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Preface

Oral health is strongly interconnected with general health in a bidirectional manner. Insufficient

oral hygiene and dental care can exacerbate systemic diseases, while systemic conditions and their

therapies often present with oral manifestations. This underscores the importance of emphasizing

dental prevention and care across all age groups, from childhood to old age.

Dentists are frequently the first to recognize early signs of systemic disease. Many patients

take medications that may lead to xerostomia, a common side effect with a significant impact on

oral health. For this reason, regular dental examinations combined with oral hygiene guidance are

indispensable as preventive measures. Moreover, the COVID-19 pandemic had a profound effect

on dental practice, as the first wave necessitated radical surgical interventions for patients with

toothache. This experience has reinforced the principle that prevention including prevention of oral

diseases must remain a top priority.

Accordingly, this Special Issue will highlight an interdisciplinary approach to oral health and

disease prevention.

Kacper Nijakowski and Anna Surdacka

Guest Editors
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Abstract: Both eating disorders and dental erosion are increasingly affecting adolescents and young
adults. Thus, our systematic review was designed to answer the question: “Is there a relationship
between dental erosion and eating disorders?” Following the inclusion and exclusion criteria, 31 stud-
ies were included in this systematic review (according to the PRISMA statement guidelines). Based
on the meta-analysis, 54.4% of patients with bulimia nervosa and 26.7% with anorexia nervosa
experienced tooth erosion. For the whole group of 1699 patients with eating disorders, erosive lesions
were observed in 42.1% of patients. Bulimics were more than 10 times more likely to experience
dental erosion compared to healthy individuals (OR = 10.383 [95%CI: 4.882–22.086]). Similarly, more
than 16 times increased odds of tooth erosion were found in patients with self-induced vomiting
(OR = 16.176 [95%CI: 1.438–181.918]). In conclusion, eating disorders are associated with an increased
risk of developing erosive lesions, especially in patients with bulimia nervosa.

Keywords: eating disorders; anorexia nervosa; bulimia nervosa; dental erosion; tooth erosion

1. Introduction

Eating disorders (EDs) are serious mental and behavioural disorders that may occur
alone or in combination with other mood disorders [1]. Due to the global trend towards
beauty and fitness, the incidence of these disorders among adolescents and young adults is
rapidly increasing [2]. Although EDs are most commonly reported in young women, they
can affect people of both genders at any life stage [3,4]. The etiology of these disorders is
not fully understood, but it is assumed that it is multifactorial, depending on individual
(biological or psychological, including low self-esteem) and environmental (developmental
or sociocultural, especially pressures in home, school, etc.) issues [2,5].

The two most common ED forms include anorexia nervosa (AN) and bulimia nervosa
(BN) [1,6]. AN is mainly associated with food restriction, leading to significant underweight.
Patients with AN are characterised by an impaired vision of their own body shape and
extreme fear of gaining weight [7,8]. In turn, BN is more common and is usually associated
with normal body weight. Patients with BN demonstrate recurrent uncontrolled binge-
eating episodes which are inappropriately compensated by such behaviours as self-induced
vomiting, purging or overexercising [9,10].

Due to their pathophysiology, both types affect the person’s general health, as well as
the oral health [11]. The first symptoms can sometimes be observed in the oral cavity [12].
In patients with EDs, the most common oral symptoms include gingivitis or periodontitis,
mucosal ulcers or erythema, angular cheilitis, xerostomia, as well as dental caries or
erosion [13–15].

Tooth erosion is caused by the supply of acids of non-bacterial origin [16]. Food
products with a low pH (e.g., fruits, fresh juices) are most often considered as etiological
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factors [17]. However, internal factors such as eating disorders (especially those with recur-
rent vomiting) are also known to cause erosion [18]. In addition, regular physical activity
with supplementation of sports drinks strongly increases the risk of dental erosion [19–21].

It is now assumed that tooth erosion has become a new dental plague in a group
of adolescents and young adults [22,23]. Under the influence of acids delivered to the
oral cavity, the enamel dissolves, and thus erosive lesions develop [24]. It is particularly
important to prevent dental erosion and eating disorders through appropriate education
and prophylaxis from an early age [25,26]. The preventive actions include the right home
oral hygiene manoeuvres; e.g., the use of toothpastes with fluoride [27]. Fluoridated
toothpastes provide a higher degree of remineralisation at a first acid attack [28].

Therefore, our systematic review was designed to answer the question: “Is there a
relationship between dental erosion and eating disorders?”.

2. Materials and Methods

2.1. Search Strategy and Data Extraction

The present systematic review was conducted up to 27 August 2023, according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
guidelines [29], using the PubMed, Scopus and Web of Science databases. The search
queries included:

• for PubMed: (eating disorders OR anorexia OR bulimia) AND ((tooth OR dental)
AND erosion)

• for Scopus: TITLE-ABS-KEY((“eating disorders” OR anorexia OR bulimia) AND
((tooth OR dental) AND erosion))

• for Web of Science: TS = ((eating disorders OR anorexia OR bulimia) AND ((tooth OR
dental) AND erosion)).

Records were screened according to the title, abstract and full text by two independent
investigators. The studies included in this review matched all the predefined criteria accord-
ing to PI(E)COS (“Population”, “Intervention”/”Exposure”, “Comparison”, “Outcomes”
and “Study design”), as reported in Table 1. A detailed search flowchart is presented in the
Results section. The study protocol was registered in the international prospective register
of systematic reviews, PROSPERO (CRD42023458225).

Table 1. Inclusion and exclusion criteria according to the PI(E)COS.

Parameter Inclusion Criteria Exclusion Criteria

Population Patients aged from 0 to 99 years,
both genders

Intervention/Exposure eating disorders (e.g., bulimia
nervosa, anorexia nervosa)

other diseases (e.g.,
gastrointestinal reflux)

Comparison not applicable

Outcomes prevalence of dental erosion only severity of dental erosion or
only other dental indices

Study design
case-control, cohort and
cross-sectional studies

literature reviews, case reports,
expert opinion, letters to the

editor, conference reports

published until 27 August 2023 not published in English

The results of the meta-analysis were presented in forest plots using the MedCalc
Statistical Software, version 19.5.3 (MedCalc Software Ltd., Ostend, Belgium). The meta-
analysis was performed using the subgroups of anorexia nervosa and bulimia nervosa, as
well as mixed eating disorders (additionally with and without self-induced vomiting). The
pooled proportions and odds ratios for the prevalence of dental erosion were calculated.
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2.2. Quality Assessment and Critical Appraisal for the Systematic Review of Included Studies

The risk of bias in each individual study was assessed according to the “Study Quality
Assessment Tool” issued by the National Heart, Lung and Blood Institute within the
National Institute of Health [30]. These questionnaires were answered simultaneously by
two independent investigators, and any disagreements were resolved through discussion
between them. The summarised quality assessment is reported in the Results section.

The level of evidence was assessed using the classification of the Oxford Centre for
Evidence-Based Medicine levels for diagnosis [31].

3. Results

3.1. Search Strategy

Following the search criteria, our systematic review included 31 studies, demonstrat-
ing data collected in 17 different countries from a total of 1699 participants with EDs (mainly
BN and AN). Figure 1 reports the detailed selection strategy of the records. The inclusion
and exclusion criteria are presented in the Materials and Methods section.

Figure 1. PRISMA flow diagram presenting search strategy.

3.2. Characteristics of Included Studies

As shown in Table 2, we collected data about the characteristics of each eligible study,
such as the year of publication and study setting, age and gender distribution of study and
control groups, diagnoses of EDs and clinical criteria for dental erosion. The vast majority
of the participants were young women. Most studies had a case-control design. In terms of
the types of EDs, a significant proportion were bulimics, followed by anorectics; however,
some studies did not separate these subgroups to assess the oral health. Due to the very
broad timeframe, the diagnostic criteria for dental erosion were very diverse, although in
the latest studies, the standard was already BEWE (Basic Erosive Wear Examination).
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Table 2. The characteristics of included studies.

Author Setting
Study Group

(F/M; Age)
Control Group

(F/M; Age)
ED Diagnoses

Clinical Criteria for Dental
Erosion

Altshuler et al.,
1990 [32] USA 40 (40/0),

23.8 ± 5.5
40 (40/0),
24.9 ± 6.1 BN

loss of enamel with exposure of
dentine and/or alteration

of morphology

Cavalcanti
et al., 2020 [33] Brazil 100 (100/0),

mean 16.1
100 (100/0),
mean 16.1 BN based on the O’Sullivan index

Emodi-
Perlman et al.,

2008 [34]
Israel 79 (79/0),

23.5 ± 3.5
48 (48/0),
24.6 ± 3.0

chronic EDs: BN
(n = 29), AN (n = 24),

EDNOS (n = 16),
mixed-diagnosis

(n = 10)

4-graded scoring system (0-no,
1-enamel, 2-dentine, 3-pulp)

Garrido-
Martínez et al.,

2019 [35]
Spain 59 (59/0),

range 19–44
120 (120/0),
range 19–44

EDs: ARFID (n = 22),
AN (n = 16), BN (n = 6),

EDNOS (n = 15)

the degree measured according to
Johansson et al. (1996)

Giraudeau
et al., 2021 [36] France 50 (48/2),

mean 26.8 n/a EDs: BN (n = 26), AN
(n = 24)

BEWE scoring system using
asynchronous telemedicine

Hellström,
1977 [37] Sweden 39 (38/1),

range 14–42 n/a AN
diagnostic criteria given by

Pindborg (1970) and Eccles and
Jenkins (1974)

Hermont et al.,
2013 [38] Brazil 20 (20/0),

range 15–18
80 (80/0),

range 15–18 BN based on the O’Sullivan index

Hurst et al.,
1977 [39] UK 17 (14/3),

range 13–33 n/a AN different patterns: palatal, labial
or generalised

Johansson
et al., 2012 [40] Sweden 54 (50/4),

mean 21.5
54 (50/4),
mean 21.5

EDs: AN (n = 14), BN
(n = 8), EDNOS

(n = 32)

the degree measured according to
Johansson et al. (1996)

Jones and
Cleaton-Jones,

1989 [41]
RSA 11 (11/0),

29.8 ± 8.4
22 (22/0),
28.9 ± 9.0 BN 4-graded scoring system (0-no,

1-enamel, 2-dentine, 3-pulp)

Jugale et al.,
2014 [42] India 50 (50/0),

range 20–25
67 (67/0),

range 20–25 EDs perimolysis

Lifante-Oliva
et al., 2008 [43] Spain 17 (17/0),

20.1 ± 5.6 n/a BN (n = 10), AN (n = 7) 4-graded scoring system (0-no,
1-enamel, 2-dentine, 3-pulp)

Manevski et al.,
2020 [44] Serbia 30 (28/2),

24.6 ± 4.4
30 (28/2),
24.7 ± 5.8 BN BEWE scoring system

Milosevic et al.,
1997 [45] UK 33 (NR), mean

27.1 n/a EDs: BN (n = 28), AN
(n = 5) TWI

Montecchi
et al., 2003 [46] Italy 80 (76/4),

mean 15 n/a AN NR

Ohrn et al.,
1999 [47] Sweden 81 (79/2),

median 25
52 (48/4),
median 24

EDs: BN (n = 46), AN
(n = 3), EDNOS

(n = 25),
mixed-diagnosis

(n = 7)

classified according to a
modification by Lussi et al. (1991)

of the system proposed by
Eccles (1979)

Otsu et al.,
2014 [48] Japan 71 (71/0),

mean 31.1 n/a

EDs: AN (n = 35), BN
(n = 27), EDNOS
(n = 3), unclear

diagnosis (n = 6)

diagnostic criteria given by
Japanese Society for
Oral Health (1985)
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Table 2. Cont.

Author Setting
Study Group

(F/M; Age)
Control Group

(F/M; Age)
ED Diagnoses

Clinical Criteria for Dental
Erosion

Pallier et al.,
2019 [49] France 70 (70/0),

32.1 ± 9.1
70 (70/0),
30.2 ± 4.7

AN (n = 36), BN
(n = 34) BEWE scoring system

Panico et al.,
2018 [50] Argentina 65 (65/0),

mean 21.6
65 (65/0),
mean 23.2

EDs: BN (n = 46), AN
(n = 6), EDNOS

(n = 13)
NR

Paszynska
et al., 2022 [51] Poland 117 (117/0),

14.9 ± 1.8
103 (103/0),
15.0 ± 1.8 AN BEWE scoring system

Paszynska
et al., 2015 [52] Poland 25 (25/0),

21.2 ± 3.2
44 (44/0),
25.5 ± 4.6 BN TWI

Roberts and Li,
1987 [53] USA 47 (47/0),

mean 25 n/a AN (n = 17), BN
(n = 30)

erosion of maxillary
palatal surfaces

Rungta and
Kudpi,

2019 [54]
India 21 (21/0),

range 15–17
179 (179/0),
range 15–17 EDs NR

Rytömaa et al.,
1998 [55] Finland 35 (35/0),

25.3 ± 6.8
105 (105/0),
25.7 ± 7.0 BN diagnostic criteria given by Eccles

and Jenkins (1974)

Shaughnessy
et al., 2008 [56] USA 23 (23/0),

18.5 ± 2.9 n/a AN
clinically detectable change in

enamel smooth surface without
evidence of dental caries

Simmons et al.,
1986 [57] USA 66 (66/0),

median 26 n/a BN clinically observable features

Strużycka et al.,
2017 [58] Poland 29 (NR), 18 n/a EDs BEWE scoring system

Szupiany-
Janeczek et al.,

2023 [59]
Poland 59 (45/14),

mean 30.6
60 (45/15),
mean 30.7 EDs NR

Touyz et al.,
1993 [60] Australia 30 (30/0),

mean 19.6
15 (15/0),
mean 22.1

AN (n = 15), BN
(n = 15) NR

Uhlen et al.,
2014 [61] Norway 66 (63/3),

mean 27.7 n/a EDs VEDE system

Ximenes et al.,
2010 [62] Brazil

215 (NR)
according to
EAT-26, 248

(NR) according
to BITE; range

12–16

n/a EDs NR

Legend: F, female; M, male; EDs, eating disorders; USA, the United States of America; UK, the United Kingdom;
RSA, Republic of South Africa; n/a, not applicable; NR, not reported; BITE, Bulimic Investigatory Test of
Edinburgh; BN, bulimia nervosa; AN, anorexia nervosa; EDNOS, eating disorders not otherwise specified; ARFID,
avoidant/restrictive food intake disorder; BEWE, Basic Erosive Wear Examination; TWI, tooth wear index; VEDE,
Visual Erosion Dental Examination.

3.3. Quality Assessment of Included Studies

Figure 2 reports the summarised quality assessment, according to the “Study Quality
Assessment Tool” issued by the National Heart, Lung and Blood Institute within the
National Institute of Health [30]. The most frequently encountered risks of bias were the
absence of data regarding blinding (twenty-eight studies), randomisation (twenty-seven
studies), sample size justification (twenty-five studies), as well as valid inclusion and
exclusion criteria (twenty-one studies). The critical appraisal was summarised by adding
up the points for each criterion of potential risk (points: 1—low, 0.5—unspecified, 0—high).
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Ten studies (32.3%) were classified as being of “good” quality (≥80% total score) and
twenty-one (67.7%) were classified as “intermediate” (≥60% total score).

Figure 2. Quality assessment, including the main potential risk of bias (risk level: green—low,
yellow—unspecified, red—high; quality score: green—good, yellow—intermediate, red—poor) [32–62].

All of the included studies had the third or fourth level of evidence (case-control or
cross-sectional studies), according to the five-graded scale in the classification of the Oxford
Centre for Evidence-Based Medicine levels for diagnosis [31].

3.4. Results of Meta-Analysis

As previously mentioned, most of the studies concerned bulimics. Based on the meta-
analysis, it was found that more than half of the patients with BN demonstrated tooth
erosion—54.4% [95%CI: 42.3–66.3]. Compared to healthy subjects, bulimics were more

6
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than 10 times more likely to experience dental erosion—OR = 10.383 [95%CI: 4.882–22.086]
(Figure 3).

Figure 3. Forest plots presenting the summarised prevalence and odds ratio of dental erosion among
patients with bulimia nervosa [32,33,38,41,43,44,49,52,53,55,57,60,62].

Analogously, more than 1/4 of the anorectic patients had erosive lesions—26.7%
[95%CI: 14.5–41.1]. Only three studies compared the frequencies in anorexic and healthy
individuals, similarly giving a ten times higher odds of tooth erosion—OR = 12.202 [95%CI:
2.179–68.334] (Figure 4).

Figure 4. Forest plots presenting the summarised prevalence and odds ratio of dental erosion among
patients with anorexia nervosa [37,39,43,46,49,51,53,56,60].

However, when comparing bulimics with anorectics, the former had an almost four
times higher chance of erosive lesions—OR = 3.926 [95%CI: 1.153–13.365] (Figure 5).

Some of the studies did not separate subgroups of EDs for oral health outcomes. For
these studies, the pooled proportion was 41.7% [95%CI: 29.1–54.9] and OR = 5.132 [95%CI:
2.571–10.246] relative to the healthy subjects (Figure 6).

7
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Figure 5. Forest plot presenting the odds ratio of dental erosion among patients with bulimia nervosa
vs. anorexia nervosa [43,49,53,60].

Figure 6. Forest plots presenting the summarised prevalence and odds ratio of dental erosion among
other patients with eating disorders (without divided diagnoses) [34–36,40,42,45,47,48,50,54,58,59,61,62].

Interestingly, only three studies singled out self-induced vomiting. Patients with
vomiting had more than 16 times higher odds to manifest erosive lesions—OR = 16.176
[95%CI: 1.438–181.918] (Figure 7).

Considering all of the included studies, the incidence of tooth erosion in patients with
EDs was 42.1% [95%CI: 33.6–50.8]. In turn, the odds ratio of dental erosion for the whole
group relative to the control subjects was 7.480 [95%CI: 4.456–12.556] (Figure 8).

8
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Figure 7. Forest plot presenting the odds ratio of dental erosion among patients with self-induced
vomiting [34,37,48].

Figure 8. Forest plots presenting the summarised prevalence and odds ratio of dental erosion among
all patients with eating disorders [32–62].

4. Discussion

4.1. Dental Erosion in Anorexia Nervosa

Many of the included studies considering the impact of AN on the presence of erosive
lesions described patients in addiction and psychiatry hospital units, especially young
women as AN is a psychosomatic disease mainly affecting this group.

In the last century, many researchers have tried to expand the knowledge regarding
oral complications in AN. One of them was Hellström [37], who described 39 patients
(38 females and 1 male) aged 14 to 42 years, with AN for periods ranging between 1 and
20 years. These patients were divided into two main groups: the first with vomiting
patients and the second with non-vomiting patients. In the group with vomiting patients,

9
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severe lingual-occlusal erosion (perimolysis) was nearly always present, but the lingual
type did not occur in the non-vomiting cases. Also, the buccal type of erosion was rare in
the non-vomiting patients, but it was common in a moderate form in those with vomiting.
It was pointed out that this may also be due to the longer history of vomiting with a
high consumption of acid beverages. As most of the patients, especially those vomiting,
showed different grades of dehydration, to relieve this, they consumed acid drops, juices
and lemonade, most often at night.

Other researchers, namely Roberts and Li [53], observed that 35% of the patients with
AN in their study showed palatal erosion of the maxillary anterior teeth, which was the
result of frequent vomiting. These observations coincide with the study by Lifante-Oliva
et al. [43], where, among young female patients with AN, erosive lesions were most often
found on the palatal surfaces of the maxillary anterior teeth because these teeth were most
often exposed to acidic fluids like vomit. In addition, the authors note that the develop-
ment of dental erosion may be part of a cumulative process influenced by the frequency
and duration of acid exposure, oral hygiene and individual vulnerability. Other factors
influencing the presence, extent and advancement of erosion are the patient’s age and AN
duration. Therefore, prolonged exposure to the destructive effects of harmful conditions
related to AN (vomiting, xerostomia) may significantly deepen or create completely new
erosive lesions.

The study by Shaughnessy et al. [56] found no evidence of dental erosion, which
was defined as a detectable change in the smooth enamel surface without any indication
of dental caries, in any of the young women with a mean AN duration of 2.5 months.
However, 26% of the participants reported a history of binge-eating or purging activity.
Undoubtedly, the patients’ age and the duration of their AN and vomiting—which is often
related to their age—impact the extent and advancement of dental erosion in patients
with EDs.

In the same year as Hellström [37], Hurst et al. [39] conducted a study on dental issues,
such as erosion, in patients with AN. The study identified three factors that may cause
dental problems in these patients: frequent and prolonged vomiting, an unnatural diet and
the effects of wasting and dehydration during starvation. The patients were categorised
into three groups—vomiters, regurgitators and non-vomiters—based on their vomiting
and regurgitation history over the past three years. Like Hellström [37], the researchers
noted that dental erosion was significantly more common in the vomiting and regurgitating
population than in the non-vomiters. The maxillary incisors, canines and premolars showed
dental erosion of the palatal surfaces, resulting in the tooth crown “shelling out”. Despite
the majority of the subjects consuming large amounts of fruit regularly, with a preference for
citrus fruits, only two subjects displayed significant labial enamel loss due to tooth erosion.
However, the researchers point out the low pH of such fruits (3–5) and the possible enamel
decalcification after long-term consumption of these foods. The third factor investigated
was the intraoral effects of wasting and dehydration of patients during starvation. These
authors found that saliva secretion in people with AN is reduced due to starvation and the
associated weight-reducing manoeuvres, which lead to the wasting and dehydration of the
body. Reducing salivary flow, followed by the acid-buffering capacity of saliva, increases
the risk of tooth decay in such patients, and also makes the teeth more susceptible to acid
attack and erosion.

Touyz et al. [60] concluded that patients with EDs did not have lower decay incidence
or salivary flow compared to the healthy subjects, but did have significantly more acidic
saliva. The difference between the study groups was also visible in the frequency of dental
erosion. Out of all the surfaces examined, bulimics had 6.1% of surfaces affected and
anorexics had 1.0%. In this study, it was found that both anorexics and bulimics had a
significantly higher number of surfaces with erosion compared to the control subjects who
had no eroded surfaces.

A significant impact of vomiting on dental erosion was illustrated by Montecchi
et al. [46]. They found erosive lesions in 20 of the 80 non-adult patients with AN, especially
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those who demonstrated vomiting several times daily. Those patients who declared daily
vomiting, in addition to tooth erosion, also had carious lesions and xerostomia. Xerostomia
in such cases may result from many causes, such as taking drugs that reduce salivation,
which can be used in the treatment of AN, or dehydration, which is undoubtedly present
after vomiting several times a day.

At present, one of the most frequently used scales by researchers to assess the erosive
wear of teeth is the BEWE scoring system [16], which records the most severely affected
surface in a sextant. The criteria for the grading are as follows: (0) no defect; (1) initial loss
of surface texture; (2) hard tissue loss <50% of the surface area; (3) hard tissue loss ≥50% of
the surface area. In a BEWE score of 2 or 3, dentine is often involved.

Paszynska et al. [51] used this scale to assess dental erosion in 220 female children
(117 with AN and 113 controls). They observed a significant difference in the prevalence
and severity of dental erosion between these groups. The patients had a BEWE score ≤ 2,
which was discovered in 18.9% of cases, while only 2.9% of control subjects had the same
score. However, no higher score ≥ 3 was identified in the control group. Erosive lesions
were found more often in the patients with AN than in the controls (18.8% vs. 2.9%).
In all of the healthy children, the BEWE index was ≤2, while the largest number of AN
patients had BEWE 3–8, and the highest result in the AN patients was BEWE 9–13. Also,
the researchers divided the AN group into subgroups: those with and without purging
episodes. The anorectics without purging had significantly lower BEWE scores. Other
researchers [37,46] made the same observations that patients who vomited had a greater
severity of dental erosion than those who did not vomit.

Similarly, Pallier et al. [49] observed more AN patients with BEWE ≤ 2 (58.3%) com-
pared to the controls. Overall, 16.7% of the patients with AN had BEWE ≥ 14. However, the
authors noticed that the control group included females responding online for a free dental
examination. They may be more dentally aware than females in the general population,
which is why the BEWE score may be so low. In addition to AN patients, these researchers
also examined BN patients, where a BEWE ≤ 2 was assessed in 23.5% and BEWE ≥ 14 in
20.6%. The patients with BN had significantly higher BEWE scores (>2) compared to the
patients with AN (76.5% vs. 41.7%).

4.2. Dental Erosion in Bulimia Nervosa

The primary cause of dental erosion in bulimic patients is often self-induced vomiting.
This results in erosive lesions on the palatal surfaces of the anterior teeth that come into
contact with vomit and gastric acid. As a result, many bulimics have severe damage on
these surfaces.

Simmons et al. [57] described the occurrence of dental erosion in patients with BN
who self-induced vomiting at least three times a week. Their mean age was 26, and the
mean disease duration was 7 years. Overall, 37.9% had significant enamel erosion, and the
duration of vomiting was significantly associated with erosion. The erosion prevalence was
significantly lower in those who reported vomiting for 4 years or less (24.3%) compared to
those who reported vomiting for more than 4 years (55.2%).

The topic of teeth brushing immediately after every vomiting episode was also taken
up in this study due to its possible impact on the progression of tooth erosion. Studies
have shown that brushing one’s teeth right after vomiting may not prevent erosion but
could worsen it. It was found that 50% of patients who brushed their teeth immediately
after vomiting had signs of erosion, indicating that brushing may promote enamel loss
soon after the acid has already affected the teeth. According to the study by Otsu et al. [48],
teeth brushing immediately after vomiting is not recommended. This aligns with prior
research indicating that brushing after consuming acidic foods or vomiting can result in
acid erosion of tooth surfaces. Additionally, brushing too soon after vomiting may strip
away the tooth’s outer layer, revealing the decalcified layer that requires remineralisation
over time. Moreover, researchers note that to prevent dental erosion from worsening after
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vomiting, it is important to thoroughly rinse the mouth with water or other liquids to
neutralise any acid present in the oral cavity.

Previously, such a solution was proposed by Rytömaa et al. [55]. They concluded that
such action may have a positive effect in reducing tooth erosion in patients who vomit
(including bulimics). Thus, bulimics can prevent tooth damage by quickly neutralizing
their stomach contents with water and antacids after vomiting. This is easily achievable
because they typically plan their binge eating and vomiting ahead of time.

Erosive lesions resulting from BN often have their characteristic location (as in the
case of AN); this was described in the study by Altshuler et al. [32]. The presence of
erosive lesions indicates a condition that has persisted for at least six months. They noted
an erosion diagnosis when a tooth surface loses enamel, which exposes dentine and/or
causes changes to the tooth’s shape. In individuals with BN, 78% showed an average of
7.6 tooth surfaces that were eroded. There was a significant difference compared to the
healthy subjects, where the mean was only 0.2 tooth surfaces. The most commonly affected
area was the palatal surfaces of the anterior teeth in the maxilla. The other affected areas
included the palatal and occlusal surfaces of the posterior teeth in the maxilla, as well as
the lingual surfaces of the anterior teeth in the mandible. Only one individual in the control
group showed signs of erosion.

Moreover, Jones and Cleaton-Jones [41] conducted a case-control study on female
patients who visited a private dental office. They observed a high prevalence of erosive
lesions on the buccal surfaces of the maxillary canines and first premolars, as well as on
the palatal surfaces of the same teeth, but a low prevalence on the buccal surfaces of the
maxillary incisors. These findings strongly suggest the presence of BN. The study also
found that over 50% of the bulimic subjects had erosive defects on these teeth, with over
70% showing lesions on the labial surfaces of the central incisor and canine. Additionally,
more than 40% of these patients displayed some degree of dental erosion on the lingual
surfaces of the mandibular incisors. It is important to mention that, in this study, erosions
were defined as “dished out” areas of enamel or enamel and dentin on the buccal or lingual
surface. In addition to the location, the researchers noted the erosion depth and showed
that 69% of the bulimics had tooth erosion of any stage, while only 7% of the control group
had it. The control group had only enamel erosions, while the bulimic group had erosive
lesions at all depths.

A more recent study by Manevski et al. [44] confirmed and summarised the specula-
tions about the location of erosion on tooth surfaces in patients with BN. In total, 83.4%
of the patients were students, which corresponds to the fact that BN is most commonly
present in the university population [63]. The analysis of the tooth surfaces, based on
BEWE, revealed a significant difference between the groups. The majority of the lesions in
the bulimic group (43.9%) were located on the palatal/lingual surfaces, while in the control
group, the lesions were predominantly found on the labial/buccal surfaces (44%). Erosive
lesions on oral surfaces are linked to longer bulimia duration and more frequent vomiting,
indicating repeated purging as a crucial etiological factor for dental erosion occurrence
in bulimics.

A more frequent occurrence of dental erosion in bulimics was also presented in the
study by Paszynska et al. [52]. The results revealed significant differences in tooth wear
(TWI) between the bulimic group (24%) and the control group (9%). Only patients with
BN showed a total loss of enamel and dentin (over 50% of its thickness) with a TWI score
of 3. Also, in the patients with BN, the unstimulated saliva pH was significantly lower
than in the healthy controls. Moreover, according to these authors, medications from the
selective serotonin reuptake inhibitors, such as fluoxetine, have been proven to be effective
in treating bulimic patients without causing salivary alterations.

Comparisons of AN and BN can be seen in other studies by various researchers
included in our meta-analysis. As mentioned earlier, in the study by Roberts and Li [53],
the AN patients showed palatal erosion of the maxillary anterior teeth. The patients with
BN showed erosive lesions in the same place. However, Lifante-Oliva et al. [43] found
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more patients with BN who had dental erosion than patients with AN. The change in saliva
secretion in these patients was also noted, which may be the reason for the increase in
erosive lesions. Half of the bulimics presented decreased unstimulated saliva secretion,
and 30% of them also showed a reduction in stimulated saliva secretion. In contrast,
the anorectics did not demonstrate similar changes. Acidic salivary pH occurred in 20%
of the BN patients and 14% of the AN patients. Roberts and Li [53] also revealed that
all of the patients diagnosed with BN had a habit of frequent vomiting to control their
weight. In contrast, only nearly 2/3 of the patients with AN reported the same habit. The
authors pointed out that a higher incidence of erosion was not observed in the patients
with BN, which could be attributed to their oral hygiene practices and rinsing habits after
vomiting. They explained that patients with bulimia are more likely to adopt good oral
hygiene practices and seek regular dental care, which could be the reason behind the lower
incidence of erosion.

4.3. Dental Erosion in Non-Distinguished Eating Disorders

Often, the authors of the studies cited in our review did not directly distinguish
individual diagnoses of Eds, but recognised them together as EDs. Undoubtedly, AN and
BN have many common features, which in the context of dental erosion seem to be quite
consistent because in both diseases, patients may habitually vomit. Thus, the main factor
of tooth erosion in these groups is vomiting, which acidifies the oral environment.

