with FFDR.

Author Contributions: Principal investigator, undertaking the research study to fulfil the require-
ments for the degree of specialist in orthodontics, methodology, original draft preparation, J.G.;
supervision, conceptualization, writing up, P.M.P.; statistical analysis, J.B.; writing up, editing, I.B. All
authors have read and agreed to the published version of the manuscript.
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Abstract: External cervical resorption is a relatively uncommon, often misdiagnosed, destructive
form of external resorption. It consists of an uncontrolled growth of resorptive tissue and consequent
loss of mineralized tooth tissue, in an apical direction. The clastic cells are responsible for the process,
which can lead to severe deterioration and, eventually, tooth loss. To date, however, an etiological
factor has not yet been found. Dentists and students still have difficulties in diagnosing and treating
it. In May 2023, a structural questionnaire about external cervical resorption was distributed via
Google Forms to 104 people between dentists and fourth- and fifth-year students.

Keywords: external cervical resorption; external resorption; diagnose; treatment

1. Introduction

External cervical tooth resorption is a relatively rare [1–3], often misdiagnosed [4,5],
destructive form of external tooth resorption [6]. It is characterized by uncontrolled growth
of resorptive tissue and consequent loss of mineralized tooth tissue in an apical direc-
tion [7–9]. For this reason, it can affect all areas of enamel, dentin and cementum [6]. The
clastic cells are responsible for this process, which can lead to severe deterioration and
eventual tooth loss [2,4,8,10]. However, there is no consensus on its origin and, to date, no
etiological factor has been identified for this pathological resorption [6,7,10,11]. Even so,
trauma [6], periodontal disease or orthodontic treatment may be predisposing factors [1,12].
In spite of this, there does not seem to be a significant difference in either gender or age [13].
Also, this pathological resorption is asymptomatic [3,13].

Usually, there are no obvious clinical signs [14]. However, there are some symptoms
which are crucial to diagnosing this resorption. Firstly, as the name suggests, it occurs in
the cervical part of the tooth [8], below the epithelial junction [1,12] but supra-osseous [11].
Furthermore, if the resorption is relatively small and the pulp is not involved, the sensibility
tests are positive. In other words, the tooth is vital [6]. In general, it is shown as a
restricted area, both clinically and radiographically. On radiographs, it may appear as a
radiolucent [1], well-defined lesion [14], as shown in Figure 1. Generally, a radiopaque line
separates the root canal from the cervical invasive resorption lesion [3]. In addition, in some
cases it can be seen as a pinkish coronal discoloration [3,8]. However, for the diagnosis and
assessment of a resorptive lesion, the use of cone beam computed tomography (CBCT) is
recommended [4,11]. This helps to diagnose and assess the entry point [15]. For this reason,
it may facilitate the selection of an appropriate treatment approach, especially in advanced
cases [15].
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Figure 1. Cervical invasive resorption lesion, through radiograph.

If left untreated, it is expected to increase in size [16]. Therefore, treatment is manda-
tory, but the real question is: how? Nowadays, there is no well-established protocol for
the treatment of cervical invasive reabsorption [4]. However, it should depend on the size,
extent and dimension of the invasive area and its relationship to the root canal [8]. It can be
treated externally, internally, with a combined approach externally and internally, externally
with deliberate replantation or, when there is no other alternative, by extraction [4]. If
possible, the infected tissue should be removed and sealed without compromising posterior
rehabilitation. If the pulp is not involved and there is good access to the cavity, topical
application of a 90% aqueous solution of trichloroacetic acid and manual or mechanical scal-
ing [6,17] may be the answer. If the pulp is involved and the tooth is necrotic, endodontic
treatment [6] is required as well as the previous treatment alternatives.

2. Materials and Methods

In this pilot study, a structured questionnaire was administered to one hundred and
four people via Google Forms, in May 2023. The inclusion criteria were dentists and fourth-
or fifth-year dentistry students. Of the one hundred and four responses, one hundred and
one were usable. The questionnaire was used to assess the knowledge, perception and
clinical experience towards external cervical resorption.

3. Results and Discussion

As shown in Figure 2a, among the volunteers, 99.0% claimed to be aware of tooth
resorptions, although only 45.2%, as demonstrated in Figure 2b, were aware of external
cervical resorptions. Of this last percentage, 21.8% were fourth-year students, 30.4% were
fifth-year students and 47.8% were dentists. Thus, the results continue to progress as
clinical experience grows. Only those who were aware of this pathology were included for
further analysis.

  
(a) (b) 

Figure 2. (a) Percentage of respondents who know what tooth resorption is. (b) Percentage of subjects
aware of cervical invasive resorption.

As a result, the evidence shows that only 13% answered all the questions correctly,
30.4% gave one wrong answer and 56.6% gave at least two wrong answers. In addition,
over 50% did not know how to radiographically identify a cervical invasive resorption.
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In fact, only 45.7% recognized this resorption as a well-demarcated radiolucent area on
the radiograph, while 53.3% mistakenly identified it as undefined. Furthermore, 56.5%
identified the lesion as supra-osseous, 37.0% as infra-osseous and 6.5% as osseous. It can
also be seen that 89.1% classified it as tooth resorption, but 8.7% as bone resorption and
2.2% as a tissue lesion. A total of 69.6% considered CBCT to be the best diagnostic test,
while 30.4% considered periapical radiographs. A total of 89.1% described this pathological
resorption as asymptomatic, although 10.9% described it as painful. In addition, 54.4%
associated it with a pinkish discoloration, 15.2% with a yellowish discoloration, another
15.2% with a brownish discoloration, 13.0% with a reddish discoloration and 2.2% with a
grey discoloration.

After analysis, 45.7% felt comfortable diagnosing cervical invasive resorption, although
54.3% did not (Figure 3a). As well demonstrated in Figure 3, among the interviewees who
felt comfortable diagnosing this lesion (45.7%), only 5 people (23.8%) got all the answers
correct. In fact, 42.9% gave one wrong answer and 33.3% gave at least two wrong answers
(Figure 3b). In addition, only 21.7% felt comfortable treating this lesion, as opposed to
78.3% who said they were not comfortable (Figure 3c).

   

(a) (b) (c) 

Figure 3. (a) Percentage of people, among those who know what an invasive cervical resorption
is, who feel comfortable with the diagnosis. (b) This figure shows the number of people who gave
all the correct answers, one wrong answer or at least two wrong answers, among the volunteers
who consider themselves able to diagnose cervical invasive resorption. (c) This figure shows the
percentage of volunteers who think they can diagnose invasive cervical resorption and who feel
comfortable treating this external resorption.

4. Conclusions

Undoubtedly, external cervical resorption is a devastating form of external resorption
and there are still difficulties among dentists and students in its diagnosis and treatment.
For this reason, it remains crucial to educate this population about this type of pathology, so
that it can be properly diagnosed and treated to avoid tooth loss and major complications.
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Abstract: Palatal Rugae (PR) are disproportionate bilateral protuberances of connective tissue found
on each side of the medpalatine raphe posterior to the incisive papilla. The aim of this study
was to investigate the pattern and sexual dimorphism of PR. The prevalence and pattern of PR of
120 Portuguese individuals attending the Orthodontic Clinic of Egas Moniz were categorized. The
sample comprised 44.2% males and 55.8% females with similar PR frequencies among sex and age.
The total number PR was 624. Straight and wavy PR morphologies were the most frequently observed.
There was no sexual dimorphism related to the PR pattern.

Keywords: orthodontic population; palatal rugae; Portuguese individuals; straight palatal rugae

1. Introduction

Palatal Rugae are disproportionate bilateral protuberances of connective tissue found
on both sides of the median palatine raphe posterior to the incisive papilla [1]. Comparable
to fingerprints, PRs appear from birth, are distinctive to each subject, and are noticed in
various configurations and forms. The number of PR ranges from three to five on each side
of the midpalatine raphe [1,2].

PR has a number of physiological functions, such as assisting in suckling in babies
and enhancing deglutition, food mastication, and speech [1,2].

This cross-sectional observational study aimed to investigate the anatomical mor-
phological pattern and sexual dimorphism of palatal rugae (PR) in Portuguese subjects
attending the orthodontic clinic at the Egas Moniz School of Health and Science.

2. Materials and Methods

This sample investigated orthodontic dental casts of 120 Portuguese individuals (mean
age 19.9, SD = 6.7 years) attending the Orthodontic Clinic of Egas Moniz School of Health
and Science. Each maxillary dental cast was assessed for the prevalence and pattern of PR
morphology corresponding to the classification of Thomas and Kotze [3]: straight, wavy,
curved, circular, divergent unification, convergent unification and cross-link. Each PR was
determined by one operator using a graphite pencil (0.5 mm) under suitable light and
magnification by one operator (Figure 1). Any PR less than 3 mm were excluded from
the study.
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Figure 1. Maxillary study model showing delineated palatal.

An intra-observer reliability test was performed on 15 casts in two-week intervals.
The intra-class correlation coefficient revealed an excellent level of reliability (≥0.97).

The data were analysed using Mann–Whitney U and Pearson’s Chi-square test at
p < 0.05.

3. Results

The sample comprised 44.2% males and 55.8% females (Figure 2). Chi-square tests
determined a similar correlation between gender and the frequency of PRs (p ≥ 0.372). The
total number of PR included in the analysis was 624 rugae. The most frequent PR shape
was straight (44.6%), followed by wavy 257 (40.7%) PR (Figure 3). Likewise, the prevalence
of converging (11%), diverging (2.7%) and circular PR (1%) were the least frequent, while
cross-linked PR did not exist in our group.

 
Figure 2. Percentage of males and females in the group.

 
Figure 3. Percentage of different shapes of palatal rugae.

4. Discussion

This retrospective study evaluated the appearance, prevalence and sexual dimorphism
of PR in a limited group of Portuguese individuals. Therefore, for the moment, we regard
this investigation as a pilot study.

In agreement with our study, several other investigations on Portuguese individuals
living in Porto [4] and other populations reported similar prevalence and distribution
of PR in both sexes [1,2,5]. In comparison, sexual dimorphism was observed in other
populations [6,7].

Straight (44.6%) and wavy (40.7%) PR were the most frequently observed shapes in
the Portuguese subjects. Similarly, Santos and Caldas [4] reported a higher prevalence of
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straight first PR in their Portuguese sample living in Porto. However, their study analysed
only each individual´s 1st and 3rd PRs. The occurrence of straight PRs in our sample was
more than in Caucasians (15.2%) [1] and Libyans (14.28%) [2]. These variations might be
attributed to the different ethnicities of the investigated groups.

The occurrence of diverging and converging PR combined (13.7%) was slightly less
than in Caucasians [1] and relatively more than in Libyans [2].

This preliminary study explored the morphological discrepancy and sexual dimor-
phism of PR morphology in Portuguese individuals. A national research initiative involving
larger groups is proposed to acquire a clearer picture of the morphological differences of
PR in Portuguese individuals.

5. Conclusions

Straight and wavy PRs were the most common in Portuguese individuals. Further-
more, both sexes had a similar PR frequency and morphology; therefore, using PR to
determine sex in the Portuguese subjects attending our clinic is not proposed.
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Abstract: Incisor Molar Hypomineralisation (IMH) is a qualitative alteration affecting one or more
first permanent molars (FMPs) with the possible involvement of the permanent incisors, and is
associated with several dental complications. The aim of this study was to assess the impact of
IMH on the quality of life (QoL) of children/adolescents. A total of 56 children attending the Egas
MonizDental Clinic (EMDC) were enrolled, 27 females and 29 males, and the most common age was
11 years. Most of them had a mild or moderate degree of IMH. The impact of IMH on the children’s
quality of life was not significant.

Keywords: Molar-incisor hypomineralisation; perception; impact; quality of life

1. Introduction

In the late 1970s, opacities in the FMPs and, in more severe cases, enamel fragmentation
were observed and analysed for the first time [1,2]. The term “Incisor Molar Hypominerali-
sation (IMH)” [3] was first introduced in Bergen at the European Academy of Paediatric
Dentistry (EAPD) in 2000 [2,4,5]. The Academy defined IMH as a specific clinical condition,
a qualitative defect arising during enamel development, with a systemic and multifactorial
origin and affecting one or more FMPs, with possible involvement of the permanent incisors.
IMH is associated with several dental complications, such as the rapid development of
carious lesions, a loss of structure, poor restorations due to difficult adhesion of the restora-
tive material and hypersensitivity [6,7]. Additionally, affected teeth are more sensitive to
temperature and mechanical stimuli. In more severe cases, these stimuli even cause pain
that can negatively affect the simplest activities of daily living, like brushing or eating [6].
Finally, there are negative social and aesthetic consequences when incisors are affected [6,7].
Today, it is a highly prevalent defect worldwide, with a global estimate of 17.5 million new
cases each year [3], and no difference between men and women [8]. Dentists are faced
with a challenging approach for patients with IMH because they are required to overcome
the technical challenges associated with the intrinsic characteristics of hypomineralized
enamel, and IMH is recognized as a potential public health problem worldwide.

2. Materials and Methods

The sample consisted of children with IMH attending the EMDC between January and
May 2022. Participants were selected based on the following inclusion criteria: individuals
attending the EMDC with at least one FPM affected by IMH; individuals with ages between
11 and 18 years; patients with no known medical pathologies; and informed consent, free,
explained, and signed by the parent or legal guardian. The identification of IMH was based
on the criteria established by the EAPD in 2003: white, yellow or brownish spots, mainly
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in the occlusal and vestibular areas of the tooth surface in at least one of the four PMPs;
disintegrated enamel; atypical restorations; and tooth sensitivity and extractions. The
questionnaire for the study was designed by the authors and divided into two parts, the first
addressed to the child/adolescent and the second to the parent/guardian. The data were
then stored in a password-protected remote access database and anonymized, in accordance
with the authorization granted to the EMDC database by the National Data Protection
Commission. In the second phase of the study, the data were subjected to descriptive and
inferential statistical analysis in the second phase of the study; a significance level of 5%
was set in the latter case. The study was approved by Egas Moniz Ethics Committee.

3. Results

A total of 56 children were enrolled, 27 females and 29 males (Table 1).

Table 1. Distribution of frequencies and percentages of individuals in the sample by gender.

Gender Frequency (n) Percentage (%)

Female 27 48.2
Male
Total

29
65

51.8
100

Regarding the complaints in the functional domain, which includes eating, drinking,
talking, playing and sleeping, the percentages of those affected are all below 50% (eating:
16%, drinking: 44.6%, talking: 7.1%, playing: 1.8% and sleeping: 14.3%). When analysing
social/emotional well-being, 28.5% of the children admitted to being ashamed of smiling,
12.5% admitted to having been teased and 16.1% had already sought treatment for the spots.

4. Discussion

Relating the self-perception to the age group, we found that 14–18 year olds had
the highest awareness of the problem (46.4%), which is supported by the literature [9,10],
and also the highest number of complaints, which, according to Freitas Fernandes, can
be explained by the fact that this type of defect tends to worsen over time [11]. The
percentage of children/adolescents who became aware of the problem themselves was
37.5% of children/adolescents became aware of it themselves, with females being the most
aware and interested in the problem (44.4%, Table 2), due to their greater concern for their
appearance [7,12].

Table 2. Distribution of frequencies and percentages by gender regarding the identification of stains.

Gender Parent MD Child/Adolescent Total

Female
Frequency (n) 4 11 12 27
Percentage (%) 14.8 40.7 44.4 100

Male
Frequency (n) 4 16 9 29
Percentage (%) 13.7 55.2 31 100

5. Conclusions

Child/adolescent perception of the disease varies by gender and age group. The
impact of IMH on children’s QoL was not significant.
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Abstract: Intimate Partner Violence can affect the LGBT+ population with the same prevalence as
their heterosexual peers. This study explored how outness and internalized homophobia in the
LGBT+ population correlate with intimate partner violence. The Internalized Homophobia Scale,
the Conflict Tactics Scale 2 and the Outness Inventory were applied to 48 gay, lesbian, and bisexual
men, women and non-binary participants. Higher levels of outness were positively correlated with
internalized homophobia and sexual coercion. Higher levels of internalized homophobia were
negatively correlated with victimization in negotiations with a partner.

Keywords: LGBT+; homosexuality; intimate partner violence

1. Introduction

Intimate partner violence (IPV) is a prevalent issue affecting many romantic couples
worldwide, regardless of gender or sexuality [1]. Most reported cases of IPV are among
heterosexual couples, typically with a woman as the victim and a man as an offender [2,3].
Nevertheless, IPV can exist in the gay, lesbian, and bisexual populations in similar preva-
lence and violence typology compared to their heterosexual counterparts [4]. When trying
to find an explanation for causes or links to IPV in same-gender couples, there are two
unique variables in the research: internalized homophobia, and outness.

Outness is the comfort level the individual feels in publicly assuming their same-
gender attraction, their bisexuality or homosexuality, and being “out” to friends, family,
strangers, and peers [5]. Internalized homophobia is a gay, lesbian, or bisexual person’s neg-
ative and internalized feelings regarding their sexuality or just gay, lesbian, or bisexuality
in their peers, and feelings of shame to be attracted to the same gender or being disgusted
by gayness, lesbianism, and bisexuality [6]. Results indicate that internalized homophobia
is linked to IPV in LGBT+ couples, affects IPV experiences, and may be a predictor of IPV
in these relationships [7]. Studies show that higher levels of outness are linked to lower
stress levels and better self-esteem, and can cause positive emotions, reducing IPV [8].

Research also shows that higher internalized homophobia, which includes feelings of
low self-esteem and sexuality acceptance, leads to lower levels of outness and decreased
probability for an individual to “come out,” as well as the reverse, in which individuals
who are more “out” are likely to experience low levels of internalized homophobia [9].

This study aims to verify the relationship between outness, internalized homophobia,
and IPV among LGBT+ couples. Furthering the research on this topic and the correlation
between these two variables (outness and internalized homophobia) will provide a better
understanding of the more unique and exclusive characteristics of intimate partner violence
in LGBT+ couples and, therefore, also provide more knowledge for professionals to build
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better resources that are designed to help LGBT+ individuals who suffer from this specific
type of violence.

In this study, we expect to find positive correlations between internalized homophobia
and intimate partner violence and negative correlations between IPV and outness. We also
expect to find positive correlations between internalized homophobia and outness.