In the study by Garrido-Martínez et al. [35], the degree of dental erosion was signifi-
cantly greater in EDs. Overall, 76.3% of the ED patients had dental erosion, while in the
control group, it was only 9.2%. Additionally, the groups showed a significant difference
in non-stimulated salivary flow. Among the ED participants, only 28.8% had a normal
salivary flow, while the others experienced reduced flow or hyposialia. However, all of
the control participants, except for one, had a normal salivary flow. The ED patients had a
mean non-stimulated saliva flow of 0.23 mL/min, which was significantly lower than the
normal flow rate. Approximately 20.3% of the ED patients had a non-stimulated flow of
less than 0.1 mL/min, indicating hyposialia.

Women with EDs showed significantly higher dental erosions than the healthy con-
trols. This conclusion was shared by Emodi-Perlman et al. [34], who examined women
hospitalised because of chronic EDs. The ED group was divided according to their habit
of daily vomiting. Dental erosion occurred in 17.6% of the non-vomiting patients and
33.3% of the vomiting patients. On the other hand, in the control group, no patients had
dental erosion. Similarly, Szupiany-Janeczek et al. [59] found that individuals displaying
symptoms of EDs had a higher chance of experiencing dental erosions (28.81% of cases)
compared to those without symptoms (3.33% of cases). Interestingly, in this study, nearly
1/4 of the study group were males.

In contrast, Rungta and Kudpi [54] did not find a statistically significant association
between dental erosion and EDs. It can be assumed that the lack of a statistically significant
association between dental erosion and EDs is the result of the fact that the study involved
an adolescent female cohort. As mentioned earlier, the age of the patients and the ED
duration in the case of dental erosion is not insignificant.

Most papers on EDs focus on dental erosions as a prominent oral symptom. However,
Panico et al. [50] took a different approach. Surprisingly, only two patients with EDs had
dental erosions, whereas the control group had none. The patients with EDs in this study
may have maintained stricter oral hygiene, leading the authors to speculate that dental
decalcification is not necessarily an early symptom of EDs.

In a study conducted by Hermont et al. [38], the occurrence of dental erosion was
compared in cohorts of female adolescents with and without risk behaviour for EDs.
The severe risk behaviour for EDs was significantly associated with tooth erosion (OR
= 10.0, 95%CI: 2.5–39.4). The study also highlighted the role of socioeconomic factors in
the concomitance of EDs and tooth erosion, showing that students from private schools
proportionally presented more cases of risk behaviour for EDs. The link between symptoms
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of EDs and higher socioeconomic status is not just a referral artifact, but is evident in a
representative community sample. Additionally, the authors concluded that adolescents
with severe risk behaviour for EDs had a higher chance of tooth erosion when consuming
citric fruit and ketchup and brushing their teeth shortly after eating.

4.4. Study Limitations

Undoubtedly, our systematic review with meta-analysis highlighted and summarised
a significant relationship between dental erosion and EDs, considering the analyses for
the specific subgroups. Among the limitations, it is certainly worth mentioning the broad
timeframe of the included studies. As is well-known, the methodology and results of
studies were reported differently in the past than they are now. In some previous studies,
the sample size might seem relatively small. At present, EDs and dental erosion are more
common among young people. The included studies also differed in the diagnostic criteria
for erosive defects that have evolved over the years; however, this did not significantly
affect the relationship we studied.

Among the main sources of bias, the absence of data regarding blinding, randomisation
and sample size justification should be mentioned. Moreover, it should be emphasised
that, in most of the studies, the participants were women, which can be explained by the
fact that EDs statistically affect women more often, and among men, they are a bit of a
taboo subject. Some authors also did not separate subgroups of diagnoses of patients
with EDs, which concealed the factual relationships, as it can be observed that bulimics
have a greater predisposition to erosion than anorectics. Similarly, only a few studies
included self-induced vomiting as a confounder, allowing a comparison of the erosion risk
for vomiting and non-vomiting patients. For further studies, it would be useful to look at
this relationship in a multi-factor manner, considering confounding variables, which could
allow for meta-regression in the future.

5. Conclusions

Eating disorders are associated with an increased risk of tooth erosion. In particular,
patients with bulimia nervosa and patients with self-induced vomiting had significantly
higher odds of erosive lesions. Also, more than half of bulimics experienced dental erosion.
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Abstract: The aim of this systematic review and meta-analysis was to analyze the association between
periodontal disease and prostate inflammation with a null hypothesis stating that periodontal disease
does not increase the incidence of prostate inflammation. Materials and methods: A systematic
literature review and meta-analysis of longitudinal observational cohort and case-control studies
that evaluated the odds ratio or hazard ratio and confidence interval was undertaken based on the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations
(2020). A total of four databases were consulted in the literature search: PubMed-Medline, Scopus,
Embase, and Web of Science. After eliminating duplicated articles and applying the inclusion criteria,
seven articles were selected for the qualitative and quantitative analyses. Results: Four observational
cohort studies and three observational cohort case-control studies were included in the meta-analysis.
The four observational cohort studies were combined using the random effects model to estimate
a hazard ratio of 1.32 with a confidence interval of 95% between 0.87 and 1.77. The meta-analysis
presented high heterogeneity (Q test = 56.1; p value < 0.001; I2 = 94.9%). Moreover, the three
observational case-control studies were combined using the random effects model to estimate an
odds ratio of 1.62 with a confidence interval of 95% between 1.41 and 1.84. The meta-analysis
presented high heterogeneity (Q test = 1.07; p value = 0.782; I2 = 0%). Conclusions: The incidence of
periodontal disease does not increase the risk of the incidence of prostate inflammation.

Keywords: periodontitis; prostatitis; prostate specific-antigen; odds ratio; hazard ratio

1. Introduction

Previous studies have suggested that inflammation of the dental supporting tissues
and inflammation of the prostate gland could share a common etiology and reciprocally
influence their incidence. This would indicate that dentists can influence the development
and establishment of prostate diseases, since by controlling periodontal disease, they can
prevent the appearance of prostate diseases.

In addition, Barone et al. (2023) reported a bacterial etiology of 5–10% of all prostatic in-
flammation and highlighted bacterial reduction as the most efficacious treatment approach
to treating prostatitis [1]. Furthermore, De Luca et al. (2020) reported that granulomatous
prostatitis, which is considered an uncommon (3.3%) chronic prostate inflammation with
an autoimmune etiology, has shown an association with psoriasis (another autoimmune
disease). This fact could demonstrate that certain pathologies may have a common etiology
that leads to their establishment and development [2].
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Prostatic inflammation or prostatitis is considered one of the most common prostate
pathologies, with a prevalence of 11% in people under 50 years of age [3]. In addition, it was
described as a “pathology” by the National Institutes of Health (NIH) in 1995, considering
its multifactorial etiology [4].

Inflammation of the prostate gland is a condition that must be taken into consideration
since it can sometimes lead to the development of prostate cancer. Additionally, benign pro-
static hyperplasia is a common condition of the prostate gland, which is usually diagnosed
incidentally during digital rectal examination and is confirmed by ultrasound-guided
transrectal biopsy, as well as by prostate-specific antigen (PSA) levels [5].

In recent years, the molecular characterization of oral microbiota has facilitated the
detection of 700 bacterial species or biotypes with the capability of colonizing the tis-
sues in the oral cavity. However, a healthy individual harbors between approximately
150 and 200 different bacterial species, of which between 10 and 30 can cause periodon-
tal diseases (PD) [6]. Subgingival bacterial counts show that a healthy individual har-
bors 103 colony-forming units (CFUs), whereas individuals with established PD can har-
bor up to 108 CFUs [7]. These types of infections are responsible for damaging tooth
support tissues [8–10].

Periodontal diseases are characterized by their high prevalence. Epidemiological
studies indicate that between 5 and 20% of the population suffers from advanced forms
of periodontitis [11,12]. The etiopathogenesis of periodontal disease is strongly associated
with the formation of dental plaque. Dental plaque is a complex polymicrobial biofilm
model, whose process initiates with the introduction, establishment, and growth of primary
colonizing bacteria on teeth, such as Streptococcus oralis.

Longitudinal clinical trials have shown that adequate control of bacterial plaque can
prevent periodontitis and that the withdrawal of oral hygiene mechanisms is accompanied
by an increase in bacterial plaque and the onset of this disease [13–15].

Previous studies have suggested a possible relationship between periodontal pathol-
ogy and prostate inflammation, since multiple typical oral pathogens of periodontitis—
Porphyromona gingivalis, Fusobacterium nucleatum, Actinomyces actinomycetemcomitans, Tre-
ponema denticola, and Escherichia coli—have also been found in cultures extracted from
prostate disorders [16]. Therefore, this fact highlights the relevance of oral health as an
integral part of the general health and well-being of patients. Moreover, some theories have
been developed to explain the relationship between periodontal inflammation and prostate
disease, such as the distant migration of oral microbial agents via the hematogenous route.
This hypothesis was verified by Estemalik et al. (2017), who carried out DNA tests using
dental plaque and prostatic fluids, finding the presence of at least one bacterial biotype in
both tests in 64.7% of samples. This finding further highlighted the critical role of microbial
flora in human health and disease [17].

Additionally, another possibility could be an association with the presence of certain
proinflammatory cytokines of periodontal origin, which would cause a state of chronic
inflammatory weakness that could stimulate the appearance of systemic disorders. Some
of these cytokines are interleukins (ILs) (IL-1β, IL-6 and IL-8; tumor necrosis factor-α
(TNF-α); interferon-γ). The possible inflammatory affectation by cytokines could explain
abacterial prostatitis.

Finally, another hypothesis theorizes that the inflammatory response of the prostate
gland is caused by a local increase in PSA levels, which could occur distantly, even
in the periodontium. The generation of PSA in the periodontium tissues would im-
ply the systemic alteration of pro-inflammatory mediators, establishing a dysfunction of
these mediators.

Therefore, previous longitudinal clinical trials have shown that adequate control of
bacterial plaque can prevent periodontitis and secondarily prostate inflammation and that
the withdrawal of oral hygiene mechanisms is accompanied by an increase in bacterial
plaque and the onset of this disease [11–13]. Many authors emphasize the importance of
oral hygiene techniques to prevent the formation of bacterial biofilm [18].
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The aim and rationale of this systematic review and meta-analysis were to analyze
and compare the association between the incidence of periodontal disease and the risk
of increased incidence of prostate inflammation, with a null hypothesis (H0) stating that
periodontal disease does not increase the incidence of prostate inflammation.

2. Materials and Methods

2.1. Study Design

This bibliographic search was conducted following PRISMA (Preferred Reporting
Items for Systemic Reviews and Meta-Analyses; http://www.prisma-statement.org) guide-
lines for systematic reviews and meta-analyses (INPLASY registration number:
INPLASY202350030; DOI number: 10.37766/inplasy2023.5.0030). The review also ful-
filled the PRISMA 2020 Checklist [19].

2.2. Focused Question

The PECO (population, exposition, comparison, outcome) question was: ‘Do men
exposed to periodontal disease have a higher risk of suffering prostate inflammation?’
with the following components: population: men affected by periodontal disease and
prostate inflammation; exposition: periodontal disease and prostate inflammation; compar-
ison: men not affected by periodontal disease and prostate inflammation; and outcomes:
prostate inflammation.

2.3. Databases and Search Strategy

An electronic search was conducted in the following databases and gray literature:
PubMed; Scopus; Embase; and Web of Sciences (A.Z.-M.; J.M.M.-C.). The search covered all
the literature published internationally up to May 2023. The search included seven medical
subject heading (MeSH) terms: ‘periodontitis’; ‘prostatitis’; ‘prostate-specific antigen’; ‘odds
ratio’; and ‘hazard ratio’. The Boolean operators applied were (‘OR’ and ‘AND’). The search
terms were structured as follows: ‘((periodontitis OR periodontal disease) AND (prostatitis
OR prostate-specific antigen)) AND (odds ratio OR hazard ratio)’. Two researchers (A.Z.-M;
J.F.F.) conducted the database searches in duplicate independently. Titles and abstracts
were selected by applying inclusion and exclusion criteria.

2.4. Study Selection

Titles and abstracts were selected by two authors (A.B.L.G.; J.M.M.-C.), applying
inclusion and exclusion criteria.

Inclusion criteria: longitudinal observational cohort and case-control studies. No
restriction was placed on the year of publication or language.

Exclusion criteria: systematic reviews of the literature, clinical cases, case series with
up to 5 patients and editorials; studies that include women or men under 18 years of age;
and studies with samples of 5 or fewer patients. The following data were extracted from
each article by two authors (P.O.d.U.C.; A.Z.-M.): author and year of publication; title
and journal in which the article was published; sample size (n); follow-up time, odds
ratio or hazard ratio; and confidence interval. Studies that analyzed the incidence risk of
periodontal disease and prostate inflammation were included in the systematic review
and meta-analysis.

2.5. Data Extraction and Study Outcomes

Data extraction was conducted in duplicate (P.O.d.U.C.; J.M.M.-C.) using predefined
Excel spreadsheets and accounting for the following items: author and year, study type,
sample size, follow-up in months, odds ratio or hazard ratio, and 95% confidence intervals.

2.6. Methodological Quality Assessment

The risk of bias in the studies selected for review was assessed by two authors (J.F.F.;
P.O.d.U.C.) using the Newcastle–Ottawa scale for methodological quality assessment of
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longitudinal observational cohort and case-control studies. The Newcastle–Ottawa scale
consists of three items that evaluate selection, comparisons, and results [20]. The level of
agreement between evaluators was determined using Kappa scores.

2.7. Quantitative Synthesis—Meta-Analysis

The statistical data collection and analysis were conducted by two authors (A.Z.-M.;
J.M.M.-C.). The studies included in the meta-analysis were combined using a random ef-
fects model with the maximum likelihood method used for effect size estimation as the
odds ratio or hazard ratio. Heterogeneity between the combined studies was assessed using
the Q test (p-value < 0.05) and was quantified using the I2. Heterogeneity was consid-
ered to be slight if it was between 25 and 50%, moderate between 50 and 75%, and high
if > 75%. The existence of statistical significance was assessed using the Z test (p-value < 0.05).
Meta-analyses were represented with forest plots. Publication bias was assessed using the
trim-and-fill adjustment method and represented with funnel plots.

3. Results

3.1. Flow Diagram

The initial electronic search identified 24 articles in PubMed, 37 in Web of Sciences,
16 in Embase, 12 in Scopus, and none in gray literature. Of the total 89 works, 26 were
discarded as duplicates. After reading the titles and abstracts, a further 42 were eliminated
leaving a total of 21. A further 14 were rejected as they failed to fulfill the following
inclusion criteria: they did not include survival rate data, or they did not include a hazard
ratio, odds ratio, or confidence interval. A final total of seven articles were included in the
qualitative synthesis. Seven articles were included in the quantitative synthesis as these
included all the data and variables required (Figure 1).

 
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flow diagram.
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3.2. Qualitative Analysis

Of the seven articles included, four were longitudinal observational studies (cohort
studies) [21–24] and three were cross-sectional observational clinical studies (case-control
studies) [25–27] (Table 1).

Table 1. Qualitative analysis of articles included in the systematic review.

Author/Year Study Design N_Control Group HN_Control Group IC_Control Group

Michaud et al., 2008 [21] Cohort 48,275 0.89 0.71–1.10
Huang et al., 2019 [23] Cohort 38,092 2.11 1.63–2.73

Michaud et al., 2016 [22] Cohort 19,933 1.17 0.94–1.47
Lee et al., 2017 [24] Cohort 1235 1.5 1.05–2.10
Wu et al., 2019 [25] Case-control 2171 1.81 0.76–4.34

Hujoel et al., 2003 [27] Case-control 5240 0.49 0.19–1.26
Boland et al., 2013 [26] Case-control 1240 1.5 1.05–2.10

3.3. Quality Assessment

The results of the methodological quality assessment were performed by one au-
thor (A.Z.-M.) using the Newcastle–Ottawa scale and are shown in Tables 2 and 3. The
Newcastle–Ottawa scale obtained scores between 6 and 8, indicating high methodological
quality and low risk of bias.

3.4. Quantitative Analysis
3.4.1. Hazard Ratio of Prostate Inflammation in Patients Affected by Periodontal Disease

Four studies, in which only two showed a significant association, were combined
using the random effects model and the maximum likelihood method to estimate a hazard
ratio = 1.32 and with a 95% confidence interval between 0.87 and 1.77, indicating the absence
of significance. Periodontal disease increases the risk of prostatitis by 1.32 times, although
it is not significant. The meta-analysis presented high heterogeneity; a Q test = 56.1 with a
p value < 0.001 and I2 = 94.9%. (Figure 2).

Figure 2. Forest plot of the hazard ratio meta-analysis of prostatitis in periodontal patients versus
non-periodontal patients [21–24].
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3.4.2. Odds Ratio of Prostate Inflammation in Patients Affected by Periodontal Disease

Three studies were combined using the random effects model and the maximum
likelihood method to estimate an odds ratio = 1.62 and with a 95% confidence interval
between 1.41 and 1.84, indicating the existence of a statistical significance. The ratio
between periodontal disease and healthy periodontal tissue is 1.6 times higher in pa-
tients with prostatitis. The meta-analysis did not present heterogeneity (Q test = 1.07;
p value = 0.782; and I2 = 0%) (Figure 3).

Figure 3. Forest plot of the odds ratio meta-analysis of prostatitis in periodontal patients versus
non-periodontal patients [25–27].

3.5. Publication Bias

Publication bias was assessed using the Regression Test for Funnel Plot Asymmetry
using a mixed-effects model, thus for the HR Test for Funnel Plot Asymmetry meta-
analysis, z = 1.2326, p = 0.2177 (Figure 4), whereas for the OR meta-analysis Test for Funnel
Plot Asymmetry, z = 0.2515, p = 0.8014 (Figure 5). Both results indicate the absence of
publication bias.

Figure 4. Initial hazard ratio funnel plot and after trim-and-fill adjustment.
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Figure 5. Initial odds ratio funnel plot and after trim-and-fill adjustment.

4. Discussion

The results obtained in the present study accept the null hypothesis (H0) stating that
periodontal disease does not increase the incidence of prostate inflammation.

Previous studies found a relationship between periodontitis and prostatitis [28,29],
specifically in moderate-severe periodontitis, due to greater probing depths (LAC), worse
plaque index (PI) values and worse bleeding rates, and higher prostate-specific antigen
(PSA) levels (≥4 ng/mL), possibly due to oral microbiome biotypes (Treponema denticola,
P. gingivalis and Tanarella forsythea). In addition, most of the patients (95%) with both
pathologies have previously been affected by chronic bacterial prostatitis [30]. Therefore,
Joshi et al. (2010) highlighted periodontal therapy as an adjunctive treatment for the control
and management of chronic prostatitis. Non-surgical periodontal treatment consists of
mechanical debridement of supra- and infra-gingival bacterial biofilm and subsequent
instruction in oral hygiene maintenance techniques [31]. Furthermore, the clinical diagnosis
of chronic prostatitis is characterized by difficulty urinating completely or painful urination,
constant urinary incontinence, pain in the penis and/or testicles, and fever; therefore,
emphasis should be placed on early diagnosis and the elimination of associated factors [32].

In addition, PD has also been linked to other systemic pathologies such as atheroscle-
rotic valve disease, premature births, diabetes mellitus, chronic renal failure, and pulmonary
infections [33]. Specifically, the oral cavity acts as a reservoir for microorganisms that may
reach the prostate gland through metastatic infections, dissemination of bacterial toxins,
and/or immune alterations, which can cause prostate damage once they cross the intraep-
ithelial tissue of the prostate gland [34]. This migration could lead to the establishment
of a new neoplastic transformation. Indeed, it would be associated with Gram-negative
bacteria, the predominant etiological agents in periodontitis and in categories I and II
of prostatitis.

Moreover, Liu et al. (2015) suggested that the presence of chronic prostatitis and
periodontitis could inhibit self-healing and, therefore, maintain both diseases in the chronic
inflammatory phase [35]. In addition, Endo M (2017) proposed avoiding bacterial rein-
fection by prescribing antibiotic treatment for 15 days to eliminate the residual bacterial
load from the original infection [36]. Most of the authors agreed with applying a non-
surgical periodontal treatment to achieve an improvement in PSA levels, especially in
patients affected with a moderate-severe prostate pathology. However, the reduction in
PSA levels does not exempt us from performing prostate biopsies that could report other
prostate alterations [37].
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Although most studies highlighted the beneficial effect of periodontal treatment on
the reduction of PSA levels, Kruck et al. (2017) showed that supra- and infra-gingival
biofilm debridement alongside adequate instruction in oral hygiene techniques was not
enough to significantly reduce PSA levels, probably due to the limited number of PSA
measurements and the prostatitis classification of the selected patients [38]. However,
Alwithanami et al. (2015) concluded that periodontal treatment for 4–8 weeks led to a
significant reduction in PSA levels, compared with the control group; specifically, 21 out of
27 patients experienced a significant decrease in PSA levels [39]. Likewise, Fang et al. (2021)
performed a randomized clinical trial and did not find an association between the oral
microbiome and prostate changes; however, the manipulation of the microbial composition
could effectively prevent the establishment of periodontal and systemic pathology [40].
Alwithanami et al. (2015) also reported that it may not only be the disease that is involved
in the deterioration of the state of the prostate gland since the loss of teeth would also
be a relevant factor in the development of prostatitis and the subsequent development
of prostate cancer. For all these reasons, the establishment of periodontal therapy was
suggested as a required treatment to improve dental health and reduce high PSA levels [37].
However, periodontal therapy with oral hygiene instructions is not considered an ideal
treatment choice for all studies, since—as demonstrated in those patients with abacterial
prostatitis—it may not have plausible effects at the PSA level. In addition, secondary
bacterial infections could demonstrate chronic maintenance of asymptomatic prostatitis
through chronic pelvic pain syndrome [41].

Additionally, Fu et al. (2021) stated that diabetes mellitus could lead to the develop-
ment of gingivitis and subsequent periodontitis, which would likely become chronic. The
prostate could consequently be affected, leading to prostatitis and benign prostatic hyper-
plasia and/or prostate cancer. Many risk and environmental factors have been associated;
however, the development of prostatitis in patients with periodontitis is up to 4.6 times
more likely than in patients without periodontitis [39].

Therefore, it is essential to highlight periodontal treatment, specifically in patients
with unfavorable LAC, PI, and gingival index values [29]. Since the oral cavity constitutes
a microbial reservoir for Gram-positive and Gram-negative bacteria, it is possible that
the reduction of the bacterial load would consequently produce a distant reduction of
multiple Gram-negative bacteria which could reduce the high levels of PSA and there-
fore the concomitant immune and inflammatory responses that could be present locally
or systemically.

The relationship between periodontitis and prostatitis has been widely described in
previous studies. Additionally, various studies have highlighted the incidence of periodon-
tal disease with other systemic diseases such as cardiovascular diseases, acute myocardial
infarctions, diabetes mellitus, adverse effects of pregnancy, respiratory disorders, osteo-
porosis, obesity, malnutrition, rheumatoid arthritis, and a wide variety of cancers.

However, the scant published scientific evidence is not enough to define in greater
depth the advantages and disadvantages of periodontal therapy in patients with chronic
prostatitis. Therefore, it is quite pertinent that further randomized clinical trials are carried
out to confirm the association of periodontal disease with chronic prostatitis.

The authors report that the reduced number of articles included in this systematic
review and meta-analysis could be considered a limitation; therefore, we encourage re-
searchers to perform further and better-designed clinical studies with higher quality.

5. Conclusions

Meta-evidence suggests that the incidence of periodontal disease does not increase
the risk of incidence of prostate inflammation; however, more clinical studies are necessary
to confirm this statement.
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Abstract: Crohn’s disease (CD) is a chronic inflammatory intestinal condition that can affect the entire
gastrointestinal tract. It is characterized by its clinical heterogeneity and irregularities in its course.
The etiology and pathogenesis are not well established, so it is difficult to establish an early diagnosis
and an effective treatment plan. The objective of this systematic review was to present a qualitative
synthesis of the studies referring to the oral manifestations of CD. This systematic review was carried
out following the PRISMA guide. Research was conducted in the Pubmed, Web of Science, Scopus,
Scielo, and Cocrahne Library databases on 23 February 2023, and updated on 1 September 2023.
Articles published between 2012 and 2023 were selected. Articles that analyzed the oral manifestation
of CD patients and met the established search terms. In addition, the quality of all the selected studies
was analyzed following the CARE guidelines for case reports and the STROBE scale for observational
studies. A total of 19 articles were included in this review that met the inclusion criteria. Regarding
the oral manifestation of CD, oral ulcers, angular cheilitis, and gingivitis stand out. Periodontitis and
vegetative pyostomatitis were the least representative manifestations. The most prevalent locations
were lips, mucosa, and gingivae. Ulcers, gingivitis, and angular cheilitis are the most frequent oral
manifestations in patients with CD. Their early identification and possible relationship with the
disease are important for an early diagnosis and an adequate treatment plan.

Keywords: Crohn’s disease; oral manifestations; oral lesions; systematic review

1. Introduction

Crohn’s disease (CD) is described as a chronic inflammatory bowel disease, mainly
affecting the lower gastrointestinal tract, with the ileocolonic region being the most affected.
It is characterized by periods of remission and exacerbation. It is incurable and has a
disabling course due to the development of various complications. In addition, it involves
the skin, the musculoskeletal system, and the eyes [1–4].

In terms of epidemiology, CD affects men and women equally. Its age of onset has
a bimodal distribution, with a peak between 20 and 40 years of age and a second peak
between 50 and 60 years of age. The disease’s incidence and prevalence have increased
significantly worldwide [3].

Crohn’s disease is of unknown etiology, is associated with an altered immune response,
and has a strong genetic association. Whole genome studies revealed that when the NOD-2
receptor (a microbial recognition protein expressed on monocytes, macrophages, dendritic
cells, and paneth cells) is mutated, an alteration of the patient’s immune response occurs
and is directed towards the bacterial flora of the gut, being related to the development of
CD [2,5–7].

In addition to the genetic susceptibility of patients, the interaction with environmental
factors has to be present. CD appears to be the result of an alteration in the commensal
microbiota of the gut. This may be altered by diet, drug use, smoking, or infectious
processes. The most relevant would be Mycobacterium avium paratuberculosis (MAP),
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or measles virus. In addition, recent studies link the use of toothpaste or a history of
appendectomy as environmental factors related to the disease. On the other hand, it has
been shown that breastfeeding or contact with animals in childhood may be protective
factors against the disease. However, there is no causal relationship between the above-
mentioned factors and the development of the disease [2,3,5,6].

The presentation of the disease is very heterogeneous, with many subtypes. Initially,
the most frequent presentation is purely inflammatory. In the final presentation, intestinal
fibrosis is found, leading to intestinal strictures and fistulas. There is a 50% chance of
developing perianal fistulas within 20 years of the initial diagnosis [8,9].

The main symptoms that raise suspicion of Crohn’s disease are abdominal pain and
chronic diarrhoea leading to weight loss, observed in 60–70% of patients. Depending on the
type of diarrhoea emitted by the patient, the area that is most affected may be suspected. If
the diarrhoea is large in volume, the involvement is more likely to be located in the ileum,
whereas if the diarrhoea is smaller and mucus and blood are present, the colon is possibly
the area most affected [2,6,9].

Oral manifestations are common in Crohn’s disease and may present as the first
symptom. Early symptoms include aphthous ulcers, redness, edema, and pain. They
are predominantly located on the mucosa, lips, and tongue. The presence of lesions in
the cavity was associated with an exacerbation of the disease. There are specific and
non-specific manifestations. The difference lies in the non-caseating inflammation and
granulomatous substrate in the case of specific manifestations. Specific manifestations
include ulcers and lips with granulomatous changes or Miescher cheilitis. Sometimes
indurated polypoid tumours can be observed on the buccal mucosa in their specific form.
Non-specific manifestations include oral aphthous ulcers, erythema nodosum, and a variety
of neutrophilic dermatoses [1,2,10].

Treatment of CD is primarily aimed at achieving sustained clinical and endoscopic
remission. It is important to interrupt the destructive course of the disease, which, if
prolonged, can lead to intestinal failure and associated complications. It should be individ-
ualised for each patient [5].

Finally, it is important to emphasise the importance of early and accurate diagnosis
and subsequent appropriate treatment. There is a high risk of malignancy for people with
Crohn’s disease for small bowel, colorectal, and mucinous carcinoma arising from perianal
fistulas [9].

Currently, CD is a chronic intestinal disease of unknown aetiology, but with patients
with high genetic susceptibility and involvement of various environmental factors, some
of which have no proven scientific evidence. There is variability in its clinical presenta-
tion, ranging from intestinal and extraintestinal manifestations to associated autoimmune
disorders. This makes a diagnosis and choice of treatment difficult.

There are several oral clinical manifestations that appear as early signs of the disease
and that are essential to detect in order to identify the disease as early as possible. This leads
to an improvement in the patient’s prognosis and quality of life. Therefore, there is a need
for a multidisciplinary team for its management that is aware of the most characteristic
manifestations, and in this case, at the oral level. There is a lack of scientific knowledge
on the subject to date. Thus, the aim of this systematic review was to present a qualitative
synthesis of various studies concerning the oral manifestations of Crohn’s disease.

2. Materials and Methods

2.1. Declaration and Protocol

This systematic review was conducted according to the PRISMA guide, an acronym
for “Preferred Reporting Items for Systematic Reviews and Meta-Analyses”. In addition to
the regulations of the Final Degree Projects of the University of Murcia. It was registered in
PROSPERO with registration number CRD42022377915.
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2.2. Inclusion and Exclusion Criteria

The criteria for the inclusion of articles were the following: (i) articles published
between the last 10 years (2012 and 2023); (ii) articles analysing and identifying oral
manifestations present in CD patients; (iii) articles published in English or Spanish; (iv) any
type of research article.

Exclusion criteria were as follows: (i) articles published more than 10 years ago;
(ii) articles that provided information about inflammatory bowel diseases in a generalised
way and did not study the oral manifestations of CD; (iii) articles in a language other than
English or Spanish; (iv) systematic reviews or literature reviews.

In order to establish the inclusion criteria, the PICO model should be followed:
Population/problem (P): Patients with Crohn’s disease; Intervention (I); Compari-

son/control (C): Healthy patients; Outcome (O): Oral manifestations present in patients
with Crohn’s disease.

So, the PICO question is: What are the oral manifestations of patients with Crohn’s disease?

2.3. Search Strategy
2.3.1. Sources of Information

In order to search for information on the topic proposed for this systematic review,
an exhaustive search was carried out in the following databases: Pubmed, Web of Science,
Scopus, Scielo, and Cocrahne Library.

This search was carried out on 23 February 2023 and updated on 1 September 2023.

2.3.2. Search Terms

The terms used for the search were obtained from the Mesh (Medical Subject Heading)
thesaurus. Those referring to Crohn’s disease are “Crohn’s disease”, “Crohn’s”, “Crohn’s”,
“inflammatory bowel disease”, and “bowel disease.” Those referring to oral manifestations
are “Oral manifestation” and “oral lesion”. Boolean operators (“AND” and “OR”) were
used to relate the mentioned terms to each other. The following table shows the results
obtained from the search performed (Table 1).

Table 1. Search fields.

Database Search Field Results

Medline (PubMed)

1# “Crohn’s disease” OR “Chron’s” OR “Crohn” OR “inflammatory bowel disease” OR “bowel disease”. 103,567

2# “oral manifestation” OR “oral lesion”. 9302

1# AND 2# 220

Web of Science

1# “Crohn’s disease” OR “Chron’s” OR “Crohn” OR “inflammatory bowel disease” OR “bowel disease”. 136,376

2# “oral manifestation” OR “oral lesion”. 6826

1# AND 2# 196

SCOPUS

1# “Crohn’s disease” OR “Chron’s” OR “Crohn” OR “inflammatory bowel disease” OR “bowel disease”. 153,087

2# “oral manifestation” OR “oral lesion”. 11,159

1# AND 2# 298

Scielo

1# “Crohn’s disease” OR “Chron’s” OR “Crohn” OR “inflammatory bowel disease” OR “bowel disease”. 617

2# “oral manifestation” OR “oral lesion”. 1065

1# AND 2# 1

Cochrane Library

1# “Crohn’s disease” OR “Chron’s” OR “Crohn” OR “inflammatory bowel disease” OR “bowel disease”. 8479

2# “oral manifestation” OR “oral lesion”. 278

1# AND 2# 2
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2.3.3. Selection of Studies

The studies obtained in the search process were entered into the Endnote Analytics
bibliographic manager. After that, the manager discarded duplicate articles, and other
duplicate articles not identified by the manager were manually discarded.

Subsequently, a first selection of articles was made on the basis of their titles. The
abstract of the articles selected by title was read, and a second selection was made. Finally,
the selected articles were read in full text and checked for compliance with the inclusion
and exclusion criteria.

2.3.4. Data Extraction

For the bibliometric analysis, the years of publication, authors, city, and journals were
taken into account. To summarise the methodology of the studies, a summary table was
drawn up with the following data: type of studies; most frequent manifestations; most
frequent location in the oral cavity.

2.3.5. Quality Analysis

The quality of the studies included in this systematic review was analyzed by two
reviewers (ERS and MPPL). Any discrepancies were decided by involving a third reviewer
(JGG). Use was made of the CARE guideline for clinical cases, which sets out a series
of recommendations on the quality of clinical cases. It is composed of 30 items, 11 of
which refer to the different parts that make up a clinical case (title, keywords, abstract,
introduction, patient information, clinical findings, dates, diagnostic evaluation, therapeutic
intervention, follow-up and results, discussion, patient perspective, and informed consent).
Each of these was marked with a positive tick (�) when the requirement was met and a
cross (�) as negative when the requirement was not met. The attached table shows the
30 items contained in the CARE guide that were followed for our analysis. In the case of
control, cross-sectional, cohort, and prospective studies, the guide used was the modified
STROBE scale (Strengthening the Reporting of Observational Studies in Epidemiology),
which establishes the necessary recommendations for what an observational study should
include. It is composed of 11 items that refer to the parts of the studies mentioned (material,
methods, and results). Studies with 9 to 11 items were selected as low bias; those with 6–8
were considered moderate bias; those with less than 5 were considered high bias. The same
methodology as above was applied.

3. Results

3.1. Selection of Studies and Flow Diagram

The results of the selection are shown in Figure 1. After the exhaustive database search,
a total of 717 references were obtained, of which 220 were from Medline, 298 from Scopus,
196 from Web of Science, 2 from Cocrahne Library, and 1 from Scielo.

Later, 178 articles were discarded using the Endnote bibliographic manager. Subse-
quently, another 248 duplicate references not detected by the manager were eliminated,
resulting in a total of 498 articles. Next, 452 articles that did not cover the topic of study
were eliminated by title and abstract. Thus, 46 references were evaluated in full text,
discarding 24 of them and finally obtaining 22 valid articles.

3.2. Bibliometric Analysis

The studies resulting from the search were distributed by year of publication, country
of publication, and journal of publication. With regard to the year of publication, the
continuous publication of articles on the subject is perceived, with an increase in the year
2021. The years 2019 and 2020 are the years with the lowest publication rate. Concerning
the country of publication, the highest prevalence of published studies is found in the
United States with seven articles, followed by Italy with four published articles. For the
rest of the countries mentioned, one publication per country was found. There are a wide
variety of journals that include articles related to CD and its oral manifestations, the most
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prominent being BMJ, which, in addition to case reports, also published a case control, and
Wiley Clinical, which includes 2 case reports.

Figure 1. Flowchart diagram.

3.3. Results of Data Extraction

The results of the extraction are represented in Table 2, where the different categories
mentioned above and the significance of the association of oral manifestations as a clinical
part of CD can be observed.
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The results obtained are shown in Table 2. As can be seen, most of them are clinical
cases, with a single patient in all of them. There are fewer observational studies, but they
contain a larger volume of patients, with a maximum of 113 patients [13].

The age of the patients in the studies varied. Patients ranged in age from 6 to 64 years
of age [10,14]. It should be noted that most of them were in their early twenties [15,19,20,28].

All of them had oral lesions. The evolution of these lesions is unknown in some cases,
but in the cases in which it was known, the minimum duration was 1 month [21,23]. The
clinical case with the longest evolution of the lesions was 30 years old [14].

The most prevalent oral manifestations were angular cheilitis, oral ulcers, and gingivi-
tis, as well as pain, dysphagia, halitosis, bleeding, and inflammation. Periodontitis and
vegetating pyostomatitis were the least representative manifestations.

Regarding their location, the lips, mucosa, and gingiva are the places where most of
them were found. However, some patients are shown with lesions at the level of the floor of
the mouth, posterior mandible, palate, or even the uvula. Some of the cases presented were
diagnosed with CD at the time of the oral manifestations, while others were diagnosed
with CD as a result of the oral manifestations. The described lesions were examined
microscopically, and the findings were summarised as diffuse non-caseating granulomatous
inflammation with lymphocytic infiltrate and the presence of multinucleated giant cells,
monocytes, and plasma cells.

In several patients, a differential diagnosis of the oral manifestations presented was
necessary. The most repeated diseases were orofacial granulomatosis, sarcoidosis, and
pemphigus. Tuberculosis, syphilis, vasculitis, or infectious diseases were mentioned as
possible diagnoses before determining the final diagnosis of CD.

Finally, the medication administered to patients was mainly directed at CD and not
at the oral manifestations. In the same way that it improved the course of the disease,
it reduced the symptoms at the oral level, and in many cases, the manifestations found
disappeared. We highlight the administration of immunosuppressants (azathioprine) and
monoclonal antibodies (infliximab and adalimumab) as first-line treatments.

3.4. Quality Assessment

The quality of the clinical cases was assessed using the CARE guideline [32] (Table 3).
The quality of the studies was medium, as many of them did not meet items 8b, 9c, 10c, 10d,
and 12 referring to therapeutic intervention, follow-up, outcomes, and patient perspective.
Only items 6–8 referring to timing, clinical findings, and diagnostic assessment were
fulfilled by all items [10,12,14,17,23,25,28,30,31].

The articles were evaluated, after which a percentage was established for each of them,
with the highest percentage achieved being 83.33%, followed by 76.66% [16,26]. The clinical
cases with a higher bias have a lower percentage, and in this case, their value is 23.33% [12]

In the case of observational studies, the modified STROBE scale was used (Table 4).
The quality of the studies was moderate with a high bias [11,13,24,29]. Item 5 was not met
by any of the studies, while items 1 and 7 were met by all of them (Table 4).
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Table 3. Results of the analysis of observational studies.

Vavricka et al.,
2013 [13]

Haarano et al.,
2018 [24]

Boyang et al.,
2021 [29]

Gale et al.,
2014 [18]

Szczeklik et al.,
2012 [11]

1 � � � � �

2 � � � � �

3 � � � � �

4 � � � � �

5 � � � � �

6 � � � � �

7 � � � � �

8 � � � � �

9 � � � � �

10 � � � � �

11 � � � � �

Final puntuation 8 7 5 6 4

Risk of bias moderate moderate high moderate high

39



J. Clin. Med. 2023, 12, 6450
T

a
b

le
4

.
R

es
ul

ts
of

th
e

qu
al

it
y

an
al

ys
is

of
th

e
cl

in
ic

al
ca

se
s.

M
cC

o
rk

le
e
t

a
l.

,
2
0
2
1

[3
1
]

D
e
sm

o
n

d
e
t

a
l.

,
2
0
1
6

[2
0
]

H
M

P
re

id
l

e
t

a
l.

,
2
0
1
4

[1
6
]

C
ia

cc
i

e
t

a
l.

,
2
0
1
4

[1
5
]

E
ck

e
l

e
t

a
l.

,
2
0
1
7

[2
3
]

L
.
W

o
o

2
0
1
5

[1
0
]

B
ru

sc
in

o
e
t

a
l.

,
2
0
1
2

[1
2
]

A
n

tu
n

e
s

e
t

a
l.

,
2
0
1
5

[1
9
]

C
a
p

o
d

if
e
rr

o
e
t

a
l.

,
2
0
1
9

[2
5
]

D
o

s
S

a
n

to
s

e
t

a
l.

,
2
0
1
7

[2
2
]

A
ta

rb
a
sh

i-
m

o
g

h
a
d

a
2
0
1
6

[2
1
]

K
a
ra

k
o

y
u

n
e
t

a
l.

,
2
0
1
9

[2
6
]

S
a
le

k
e
t

a
l.

,
2
0
1
3

[1
4
]

H
u

a
n

g
e
t

a
l.

,
2
0
2
0

[2
7
]

P
a
d

m
a
v

a
th

i
e
t

a
l.

,
2
0
1
4

[1
7
]

G
ia

cc
a
g

li
a

e
t

a
l.

,
2
0
2
1

[3
0
]

A
lr

a
sd

a
n

e
t

a
l.

,
2
0
2
1

[2
8
]

D
o

s
S

a
n

to
s

e
t

a
l.

,
2
0
1
7

[2
2
]

A
ta

rb
a
sh

i-
m

o
g

h
a
d

a
m

2
0
1
6

[2
1
]

1
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

2
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

3a
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

3b
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

3c
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

3d
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

4
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

5a
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

5b
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

5c
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

5d
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

6
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

7
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

8a
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

8b
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

8c
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

8d
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

9a
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

9b
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

9c
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

10
a

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

10
b

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

10
c

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

10
d

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

11
a

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

11
b

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

11
c

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

11
d

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

12
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�

13
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

To
ta

l
22

16
25

24
17

20
7

12
15

21
20

23
22

22
16

20
22

21
20

%
73

.3
3%

53
.3

3%
83

.3
3%

80
%

56
.6

6%
66

.6
6%

23
.3

3%
40

%
50

%
70

%
66

.6
6%

76
.6

6%
73

.3
3%

73
.3

3%
53

.3
3%

66
.6

6%
73

.3
3%

70
%

66
.6

6%

40



J. Clin. Med. 2023, 12, 6450

4. Discussion

The results of this systematic review indicate that all selected studies showed oral
manifestations of CD.

Oral manifestations are part of the extraintestinal manifestations of CD. It is vitally
important to know about them and the prevalence in which they occur. In the adult
population, lesions are found in around 0–9%, while in children, they appear in around
50–80% of patients and may precede severe intestinal involvement in up to 42% of the
latter [23,28,30,31]. Rarely have cases been reported where oral involvement was unique
and unaccompanied by intestinal disease [14].

The oral cavity is recognised as a useful part of the gastrointestinal tract in the diag-
nostic procedure for CD. Thus, dentists play an important role in the early diagnosis of
the disease and subsequent improvement in both quality of life and prognosis, especially
in the paediatric population, with a major impact on growth, puberty, and emotional
development [25,33].

Oral involvement can take two forms: specific, including diffuse lip and oral swelling,
cobblestoning of the oral mucosa, linear and serpiginous ulcers, and mucogingivitis. In the
paediatric population, these types of lesions are more common, with mucogingivitis and
ulcers being predominant, and they are non-specific, differentiated from the previous ones
by the lack of granulomas when observed microscopically. These include aphthous ulcers,
angular cheilitis, and glossitis. It should be noted that these ulcers are sometimes not part
of the disease process but are secondary to nutritional deficiencies caused by the course of
the disease [10,11,15,17,20,24,27,28,31].

Periodontitis and vegetating pyostomatitis are non-specific manifestations that only
some articles classify as such [23,27,30]. CD is one of the systemic conditions affecting the
periodontium. Recent studies have speculated that CD is likely to induce periodontitis by
changing its oral microbiota and subsequent inflammatory response [27,29].

A 2012 study by Szczeklik et al. [11] found a higher prevalence of periodontitis in
patients with CD. One year later, a case-control study conducted by Dr. Stephan Vavircka
et al. [13] affirms the previous findings and provides that, in addition to the higher preva-
lence, the disease behaves with greater severity and extension, both in the adult population.
Recently, the first case of a girl with CD presenting with periodontal disease and advanced
bone loss has been described [11,27].

In addition, it is important to recognise vegetating piostomatitis. A very specific
marker of CD, it is a very rare oral disorder characterised by white or yellow pustules
affecting the oral cavity on an erythematous base, which, when ruptured, take the form of
a snail’s footprint [14,21].

Regarding the location of the lesions mentioned, there is a predominance of le-
sions on the mucosa, especially on the lower lips and gums. Lesions are present in
other less common locations, such as the soft palate, uvula, tongue, and pillars of the
fauces [10–17,19–28,30,31].

Finally, it can be concluded that the most predominant oral manifestations of CD are
mucosal cobblestoning, the presence of linear ulcers, granulomatous cheilitis of the lips,
with a predominance of the lower lip, and mucogingivitis. However, some less conspicuous
but indicative lesions are found, such as vegetating pyostomatitis or periodontitis in
some cases.

As well described, mucosal cobblestoning is significant in CD. Macroscopically in the
intestine, one can observe the onset of small focal ulcers that coalesce to form longitudinal,
serpiginous ulcers, giving the cobblestone appearance mentioned at the oral level. Mi-
croscopically, we find chronic patchy and transmural inflammation, with an increase in
plasma cells and lymphocytes, discontinuous irregularity of the crypts, but without rupture
of the crypts, and the presence of non-caseating granulomas in the lamina propria. In oral
biopsies of the reported cases, plasma cell and lymphocyte infiltrate and the presence of
non-caseating granulomas of the lamina propria and submucosa were found in most of
them [6,10,12,14–17,19,20,22,23,25,28,30,34].
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It is important to note that the presence of non-caseating granulomas is specific and
may fit various diagnoses such as orofacial granulomatosis, although according to Colin
E. McCorkle et al. [31], author of one of the selected studies, orofacial granulomatosis
is a sign of an underlying process and not a definitive diagnosis as described by other
authors [10,14,17,19,24,30]. Therefore, it could be suggested that oral ulcers share histology
and appearance with intestinal ulcers.

The presenting symptomatology is varied. In many of the articles mentioned, the
patient presented with pain, mostly caused by ulcers. Others presented with lip enlarge-
ment, gingival irritation, dry lips, and cracking. The proportion of asymptomatic patients
was high, which complicates the early diagnosis of the disease, as the user attended the
doctor when the lesion was very evident. Sometimes, oral symptomatology was accompa-
nied by intestinal symptoms such as diarrhoea, weight loss, abdominal pain, and general
malaise [10,12,14,15,17–21,23,24,26–28,31]. There are several treatments for CD, but the
most widespread is pharmacological. We highlight the use of aminosalicylates, corticos-
teroids, immunomodulators, and biological therapy [10–16,19–28,30,31]. Most patients
with oral lesions were treated with systemic therapy; only three cases were reported
where lesions were treated with topical corticosteroids. Two of them received only topical
corticosteroid rinses, showing marked improvement in symptomatology and eventually
remission. The author of the third case, Victoria Woo et al. [10], notes that the patient
received azathioprine and aminosalicylates in addition to topical treatment, which also
improved intestinal symptoms. Saede Atarbashi-Moghadam et al. [21] stress the impor-
tance of using local treatment in the absence of systemic symptomatology but note that it
has limited success [14,17,21,26]. In several articles mentioned, patients were treated with
immunosuppressants and corticosteroids [10–14,16,19,20,22–28,31]. The results were very
good, as there was an improvement in oral and gastrointestinal lesions. Long-term use
of immunosuppressants can present severe complications for the patient. Harim Tavares
dos Santos et al. [22] report a rare case of paracoccidioidomycosis in a woman with CD on
long-term azathioprine treatment who presented with a blackberry lesion on the palate. The
use of immunosuppressants leads to a series of complications, including fungal infection,
virus, leukopenia, or worsening of the periodontal status and overgrowth in the case of
mercaptopurine, according to Mei Li huang et al. [12,20,25,27,30].

Finally, biologic therapy is one of the most effective and accepted therapies for CD. The
most widely used are Adalimumab, infliximab, and ustekinumab [11,13,15,16,24,26–28,31].
Patients treated with Adalimumab, in the articles selected for this study, have been the
group with the most complications and recurrence of symptoms [16,28,31].

Preidl et al. [16] report a case of osteonecrosis of the jaw in a patient with CD after
a course of bisphosphonate therapy and current treatment with Adalimumab. In other
case reports, some correlation between patients with osteonecrosis of the jaw and biologic
therapy can be seen [35]. It is still unclear whether biologic therapy interferes with bone
physiology, bone turnover, and long-term wound repair.

This review has limitations, as do the other published articles. Limitations in the
selection of the studies included in the systematic review have to be considered. Most of
the articles selected were case reports of medium quality. With respect to the observational
studies chosen, they were smaller in number and highly biased. Thus, the articles are
biased, which is a drawback for the presentation of good-quality articles.

The main limitation of this review is the number of patients. Most of the proposed
articles are clinical case reports of a single patient. In the case of observational studies, the
number of patients reaches a maximum of 113, but only 69 of them had CD. Even in one of
them, the oral examination was not performed by dentists [13]. Moreover, in most of them,
the follow-up of the patient after the healing of the lesions was not described.

As mentioned earlier in this review, knowledge of the oral manifestations of patients
with CD and collaboration between gastroenterologists and dentists will help in the early di-
agnosis of the disease and subsequent improvement in both the prognosis and quality of life
of patients, as has already been seen with other diseases and their oral manifestations [36].
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5. Conclusions

CD is a chronic, relapsing inflammatory bowel disease with uncertain pathogene-
sis. The aetiology is speculated to be multifactorial and involves genetic, environmental,
immune, and microbial factors. It affects the entire gastrointestinal tract, but lesions pre-
dominate in the terminal ileum and colon. It is relapsing, and there is currently no cure
for it.

Based on the results obtained in this systematic review, we can conclude that:

• CD presents with oral manifestations. Some oral lesions develop silently and go
unnoticed by the patient. Others become established, causing pain and incapacitating
the patient in their normal life, sometimes accompanied by gastrointestinal symptoms.

• Oral involvement in CD patients has been reported in 0.5% to 37% of cases. The length
of time in the mouth is not well defined, as in some patients the lesions go unnoticed
and in others there are recurrences.

• The most representative oral manifestations of CD are mucogingivitis (especially
in the paediatric population), angular cheilitis, serpiginous and linear ulcers, and
cobblestone-like mucous membranes.

• Visualisation of oral manifestations of CD plays an important role in the early diagnosis
of CD, as they are sometimes the first sign of the disease or oral and intestinal lesions
are found simultaneously.

More studies with better quality are needed to corroborate the results obtained in
this work.
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Abstract: Background/Objectives: Several psychological conditions, including stress and depression,
can adversely affect oral health; in fact, antidepressants, commonly used to treat depressive disorders,
may have conflicting effects on the periodontal status of individuals. The aim of this review was
to determine the effects of antidepressants on the periodontium. Methods: A literature search was
conducted using electronic databases, Pubmed/MEDLINE, Cochrane Library, focusing on the use of
antidepressants and their effects on periodontal health in animals or humans. Results: Seventeen
articles have been included with the use of amitriptyline (two studies), desipramine (one study),
imipramine (two studies), desvenlafaxine (one study), fluoxetine (six studies), venlafaxine (three
studies) and tianeptine (two studies). One study evaluated several categories of antidepressants, such
as selective serotonin reuptake inhibitors (SSRI), serotonin-norepinephrine reuptake inhibitors (SNRI),
tricyclic, atypical and monoamine oxidase inhibitors (MAO). Most trials showed improvements in
periodontal health, especially with fluoxetine, but also with imipramine, desipramine, desvenlafaxine
and tianeptine; on the contrary, worsening of clinical periodontal indices and increased loss of
alveolar bone were reported with venlafaxine. Conclusions: This review suggests that in the
presence of comorbidity between periodontitis and depression, pharmacological treatment with
SNRIs, SSRIs and mixed antidepressants is associated with improvement in periodontal parameters,
except for venlafaxine. Healthcare professionals (especially oral and mental health professionals)
should investigate proper adherence to medication therapy in patients with a history of periodontitis
and depression. Further clinical trials are needed to confirm these results.

Keywords: antidepressant; periodontitis; inflammation; neuroinflammation; systematic diseases

1. Introduction

Periodontal disease is a problem that affects the worldwide population: global cases
of severe periodontitis were reported to be approximately 1.1 billion in 2019, an increase
of 99% from 1990 to 2019, and this is attributable to population growth and increased
ageing [1]. It affects almost 40% of the world’s population [2].

Periodontitis is a chronic inflammatory disease of multifactorial etiology associated
with dysbiotic plaque biofilms that progressively weaken and destroy the oral tissues
supporting the tooth within the alveolar bone [3–5]. Periodontitis can be successfully
treated with various therapies, such as mechanical or manual instrumentation, which aim
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to remove the bacterial biofilm, reduce bleeding on probing and promote healing of the
oral tissues [6–9].

Recent evidence suggests that there may be several mechanisms linking poor oral
health to mental and affective disorders; poor oral hygiene and periodontal disease may
lead to low-grade chronic systemic inflammation, which is considered a risk factor for
neuropsychiatric disorders [10–13]. It is well known that oral bacteria can enter the blood-
stream by damaging the gums, and if the blood–brain barrier is weakened, they can also
enter the brain via pro-inflammatory mediators; periodontal disease can also indirectly
affect the central nervous system [14–17]. People with anxiety or depression have been
found to have a higher incidence of tooth decay and loss, and people with bipolar disorder
have been found to have a higher risk of periodontitis: contributing factors include poor
oral hygiene and diet, tobacco use, alcohol and psychostimulants [18–21].

Affective disorders are psychopathological disorders characterized by a change in the
individual’s general activity, with alterations at an emotional level, mood and motivation,
which manifest themselves in a reduction in functioning at a personal, work and social
situations [22].

The DSM-5, a statistical and diagnostic manual of mental disorders, differentiates
mood disorders into two distinct categories: depressive disorders and bipolar disorders.
Major depressive disorder, also called endogenous depression, manifests itself mainly with
a depressed mood, lack of motivation and vital energy, poor concentration ability, guilt,
insomnia or hypersomnia, psychomotor slowing or agitation, apathy or loss of interest,
and finally, suicidal ideation or attempts [22–24]. Unlike depressive disorders, which
are characterised by a single polarity (i.e., the mood disorder is manifested only in the
depressive variant), in bipolar disorders we observe the presence of manic or hypomanic
episodes alternating with depressive episodes. In mania or hypomania, the mood is defined
as “expanded”, elevated, euphoric: a patient before a manic episode may show logorrhea,
acceleration of thought content, reduced need for sleep, psychomotor activation, up to
and including excessive expenditure, and uninhibited behaviour [24,25]. This disorder is
manifested by a sense of grandeur, decreased need for sleep, logorrhea, accelerated thinking,
other distractibility, a significant increase in daily activities and excess risky activities.
The diagnostic criteria for major depressive disorder are met when five of the above
symptoms occur simultaneously for two weeks and cause clinically significant distress to
the individual; for bipolar disorder, however, at least three of the above symptoms may
occur for at least four days [25,26].

Currently, depression is the most common mental illness in the world: the number
of cases from 1990 to the present has increased by 49.86% (from 172 to approximately
258 million in 2017), with major depressive disorder reported as the most widespread in
the population [27]. Furthermore, the World Health Organization (WHO) indicates that
this specific depressive disorder will become the leading cause of disability worldwide by
2030 [28]. Worldwide, the incidence of mood disorders is second only to that of anxiety
disorders, affecting a large proportion of the world’s population. In Italy, according to
the European Study on the Epidemiology of Mental Disorders, the lifetime prevalence of
major depression and dysthymia is 11.2%. Thus, it is relatively common to develop a mood
disorder over the course of a lifetime. It is also likely that some changes in Western society
will favour a greater prevalence of these disorders [22–24,29].

Periodontal disease and depressive disorders have several risk factors in common,
including smoking and lifestyle. Both are highly prevalent pathologies in their respective
areas of concern: having a mental disorder results in reduced self-care and a potential
increase in periodontal disease [30–33].

In a preclinical in vivo study, periodontitis and subsequent experimental depression
were induced in a group of rats: the group in which both periodontitis and depression
were induced (periodontitis was induced by inoculating P. gingivalisATCC W83 K1 and F.
nucleatum DMSZ 20482 by oral gavage). The rat group with Nucleatum DMSZ 20482 by
oral gavage, while depression was induced by introducing a series of different stressors
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that changed daily (two stressors/day)), showed significantly greater alveolar bone loss
at the level of the bifurcation than the non-depressed groups with induced periodontitis.
Fusobacterium nucleatum has been found in the frontal cortex of mice with periodontally
induced depression [34].

Starting from preclinical studies on animal models, other studies have tried to investigate
the associations between these pathologies in subjects with periodontitis compared to healthy
individuals. A study comparing approximately 50,000 healthy subjects vs. 12,000 with
periodontitis demonstrated that subjects with periodontitis were more likely to develop
depression within 10 years of follow-up, indicating periodontitis as a risk factor for depression
later, regardless of other associated comorbidities such as sex and age [35]; not only could
periodontal disease be a risk factor for affective disorders: depression could also be a risk
factor for periodontal disease, indicating a two-way link [36].

A recent meta-analysis, published in the Journal of Clinical Periodontology in 2021,
indicated the plausibility of a bidirectional depression–periodontitis association, dividing
the possible mechanisms involved into three aspects: behavioural, biological/physiological
and bacteriological aspects [37].

Depressed subjects tend to engage in riskier behaviours, which can worsen oral health
and predispose them to periodontitis [33–38]. Periodontitis is one of the main causes of
edentulism in the population, which can compromise the contour and aesthetics of the
face [39]. Periodontal disease significantly affects the patient’s quality of life and masticatory
function, as well as worsens self-confidence: all of these factors can predispose periodontal
patients to a significant worsening of mood, with an increased risk of depression [40–45].

Individuals with depression report increased levels of certain inflammatory production
factors, including interleukin-6 (IL-6), tumour necrosis factor (TNF)-alpha, interleukink-10
(IL-10), as well as several soluble receptors and interleukin antagonists and cytokines, such
as the soluble IL-2 receptor, IL-13 and IL-1 receptor antagonist [46–48]. From here, the
hypothesis of “inflammatory depression” was born, a real subtype of depression, which
identifies mechanisms that act as catalysts/amplifiers of responses: bad eating habits, stress
and sedentary lifestyle [49]. In contrast, among the possible protective factors against the
development of depression, probiotics have been proposed and studied as adjuvants in the
non-surgical treatment of periodontitis [49–51].

Therefore, individuals with depression and periodontitis appear to share an alter-
ation in the production of various pro-inflammatory factors (IL-1, IL-6, TNF-α), which,
on the one hand, increases the individual’s systemic inflammatory load [52] and, on the
other hand, increases neuroinflammation [53,54]. Cortisol-related stress is also associated
with periodontitis [55]. In fact, cortisol could be differentiated into different forms of
periodontitis: subjects with aggressive periodontitis had higher cortisol levels than sub-
jects with chronic periodontitis [56]. Cortisol, resulting from the incorrect functioning of
the hypothalamic–pituitary–adrenal (HPA) axis, induces endocrine and cerebral changes,
increasing vulnerability to the development of depressive pathologies. Therefore, by in-
creasing its serum production, it can cause the reduction in cellular trophism of neurons
and the inhibition of neurogenesis mechanism [57], all of which seem to significantly pre-
dispose subjects to mental pathology [58]. Similarly, “inflammatory depression” induces
a functional alteration of the HPA axis with increased secretion of pro-inflammatory cy-
tokines such as IL-6 and TNF-α; the latter are in turn associated with the development
of periodontitis [37,47,52,54,59]. Therefore, depression and periodontitis share a potential
bidirectionality in the etiology and maintenance of pathology [60].

Virulence factors of some periodontal disease pathogens can overcome the blood–
brain barrier and negatively influence the physiology of the brain via glial cells, which are
mediators of various neural signals [61,62].

Antidepressants are widely used in the population, particularly in the periodontal
population: subjects with periodontitis are more likely to take antidepressant drugs when
compared to healthy patients [63]. Although the various anti-inflammatory functions of these
drugs are well known in the literature, acting also at the level of systemic inflammation and
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enhancing the individual’s immune response [64–66], the literature seems to be divided on
their effects at the periodontal level, except for one study where it was found that the use
of antidepressants could protect against periodontal disease, noting a lower loss of clinical
attachment; the explanation of this effect is unclear [67]. However, other studies in the
literature mention some factors at the oral level, such as bacterial infections and accumulation
of bacterial biofilm, which favour the development of periodontal disease [68,69].

Therefore, the aim of this study was to determine the periodontal effects of the antide-
pressant drugs most commonly used to treat different forms of depression, as there are few
studies focused on researching the periodontal effects of these drugs.

2. Materials and Methods

2.1. Hypothesis

Are there any periodontal effects of antidepressant drugs? What are the effects of
antidepressants at the periodontal level?

2.2. Eligibility Criteria

The following inclusion criteria guided the analysis of the studies:
Study type. Clinical and preclinical studies in patients or animals, i.e., randomised,

blind/double-blind clinical trials, case–control, cross-sectional, cohort and observational
studies and reviews;

Type of participants. Patients or animals with experimentally induced periodontitis
and/or depression;

Type of interventions. Pharmacological treatments for all clinical and subclinical
forms of depression. Changes in parameters of periodontal inflammation and diagnosis of
periodontitis; changes in laboratory and genetic study variables (serum biomarker titration
and gene expression tests);

Type of results. Determination of positive and negative effects of antidepressants at
the periodontal level.

Only studies that met all the inclusion criteria were included. However, the following
exclusion criteria were considered: articles published before 2005, in vitro studies, studies
evaluating inflammatory parameters in oral pathologies other than periodontal disease
(because the focus of this review is periodontal disease), studies in which the comparator
molecule is used to treat pathologies associated with depression, such as anxiety disorders
(benzodiazepines and beta-blockers), and articles on peri-implantitis and implant loss.