2. Materials and Methods

This study comprised 48 LGBT+ adult individuals (39.6% men, 48.8% women, and
16.7% non-binary). A total of 43.8% identified as bisexual or attracted to all genders,
while 56.25% identified as homosexual. An amount of 87.5% of participants were aged
18 to 30, and only 12.5% were over 31. Data were collected by sharing online links via
Google Forms on LGBT+ groups and communities within several social media websites
(such as Instagram, Facebook, and Twitter) using the following: a sociodemographic
questionnaire; the Outness Inventory [10], which includes 3 factors (outness to family
members, outness when presenting themselves to the world around them and outness
to their religious community); the Internalized Homophobia Scale [11], which includes
2 factors (internal factor regarding person’s sexuality, and external factor regarding how
other people’s sexuality is perceived); and the Conflict Tactics Scale 2 [12], which includes
5 factors (negotiation, psychological aggression, physical abuse without injury, physical
abuse with injury and sexual coercion). Each factor is separately evaluated for levels of
perpetration, as well as levels of victimization.

Informed consent for this study was requested on the online form’s first page before
submitting these data. No identifiable data were collected. Data were analyzed using IBM
SPSS (Statistical Package for Social Sciences) version 27.

3. Results and Discussion

Participants showed above-middle score levels of outness around the middle scores of
the scale (around 35), with a total mean score of 35.104 (SD = 13.178). For the Internalized
Homophobia Scale, participants showed high levels [10], with a total mean score of 122.083
(SD = 13.733). The mean for the scores of “Perpetration” was 69.333 (SD = 49.133), and for
the scores of “Victimization”, it was 64 (SD = 49.310) in the Conflict Tactics Scale 2 (CTS2).

Regarding the Conflict Tactics Scale 2, we found significant positive correlations between
“Negotiation (aggressor)” and “Negotiation (victim)” (r = 0.801; p = 0.01), between “Negotiation
(aggression)” and “Physical aggression with injury (victim)” (r = 0.288; p = 0.047), and between
“Negotiation (aggression)” and “Victimization Total” score (r = 0.772; p = 0.01), between “Ne-
gotiation (victim)” and “Aggression Total” score (r = 0.768 p = 0.01), between “Psychological
aggression (aggressor)” and “Psychological aggression (victim)” (r = 743; p = 0.01) and between
“Psychological aggression (aggressor)” and “Victimization total” score (r = 0.460; p = 0.001).
We found positive correlations between “Psychological aggression (victim)” and “Aggression
Total” score (r = 0.385; p = 0.007), between “Physical aggression without injury (aggressor)” and
“Physical aggression without injury (victim)” (r = 0.593; p = 0.01), between “Physical aggression
without injury (aggressor)” and “Physical aggression with injury (victim)” (r = 0.492; p = 0.01)
and between “Physical aggression without injury (aggressor)” and “Victimization Total score
(r = 0.335; p = 0.020). We found significant positive correlations between “Physical aggression
without injury (victim)” and “Physical aggression with injury (aggressor)” (r = 0.524; p = 0.01),
between “Sexual coercion (aggressor)” and “Sexual coercion (victim)” (r = 0.481; p = 0.001), be-
tween “Physical aggression with injury (victim)” and total aggression scores (r = 0.317; p = 0.028),
between “Physical aggression with injury (aggressor)” and “Victimization Total” score (r = 0.307;
p = 0.034), and between the “Aggression Total” score and “Victimization Total” score (r = 0.841;
p = 0.01).

We found significant positive correlations between “Out to world” and “Sexual co-
ercion (aggressor)” (r = 0.454; p = 0.001) and between “Out to world” and the “External”
factor of the Internalized Homophobia Scale (r = 0.344; p = 0.017). We also verified sig-
nificant positive correlations between the Outness Inventory total scores and the “Sexual
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Coercion (aggressor)” (r = 0.390; p = 0.006). Results show significant negative correlations
between the “External” factor of the Internalized Homophobia Scale and “Negotiation
(victim)” (r = −0.341; p = 0.018). In this sense, higher levels of outness or openness about
one’s sexuality to the rest of the world correlate with high levels of “External” internalized
homophobia (such as negative feelings regarding sexuality and same-gender attraction of
lesbian, gay, or bisexual peers). Results also indicate that outness to the world, in general,
correlates with perpetrating more acts of sexual coercion upon a partner. Lastly, higher
“External” internalized homophobia was negatively correlated with victimization during
negotiations with a partner; so, higher levels of this type of internalized homophobia
correlate with lower levels of victimization during this type of conflict, and vice versa.

Regarding the correlation between outness and internalized homophobia, a positive
correlation was found between outness and the external factor of internalized homophobia.
This contradicts the literature since it was expected to find negative correlations between
the two variables [9].

Results showed that higher levels of outness lead to higher levels of IPV, which contra-
dicted the literature as it was expected to find that higher levels of outness lead to more
positive feelings and well-being, which could potentially lead to decreased levels of vio-
lence. In comparison, lower levels of outness, lower levels of comfort with one’s sexuality,
and more negative feelings could potentially lead to increased levels of violence [8].

Results also found no significant correlations between internalized homophobia and
most of the CTS2′s factors, which measure the types and prevalence of intimate partner
violence. While expectations were to find that higher levels of internalized homophobia and
negative feelings regarding one’s sexuality (such as anger and shame) correlate with higher
levels of violence [7], no such results were found. This could be because a bigger sample
of IPV victims and perpetrators would be needed for more accurate statistical results, or
it could be due to the complexity of LGBT+ issues, as there are still many characteristics
and experiences of this population that need to be explored in the literature for a better
understanding of social issues such as IPV within the LGBT+ community [13].

We recommend that future studies use a large and diverse LGBT+ sample that includes
more LGBT+ individuals with IPV experiences. This could provide a more accurate
statistical analysis, expanding on the current study and potentially explaining some of our
results that were inconsistent with the literature. To add to this, and although not the focus
of this study, a few participants left ending comments on how they had experienced IPV not
with partners of the same gender but instead with partners of the opposite gender in the
past. In this sense, it could be relevant for future studies to explore the LGBT+ experience
of IPV with partners of the opposite gender, which was not explored in this study. The
quality of information about these types of intimate partner violence can also be enhanced
using qualitative approaches, such as individual interviews.
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Abstract: The manufacture of medicines on demand for a particular patient, at the point of care, may
be achieved via 3D printing, improving therapeutic outcomes, medication adherence and patient
safety. Tablets are often printed using a combination of hot-melt extrusion and fused deposition
modelling. In this work, paracetamol-loaded hydroxypropylcellulose filaments were produced;
their extrudability and printability were aided by a plasticizer and a lubricant. For printability,
11% humidity was the ideal storage condition for filaments up to 6 months. The tablets produced
complied with the uniformity of mass and content requirements, and showed delayed drug release;
these characteristics were maintained after in-use stability testing for 30 days.

Keywords: 3D printing; digital compounding; fused deposition modelling (FDM); humidity;
paracetamol; pharmacies; storage stability; in-use stability; tablet

1. Introduction

The patient-centric design and manufacture of medicines may be achieved via 3D
printing (3DP), an emergent technology that allows the digital customization of the
dose and/or the design of the dosage form to tailor drug release [1]. Likewise, the on-
demand manufacture of dosage units containing several drugs, according to a distinct
dose and prescription regimen, simplifies life and increases compliance and the safety of
polymedicated individuals.

Due to its simplicity, cost-effectiveness and versatility, fused deposition modelling
(FDM) is one of the most popular 3DP techniques, comprising the successive layering
of a molten drug-loaded thermoplastic polymer. FDM has been extensively used in the
preparation of simple or complex dosage forms [2], with a variety of doses, shapes and
release kinetics. However, besides being inadequate for heat-sensitive drugs [1], printers
have to be fed with filaments, which are commercially unavailable. As such, these have
to be produced beforehand using hot-melt extrusion (HME), increasing the duration and
complexity of the manufacture. Depending on the formulation and processing parameters
used, the integration of HME and FDM may not be straightforward [1], and may require
evaluation and tuning. For compounding, it is also critical to expedite the process.

Since FDM printers are economical, compact and easy to operate, the decentralization
of production from large pharmaceutical industries to community pharmacies and local
hospitals is possible [3], being viable even in remote locations and when supply chains
are disrupted. In addition to the potential of digital compounding to meet individual
medical/clinical needs, the technology will also add value to the role of the pharmacist.

The production of medicines on demand at the dispensing site would benefit from
stocking filaments (pre-produced in-house or industrially from a range of polymeric matri-
ces and different drugs/drug loads for dose flexibility) that would be fed into the printer
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when and as required, according to the needs of a particular patient. The stability of fila-
ments is a major concern, particularly of those produced using cellulosic matrices, which
are hygroscopic and lose printability due to the plasticizing effect of water [2].

Therefore, the aim of this work was to establish formulation and processing parame-
ters, as well as storage conditions for filaments, to maximize shelf-life while maintaining
printability for the production of tablets, tailored to a specific patient, at the point of care.
The stability of filaments was evaluated over time under different moisture conditions;
the in-use stability of the 3D-printed tablets was also evaluated up to 30 days in defined
relative humidity (RH) environmental settings.

2. Materials and Methods

Paracetamol (PCT; AcoFarma, Madrid, Spain) was used as a model drug, and hy-
droxypropylcellulose (HPC; Klucel LF®, Ashland, Wilmington, DE, USA), Soluplus® (SLP;
BASF, Ludwigshafen, Germany) and magnesium stearate (MgS; Roic Farma, Barcelona,
Spain) were used as excipients. Lithium chloride (11% RH), magnesium nitrate (53% RH),
sodium chloride (75% RH), potassium nitrate (93% RH), silica gel (below 40% RH) and
HPLC-grade methanol were supplied by Sigma Aldrich (Darmstadt, Germany).

Six different drug-loaded filaments (F1–F6; Table 1 for composition) were produced
by HME using a single-screw extruder (Noztek Pro, Noztek, Shoreham, UK; nozzle die
diameter of 1.5 mm, screw speed of 20 rpm, extruding temperature of 100 ± 2 ◦C and
65 ± 2 ◦C).

Table 1. Composition (% w/w) of the formulations used to produce filaments (F) and tablets (T).

Filament/Tablet HPC Soluplus Magnesium Stearate Paracetamol

F1/T1 54.00 15.00 1.00 30.00
F2/T2 54.00 14.00 2.00 30.00
F3/T3 52.50 12.50 5.00 30.00
F4/T4 39.50 9.50 1.00 50.00
F5/T5 39.50 8.50 2.00 50.00
F6/– 1 37.50 7.50 5.00 50.00

1 Filament F6 could not be printed.

Tablets were printed from the corresponding PCT-loaded filaments using a commercial
FDM 3D printer (DeltaWASP 2040 Turbo2, Massa Lombarda, Italy). Disk-shaped tablets
with a mean diameter of 6.0 mm and a thickness of 3.00 mm were digitally designed
(3D Sprint Software v2.11, 3D Systems, Rock Hill, SC, USA) and the .stl file generated
was imported into Cura (Ultimaker B.V., v15.04.2, Utrecht, The Netherlands) for slicing.
Printing parameters were set to the following: 180 ◦C and 220 ◦C extrusion temperature
(respectively, for 30 and 50% PCT); 90 mm/s extrusion speed; 150 mm/s traveling speed;
2 shells, 100% infill; and 0.20 mm layer thickness. Batches of 10 or 20 tablets from each
filament were prepared.

The sensitivity of the filaments to moisture was evaluated via storage at 25 ◦C under
controlled RH environments provided by desiccators containing saturated salt solutions.
Filaments were collected at day 0, 7, 14, 21, 30 and 180. The in-use stability of tablets was
evaluated over a period of 30 days in sealed flasks at 11% RH/25 ◦C and ambient RH/25 ◦C
in the presence and absence of silica gel.

The mean mass of tablets was determined by individually weighing 10 units, using a
calibrated analytical balance (Sartorius). The mean diameter and thickness were measured
(n = 10) in two different parallels using a digital caliper (Toolland, 150mm/6”, Shanghai,
China). Likewise, filaments were measured in ten different positions for diameter estimation.

PCT was quantified in individual tablets, or pieces of filaments using HPLC [4]. The
drug content was calculated as the amount of drug per tablet, or mass unit in filaments.

In vitro drug release studies of the 3DP tablets were performed using a paddle appa-
ratus (AT7 Sotax AG, Aesch, Switzerland; 50 rpm, 900 mL of phosphate buffer, pH 6.8 as
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the dissolution media, at 37 ± 0.5 ◦C). Samples (5.0 mL) were withdrawn at time intervals
and quantified using HPLC (HP Agilent 1100, Waldbronn, Germany; λ max 247 nm). From
the dissolution profiles, the time required for 50% drug release (t50), the dissolution rate
(DR) and the similarity (f2) factor were calculated.

3. Results and Discussion

Compatibility between HME and FDM is critical for the success of 3DP, and a good
extrusion behavior does not guarantee accurate and reliable printing. Thus, initial ex-
periments considered the adjustment of the formulation and processing parameters for
both techniques. HPC and PCT were used as a model cellulose-based matrix and drug,
respectively. To ease the extrusion process and printability, SLP as a solubilizer/plasticizer,
and MgS as a hydrophobic lubricant were also introduced in the formulations (Table 1).

3.1. Production of Drug-Loaded Filaments and Effect of Moisture on Printability

Filaments with two drug loads were produced (Table 1) in order to offer dose flexibility.
All the formulations were easily hot-melt extruded under the conditions tested, and PCT-
loaded filaments F1–F6 were obtained. These were off-white, smooth and flexible, with a
mean diameter of ≈1.75 mm, in accordance with the printer manufacturer tolerance. The
compliance of dimensions is vital for adequate printer feeding. The drug content of the
filaments was assayed, at different locations, before the printing process used to evaluate
the effectiveness of the components’ blending and to discard drug loss during extrusion
was performed. All the filaments showed drug loadings close to the theoretical value
(between 99.90–102.08%).

Printability was ascertained via the ability to print tablets with simple and more
complex geometries. The temperature was as low as possible to allow constant flow out of
the printer’s nozzle and below the degradation temperature of PCT (240 ◦C). To maintain
extrudability and printability, the drug fraction could not exceed 50%; equally, filaments
containing 50% PCT (F4 and F5) required a higher printing temperature (220 ◦C).

Immediately after production, all the filaments were consistently squeezed by the
printer’s gears and ruptured, precluding printing to finish. Hence, the filaments were
left to settle for 7 days under different controlled RH values to evaluate the influence of
moisture on printability. Under high RH (55, 75 and 95%), the filaments became sticky and
lost shape due to water uptake, which plasticized the matrix and modified its mechanical
behavior. Appropriate apparent elasticity–brittleness was obtained after storage at 11% RH
for filaments F1–F5; filament F6, which had a slightly smaller diameter, could not be fed
into the printer.

Filaments F1–F5 retained their dimensions, drug content, and adequate rheology for
printing up to 6 months under the same storage (11% RH) and printing conditions.

3.2. Characterization and In-Use Stability of Tablets

Filaments F1–F5 could be printed into tablets (T1–T5), whose average mass, dimen-
sions, and drug content are shown in Table 2. Besides being uniform in their dimensions
and shape (in agreement with the digital template), the tablets complied with the Eur.
Pharm. [4] regarding the intra-batch uniformity of mass, regardless of the batch size pro-
duced. The drug content of the tablets was within the range 100 ± 5% of the theoretical
value, suggesting no drug loss.

Considering that tablets are produced on demand and in small batches as a result of
personalized prescriptions, stability testing was performed for 30 days in a desiccator (11%
RH) and under conditions that mimicked tablet usage by the patient. After this time, the
tablets maintained identical masses, dimensions, and amounts of PCT, regardless of the
storage conditions, suggesting the good and desirable stability of both the matrix and drug.
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Table 2. Properties of tablets 3D-printed from filaments stored at 11% RH for 7 days, immediately
after production.

Sample Mass (mg) 1 Diameter (mm) 1 Thickness (mm) 1 Drug Content (mg/tablet) 2

T1 268 ± 0.005 5.91 ± 0.07 2.95 ± 0.022 83.20 ± 0.002
T2 252 ± 0.012 5.95 ± 0.05 3.00 ± 0.014 75.61 ± 0.004
T3 277 ± 0.011 5.98 ± 0.02 3.00 ± 0.029 84.48 ± 0.003
T4 251 ± 0.005 5.97 ± 0.04 3.00 ± 0.014 124.09 ± 0.002
T5 247 ± 0.012 5.96 ± 0.04 3.00 ± 0.017 126.40 ± 0.006

1 n = 10 for mass and dimensions; 2 n = 3 for drug content.

The results of the in vitro dissolution testing of tablets, immediately after printing and
after 30 days storage in silica gel, are presented in Figure 1A,B. The use of large—molecular-
weight polymers, such as HPC, resulted in extended, but complete, drug release patterns.
Due to the swelling of HPC, the matrix expanded in the dissolution media, followed by the
steady erosion of the polymer, leading to a somewhat complex release behavior.

Figure 1. PCT release from 3D-printed tablets (T1–T5) immediately after printing (A) and after
30 days of storage in a bottle containing silica gel (B).

The dissolution profiles enabled the kinetic parameters (t50 and DR) and similarity
factors (f2) to be calculated, which aided a comparison between the different formulations.
As expected, the decrease in HPC (as the PCT content increased) resulted in greater DR
(T1–T3 > T4–T5), suggesting that, indeed, the matrix controls drug release; as for t50, the
opposite trend could be observed. Formulation T3, with the highest MgS content, stood
out for the lowest t50 (≈4.73 h), despite its hydrophobic nature. At day 30, a comparison
with the initial corresponding release profile resulted in f2 > 50, indicating similar curves.

These results, although preliminary, contribute to the yet limited knowledge about the
stability of both filaments and tablets manufactured via FDM–3D printing. The formulation
developed may also be used as a polymeric carrier for drugs other than PCT, provided the
necessary adjustments are made.
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Abstract: Health professionals like physiotherapists require additional choices in portable dynamome-
ters to conduct evaluations pre- and post-intervention in order to accurately measure the efficacy
of treatments and patient progression and to adjust rehabilitation goals. New dynamometers have
arrived on the market, but there is no evidence for performance of the Kinvent. This study aimed to
investigate intra- and inter-rater reliability (ICC one-or-two-way-random-model/Bland–Altman) of
the Kinvent hand-held dynamometer in the muscle groups of the lower and upper limbs (COSMIN
guidelines). The Kinvent showed a good to excellent intra- and inter-rater reliability for almost all the
upper and lower limbs movements assessed. Ankle dorsiflexion was moderate in all assessments.

Keywords: muscle strength; muscle strength dynamometer; upper extremity; lower extremity;
dynamometry; intra-rater reliability; inter-rater reliability; muscle performance

1. Introduction

Muscle force assessment is often essential in the physical examination of patients [1–3].
In the clinical setting, manual muscle testing stands as the main approach for assessing
strength levels. When evaluating muscle strength, it is crucial to consider multiple factors,
such as test standardization, proper positioning, the careful observation of the patient’s
technique during the test, and ensuring an environment to prevent any pain/discomfort
that might hinder the participant from achieving a maximal contraction [3]. However, the
influence of physiotherapist skill and experience on the results has sparked controversy
regarding this test’s reliability as an assessment technique and has led to the development of
instruments capable of eliminating this problem, such as hand-held dynamometers (HHDs)
and isokinetic equipment [1–3]. Isokinetic dynamometry is considered the gold standard
in strength assessment with well-documented validity and reliability [4,5]. However, it is
equipment that is expensive, time consuming, and difficult to access, making its clinical
use questionable. In the light of this, HHDs represent an answer to the aforementioned
disadvantages, providing an affordable, portable, and time-efficient solution for measuring
isometric strength [1–3]. In recent studies, HHDs have demonstrated validity and reliability
when compared to isokinetic dynamometers [1,2,6]. Although studies have reported valid
and reliable results when compared to the gold standard, new pieces of equipment have
been arrived on the market for the use of professionals such as physiotherapists. In this
proceeding review, one study using Kinvent [7] is included in the examined literature, but
it does not include lower limbs assessments and the increasing use of this device among
physiotherapists requires the determination of its psychometric values. Since other brands
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of HHD have yielded good results, our hypothesis is that Kinvent will also exhibit good
intra- and inter-rater reliability for young adults. Therefore, the study objective was to
assess the intra- and inter-rater reliability of the Kinvent HHD in the muscle groups of the
lower and upper limbs.

2. Materials and Methods

2.1. Study Design

This study had a cross-sectional design and was carried out as a two-day assessment.
The first day included (1) the warmup and (2) three acceptable measurements (out of
five attempts, excluding the highest and the lowest) of the maximum voluntary isometric
contraction for each muscle group, assessed by both Rater 1 (R1) and Rater 2 (R2). After
48 h, the described procedure was repeated for Rater 1. Intra-rater reliability was assessed
across the two days of assessment for Rater 1. Inter-rater reliability was determined by
comparing the mean of the three measurements of different movements for each participant
made in one day between the two raters. The order, pairing, and assessment of the raters’
sequences between upper or lower limb muscles group were randomized each week
on the website randomization.com. The primary outcome was the maximum voluntary
isometric contraction, which was concealed from the raters. This procedure followed the
COSMIN guidelines.

2.2. Participants and Setting

Students from Egas Moniz School of Health & Science, Caparica, Almada, Portugal,
representing a convenience sample, were invited to participate in this study during their
internships at the Egas Moniz University Clinic in Almada. Entry criteria included partici-
pants who reported themselves as healthy on the Physical Activity Readiness Questionnaire
for Everyone (PAR-Q+), were of either sex, and were between 18 to 30 years. Participants
with a history of major injuries in the three months preceding the testing, permanent im-
pairments, or medical conditions that would hinder participation in exercise were excluded
from the study.

2.3. Procedure

The measurements were assessed using the Kinvent (KFORCE Pro, v. 5.4.9) HHD
by three physiotherapy professors/raters from the Egas Moniz School of Health Sciences.
Participants underwent training and received instructions on how to use the Kinvent prior
to data collection. This training was provided by an experienced practitioner (with more
than 20 years as a physiotherapist and who had worked with the Kinvent for 2 years), who
was familiar with this piece of equipment.

During the assessments, the participants were instructed to exert maximum effort
during an isometric contraction to assess isometric strength. To do this, the examiner
stabilizes the dynamometer in a fixed position while the participant applies maximal effort
against it. Instructions to gradually increase the contraction for one second in order to
avoid position and stabilization errors and to “push as hard as you can, as hard as you
can” for five seconds were given in a loud voice before and during the test, respectively.
Participants were directed to perform three consecutive actions with maximal effort with
their dominant limb, with each action lasting five seconds, followed by an interval of 30 s
of rest between repetitions to avoid fatigue.

For the lower limbs muscle groups, participants warmed up on a static cycle ergometer,
while for the upper limbs, they used a pulley for five minutes before proceeding with
strength measurements. The evaluated movements of the lower limbs were hip flexion and
abduction, knee flexion and extension, and ankle dorsiflexion on participants’ dominant
leg. For the upper limbs, the movements were shoulder abduction and flexion, elbow
extension and flexion, and wrist extension and flexion. The testing sequence progressed
from proximal to distal joints.
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2.4. Statistics

Statistical Package for Social Sciences (SPSS®) 26 software (IBM Corp, Armonk, NY,
USA) was used for reliability by computing intra-class correlation coefficients (ICCs). ICCs
were calculated using a single measurement—specifically, the mean value obtained during
testing—to assess intra-rater reliability. An ICC (one-way random model) was employed
for evaluating intra-rater reliability, while an ICC (two-way random model) was utilized
for assessing inter-tester reliability. The ICC values were classified as moderate (0.50–0.75),
good (0.76–0.90), and excellent (>0.90). Bland–Altman plots (BA) were used to complete
inter-rater analysis and define absolute reliability.

3. Results

A total of twelve individuals, seven of whom were women (58.34%), of
21.83 ± 3.16 years and 22.76 ± 2.03 kg/m2, participated in the study. The intra- and
inter-rater reliabilities are described in Table 1. The BA confirmed all measures to be
strongly or very strongly correlated, except for hip flexion. The upper and lower limits of
agreement presented, in general, non-concordant measures.

Table 1. Intra-rater reliability and inter-rater reliability for upper and lower limbs.

Movement
(kgf)

Rater 1—Day1
(Mean ± SD)

Rater 1—Day2
(Mean ± SD)

Intra-Rater Reliability Rater 2—Day2
(Mean ± SD)

Inter-Rater Reliability

ICC (95% CI) p ICC (95% CI) p

Upper limbs

Shoulder Flex. 19.13 ± 4.58 16.93 ± 5.90 0.707(0.273–0.905) 0.003 16.00 ± 6.13 0.922 (0.273–0.905) <0.001
Shoulder Abd. 18.80 ± 4.86 16.98 ± 6.42 0.850 (0.575–0.945) <0.001 16.14 ± 5.65 0.917 (0.739–0.975) <0.001

Elbow Flex. 26.69 ± 8.98 25.38 ± 10.03 0.951 (0.854–0.985) <0.001 25.30 ± 9.68 0.985 (0.948–0.996) <0.001
Elbow Ext. 17.77 ± 6.60 16.49 ± 6.69 0.912 (0.734–0.973) <0.001 16.39 ± 6.69 0.961 (0.872–0.989) <0.001
Wrist Flex. 17.88 ± 6.28 17.51 ± 7.17 0.854 (0.586–0.955) <0.001 17.59 ± 6.46 0.894 (0.675–0.968) <0.001
Wrist Ext. 15.73 ± 5.24 14.84 ± 5.55 0.874 (0.636–0.962) <0.001 15.65 ± 6.70 0.929 (0.773–0.979) <0.001

Lower limbs

Hip Flex. 32.27 ± 9.68 31.94 ± 7.44 0.796 (0.453–0.936) <0.001 32.08 ± 8.97 0.900 (0.692–0.970) <0.001
Hip Abd. 35.15 ± 10.26 34.00 ± 8.75 0.840 (0.552–0.951) <0.001 33.70 ± 9.36 0.916 (0.734–0.975) <0.001
Knee Flex. 18.90 ± 5.19 18.50 ± 4.95 0.939 (0.811–0.982) <0.001 18.19 ± 4.87 0.863 (0.594–0.959) <0.001
Knee Ext. 57.74 ± 17.68 59.06 ± 15.67 0.909 (0.726–0.972) <0.001 54.02 ± 14.78 0.876 (0.604–0.965) <0.001

Ankle Dorsiflex. 26.20 ± 7.08 23.86 ± 5.76 0.707 (0.392–0.926) <0.001 22.85 ± 3.97 0.722 (0.281–0.911) 0.03

Abbreviations: kgf = kilogram-force; SD = standard deviation; ICC = intraclass correlation coefficient;
CI = confidence interval; Flex. = flexion; Abd. = abduction; Ext. = extension. There were no missing data.

4. Discussion

The intra-rater reliability showed a similar correlation classification between the
upper and lower limbs. However, for the inter-rater reliability, the upper limb correlation
classifications were higher than those of the lower limbs. In addition, ankle dorsiflexion
was moderate in all assessments. A systematic review [2] demonstrated that this HHD is a
valid and reliable instrument for measuring muscle strength, except in regard to the largest
joints, such as the knee. This could also explain the wider CI in some measurements. Also,
a recent study [8] found a good-to-excellent correlation in isometric lower limb strength
and power in a healthy population, with particular emphasis on proximal muscle groups.
Our results are in accordance with these findings.

Some limitations need to be considered such as the small sample used (effect size
0.68, α error 0.05, power 80%) and the lack of an available isokinetic dynamometer to
compare the results with the gold standard. Another limitation was related to the interval
between assessments, which was 48 h. Despite our results, we cannot neglect its influence
on correlations, and it will be increased in future experiments.

Despite the limitations, this study brings some strengths, as health professionals
like physiotherapists need more HHD options to perform assessments before and after
interventions to quantify treatment effectiveness and patient progression and to adjust
rehabilitation goals [1–3]. Our research also suggests that Kinvent is a good instrument for
use in clinical practice, since it yielded good to excellent intra- and inter-rater reliability
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for almost all movements assessed. The acquisition of strength measurements using this
manual dynamometer was a quick and simple procedure that is able to provide useful
information for clinical practice [3]. Another important note concerns the care taken to
reduce bias in our methodology through a pilot study; patient and examiner training;
random allocation; and statistical analysis methods.

5. Conclusions

The Kinvent showed a good to excellent intra and inter-rater reliability for almost all
upper and lower limb movements assessed. Ankle dorsiflexion presented moderate values
in all assessments.
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Abstract: The growing development of new technologies and the evolution of communication devices
has led the world’s population to gradually replace traditional writing on paper and pen with digital
handwriting. This shift in writing instruments and media presents new challenges for calligraphy
specialists. The aim of this study is to compare digital handwriting and traditional writing on
paper and to explore the possible influence of different supports on the analysis of handwriting.
This study’s design consists of the analysis and comparison, by three calibrated forensic experts,
of the handwriting of 10 participants, 4 of whom provided anonymous samples for authorship
identification purposes. Preliminary results of the comparative analysis in both media revealed some
differences in letter size, spacing, dots, ovals, and initial and terminal strokes, and similarities in
graphic impulses, inclination, commas, punctuation, accentuation, calligraphic case, speed, and letter
shapes. Concerning authorship identification, a 75% success rate was achieved.

Keywords: graphoscopy; forensic handwriting analysis; questioned documents

1. Introduction

The current technological era promotes the rapid transmission of information world-
wide; however, it raises security issues that require the adaptation of traditional security
elements (such as signatures and handwriting itself) to new digital writing instruments. In
this sense, several studies have explored the eventual equivalence between an individual’s
signature and handwriting in both supports (paper and digital), with the aim of developing
tools and methodologies that assist in graphoscopic analysis. In general, differences have
been described, for example, in terms of speed (faster in the digital support), size (larger in
the digital support) and pressure (lower in the digital support) [1,2]. In addition to these dif-
ferences, significant differences between handwriting/signatures have also been reported
when written on different software and hardware resources, which makes standardization
difficult when it comes to digital samples, especially when the individual writes/signs in
different positions [3–5]. Thus, the present work aims to contribute to the description of the
common and particular characteristics of handwriting in each medium (paper and digital).

2. Materials and Methods

This pilot study adopts a design, presented in Figure 1, involving 10 forensic students
as volunteers, between the ages of 18 and 20. The participants provided handwriting

Med. Sci. Forum 2023, 22, 46. https://doi.org/10.3390/msf2023022046 https://www.mdpi.com/journal/msf
151



Med. Sci. Forum 2023, 22, 46

samples, including four anonymous samples for authorship identification (2 positive
controls and 2 negative controls). All participants willingly agreed to participate in the
study and provided their written informed consent. To ensure anonymity, participants
were coded with randomly generated numbers.

Figure 1. Pilot study design.

Participants were asked to write a text three times (once in uppercase and twice in
lowercase) on a piece of paper, and to repeat the process using a digital medium, namely
an 8th generation iPad® and an Apple Pencil 1st gen. Blue ink pens and individual sheets
of white A4 paper were used, in accordance with the Judiciary Police guidelines (LPC-FEM-
MD012, LPC-FEM-MD016 and LPC-FEM-MD017).

Forensic handwriting analysis was performed at two levels by three independent
calibrated experts. The first level involved an analysis of the handwriting and comparison
of the general and detailed characteristics between the two supports for 8 participants,
and the second level involved the graphoscopic analysis on both supports with the aim of
assigning the graphic identity of 4 anonymous samples.

3. Results

The comparison of the handwriting from eight participants revealed notable differ-
ences between the pen-and-paper and digital media. Several recurring differences were
observed, including discrepancies in the opening of ovals, periods, spacing, and letter size.
The detailed analysis highlighted disparities, particularly in the initial and terminal strokes.
It should be noted that no significant changes in digital writing pressure were detected, as
indicated by the figures presented in Figure 2.
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Figure 2. Handwritings differences observed between paper and digital supports.

For instance, when examining the opening of ovals, a distinct contrast was observed
between paper writing and digital support. In paper writing, the oval exhibited an open
shape at the top right, while in digital writing, it appeared closed at the top right. Similarly,
in the case of periods, the shape differed between paper writing (dot shape) and digital
writing (straight line). Furthermore, the comparison indicated that the spacing and letter
size in paper handwriting were generally smaller than those in the digital medium. This
finding aligns with the observations made by other authors [3]. In terms of the initial and
terminal strokes, there were a few discernible distinctions. The terminal stroke of certain
letters and the initial stroke of dashes exhibited variations between paper handwriting
(straight line) and digital writing (hook-shaped). On the other hand, it was possible to
establish a similarity relationship between certain graphical and dynamic characteristics of
the writings performed on paper and the digital support. Thus, similarities were observed
in graphic impulses, inclination, commas, punctuation, accentuation, calligraphic case,
baseline, speed, and letter shapes. An example of these similarities can be observed
in Figure 3.

Figure 3. Comparison of characteristics of writing performed on paper and digital supports.

Regarding the second level of graphoscopic analysis, namely the assignment of au-
thorship of questioned writings, it was possible to attribute an identity to one out of four
anonymous handwriting samples and conclude that two anonymous samples did not
match any of the eight samples previous analyzed. The obtained results suggest that it is
possible to compare texts in both formats, as similarities were identified in 16 parameters
(inclination, commas, periods, question marks, accentuation, calligraphic style, opening of
ovals in lowercase letters “a”, “g”, “p”, and “q”, speed, letter size, letter shape, lowercase
letter “d”, lowercase letter “f”, uppercase letter “E”) between the anonymous writing and
its corresponding paper and digital formats. Consequently, it is possible to attribute sam-
ples 18 and 67 to the same author. Figure 4 provides two examples of similarities between
the two writings concerning appearance characteristics.
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Figure 4. Comparison between paper and digital handwriting samples.

4. Conclusions

This pilot study indicates the feasibility of comparing handwriting in both supports
and evaluates handwriting authorship with a 75% success rate. However, it is crucial to
emphasize that a validated methodology is essential in supporting the comparison between
the supports and in the attribution of handwriting authorship.
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Abstract: Digital competence, a crucial aspect of online education, was studied among dental students
at the Egas Moniz School of Health & Science. This study, in line with the Horizon Europe Strategic
Plan 2021–2024, aimed to understand students’ digital skills and competences in the context of
higher education. A questionnaire was administered to 503 participants, covering various topics such
as socio-demographic characteristics, digital learning participation and the impact of the COVID-
19 pandemic. The results highlight the importance of digital learning and its future role in clinical
practice. While students perceived their digital competence level as high/intermediate, an assessment
test indicated a lower level of competence. These findings highlight the need to address challenges
and improve digital competence in education for social and economic advancement.

Keywords: digital competence; dental students; higher education; online learning

1. Introduction

Digital competence, which encompasses essential information and communication
technology (ICT) skills, plays a vital role in the success of online educational activities [1].
As the world becomes increasingly interconnected and technology-driven, it is imperative
for educational institutions to equip students with the necessary digital skills to navigate
the digital landscape effectively. This is particularly true in the field of dentistry, where
technological advances and digital transformation have revolutionized the ways in which
oral health professionals practice and engage with patients [2].

The present study focuses on characterizing and profiling the digital competence
of dental students at the Egas Moniz School of Health & Science (EMSHS), within the
broader context of the Horizon Europe Strategic Plan 2021–2024 [3]. In line with Cluster
6 (‘Digital, Industry and Space’), the research aims to contribute to the advancement of
digital technologies, particularly in the fields of education and healthcare.

In recent years, the integration of technology in higher education has become increas-
ingly widespread, and the COVID-19 pandemic has further accelerated the adoption of
digital learning platforms and tools [4]. The transition to online education has highlighted
the importance of digital competence among students, as they need to navigate virtual
classrooms, engage with online resources and use technology for effective learning [5].

The specific aims of this study are to assess the digital skills and competencies of dental
students, identify the challenges they face in the digital learning process, and explore their
perceptions of the future role of digital health in clinical practice. By investigating these
factors, the study aims to contribute to the development of strategies and interventions
to enhance the digital competence of dental students, ultimately improving their online
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learning experience and preparing them for the digital transformations taking place in the
field of dentistry.

This article presents the preliminary results of a cohort study involving 503 dental stu-
dents at EMSHS. A comprehensive questionnaire was used, covering various dimensions.

In the following sections of this article, we will describe the methodology used, present
the results of this study and discuss the implications for educational institutions and the
wider field of dentistry. By examining the current state of digital competence among dental
students, we can take steps to foster their digital competence and maximize the potential of
technology to advance universal health coverage.

2. Methods

2.1. Study Design

This research used a cohort study design to assess the digital competence of dental
students at EMSHS. This study aimed to understand students’ digital competence, as well
as to identify the challenges they faced in the learning process.

2.2. Participants

A total of 503 dental students participated in this study. Participants were selected
using convenience sampling to ensure representation from different academic years and
programs within the curricular plan.

2.3. Data Collection

Data were collected using an anonymous structured questionnaire consisting of 44
items, administered electronically to ensure efficient and standardized data collection. The
questionnaire covered various aspects, including socio-demographic characteristics, resi-
dential context, family background, digital characteristics, involvement in digital learning,
and the impact of the COVID-19 pandemic. Additionally, digital competence was evaluated
using DigComp to assess their proficiency in utilizing digital technologies and skills.

2.4. Measures

The questionnaire included items designed to assess participants’ digital competence,
such as their ability to use technology in an integrated way for work and study, their critical
evaluation of the technologies they use, and their active engagement in digital culture.
Participants were also asked to self-assess their digital competence.