2.3. Search Strategy

The population, intervention, comparison, outcome (PICO) model was used to per-
form this narrative review through research of studies identified in electronic databases,
Pubmed/MEDLINE and the Cochrane Library. Initially, all study abstracts were taken
into consideration, and all studies that met the inclusion criteria and evaluated changes in
periodontal parameters in clinical or pre-clinical models using antidepressant drugs were
reviewed and analysed.

We performed the search using the following keywords: ‘’antidepressant and peri-
odontitis”; “antidepressant and periodontal disease”; “antidepressant and periodontal
health”; “antidepressant and periodontal status”; and “antidepressant and periodontal
inflammation”.

2.4. Screening and Selection of Articles

The electronic search yielded 130 results, which were examined to determine whether
the inclusion and exclusion criteria were met; all duplicates emerging from the different
searches were removed (one authors).

In the first phase, the results (abstracts) were filtered based on the use of pharmaco-
logical treatments for all clinical and subclinical forms of depression; all those that did
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not evaluate changes in the parameters of periodontal inflammation or met the eligibility
criteria were discarded. Authors (all) continued with the reading of the articles included.

After reading the selected articles, all those that had not reported the results required
by the criteria for inclusion of this review, or which evaluated other oral epidemiological
factors and indices other than periodontal health were removed (three authors).

2.5. Risk of Bias and Results

One author was involved in the analysis of the articles included and evaluated the
results according to the PICO model. Two other authors were commissioned to evaluate
the quality of the included studies, following the full reading of the articles [69].

3. Results

The main results of these studies are shown in Table 1.
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The electronic search yielded 130 results, and 17 articles met the eligibility criteria and
were included in this narrative review.

The studies included in the review evaluated the use of several antidepressants, such
as amitriptyline (two studies) [69,70], desipramine (one study) [72], imipramine (two
studies) [73,74], desvenlafaxine (one study) [75], fluoxetine (six studies) [67,68,77–80], ven-
lafaxine (three studies) [67,68,76] and tianeptine (two studies) [81,82]. One study evaluated
several categories of antidepressants, such as selective serotonin reuptake inhibitors (SSRI),
serotonin-norepinephrine reuptake inhibitors (SNRI), tricyclic, atypical and monoamine ox-
idase inhibitors (MAO) [66]; the only included review investigated the effects of fluoxetine,
venlafaxine and tianeptine [83].

The antidepressant drug that seems to make periodontal health worse is venlafaxine
(in all studies that have analyzed its effects), with an increase in clinical indices such as
gingival index, periodontal pocket depth, clinical attachment loss (p < 0.05) [67,68] and
inflammation and bone loss (p < 0.001) [76].

For the two amitriptyline studies, there are two different results: in one study (RCT)
where amitriptyline gel or mouthwash was used, there was an improvement in periodontal
health and a reduction in the epidemiological indices (p < 0.001) analysed (probing depth,
attachment level, tooth mobility, plaque index, gingival index and bleeding on probing) [70],
while in the second study (in rats), when amitriptyline was administered as a tablet for
4 weeks, a deterioration in periodontal health was noticed, with reduced bone mineral
density [71]. Discordant results also emerge from the studies that analysed the effects of
fluoxetine: it reduced bone loss and inflammatory parameters, with noted improvements
in gingival index, sulcus bleeding index, bleeding on probing, probing depth, attachment
level [77–79]; however, other studies have shown a worsening of the epidemiological
indices related to periodontal disease [67,68] and a decrease in periodontal cells, although
no structural periodontal changes in the analysis were noted [80].

For imipramine, desipramine, desvenlafaxine and tianeptine, there were improve-
ments in periodontal status in all studies.

Table 2 shows a summary of the antidepressant used and its effect on the periodontium.

Table 2. Antidepressants and their effects on the periodontium.

Article Antidepressant Used Effects on Periodontium

Hakam et al., 2022 [66]

SSRI (selective serotonin reuptake inhibitors),
SNRI (serotonin-norepinephrine reuptake

inhibitors), tricyclic, atypical and MAO
(monoamine oxidase inhibitors) categories

Antidepressants improve BL and CAL

Bey et al., 2020 [67] Fluoxetine and Venlafaxine Fluoxetine and Venlafaxine worsen
periodontal health

Majeed et al., 2024 [68] Fluoxetine and Venlafaxine Fluoxetine and Venlafaxine worsen
periodontal indices

Hasan et al., 2019 [70] Amitryptiline Amitryptiline improves periodontal health
and periodontal indices

Hassan et al., 2022 [71] Amitryptiline Amitryptiline worsens periodontal health

Branco-de-Almeida et al., 2020 [72] Desipramine Desipramine reduces alveolar bone loss

Li et al., 2022 [73] Imipramine Imipramine improves periodontal health

Yamawaki et al., 2022 [74] Imipramine

Imipramine inhibits LPS-PG-induced
inflammatory responses in microglia and

improves periodontal disease-related
neural damage

Bhatia et al., 2018 [75] Desvenlafaxine Desvenlafaxine improves PPD and BOP

Carvalho et al., 2010 [76] Venlafaxine Venlafaxine increases inflammation and
bone loss

Aguiar et al., 2013 [77] Fluoxetine Fluoxetine reduces bone loss
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Table 2. Cont.

Article Antidepressant Used Effects on Periodontium

Bhatia et al., 2015 [78] Fluoxetine Fluoxetine improves GI, SBI, BOP, CAL (but
not plaque index)

Branco-de-Almeida et al., 2012 [79] Fluoxetine Fluoxetine reduces inflammation and bone loss

Regueira et al., 2017 [80] Fluoxetine

Periodontal tissue may be sensitive to
fluoxetine, and its interference in reducing

periodontal cells depends on exposure time
during lactation

Breivik et al., 2006 [81] Tianeptine Tianeptine inhibits bone loss

Breivik et al., 2006 [82] Tianeptine Tianeptine inhibits bone loss

Muniz et al., 2018 [83] Fluoxetine, Tianeptine and Venlafaxine
Only Venlafaxine study was not to able to find

any significant alveolar bone loss reduction,
while others showed positive effects

Abbreviations. PPD: Probing pocket depth; CAL: Clinical attachment loss; AL: Attachment loss; BOP: Bleeding on
probing; GI: Gingival index; BL: Bone level; PI: Plaque index; SBI: Sulcular bleeding index.

Risk of Bias of Studies Included

The evaluation of blinding, randomisation, allocation concealment, outcome data and
outcome recording were carried out to assess the bias risk of this review. According to the
variable taken into consideration, a green symbol was assigned where the information was
complete and accurate; a yellow symbol was allocated where information was missing;
and a red symbol was assigned where the information did not meet the requirements. This
review has low risk of bias.

Table 3 shows the risk of bias in the main articles examined.

Table 3. Risk of bias of articles [66–68,70–83].

Adequate Sequence
Generated

Allocation
Concealment

Blinding
Incomplete Outcome

Data
Registration

Outcome Data

Hakam et al.,
2022 [66]    

Bey et al., 2020 [67]
 

Majeed et al.,
2024 [68]   

Hasan et al., 2019 [70]
   

Hassan et al.,
2022 [71]     

Branco-de-Almeida
et al., 2020 [72]      

Li et al., 2022 [73]
  

Yamawaki et al.,
2022 [74]   
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Table 3. Cont.

Adequate Sequence
Generated

Allocation
Concealment

Blinding
Incomplete Outcome

Data
Registration

Outcome Data

Bhatia et al., 2018 [75]
 

Carvalho et al.,
2010 [76]   

Aguiar et al.,
2013 [77]      

Bhatia et al., 2015 [78]
   

Branco-de-Almeida
et al., 2012 [79]      

Regueira et al.,
2017 [80]      

Breivik et al.,
2006 [81]    

Breivik et al.,
2006 [82]    

Muniz et al.,
2018 [83]  

4. Discussion

Recent studies [32,84] have suggested a strong link between oral health and systemic
diseases, one of which is mental health with depression.

The link between periodontal disease and depression can be explained by behavioural,
biological and bacteriological factors.

Periodontitis is an inflammatory disease, and inflammatory factors such as IL-1, IL-6
and TNF-α are directly associated with periodontitis [85]. Some of these biomarkers appear
to play a central role in regulating the inflammatory process of the immune response and
are identified based on the bone destruction that characterises the destructive phase of
the disease [86,87]. In particular, IL-1 and TNF are directly involved in osteoclastic resorp-
tion [88] by inhibiting osteoblast activity and promoting the release of CSF-1, also known as
macrophage colony-stimulating factor [89]. However, a secondary group of cytokines (such
as IL-10) have antagonistic and periodontal protective effects [90]. TNF is also involved
in the pathogenesis of periodontitis. In fact, high levels of this cytokine upregulate the
expression of RANKL in osteoblasts, T cells and gingival epithelial cells; therefore, it has
been hypothesised that it may be associated with the early stage of periodontitis by altering
the oral mucosal barrier [91]. These inflammatory factors have also been found in people
with depression. In summary, known pro-inflammatory cytokines of the IL-1, IL-6 and
TNF families are secreted by periodontal cells and host immune cells after pathological
stimulation, which activate and recruit specific immune cell subsets that cause direct tissue
damage. Thus, T cells and B cells differentiate into mature T cells or plasma cells under
the influence of specific cytokines and further activate or promote other effector cells,
such as osteoclasts and neutrophils, which exert pro-inflammatory or anti-inflammatory
effects [86–89,92].

In addition to biological factors, there are virological aspects in common between
individuals with periodontitis and depression: Fusobacterium nucleatum has been identified
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in the brain tissue of animals with induced periodontitis, suggesting that this may be
associated with HPA dysregulation and elevated corticosterone levels [34]. Porphyromonas
gingivalis, a major pathogen of periodontitis, inoculated into preclinical models every other
day for 4 weeks, induced depression-like behaviours [93]. This is followed by changes in
the levels of neurotrophic receptors (in rats with both periodontitis and depression) [34].
Also, the presence of stress hormones catecholamine, dopamine and cortisol increased
proliferation and growth of Tannerella forsythia and Fusobacterium nucleatum [94]. Therefore,
stress-related adrenal hormones, such as catecholamines, can modulate the growth of
some bacterial species, including Eikenella corrodens, Tannerella forsythia and Fusobacterium
nucleatum [94,95], and drive the transition towards dysbiosis [32], a key element in the
pathogenesis of periodontal disease [3].

Moreover, there are certain negative habits common to both diseases. Poor oral hy-
giene, smoking, alcohol consumption and poor or unregulated nutrition remain influential
factors in both cases.

The articles analysed in the following review included 17 in vivo studies, which
complied with the inclusion criteria, to understand the effects of antidepressant drugs on
the periodontium in clinical and preclinical models.

Fluoxetine (an SSRIs) reduced periodontal progression [77], alveolar bone loss and
inflammatory responses [79] in rats with induced periodontitis. Furthermore, it appears to
influence periodontal genesis in mice without any clinically relevant effects by decreasing
the number of periodontal cells [11]. The beneficial effects of fluoxetine could be explained
by its ability to reduce pathological inflammatory response and gene transcription when ad-
ministered in an animal model [60,83]. Intake of tianeptine, imipramine and desipramine is
associated with a reduction in the level of alveolar bone loss and periodontal inflammation
in mice. These molecules appear to exhibit immunomodulatory effects and can modulate
bone remodelling and key inflammatory mediators [72,74,81,82]. Desipramine (belonging
to a tricyclic antidepressant) also appears to attenuate alveolar bone loss and modulate
gene expression in mice [72].

In light of the results that emerged on animal models, although fluoxetine, imipramine,
tianeptine, desvenlafaxine and desipramine appear to have anti-inflammatory and im-
munomodulatory properties, it is not possible to state with certainty the mechanism of
action with which these drugs intervene at the periodontal level [71–73,81,82].

The results of studies performed on clinical models are contradictory. The recent
study by Hakam et al. analysed the records of 582 patients divided into those with and
without periodontitis [66]. The periodontal parameters of patients taking different classes
of antidepressants were compared with those of non-users. Subjects taking antidepressants
(especially SSRIs such as fluoxetine or mixed classes) had statistically higher rates of alveo-
lar bone loss and clinical attachment loss than periodontal patients not taking these drugs.
Therefore, there are conflicting opinions on the effect of antidepressants on periodontal
health: indeed, studies have shown improvements in periodontal and immunological
indices with desvenlafaxine and fluoxetine treatment in patients with periodontitis and
depression, while others have highlighted how the use of some antidepressants in the
presence of periodontitis and depression limits periodontal loss and influences periodontal
epidemiological indices [75], such as bleeding on probing and alveolar bone loss [78].

The antidepressant that appears to be more damaging to the periodontium is venlafax-
ine, which worsens PPD, CAL, GI and DI [67,68] and exacerbates bone loss due to synaptic
inhibition of serotonin uptake, which has negative effects on the skeleton [76].

The contrasting results may be due to the different categories of antidepressants used
in the studies included in this review: probably the negative or positive effects are linked
precisely to the category of the drug and its application.

This review, which would seem to show that there is no effect on periodontal health
in patients taking antidepressants (category), shows a strong risk in the studies—animal
or human studies, different sample numbers, different antidepressants used and different
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dosages, different epidemiological indices analysed—these data could confuse the results
emerging from this review, but also explain the reason for their diversity.

For future studies, it would be useful to use a uniform sample, with the same degree
of periodontitis (even if induced), to which is administered the same type and dosage of
antidepressant. In addition, it is possible to make a comparison with an untreated control
group or with other groups of patients treated with other antidepressants, in an attempt to
highlight the side effects that may arise.

5. Conclusions

Depressive disorders and periodontal disease have been reported to share distinct
behavioural, inflammatory and bacterial translocation mechanisms. In particular, the
pharmacology of depressive disorders and their association with the course of periodontal
disease have been analysed in clinical and preclinical models.

Our analysis suggests that in the presence of comorbidity between periodontitis and
depression, pharmacological treatment with SNRIs, SSRIs and mixed antidepressants
is associated with an improvement in periodontal parameters (such as probing pocket
depth, bleeding on probing, clinical attachment loss and bone loss), with the exception of
venlafaxine (with worsening of periodontal indices, including bone loss). Therefore, it is
not possible to provide a clear idea of the effect of antidepressants on periodontal health,
which depends on their type and dosage.

Healthcare professionals (especially oral and mental health professionals) should as-
sess the adherence to medication in patients with a history of periodontitis and depression.

Pharmacological treatment may modulate and reduce the inflammatory burden in
patients diagnosed with both periodontitis and depression. Further studies are needed to
analyse the cause-and-effect mechanisms underlying the depression–periodontitis associa-
tions and to investigate the anti-inflammatory and immunomodulatory effects of different
antidepressants on the periodontium, using a uniform sample of patients with periodontal
disease and the same class of antidepressant. These effects have not been well studied.
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Abstract: Background: The aim of the present narrative review is to synthesize the available
scientific evidence on the minimally invasive surgical techniques for periodontal regen-
eration preserving the entire papilla without dissection. Surgical treatment of intrabony
defects may result in compromising the integrity of the interdental tissues and subsequent
papilla loss. Therefore, it is indicated to investigate the approaches avoiding papillary
incision over the osseous defect, thus optimizing wound healing conditions. Methods:

Authors performed a search of literature via electronic databases such as PubMed, Web
of Science, Cochrane, and Scopus, and extended by manual searching with a stop date of
February 2025. Based on inclusion criteria only randomized clinical trials (RCT), cohort
studies, case–control studies, and case series were included, and 106 records were initially
identified. Various aspects of described novel approaches preserving the entire papilla were
finally discussed. Results: A total of 12 studies were evaluated. There is a significant lack
of randomized controlled clinical trials on minimally invasive techniques without incision
in the papilla. However, numerous modifications of existing techniques have emerged,
mainly in the form of case series and case reports with short-term data. Among them,
some authors stated that the entire papilla preservation approaches may facilitate early soft
tissue healing, reduce papilla trauma and the risk of gingival recession, minimize proce-
dure time, improve flap stability, and alleviate discomfort and side effects, while others
reported similar outcomes to conventional approaches and emphasize the need for further
comparative clinical trials. Conclusions: Preserving papilla integrity and the soft tissue
profile is essential for minimizing complications, especially in the esthetic zone. Within
the limitations of this narrative review, presented findings emphasize the effectiveness of
entire papilla preservation techniques in preventing post-surgery tissue loss compared
to conventional incisions and flaps. Randomized controlled trials with longer follow-up
periods and larger sample sizes are necessary to validate the efficacy of these approaches
in comparison to established papilla preservation techniques.

Keywords: periodontal regeneration; intrabony defects; entire papilla preservation;
interdental papilla; periodontics; soft tissue surgery

1. Introduction

Periodontitis is a persistent inflammatory condition of multifactorial origin, character-
ized by the gradual degradation of the periodontium. The associated alveolar bone loss may
manifest in distinct morphological patterns—horizontal, angular, or vertical—frequently
leading to the development of intrabony periodontal defects. These osseous defects are
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considered critical indicators of disease severity and progression, and they commonly
necessitate regenerative periodontal interventions to restore lost tissue architecture and
function [1–3]. After initial periodontal therapy, the persistence of pathological pockets
with intrabony bone loss patterns is considered a significant risk factor for continued
disease progression. These sites frequently require further surgical management to achieve
favorable clinical results [2–7]. Extensive scientific evidence supports the effectiveness of
periodontal reconstructive surgery in managing teeth with deep periodontal pockets and
pronounced clinical attachment loss, contributing to sustained functional stability [8,9].
Although contemporary minimally invasive techniques for the treatment of intrabony
defects have shown substantial success in reducing probing depths and improving clin-
ical attachment levels, multiple studies have noted a consistent occurrence of marginal
soft tissue contraction following surgery. Furthermore, despite overall favorable clinical
outcomes, complete resolution of the intrabony defect is often not achieved [10–12]. In
the majority of conventional minimally invasive periodontal regenerative techniques, the
defect is accessed via incisions made in the marginal gingiva. However, this approach may
present notable challenges, especially in cases where the incision is positioned at the base of
the interdental papilla directly above the defect. The challenging anatomical features of the
interdental area, combined with the specific morphology of intrabony defects, may predis-
pose these sites to early wound dehiscence. Such complications heighten the risk of surgical
site exposure, creating favorable conditions for bacterial contamination and the develop-
ment of an inflammatory infiltrate, which are predisposing factors that may significantly
compromise the success of the regenerative procedure [12,13]. Conventional marginal
surgical techniques, characterized by sulcular incisions and the elevation of papillary and
marginal soft tissues, are linked to an elevated risk of both horizontal and vertical tissue
collapse. Functional forces and micromovements generated during mastication and routine
oral hygiene can jeopardize clot stability at the root surface, potentially undermining the
regenerative outcome. Additionally, the inherent difficulty in securing stable adaptation of
marginal tissues to the root surface may contribute to esthetic concerns, such as postopera-
tive soft tissue recession and irregular gingival contours [12,14]. Gingival recession (REC)
often increases after surgical treatment of intraosseous defects, which is an undesirable
outcome commonly linked to the selected flap design. Since gingival recession significantly
affects oral health-related quality of life, it is highly recommended to adopt simplified
surgical methods that reduce postoperative REC while maximizing clinical results [15].
Key components of contemporary minimally invasive surgical approaches include the
utilization of magnification for enhanced visualization, limited flap extension and reflection
to reduce tissue trauma, and conservation of the papilla and surrounding supracrestal
tissues, supported by the application of scrupulous suturing. To minimize complications
and enhance the outcome of PPT [16], MIST [17], M-MIST [18], and SFA [19], several
innovative minimally invasive surgical procedures have been developed over the last years
to preserve the entire papilla without dissection. This review summarizes records on Entire
Papilla Preservation Technique (EPPT), Non-Incised Papillae Surgical Approach (NIPSA),
the apically incised coronally advanced surgical technique (AICAST), Vestibular Incision
Subperiosteal Tunnel Access (VISTA), and periodontal endoscopy-aided non-incisional
regeneration technique (NIT), which are all periodontal regeneration techniques in the
treatment of intrabony defects that avoid the traumatic incisions in at the papilla base. The
principles are to maintain the integrity of the vascular supply, support optimal healing and
reduce the risk of tissue necrosis. These approaches minimize surgical trauma, lower the
likelihood of gingival recession or scarring, and preserve the natural gingival contour—key
factors for achieving favorable esthetic outcomes. Additionally, they enhance soft tissue
stability around grafts or biomaterials and contribute to improved patient comfort and
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faster recovery, making them highly valuable in minimally invasive periodontal surgery.
Preventing complications in the esthetic region relies heavily on protecting the shape and
integrity of the soft tissues between the teeth [20]. Therefore, it is indicated to investigate
the approaches avoiding papillary incision over the osseous defect, thus optimizing wound
healing conditions and advancing further than traditional PPT and MIST to reduce trauma.
The aim of the present narrative review is to synthesize the available scientific evidence
on the novel surgical techniques for periodontal regeneration preserving the entire papilla
without dissection.

2. Materials and Methods

Search strategy and data extraction: an electronic search of the literature was con-
ducted in February 2024. Four databases—PubMed/Medline, Web of Science, Cochrane,
and Scopus—were screened for relevant articles. Prior to the screening process, the first
50 titles and abstracts retrieved by the electronic literature search were used for calibration
of the two reviewers (S.J and B.G) with an independent supervising researcher (B.G). Agree-
ment between reviewers was assessed using the kappa statistic. Consequently, titles and
abstracts were independently screened by two reviewers (S.J and B.G). Authors obtained
full texts of studies that potentially met the inclusion criteria and evaluated them for possi-
ble inclusion. Disagreement between the reviewers was discussed with an independent
supervising researcher.

The first reviewer managed the article selection process by importing all records from
the databases into Mendeley Reference Manager, where duplicates were removed and
the articles were screened. The search strategy was adapted to each specific database
and utilized Boolean operators to refine the results. The search was conducted using the
following strategy: {(intervention) AND (outcome). (Intervention: [MeSH Terms] peri-
odontal regeneration OR intrabony defects OR gingival recession OR clinical attachment
level OR probing depth) AND (outcomes: [MeSH Terms] papilla preservation techniques
OR minimally invasive surgery OR entire papilla preservation technique OR non-incised
papillae surgical approach OR Soft tissue surgery)}.

The eligibility criteria for this narrative review were structured according to the PICOS
framework: P (Population): studies on humans diagnosed with (a) periodontitis, (b) with
the evidence of at least one deep intrabony defect, (c) in good general health, (d) with
full-mouth plaque score (FMPS) and full-mouth bleeding score ≤ 20%.

I (Intervention): surgical techniques preserving the entire papilla.
C (Comparison): (a) papilla preservation techniques (PPTs), (b) MIST, (c) M-MIST.
O (outcome measures): average change in PPD, CAL, REC, periodontal tissue stability.
S (Study design): randomized clinical trials (RCT), case series, case–control studies,

cohort studies. Only articles published in English were considered eligible.
The following were excluded: abstract-only publications, both narrative and system-

atic reviews, studies involving antimicrobial interventions, and animal or in vitro studies.
Data from the selected studies were extracted, organized into evidence tables, and

visualized through figures such as flowcharts. The general findings were then synthesized
in a narrative manner.

The risk of bias of included randomized clinical trials was assessed with The Cochrane
Risk of Bias 2 tool for randomized trials (RoB2). The NIH Quality Assessment Tool for Case
Series Studies was used to evaluate remaining 9 case series.

3. Results

A total of 106 articles were retrieved from the database searches [Figure 1]. Duplicates
and studies that did not meet the predefined search criteria were subsequently elimi-
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nated. After abstracts revision, 68 studies were discarded. Following full-text evaluation,
12 studies focusing on the implementation and effectiveness of the novel surgical tech-
niques for periodontal regeneration preserving the entire papilla without dissection were
evaluated [21–32]. The main objectives of the chosen studies and summary of reported
results are depicted in Table 1 (clinical relevance) and Table 2 (clinical outcomes). Included
reports of non-incised entire papilla preservation techniques applications and their clinical
relevance were finally discussed. Three RCTs [22,25,28] demonstrated an unclear risk of
bias. Detailed risk of bias assessment is demonstrated in Figure 2. Six case series present
good quality ratings [26,27,29–32], and three series present fair quality ratings [21,23,24]. A
detailed assessment is depicted in Figure 3. A short summary of included approaches is
depicted in Figure 4.

Records identified from
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Web of Science (n=12)
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Records removed before screening:
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Figure 1. Flow chart of the selection process.
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Author/Year 

Adequate  
Sequence  
Generation? 

Allocation 
Concealment?  Blinding?  

Incomplete  
Outcome 
Data 
Addressed?  

Free of Selective 
Reporting?  

Free of Other 
Bias?  

Kobe et al., 
2024 Yes Yes Yes Yes Yes Unclear  
Moreno  
Rodríguez et 
al., 2022 Yes Yes Yes Yes Yes Unclear  

Aslan et 
al.,2020 Yes Yes Yes Yes Yes  Unclear  

Figure 2. Summary of risk of bias of three included RCTs (ROB 2) [22,25,28].

Author/Year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

Sanz et al., 2024 Yes Yes CD NA Yes Yes No Yes Yes 

Górski et al., 2023 Yes Yes CD NA Yes Yes No Yes Yes 

Pohl et al., 2023 Yes Yes CD NA Yes Yes Yes No Yes 

Calzavara et al., 2021 Yes Yes CD NA Yes Yes Yes Yes Yes 

Aslan et al., 2021 Yes Yes CD Yes Yes Yes Yes Yes Yes 
Moreno Rodríguez et 
al., 2019 Yes Yes CD Yes Yes Yes Yes Yes Yes 
Moreno Rodríguez et 
al., 2019 Yes Yes CD NA Yes Yes Yes Yes Yes 

Aslan et al., 2017 Yes Yes CD Yes Yes Yes Yes Yes Yes 

Shi et al., 2023 Yes Yes CD NA Yes Yes Yes Yes  Yes 

Figure 3. Summary of The NIH Quality Assessment Tool for Case Series Studies [21,23,24,26,27,29–32].

It is important to note that this review included different biomaterials, which were
primarily used in two- and three-walled intrabony defects treated with various non-incision
entire papilla preservation techniques.

Although levels of evidence are important in clinical and research decision-making,
it is also essential to carefully evaluate the strengths and weaknesses of each individual
study. In this review, only three randomized controlled trials and nine case series were
included. Case series are limited by small sample sizes and the absence of control groups,
which increases the risk of bias. Therefore, conclusions drawn from such studies should be
interpreted with caution.

The clinical effectiveness of periodontal regeneration procedures may be reduced
in high-risk populations, such as heavy smokers or individuals with inadequate oral
hygiene. It is important to note that the majority of the studies included in this review
involved only non-smokers or participants who had quit smoking at least one year prior to
enrollment. Only RCT by Kobe et al. [22] and prospective case series by Calzavara et al. [26]
allowed for inclusion patients smoking less than 10 cigarettes per day. They constituted
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4 out of 20 patients in the Kobe et al. [22] trial and an unknown number in the Calzavara
et al. [26] series.

Entire papilla preservation technique 
EPPT 

A buccal intracrevicular incision com-
bined with a single short vertical releas-
ing incision is made, followed by the cre-
ation of an interdental tunnel beneath the 
papilla to access the defect. 

Non incised papilla surgical approach 
NIPSA 

A buccal horizontal incision is made api-
cal to the periodontal defect, and the ap 
is elevated in a coronal direction, provid-
ing access to the defect while preserving 
the integrity of the marginal tissues. 

Vestibular incision subperiosteal tunnel 
access VISTA 

A vertical vestibular incision was made 
near the defect, followed by subperiosteal 
tunneling to adjacent teeth and papillae 
using elevators. The tunnels from the ves-
tibular and sulcular approaches were con-
nected, allowing coronal advancement of 
the buccal soft tissue. 

Apically Incised coronally advanced sur-
gical technique AICAST 

A horizontal incision was made in the 
vestibular mucosa, at least 10 mm apical 
to the gingival margin, and extended 
mesiodistally to include the a ected tooth 
and its two neighbors. From this incision, 
a full-thickness mucoperiosteal ap was 
elevated coronally up to the gingival mar-
gins of the involved teeth. 

Endoscopy-aided non-incisional regen-
eration technique NIT 

Granulation tissue was gently removed 
using a mini cure e under endoscopic 
visualization. Bio-Oss Collagen was care-
fully inserted into the bone defects with 
the help of a gingival retractor, ensuring 
precise placement without extensive tis-
sue re ection. 

Figure 4. Short summary of included approaches.

Only one prospective case series by Sanz et al. [21] did not report the additional use of
bone substitute materials or bone grafts in the surgical procedure. The EMD (Emdogain®;
Straumann, Basel, Switzerland) was not reported in this series either. Moreno-Roudrigez
et al. [25,30], Calzavara et al. [26], Shi et al. [32], and Aslan et al. [27,28,31] used depro-
teinized bovine-derived bone substitute (BS, Cerabone, Botiss Biomaterials GmbH, Berlin,
Germany or Bio-Oss/Bio-Oss Collagen, Geistlich Biomaterials, Zurich, Switzerland), while
Kobe et al. [22] reported that in the experimental group, a prehydrated collagen-containing
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corticocellular heterologous bone gel (OsteoBiol® Gel, Tecnoss, Torino, Italy) was applied,
and in the control group patient’s blood-soaked collagenous corticocellular xenogeneic
bone graft (OsteoBiol® Gen-Os, Tecnoss, Torino, Italy) was utilized. Meanwhile, Górski
et al. [23] applied frozen, radiation-sterilized, allogeneic bone granules consisting of cortical
and cancellous bone. Pohl et al. [24] were the first to use corticocancellous tuberosity bone
(CCTB) for periodontal regeneration.

While the beneficial effects of EMD and its capacity to enhance regeneration have been
widely recorded, two studies did not mention the additional use of amelogenins [21,22].

There was notable heterogeneity in the follow-up periods among the included studies.
Two studies reported outcomes at 6 months [21,23], seven studies had a 12-month follow-
up [22,25,27,28,30–32], and only two studies extended beyond 12 months [24,26]. Of these,
one study reported long-term results for two cases with a follow-up of 5 years, highlighting
the limited availability of long-term data in this area.

According to Aimetti et al. [6], two criteria for probing depth (PD)—≤3 mm and
≤4 mm—were assessed among studies. Each included study report a mean PD ≤ 4 mm at
the follow-up for the treated sites, but not every study recorded the PD ≤ 3 mm after the
observation period. In one RCT [25], both groups accomplished the residual PD < 5 mm
(NIPSA EMD 2.50 ± 0.67 mm; NIPSA EMD + BS 2.67 ± 0.78 mm). The residual probing
depth was 2 mm in 58.33% of cases treated with NIPSA EMD and in 50% of cases treated
with NIPSA EMD + BS. A residual probing depth of 4 mm was observed in one case within
the NIPSA EMD group and in two cases within the NIPSA EMD + BS group. In RTC using
the EPPT [28] both groups showed a significant decrease in PD in the first years post-op.
No significant inter-group differences were found (p = 0.866). In the EPP EMD + BS group,
33% of defects (n = 5) exhibited a residual probing depth of 2 mm, 53% (n = 8) had 3 mm,
and 14% (n = 2) presented with a depth of 4 mm or more.