2.5. Data Analysis

Descriptive statistical analyses were conducted in order to summarize the demo-
graphic characteristics of the participants, as well as their digital learning preferences and
self-perceived digital competence. The data collected on digital competence were compared
with the participants’ self-assessments to identify any gaps or discrepancies.

2.6. Ethical Considerations

Ethical approval from the Egas Moniz Ethics Committee was obtained prior to con-
ducting the study. Participants were provided with information about the study’s purpose
and procedures, emphasizing their voluntary participation. Strict confidentiality and
anonymity were maintained during data collection and analysis.

3. Results

Regarding the importance of digital learning, the findings indicate a high level of
recognition among dental students. A significant majority (78.5%) of participants acknowl-
edged the pivotal role digital health will play in their future clinical practice. This finding
emphasizes their awareness of the increasing integration of technology in the field and the
necessity to acquire digital skills for professional success.
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The study found that over half (51.3%) of dental students use digital skills daily in their
learning environment. They particularly prefer class transcripts and video-based support
for digital learning, indicating that they appreciate the convenience and accessibility of
digital resources, which enhance their learning experience.

Interestingly, despite most students having high or medium self-perceived digital
competence (94.0%), the objective assessment test showed lower competence levels. Only
26.6% rated themselves highly skilled after the assessment. This highlights the limitations
of self-assessment in accurately measuring digital competence and stresses the need for
objective assessments and targeted training to address identified gaps effectively.

The results also shed light on the challenges faced by dental students during the shift
to online education due to the COVID-19 pandemic. The rapid adoption of digital learning
platforms has required quick adjustments in educational practices. Understanding the
specific challenges in this digital learning environment is crucial for institutions to develop
effective strategies and interventions. Further research focused on exploring the unique
challenges that dental students encounter in digital learning could inform the design of
tailored support mechanisms.

4. Discussion

This study explores the digital competence of dental students and its implications for
online education and future practice. The findings shed light on various aspects of dental
students’ digital competence, including skills, preferences, and self-perceived competencies,
thus having significant implications for educational institutions and in this field.

The findings can guide targeted interventions to address skill gaps, enhance online
learning, and prepare students for technology-driven healthcare practice. This study aligns
with broader goals of digital transformation in education and healthcare, contributing to
societal and economic progress through effective use of technology [6].

The implications of this research extend beyond dental education. This study aligns
with the broader goals of digital transformation in education and healthcare, promoting the
effective use of digital technologies for social and economic progress. By identifying the
digital competence levels of dental students, educational institutions can develop targeted
interventions to improve digital competence. This, in turn, will enhance the overall online
learning experience and prepare students for the evolving digital landscape in the field
of dentistry.

Future research could use more diverse sampling methods and incorporate objec-
tive measures to provide a comprehensive understanding of digital competence among
dental students.

Limitations

There are several limitations to this study. Firstly, the convenience sampling method
may introduce selection bias towards a potential overrepresentation of certain groups
or characteristics within the sample, limiting the generalizability of the findings to the
wider population of dental students. Secondly, the self-reported nature of the data may be
subject to response bias and overestimation of digital competence. Finally, the preliminary
results do not allow for causal inference or the assessment of changes in digital competence
over time.

5. Conclusions

This study offers valuable insights into the landscape of digital competence among
dental students, underscoring the significance of digital skills and competences within the
realm of online education and future dental practice.

The results reveal a noteworthy discrepancy between the participants’ self-perceived
digital competences and their actual performance as evaluated by the digital competence
assessment test. This suggests a tendency for participants to overestimate their digital com-
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petence, highlighting the importance of objective assessments for an accurate understanding
of individuals’ digital competence, as well as promoting self-awareness and training.

The findings also underscore the imperative for educational institutions to develop
strategies aimed at bridging gaps in digital competences and enhancing the overall learning
experience. By fostering digital competence among dental students, institutions can ensure
that future oral health professionals are well-equipped to effectively utilize technology for
improved healthcare practices and contribute to the advancement of digital transformation
within the field.
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Abstract: This study compared the precision of extracting mesio-distal tooth size of each participant,
from plaster models, digital models, and by scanning plaster models using the iTero Element 5D
Plus scanner. Ten participants were included in the study. Descriptive analysis was carried out
and the reproducibility of measurements for the three methods was assessed with the intraclass
correlation coefficient (ICC). The overall reproducibility of mesio-distal tooth size measurements on
digital models was comparable to direct measurements on plaster models and the digital replicate of
the study models. A trend towards lower reproducibility was found for measurements of posterior
maxillary teeth in digital models.

Keywords: intraoral scanners; digital models; model scanning; 3D models; model analysis;
orthodontics; precision; accuracy

1. Introduction

Traditionally, diagnostic measurements were obtained from plaster models with a
digital calliper. The literature recognizes manual measurements using callipers as accurate
and reliable [1–3]. In recent years, conventional plaster models have been replaced by
digital models that are becoming more common due to the benefits related with storage,
retrieval, reproduction, and communication. On that account, the clinician can have easy
access to diagnostic and routine measurements and perform various analyses [4].

Different methods can obtain digital models. Several studies have evaluated the
reliability of 3D digital models, obtained with extra-oral scanners on plaster models such
as 3Shape D250 3-dimensional (3D) scanner (3Shape, Copenhagen, Denmark) [3,5], Ortho
Insight 3D laser scanner (Motion View LLC, Chatanooga, TN, USA) [6], and R500 3Shape
scanner (3Shape, Copenhagen, Denmark) [7]. Scans with the 3Shape D250 showed high
precision values with mean deviations of 10 μm and, root mean square errors of 20 μm [5].

Three dimensional (3D) digital models can also be acquired with intraoral scanners.
Pelliteri et al. [7] studied the accuracy and efficiency of 3D digital models using three differ-
ent intraoral scanners, Carestream CS3600 (Onex Corporation, Rochester, NY, USA), CEREC
Omnicam(Dentsply Sirona, Charlotte, NC, USA) and Trios 3Shape (3Shape, Copenhagen,
Denmark). Variations between the three intraoral scanners and the polyvinyl siloxane (PVS)
impression scan ranged from 100 to 200 μm.
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Intraoral scanners, such as iTero, can also be used to scan plaster models. Reported
values of mean deviations of 25 μm and root mean square errors of 51 μm [5] confirm that
the iTero intraoral scan can generate 3D digital models of plaster models with precision.

The availability of several software applications enables clinicians to import digital
models and move their generated images around three axes of rotation as well as measuring
tooth size and arch width and length [4] and calculate Bolton ratios [6], such as OrthoCAD
(Cadent, Carlstadt, NJ, USA), E-models (GeoDigm Corporation, Falcon Heights, MN, USA),
Ortho AnalyzerTM (3Shape, Copenhagen, Denmark), SureSmile (OraMetrix, Richardson,
TX, USA), Maestro3D (AGE Solutions, Pisa, Italy), NemoCast (Nemotec, Madrid, Spain),
and DigiModel (OrthoProof, Nieuwegein, Netherlands) [4,6,8,9].

Most studies found that even though the reproducibility of digital models is accept-
able for clinical diagnosis and investigation measurement, precision varies across studies
according to the clinician’s experience and ability and the visualization tools offered by
different software. Therefore, the precision and accuracy of different measurements and
techniques should be evaluated in the practice of evidence-based clinical orthodontics [2].

The aim of this study was to determine and compare the precision of mesio-distal
tooth size measurements in plaster models using a digital calliper with measurements
obtained with NemoCast software in digital models acquired through intraoral scanning
and by scanning plaster models using the iTero Element 5D Plus scanner.

2. Materials and Methods

The present pilot study was undertaken at the Egas Moniz School of Health and
Science. Ethical approval was secured from the Ethics Committee, and consent forms
were obtained from the participants. The study sample consisted of 10 patients with full
permanent dentition randomly selected from the clinical archives of the postgraduate
orthodontics program. Each case had available dental study models and intraoral digital
scans. Digital models were acquired both through intraoral scanning and by scanning the
plaster models using the iTero Element 5D Plus scanner (Align Technology, San Jose, CA,
USA) (Figure 1).

  

Figure 1. Dental models used in the study. Left to right: Conventional plaster study model, 3D
scanning of plaster model, 3D intraoral scan.

The iTero Element 5D Plus acquisition method is based on parallel confocal micro-
scopic features colour scanning and does not require opacification. The scanning procedure
started from the occlusal surface, progressing to the buccal and lingual surfaces. A sample
size calculation determined that a 10 to 13 dental study models are required to obtain a
statistical power of 95% [4].

One examiner (M.J.) was trained in using the three different methods, measuring with
a digital calliper, scanning the plaster models and measuring of the 3D virtual images
with NemoCast software v2021. The measurements from conventional dental casts were
obtained with a 145 mm digital calliper (Hammacher, Solingen, Germany) with 0.01 mm
accuracy. Digital model images were analyzed by using Nemocast software (Figure 2).
Measurements were recorded in a Microsoft Excel spreadsheet (Microsoft, Redmond, DC,
USA) and analyzed with SPSS Statistics version 28.0 (SPSS, Chicago, IL, USA). Descrip-
tive analysis of the mean error of mesio-distal tooth size duplicate measurements was
carried out and the reproducibility of measurements assessed with the intraclass correlation
coefficient (ICC).
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Figure 2. Mesiodistal tooth measurements from the Nemocast software. Mesial point landmarks are
marked as a red circle and distal point landmarks as a blue circle.

3. Results

The intra-examiner mean random errors of mesio-distal tooth size ranged from 0.07
to 0.20 mm for measurements obtained with a digital calliper on plaster models, from
0.07 to 0.29 mm for measurements obtained with Nemocast in digital models acquired
through iTero intraoral scanning, and from 0.07 to 0.28 mm for measurements obtained
with Nemocast in digital models acquired using iTero scanning of plaster models.

Intraclass correlation coefficients (ICC) for mesio-distal tooth size measurements
(Table 1) ranged from 0.630 to 0.990 for the digital calliper (mean ICC = 0.921), from 0.524
to 0.965 for Nemocast/iTero intraoral scanning (mean ICC = 0.885), and from 0.281 to 0.971
for Nemocast/iTero plaster scanning (mean ICC = 0.855).

Table 1. Reproducibility of tooth size measurements evaluated by intraclass correlation coefficient.

Digital Calliper/Plaster
Model

Nemocast/Intraoral
Scan

Nemocast/Plaster
Scan

Mean

Upper Arch
16 0.908 0.693 0.685 0.762
15 0.972 0.935 0.909 0.939
14 0.951 0.915 0.804 0.890
13 0.630 0.943 0.840 0.804
12 0.931 0.930 0.962 0.941
11 0.990 0.944 0.935 0.956
21 0.969 0.965 0.971 0.968
22 0.974 0.864 0.957 0.932
23 0.927 0.900 0.490 0.772
24 0.961 0.941 0.942 0.948
25 0.933 0.853 0.648 0.811
26 0.847 0.665 0.281 0.598
Lower Arch
36 0.989 0.947 0.914 0.950
35 0.979 0.912 0.835 0.909
34 0.890 0.915 0.961 0.922
33 0.904 0.867 0.902 0.891
32 0.895 0.965 0.961 0.940
31 0.905 0.524 0.861 0.763
41 0.919 0.937 0.968 0.941
42 0.878 0.932 0.965 0.925
43 0.915 0.952 0.900 0.922
44 0.932 0.921 0.915 0.923
45 0.967 0.927 0.955 0.950
46 0.931 0.888 0.949 0.923

4. Discussion

The reproducibility of mesiodistal tooth measurements can be affected by numerous
variables, including inclination, rotation, interproximal contacts, and anatomical differences.
In this study, repeated measurements had acceptable correlations and mean errors were
determined to be within clinically acceptable limits for all methods.
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Even though the iTero intraoral scan is not optimized for plaster model scanning,
results were comparable to iTero intraoral scan in vivo. Difficulty in capturing the morphol-
ogy of a study model seem to be related to the presence of undercut areas. This problem can
be solved by positioning the cast model from several different angles, rather than relocating
the scanner while capturing scanned images of the occlusal, buccal, and lingual surface,
allowing the production of a 360◦ model with greater accuracy [10].

In this study, the largest errors tended to be found in maxillary arch scans. This finding
is in agreement with a previous study in which full arch scans showed a greater mean error
in maxillary scans compared to mandibular scans [11]. The lower reproducibility that was
observed in this study in the measurement of some posterior teeth has been previously
attributed to errors in scanning [11]. Images acquired by several scanners showed distortion
patterns, which can compromise the accuracy of linear measurements, with a tendency for
greater deviation in the molar area [7]. The 3D and 2D error analyses also displayed a trend
of greater distortion of digital scans compared to conventional measurements in the molar
region [7].

5. Conclusions

(1) The overall reproducibility of mesiodistal tooth size measurements on digital mod-
els was comparable to direct measurements with a calliper on plaster models. (2) Similar
reproducibility was found for measurements performed on digital models acquired by scan-
ning plaster models and by intraoral scanning. (3) A trend towards lower reproducibility
was found for measurements of posterior maxillary teeth in digital models.
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Abstract: Anterior open bite malocclusion, defined as a lack of vertical overlap or contact between the
maxillary and mandibular incisors, has a multifactorial etiology. A 17-year-old female patient came
to the Egas Moniz University Clinic complaining of anterior open bite. The patient had posterior
crossbite on the left side, second premolar agenesis, the presence of a primary molar, and a thumb-
sucking habit. This case report describes a nonsurgical orthodontic treatment of an anterior open bite,
applying a fixed appliance and bonded acrylic expander.

Keywords: open bite; posterior crossbite; thumb sucking; orthodontic treatment

1. Introduction

Anterior open bite malocclusion is characterized by the lack of definition when there
is no contact in the anterior dental region between the dental arches when the posterior
teeth are in occlusion [1] Anterior open bite impacts oral function and can influence the
quality of life of orthodontic patients [2].

Open bite is a malocclusion with several etiologic factors, such as a thumb-sucking
habit, lingual interposition habit, mouth breathing, or due to genetic influence. A detailed
diagnosis and anamnesis in patients with anterior open bite is very important to uncover
the etiology of the anterior open bite [3].

The aim of this article is to report a case of an open bite with a thumb-sucking habit
treated with a nonsurgical orthodontic treatment.

2. Materials and Methods

A 17-year-old female patient came to the Egas Moniz University Clinic complaining of
anterior open bite. The patient had a bilateral molar and canine class I, posterior crossbite
on the left side, lower left second premolar agenesis with the presence of a primary molar,
and a straight facial profile. Furthermore, the patient had a severe transverse maxillary
deficiency (Pont’s Premolar Index: −7.3 mm; Pont’s Molar Index: −13.1 mm), proclined
upper and lower incisors, and a hyperdivergent class I skeletal pattern. The patient had
a thumb-sucking habit during sleep. Regarding the functional examination, she reported
bilateral pain on the Temporalis muscle and TMJ palpation.

The patient refused the first treatment plan proposed, combining the orthodontic
treament with an orthognathic surgery, as well as the extraction of the primary molar.
Conversely, the patient accepted a non-invasive approach to also correct the posterior
discrepancy and its effects. The orthodontic treatment was initiated after obtaining signed
informed consent from the legal guardian of the patient.
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3. Results

The orthodontic treatment intruded the molars and corrected the posterior discrepancy,
with an extraction of the third molars to treat the anterior open bite. Firstly, the orthodontic
treatment involved a multibracket mandibular fixed appliance and a bonded acrylic max-
illary expander with a tongue grid to intrude the molars and correct the thumb-sucking
habit. Secondly, the upper multibracket fixed appliance was bonded. Upper removable
and lower fixed retainers were placed at the end of the treatment. The tongue posture was
corrected using miofunctional speech therapy. The treatment duration was 29 months.

4. Discussion

According to the literature, open bite malocclusion presents a prevalence of 6% in
permanent dentition and 3% in mixed dentition [4,5].

In adult patients, severe anterior open bite cases are often treated with orthognatic
surgery [6]. Notwithstanding this, orthodontic treatment with molar intrusion and the
correction of posterior discrepancy appears to be a good alternative, with founded long-
term stability [3,7,8].

In this case report, the anterior open bite was treated with orthodontic camouflage
and without any orthognathic surgery. Treatment stability was present with a follow up of
24 months (Figure 1).

Figure 1. Before and after orthodontic treatment records: (a) Initial intra-oral photographs; (b) Intra-
oral photographs during orthodontic treatment; (c) Final intra-oral photographs; (d) Initial facial
photographs; (e) Final facial photographs; (f) Initial orthopantomography; (g) Final orthopantomog-
raphy; (h) Initial cephalometric radiography; and (i) Final cephalometric radiography.
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Abstract: This work presents the preliminary development of paroxetine-based formulations con-
taining hydroxypropylcellulose (HPC) polymers suitable for hot-melt extrusion coupled to fused
deposition modeling (3D printing). Two grades of HPC (54% w/w), KlucelTM LF and KlucelTM GF,
were tested in a polymeric formulation of paroxetine (30% w/w) and adjuvants (16% w/w of dical-
cium dihydrate phosphate, magnesium stearate, and triethylcitrate; 10:1:5 ratio). Both formulations
exhibited a release of almost 100% of paroxetine after 12 h, but the drug released from the KlucelTM

LF formulation was quicker and closer to the formulations available in the market.

Keywords: hydroxypropylcellulose (HPC) grade; paroxetine (PRX); printability; 3D-printed tablet;
fused deposition modelling (FDM); hot-melt extrusion (HME)

1. Introduction

Three-dimensional printing (3DP) has recently been attracting the attention of the
pharmaceutical community because it allows patient-centric design and production of
dosage forms, according to the individual needs of a specific patient [1]. Fused Deposition
Modelling (FDM), one of the most used 3DP techniques, relies on the previous production
of a drug-containing thermoplastic polymeric filament. The FDM 3D-printer is fed with
the filament, which is molten at high temperature, extruded, and continuously deposited
on the printer plate, layer by layer, building the 3D-printed dosage form. Hot-melt extru-
sion (HME) is the most interesting method to manufacture the filaments, using existing
pharmaceutical-grade polymers [2].

The success of FDM for medicine customization depends on several factors, such as
the choice of the adequate polymeric matrix, according to the intended drug release profile.
Recently, cellulose-derived polymers have been increasingly used for filament preparation
by HME. Cellulose ethers encompass a category of polymers designed by the linking of
cellulose to alkyl substituents, such as methyl (methylcellulose, MC), ethyl (ethylcellulose,
EC) and propyl (hydroxypropylcellulose, HPC) groups.

Among the cellulosic polymers, HPC (Figure 1) has been extensively studied, in
several works, for application in integrated HME-FDM 3DP [3]. Typically, HPC polymers
exhibit plasticity and hydrophobicity, high solubility in water and organic solvents, and a
low Tg (0–120 ◦C, which tends to decrease with increasing moisture due to the plasticizer
effect of water).
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Figure 1. Chemical structure of HPC with a 2.5 degree of substitution. Reprinted with permission
from Ref. [4]. 2017, Ashland Inc.

Since HPC polymers are marketed with different viscosities and molecular weight
grades (KlucelTM ELF, EF, LF, JF, GF, MF, and HF; Table 1) they can be used in pharmacy to
modulate the drug release profile [4]. In fact, the drug release rate depends on the polymer
viscosity, which in turn is affected by the molecular weight and temperature.

Table 1. Properties and applications of typical pharmaceutical HPC polymers (adapted with permis-
sion from Ref. [4]. 2017, Ashland Inc.).

HPC Grade Viscosity (mPa·s) Molecular Weight (Da) Usual Pharmaceutical Applications

KlucelTM HF Pharm 1500–3000 1,150,000 Controlled-release matrix
KlucelTM MF Pharm 4000–6500 850,000 Controlled-release matrix

KlucelTMGF Pharm 1 150–400 370,000 Controlled-release matrix
KlucelTM JF Pharm 150–400 140,000 Controlled-release matrix

KlucelTMLF Pharm 1 75–150 95,000 Immediate-release
binder/Film-coating

KlucelTM EF Pharm 300–600 80,000 Immediate-release
binder/Film-coating

KlucelTM ELF Pharm 150–225 40,000 Immediate-release
binder/Film-coating

1 KlucelTM GF and LF grades, marked in bold, were tested in this work. Klucel is a trademark of Ashland Inc.

As these matrix polymers have not been developed specifically for 3DP applications,
it is crucial to evaluate their properties both alone and in the presence of the drug and adju-
vants. Polymers can affect the characteristics of the final formulation, such as their aqueous
solubility, erosion, and/or swelling properties. The mechanical and rheological properties
of the filaments determine the quality and behavior (e.g., immediate or delayed release)
of the final dosage form produced and are largely dependent on the matrix. Furthermore,
drug release can be adjusted by the addition of excipients (e.g., disintegrants, surfactants,
and/or pore builders) and by printing specimens with different infills or geometries [3].

Based on a comparative study of the drug dissolution profile, this work reports the
selection of the most suitable grade of HPC polymer to modulate the release of paroxetine
(PRX; used for the treatment of major depression, generalized anxiety, and related disorders)
from 3D-printed tablets obtained by HME coupled to FDM 3DP.

2. Materials and Methods

PRX (Lusifar, Lisbon, Portugal) was used as a model drug; as matrix-forming poly-
mers, hydroxypropylcellulose (HPC; KlucelTM LF and KlucelTM GF Pharm, Ashland Inc.,
Schaffhausen, Switzerland) were used. Magnesium stearate (MgS) (Roic Pharma, Ter-
rasa, Barcelona, Spain), dicalcium dihydrate phosphate (CaP) (Budenheim, Rheinstrasse,
Germany), and triethylcitrate (TEC) (Sigma Aldrich, Darmstadt, Germany) were used as
excipients. Paroxetine film-coated tablets 20 mg (Tecnimede Group, Sintra, Portugal) were
used as commercial references.

The extrusion of physical mixtures of the raw materials was performed in a single-
screw extruder (Noztec Pro, Noztek, Shoreham, UK) at temperatures of 120 ◦C and 90 ◦C
(barrel with two heating sections), at a constant screw speed (10 rpm). Two different
polymeric formulations (HPCTM LF and HPCTM GF) were considered. Tablets were 3D-
printed by FDM (3D printer Delta WASP 20 40 Turbo 2, Massa Lombarda, Italy) from PRX-
loaded filaments, according to a digital template (3D Sprint Software v2.11, 3D Systems,

170



Med. Sci. Forum 2023, 22, 17

Rock Hill, SC, USA) and exported as a stereolithography (.stl) file into Cura (v15.04.2,
Ultimaker B.V., Utrecht, The Netherlands). The tablets (10 mm diameter × 3 mm thick
cylinders; 0.7 mm layer width × 1.4 mm wall thickness; 100% infill) were printed at a
temperature of 200 ◦C and a 60 mm/s printing speed.

In vitro dissolution of the 3D-printed tablets was performed, and kinetic parameters,
such as the time required for 50% drug release (t50%) and the dissolution rate (DR), were
calculated [5].

3. Results and Discussion

Previous work demonstrated the feasibility of PRX-based formulations to be ex-truded
by HME into filaments, which could be used to manufacture 3D-printed tablets by FDM.
The polymeric formulation containing PRX (30% w/w), HPC (54% w/w), and excipients
(16% w/w of CaP, MgS, and TEC) exhibited the most adequate behavior, among those
studied, for coupling both technologies [6].

Nevertheless, it remained unclear which HPC polymer grade (KlucelTM LF and
KlucelTM GF) was the most suitable to use. In terms of the manufacturing process (extrud-
ability and printability), no significant differences were observed by the use of any of the
HPC polymer grades considered. Thus, the selection criterion was directed towards the
quality attributes of the 3D-printed dosage forms produced. In particular, it was defined
that the best HPC candidate would be the one capable of producing a drug release profile
closer to that of the commercial PRX tablets produced by tableting.

Both polymeric formulations containing KlucelTM LF and KlucelTM GF were used to
produce filaments, and 3D-printed tablets were manufactured. A comparative study of the
in vitro dissolution profile of both 3D-printed dosage forms was carried out (Figure 2), and
the kinetic parameters were evaluated (Table 2).

 
Figure 2. Dissolution profiles of the 3D-printed PRX tablets prepared with KlucelTM LF (green) and
KlucelTM GF (blue); commercial tablets (red) were used as a reference (n = 3).

Table 2. Dissolution parameters of 3D-printed tablets produced by HME coupled to FDM.

Formulation t50% (min) DR (mg·min−1) f2 Similarity

KlucelTM LF 2.681 0.184 71.46 Yes *
KlucelTM GF 4.027 0.174 48.20 No

* Criterion defined for f2: 50–100; (n = 3).

The dissolution exhibited a profile typically associated with controlled release for-
mulations, particularly useful in the treatment of psychiatric diseases and related to the
use of the HPC polymer in both formulations, regardless of its grade. For the polymeric
formulation composed of KlucelTM LF, the release of ≥85% of PRX was observed for ≈6 h
of the test, reaching the steady state (release close to 100%) after 8 h. The release profile was
superimposable to that of the commercial formulation obtained by a conventional tableting
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process; the similarity of the dissolution profiles between both formulations was supported
by an f2 test, which exhibited a value higher than 50 (71, i.e., good similarity). This finding
suggested that coupling HME and FDM technologies can produce 3D-dosage forms with
drug release kinetics similar to those commercially available. Although the dissolution
profiles were similar, the kinetics of drug release are amenable to adjustments leading to
complete overlapping of the profiles, namely by modulating the polymer:PRX ratio or the
adjuvants present in the formulation.

On the contrary, the polymeric formulation containing KlucelTM GF presented a slower
PRX release rate, as inferred by higher t50% values and lower DR results, when compared
to the KlucelTM LF-based polymeric formulation. In this scope, the increase in the HPC
viscosity associated with the higher molecular weight of KlucelTM GF, impaired the release
of the drug. Likewise, the dissolution profile was not comparable with the commercial
formulation, despite the f2 factor being close to 50 (48, i.e., almost similar). In fact, more than
8 h were required for ≥85% of the PRX to be released from 3D-printed tablets composed of
KlucelTM GF polymeric formulation (even though it reached 100% at the end of dissolution
test). The potential for further extending drug action with this formulation is apparent and
is the subject of future investigation.

Overall, this work supports the selection of the KlucelTM LF polymeric matrix as the
best option, among those studied, to manufacture 3D-printed PRX tablets by integrated
HME-FDM, as a therapeutic strategy in the treatment of psychiatric diseases. 3DP is proven
to be capable of mimicking the drug release of commercial formulations with the added
value of possible customization according to the patient needs.
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Abstract: Currently, composite resins are widely used as aesthetic restorative materials. The success
of any aesthetic restoration depends on the stability of the material’s colour. Colour change in
composite resin restorations is one of the most frequent reasons for their replacement. The aim of this
study is to evaluate the change in colouration, using the CIE L*a*b* colour system, of nanohybrid and
microhybrid composite resins when they are exposed to potential staining solutions over a period of
14 days.

Keywords: colour change; composite resin; aesthetics; pigmentation

1. Introduction

Colour represents one of the most relevant aesthetic parameters in dentistry [1]. To evalu-
ate and determine the colour, the instrumental method can be used; it is objective and can be
quantified, such as by using spectrophotometers and colorimeters [2–4]. The CIE L*a*b* colour
system measures the value and chroma through three parameters, “L”, “a”, and “b”. “L” repre-
sents brightness, “a” the red–green region, and “b” the yellow–blue region [5]. The total colour
difference (ΔE) is calculated using the formula ΔE = [(ΔL)2 + (Δa)2 + (Δb)2)]

1
2 [5,6].

Composite resins play a key role in dental restoration, especially in anterior regions,
due to their aesthetic capabilities. Inadequate colouration and chromatic instability in a
composite resin restoration are among the most prevalent reasons for its replacement [6–8].
This study aims to evaluate the alteration of the colouration of composite resins when they
are exposed to solutions that may cause pigmentation during a period of 14 days.

2. Materials and Methods

Three composite resins were used: Clearfil Majesty™ ES-2 Premium (Ma) (Kuraray Nori-
take Dental Inc.—Okayama, Japan), Elegance Composite Universal (El) (Medicaline—Castellón,
Spain), and Point 4™ (Pt) (Kerr—Orange, CA, USA). For each resin, shade A2 (Vita Scale) was
chosen. A control solution (Cl) (artificial saliva) and 4 potentially pigmenting solutions were
used: coffee (C) (Delta Cafés—Alentejo, Portugal), red fruit juice (Fv) (Compal—Carnaxide,
Portugal), chlorhexidine—0.12% (Cx) (Laboratorios KIN—Barcelona, Spain), and an energy
drink (Rb) (Red Bull GmbH—Fuschl, Austria). In total, 225 resin disks (10 × 2 mm) were
prepared (75 discs for each resin). For each composite resin, 5 experimental groups (n = 15) were
randomly formed. In the first 24 h after its confection, each group was placed in Cl and stored
at 37 ◦C. In the subsequent 14 days, the discs were placed in their respective solutions. The
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samples (apart from the control group, as it was permanently immersed in the Cl solution) were
incorporated into the potentially pigmenting solutions for a period of 5 min per day, for 14 days.
During the remaining 23 h 55 min, the samples were kept in Cl, at 37 ◦C. In total, 2 colour
measurements were performed on the discs with the SpectroShadeTM Micro (MHT—Verona,
Italia): after the discs were initially immersed in Cl for 24 h (T0) and after 14 days (T2) following
their exposure to the solutions. The CIE L*a*b* colour system was then applied.

3. Results

A two-way ANOVA was applied to evaluate the effect of the type of resin and the type
of beverage to which the resins were exposed on the variations in four colour parameters
(E, L, a, and b) between the 1st and 14th days of exposure (T = 2). The assumption of
normality of the distribution of dependent variables in each subgroup defined by the two
independent factors was assessed through the Shapiro–Wilk test, whose results proved
its validity in the overwhelming majority of cases. Regarding the assumption of the
homogeneity of variance of the dependent variables between subgroups, Levene’s test
revealed that this assumption was violated for all variables. However, this violation had no
impact on the results because all sub-groups considered in the experimental design had the
same size (n = 15). Statistical analysis was performed with the SPSS 28.0 software (IBM,
SPSS Inc., Armonk, NY, USA) at a p < 0.05.

The application of the two-way ANOVA model to the data of the four variables
produced the results shown in Table 1. Based on these results, we concluded that, for each
of the dependent variables considered, there was a significant interaction between the two
independent factors (effect represented in the table by the term “Type of Resin * Type of
Beverage”). This result means that the effects of exposure to different types of beverages
varied according to the type of resin, so comparisons between groups defined by one of the
independent factors were conducted for fixed levels of the other factor, as described below,
separately for each dependent variable.

Table 1. Evaluation of the effect of the type of resin and beverage to which the resins were exposed,
on the variation that occurred in the ΔE, ΔL, Δa, and Δb colour parameters between the 1st and 14th
days of exposure.

Tests of Between-Subjects Effects

Dependent Variable: ΔE2

Source Type III Sum of
Squares df Mean Square F Sig.

Type of Resin 31.375 2 15.688 66.572 <0.001
Type of Beverage 869.816 4 217.454 922.791 <0.001

Type of Resin * Type of Beverage 18.863 8 2.358 10.006 <0.001

Dependent Variable: ΔL2

Source Type III Sum of
Squares df Mean Square F Sig.

Type of Resin 47.701 2 23.851 52.352 <0.001
Type of Beverage 720.732 4 180.183 395.502 <0.001

Type of Resin * Type of Beverage 15.951 8 1.994 4.377 <0.001

Dependent Variable: Δa2

Source Type III Sum of
Squares df Mean Square F Sig.

Type of Resin 3.988 2 1.994 67.053 <0.001
Type of Beverage 69.039 4 17.260 580.360 <0.001

Type of Resin * Type of Beverage 3.642 8 0.455 15.308 <0.001

Dependent Variable: Δb2

Source Type III Sum of
Squares df Mean Square F Sig.

Type of Resin 90.391 2 45.196 347.404 <0.001
Type of Beverage 381.685 4 95.421 733.472 <0.001

Type of Resin * Type of Beverage 10.934 8 1.367 10.505 <0.001
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Figure 1a shows the data of the dependent variable ΔE between the 1st and 14th days
of exposure, considering the type of beverage as fixed. Figure 1b shows the data of the
dependent variable ΔE between the 1st and 14th days of exposure, considering the type of
resin as fixed.

Figure 1. Data of the dependent variable ΔE between the 1st and 14th days of exposure. (a) Consider-
ing the type of beverage as fixed; (b) considering the type of resin as fixed.

All the composite resins showed significant colour variation. There were significant
differences between the composite resins when exposed to the same solution. Similarly,
there were significant differences between the solutions in their ability to cause colour
changes in the same resin. The effects of exposure to the solutions differed according to the
type of resin.

4. Discussion

Composite resins composed of larger inorganic particles are more susceptible to colour
changes from extrinsic pigmentation (due to absorbing more water) than resins of smaller
inorganic particles. This is not in line with the results obtained, since the nanohybrid
composite resin El showed a greater chromatic variation than the Pt microhybrid composite
resin, probably due to the difference in the composition of its organic matrix [4,9,10]. The
nanohybrid composite resin Ma, which did not contain TEGDMA, showed the highest
colour stability, followed by the Pt microhybrid composite resin, and finally the nanohybrid
composite resin El, which contained TEGDMA, with the latter showing the lowest colour
stability. The results obtained are in line with those of a study that compared a microhybrid
and a nanohybrid resin, which contained TEGDMA, and the microhybrid resin showed
greater colour stability [11]. Another study related a nanohybrid resin (which did not
contain TEGDMA) and two microhybrid resins, and the nanohybrid resin showed higher
chromatic stability [6]. This is in line with the results obtained.

There is also a study in which it was found that the evaluated microhybrid composite
resin obtained greater chromatic stability compared to the nanohybrid one (which contained
TEGDMA in its constitution) [9]. In the present study, these results were also verified,
considering that the nanohybrid composite resin El (containing TEGDMA) demonstrated
lower colour stability compared to the Pt microhybrid composite resin. Some investigations
have described that resins containing TEGDMA exhibit greater colour changes, due to
absorbing a greater amount of water [12,13]. This fact is in line with the results obtained in
the present study, considering that the composite resins (El and Pt) containing TEGDMA in
their compositions showed greater chromatic variation.

The analysis of the solutions showed that there was a highly significant difference
between them. Their pigmentation capacity differed when applied to the same composite
resin. The C caused the greatest alteration in all composite resins, being the only one that was
perceptible through the human eye, with ΔE > 5, which agrees with other studies [4,6,9,10,14].
Other solutions did not cause a perceptible change in colour, with ΔE < 2. Regarding the red
fruit solution, the values were not in line with the results of another study [14], possibly due
to the different exposure times. The results obtained for the chlorhexidine solution coincided
with those of another study [9], although the percentage of chlorhexidine was different (0.2%).
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The results of the solution containing the energy drink were also in agreement with another
study [15], although the exposure time to the solution varied.

5. Conclusions

The El resin showed the greatest chromatic change for the Cl, C, Cx, and Rb solutions.
The Ma composite resin showed the greatest chromatic change for the Fv solution. The C
solution caused the greatest chromatic alteration.
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Abstract: The study evaluates the influence of irrigation with sodium hypochlorite on the microten-
sile bond strength to dentin with different bonding protocols on pre-endodontic restorations. After
endodontic opening of restored human molars, teeth were randomly divided into four experimental
groups: group 1 was not irrigated and the access was restored, while the other groups were irrigated
with sodium hypochlorite. Group 2 was restored, group 3 had the endodontic access walls instru-
mented, and group 4 had CoJet sandblasting and silane application prior to final restoration. The
bond strength after irrigation showed higher values when silicatization is performed.

Keywords: pre-endodontic restorations; sodium hypoclorite; bond strength; dentin

1. Introduction

Pre-endodontic restorations are widely used to properly plan the rehabilitation treat-
ment of the tooth, before considering endodontic treatment [1–3]. To achieve this goal, it is
essential to remove carious tooth lesions, old restorations and/or root canal posts, and to
perform an adhesive dentistry prior to endodontic treatment. The primary goal is to achieve
an optimal contour of the four walls, improve the structural strength and functionality of
the affected teeth, and prevent fractures. It also helps to create better conditions for rubber
dam isolation and effective irrigation [2–4]. Another major benefit that contributes to the
effectiveness and success of endodontic treatment is the prevention of contamination by
microorganisms from the carious lesion, saliva, and blood [2,5].

Root canal disinfection is critical to the success of endodontic treatment, and the use of
irrigants such as sodium hypochlorite (NaOCl) is generally recommended [5]. In the case
of pre-endodontic restorations, the question arises as to whether endodontic irrigation with
NaOCl throughout the entire endodontic procedure affects the integrity of the hybrid layer
and the adhesive bond strength of this restoration to dentin. No studies have determined,
so far, whether it is necessary to remove pre-endodontic restorations after irrigation with
NaOCl, and, if its removal is not necessary, it is important to determine the ideal bonding
protocols to achieve an effective seal. The aim of this study was to evaluate the influence
of irrigation with NaOCl on microtensile bond strength (μTBS) to dentin, using different
bonding protocols on pre-endodontic restorations.