Among the EPP group, 20% of defects (n = 3) had a residual PD of 2 mm, 60% (n = 9)
measured 3 mm, and another 20% (n = 3) had depths ≥ 4 mm. Some studies presented
only mean PD difference values without percentage of reached pocket resolutions. In
studies that did not use bone substitutes, the residual PD was 2.67 ± 1.03 mm (EPPT) and
2.59 ± 0.92 mm (AICAST) accordingly [21,26]. Meanwhile, cases series using the EPPT
with BS and a collagen barrier membrane [27] reported residual PD 2.93 ± 0.59 mm after
1 year and a case series using the EPPT with BS recorded PD 2.67 ± 0.78 after 1 year [31].

Q1: Was the study question or objective clearly stated?, Q2: Was study population
clearly and fully described, including case definition?, Q3: Were cases consecutive?, Q4:
Were subjects comparable?, Q5: Was intervention clearly described?, Q6: Were outcome
measures clearly defined, valid, reliable, and implemented consistently across all study
participants?, Q7: Was length of follow-up adequate?, Q8: Were statistical methods well-
described?, Q9: Were results well-described?, Good: Met 7–9 criteria, Fair: Met 4–6 cri-
teria, Poor: Met 0–3 criteria. NA = not applicable, NIH = National Institutes of Health,
NR = not reported.

In 2017, Aslan [31] published the first report on the tunnel-like surgical technique
(EPPT) as 1 year follow-up of a prospective case series. The application of this technique
supports the use of amelogenins and grafting materials. Three years later, an RCT was
published by the same authors, Aslan et al. [28], where they combined the EPPT with
biomaterials (EMD + BS). The outcomes were comparable to established methods, and it
was documented that the use of the EPP, regardless of the use of adjunctive regenerative
biomaterials, led to significant CAL gains and probing depth PD reductions, with minimal
gingival recession. Moreover, authors concluded that the adjunctive use of regenerative
biomaterials did not yield additional clinical benefits over EPP alone. In 2021, Aslan
et al. [27] investigated another configuration of the EPPT in combination with GTR using
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native collagen membrane and bone grafting materials. According to the results, the
technique may potentially provide effective protection for the biomaterial and optimal
conditions for healing, even with the presence of a collagen barrier. The following authors
went further to investigate the possibilities of the EPPT, and in 2023, Gorski et al. [23]
proposed the modification to the original method design. In their modification, the buccal
flap is extended mesiodistally in order to reduce flap tension and to enhance surgical
access to a one-wall defect. Furthermore, the vertical releasing incision is lengthened as
necessary to improve visualization. The findings of this study indicate that the modified
EPPT, combined with EMD and allogenic bone grafting, may be considered as a potential
treatment modality for intrabony defects. Follow-up of this case series demonstrated
statistically significant and sustained clinical improvements over a 3-year period. The most
recent prospective case series published by Sanz et al. in 2024 [21] evaluated the use of the
EPPT without biomaterials for periodontal intrabony defect regeneration, assessing clinical
and CBCT-based radiographic outcomes, as well as postoperative complications.

NIPSA was first proposed in 2018 (Moreno Rodriguez & Caffesse, 2018) [33]. One year
later, the results of a prospective cohort study were published by the same authors [29]. It
revealed that PD decrease was 5.53 ± 2.56 mm and CAL gain was 5.33 ± 2.47 mm. More-
over, the early wound healing index after one week was 1.5 ± 0.7, but recession increased
by 0.20 ± 0.41 mm. The keratinized tissue width remained unchanged. In 2019, in the
retrospective cohort study by Moreno Rodríguez et al. [30], the minimally invasive surgical
technique (MIST) was compared with a non-incised papilla surgical approach (NIPSA). No
significant differences between the two techniques were shown regarding PD reduction.
However, authors report that after 1 year, the NIPSA group presented favorable, significant
CAL gain (p < 0.05. It is suggested that a different soft tissue response (REC, TP, KT) is re-
lated to the approach used. The NIPSA design seems to minimize surgical trauma of tissues
resulting in REC increase by only 0.2 ± 0.41 mm, while MIST resulted in the 0.73 ± 0.88 mm
increase. Three years later, Moreno-Rodriguez et al. [25] presented an RCT in which they
evaluate how non-incised papillae surgical approach (NIPSA) can be influenced by enamel
matrix derivate (EMD) and bone substitutes (BS) in resolving combined non-contained
periodontal defects with intrabony and supra-alveolar components. BoP was negative in all
cases at the 1-year follow-up. Both groups demonstrated notable improvements, with sub-
stantial reductions in probing depth (NIPSA + EMD: 8.25 ± 2.70 mm; NIPSA + EMD + BS:
6.83 ± 0.81 mm) and gains in clinical attachment level (NIPSA + EMD: 8.33 ± 2.74 mm;
NIPSA + EMD + BS: 7.08 ± 2.68 mm), all statistically significant (p < 0.001). However,
no meaningful differences were detected in the inter-group comparison (p > 0.05). Soft
tissue integrity was maintained in both groups, with no statistically significant differences
observed between them (recession: NIPSA + EMD 0.25 ± 0.45 mm vs. NIPSA + EMD + BS
0.17 ± 0.58 mm, p > 0.05; keratinized tissue width: 0.00 ± 0.43 mm vs. 0.08 ± 0.67 mm,
p > 0.05). Interestingly, although both groups exhibited improvements in papillary height,
statistical significance was reached only in the NIPSA + EMD + BS group (0.45 ± 0.52 mm;
p < 0.05), while the NIPSA + EMD group recorded a non-significant gain (0.33 ± 0.49 mm;
p > 0.05).

Recently, in 2024, an RCT by Kobe et al. [22] was published, in which both papillae
tunneling techniques (PTT), EPPT and NIPSA, were utilized in the treatment. Authors
implemented prehydrated collagenated xenogenic bone gel in one group and collagenated
cortico-cancellous heterologous bone mixture in the second group adjunctive to non-incised
papilla preservation techniques. In this regard, incisors and canines were treated with
NIPSA (n = 11) (Aslan et al., 2017) [31], whereas EPP was used with premolars or molars
(n = 9). The authors noted that both surgical modalities ensured complete wound closure
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during the early healing phase and prevented biomaterial exposure in both the test and
control groups.

In 2023, Pohl et al. [24] described a prospective case series using the VISTA approach
with cortico-cancellous tuberosity bone grafting, debridement, EMD application, and CTG
for periodontal regeneration. The authors used a single vertical incision just adjacent
to the defect for gaining access and sulcular approach for root scaling. Visualization of
the treated area was reported to be sufficient. The probing pocket depth improved from
8.2 ± 0.75 mm initially to 2.7 ± 0.52 mm at follow-up, clinical attachment level changed
from 8.5 ± 0.83 mm initially to 2.7 ± 0.52 mm at follow-up, and gingival recession of 1 mm
at two sites was corrected. The papillae remained stable across all sites, maintaining an
average distance of 4.8 mm from the incisal edge to the papilla tip. Another innovative
surgical design for preserving the entire papilla whilst avoiding dissection is the apically
incised coronally advanced surgical technique (AICAST) proposed by Calzavara et al. in
2021 [26]. The case series presents the modification to surgical approach to reconstruct the
interdental papilla by an apical incision in the lining mucosa described by Azzi et al. [34].
The modification facilitates the coronal advancement of both the gingival margin and
the interdental papilla. In four out of nine cases where a buccal gingival recession was
preoperatively present, a ctg was applied. CAL gains ≥ 6 mm were achieved in eight out
of nine treated sites (88.9%), and PPD ≤ 3 mm was detected in all cases. Moreover, cases
treated with an additional use of CTG resulted in a non-statistically significantly higher
recession reduction and lower PPD reduction than the cases treated without the adjunctive
use of ctg.

In 2023, a new non-incisional periodontal regeneration technique was proposed by Shi
et al. [32]. In a retrospective cohort study, the authors analyzed the periodontal endoscopy-
aided non-incisional regeneration technique (NIT) for the management of intrabony defects.
In NIT, full access to the defect was achieved using periodontal endoscopy instead of flap
elevation. Bone substitutes were then placed into the thoroughly debrided defect under
endoscopic guidance. The NIT method was proposed as a further effort to reduce the
invasiveness of periodontal regeneration surgery. The study aimed to explore the feasibility
of periodontal endoscopy-aided NIT and to compare its effectiveness with periodontal
endoscopy-aided SRP (PSRP). After 1 year, significant improvements in probing depth
(PD), clinical attachment level gain (CAL), intrabony defect (IBD) depth, and gingival
recession (GR) were demonstrated in both groups. Changes in these parameters between
baseline and 1 year were statistically significant in both the NIT and PSRP groups (p < 0.001).
Interestingly, CAL improved more in the NIT than the PSRP (p = 0.012). Regarding the
changes in the GR no inter-group differences were noted (p = 0.232).

4. Discussion

This review was focused on the clinical outcomes of the novel surgical techniques for
periodontal regeneration preserving the entire papilla without dissection. Maintaining
papilla integrity and the soft tissue profile has tremendous value in periodontal regener-
ative surgery, especially in the esthetic area. The findings of this study are analyzed in
comparison to the existing literature on the pre-established regenerative approaches, of
which the core is to preserve the papilla and minimize the invasiveness of surgery. The
recent EFP S3-Level Clinical Practice Guideline advocates for the use of specific flap de-
signs that prioritize the preservation of interdental soft tissues, such as papilla preservation
flaps [4,5]. In certain cases, minimizing flap elevation is also recommended to enhance
wound stability and reduce patient morbidity [4]. Clinical outcomes of each included study
showed a beneficial result in terms of average change in CAL, PD, and differences in REC
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during the follow-up. In a majority of studies, a positive change in CAL and PD exhibited
a statistically significant value [21,23,27,29–31].

Conventional periodontal surgery frequently results in postoperative gingival re-
cession, characterized by a concave contour at the coronal portion of the papilla. This
morphology tends to promote plaque accumulation and persistent soft tissue inflammation.
Additionally, the interdental papilla faces challenges in tissue regeneration due to its limited
blood supply and the difficulty in achieving tension-free wound closure during the early
healing phase. Research has demonstrated that guided tissue regeneration surgery (GTRS)
is often associated with wound dehiscence and barrier membrane exposure, complications
that compromise the stability and integration of bone graft materials, particularly in the
interdental region. A recent systematic review and meta-analysis by Nibali et al. [35]
concluded that guided tissue regeneration (GTR) offered additional benefits over open
flap debridement (OFD), with gains of 1.15 mm in clinical attachment level (CAL-G) and
1.24 mm in probing pocket depth reduction (PPD-R) at 12 months. Furthermore, the incor-
poration of deproteinized bovine bone mineral (DBBM) further enhanced GTR outcomes,
resulting in a CAL gain of 1.5 mm and a PPD reduction of 1.13 mm. Interestingly, the
analysis also indicated that papillary preservation flaps led to improved clinical outcomes
compared to conventional access flaps. This finding may suggest that, when perform-
ing regenerative procedures to treat intrabony defects, papillary preservation techniques
should be considered the surgical approach of choice. [7]. With the development of new
regenerative materials, such as enamel matrix derivatives, the use of barrier membranes is
no longer essential for achieving successful outcomes. Papilla preservation flap techniques
have progressed over time, beginning with traditional approaches and later advancing to
the modified PPT (Checchi et al., 2009) [36], followed by the simplified PPT by Di Tullio et al.
in 2013 [37]. In these techniques, the incision for the papilla preservation technique (PPT)
is made at the papillary base. In spite of offering a reduction in papilla trauma compared
to traditional methods, these methods still require mesio-distal dissection through the
papilla. As a result, biomaterials placed beneath the incision line remain vulnerable to
exposure. After one year, the SPPF with EMD showed significantly greater PD reduction
(3.4 ± 0.7 mm), CAL gain (2.8 ± 0.8 mm), and less GR increase (0.6 ± 0.4 mm) compared to
the non-EMD group (PD: 2.2 ± 0.8 mm; CAL: 1.0 ± 0.6 mm; GR: 1.2 ± 0.7 mm) (p < 0.001).
The minimally invasive surgical technique (MIST), introduced by Cortellini et al. in com-
bination with the use of an enamel matrix derivative (EMD), was developed to minimize
both the mesio-distal extension and the corono-apical reflection of the flap. This approach
aims to reduce surgical trauma while enhancing flap stability [17]. At 1-year follow-up,
authors reported a significant clinical attachment level gain of 4.9 ± 1.7 mm (p < 0.0001) in
comparison to the baseline and an increase in gingival recession of 0.4 ± 0.7 mm.

The single-flap approach (SFA) was introduced by Trombelli et al. in 2009 [19,38].
The SFA involves flap elevation on only one side (buccal or oral), preserving the opposite
side. PD reduced from 9.0 ± 2.8 mm to 3.8 ± 1.5 mm, while GR increased slightly from
2.2 ± 1.9 mm to 2.6 ± 1.3 mm post-surgery. The Single Flap Approach (SFA) has shown
promising results in minimizing postoperative gingival recession (REC), with six out of
seven prospective clinical studies reporting mean REC changes of less than 1 mm at six
months following surgery. Moreover, compared to papilla preservation techniques, SFA
was associated with a lower occurrence of postoperative REC in both conservative and
regenerative treatments of intraosseous defects [39].

While previous surgical techniques have significantly minimized trauma to the inter-
dental papilla, they still fail to fully preserve its vascular supply. In cases involving isolated
and deep intrabony defects, the use of suboptimal flap designs may markedly compromise
the efficacy of regenerative treatment.
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In the EPP technique [31], the initial surgical step involves making a vertical incision
at the buccal line angle of the affected tooth, located distal to the osseous defect, along
with an intrasulcular incision directed toward the defect. This design allows entry to the
bony lesion through a tunneled approach. The papilla is elevated as a full-thickness flap,
while preserving its natural, uninterrupted blood supply. This ensures optimal vascular
perfusion, which helps reduce the risk of wound exposure. The authors reported that
all sites healed without complications in the early stage, and at 1-year follow-up, all
sites maintained a primary wound closure. EPP without the addition of biomaterials
resulted in CAL gain of 5.83 ± 1.12 mm, PD reduction of 6.2 ± 1.33 mm, and gingival
margin reduction of 0.36 ± 0.54 mm. According to Górski et al., modification to the EPPT
maintained significant improvements from baseline at the 3-years follow-up. The authors
reported significant reductions in PPD (7.03 ± 1.61 to 3.33 ± 0.89 mm, p < 0.0001), CAL
improvement (to 3.08 ± 1.16 mm, p < 0.001), and DD decrease (4.59 ± 1.24 to 0.38 ± 0.31 mm,
p < 0.001), while changes in gingival recession and keratinized tissue were not statistically
significant [40].

The Non-Incised Papillae Surgical Approach (NIPSA) is founded on the principle
of performing a single horizontal incision on the buccal mucosa, positioned as apically
as possible relative to both the periodontal defect and the marginal soft tissues [29,30,33].
This technique entails the elevation of a coronally advanced mucoperiosteal flap, which
allows apical access to the defect while maintaining the integrity of the marginal tissues.
The preserved marginal tissue acts as a protective covering over the interproximal defect,
supposedly helping to maintain soft tissue architecture and prevent papillary collapse.
While the supraperiosteal gingival vessels neighboring the mucogingival junction are
transected, the continuity of the non-incised gingival vasculature with the periodontal
ligament is preserved, along with a strong lingual blood supply. This preservation of
vascular integrity may provide an advantage over traditional extended flap techniques by
ensuring enhanced perfusion to the surgical site [29,30].

The clinical outcomes reported in the case series by Calzavara et al. [26] utilizing the
AICAST flap design are comparable to those reported in clinical trials using the MIST, M-
MIST, SFA, and EPPT. However, the AICAST suggests additional suprabony clinical attach-
ment gains in comparison to forementioned papilla preservation techniques. According
to Calzavara et al. [26], the AICAST demonstrates positive performance in treating deep
isolated intrabony lesions and the long-term maintenance of this outcomes. In study by
Calzavara et al. [26], after the surgery, healing was 100% uneventful, and primary closure
was achieved in all cases. At the last follow-up (5 years), PPD reduced by 6.05 ± 1.76 mm,
and CAL gained 7.20 ± 2.13 mm (both p < 0.01), while the REC reduction of 1.15 ± 1.97 mm
was not significant. The authors’ proposed modification enables the gingival margin
and interdental papilla to be advanced coronally, creating an additional vertical space.
When this space is filled with a scaffold, it has the potential to extend the attachment gain
vertically, including the suprabony component of the defect. Furthermore, this coronal
repositioning may correct existing gingival recessions and deficiencies in the interdental
papillae, therefore enhancing the esthetic results. It has to be highlighted that this was
the first publication of this technique, and the results have to be interpreted with caution.
In order to minimize the post-operative gingival recession and patient discomfort, Shi
et al. [32] performed a retrospective analysis after 1 year where 21 subjects were treated
with non-incisional regeneration technique (NIT) and 21 subjects underwent periodontal
endoscopy-aided scaling and root planning (PSRP). Based on the hypothesis that the stabil-
ity of blood clot can improve without open flap, this study presents a promising approach
for enhanced healing by creating an optimal periodontal microenviorment. Both groups
showed significant improvements in PD, CAL, and IBD, along with an increase in gingival
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recession over the follow-up period. The NIT group demonstrated significantly greater
CAL gains compared to PSRP (p = 0.012). In NIT-treated sites, 32.7% achieved ≥5 mm CAL
gain, and 52.7% showed ≥4 mm PD reduction. The average CAL gain of 3.62 ± 2.70 mm
in the NIT group aligns with outcomes reported in other studies using GTR or EMD-based
regenerative therapies. The periodontal endoscopic system allows for direct visualization
of subgingival biofilms, root surfaces, and calculus within periodontal pockets. Through
real-time, magnified imaging, it enables clinicians to perform precise and targeted de-
bridement of subgingival deposits, potentially making periodontal therapy less invasive.
While traditionally used to improve the effectiveness of scaling and root planing (SRP) by
allowing accurate removal of biofilms and calculus, its capacity to visually access the walls
of intrabony defects also highlights its potential in regenerative procedures—specifically
by facilitating defect debridement without the need for flap elevation [41]. The studies
included in the presented review are characterized by keeping the flap as short as possible,
with minimal exposure to the residual bone crest reaching a stable primary wound closure
to seal the regenerated region and permitting an incident-free healing phase. Clinical out-
comes are comparable to pre-established papilla preservation techniques in terms of clinical
attachment gain and periodontal depth reduction. However, the majority of the presented
studies report minimal post-operative gingival recession, maintenance, or even coronal
advancement of the gingival margin, suggesting that the approaches may also enhance the
esthetic outcomes. On the other hand, Rasperini et al. [42] suggest that the combination of
conventional papilla preservation techniques with connective tissue grafts and coronal flap
advancement can promote intrabony defect regeneration while simultaneously achieving
interproximal root coverage and papilla reconstruction.

Several key factors must be taken into account when interpreting scientific data on
techniques preserving entire papilla.

Establishing a threshold for pocket resolution is essential, as the chosen cut-off values
influence how treatment success is defined. According to Aimetti et al. [6], two criteria for
probing depth (PD)—≤3 mm and ≤4 mm—were considered in the results. A PD of ≤3 mm
reflects the physiological depth of a healthy gingival sulcus, aligning with the ultimate goal
of periodontal regeneration—to restore lost attachment. In contrast, a PD of ≤4 mm is often
used to indicate periodontal stability in successfully treated patients, particularly when
there are no sites with PD > 4 mm or PD = 4 mm with bleeding on probing [4,5]. Aimetti
et al. [6] support the declining use of non-resorbable membranes in the last decade, likely
due to their association with a high rate of complications and the requirement for a second
surgical procedure for membrane removal. However, they also state that the probability of
pocket resolution was higher for regenerative procedures than PPTs in meta-analysis for
both thresholds of treatment outcomes, but there was a heterogeneity in surgical techniques
used. They also state that greater weighted mean reductions in probing depth (PD) and
gains in clinical attachment level (CAL) were observed in intrabony defects treated with
enamel matrix derivative (EMD) combined with biomaterials or non-resorbable membranes,
compared to other regenerative approaches. Additionally, papilla preservation techniques
(PPTs) used alone were less effective than guided tissue regeneration (GTR) in achieving
PD reduction and CAL gain, as shown in the pairwise meta-analyses. Therefore, authors
of this review emphasize the need for randomized controlled trials comparing the use of
EPPT without papilla dissection in conjunction with regenerative procedures to determine
their superiority or inferiority.

The techniques have certain limitations and drawbacks, which the authors acknowl-
edge and are aware of. The EPPT, NIPSA, and VISTA approaches would not be appropriate
if the defect involved the lingual bone crest. The AICAST was reported specifically for
only one or two-wall defects with a missing buccal bone on a single rooted teeth. VISTA
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was advised for use in the anterior region, whereas EPP was not preferred for this area
due to the potential for visible scarring along the vertical incision line. EPPT was also not
suggested for a narrow interproximal space, because of an increased risk of rupturing the
fragile papilla [20]. The disadvantage of NIPSA is the risk of cutting-off the blood supply
through a horizontal incision. Suturing in the EPP technique was the simplest, requiring
only interrupted sutures, whereas NIPSA and VISTA necessitated more advanced methods
such as horizontal mattress and sling sutures. In the NIT [32], case selection is a critical
issue. The use of endoscopic instruments may be limited by narrow pocket openings,
furcation morphology, or restricted mouth opening. In thin-scalloped biotypes, there is a
risk of gingival stripping. Root anomalies like enamel pearls or palatal grooves can hinder
NIT application.

A follow-up period of more than 12 months is preferred in periodontal regeneration
studies because it allows for the evaluation of long-term stability, true tissue regeneration,
and the detection of any delayed complications or relapse. It provides more reliable and
clinically meaningful evidence compared to shorter-term follow-up. However, there is
a heterogeneity among the included records and only two studies presented follow up
period exceeding 12 months [24,26].

Most of the studies were prospective, retrospective and nonrandomized, and there
was majority of small sample case series, insufficient to fully detail the procedures. One
has to keep in mind that three RCTs and three case series presented an unclear or fair risk
of bias, while six case series were assessed good quality, which could also influence the
overall summary.

More robust evidence could be gained from randomized clinical trials and multicenter
studies. There is a need for large, prospective, and well-designed research in this area.
Lastly, the limitations inherent to the design of this narrative review, including a higher
degree of bias, should be taken into account before drawing conclusions [43].

5. Conclusions

Within the limitations of this narrative review, it cannot be conclusively determined
whether entire papilla preservation techniques that avoid papilla base dissection represent
a viable or superior therapeutic approach for the regenerative treatment of intrabony de-
fects. Clinical results of the analyzed studies seem to be comparable to those achieved with
conventional papilla preservation techniques. Some findings also report the effectiveness in
preventing post-surgery papilla loss, emphasizing the importance of selecting the appropri-
ate technique based on the defect area and patient esthetics. Therefore, the authors indicate
a possible area of interest and research for the future on innovative treatment modalities
further reducing invasiveness of periodontal regenerative surgical procedures.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

BD Base of the Defect
CAL Clinical Attachment Level
CAL-G Clinical Attachment Level Gain
CEJ Cementoenamel Junction
DBBM Deproteinized Bovine Bone Mineral
DD Radiographic Defect Depth
FMBS Full-Mouth Bleeding Score
FMPS Full-Mouth Plaque Score
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GTR Guided Tissue Regeneration
MPPT Modified Papilla Preservation Technique
n Number of Defects
OFD Open-Flap Debridement
PPD Probing Pocket Depth
PPD-R Probing Pocket Depth Reduction
RCT Randomized Controlled Trial
SD Standard Deviation
PPT Papilla Preservation Technique
EPPT Entire Papilla Preservation Technique
MIST Minimally Invasive Surgical Technique
M-MIST Modified Minimally Invasive Surgical Technique
NIPSA Non-Incised Papillae Surgical Approach
SRP Scaling and Root Planing
NIT Non-Incisional Regeneration Technique
PESRP Periodontal Endoscopy-Aided Scaling and Root Planning
SFA Single-Flap Approach
IBD Intra-Bony Defect
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Abstract: Background: This study aimed to assess the effectiveness of a modified entire
papilla preservation technique (MEPPT) for treating isolated intrabony defects in patients
with stage III periodontitis. Material and Methods: Fifteen patients with 15 interdental
intrabony defects were treated with a MEPPT using enamel matrix derivative and allogenic
bone. Their probing pocket depth (PPD), clinical attachment level (CAL), gingival recession
(GR), keratinized tissue width (KTW), defect depth (DD), full-mouth plaque score (FMPS),
full mouth bleeding score (FMBS), radiographic images (radiographic angles, BF and
LDF) and intrasurgical parameters were assessed at baseline and 3 years postsurgery.
Standardized measurements were taken to evaluate the defect characteristics and treatment
outcomes. Results: At 3 years, significant improvements from baseline were maintained.
Probing pocket depth (PPD) decreased from 7.03 ± 1.61 mm to 3.33 ± 0.89 mm (p < 0.0001),
clinical attachment level (CAL) improved to 3.08 ± 1.16 mm (p < 0.001) and defect depth
(DD) decreased from 4.59 ± 1.24 mm to 0.38 ± 0.31 mm (p < 0.001). The changes in gingival
recession and keratinized tissue were not statistically significant. The results demonstrate
sustained clinical stability over a 3-year period. Conclusions: Within the limitations of this
study, the findings suggest that the modified entire papilla preservation technique (MEPPT)
in conjunction with enamel matrix proteins and allogenic bone grafting is an effective
approach for the treatment of intrabony defects, leading to statistically significant and
sustained clinical improvements over a 3-year period. The study protocol was registered in
ClinicalTrials.gov ID NCT05029089.

Keywords: modified entire papilla preservation technique; intrabony defect; periodontitis;
enamel matrix protein; allogenic bone

1. Introduction

Currently, the professional mechanical debridement of subgingival plaque using ultra-
sonic devices and/or hand instruments constitutes a fundamental phase of periodontal
therapy. In the majority of cases, non-surgical periodontal treatment effectively maintains
periodontal health, reducing the need for surgical intervention [1]. While non-surgical peri-
odontal therapy generally leads to a reduction in pocket depth, in specific clinical scenarios,
such as deep vertical bone loss, complete pocket closure may not be attainable [2]. Residual
pockets (≥6 mm) associated with intrabony defects constitute a risk factor for periodontitis
progression and require surgical therapy [3]. Various regenerative biomaterials and flap
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designs are employed in periodontal surgery to improve periodontal regeneration [4–10].
Barrier membranes, either alone or in combination with allogeneic or xenogenic bone
substitutes, have been utilized to enhance clot stabilization and provide osteoconductive
support for bone regeneration [4]. However, the presence of a membrane may lead to
postoperative flap dehiscence, biomaterial exposure and delayed healing [5]. To decrease
early wound healing complications, the application of enamel matrix derivative (EMD,
Emdogain, Straumann) was implemented to stimulate osteoinduction and regenerate the
periodontal ligament and cementum [6].

Several surgical techniques have been developed to enhance periodontal regeneration
and to minimize invasiveness in the surgical area. In recent years, the treatment of intra-
bony defects has increasingly favored minimally invasive surgical techniques aimed at
preserving the interdental papilla. In 1985, Takei et al. introduced the papilla preservation
technique [7], later modified by Cortellini et al. [8,9,11], with the aim of favoring wound
healing, diminishing the risk of flap dehiscence in the interdental area and preserving the
soft tissues. The incision at the base of the interdental papilla provides a sufficient view of
intrabony defects, although it compromises the vascular integrity of the interdental tissues.
Consequently, postsurgical recession, dental hypersensitivity and esthetic problems may oc-
cur. In 2017, Aslan et al. [12,13] introduced the entire papilla preservation technique (EPPT).
This technique is based on preserving the integrity of the defect-associated interdental
papilla through a tunnel-like incision. Therefore, the papilla remains fully supplied by its
native, continuous vascular network, effectively preventing wound exposure. Maintaining
the papilla intact creates a sealed gingival chamber that stabilizes the blood clot, preserves
vascular supply, promotes angiogenesis and enhances the wound healing process. In this
technique, vertical incisions are performed, and a full-thickness flap is raised around the
tunneled defect-associated papilla. This technique provides significant improvements
in clinical outcomes [14]. It was proposed for the treatment of isolated deep and wide
intrabony defects that did not involve lingual sites. However, in cases where a higher risk
of tearing the interdental papilla occurs, such as for a thin phenotype, narrow interdental
space, or fragile interdental papilla with the presence of a crater, the modification of the
EPPT offers advantages. This modification involves extending the buccal flap mesiodistally
to expose the cortical bone of adjacent teeth, thereby enhancing access to the surgical
site, providing less tension on the flap while still preserving the papilla. Additionally, to
improve visualization and access to a single-wall intrabony defect, the vertical releasing
incision is lengthened as needed. Therefore, the aim of this study was to evaluate the
clinical and radiographic outcomes of a modified EPPT (EPPT with the elevation of the
larger buccal flap) in combination with EMD and radiation-sterilized, allogeneic bone
substitution in the treatment of isolated intrabony defects.

2. Materials and Methods

Participants: Patients diagnosed with stage III periodontitis at the Department of
Periodontology of the Medical University of Warsaw who fulfilled the inclusion criteria
were included. Non-surgical periodontal treatment was conducted and reevaluated after
3 months. The patients were informed of the procedure, potential risks and the benefits of
their participation in the study. All signed consent forms. Inclusion criteria: 1. diagnosis
of stage III periodontitis [15]; 2. no systemic diseases; 3. no use of medications affecting
the periodontal status; 4. non-smokers; 5. neither pregnant nor lactating; 6. presence of
at least one tooth with PPD ≥ 6 mm, CAL ≥ 5 mm and bone defect depth (5DD) ≥ 3 mm
as detected in periapical radiographs; 7. full-mouth plaque score (FMPS) ≤ 20% and
full-mouth bleeding score (FMBS) ≤ 20%; 8. tooth has to be vital or properly treated; 9. no
furcation involvement.
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Study Design: The clinical measurements were taken by the same experienced exam-
iner. FMPS was calculated as the percentage of tooth surfaces that exhibited plaque [16]
and FMBS as the percentage of periodontal pockets that bled from the bottom 15 s after
careful probing [17]. The clinical parameters were registered with a millimeter periodontal
probe (15 mm University of North Carolina (UNC) probe, Hu-Friedy, Chicago, IL, USA)
as follows: 1. PPD as the distance from the gingival margin to the base of the periodontal
pocket at six points per tooth (i.e., distobuccal, buccal, mesiobuccal, distolingual, lingual
and mesiolingual); 2. CAL as the distance from the cemento-enamel junction (CEJ) to
the base of the periodontal pocket at six points per tooth; 3. gingival recession (GR) as
the distance from the CEJ to the gingival margin at the mid-buccal point of the tooth; 4.
keratinized tissue width (KTW) as the distance from the gingival margin to the mucogin-
gival junction at the mid-buccal point of the tooth after staining with an iodine solution.
The clinical measurements were taken immediately before and 3 years after periodontal
surgery.