2. Materials and Methods

This study was approved by the Ethics Committee of the Egas Moniz School of Health
& Science, Portugal (no. 943) and was performed in accordance with ISO/TS 11405/2015 [6]
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and the Academy of Dental Materials [7]. Twenty intact human third molars were scaled
and cleaned of all debris, stored in a 1% chloramine T (v/v) solution at 4 ◦C for one week
and kept in artificial saliva at 4 ◦C until use. Two cross-sections were made of each tooth
using a hard tissue microtome (Accutom-50, Struers A/S, Ballerup, Denmark) at low speed,
with water refrigeration. Pulp remnants were removed, and the pulp chamber filled with
cyanoacrylate glue (Zapit, Dental Ventures of America, Corona, CA, USA). A smear layer
was then created by polishing with a 600-grit silicon carbide sandpaper on a polisher with
constant refrigeration (Buehler Ltd., Lake Bluff, IL, USA), and the dentin was restored
with orthophosphoric acid (Octacid), followed by Optibond FL™ adhesive system (Kerr,
Orange, CA, USA), and a nanohybrid composite (Grandio SO—VOCO, GMBH, Cuxhaven,
Germany), shade A3, according to the manufacturer’s recommendations. An endodontic
access cavity preparation (3 × 6 mm) was conducted using a conical truncated diamond
drill bur (ISO 504) in a high-speed handpiece (Pana-Max2 (NSK, Tokyo, Japan) under
refrigeration. After 24 h, the specimens were randomly assigned to four experimental
groups (n = 5). Group 1 (G1) was not irrigated, and the access was restored, while the other
groups were irrigated with NaOCl according to the Egas Moniz School of Health & Science
protocol. Group 2 (G2) was restored after irrigation. In group 3 (G3), the endodontic access
cavity preparation walls were instrumented with a high-speed diamond bur (ISO 504), and
group 4 (G4) was treated with CoJetTM (3M, Saint Paul, MN, USA) (30-μm Al2O3 coated
with SiO2) followed by silane application, prior to final restoration. A range of 76–84 beams
(1 ± 0.2 mm2) were obtained from each five-teeth group, using a hard tissue microtome
(Accutom-50, Struers A/S, Ballerup, Denmark), under constant water refrigeration, and
immersed in artificial saliva at 37 ◦C for 24 h in an incubator (Memmert INE 400, Memmert,
Germany) prior to testing. The cross-sectional area of the beams was measured using a
digital calliper (MPI/E-101, Mitutoyo, Tokyo, Japan), and then they were fixed to Geraldeli-
type jigs. The microtensile bond strength (μTBS) test was performed in a universal testing
machine (Shimadzu Autograph Ag-IS, Tokyo, Japan) using a 1 kN load cell at 1 mm/min
until fracture.

The means of microtensile bond strength were obtained for each group, considering
the beam as the experimental unit for the inferential analysis. Since normality and ho-
moscedasticity were verified, a one-way ANOVA test was applied, followed by Tuckey’s
HSD (α = 0.05), using IBM SPSS Statistic v.27.0 software (IBM, SPSS Inc., Armonk, NY, USA).

3. Results

The means and standard deviations of microtensile bond strength are represented in
Table 1. The microtensile values ranged between 40.6 (±32.1) MPa, in G1, and 53.6 (±23.8)
MPa, in G4. ANOVA revealed statistically significant differences for μTBS mean values
among groups (p = 0.001). Further statistical analysis using Tukey’s HSD showed that the
microtensile mean values for G3 and G4 were significantly higher (p < 0.05) than those
of G1.

Table 1. Descriptive statistics of the microtensile bond strength (μTBS) according to experimen-
tal groups.

Experimental Groups n Beams Mean ± Standard Deviation

G1 5 78 40.6 ± 32.1
G2 5 84 45.3 ± 23.0
G3 5 78 50.9 ± 20.5
G4 5 76 53.6 ± 23.8

4. Discussion

Pre-endodontic restorations are often performed prior to endodontic treatment and
help to create suitable conditions for endodontic treatment, but there is still no consensus
on whether to maintain or remove the pre-endodontic restoration for the final rehabilitation
of the tooth [8,9]. At the end of the endodontic treatment, a better bond strength of the final
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restoration to the dentin walls increases the marginal sealing, the mechanical resistance to
masticatory stress, and the durability of the restorations for the long-term clinical success
of the restorative treatment [10,11].

Firstly, it is important to understand whether irrigation with NaOCl affects the bond
strength. In the present study, the microtensile strength of G1 (without irrigation) and
G2 (with irrigation) did not show significant differences. This finding is consistent with
the results of two meta-analysis in 2018 [10,12], and the mechanisms of action of NaOCl
on dental adhesion can explain this. NaOCl dissolves the exposed collagen network and
creates a mineralized layer of dentin to which resin material can adhere, increasing the
bond strength to dentin through a deproteinization process. This allows direct adhesion
between adhesive resin and dentin without the hybrid layer that is usually created [1].

The present study compared three protocols prior to definitive restoration. The results
showed that the microtensile strength of G3 and G4 was significantly higher than that of G1
(with no irrigation), and there were no differences between G2, G3, and G4 (with irrigation).
However, the results of the three protocols appeared to show a tendency to increase bond
strength (G4 > G3 > G2). Bonstein [13] compared a protocol of instrumentation of composite
walls with another protocol of sandblasting the walls with aluminum oxide particles. The
first protocol showed higher values because silane was applied after instrumentation with
a drill and not in the second protocol. The CoJetTM system (3M, St. Paul, MN, USA),
which uses silica-coated alumina particles of the order of 30 μm, is indicated for composite
repairs [14]. In addition to the sandblasting effect, the incorporation of silica into the
substrate to be bonded contributes to a surface available for chemical bonding through
the application of the silane [15,16]. Silane is a bifunctional molecule that acts as a binder
and adhesion promoter and is chemically involved in the bonding of various restorative
materials [14]. This makes the surface hydrophobic, leading to an improvement in the
wettability of the composite [17]. Most studies show that the application of silanes helps to
increase the bond strength compared to a simple application of the adhesive [18]. Similar
results to our study were found in previous articles which concluded that sandblasting
the surface with silica-coated alumina particles was a promising technique with higher
bond strength values [19,20]. This can be explained by the action that the abrasive jet exerts
on the substrate through its particles. By increasing the surface temperature and creating
surface roughness through the impact of the alumina particles, micromechanical retention
is increased. In addition to the increase in micromechanical retention, it was concluded that
the application of silane to the access walls increased the bond strength by increasing the
chemical adhesion, consistent with other studies [13,21].

5. Conclusions

Within the limitations of this in vitro study, irrigation with sodium hypochlorite does
not affect the bond strength to dentin. The bond strength of the pre-endodontic restoration
to dentin after endodontic irrigation reveals higher values when an adhesive protocol based
on silicatization of the endodontic access walls is used.
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Abstract: This study aims to apply a kinematic analysis to characterize and compare a normal
canine gait with a canine gait with cranial cruciate ligament (CrRL) rupture with free and open-
source software. Two dogs walked ten times. A bidimensional kinematic analysis was performed.
Spatiotemporal analysis showed significant differences between dogs. The dog with CrCL rupture
obtained higher results for all parameters except stance and step time. Also, the stifle angle did not
verify differences in absolute angle, but the signal showed differences in patterns between normal and
abnormal gait. This study supports that software assisting clinicians’ diagnosis with CrCl ruptures.

Keywords: canine gait; kinematic analysis; cranial cruciate ligament; exploratory study

1. Introduction

CrCL rupture is one of the most common causes of dog lameness [1,2]. The etiopatho-
genesis of CrCL is not fully known, but regardless of the cause, it results in stifle joint
instability and progressive degenerative joint disease [3]. Furthermore, this type of con-
dition causes lameness, an increase in cranial tibial translation, and internal rotation and
abduction of the tibia [4,5]. Gait analysis has evolved [6], it is well-established [7] and it is a
way to perform clinical diagnosis for CrCl rupture [8]. Subjective analysis has allowed the
identification of gait patterns, but the results, and thus the applications, are limited and
different agreements between observers can be obtained [6,8,9]. Alternatively, objective gait
analysis has emerged, allowing clinicians accurately study the canine gait cycle [6]. Several
methods and instruments can be applied in gait analysis, such as kinetic and kinematic
methods, and they are associated with instruments, such as force platforms and motion
analysis systems, respectively [7,9]. The kinematic gait analysis is one the most applied,
and it helps effectively in quantitative evaluation, measuring segments and joints and
identifying gait asymmetry [8]. However, the current methods are usually expensive and
require extensive data processing, so this study aims at an exploratory study which consists
of applying a kinematic analysis to characterize and compare a normal canine gait with
a canine gait with CrCL with free and open-source software. As a result, we could share
with veterinaries a simple and useful tool for their daily work to follow and analyze their
recovery of the canine gait.
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2. Materials and Methods

2.1. Experimental Design Overview

The experiment conducted in the present study consisted of a comparison between a
normal and an abnormal canine gait. Each dog performed ten trials with a natural speed in
a developed outdoor space of two meters near the Egas Moniz Veterinary University Clinic.
We used one high-speed camera and analyzed one step to determine the spatiotemporal
parameters and the stifle angle using the motion analysis system Kinovea®.

2.2. Subjects

The study subjects were two dogs, one healthy Labrador Retriever and one Bouvier
Bernouis with CrCL rupture, selected by convenience. The dogs’ owners were informed
of the objective and authorized the data collection. The CrCL rupture diagnosis was
assessed by a cranial “drawer” and tibial compression test and conducted by an experi-
enced veterinary orthopedic surgeon. The diagnosis was confirmed by Lateral radiogra-
phy of the femur-tibio-patellar joint taken doing the tibial compression test and without
tibial compression.

2.3. Measurement Protocol and Data Analysis

A veterinarian analyzed the subjects and placed three landmarks defining the stifle
angle (Figure 1). The dogs performed a walk of three minutes before the analysis. Dogs
started walking toward the outdoor calibrated zone of two meters with a natural but
uncontrol speed, and each dog walked ten times. One high-speed camera (Casio Exilim®

ZR200, Casio, Tokyo, Japan) collecting at 120 Hz was used during the bidimensional
kinematic analysis. It was placed perpendicular to the right of the dog’s line. Data
processing for the high-speed was conducted using the Kinovea® software (version 0.9.5)
to define the stance phase time, swing phase time, step time, step length and step speed,
and tracking the ankle, stifle and grand trochanter landmarks defining the stifle angle. Step
frequency (SF = 1/ST [steps/s]) and step speed (vstep = SL × SF [m/s]) were calculated.
Here, SF represents the step frequency; ST is the step time; vstep is the step speed and SL is
the step length. Their results were organized using Microsoft Excel Office, and kinematic
data processing was performed using the Spyder package in Python 3.7. Data from the
high-speed camera were smoothed using the spectral power analysis [10], and a cut-off
frequency of 9 Hz was applied.

 
Figure 1. Segment model used to define the stifle angle.

2.4. Statistical Analysis

All walks (n = 20) performed by dogs were analyzed. Descriptive statistics were
determined to describe the spatiotemporal data and stifle angle, with means and standard
deviation values. Normality was calculated using the Shapiro–Wilk test (p ≤ 0.05). The
independent samples t-test was used to compare the proposed parameters, and when the
normality was not verified, the Mann–Whitney test was applied [8].

3. Results

Table 1 provides the results of the descriptive and comparison statistical analysis for
the spatiotemporal data and stifle angle parameters.
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Table 1. Spatiotemporal data and stifle angle parameters descriptive and comparative analysis.

CrCL Normal

Mean ± SD Mean ± SD ¥

Spatiotemporal parameters

Stance phase time (s) 0.56 ± 0.09 0.46 ± 0.09 p = 0.019
Swing phase time(s) 0.26 ± 0.03 0.28 ± 0.15 p = 0.150
Step time (s) 0.82 ± 0.10 0.80 ± 0.09 p = 0.051
Stance phase (%) 68.00 ± 0.04 62.20 ± 0.05 p = 0.005
Swing phase (%) 32.00 ± 0.04 37.90 ± 0.05 p = 0.005
Step length (m) 0.73 ± 0.12 0.92 ± 0.03 p < 0.001
Step frequency (step/s) 1.23 ± 0.14 1.38 ± 0.17 p = 0.048
Step speed (m/s) 0.91 ± 0.22 1.27 ± 0.19 p < 0.001

Angular kinematic parameters

Minimum stifle angle (degree) −0.95 ± 1.88 * −0.77 ± 1.48 * p = 0.912
Maximum stifle angle (degree) 39.4 ± 7.45 * 40.3 ± 5.03 p = 0.315
Stifle angle amplitude (degree) 40.4 ± 7.38 * 41.4 ± 5.91 p = 0.579

*, p-value, non-normal distribution; ¥, p-value of the comparisons analysis between Abnormal and Normal dogs.

Figure 2 represents the stifle angular displacement in sagittal plane to a canine gait
with CrCL (Figure 2a) and a normal canine gait (Figure 2b).

Figure 2. (a) Signal pattern to a canine gait with CrCL; (b) Signal pattern to normal canine gait; Each
color line means each walk.

4. Discussion

In this study, we performed a bidimensional kinematic analysis to compare spatiotem-
poral parameters and the stifle angle between the normal and CrCL dog. When we analyzed
Table 1, as expected, CrCL influenced canine gait by changing some parameters. All results
were higher in normal canines except for the stance and step phase time following the
literature [11] (p. 837). Specifically regarding the temporal parameters, our results were
higher than Jenkins et al. (stride, stance, and swing phases were 0.575, 0.355 and 0.221 s,
respectively) [12] (p. 81). However, they did not report the step speed, which is a factor that
can change the temporal step parameters. Additionally, we verified significant differences
in the stance phase time, stance and swing phase in percentage and step length, frequency,
and speed (see Table 1). These results were divergent with Møller et al., which did not
verify differences in the spatiotemporal parameters analyzed. However, they used a lower
sample frequency (50 Hz) and a non-motion analysis system (Media Player Classic Home
Cinema for Windows v.10.0) [8] (p. 66). Regarding the stifle angle (see Table 1), the ampli-
tude did not verify differences between gaits and obtain angular displacement lower than
Agostinho et al. (stifle angle: 52.48 ± 4.04 and 62.37 ± 6.53 deg), but they used a higher
speed of 2.1 and 2.2 m/s, while we obtained a step speed around 1 m/s [9]. Lastly, re-
garding the stifle angle signal (Figure 2), when compared with the literature, we verified a
similar but inverse signal [9,11], and signal differences between dogs, i.e., the gait to CrCL
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dog started flexion early (around 20% time gait phase). Our results followed the literature
and showed that our proposal can be a useful diagnostic tool for veterinarians in their
daily routine.

5. Conclusions

This study allowed us to characterize the normal and CrCL rupture canine gait with
free and open-source software obtaining detailed information relevant to clinicians. Fur-
thermore, this information should be confirmed with a higher sample and be suggested to
veterinarians for inclusion in the follow-up after surgery to ensure that the dog restored all
stifle joint range of motion.
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Abstract: ID NOW™ COVID-19 is a rapid molecular test for the detection of SARS-CoV-2. According
to its instructions for use, this point-of-care test should be performed on dry nasopharyngeal swab
(NPS) specimens. However, this method completely consumes the swab, with the limitation that
additional analyses cannot be performed if required. The aim of this work was to evaluate the
analytical performance of the ID NOW™ COVID-19 using NPS sampled on a viral transport medium.
When compared to a reference RT-PCR, the positive and negative percent agreement was 86% and
100%, respectively. False negatives were associated with high RT-PCR Ct values.

Keywords: point-of-care; SARS-CoV-2; rapid diagnostic

1. Introduction

A real-time polymerase chain reaction (RT-PCR), the gold standard method for viral
RNA identification, is highly effective. However, it can be time-consuming and requires
specialized equipment and operator training. In some situations, a long time to result is
not suitable for patient management, such as in emergency departments or for controlling
airplane traveler infections during a pandemic.

Point-of-care (POC) tests based on RT-PCR or other nucleic acid amplification technolo-
gies are growing exponentially for the detection of human viral infections. Lower costs and
developed technologies have had a real impact on viral diagnostics and patient manage-
ment, not only because these easy-to-use assay kits allow for the decentralization of testing
but, most importantly, because of the reduction in the sample-to-answer turnaround time.
The COVID-19 pandemic over the last few years has provided living proof of this. Such
systems have great potential for the diagnosis of SARS-CoV-2 or other viruses, especially
in settings with limited resources or where PCR is not available.

The ID NOW™ COVID-19 assay was developed at the beginning of the pandemic
and has been implemented in several countries. According to the manufacturer, the ID
NOW™ COVID-19 should be performed on dry nasopharyngeal swabs (NPS) with the
swab entirely consumed. A second swab is required in case of invalid results or if further
analysis is required.

In the present study, we aimed to assess the analytical performance of the ID NOW™
COVID-19 using NPS sampled on viral transport media (VTM) compared to the reference
(RT-PCR).

2. Materials and Methods

This study was conducted at the Molecular Pathology Unit of the SYNLAB Central
Laboratory, Lisbon, Portugal. NPS were collected in the VTM between 4 August and
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9 September 2021 from hospitals (emergency room, urgent care, and hospitalized patients)
and community assessment centers (AC) and were sent to the laboratory for SARS-CoV-2
molecular detection. All NPS were first processed for diagnosis using the gold standard
RT-PCR assay (Alinity m SARS-CoV-2, Abbott Molecular, Des Plaines, IL, USA) and were
then tested using the Abbott ID NOW device. All samples were tested within 24 h of
collection.

The ID NOW™ COVID-19 assay is an isothermal nucleic acid amplification system
that specifically detects a unique region of the RdRp gene segment with fluorescently
labeled molecular beacons and includes an internal control. The assay was performed on
107 NPS according to the manufacturer’s instructions with the following modification: the
use of 100 μL of NPS collected in VTM. All data were analyzed using Microsoft Excel 2016
(Microsoft Corporation, Redmond, WA, USA) and SPSS software v.28, (IBM, Chicago, IL,
USA). For all statistical analyses, a p-value < 0.05 was considered statistically significant.

3. Results

3.1. Sample Population Analyses

A total of 107 NPSs were analyzed, including 53 samples from COVID-19 AC and 54
from hospital centers, 45.8% (49/107) females and 54.2% (58/107) males, aged <1–94 years
(median 33 years), representing 21.5% of children and 78.5% of adults. In the RT-PCR
(Alinity m SARS-CoV-2 assay), 98/107 (91.6%) were positive, with a range of cycle threshold
(Ct) values from 11.9 to 33.1 (median 19.1, interquartile range [IQR] 16.3–26.9).