The following intrasurgery measurements were recorded upon the completion of
debridement during surgery: (1) defect depth as the distance between the bottom of the
defect and the most coronal point of the bony walls surrounding the defect; (2) defect width
as the distance from the most coronal point of the bony walls surrounding the defect to
the root surface; (3) the number of remaining walls of the defect (defects were classified as
one-wall, two-wall and three-wall defects).

Radiographic measurements: Standardized digital periapical radiographs were col-
lected from each patient with film holders and a paralleling technique using an X-ray
unit operating at 70 kV, 4 mA and a 0.1 s exposure time prior to surgery and 3 years
postoperatively. The radiographs were analyzed using Planmeca Romexis Viewer software
(Planmeca, Helsinki, Finland). Anatomic landmarks, which included the CEJ, alveolar
crest (AC) and base of the defect (BD), were selected on the radiographs. Two auxiliary
lines were drawn, the first in the tooth axis (AUX1) and the second line (AUX2) from the
AC, perpendicular to AUX1. Defect depth (DD) was measured as the distance from the
spot where AUX2 crossed the CEJ-BD line to the base of the defect. The radiographic
defect angle was calculated between the intersection of the CEJ-BD line of the tooth and the
delimitation of the wall of the defect [18]. During the follow-up analysis, the radiographic
bone-fill (BF) was quantified utilizing the Planmeca Romexis Viewer software program as
the percentage of bone-fill, depicting the change in bone level as compared to the preset
landmarks and initial radiograph. Linear radiographic measurements were taken of the
present landmarks using the Planmeca Romexis Viewer software program, which provides
a computerized ruler, and were compared with the initial situation.

Surgical Procedures: All surgical procedures were performed by one surgeon (BG)
using surgical loupes (×3.3). The anesthetic of choice was 4% articaine hydrochloride with
adrenaline (1:100,000) (Ubistesin Forte 1.7 mL, 3-M ESPE, Saint Paul, MN, USA) based
on its reported superiority over local anesthetic agents in oral surgical procedures [19,20].
After local anesthesia, a buccal intra-crevicular incision of the defect-associated tooth and
the adjacent tooth was performed. Subsequently, a short buccal vertical incision positioned
contralaterally to the intrabony defect was extended beyond the mucogingival line. A
buccal full-thickness flap was elevated, extending from the vertical incision to the defect-
associated papilla and to the contralateral site of the whole width of the adjacent tooth.
The interdental papilla was carefully elevated in a full-thickness manner to the coronal
edge of the lingual bone crest. The intrabony defect was meticulously debrided and the
roots were carefully planned. The surgical area was rinsed with sterile saline and the
exposed root surfaces were conditioned for 2 min with 24% Ethylenediaminetetraacetic
acid (EDTA) (PrefGel®, Straumann, Basel, Switzerland) and then thoroughly rinsed with
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sterile saline. Subsequently, enamel matrix derivative (EMD) (Emdogain, Straumann) was
applied on the exposed and air-dried root surface. In the next step, EMD mixed with
frozen, radiation-sterilized, allogenic bone granules consisting of cortical and cancellous
bone prepared by the Department of Transplantology and Central Tissue Bank, Medical
University of Warsaw, was placed into the defect [21]. The suturing approach consisted of
a single sling suture (Seralon 6/0 12 mm 3/8) at the buccal site of the adjacent tooth and
simple sutures in vertical incisions (Seralon 7/0 10 mm 3/8).

Postsurgical Care: The patients received postoperative instructions and were asked to
avoid brushing, flossing and chewing in the treated area for 2 weeks. Patients were advised
to rinse their mouth with 0.12% chlorhexidine three times a day for 4 weeks. At week 2,
the sutures were removed and patients resumed careful brushing with a soft toothbrush.
The patients were placed on a 2-week recall system for 3 months and every 2 months for 6
months [22].

Schematic illustrations of the described technique are presented in Figure 1, whereas
Figure 2 shows one representative case clinically and radiographically at the baseline, at
the time of the surgery and subsequently after 6 months and 3 years.

 

a b 

c 
d 

Figure 1. Diagrams illustrating the EPPT. (a) Intrabony defect affecting the maxillary left canine.
(b) Flap design with a single vertical incision on the buccal side along with two sulcular incisions.
(c) Elevation of the buccal flap. (d) Primary closure of the vertical incision using simple interrupted
sutures and a sling suture at the neighboring tooth.

  
(a) (b) 

Figure 2. Cont.

90



J. Clin. Med. 2025, 14, 2374

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

Figure 2. Cont.
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(i) (j) 

 

 

(k)  

Figure 2. Representative case 1. (a) Baseline radiographic view. (b) Baseline clinical measurements.
(c) A single vertical incision was made at the distal aspect of the mandibular left canine. (d) The
flap was elevated, and the interdental tunnel was created by carefully dissecting beneath the papilla
adjacent to the defect. (e,f) A clinical view of the intrabony defect after debridement. (g) the primary
closure of the surgical area with interrupted sutures over the vertical incision and single sling suture.
(h,i) Clinical and radiographic views at 6 months postsurgery. (j,k) Clinical and radiographic views
3 years after the surgery.

3. Results

3.1. Statistical Analysis

All data were collected and analyzed at the Department of Periodontology, Medical
University of Warsaw. Data analysis was conducted using a statistical software package
(Statistica 13). Each patient contributed only one intrabony defect to the study. The variables
PD, CAL, GR, KTA and DD were expressed in millimeters, and FMPS and FMBS were
expressed in percentages, while the radiographic angles were reported in degrees. The
mean and standard deviation (SD) was calculated for each parameter. The assumption
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of normal distribution was checked for all parameters by means of the Shapiro–Wilk test.
The intra-group analyses for the variables FMPS, FMBS, PD, CAL, GR, KTW and DD were
carried out using a paired t-test or Wilcoxon signed-rank test accordingly. Each comparison
was tested separately and refers to specific time points (e.g., baseline vs. 6 months (P1),
6 months vs. 3 years (P2) and baseline vs. 3 years (P3)). A statistically significant difference
was set at p-value < 0.05 and should be interpreted for specific intervals during this study.

3.2. Results

Fifteen patients (eight women and seven men) with an average age of 42.61 ± 6.94 years,
ranging from 30 to 57 years, were included in this study, with each contributing one
intrabony defect. The baseline defect characteristics are summarized in Table 1. At 6 months
and at 3 years, all patients with one intrabony defect each were available for the analysis.
All patients completed the study without any dropouts. During the follow-up, no adverse
events were recorded, and no teeth were lost.

At the initial assessment, the average FMPS and FMBS values remained below 15%,
reflecting a high standard of oral hygiene and minimal residual infection. Among the
15 identified intrabony defects, the majority were located in esthetically significant areas,
including 3 in the incisors, 7 in the canines, 6 in the premolars and 2 in the molars. The
defects were classified into three categories: four presented as one-wall defects, seven as
two-wall and seven as three-wall. At baseline, the mean FMPS and mean FMBS values
were below 15%, indicating good oral hygiene and low levels of residual infection. Healing
after the surgery was uneventful in all patients. Complete gingival wound closure was
accomplished for all defect sites. All participants completed the 6-month follow-up. The
mean FMPS and FMBS values did not change significantly from baseline. The following
changes in the assessed variables were observed: a PPD reduction of 4.33 ± 1.25 mm
(p < 0.0001), CAL gain of 4.87 ± 1.36 mm (p < 0.0001) and DD reduction of 4.27 ± 1.19 mm
(p < 0.0001) (Table 1). The changes in GR and KTW between baseline and after 6 months
were not statistically significant. No formation of scar tissue was detected.

At the secondary assessment 3 years postsurgery, the results were the following. All pa-
tients exhibited changes in FMPS and FMBS over time. FMPS increased from approximately
11.93% at baseline to 14.13% at 6 months and further to 22.67% at 3 years. FMBS followed
a similar trend, increasing continuously from 11.07% to 13.07% at 6 months and reaching
18.75 at 3 years. (Table 1). These differences over time were statistically significant (p < 0.05)
for both P2 and P3. In terms of changes in PPD, a significant reduction in PPD was observed
at 6 months and 3 years in both groups (p < 0.05). PPD decreased from 7.03 ± 1.61 mm at
baseline to 2.70 ± 0.70 mm at 6 months and then increased to 3.33 ± 0.89 mm at 3 years.
The differences between the time points were statistically significant (p < 0.0001 for both
P1 and P3). CAL decreased from approx. 7.60 ± 1.92 mm at baseline to 2.73 ± 1.44 mm at
6 months and then to 3.08 ± 1.16 mm at 3 years. The changes between these time points
were statistically significant (p < 0.001 for both P1 and P3). Significant changes in DD
were observed for intervals P1 and P3 (p < 0.05). DD decreased from 4.59± 1.24 mm at
baseline to 0.32 ± 0.35 mm at 6 months and then increased to 0.38 ± 0.31 mm at 3 years.
The reductions were statistically significant between two of the points (p < 0.001 for both
comparisons from baseline). Significant changes in BF% and LDF were shown over time
(p < 0.05). BF% decreased from approximately 92.48% at 6 months to 92.00% at 3 years.
LDF followed a similar trend, decreasing from approximately 4.325 mm at 6 months to
4.10 mm at 3 years. The minor decreases in both parameters were statistically significant
for LDF (p = 0.0236) and not significant for BF (p = 0.1332). The changes in GR and KTW
between 6 months and 3 years were not statistically significant.
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4. Discussion

Maintaining papilla integrity and the soft tissue profile has tremendous value in pe-
riodontal regenerative surgery, especially in the esthetic area. In the presented results,
the modified EPPT significantly reduced PPD, improved CAL and decreased DD. No
statistically significant differences were observed in regard to GR and KTW. Modification
included extending the buccal flap elevation mesiodistally to expose the cortical bone
around the defect at the adjacent tooth to enable better access to the surgical area. Moreover,
trauma to the interdental papilla was minimized, indicating that the described technique
was minimally invasive. This technique is especially valuable in cases of a narrow in-
terdental space, a thin periodontal phenotype, a reduced papilla, or extensive bone loss.
The findings of this study are analyzed in comparison with the existing literature on the
EPPT introduced by Aslan et al. [13,14,23] and our previous research, which included a
6-month follow-up assessment [24]. The prospective case series by Aslan et al. in 2021 [23]
reported that the EPPT with a combination of EMD and deproteinized bovine bone mineral
resulted in a statistically significant PPD reduction and CAL gain, as well as a negligi-
ble GR increase. A gain in clinical attachment level (CAL) may be achieved through
the preservation of the integrity of the papilla, which enables space and stability for the
blood clot. The healing phase was uneventful in all cases, and primary wound closure
was obtained in all cases. The data from this research points towards the conclusion that
the EPPT with a collagen barrier and bone substitutes facilitated uninterrupted wound
healing. This finding provides strong evidence for the high potential of this distinct flap
design to enhance wound stability and healing, even in the presence of a collagen mem-
brane [23]. Authors in the literature suggest that the proper indication for the EPPT is a
2-wall intrabony defect with a missing buccal wall and a relatively well-preserved lingual
wall [12–14,23]. In our study, the majority of the defects were 2-wall and 3-wall; however,
by using our modification of the EPTT and extending the flap mesiodistally, access was
enhanced even for two single-wall intrabony defects. Moreover, to optimize access and
improve the visualization of a single-wall intrabony defect, the length of the vertical re-
leasing incision can be extended. Furthermore, a significant radiographic improvement
was achieved, as indicated by the defect fill and bone defect depth (DD). The bone grafts
used in this study were radiation-sterilized with a dose of 35 kGy in an accelerator with the
use of a high-speed electron beam [21]. Radiation-sterilized deep-frozen bone allografts
demonstrate osteoinductive properties and are removed faster than lyophilized irradiated
bone [25]. Various allogeneic bone substitutes have demonstrated the ability to promote
the regeneration of intrabony defects [24–26]. For instance, Majzoub et al. [27] reported a
mean clinical attachment level (CAL) gain of 3.55 ± 1.85 mm and a probing pocket depth
(PPD) reduction of 3.87 ± 1.87 mm one year after guided tissue regeneration (GTR) using
either freeze-dried or solvent-dehydrated bone allografts. The meta-analysis by Trombelli
et al. suggests that the combination of enamel matrix derivative (EMD) and bone grafting
may be advantageous in the treatment of unsupported deep bone defects [28]. However,
a multi-center randomized controlled clinical trial by Tonetti et al. indicated that when
combined with a minimally invasive flap, EMD showed a 269% higher success rate in
achieving a ≥3 mm CAL gain in 3-wall defects with papilla preservation flaps compared
to 1-wall defects [29]. Postoperative gingival recession is an adverse outcome of surgical
intervention for intrabony defects and may be associated with the morphological charac-
teristics of bone dehiscence. By preserving the volume of intact supracrestal soft tissues
through the avoidance of papilla incision, as demonstrated in the presented technique,
postsurgical flap shrinkage is effectively minimized. This is particularly crucial in esthetic
regions, where minimizing postsurgical gingival recession is essential, as esthetic preser-
vation represents a key objective of surgical periodontal therapy [30]. In a meta-analysis
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of randomized controlled trials by Graziani et al., it was mentioned that flap surgeries for
intrabony defect treatment are associated with an average increase in recession depth of
1.15 mm at 1 year postsurgery [31]. Moreover, according to Vandana et al., regions with a
thin gingival biotype or reduced keratinized tissue exhibit lower resistance to recession
following surgical trauma [32]. Even though microsurgical techniques are recommended
for their ability to enhance visualization of the surgical field and to allow atraumatic flap
manipulation, according to Rasperini et al., gingival recession and increased recession
depth following periodontal regeneration remain a relatively common occurrence [33].
In the present study, there was not only a lack of an increase in gingival recession after
surgical therapy but there was also a slight improvement in gingival recession reduction
and an increase in keratinized tissue width observed; however, these changes did not reach
statistical significance. In recent years, many authors have contributed to the development
of a technique for periodontal regeneration that aims to maintain intact or even coronally
advance the gingival margin, such as the “soft tissue wall technique” proposed by Rasperini
et al. [34], the “entire papilla preservation” technique by Aslan et al. [12], modified vestibu-
lar incision subperiosteal tunnel access (M- VISTA) [35] and the “non-incised papillae
surgical approach” (NIPSA) [36]. In order to improve root coverage in intrabony defect
treatment, techniques based on connective tissue grafts (CTGs) have been suggested [37].
Nevertheless, there is a considerable paucity of well-conducted randomized controlled
trials (RCTs) in the literature to objectively compare and assess the reported techniques.
No conclusive evidence supports the superiority of one method over another. Therefore,
further comparative studies involving the EPPT and the presented MEPPT are essential
to elucidate their true benefits and their relevance to established approaches. To consider
treatment outcomes, Trombelli et al. [38] proposed a suitable endpoint for implementing
the treat-to-target approach in studies assessing the effectiveness of active periodontal
therapy. The authors defined the targeted endpoint as a postsurgery PD ≤ 4 mm in the
short-term. A recent systemic review and meta-analysis by Aimetti et al. [39] reported that
GTR compared to PPTs achieved a higher probability of pocket resolution. However, the
use of non-resorbable membranes over the past years has been declining due to their high
complication rates. Therefore, studies tend to corroborate that newer, minimally invasive
techniques may enhance wound stability due to reduced flap extension and minimal in-
terdental tissue elevation, thereby raising doubts about the added value of incorporating
supportive biomaterials for regeneration [40]. Justification for the modified EPPT therapy
may be challenging if comparable outcomes can be achieved using standard techniques.
In the systematic review and meta-analysis by Pasqualini et al. [41], the authors investi-
gated clinical periodontal parameters (PPD, CAL and gingival recession) after treatment
using the Minimally Invasive Surgical Technique (MIST), Modified Minimally Invasive
Surgical Technique (M-MIST) and/or any technique for papilla preservation, such as Entire
Papilla Preservation (EPP), the modified-papilla preservation technique (M-PPT) or the
simplified-papilla preservation technique (SPPT). Their conclusions indicated that MIST,
M-MIST and papilla preservation techniques demonstrate significant efficacy in improv-
ing periodontal conditions in intrabony defect sites while maintaining minimal patient
morbidity. However, modifications to the entire papilla preservation technique could offer
advantages in the surgical management of certain isolated intrabony defects in terms of flap
design, wound healing, better visualization, minimal morbidity and similar, satisfactory
clinical results at the same time. One of the main surgical challenges is to achieve sufficient
access and visibility of the intraosseous defect to perform precise instrumentation while
minimizing trauma to the interproximal papilla. At the same time, the use of magnification
and microsurgical instruments plays a crucial role in addressing these difficulties. Any
minimally invasive regenerative procedure is a technique-sensitive approach, and any
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damage to the papilla resulting from a suboptimal surgical technique may negatively affect
regenerative outcomes. The findings of this study indicate that the modified EPPT, com-
bined with EMD and allogenic bone grafting, is an effective approach for treating intrabony
defects, demonstrating statistically significant and sustained clinical improvements over
a 3-year period. However, it is important to note that the outcomes are derived from a
single treatment modality without a control group, limiting the ability to draw definitive
conclusions about the proposed approach and its superiority over previously established
techniques. Further follow-up clinical trials are necessary to determine the contribution of
each component utilized in the presented procedure to the overall results and to validate
the presented findings.

5. Conclusions

Within the limitation of this case series, it can be concluded that the proposed mod-
ification of the entire papilla preservation technique might be beneficial in the surgical
treatment of isolated intrabony defects. Although the findings are encouraging, further
research involving larger cohorts and more diverse patient populations is necessary to
confirm the long-term clinical efficacy of the modified EPPT.

6. Study Limitations

A limitation of this study is the sample population recruited for the trial, as it was
selected based on strict eligibility criteria. However, it is important to note that a significant
proportion of patients with severe periodontitis are smokers and may also present with
systemic comorbidities such as diabetes. Therefore, further research involving a more
diverse patient population is required to establish the efficacy and reliability of the modified
entire papilla preservation technique (M-EPPT) as a regenerative approach for the treatment
of periodontitis.
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Abstract: Background/Objectives: Diabetes mellitus is associated with significant health
complications, including challenges in periodontal health. Gingival inflammation is espe-
cially common among diabetic patients and can significantly impact overall diabetes man-
agement. This study aims to investigate the correlation between glycosylated hemoglobin
(HbA1c) levels, an established marker of glycemic control, and gingival inflammation
using the Quantitative Gingival Bleeding Index (QGBI) among hospitalized diabetic pa-
tients, thereby placing the question within a broader clinical context. Methods: The study
enrolled 671 hospitalized patients with diabetes complications at “Mother Theresa Univer-
sity Hospital” in Tirana, AL, USA. Glycemic control was assessed through glycosylated
hemoglobin (HbA1c) levels, and gingival health was evaluated using the Quantitative
Gingival Bleeding Index (QGBI). Behavioral variables were also documented, including
smoking habits and routine oral care practices. Spearman’s correlation coefficient (rs) was
applied to determine the relationship between HbA1c levels and QGBI scores. Results:
Our findings revealed a strong positive correlation between glycemic control (HbA1c) and
gingival inflammation (QGBI) among the participants (Spearman’s coefficient rs = 0.868,
p < 0.001). Additionally, significant positive associations were observed between behav-
ioral factors, such as smoking habits and regular oral care practices, further underscoring
their role in periodontal health in diabetic patients. Conclusions: The study highlights
a significant positive relationship between poor glycemic control and increased gingival
inflammation, emphasizing the importance of periodontal health in the comprehensive
management of diabetes mellitus. Our results support integrating periodontal evaluation
and management into standard diabetes care, which could improve patient outcomes and
overall well-being.

Keywords: diabetes mellitus; HbA1c levels; Quantitative Gingival Bleeding Index; gingival
health; oral health; dental care; hospitalized patients

J. Clin. Med. 2025, 14, 4201 https://doi.org/10.3390/jcm14124201
100



J. Clin. Med. 2025, 14, 4201

1. Introduction

Diabetes mellitus is a long-term metabolic condition characterized by persistent hyper-
glycemia due to reduced insulin production, insulin resistance, or both. It affects millions
worldwide and is a public health concern, contributing to significant morbidity and mortal-
ity [1]. Type 1 diabetes is caused by the autoimmune destruction of pancreatic β-cells and
requires lifelong insulin therapy. Type 2 diabetes, on the other hand, is mainly linked to
insulin resistance and progressive β-cell dysfunction, often associated with lifestyle factors
like obesity, high-fat diets, and physical inactivity [2–4]. As illustrated in Figure 1, peri-
odontal inflammation in diabetic patients is interconnected with systemic complications,
including cardiovascular, renal, and ocular effects, and is influenced by both behavioral
and biological risk factors.

Figure 1. This illustration depicts the multisystemic impact of periodontal inflammation in individ-
uals with diabetes mellitus. A clinical representation of gingival bleeding and inflammation at the
center highlights active periodontal disease. Around the central illustration are depicted several
complications associated with diabetes, along with key contributing factors. Cardiovascular and
cerebrovascular implications are shown, reflecting the increased risk of heart disease and stroke
associated with chronic inflammation and poor glycemic control. An unhealed wound reflects the
reduced healing capacity often seen in diabetes. Nephropathy and retinopathy represent microvascu-
lar damage affecting the kidneys and eyes, respectively. A blood draw highlights the importance
of monitoring glycemic control through HbA1c levels. Behavioral risk factors such as smoking and
alcohol use, a high-lipid diet, and aging are identified as contributors to disease progression. A world
map in the background underscores the global relevance of these interrelated health challenges and
the potential of integrating oral health assessments into comprehensive diabetes care. Illustration by
Nensi Kallfani.

Glycated hemoglobin (HbA1c) is a widely recognized biomarker for long-term
glycemic control, reflecting average blood glucose levels over the past two to three
months [5,6]. Higher HbA1c levels are associated with an increased risk of both microvascu-
lar (retinopathy, nephropathy, and neuropathy) and macrovascular (cardiovascular disease,
stroke, and peripheral artery disease) complications [7–10]. The growing prevalence of
diabetes, projected to increase from 536.6 million in 2021 to nearly 783.2 million by 2045,
highlights the urgent need for more effective management strategies to reduce associated
complications [11,12].
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One often-overlooked complication of diabetes is its impact on gingival health. Dia-
betes and periodontal disease have a well-documented bidirectional relationship, where
poor glycemic control worsens periodontal inflammation and untreated periodontal dis-
ease further impairs glucose regulation [13,14]. Chronic hyperglycemia contributes to
increased inflammation and impaired wound healing, making individuals with diabetes
more susceptible to gingival bleeding and periodontitis [15,16].

The Quantitative Gingival Bleeding Index (QGBI) objectively measures gingival inflam-
mation by quantifying bleeding during brushing [17]. Compared to traditional bleeding
indices that only show whether bleeding is present or not, QGBI provides a graded measure
of bleeding severity, giving better insight into the progression of periodontal disease [18,19].
Given the increased susceptibility of diabetic patients to oral inflammation, QGBI may serve
as an important tool for monitoring gingival health and its potential impact on glycemic
control [20–22]. In Albania, patients are not regularly monitored through laboratory exami-
nations, often due to the associated costs. To address this gap, we considered evaluating an
index (QGBI) that patients can assess at home, enabling them to recognize early warning
signs and obtain timely consultation with a specialist.

This study aims to investigate the correlation between HbA1c levels and the QGBI in
hospitalized diabetic patients, providing insight into the relationship between glycemic
control and gingival health. Furthermore, we examined the impact of lifestyle factors,
including smoking habits and the frequency of dental check-ups, on gingival bleeding
severity. By understanding these associations, our findings may contribute to a more
integrated diabetes management approach, emphasizing both systemic and oral health.

2. Methods

2.1. Study Population

This cross-sectional study enrolled patients with diabetes at Mother Teresa University
Hospital in Tirana, AL, USA, between May and December 2023. This care facility serves a
diverse patient population from various regions of Albania, requiring specialized services
provided exclusively by the country’s sole tertiary health center. The center delivers ad-
vanced, multidisciplinary care aimed at addressing major complications linked to diabetes.
The total number of patients participating in our study was 671, which included 388 (57.8%)
male patients and 283 (42.2%) female patients.

Inclusion Criteria: Hospitalized patients aged 16 to 85 years with a diagnosis of type
1 or type 2 diabetes mellitus were included, as individuals in this age range can manage
their condition and provide reliable self-reported information.

Exclusion Criteria: Participants with thyroid disorders were excluded due to their
potential impact on HbA1c levels, which could confound the study’s assessment of diabetes-
related glycemic control. Similarly, individuals with anemia or chronic renal failure, altered
liver function, and splenomegaly were excluded, as both conditions may influence HbA1c
test results. To isolate the effects of smoking on periodontal health and diabetes manage-
ment, participants with a history of alcohol consumption were also excluded. Additional
exclusions were patients with other metabolic or systemic conditions, those on medication
affecting gingival bleeding, individuals with peripheral diabetic neuropathy, edentulous
patients unable to undergo QGBI assessment, and those who declined to participate.
Participants were given clear, standardized instructions before data collection to ensure
consistent and reliable QGBI measurements. All assessments followed a validated protocol
to keep patient-reported bleeding severity data uniform. These well-defined procedures
helped recruit a similar group of participants, improving the accuracy and reliability of the
study results.
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2.2. Data Collection

Medical records were reviewed to determine each patient’s type of diabetes, and
HbA1c levels were measured using standardized laboratory tests. We conducted a struc-
tured interview to collect detailed information on participants’ behavioral patterns, in-
cluding smoking habits, oral care habits, hypertension, and awareness of the connection
between diabetes and gingival health. Gingival health was assessed using the QGBI, a
validated tool for evaluating gingival bleeding based on patient-reported outcomes through
a structured questionnaire. Rather than a simple self-assessment, patients reported the
severity of their gingival bleeding, which the interviewer interpreted and scored according
to the QGBI criteria. Patients were asked to describe their bleeding experience during
toothbrushing, and their responses were categorized and scored based on the QGBI criteria
outlined in Table 1.

Table 1. QGBI scores.

Score Description

0 No bleeding during brushing, with bristles completely free of blood stains.

1 Slight bleeding during brushing, with blood visible only on the bristle tips.

2 Moderate bleeding during brushing, with blood staining about half the
length of the toothbrush bristles from the tip downward.

3 Severe bleeding during brushing, with blood covering the full length of all
bristles and the brush head.

2.3. Statistical Analysis

The data was initially coded in MS Excel, double-checked for accuracy, and subse-
quently imported into Stata software (StataNow/MP 18.5, StataCorp LCC, College Station,
TX, USA, 2023). The Shapiro–Wilk test was used to evaluate the data’s conformity to a
normal distribution. Descriptive statistics were reported, including absolute and relative
frequencies, as well as median and interquartile range (IQR) for continuous variables that
showed a non-normal distribution. The relationship between glycemic control (measured
by HbA1c levels) and gingival bleeding severity (measured by QGBI) was assessed using
Spearman’s correlation coefficient (rs).

We used multivariable linear regression analysis to examine the associations between
patients’ characteristics and QGBI scores, adjusting for all relevant factors and potential
confounders, including HbA1c levels, sex, age, smoking status, hypertension, oral care
habits, and awareness of the diabetes gingival health link. Since age and HbA1c were
non-normally distributed, they were log-transformed to perform the analysis. Results were
reported as linear regression coefficients (rc) with 95% confidence intervals (CI). We also
evaluated the risk of moderate to severe gingival bleeding (QGBI scores ≥ 2) based on
patient characteristics by calculating odds ratios (OR) with corresponding 95% confidence
intervals (CI).

2.4. Ethics

Ethical approval for the study (Protocol no. 144/23) was obtained from the Institu-
tional Review Board of the University of Aldent before data collection. Informed consent
was secured from all participants, ensuring their voluntary participation. Appropriate
measures were taken to ensure participant confidentiality and anonymity, maintaining
the highest standards of privacy. No identifying information was recorded through the
questionnaires, and responses were securely stored in a password-protected file. To prevent
identification through indirect identifiers or combined information, additional precautions
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were implemented to keep all patient data secure and fully de-identified throughout the
research process.

3. Results

Patient characteristics are presented in Table 2. A total of 671 patients (388 males
and 283 females) were enrolled, with a median age of 56 years (IQR: 31–79). Smokers and
non-smokers were nearly equally represented in the study population. Type 2 diabetes was
the most frequent diagnosis, with a median HbA1c of 7.9% (IQR: 7.1–9.4). The majority of
patients (73.2%) did not attend regular oral check-ups, while 17.3% reported annual visits
and 9.5% visited the dentist twice a year.

Table 2. Characteristics of study participants (n = 671). Values are reported as numbers (N) and
percentages (%) unless otherwise specified. IQR: interquartile range.

Characteristics N (%)

Sex
Male 388 (57.8)

Female 283 (42.2)

Age
Median (IQR) 56 (31–79)

<18 years 15 (2.2)
18–30 years 148 (22.1)
31–64 years 235 (35.0)
65–79 years 128 (19.1)
≥80 years 145 (21.6)

Diabetes type
Type 1 89 (13.3)
Type 2 582 (86.7)

HbA1c
Median (IQR) 7.9 (7.1–9.4)
HbA1c ≤ 7.0% 160 (23.8)
HbA1c > 7.0% 512 (76.2)

Hypertension
Patients with hypertension 256 (38.2)

Patients without hypertension 415 (61.8)

Smoking habits
Non-smokers 320 (47.7)

Smokers 351 (52.3)

Routine oral check-up
Not regularly 491 (73.2)
Once a year 116 (17.3)
Twice a year 64 (9.5)

Awareness of the relation between diabetes and gingival health
No 657 (97.9)
Yes 14 (2.1)

Quantitative Gingival Bleeding Index
Normal (Score = 0) 16 (2.4)

Mild inflammation with no bleeding (Score = 1) 184 (27.4)
Moderate inflammation and bleeding on probing (Score = 2) 285 (42.5)

Severe inflammation and tendency of spontaneous bleeding (Score = 3) 186 (27.7)

The awareness of the link between diabetes and gingival health was generally very
low, with only about 2% of patients reporting knowledge of this relationship. QGBI scores
indicated mild to severe gingival bleeding in the vast majority of patients.
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The analysis showed a strong association between smoking and poor oral care habits,
with smokers being more likely than non-smokers to skip regular dental check-ups (Table 3).

Table 3. Relation between routine oral care frequency and smoking habits.

Non-Regularly Once a Year Twice a Year

N (%) N (%) N (%)

Smoking habits
Non-Smokers 179 (36.5) 86 (74.1) 55 (85.9)
Smokers 312 (63.5) 30 (25.9) 9 (14.1)

The distribution of patient characteristics by QGBI scores showed a positive association
with age (Table 4). An increasing proportion of smokers was also observed with higher
QGBI scores, particularly in cases of moderate to severe gingival bleeding.