3.2. Analytical Performance of ID NOW™ COVID-19 Assay

The ID NOW™ COVID-19 assay detected 84 (85.7%; 95 CI 77.9–91.7) of the 98 positive
NPS, with the remaining 14 testing as false negatives (14.3%; 95% CI 8.8–23.2) (Table 1).
None of the nine negative SARS-CoV-2 samples gave a false positive result, with the ID
NOW™ COVID-19 assay, and no invalid results were found in all samples. The overall,
positive, and negative percent agreements were 86.9%, 85.7%, and 100%, respectively
(Table 1). The agreement analysis comparing the performance of ID NOW showed that the
agreement was considered moderate with a Kappa value of 0.502 (50.2%).

Table 1. Performances of ID NOW™ COVID-19 using clinical specimens versus reference RT-PCR.

Alinity m RT-PCR
Total

Percent
AgreementDetected Not Detected

ID NOW
Positive 84 0 84 85.7%

Negative 14 9 23 100%
Total 98 9 107 86.9%

When stratifying by Ct, all NPS with a Ct ≤ 25.0 by RT-PCR were positive for ID
NOW™ COVID-19, whereas only 18 (56.3%) of the 32 NPS displaying a Ct > 25.0 were
positive. Of the 14 false negatives, half had a Ct between 25.0 and 30.0, and the other 7
were between 30.0 and 33.0. False negative cases (ID NOW negative/RT-PCR positive) had
a higher Ct, suggesting a lower viral load. The mean Ct for concordant positive samples
was 19.6 (95% CI, 18.4–20.8), ranging from 11.9 to 33.1, with a standard deviation of 5.6.
The mean Ct for discordant samples was 29.6 (95% CI, 28.3–30.9), ranging from 25.4 to 32.9,
with a standard deviation of 2.4.

The estimated diagnostic performance of the ID NOW™ COVID-19 assay is shown
in Table 2.
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Table 2. Estimated diagnostic performance ID NOW™ COVID-19.

Measurement Diagnostic Performance

Sensitivity 85.7% (84/98); CI: 77.9–91.7
Specificity 100% (9/9)

Positive predictive value (PPV) 100% (84/84)
Negative predictive value (NPV) 39.1% (9/23); CI: 21.1–59.4

CI—95% Confidence interval.

The sensitivity of the ID NOW assay for RT-PCR-positive samples with Ct values less
than 30.0 was 92.9% (78/84 cases) (Table 3).

Table 3. Sensitivity of ID NOW™ COVID-19 by cycle threshold.

Ct Value Positive ID NOW/Positive
RT-PCR

Sensitivity (%)

≤25 66/66 100%
25–30 12/19 63.2%; CI: 40.8–82.2
30–33 6/13 46.2%; CI: 21.6–72.1

Ct > cut off * 0/0 NA
* Ct values [33.7–38.7]; CI—95% Confidence interval.

4. Discussion

The development of POC assays improved access to diagnostic testing during the
COVID-19 pandemic, which was advertised as rapid, accurate, and relatively easy to
perform. However, caution is required because POC diagnostics have both advantages
and potential pitfalls, including low sensitivity, as their use is recommended only for
acute infections; the increased risk of and inappropriate use of the diagnostic tests; the
misinterpretation of test results; and lack of quality control procedures when the diagnostics
are removed from the specialized, controlled diagnostic laboratory environment.

In this study, we evaluated NPS sampled in VTM for the presence of SARS-CoV-2 RNA
and found good performance (86% sensitivity and 100% specificity), with an overall agree-
ment of 86.9, which was higher than that obtained in other studies [1]. In addition, some
invalids have been previously reported with the ID NOW™ COVID-19 [2,3]. However,
no invalids were obtained in the present study, suggesting that the rate of the invalids
of ID NOW™ COVID-19 was probably low. These performances are slightly lower than
conventional RT-PCR but much higher than those of antigenic tests [4]. Therefore, the ID
NOW™ COVID-19, when available, could probably replace rapid antigenic tests. The ID
NOW device provides a rapid qualitative result (positive, negative, uninterpretable) that
does not require specialized interpretation.

Overall, our results showed an NPV of 39.1%, with false negatives occurring for
samples with Ct values > 25.0. However, the NPV was 100% for Ct values > 33.0. This is in
line with the majority of studies [1,5,6]. Additionally, the lowest performance was obtained
for samples displaying Ct values between 30– and 33 with a positive percent agreement of
46.2%, which is slightly higher than that observed in other studies [1,5]. False negatives on
ID NOW appear to be strictly related to the viral load, based on the distribution of false
negative Ct values obtained and confirmed by the higher limit of detection of Alinity m
(100 copies/mL vs. 3225 copies/mL for ID NOW).

In this study, the ID NOW™ COVID-19 assay demonstrated good performance for
the detection of SARS-CoV-2 strains compared to the Alinity m SARS-CoV-2 RT-PCR
assay. Approximately one year after the declaration of a state of emergency, this test was
implemented in some hospital centers (acute care) to guarantee a turnaround time of
2 h and in Portuguese airports to respond quickly to the control of infected passengers,
especially in a situation of stopovers between flights. All discrepant and invalid results
were confirmed by RT-PCR in the central laboratory. This method allowed us to obtain the
quick and appropriate response needed to minimize SARS-CoV-2 transmission.
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5. Conclusions

In the case of the ID NOW™ COVID-19 assay, the use of NPS sampled on VTM has
the great advantage of allowing repeat testing on the same sample without a significant
loss of sensitivity. However, as for other POC assays, the results of this high-speed assay
should be interpreted in a clinical and epidemiological context. In our opinion, POC assays
are a promising tool for screening acute medical admissions with urgency to ensure the
prompt treatment of patients or minimize nosocomial transmission.
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Abstract: In an Integrated Master of Science in Dentistry, it is relevant to develop communication
skills. Through the Information and Communication Methodologies curricular unit, students learn
to synthesize information, create engaging presentations, and use formats such as Pecha Kucha.
The presentation model, with 20 slides of 20 s each, allows them to convey information clearly and
concisely while efficiently managing time. Students were challenged to summarize scientific articles
in this format, promoting communication skills. The activity was evaluated by the teachers, who
gave feedback to the students.

Keywords: communication skills; short presentations; pecha kucha; dentistry

1. Introduction

Public speaking and the public presentation of scientific content are important skills
for academics and practitioners. However, failures, inconsistencies, and problems related
to time management are frequent during public oral presentations. Not seldom do students
find it difficult to synthesize, select, and organize information [1].

Given the need to contribute to the development of students’ communication skills, a
curricular unit (CU) of Information and Communication Methodologies was introduced
in the first year of the study cycle. Among its contents, short communication formats
for public speaking are explored, such as Pecha Kucha (PK). The presentation model was
developed in 2003 by architects Mark Dytham and Astrid Klein. Its structure consists of a
sequence of 20 slides, with automatic transitions every 20 s, for a total duration of 6 min
and 40 s [2]. With very little text, it relies mainly on images, which should be understood
as authentic visual metaphors. It was created with the purpose of making presentations
more dynamic and engaging, and these benefits have already been demonstrated [3].

The goals of this activity were to lead students to develop public speaking and commu-
nication skills, such as the ability to synthesize and organize information, the structuring
and creation of captivating presentations with an eminently visual narrative line, and the
use of presentation production software. The assessment was carried out through direct
observation, giving further feedback on the students’ performance.

2. Materials and Methods

This was a descriptive, observational, and cross-sectional study. In the academic year
2022–2023, all the first-year students were organized in groups and challenged to prepare
a presentation in the PK model summarizing a scientific article randomly assigned to

Med. Sci. Forum 2023, 22, 16. https://doi.org/10.3390/msf2023022016 https://www.mdpi.com/journal/msf
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each group. They then answered a survey in English (they are all speakers of Portuguese
as their first language), made available online, with a set of questions/statements from
the study “Do Students Learn Better with Pecha Kucha, an Alternative Presentation For-
mat?” [4]. The survey includes 12 statements about the reasons for not including certain
elements/information in the presentation (group 1), 17 statements about the reasons for
doing so (group 2), and 7 statements aimed at assessing the level of confidence about
the presentation in general (group 3). The statements in groups 1 and 2 are distributed
over the following five areas: audience engagement, relevance of content, evidence-based
evaluation, logistics, and credibility. For each statement, students were asked to indicate
their level of agreement on a Likert-type scale, ranging from 1 to 5, where 1 corresponds to
“played no role in my decision” and 5 corresponds to “definitely played a role”.

3. Results

The data were analyzed using descriptive statistical methodologies. Of the 213 stu-
dents enrolled, 83 (38.9%) participated by answering the survey. The average age is 19.9;
26.3% are male and 73.7% are female.

In group 1 of the survey, questions 4 (I decided not to present certain information
because “it was too advanced and it might go over some students’ heads”—area: audience
engagement—Table 1) and 6 (I decided not to present certain information because “it
was so advanced that even I was confused”—area: evidence-based evaluation—Table 1)
revealed that students did not exclude elements or information in the presentation because
of its complexity for the class or for the presenters. The main reasons for excluding
information were related to the limited time available for the presentation. This situation
was demonstrated in question 9 (I decided not to present certain information because “it
wouldn’t fit in the allotted time”—area: evidence-based evaluation—Table 1).

Table 1. Descriptive analysis (N, %) of questions from group 1—reasons for not including certain
elements/information in the presentation (N = 83).

Score
Question 4 Question 6 Question 9

n % n % n %

1—played no role in my decision 24 28.9 24 28.9 3 3.6
2 20 24.1 18 21.7 2 2.4
3 15 18.1 23 27.7 23 27.7
4 17 20.5 11 13.3 30 36.1
5—definitely played a role 7 8.4 7 8.4 25 30.1

Notes. Question 4—I decided not to present certain information because “it was too advanced and it might
go over some students’ heads”; Question 6—I decided not to present certain information because “it was too
advanced and it might go over some students’ heads”; Question 9—I decided not to present certain information
because “it wouldn’t fit in the allotted time”.

Regarding group 2, on the reasons for including information in the presentation,
question 13 (I decided to present certain information because “it was essential background
information on the topic”—area: content relevancy—Table 2) reveals that the option for
including information considered the need for contextualization. The same expression
was found in the answers to question 17 (I decided to present certain information because
“it was something that, when put together, would flow as a comprehensive story”—area:
credibility—Table 2), which reveal that the option to include information also obeyed
the establishment of a narrative line, an important dimension in the communicational
process, emphasized throughout the CU lessons, particularly for the development of
communicational competencies.
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Table 2. Descriptive Analysis (N, %) of Questions from Group 2—reasons for including certain
elements/information in the presentation (N = 83).

Score
Question 13 Question 17

n % n %

1—played no role in my decision 2 2.4 2 2.4
2 4 4.8 6 7.2
3 16 19.3 14 16.9
4 17 20.5 26 31.3
5—definitely played a role 44 53.0 35 42.2

Notes. Question 13—I decided to present certain information because “it was essential background information
on the topic”; Question 17—I decided to present certain information because “it was something that, when put
together, would flow as a comprehensive story”.

As for question 21 (I decided to present certain information because “it was something
that all students in the class would be interested in knowing”), only 9.6% of the students
(score 1 + 2) did not consider the inclusion of information relevant because it was interesting
for the other students. As for question 25, I decided to present certain information because
“it is the future direction where the science is heading” and only 10.8% of the students
(score 1 + 2) did not take into account the evolutionary trend of science.

A cross-analysis of the questions in group 3 shows that after the presentation, the
students feel confident to answer questions from a varied audience (high school students,
dentists, family members, non-teaching staff, teachers, and even the president of the higher
education institution).

In the last open-ended question, students were asked if they had any additional
comments on this learning experience. Some of their answers include: “It was fun”; “it was
impactful in my interaction skills”; “I think it improved my communication and synthesis
skills”; “It’s pretty hard to fit everything you need to say”; “it’s perfect”.

4. Discussion

The use of short presentation formats, such as PK, in meaningful and properly planned
learning situations reveals benefits in terms of student motivation, involvement, informa-
tion synthesis, public speaking and communication skills, innovation, and creativity [4].

In our study, the data suggest that students have self-awareness of the parameters that
influenced the inclusion and exclusion of elements in their presentations. Nevertheless, in
the future, to address possible limitations of the study, increasing the number of respondents
may prove useful.

As suggested by authors such as Warmuth, PK presentations allow for better under-
standing of content and longer-lasting retention than simple traditional digital presentations
such as PowerPoint or Keynote [5].

It has also been shown that the fast pace of the presentation facilitates the concentration
of the speakers and the audience [2].

In the development of communicational skills, this type of methodology can be favor-
ably applied in different scientific fields and other training contexts in higher education,
and its usefulness has already been demonstrated in scientific areas such as Dentistry [6],
Psychology [2], and Nursing [7], among others.
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Abstract: The requirement for the preservation of evidence in court continues to pose a challenge to
forensic document analysis, where the answer to the discrimination of writing utensils is recurrent in
requested questions. This study aims to contribute to the identification of the blue and green inks of
handwriting instruments using Raman spectroscopy. Based on the Raman spectra obtained and after
processing with Spectragryph software, a predictive model was built using KNIME software, where
a discriminative power of 72.7% was obtained.

Keywords: questioned document; inks; Raman spectroscopy; handwriting instruments

1. Introduction

The analysis of the ink of common writing instruments is one of the most relevant
areas of modern criminalistics in document fraud since the specific characteristics of inks
can answer identification, comparison, and/or dating questions in requested forensic
examinations [1–3]. This work aims to contribute to the discrimination of blue and green
inks from common writing instruments through a non-destructive technique in which
the full analysis of Raman spectra is exploited with Knime software in order to build a
predictive model.

2. Materials and Methods

Eleven pens (five blue and six green) were selected from a collection of pens purchased
on commercial surfaces. After signal Raman screening: pen 8: Unilakubo—SG100 Rubber
Grip 0.7 mm; pen 10: Bic Crystal; pen 14: Bic—unidentifiable model; pen 32: Uni-ball
Eye micro 0.5 mm; pen 39: Stabilo Sensor F 0.3 mm; pen 3: Papermate—Inkjoy 1.0 mm;
pen 9: Bic Crystal; pen 51: Bic Crystal Soft Medium; pen 53: Papermate Inkjoy 1.0 mm;
pen 54: Staples Stick Pens; pen 55: FlairZing—Color Flair 0.7 mm. The ink of each pen has
been deposited in notebooks, created with current paper (Navigator) in circular areas with
different stroke overlaps in each quadrant, in order to optimize the acquisition conditions.
Raman spectra of the ink circular area deposits were acquired using a Raman Mira DS
spectrometer equipped with a laser with an excitation wavelength of 785 nm (100 mW) and
a spectral range of 200–2300 nm. The equipment provides a spectral resolution of 8–10 cm−1

and a measuring spot of 0.042–2.5 mm. The detection technique used is Orbital Raster Scan
(ORS), where a tightly focused beam (0.04 mm) scans a relatively larger area compared to
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the conventional Raman scanning, averaging the information. It has a universal fixture with
three positions that allow the surface of objects to be analysed at three different distances:
in contact and at 3 mm and 5 mm.

After acquiring 3 replicates of the Raman spectra for the pen inks, the respective
baseline was adjusted using Spectragryph software version 1.2.15 [4]. The baseline of
the spectra was adjusted 2 times. The Raman spectra files of each ink were split into
2 databases to create a predictive model using KNIME Analytics Platform software version
4.6.0 [5]: (a) the training database (which contained the data from 2 replicates for each of
the dyes, the averages of the triplicates and the average between each two replicates) and
the (b) validation database (which contained 1 of the replicates that were not present in the
training database).

3. Results

The visual analysis of the Raman spectra of the pen inks studied revealed differentiat-
ing bands that could contribute to the construction of a predictive model, Figure 1.

Figure 1. Raman spectra of blue and green ink pens.

After obtaining the Raman spectra on the handwriting instrument inks, the predictive
model was built using Knime software to evaluate the discriminative ability of the model,
Figure 2.
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Figure 2. Predictive model performed in KNIME Analytics Platform software version 4.6.0 for the
analysis of ink samples from handwriting instruments.

The following nodes were used in the model: Decision Tree Learner, Decision Tree
Predictor, Scorer, Decision Tree View, Decision Tree To Image, Decision Tree To Ruleset, and
Data to Report.

According to Berthold’s instructions [5], in the nodes called Excel Reader (Nodes 1
and 3), the files intended to be processed by the predictive model were inserted: in node 1,
the document of the training database, and in node 3, the test database. Decision Tree
Learner (node 8) parameters were set, and a decision tree was generated from the training
file (node 1). The Decision Tree Predictor (node 4) draws on the tree of node 8 to predict the
class value for new patterns, in this case, for the “test” file. The Scorer, node 5, analyses the
test and training files inserted in the previous nodes and provides the accuracy and error of
the analysis. The following nodes (12, 13, 14, and 16) serve only to visualize the decision
trees on an image.

After creating the Decision Tree Learner, a second tree was generated with the same
nodes, but with the objective of validation in real context. In node 1, the same training file
was inserted (for each technique), and in node 3, the validation file containing the data of
the one replicate that was not present in the training file was inserted.

The predictive model created achieved a discriminatory power of 72.7% and an error
of 27.3%.

4. Discussion

Despite the reduced number of replicates in each database, the present technique
achieved values not much lower than those obtained in other studies with other techniques
such as Micro-ATR-FTIR combined with chemometrics in which the discrimination power
did not exceed 86.67% [6] and 89.99% [7], or in studies where multispectral imaging coupled
with FCM was used and achieved discrimination percentages of 76% [8] and 85.7% [9].

5. Conclusions

The present pilot study allowed the development of a predictive model based on pen
ink Raman spectra with a high discriminatory power of 72.7%.
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Abstract: Next-Generation Sequencing (NGS) is used as a diagnostic strategy for identifying pathogenic
genetic variants in children and adults. However, the analysis is complex, requiring specialized
bioinformaticians, and it can take weeks to finalize one study. This has been a limiting factor for the
application of NGS in the screening of populations for rare genetic diseases. In this work, we show
two case studies, where we applied an AI-driven bioinformatics framework in a diagnostic and a
preventive scenario, respectively. The AI analysis was accurate and substantially faster than using
conventional bioinformatics tools. Our results support the concept that AI-driven bioinformatics
is a scalable solution for rendering accurate results and enabling a more widely available genetic
screening for rare diseases.