Table 4. Distribution of patients’ characteristics according to QGBI scores.

QGBI = 0 QGBI = 1 QGBI = 2 QGBI = 3

Age categories
<18 years 0 (0.0) 12 (6.5) 3 (1.1) 0 (0)

18–30 years 6 (37.5) 84 (45.7) 53 (18.6) 5 (2.7)
31–64 years 9 (56.3) 75 (40.8) 137 (48.1) 14 (7.5)
65–79 years 1 (6.2) 10 (5.4) 46 (16.1) 71 (38.2)
≥80 years 0 (0) 3 (1.6) 46 (16.1) 96 (51.6)

Smoking habits
Non-smokers 12 (75.0) 150 (81.5) 102 (35.8) 56 (30.1)

Smokers 4 (25.0) 34 (18.5) 183 (64.2) 130 (69.9)

Hypertension
No 11 (68.8) 119 (64.8) 171 (60.0) 114 (61.3)
Yes 5 (31.2) 65 (35.3) 114 (40.0) 72 (38.7)

Routine oral check-up
Not regularly 4 (25.0) 99 (53.8) 215 (75.4) 173 (93.0)
Once a year 5 (31.3) 47 (25.5) 53 (18.6) 11 (5.9)
Twice a year 7 (43.7) 38 (20.6) 17 (6.0) 2 (1.1)

Awareness
No 14 (87.5) 180 (97.8) 277 (97.2) 186 (100)
Yes 2 (12.5) 4 (2.2) 8 (2.8) 0 (0.0)

Diabetes
Type 1 4 (25.0) 58 (31.5) 25 (8.8) 2 (1.1)
Type 2 12 (75.0) 126 (68.5) 260 (91.2) 184 (98.9)

HbA1c
HbA1c ≤ 7.0% 12 (75.0) 140 (76.1) 5 (1.8) 2 (1.1)
HbA1c > 7.0% 4 (25.0) 44 (23.9) 280 (98.2) 184 (98.9)

Patients who did not attend routine oral check-ups had higher QGBI scores. In contrast,
awareness of the link between diabetes and gingival health was more common among
individuals without signs of inflammation or bleeding (QGBI = 0), though this finding is
based on a limited number of cases.

Regarding diabetes type, patients with type 2 generally showed higher levels of gingi-
val bleeding compared to those with type 1. Similarly, a higher prevalence of individuals
with poorly controlled HbA1c levels (≥7.0%) was observed among those with higher QGBI
scores. This trend is further supported by the distribution of HbA1c levels across QGBI
categories, as shown in Figure 2.
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Spearman’s correlation analysis revealed a strong positive association between HbA1c
levels and QGBI scores (rs = 0.868, 95% CI: 0.848–0.885).

Multivariate linear regression analysis showed a positive association between QGBI
levels, patient age (rc = 0.247, 95% CI: 0.180–0.314), smoking (rc = 0.121, 95% CI: 0.057–0.184),
and HbA1c levels (rc = 3.362, 95% CI: 3.145–3.580) (Table 5). A negative association was
observed with sex (rc = −0.211, 95% CI: −0.275 to −0.147) and, to a limited extent, with
regular oral care (rc = −0.071, 95% CI: −0.145 to 0.003). No significant associations were
found for hypertension (rc = −0.015, 95% CI: −0.074 to 0.043) or awareness of the link
between diabetes and gingival health (rc = −0.080, 95% CI: −0.282 to 0.123).

Figure 2. Box plot showing the relationship between HbA1c levels and QGBI scores, highlighting the
trend of increasing glycemic levels with greater gingival bleeding severity.

Table 5. Results from linear regression and logistic models, respectively, between continuous QGBI
scores and risk of moderate/severe gingival bleeding (QGBI ≥ 2) and patients’ characteristics.
Regression coefficient (rc), odds ratio (OR), and 95% confidence interval (CI).

Characteristics rc (95% CI) OR (95% CI)

HbA1c (1-unit increase) 3.362 (3.145; 3.58) 20.97 (11.10–39.62)
Age (1-year increase) 0.247 (0.18; 0.314) 1.05 (1.03–1.07)
Sex (females) −0.211 (−0.275; −0.147) 0.13 (0.06–0.26)
Smokers 0.121 (0.057; 0.184) 4.23 (1.96–9.14)
Hypertension −0.015 (−0.074; 0.043) 1.18 (0.57–2.44)
Regular oral care −0.071 (−0.146; 0.003) 0.97 (0.43–2.19)
Awareness −0.08 (−0.282; 0.123) 0.46 (0.05–4.36)

Logistic regression analysis for moderate to severe gingival bleeding (QGBI ≥ 2)
showed a higher risk associated with increasing age (OR = 1.05, 95% CI: 1.03–1.07), smoking
(OR = 4.23, 95% CI: 1.96–9.14), and elevated HbA1c levels (OR = 20.97, 95% CI: 11.10–39.62).
In contrast, female patients had a significantly lower risk (OR = 0.13, 95% CI: 0.06–0.26)
(Table 5). Routine dental check-ups were linked to a slightly reduced risk, while awareness
of the link between diabetes and gingival health showed a stronger protective effect.

4. Discussion

Our study highlights a significant correlation between HbA1c levels and QGBI scores
in hospitalized diabetic patients, suggesting that gingival health may serve as a simple
and accessible indicator of glycemic control. This aligns with existing research on the
bidirectional relationship between diabetes and periodontal disease, in which systemic
inflammation, driven by hyperglycemia and the accumulation of advanced glycation end
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products (AGEs), worsens both conditions [13,23,24]. Oral health problems are recognized
as potential complications of diabetes, with evidence suggesting they may adversely affect
metabolic control [25,26].

While QGBI is a practical and patient-friendly tool for assessing gingival bleeding, it
does not account for deeper periodontal conditions, such as clinical attachment loss and
probing depth. Our study’s lack of a plaque index limits a comprehensive assessment of
gingival inflammation, as plaque accumulation plays a crucial role in gingival bleeding
and periodontal disease progression [27,28]. Subsequent studies should incorporate plaque
indices and inflammatory biomarkers to better understand the link between periodontal
health and glycemic control.

Our findings show a significant and somewhat unexpected positive association be-
tween smoking and QGBI. Although smoking is traditionally associated with vasocon-
striction and reduced clinical signs of gingival bleeding, recent evidence, including our
results, suggests that smoking may not always suppress visible inflammation as previ-
ously believed. Instead, in certain populations, it may enhance inflammatory responses,
contributing to elevated bleeding indices. This aligns with existing research showing
that smoking impairs immune function, increases oxidative stress, and accelerates the
destruction of periodontal tissues [29,30]. Moreover, population-based studies conducted
in three South American cities reinforce the link between smoking and increased gingival
inflammation across diverse groups, suggesting that the effect may vary depending on ex-
posure level, duration, and individual susceptibility [30]. Among individuals with diabetes,
smoking has an even greater impact, being strongly associated with poor metabolic control,
which may further worsen periodontal inflammation and bleeding [30,31]. Because of these
complex interactions, the following studies should broaden the focus beyond tobacco use
to consider other lifestyle factors, such as dietary habits, physical activity, psychosocial
stress, and examine their combined effects on periodontal health in diabetic populations.
This approach could help identify important behavioral and metabolic factors involved in
periodontal disease and support the development of more effective, coordinated prevention
strategies across both dental and medical practice.

Hypertension, a common comorbidity in diabetes, is a known contributor to gingival
inflammation. It is well established that hypertension induces systemic inflammation,
which may worsen periodontal conditions [32]. Additionally, certain antihypertensive
medications, particularly calcium channel blockers, are linked to gingival hyperplasia,
which complicates oral hygiene and increases the risk of gingival bleeding [33,34]. Other
classes of antihypertensive drugs may also reduce salivary flow, further elevating the risk
of periodontal disease [35,36].

However, hypertension was not included as a confounding variable in our study.
Future research should stratify patients based on hypertension status and medication use
to better understand their impact on gingival health.

Age was also a significant factor influencing gingival health, with older patients
showing higher QGBI scores. This aligns with findings that aging is linked to declining
periodontal health due to cumulative plaque exposure, weakened immune response, and
slower healing [37,38]. These findings emphasize the importance of targeted education and
preventive strategies for older diabetic patients, especially in promoting oral hygiene and
regular dental visits.

In addition to age, our study highlights the influence of modifiable and non-modifiable
risk factors on periodontal health. Factors such as smoking, oral hygiene habits, sex, and di-
abetes type were all associated with gingival inflammation. Notably, males showed greater
susceptibility, which is consistent with previous studies showing sex-based differences in
periodontal disease progression due to hormonal, immune, and behavioral factors [39,40].
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Furthermore, research suggests that individuals with type 1 diabetes tend to have better
periodontal health outcomes compared to those with type 2, likely due to differences in
metabolic control and treatment approaches [39].

What makes this study novel is the use of QGBI as a skilled self-assessment tool, where
patients, after being shown how to recognize different levels of gingival bleeding, reported
their symptoms. This approach demonstrates the potential of QGBI as a cost-effective and
accessible method for the early identification of poor glycemic control, without requiring
direct dental examination. Its correlation with HbA1c enables patients to recognize that an
increase in gingival bleeding (QGBI) may indicate poor diabetes management and elevated
HbA1c levels. This highlights its potential role in diabetes self-monitoring, empowering
patients to obtain timely medical or dental intervention when necessary.

However, our study also found a general lack of awareness among diabetic patients
regarding the link between periodontal health and glycemic control. Previous research
shows that better oral health awareness is associated with better gingival health outcomes
in diabetes patients [41,42]. This underscores the urgent need for integrated education
programs within healthcare systems that emphasize the importance of oral health in
diabetes management.

A main limitation of this study is the absence of detailed clinical data, like probing
depth and attachment loss, which are critical for a comprehensive evaluation of periodontal
health. Due to difficult hospital conditions and patients not agreeing to visit our university
dental clinic for a periodontal check-up, we could not perform a more detailed clinical
evaluation. Additionally, relying on self-reported QGBI may introduce potential bias,
even though standardized instructions were given. While earlier research suggests that
self-reported gingival bleeding can serve as a useful screening tool [22], future studies
should combine it with clinical measures to enhance accuracy.

Future research should use longitudinal study designs to investigate further how
glycemic control, periodontal health, and lifestyle factors, particularly dietary habits,
interact and influence both diabetes management and gingival health [43]. It would also
be valuable to perform subgroup analyses based on factors such as obesity, smoking,
hypertension, and the use of antihypertensive medications to better understand their
impact on gingival bleeding.

5. Conclusions

This study highlights the link between HbA1c levels and QGBI in hospitalized diabetes
patients, reinforcing the importance of gingival health in diabetes management. A key
finding was the lack of awareness of this connection, pointing to the need for better patient
education. Additionally, the positive link between smoking habits and regular dental visits
suggests that informed patients are more likely to prioritize oral health.

Integrating structured educational programs, routine dental examinations, and inter-
disciplinary collaboration between medical and dental professionals is essential for en-
hancing glycemic control and periodontal health. These preventive measures can increase
patient awareness, encourage healthier behaviors, and reduce periodontal complications in
individuals with diabetes.
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Abstract: Introduction: T2DM mellitus (T2DM) is a major global health issue associated
with significant morbidity, mortality, and economic burden. While the role of lifestyle fac-
tors in glycemic control is well-established, the influence of oral health behaviors remains
underexplored. Objective: This study aimed to investigate the interplay between lifestyle
habits, oral health behaviors, and glycemic control in patients with T2DM. Methodology: A
cross-sectional study was conducted on 132 patients (66 men and 66 women) with T2DM
at the Pius Brînzeu Emergency Hospital in Timis, oara, Romania. Data on smoking, physical
activity, alcohol consumption, tooth brushing frequency, and dental visits were collected
using structured questionnaires, and glycemic control was assessed through HbA1c mea-
surements. Statistical analyses, including Pearson correlations and linear regression, were
performed. Results: Among men, HbA1c levels were negatively associated with exercise
frequency (ß = −0.26, p < 0.05) and education level (correlation coefficient −0.27, p < 0.05),
and positively associated with dental visits and tooth brushing frequency (correlation
coefficient 0.26, p < 0.05). In the combined analysis, education level positively correlated
with both dental visits (correlation coefficient 0.24, p < 0.01) and alcohol consumption (cor-
relation coefficient 0.22, p < 0.05). Conclusions: These findings underscore the importance
of integrating oral health and lifestyle interventions into diabetes management to optimize
patient outcomes.

Keywords: T2DM; oral health behaviors; lifestyle factors; glycemic control; HbA1c; prevention
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by per-
sistent hyperglycemia due to relative or absolute insulin deficiency, affecting the metabolism
of carbohydrates, proteins, and fats. In addition to its systemic complications, T2DM
significantly impacts oral health, manifesting through conditions such as periodontal dis-
eases, tooth loss, delayed wound healing, candidiasis, dry mouth, and burning mouth
syndrome, which may serve as early indicators for undiagnosed diabetes or markers for
glycemic control in diagnosed patients [1]. Acording to the WHO the expected values
for normal fasting blood glucose concentration are between 70 mg/dL (3.9 mmol/L) and
100 mg/dL (5.6 mmol/L). The American Diabetes Association (ADA) defines normal fast-
ing plasma glucose as below 100 mg/dL (5.6 mmol/L), with values between 100 and
125 mg/dL (5.6 to 6.9 mmol/L) indicating impaired fasting glucose (pre-diabetes). Diagno-
sis of T2DM is based on specific glucose thresholds, including fasting plasma glucose (FPG)
levels of ≥126 mg/dL (7.0 mmol/L), 2-h plasma glucose (2-h PG) levels of ≥200 mg/dL
(11.1 mmol/L) during a 75-g oral glucose tolerance test (OGTT), or an HbA1c level of ≥6.5%
(48 mmol/mol). In individuals presenting with classic hyperglycemic symptoms or during
a hyperglycemic crisis, a random plasma glucose level of ≥200 mg/dL (11.1 mmol/L)
confirms the diagnosis. These thresholds are crucial for understanding glycemic control
and provide essential context for analyzing diabetes-related data [2,3]. As a progressive
condition, it negatively affects health-related quality of life, leads to severe comorbidities,
and increases the risk of premature mortality. In addition to its health impact, this dis-
ease places a significant economic burden on individuals, healthcare systems, and society.
However, research shows that it can be effectively prevented through lifestyle changes,
underscoring the importance of early prevention efforts. Moreover, the positive effects of
lifestyle interventions can last for several years. Despite more than two decades of evi-
dence supporting the effectiveness of these approaches, healthcare systems still struggle to
implement scalable, individual-level support for lifestyle changes in routine practice [4–7].

Optimal health behaviors include avoiding smoking, limiting alcohol intake and
engaging in regular physical activity. These habits, along with balanced nutrition and
managing mental stress, are linked to stronger immune function, particularly through
enhanced natural killer cell activity, the body’s first line of defense [8,9].

For individuals with diabetes, lifestyle factors play an even more critical role. Men with
diabetes who adopt healthier behaviors and experience fewer microvascular complications
are often those with higher educational levels. Among diabetic women, those with more
education tend to perceive themselves as healthier, regardless of their actual medical
status. However, diabetic patients with poor metabolic control and lower educational
attainment frequently report more complications, mental health issues, sick leave, and
reduced physical activity, highlighting the importance of both education and lifestyle in
managing the condition. Additionally, social class and gender disparities further complicate
outcomes, with lower-class diabetic women facing a higher mortality risk compared to
both non-diabetic women and diabetic men from similar backgrounds [9,10].

In addition to its systemic effects, T2DM significantly impacts oral health, with a
well-established bidirectional relationship between diabetes and periodontal disease. Poor
glycemic control exacerbates periodontal inflammation through mechanisms such as oxida-
tive stress, delayed wound healing, and heightened inflammatory responses. Conversely,
untreated periodontitis amplifies systemic inflammation, complicating glycemic manage-
ment and increasing the risk of diabetes-related complications. Decompensated diabetic
patients often exhibit a diminished response to non-surgical periodontal therapy, such as
scaling and root planing, due to delayed tissue healing and altered immune function. This
underscores the critical role of achieving glycemic control to enhance periodontal treatment
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outcomes. Lifestyle choices, including proper oral hygiene, balanced nutrition, and regular
physical activity, are essential for addressing the interconnected impacts of T2DM and
periodontitis. Adopting healthier habits not only aids in controlling blood glucose levels
but also mitigates systemic and oral health challenges associated with diabetes [11–14].

Adopting healthier habits, such as improving diet and increasing physical activity, is
essential for controlling blood glucose levels and reducing the global prevalence of diabetes.
A healthy lifestyle, as defined by the World Health Organization, involves daily habits and
behaviors that reduce the risk of disease or premature death by addressing critical factors
such as balanced nutrition and regular exercise. This multifaceted concept encompasses
various aspects of life, including diet, physical activity, sleep, stress management, and
substance use, all of which are influenced by social, economic, and environmental factors.
By adopting these preventive measures, individuals can mitigate chronic diseases, enhance
overall well-being, and improve long-term health outcomes. In the case of periodontitis,
immune responses are key to the severity of inflammation, as bacteria trigger the release of
inflammatory mediators like TNF-α and interleukin-1, which contribute to tissue and bone
damage [15,16].

Poor blood sugar control in diabetes also induces oxidative stress, slowing tissue repair
in the gums and making infections harder to heal, which worsens periodontal conditions.
Additionally, complications like reduced blood flow further impede recovery in diabetic
patients, increasing susceptibility to periodontal damage. These connections highlight the
significant impact of lifestyle on both oral and systemic health [9,15,17,18].

Good oral hygiene habits include brushing teeth at least twice daily, visiting the dentist
annually, using interdental devices like floss, and limiting snacking and cariogenic foods.
These habits are associated with healthy food consumption, regular exercise, and vitamin
use, particularly among adolescents. Physical activity supports better brushing habits;
while smoking and alcohol consumption are linked to poorer oral health. Poor oral hygiene
leads to plaque buildup and worsens periodontal health, while frequent brushing is linked
to reduced sugar intake. Although diabetic patients tend to have poor oral health behaviors,
the absence of a control group limits conclusions about the connection between oral health
and type-2 diabetes. Interestingly, even non-diabetic periodontitis patients have been found
to have elevated fasting blood glucose levels [19,20].

A complementary literature review analyzed 52 studies using Web of Science, with
keyword co-occurrence analysis in VOSviewer identifying emerging links between lifestyle
factors, oral health, and glycemic control.

This study aimed to investigate the interplay between T2DM, oral health behaviors,
and lifestyle factors such as smoking, alcohol consumption, and physical activity. By
exploring how these elements intersect with diabetes management, we sought to identify
key areas for improving the quality of life and comprehensive care of diabetic individuals.
The absence of similar studies in Romania underscores the importance of this research
in addressing local knowledge gaps and providing a foundation for developing targeted
public health strategies tailored to the Romanian context.

2. Background of the Study

The current research aimed to explore the relationships between T2DM, oral health
behaviors, and lifestyle factors starting from a detailed analysis of existing literature. The
process of screening the literature was initiated by using Web of Science, a globally rec-
ognized academic database that provides access to thousands of high-quality research
articles across multiple disciplines, including medicine, public health, and life sciences.
Through the Web of Science Core Collection, which includes highly cited journals, confer-
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ence proceedings, and patent records a basic search was conducted focusing on three main
keywords: T2DM, Oral Health Behaviors, and Lifestyle Factors.

After the initial screening of 52 relevant scientific articles that focused on the core
themes of this research were selected. These articles were chosen based on their relevance,
citation impact, and the quality of the journals in which they were published. Web of
Science’s advanced filtering options, including citation network analysis and the ability
to track emerging trends in the field, helped ensure that the selected studies provided a
comprehensive overview of the latest research.

To better understand the relationships between key concepts in the literature,
VOSviewer (version 1.6.20), a powerful visualization software designed to map co-
occurrences of keywords from these selected articles was utilized. VOSviewer allows
for the identification and analysis of relationships between key terms, providing a clear
perspective on emerging trends and significant areas of interest in T2DM research.

The co-occurrence analysis of keywords helped to identify the most critical themes
within the selected literature. Through this mapping, strong connections between terms
such as T2DM, obesity, physical activity, insulin resistance, oral health behaviors, and
smoking were discovered. These connections highlight the complex interplay between
lifestyle factors and the management of diabetes. This approach not only emphasized
the individual importance of each factor but also showed how they interact to influence
glycemic control and the prevention of diabetes-related complications.

Thus, by analyzing the co-occurrence and visualizing the relationships between these
concepts, the importance of this subject in the context of public health and clinical manage-
ment could be underscored. The findings provide important insights into how lifestyle,
smoking, and oral health behaviors directly influence the management of T2DM.

The co-occurrence map generated from 52 Web of Science articles highlights key
thematic connections in T2DM research (Figure 1). Central terms like T2DM and obesity
emphasize their critical relationship, with strong links to insulin resistance and glycemic
control, underscoring their importance in disease management. The map also reveals the
significance of lifestyle factors, such as physical activity and diet, which play a crucial
role in improving health outcomes. Peripheral but notable themes include oral health
behaviors and inflammation, illustrating emerging research areas exploring how chronic
conditions like periodontitis impact diabetes. This comprehensive visualization reflects the
need for an integrative approach to diabetes care, incorporating both lifestyle and systemic
health factors.

In the next phase, the co-occurrence map was refined by raising the threshold to
include only keywords with a minimum of 3 occurrences, narrowing the analysis to 51 key
terms (Figure 2). This adjustment helped to highlight the most central and frequently
discussed themes in the literature. Core topics such as diabetes management, lifestyle
interventions, and risk factors remained prominent, reflecting the ongoing research focus.
The streamlined analysis also reinforced the importance of behavioral and physiological
aspects of T2DM care, emphasizing how lifestyle changes and patient engagement play
critical roles in disease management.

The final analysis focused on identifying trends in the evolution of research topics
over time. Using a time-overlay visualization in VOSviewer, the color gradient in the
map—from blue to yellow—reveals the shifts in research emphasis from 2012 to 2020
(Figure 3). Early research (highlighted in blue and green) predominantly focused on
general risk factors for T2DM, such as obesity, insulin resistance, and cardiovascular
disease. These foundational topics laid the groundwork for understanding the broader
scope of diabetes-related complications and the role of lifestyle in disease progression.
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Figure 1. Clustered Network Visualization of Key Concepts in T2DM Research.

Figure 2. Refined Co-occurrence Map Highlighting Central Themes in T2DM Research.
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Figure 3. Temporal Evolution of Research Focus in T2DM.

As the years progressed, newer research (depicted in yellow) shifted towards more
specific interventions and public health strategies, with increasing attention on epidemiol-
ogy, meta-analyses, and preventive measures like diet and lifestyle interventions. This shift
underscores a growing recognition of the importance of early prevention and tailored inter-
ventions in diabetes care. Additionally, keywords related to self-management, medication
adherence, and periodontitis show the expanding focus on patient-centered care and the
integration of oral health into diabetes management.

This temporal analysis not only highlights the dynamic nature of diabetes research but
also demonstrates a forward-looking trend toward prevention and holistic care. By tracing
these shifts in research focus, we gain a deeper understanding of how the field has evolved,
paving the way for more comprehensive and effective approaches to managing T2DM.

3. Materials and Methods

3.1. Study Design

This cross-sectional, observational and correlational study was conducted at the
Outpatient Diabetes Care Facility of the Pius Brînzeu County Emergency Hospital in
Timis, oara, Romania, between February and April 2024. A total of 132 patients with T2DM
(66 women and 66 men) participated, reflecting a diverse demographic representative of
diabetic patients in the region. All participants provided informed consent prior to their
inclusion in the study, ensuring ethical compliance and voluntary participation. None of the
participants were involved in the design or development of the research, maintaining the
integrity and objectivity of the study process. The research was conducted in full alignment
with the ethical principles outlined in the 2013 revision of the Declaration of Helsinki,
which governs ethical standards for research involving human subjects. Furthermore, the
study received formal approval from the Ethics Committee of the University of Medicine
and Pharmacy Victor Babes, Timisoara, Romania, under protocol number 05/30.01.2024,
affirming its adherence to rigorous ethical guidelines. For drafting the manuscript, GenAI
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tools have been used solely for English editing, given the fact that none of the authors are
native English speakers.

This study was conducted in Romania, focusing on the western region, which reflects
the country’s notable regional and local disparities in human development. The research ex-
amines areas with varying levels of socioeconomic development, as indicated by education
attainment, income levels, and access to healthcare services. The western region, character-
ized by a mix of industrial, agricultural, and service-based economic activities, includes
urban centers like Timis, oara that serve as regional economic hubs with relatively high
education levels and well-developed healthcare infrastructure, particularly in Timis, County,
which specializes in chronic care such as diabetes management. In contrast, rural areas
in the region face challenges related to poverty, limited connectivity, and reduced access
to healthcare and resources. Geographically, the combination of plains and mountainous
terrains influences lifestyle behaviors, including agricultural practices and recreational
activities, providing a nuanced context for studying the interplay between lifestyle, oral
health behaviors, and glycemic control in diabetic patients [21,22].

The participants were drawn from the western region of Romania, where the preva-
lence of diabetes is estimated at 8.23%, as reported by the PREDATORR study. To ensure
that the study captured a broad spectrum of experiences, a stratified random sampling
method was employed, balancing representation based on age, gender, and residential
environment (urban vs. rural). This approach minimized selection bias and enhanced the
applicability of the findings to the wider population of diabetic patients.

3.2. Inclusion/Exclusion Criteria

The study included individuals aged 18 and older, all diagnosed with T2DM. Exclusion
criteria encompassed patients with type 1 diabetes, those who did not provide informed
consent, individuals with severe cognitive or psychiatric impairments that hindered their
ability to consent, pregnant or breastfeeding women, and those who had undergone major
surgery or experienced significant physical trauma within the previous six months.

3.3. Data Collection

The data collection process was conducted by a team of three healthcare professionals,
including a diabetologist (S.P.) and two dentists (V.B. and R.D). Participants were provided
with an information sheet detailing the study’s objectives and procedures, addressing any
questions they had. Participation was voluntary, and individuals who met the inclusion
criteria and consented to participate signed a written consent form. Subsequently, they
were asked to complete a self-administered questionnaire while waiting for their medical
appointment. Completing the questionnaire required approximately 8 to 15 min. The
questionnaire was developed following a thorough review of existing literature and prior
studies [23,24]. It consisted of sections assessing lifestyle factors, oral hygiene behaviors,
and demographic and clinical characteristics. The lifestyle factors section included ques-
tions on smoking habits, alcohol consumption, and the frequency of physical activity. Oral
hygiene behaviors were evaluated by examining the frequency of toothbrushing, the use
of fluoride toothpaste, and the utilization of auxiliary cleaning methods, such as dental
floss or interdental brushes. The questionnaire used was developed based on the WHO
adult questionnaire, ensuring its validity and relevance for assessing health behaviors
and lifestyle in the target population [25]. Clinical data, such as glycated hemoglobin
(HbA1c) levels, were extracted from participants’ medical records to ensure accuracy and
standardization. Demographic data collected included age, gender, place of residence
(urban or rural), diabetes duration, and education level. This structured and comprehen-
sive approach ensured the collection of high-quality data on the relationships between
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lifestyle factors, oral health behaviors, and glycemic control among individuals with T2DM,
allowing for a nuanced analysis of these interrelated variables.

3.4. Variables and Study Outcomes

The primary dependent variable in this study was glycemic control, measured by gly-
cated hemoglobin (HbA1c) levels obtained from participants’ medical records. Secondary
dependent variables included oral health behaviors, specifically the frequency of tooth
brushing and dental visits. Independent variables encompassed lifestyle factors such as
smoking status, alcohol consumption, and frequency of physical activity; demographic
characteristics, including age, gender, place of residence (urban or rural), and educational
level; as well as clinical characteristics, such as the duration of diabetes and the use of
oral hygiene aids like dental floss or interdental brushes. This framework allowed for a
comprehensive analysis of the relationships between lifestyle, oral health behaviors, and
glycemic control among diabetic patients.

3.5. Statistical Analysis

The statistical analysis combined insights from a comprehensive literature review
with the evaluation of empirical data. The primary objective of the statistical tests was to
comprehensively analyze and elucidate the intricate relationships between various lifestyle
factors, oral health behaviors, and HbA1c levels, while simultaneously investigating po-
tential gender-specific differences within the study population. These analyses aimed to
provide a deeper understanding of how these variables interact and influence one another,
contributing to the overall health outcomes of individuals with diabetes.

Descriptive statistics summarized the demographic and behavioral characteristics of
the 132 participants, while Pearson correlations assessed relationships between variables
such as exercise frequency, education level, dental visits, and HbA1c levels. A split-
file analysis by gender further highlighted specific trends, including significant negative
correlations between HbA1c and exercise frequency or education among men, and a
positive correlation between education and dental visits among women. Linear regression
models identified predictors of HbA1c variability, with exercise frequency emerging as
the strongest negative predictor. All analyses were conducted using SPSS version 23, with
statistical significance set at p < 0.05.

4. Results

To further ensure representativeness, the sample reflected the regional demographic
profile of diabetic patients, with approximately equal numbers of participants from urban
(53%) and rural (47%) areas, mirroring the distribution reported in national health surveys.
Additionally, age distribution ranged from 34 to 87 years, with the majority of patients in
the 50–65 age group, a demographic most affected by T2DM. This stratification provided
a nuanced understanding of the diverse challenges faced by diabetic individuals across
different socioeconomic and geographical backgrounds, strengthening the external validity
of the study’s findings (Table 1).

The values of Skewness and Kurtosis for the variables of interest fall within the
parametric range (−2, 2), indicating that the dataset follows a normal distribution and
is parametric. The participants were equally distributed by gender, with 66 males and
66 females (N = 132). The majority of participants had completed either secondary educa-
tion (10 classes) or high school (12 classes), accounting for 64.4% (N = 85) of the sample,
followed by 20.5% (N = 27) who had a maximum of 8 years of education (gymnasium).

The mean age of the sample was 63.45 years (SD = 10.48), with the youngest participant
aged 34 and the oldest aged 87. Regarding alcohol consumption, 50% of participants
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(N = 66) reported occasional or monthly consumption, while 9.1% (N = 12) consumed
alcohol daily, and 33.3% (N = 44) abstained entirely.

Table 1. Descriptive Statistics for Key Variables in the Study Sample (N = 132).

Variables N (%)

Gender
Male 66 (50.0)
Female 66 (50.0)

Age
34–44 4 (2.7)
45–54 18 (16.2)
55–64 33 (29.8)
65–74 45 (40.5)
75–87 12 (10.8)
Missing age 20 (15.2)

Residence
Rural area 51 (38.6)
Urban area 81 (61.4)

In terms of exercise frequency, defined as any type of physical activity performed
for an extended duration, the majority of participants (49.2%, N = 65) reported being
inactive. Among the remaining participants, 22.7% (N = 30) engaged in physical activity
1–2 times per week, 15.9% (N = 21) exercised 3–4 times per week, and 12% (N = 16) reported
exercising 5 or more times per week.