Keywords: genomics; bioinformatics; rare diseases; artificial intelligence; pre-conception

1. Introduction

Whole Exome Sequencing (WES) using Next-Generation Sequencing (NGS) is a clini-
cally accepted diagnostic technology for the identification of pathogenic genetic variants in
children and adults [1]. Finding gene-function-disruptive variants (SNPs and INDELs) in
sequences is fundamental in determining the cause of the genetic disease and for genetic
counselling consultations. Additionally, the application of this method at the pre-conception
stage can also enable parents to make informed decisions regarding the possible birth of
children with a particular genetic disease. Databases such as ClinVar and OMIM have
been accumulating information on an ever-increasing number of new pathogenic vari-
ants [2]. In these databases, gene–disease associations have also been growing over time,
leading to more than eight thousand having been already reported [3]. Public and private
healthcare facilities are beginning to use these data as a front-line tool over conventional
techniques to diagnose pediatric rare genetic diseases [1,4]. However, the analysis of WES
using bioinformatics is complex and requires specialist skills and training, hence it can
take several weeks from sample to diagnosis [5]. The relative complexity associated with
the high labor intensity is a substantial bottleneck in the field, leading to a heavy cost in
human resources. This has been a limiting factor for the screening and prevention of rare
diseases in the general population. Artificial Intelligence (AI) is considered to be a solution
for automating complex analysis and decision-making [6]. In this work, we present two
case studies where we applied an AI-driven bioinformatics framework in a diagnostic and
a preventive scenario, respectively.
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2. Methodology

2.1. Clinical Samples and Sequencing

Saliva samples were collected in DNA/RNA saliva collection tubes (GeneFix™, Iso-
helix) using the commercial ExoMart and SureMart kits from MolMart Ltd., Manchester,
United Kingdom. Relevant clinical data were submitted by the referring clinician into
the MolMart online form for kit activations (https://molmartgenomics.com, accessed on
27 October 2022). WES was performed by NGS using the Illumina platform. The exome
library was prepared with Agilent’s SureSelect V6+UTR-post kit.

2.2. Bioinformatics

Variant Calling Files (VCF) were generated from FASTQ files using a standard bioin-
formatics pipeline [7,8]. BWA (Burrows–Wheeler Alignment Tool) software version 0.7.12
and reference human genome version hg38 were used for read mapping and alignment.
Variant calling and variant annotation of genetic modifications was made using GATK
(Genome Analysis Toolkit) software version 3.4.0 and SnpEff version 4.1, respectively. The
MolMart Artificial Intelligence Analyst (MAIA) was used for pathogenic gene variant
candidate identification and ranking on the clinical observations of the Variant Calling Files
(VCF). Clinical observation matching and pathogenic scoring were performed by MAIA,
considering both experimental evidence on databases and sequence predictions.

3. Results

We applied an AI-driven bioinformatics framework to analyze two case studies, one a
diagnostic (Case Study 1) and the other a preventive scenario (Case Study 2).

3.1. Case Study 1

An 8-month-old infant was referred for genetic testing with hypotonia, delayed de-
velopment, hepatosplenomegaly and strabismus. We applied AI-driven bioinformatics
on the sequenced exome containing about 114,000 gene variants, taking into account the
clinical phenotype (Figure 1). From all gene variants, the AI took ~5 s to identify a total
of 757 putative pathogenic variants, where only 15 had high-scoring matches on disease
database annotations that related to the clinical observations. Furthermore, the top-ranked
variant (Figure 1) was the one chosen by independent molecular geneticists as causative of
the phenotype by manually checking in the OMIM and ClinVar databases.

Figure 1. Overview of the bioinformatics analysis pipeline and final outcome on case study 1.
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3.2. Case Study 2

In this case, we screened a healthy couple at the pre-conception stage for their potential
risk of having a child affected by a genetic disease. We applied AI-driven bioinformatics on
the male and female exomes containing about 112,000 and 113,000 gene variants, respec-
tively (Figure 2). The AI took ~12 s to identify six putative pathogenic gene variants that
can be transmitted from both males and females. From these, only one raised some concern
based on strong gene–disease association evidence, with an estimated probability of 23% of
having a child with mannose binding deficiency.

Figure 2. Overview of the bioinformatics analysis pipeline and final outcome on case study 2.

4. Conclusions

The case studies shown here demonstrate that AI-driven bioinformatics analysis is
substantially faster than conventional bioinformatics tools and platforms. Furthermore,
our results support the concept that AI-driven bioinformatics is an accurate and scalable
solution which can make population-wide genetic screening for rare diseases possible.
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Abstract: Cancer prognostics using tumour transcriptomics is a promising precision medicine ap-
proach for helping decisions during cancer treatment. However, currently used cancer prognostic
biomarkers still have low predictive power. This work tested the potential of applying machine
learning (ML) algorithms for generating patients’ survival prognostics on lung, breast, and kidney
tumour transcriptomics datasets. We evaluated the performance of models generated by ML and
reported their optimal sensitivity, specificity, accuracy, and computed ROC-AUC. The results support
the potential for applying auto ML approaches for the future development of cancer prognostics tools
based on transcriptomics data.

Keywords: bioinformatics; cancer prognostics; machine learning; transcriptomics

1. Introduction

Cancer is a worldwide flagellum, leading to millions of deaths per year. The success
of cancer treatments often depends on the choice of the correct treatment [1]. Treatment
success is associated with tumour heterogenicity and genetic factors. Cancer prognos-
tic biomarkers are considered a promising personalized medicine approach for helping
decision-making during cancer treatment [2]. Cancer prognostic biomarkers still have low
predictive power, explaining only 25% to 75% of the cases [2]. Transcriptomics is an afford-
able and accurate high-throughput methodology often described as a promising precision
medicine approach that enables the quantification of gene expression levels of multiple
genes [3]. The application of machine learning (ML) frameworks on transcriptomics data is
thought to have the potential to identify biomarker signatures for a binary classification
(yes/no) of patient’s survival with predictive power [4,5]. However, this approach is still
not applied as a solution for treatment prognostics.

Multiple ML algorithms can be applied in bioinformatics to combine biomarkers to
improve models’ predictive capacity [5,6]. Further, there is an infinite possibility of models
that can arise from these algorithms due to all possible parameter combinations making
it hard and labour-intensive to find optimal models. Auto ML approaches have proven
useful for the optimal model generation with reasonable computational effort and provide a
much faster route to achieving better-performing models [7,8]. This work used an auto ML
approach to test the potential of ML for generating transcriptomics-based cancer prognostic
predictors for lung, breast, and kidney cancers transcriptomics datasets. Here, the model’s
performance was evaluated and reported their optimal sensitivity, specificity, accuracy, and
computed ROC-AUC.
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2. Methods

2.1. Data Collection

Transcriptomics data were collected from the 2021 updated Human Protein Atlas
database records, which contained mRNA expression (FPKM) of 200 genes from 1075
anonymized cancer patients [9,10]. The TCGA transcriptomics data of breast, lung and
renal cancers biopsies were downloaded from these sources. Metadata including patients’
age, sex, survival time after biopsy and time of death were also collected from this source.

2.2. Dataset Construction

From collected transcriptomics data, 58 genes were selected. These 58 genes are key
components of signalling pathways involved in the regulation of epithelial-to-mesenchymal
transition, which plays a critical role in metastasis acquisition [11]. From the collected
metadata, we select only the transcriptomes associated with patients who have been
reported to survive over 5 years after the diagnostics (good prognostics) or with a reported
death within the first 2 years (poor prognostics). The sample numbers of the final curated
datasets used in this work are summarized in Table 1.

Table 1. Cancer transcriptomics datasets and their sample numbers.

Tumour Biopsy Number of Patients Good Prognostics Poor Prognostics

Breast 239 199 40
Lung 325 94 231

Kidney 318 210 108

2.3. Auto Machine Learning Framework

Models were generated using the Tree-Based Pipeline Optimization Tool (TPOT).
TPOT is an open-source software package developed in Python for an automated gen-
eration of ML-derived predictive models [7,8]. TPOT relies on genetic programming to
generate predictive models with optimal performance, testing multiple ML algorithms
and modelling parameters [8]. The open-source TPOT version 0.11.7 was installed under
Python 3.9 anaconda distribution. TPOT auto ML pipeline was implemented and run
under the Jupyter notebook environment. All scripts were run on a MacBook pro with a
2.4 GHz 8-Core Intel Core i9 processor.

2.4. Model Generation and Evaluation

The TPOT Classifier method was used for model training, testing and optimization. It
was set up to perform 100 generations with a population size of 50 randomly selected ML
algorithms. Optimization criterium was set to find the optimal Receiver Operating Curve
(ROC) given by the Area Under the Curve (AUC) value. A random selection of 50% of the
data were used in training and the remaining for testing [12]. Models’ final performance
was computed by generating predictions using the selected models on all data selected for
training, and then calculating the accuracy, sensitivity, specificity and ROC-AUC [13].

3. Results

We applied the auto ML framework (TPOT) on the curated datasets of breast, lung,
and kidney tumour transcriptomics (Table 1) for generating patient survival prognostics.
TPOT ran for about 1 h on each dataset, generating and testing an average of 2.6 mod-
els/second, evaluating a total of 10,000 different variants that use and combine distinct ML
algorithms (e.g., Random Forest, Naïve Bayes, Neural Networks, and many others). The
best-performing algorithms selected were substantially distinct among cancer types with
different performances (Table 2).
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Table 2. Generated optimal predictive models and their associated performances.

Tumour Biopsy Algorithm Pipeline SEN * SPE AUC ACC

Breast Multinomial Naïve Bayes with
Random Forest 94% 58% 53% 84%

Lung KNeigbours with Random Forest 59% 83% 48% 52%
Kidney Normalized Random Forest 94% 66% 70% 71%

* SEN (sensitivity); SPE (specificity); AUC (Area Under the Curve); and ACC (accuracy).

The results obtained (Table 2) showed that predicted models generated for breast and
kidney cancer prognostics performed with very good sensitivity (SEN = 94%). However,
these models had poor specificity (SPE < 66%), which indicates a huge tendency to generate
false positives if applied to predict the survival of a patient with a tumour [13]. In contrast,
the predicted model obtained for lung cancer prognostics had a reasonable specificity
(SPE > 83%) but with a poor sensitivity (SEN = 59%), indicating a high tendency for gener-
ating false negatives [13]. Further, the obtained ROC-AUCs showed that only the kidney
cancer prognostic model has good predictive power (AUC > 70%) with reasonable accuracy
(ACC > 70%), indicating that only this model, among all, generates robust predictions not
given by chance [13].

The performances obtained from the models generated by TPOT (Table 2) also showed
that the currently available ML algorithms are not enough to generate high-performance
models on our cancer transcriptomics datasets. This low performance may be explained
by cancer heterogenicity, missing key regulatory genes on the dataset, or confounding
variables associated with the clinical data (age, gender, ethnicity, death reasons, and treat-
ment choices).

4. Conclusions

This study demonstrated that the auto ML approach is a powerful methodology
for the fast and systematic generation of predictive models that can be applied in cancer
prognostics from tumour transcriptomics. Here, we illustrated the ML approach application
with three types of cancers that showed promising performances, particularly for kidney
cancer. Moreover, the results in this work support the idea of technical challenges in this
modelling framework that justify future work for improving either the data or the tools to
generate predictive models.
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Abstract: The present research experimentally outlines the reaction of a Monstera deliciosa plants
to the effects of acid rain at various pH levels. Sulfuric acid was used to simulate acid rain, with
prepared solutions having four different pH values. Paper chromatography showed that the plant’s
pigment begins splitting more and the chlorophyll further deteriorated. The plants also started to
lose their ability to be soluble. Through spectrophotometry, plants with the lowest pH levels of acid
were losing their capacity to absorb light and radiation more quickly since their absorbance values
were lower.
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1. Introduction

Acid rain refers to a variety of ways in which acids are released into the atmosphere.
This research evaluates the consequences of acid rain on living and deceased Monstera
deliciosa plant, simulating acid rain with sulphuric acid with different pH levels to intensify
the solutions’ acidity, examining how Monsteras react to different acidic environments.
Monstera deliciosa plants can grow in a soil that has a pH level between 5.0 and 7.5. Although
Monsteras can thrive in acidic soil, they do not meet the criteria for a true acid-loving
plant [1]. Monstera plants were chosen to be tested as they can grow fast indoors; therefore,
when changing their desire environment, speedy reactions will occur [2]. The analysis was
carried out by performing paper chromatography and spectrophotometry. The impacts of
acid rain on plants are well-studied, particularly those that flourish in aquatic habitats, are
the reason why an indoor plant was chosen to be studied.

Plants with the most acidic solutions were predicted to show less resistance to sul-
phuric acid solutions. The plants receiving the solutions with the lowest pH levels, through
paper chromatography, will show a lesser range of pigments with weaker colours, as
chlorophyll is being deteriorated. Through spectrophotometry, Monstera plants will lose
their ability to absorb radiation at different wavelengths, showing lower absorbance values.
From 330 nm to 420 nm, absorbance values tend to decrease. At 430 nm, there should be
an increase in the absorbance registered, since chlorophyll A absorbs the light in the blue
wavelengths, with absorption peaks at 430 nm [3].

2. Procedure and Results

Five Monstera deliciosa plants were used for the experimental protocol. Acid rain
was simulated with sulphuric acid at 98% concentration with a density of 1.92 gmL−1, a
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strong acid, and distilled water solution. Then, 4 mL of sulphuric acid was used and a
total of 1000 mL of distilled water. Sulphuric acid with distinctive pH values was made in
different solutions, using four volumetric flasks (each for its respective pH), to reproduce
the differences between the acidity of acid rain. pH was measured using the Texas TI-
Nspire CX II calculator pH meter and a universal pH meter. Paper chromatography and
spectrophotometry were carried out to analyse the effectiveness of acid rain, using the
Zuzi spectrophotometer model 4111 RS and cuvettes. Each plant was assigned a specific
sulphuric acid solution, the same solution with the same pH being poured during the
entire experiment. One of the plants was not given water for a week before initiating the
experience to represent a deceased and not well-treated plant (identified as “No treatment”).
The procedure was applied three days per week—Monday, Wednesday, and Friday—for
three weeks. The temperature was measured using the temperature meter of the Texas
TI-Nspire CX II calculator, being proved not to affect the results. Then, 10 mL was poured
on the plants each day, the solution being doubled at day ten since all plants kept showing
some resistance.

2.1. Paper Chromatohraphy
2.1.1. First Day of Experiment

Paper chromatography was performed before applying the acid solutions as they were
all under the same conditions, besides the “No treatment” plants. A leaf of each plant was
taken and placed in its respective and identified mortar (one for each plant being treated
with its sulphuric acid solution), where 5 mL of di-ethylether was added, crushing the
leaves with the solvent using a pestle. A 6 × 8 cm chromatography paper was cut, 1 cm
margin was left at the bottom for the paper to be dipped in hexane. Five drops of each
preparation, which was suspended vertically in the solvent chamber only touching the
levels of the solvent. Hexane was used since it is a potent non-polar solvent, due to the lack
of electronegativity in the H-C bond, repelling polar components and attracting non-polar
components. Figures 1 and 2 correspond to the performing of paper chromatography twice
regarding the Monstera deliciosa plants.

 

Figure 1. Chromatography 1st trial.

 

Figure 2. Chromatography 2nd trial.

2.1.2. Ninth Day of Experiment

While analysing the three chromatograms, Figures 3–5, the yellow pigment has a
stronger presence, meaning the chlorophyll keeps deteriorating as the sulphuric acid
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mixture is applied. A larger chromatography paper was cut, 14 × 7 cm, to have a larger
distance between the samples extracted from the plants.

 

Figure 3. First trial at 9th day.

 

Figure 4. Second trial at 9th day.

 

Figure 5. Third trial at 9th day.

2.1.3. Eighteenth Day of Experiment

All plants showed yellow leaves, as only yellow leaves were used this day. It may be
assumed that sulphuric acid solutions caused, in all plants, almost the total deterioration of
the chlorophyll pigment. This degradation caused the leaves to turn yellow.

2.2. Spectrophotometry
2.2.1. Tenth Day of Experiment

The first spectrophotometry was performed after four applications of the 10 mL acid
solutions. The leaves were crushed with distilled water using a mortar and pestle, passing it,
with a Pasteur pipette, into a funnel where there was filter paper to retain all the impurities,
draining the clean extraction of the leaves. This extraction was placed in a cuvette and then
inserted into the spectrophotometer. The values read by spectrophotometer were obtained
by the wavelengths present in the blue region of the spectrum, from 330 nm to 520 nm.
Analysing Figure 6 with all plants, generally the absorbance decreases from 330 nm to
420 nm. At 430 nm, there is an increase in the absorbance registered, which goes according
to the literature. Contrary to chromatography, this experiment shows data that are capable
for distinguishing how the different pH values of the sulphuric acid affected the plants.
As shown in Figure 6, there is an increase in the absorbance values as the pH increases.
Verifying the hypothesis, the lower the pH values, the more damage the sulphuric acid
solution will cause to the plant. The “no treatment” plant also showed a much lower
absorbance value.
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Figure 6. Spectrophotometry of Monstera deliciosa plants after 4 applications of the 10 mL sulphuric
acid solutions.

2.2.2. Nineteenth Day of Experiment

Second spectrophotometry was performed where four times the 20 mL solution had
already been applied. More accurately in Figure 7, all values have decreased in comparison
to Figure 6. The doubling of the solution applied to 20 mL guided the plants to lower
values of absorbance, meaning a greater loss of their capabilities of absorbing light and
radiation. The plant being applied with the highest pH value showed results that were
kept almost identical, with few decreases to the ones before, which proves the affirmation
that these plants are more likely to grow in a soil where the pH is between 5.0 and 7.5. In
the same way, there is an increase in absorbance from 420 nm to 430 nm, leading to a peak
representing each plant. Also, there are negative values in all trials for the plants with pH
values of 2. Physically, negative values should not be presented, as they are not possible to
reach or analyse, but chemically, they signify that the amount of light that passes through
the sample is more intense than the amount of light that passes through the reference.

Figure 7. Spectrophotometry of Monstera deliciosa plants after 4 applications of the 20 mL sulphuric
acid solutions.

3. Discussion and Conclusions

Via paper chromatography, because chlorophyll is degrading, plants receiving solu-
tions with the lowest pH level solutions will exhibit a smaller variety of pigments and
weaker colours.

Through spectrophotometry, by having quantitative data to investigate, plants suffer-
ing from the lowest pH sulphuric acid solution were losing their capabilities of absorbing
light and radiation more quickly by showing lower absorbance values.

Therefore, by paper chromatography and spectrophotometry, this investigation has
demonstrated how acid rains of various pH levels affect Monstera plants.
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