Oral health was assessed through two variables: the frequency of dental visits and
the frequency of tooth brushing. Most participants (47.7%, N = 63) reported not visiting
the dentist in the past year, while 44.7% (N = 59) visited once or twice, and a minority of
7.6% (N = 10) visited three or more times annually. Regarding tooth brushing habits, 38.6%
(N = 51) brushed their teeth twice daily, 31.1% (N = 41) brushed once daily, 16.7% (N = 22)
brushed less than once daily, and 13.6% (N = 18) brushed more than twice daily (Table 2).

Table 2. Descriptive Statistics for Behavioral, Demographic, and Health Variables (N = 132).

Variables Mean Std. Deviation

Studies 1.88 0.55
HbA1C 7.95 1.51

Alcohol consumption 1.73 0.62
Dental visit 1.59 0.62

Exercise 2.87 1.24
Age 63.45 10.48

Tooth brushing 2.49 0.92
Gender 1.50 0.50

4.1. Gender-Specific Correlations

For gender specific correlation the Pearson correlation was used after splitting the
groups between females and males. The results show that regarding males, there’s a
significative positive correlation between tooth brushing frequency and dental visits R
(66) = 0.26, p < 0.05, with a small effect size of r2 = 0.06, meaning the frequency of tooth
brushing increases as males attend more dental check-ups. Regarding the value of HbA1,
there are two variable that correlate negatively to this. First, there is a negative significative
correlation between frequency of exercise and value of HbA1c, R (66) = −0.26, p < 0.05, with
a small effect size of r2 = 0.06, meaning that the value of HbA1c increases as the frequency
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exercise per week decreases. Secondly, there is a negative significative correlation between
HbA1c and education level R (66) = −0.27, p < 0.05 with a small effect size of r2 = 0.06,
meaning that the HbA1c value increases as the education level o participants gets smaller
(Table 3).

Table 3. Correlation Matrix of Lifestyle Factors, Oral Health Behaviors, and HbA1c Levels Among
Participants (N = 66).

Men Women Overall

Tooth Brushing Freq. Exercise Studies Dental Visits Alcohol Consumption Dental Visits

Dental visit 0.26 * 0.02 0.15 - 0.10 -

Exercise 0.06 - 0.07 0.05 −0.10 0.04

Alcohol consumption 0.00 −0.04 0.24 0.08 - 0.10

Studies 0.15 0.07 - 0.25 * 0.22 * 0.24 **

HbA1C −0.07 −0.26 * −0.27 * −0.09 −0.13 −0.16

p * < 0.05; p ** < 0.01.

For the female subgroup (N = 66), the analysis identified a single significant positive
correlation. Specifically, the frequency of dental visits was positively correlated with the
level of education achieved R (66) = 0.25, p < 0.05 with a small effect of r2= 0.06, meaning
that women with higher education also have higher rate of dental visits in the last year.

Although no other statistically significant correlations were identified within this
subgroup, this result underscores the potential influence of education on oral health be-
haviors. Women with higher educational attainment may have increased awareness of
the importance of regular dental care, access to better resources, or a stronger inclination
toward preventive health behaviors, contributing to this observed trend.

When analyzing at the correlation between the variables without taking into account
the gender, we found the following results regarding studies: there is a positive significative
correlation between level of studies and frequency of dental visits R (132) = 0.24, p <
0.01, with a small effect size of r2= 0.05, meaning that overall, when the level of studies
increases so does the frequency of dental visits. Additionally, the last significative result we
found was regarding level of studies and alcohol intake, we found a positive significative
correlation of R (132) = 0.22, p < 0.05 with a small effect of r2 = 0.04. These findings highlight
the potential influence of education on health-related behaviors, such as oral hygiene and
lifestyle habits. While the effect sizes are small, the consistent association between higher
education levels and both dental visits and alcohol intake suggests the need for further
research to explore the underlying mechanisms and potential socioeconomic or cultural
factors influencing these behaviors.

To explore the nuances between variances and variables, a split-file analysis based
on gender was conducted. A linear regression analysis was performed with HbA1c as
the dependent variable and the following predictors: frequency of dental visits, exer-
cise frequency, alcohol consumption, and education level, analyzed separately for men
and women.

The relationships between these predictors and HbA1c levels are further illustrated in
the linear regression model displayed in Table 3, which provides a visual representation of
their relative contributions to the variability in glycemic control.

For the whole sample the results of the linear regression analysis shows that the
level of studies, frequency of dental visits and exercise frequency significantly predict the
variability of HbA1c F (3, 120) = 3.23, p < 0.05. These variables predict in proportion of
0.075% of the total variability of HbA1c, R2 = 0.07. The strongest negative predictor was
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level of exercise with a β = −0.17, p = 0.05 explaining 2.89% of the total variability of HbA1c,
R2 = 0.02 (Table 4).

Table 4. Linear Regression Analysis Predicting HbA1c Levels Based on Education, Dental Visits, and
Exercise Frequency.

HbA1c

Beta Std Err. p

Overall
Studies −0.09 0.24 0.28
Dental visits −0.15 0.22 0.08
Exercise −0.17 * 0.12 0.05

Alcohol Consumption −0.79 0.23 0.40

Tooth Washing −0.05 0.15 0.56

Men
Alcohol consumption 0.12 0.28 0.34
Studies −0.24 0.32 0.07
Dental visits −0.26 * 0.32 0.05
Tooth washing 0.07 0.21 0.56
Exercise −0.21 0.18 0.09

Women
Alchool consumption −0.20 0.40 0.11
Dental visits −0.12 0.33 0.35
Tooth Washing −0.18 0.23 0.32
Exercise −0.12 0.19 0.32

Note: * p < 0.005.

The results of the linear regression analysis for men showed us that there are some
significant predictors of HbA1c, F (5, 50) = 2.49, p < 0.05, with the strongest negative
significant predictor for men being dental visit frequency, β = −0.26, p = 0.05, explaining
5% of the total variability of HbA1c for men, R2 = 0.05.

No significant results were observed for women in relation to any of the chosen
predictors (dental visits, level of exercise, level of education, teeth brushing frequency, and
alcohol consumption).

4.2. Correlations Between Age and Oral Health Status, Glycemic Control (HbA1c) and
Lifestyle Factors

To further explore the nuances in the relationships between the variables, a Pearson
correlation analysis was conducted based on age. The only significant correlations identified
within this study sample were between age and level of education, as well as age and
frequency of dental visits. The results showed a significative correlation R (106) = −0.33,
p < 0.01, with a medium to large effect size R2 = 0.11, between age distribution and the
level of studies, meaning as the age increases, the level of studies decreases. Another
significative correlation was found between age and frequency of dental visits, with a R
(112) = −0.32, p < 0.01, with a medium to large effect size of R2 = 0.10, meaning as the age
of participants increased, the frequency of dental visits decreased. As indicated in Table 5,
no other significant correlations were observed between age and the remaining variables.

Table 5. Correlations between age and socio-demographic and clinical parameters.

Age HbA1c Studies Alchool Consumption Exercise Freqeuncy Dental Visit Teeth Washing

Pearson Correlation 1.00 0.03 −0.33 −0.12 −0.10 −0.33 0.17

Sig. (2-tailed) 0.78 0.00 0.22 0.30 0.00 0.06

N 112.00 111.00 106.00 102.00 112.00 112.00 112.00
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5. Discussion

This study explored the intricate relationships between T2DM mellitus, lifestyle factors,
and oral health behaviors, providing new insights into the determinants of glycemic control
(HbA1c) and their variability among diabetic patients in Romania. Our findings underscore
the critical role of lifestyle and education in managing T2DM mellitus, aligning with global
research trends while addressing gaps specific to the Romanian population.

The primary goal of diabetes management is achieving optimal glycemic control, yet
our study revealed that a substantial proportion of patients with T2DM had poor glycemic
control, with a mean HbA1c of 7.95% (SD = ±1.52). This finding aligns with earlier studies
that reported high rates of poor glycemic control, ranging from 65% to 81.9% [26,27], further
emphasizing the persistent challenge in managing diabetes effectively. However, the pro-
portion remains significantly higher compared to developed countries, such as the United
States, where only 12.9% of patients have poor glycemic control [28]. This disparity likely
reflects differences in healthcare infrastructure, patient education, and access to resources.
For instance, in developed settings, uniform clinical guidelines, comprehensive health in-
surance, and robust primary care systems likely contribute to better glycemic outcomes. In
contrast, our findings suggest that gaps in awareness, adherence to lifestyle modifications,
and limited access to dental and medical care may hinder effective management in our
study population. This is further supported by the observed negative correlation between
HbA1c levels and education level, as well as exercise frequency, highlighting the pivotal
role of socioeconomic and behavioral factors in glycemic control.

Previous research has highlighted the relationship between glycemic control and
lifestyle factors [29,30].

Similarly, our study identified significant associations between glycemic control and
key lifestyle components such as exercise and medical adherence. These findings under-
score the critical importance of patient awareness and adherence to disease management
and lifestyle modifications in achieving effective diabetes control.

Our study sheds light on the role of physical activity in glycemic control, contributing
valuable data to the existing body of research. Previous studies have consistently linked
physical inactivity to higher glucose levels and poor glycemic control [31–33].

Our findings confirm this association, demonstrating a significant negative correla-
tion between exercise frequency and HbA1c levels, particularly among male participants
(R (66) = −0.26, p < 0.05). This suggests that consistent physical activity is associated with
better glycemic outcomes. However, a concerning 49.2% of our participants (N = 65) were
categorized as physically inactive, with only 22.7% (N = 30) engaging in exercise 1–2 times
weekly and 12% (N = 16) exercising five or more times weekly. Furthermore, adherence
to both dietary and exercise regimens was limited, with just 30 participants adhering to
recommended practices, highlighting a significant gap in lifestyle management. These
results emphasize the urgent need for targeted interventions to promote regular exercise
and dietary adherence among patients with T2DM. Barriers to physical activity, includ-
ing lack of awareness, accessibility, or motivation, must be addressed through structured
educational programs and individualized support systems. The observed associations
reinforce the broader evidence advocating for lifestyle modifications as critical components
of effective diabetes management. Interventions tailored to the unique challenges faced by
this population could significantly enhance self-management capabilities, reduce HbA1c
levels, and ultimately improve health outcomes.

The observed correlations between higher education levels and improved health
behaviors, such as more frequent dental visits, reflect the importance of education in
fostering awareness and access to preventive care. These results are consistent with existing
literature, which highlights education as a significant determinant of health outcomes. This
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study reinforces the influence of sociodemographic factors on glycemic control, in line
with previous findings that younger and less-educated individuals tend to exhibit higher
HbA1c levels compared to their older, better-educated counterparts [34]. In our analysis, a
significant negative correlation was observed between education level and HbA1c values,
indicating that higher education is associated with better glycemic control. This disparity
underscores the importance of educational interventions targeted at enhancing diabetes
self-management, particularly among younger and less-educated populations, to mitigate
the observed gaps in glycemic outcomes.

For men, the negative correlation between education and HbA1c levels emphasizes the
broader impact of educational attainment on metabolic control, suggesting that educational
interventions might be particularly beneficial for improving diabetes management among
this subgroup. Physical activity emerged as a strong negative predictor of HbA1c levels,
reinforcing the importance of exercise in diabetes care. This finding aligns with global
evidence that regular physical activity improves insulin sensitivity and glycemic control.
However, nearly half of the participants reported being inactive, highlighting a critical
area for targeted public health interventions. Gender-specific strategies may be necessary,
as exercise frequency was significantly associated with HbA1c in men but not in women.
This difference suggests potential sociocultural or biological factors influencing health
behaviors, which warrant further investigation.

The present study revealed significant gaps in oral hygiene behaviors and dental care
among patients with diabetes, paralleling findings from another research. Specifically,
38.6% of our participants brushed their teeth twice daily, slightly below the 49.3% average
reported in a systematic review of diabetes patients’ oral hygiene practices [35]. Moreover,
only 7.6% of participants in our study visited a dentist three or more times annually, with
47.7% not visiting a dentist at all in the past year. This aligns with broader findings showing
just over half (54%) of diabetes patients worldwide visit a dentist annually [36], a rate
substantially lower than the general population in high-income countries such as England
(73%), the U.S. (64%), and Australia [35].

Regarding oral health behaviors, our diabetic group showed suboptimal practices
compared to international standards but slightly better adherence to dental visits compared
to other Romanian study [37]. For instance, while Sadeghi et al. [38] reported that 83% of
participants attended regular dental checkups, our study found that 65.27% of diabetic
participants did so, a significant improvement compared to previous local data but still
indicative of barriers to consistent preventive care. Additionally, brushing frequency in
our diabetic cohort was less frequent than ideal, with only a minority adhering to the
recommended twice-daily brushing regimen.

Our findings further support the notion that barriers to regular dental care—such as
lack of perceived need, limited awareness, and accessibility issues—are prevalent among
diabetic patients. This is particularly concerning given the established bidirectional re-
lationship between periodontal health and glycemic control, where poor oral health can
exacerbate diabetes complications. The low adherence to flossing practices, with only a
quarter of global diabetes patients flossing daily [35], mirrors our results, suggesting a
critical need for improved education on the importance of interdental cleaning.

Interestingly, the frequency of dental visits also predicted HbA1c variability in men,
highlighting the link between oral health and systemic health. Periodontal inflammation,
which is exacerbated by poor glycemic control, can worsen diabetes outcomes, creating a
bidirectional relationship. The present findings suggest that men who visit the dentist more
frequently may experience better metabolic control, possibly due to reduced inflammation
or heightened health awareness. This connection underscores the need for integrating oral
health education and care into diabetes management programs.
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For women, while no significant predictors of HbA1c were identified, the positive
correlation between education and dental visits suggests a critical role for educational
attainment in shaping preventive health behaviors. Women with higher education levels
may have better access to dental care and a greater understanding of its importance in
overall health. This finding aligns with existing research suggesting that women’s health
behaviors are influenced by socioeconomic and educational factors, further emphasizing
the need for targeted educational programs.

Overall, this study highlights the multifaceted nature of diabetes care, emphasizing the
interplay between lifestyle factors, education, and oral health. These findings suggest that
effective management of T2DM mellitus requires a holistic approach that integrates lifestyle
interventions, educational support, and oral health care. Given the limited focus on these
factors in Romania, our results provide a strong foundation for developing tailored public
health strategies and patient-centered care models. Future research should aim to explore
the underlying mechanisms driving these relationships and evaluate the effectiveness of
integrative interventions in improving outcomes for diabetic patients.

This study has several limitations that should be considered when interpreting the
findings. First, the cross-sectional design limits the ability to infer causal relationships
between lifestyle factors, oral health behaviors, and glycemic control, highlighting the need
for longitudinal studies to confirm these associations. Second, reliance on self-reported data
for variables such as exercise, alcohol consumption, and oral hygiene behaviors introduces
potential reporting bias, as participants may have under- or overreported their habits.
The study’s focus on a single outpatient facility in western Romania may also restrict the
generalizability of findings to other regions or populations with differing socioeconomic or
healthcare contexts. Additionally, the relatively small sample size, though reflective of the
local population, may have reduced the statistical power to detect smaller effects, especially
in subgroup analyses. The p-value requirement for inclusion (p < 0.05) was emphasized;
however, it should be noted that this predictor is at the upper threshold of significance
with a p-value of p = 0.05. Consequently, the conclusion should be interpreted with caution.

Another notable limitation is the absence of clinical oral examination data, such as
DMFT, plaque index, or gingival index, which could have provided deeper insights into
participants’ oral health and its relationship with lifestyle and glycemic control. While
self-reported oral health behaviors were valuable, they lack the objectivity and detail
clinical measures could offer. This omission may have limited the study’s ability to explore
specific mechanisms linking oral and systemic health. Future research should address
these limitations by incorporating larger, more diverse samples, longitudinal designs, and
both self-reported and objective measures of lifestyle and health behaviors for a more
comprehensive understanding.

6. Conclusions

This study highlights the intricate relationships between lifestyle factors, oral health
behaviors, and glycemic control in patients with T2DM mellitus (T2DM). The findings
emphasize that both lifestyle and oral health practices play crucial roles in managing
glycemic levels, with education emerging as a consistent determinant influencing both
metabolic outcomes and preventive health behaviors.

These results underscore the necessity of integrative approaches in diabetes care,
combining lifestyle modifications with oral health interventions to optimize metabolic
control and improve overall health outcomes in the present sample. Future research
should further explore the underlying mechanisms driving these associations and assess
the efficacy of combined educational and behavioral interventions. Tailored strategies
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addressing socioeconomic disparities and fostering patient engagement are essential to
achieving comprehensive care for individuals with T2DM.
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Abstract: Background: Age-related conditions, such as being misinformed, having limited oral health
literacy, and the loss of manual dexterity, autonomy, or visual acuity, may act as barriers to oral health.
The aim of this study was to evaluate the effectiveness of two different oral hygiene instruction
methods on oral hygiene and the self-perception of oral health in older adults. Methods: This
randomized controlled trial included participants aged 65 and older who completed a questionnaire
on socio-economic factors, self-perceived oral health, and oral hygiene behaviours. Oral hygiene
status was assessed using the Oral Hygiene Index—Simplified (OHI-S). Participants were randomly
allocated into two different groups, according to the method of oral hygiene instruction: a “General
Approach” (GA) (n = 28) and a “Personalized Technique” (PT) (n = 26). After two months, a follow-up
session was conducted. Data were analysed using descriptive and inferential methodologies. Results:

The GA and PT methods were effective in promoting oral hygiene behaviours, with a significant
increase in the use of interdental devices, but no significant differences were found between the two
methods. Self-perceived oral health did not change significantly, neither after the instruction nor
between methods. Significant improvements were achieved with both methods for the OHI-S, with
significant differences between the two methods for the Calculus Index, where the PT achieved better
results. Conclusions: Oral hygiene education leads to improvements in the adoption of oral hygiene
behaviours and clinical indicators. Furthermore, a personalized approach promoted better results in
clinical indicators.

Keywords: oral health; oral hygiene; older; health motivation; self-assessment

1. Introduction

The demographic transition to an ageing society has become a global challenge, with
the number of older people expected to increase to 1.5 billion, 16.0% of the total population,
by 2050 [1,2]. Despite this rapid worldwide growth, too-limited attention has been given to
how older people live, what and how they can contribute to society, and what services and
support they may need. Regarding the ageing population, the world remains inadequately
prepared to meet the challenges and opportunities of global demographic change [3].
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In terms of oral health, there is an increased susceptibility to oral diseases in this age
group, such as dental caries and periodontal disease, which can lead to tooth loss, affecting
aesthetics, phonetics, and chewing function. Poor oral health also affects overall health,
well-being, and quality of life, and oral diseases have been associated with some chronic
diseases, such as diabetes and cardiovascular and respiratory diseases [4–7]. In addition,
while there are structural factors that promote oral health inequalities, leading to financial
constraints on treatment and limited access to oral health care, there are also individual
factors, often age-related, that can act as barriers to good oral health, such as misinformation
or limited oral health literacy and the loss of manual dexterity, autonomy, or visual acuity,
which can lead to some neglect of oral hygiene in terms of toothbrushing and interdental
cleaning and oral care concerns [7–10]. This highlights the importance of improving oral
health care for vulnerable older adults.

The maintenance of oral health, which is directly related to proper oral hygiene, is
highly dependent on two factors: the patient’s motivation/cooperation and the patient’s
ability to perform oral hygiene effectively. Given that bacterial plaque can be effectively
removed by proper oral hygiene, there is a need to enhance oral hygiene behaviours and
to invest in education and motivation with appropriate oral health interventions that
consider the specific needs of this ageing group [11,12]. Oral health education promotes
the improvement of general knowledge, which may lead to the adoption of favourable
oral health behaviours, which in turn could contribute to a reduction in the prevalence of
oral diseases [13].

The results of oral health education can be measured by objective clinical measures of
oral health, but self-perceived oral health is a subjective measure that has been shown to
be associated with clinical indicators and psychosocial factors and should, therefore, be
considered a complementary indicator [14–16]. In addition, subjective measures of oral
health involve multiple factors, not only personal experiences but also the environment and
social context. In older adults, some studies reported that their self-perception of health is
negative, while others report a good self-perception, even with poor oral health [14–19].
It is, therefore, important to assess whether oral health self-perception is modified by
education techniques [20]. Notwithstanding this, there is still no consensus on which factor
has the greatest impact on improving oral hygiene behaviours, as several studies have
tested different theory-based behavioural models, but all of them point to the importance of
education and subjective indicators of oral health in patients’ compliance with oral hygiene
behaviours [21–23].

Although some studies have been conducted on the importance of oral health in-
struction methods, the literature suggests that the results are still insufficient and that
there is a need to implement effective oral health programs that ensure the involvement
of the older population to fully assess their impact on oral health [13,24]. In addition,
self-perceived oral health has not been included in the assessment of post-intervention
changes in previous studies. Furthermore, behavioural studies in older populations are
important for introducing or modifying oral health policies to address oral health barriers
in this age group [21,22,25]. Thus, the aim of this study was to evaluate the effectiveness of
two different oral hygiene instruction methods on oral hygiene and self-perception of oral
health in older adults.

2. Materials and Methods

This two-armed randomized controlled trial (RCT) was conducted at a university
dental hospital (Egas Moniz Dental Clinic, Almada, Portugal) from 30 January 2023 to
29 May 2023. This study was approved by the Ethics Committee of the Egas Moniz School
of Health & Science, Portugal (No. 1131 of 26 January 2023), registered at ClinicalTrials.gov
(NCT06444490) and conducted according to the tenets of the Declaration of Helsinki. All
participants were thoroughly informed about the aims of this study and provided written
consent to participate in the clinical trial. The reporting of data followed the CONSORT
checklist [26].
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2.1. Participants

A total of 60 participants were recruited as a convenience sample at Egas Moniz Dental
Clinic. Inclusion criteria were being over 65 years of age, not being totally edentulous,
not being institutionalized, and being able to understand and sign an informed consent
form. Participants also had to be able to speak and understand Portuguese, be literate,
and be able to comply with the study protocol, i.e., not have disabilities such as blindness,
deafness, or dementia.

2.2. Study Protocol, Randomization, and Blinding

In this study, participants completed a questionnaire focusing on socio-economic data,
oral hygiene behaviours, and self-perceived oral health (Part A) at baseline. Clinical param-
eters of participants’ oral hygiene were then obtained by intraoral examination (Part B).
At this stage, oral hygiene instruction was provided (“General Approach (GA)” or “Person-
alized Technique (PT)”), depending on the instruction method assigned. Two months later,
a follow-up session was conducted. The study flow diagram is shown in Figure 1.

Figure 1. Study flow diagram.
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For the oral hygiene instruction, participants were randomly allocated into two groups,
with 30 participants (n = 30) in each group, and exposed to different methods of profes-
sional education. A computer-generated random number list with allocation concealment
was used to assign participants to 1 of the 2 groups (1:1 proportion). This allocation was
kept in a sealed envelope, which was not opened until the instruction session. The ran-
domization was performed by an external investigator, not involved in the intervention or
assessment. In addition, the researcher responsible for outcome assessment was blinded to
intervention allocation.

2.3. Intervention

For oral hygiene instruction, we defined two groups: The first group, identified as
the “General Approach” (GA) group, focused more broadly on the different topics of
oral diseases and oral hygiene care. Instruction for the second group, identified as the
“Personalized Technique” (PT), was based on the specific needs of each participant and was
considered the “Tell-Show-Do” method [27]. All oral hygiene instructions were performed
by the same dentist in both groups, using a checklist to ensure that the same procedures
and topics were covered.

Instruction for the first group, GA, consisted of a 15 min single session in which the
dentist attempted to impart knowledge about oral hygiene in general, highlighting some of
the most common conditions in this age group, namely the difficulty in achieving correct
brushing and interdental cleaning, demonstrating the correct technique on a typodont
(model), and alerting them to the importance of oral health to systemic health. Periodontal
disease, dental caries and denture care were also covered in general terms. Participants
were then given a written explanatory guide to reinforce good oral hygiene habits and
an explanation of these diseases. Oral hygiene tools were also provided to encourage the
expected improvement in oral health. Finally, there was a question-and-answer session to
clarify any doubts the participant might have.

As for the method applied to the second group, the PT is more patient-centred. This
approach began with a self-examination using an extraoral mirror by the participant to
allow the professional to understand each participant’s perception of their oral health
and their concerns, and the use of a plaque-disclosing solution to allow the participant
to be more sensitive to the areas where brushing and interdental cleaning were not as
effective. After understanding the participant’s oral hygiene behaviour, the aim was to
alert them to the most inappropriate aspects of their oral hygiene and to explain and
define the best solutions to adopt to improve it, adapting the oral hygiene tools to their
clinical conditions. At this stage, conditions such as dental caries, major gingival recessions,
areas of greater inflammation, areas where dental plaque accumulation or even tartar was
more visible (both in the mouth and on the denture), xerostomia symptoms, and further
denture care were highlighted. The typodont (model) was then used to demonstrate
the correct toothbrushing and interdental cleaning techniques, allowing participants to
practice brushing and cleaning interdental spaces until they were proficient. In the case of
periodontal disease and dental caries, an explanation of these diseases and the benefits of
good oral hygiene in preventing their rapid progression was given. The session ended in
the same way as the first method, with the participant receiving an explanatory guide and
more appropriate tools to promote the expected improvement in oral health. In addition,
a personalized plan was created for the participant to take home to improve their oral
hygiene techniques. The same question-and-answer session was used to clarify any doubts.
This PT method consisted of a single session of approximately 20 min.

2.4. Outcomes

Participants’ outcomes were assessed at two time points (baseline and 2 months) over
the 2-month study period. Both subjective and objective outcomes were conducted at each
evaluation period by a researcher not involved in any other study procedures. For the
subjective assessment, a structured questionnaire about socio-economic data, oral hygiene
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behaviours, and self-perceived oral health was used, while oral hygiene clinical indicators
were the objective assessments. The primary outcomes of this study were oral hygiene
behaviours and self-perceived oral health. The secondary outcomes were clinical oral
hygiene indices (DI-S, CI-S, and OHI-S).

2.4.1. Part A—Socio-Economic Data, Oral Hygiene Behaviours, and Self-Perceived
Oral Health

A self-reported structured questionnaire collected information on socio-economic
data, including age (years), sex (female/male), whether participants lived alone or not,
education level, categorized as primary school or less (≤4 years), or more than primary
school (>4 years), and monthly income (<800 EUR/≥800 EUR).

The oral hygiene behaviours questionnaire included brushing frequency (<2x/day/
≥2x/day) and use of interdental devices (“Do you use an interdental brush or dental
floss?”, with yes/no responses). For denture users, the questions surveyed about denture
hygiene and care were “Do you clean your denture every day?”; “Do you usually sleep
with your dentures on?”, with dichotomous (yes/no) responses.

Self-perceived oral health was assessed through the following questions: “How would
you describe your oral health?”, “How would you describe the condition of your teeth?”,
and “How would you describe the condition of your gums?”. The answers to the ques-
tions were classified as poor (“neither satisfied nor unsatisfied”, “unsatisfied”, and “very
unsatisfied”) or good (“very satisfied” and “satisfied”) [14]. For xerostomia assessment,
the survey question was “Do you feel your mouth dry: yes/no?”.

2.4.2. Part B—Oral Hygiene Clinical Indicators

Clinical recordings were collected by a single, blinded, and experienced general dentist
who had previously been subjected to a calibration procedure on ten patients not included
in the study. Measurement reliability and reproducibility were assessed by the intra-class
correlation coefficient (ICC), and the intra-examiner agreement was 0.96. The room used
for the observations had both natural and artificial lighting. The equipment used included
an intraoral mirror, a CPI probe, gloves, a mask, and compresses [28]. Data on the Oral
Hygiene Index—Simplified (OHI-S), which is the sum of the arithmetic mean of the Debris
Index—Simplified (DI-S) and the Calculus Index—Simplified (CI-S), could be obtained from
the clinical records. We then applied the terms “good”, “fair”, and “poor” to correspond to
selected levels of debris and calculus as follows: 0.0 to 0.6 is considered good, 0.7 to 1.8 is
deemed fair, and 1.9 to 3.0 is considered poor, with the OHI-S value being the sum of the
two: 0.0 to 1.2 (good), 1.3 to 3.0 (fair), and 3.1 to 6.0 (poor) [29].

2.5. Data Analysis

Statistical analyses were performed using IBM SPSS Statistics v.29 software and in-
cluded descriptive and inferential methodologies. For descriptive analysis, categorical
data were presented as frequency and percentage distributions and numerical data as
mean and standard deviation (SD). Inferential methodologies included the application of
statistical tests, depending on the characteristics of the variables and the type of compari-
son (Chi-squared test/Fisher’s exact test, McNemar test, Student’s t-tests for independent
and paired samples). Effect sizes were identified by calculating Cohen’s d and Cramer’s
V values. A significance level of 5% (p ≤ 0.05) was established in all inferential analyses.

3. Results

A total of 60 participants were assessed for eligibility. Of these, six participants were
lost to follow-up. For the GA, 28 participants completed the follow-up, and for the PT,
26 participants completed this assessment (Figure 2).
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Figure 2. RCT study CONSORT diagram.

3.1. Socio-Economic Characteristics of the Study Participants

Participant characteristics regarding the socio-economic variables are shown in Table 1.
Inter-group comparisons showed that the GA group was older (t(df = 53) = 2.021, p = 0.048)
and had a lower level of education (χ2(df = 3) = 8.620, p = 0.003) compared to the PT group.
No significant differences were found in other socio-economic variables.

Table 1. Socio-economic characteristics and denture use of study participants.

Total
(n = 54)

GA
(n = 28)

PT
(n = 26)

t Value * χ2 Value * Effect Size * p-Value *

Age (years), mean
(± SD) 73.2 (±6.6) 74.9 (±6.6) 71.4 (±6.2) 2.021 - 6.44 a 0.048

Sex, n (%)
Female 23 (42.6) 12 (42.9) 11 (42.3) - 0.002 0.006 b 0.967Male 31 (57.4) 16 (57.1) 15 (57.7)

Living alone, n
(%)

No 37 (68.5) 19 (67.9) 18 (69.2) - 0.012 0.015 b 0.914Yes 17 (31.5) 9 (32.1) 8 (30.8)

Education level, n
(%)

≤4 years 19 (35.2) 15 (53.6) 4 (15.4) - 8.620 0.40 b 0.003>4 years 35 (64.8) 13 (46.4) 22 (84.6)

Monthly income
(EUR), n (%)

<800 7 (13.0) 6 (21.4) 1 (3.8)
- - - -≥800 38 (70.3) 17 (60.7) 21 (80.2)

NA 9 (16.7) 5 (17.9) 4 (15.4)

Denture use, n (%)
Yes 51 (94.4) 26 (92.9) 25 (96.2) - 0.279 0.07 b 0.597No 3 (5.6) 2 (7.1) 1 (3.8)

* GA vs. PT (Chi-squared (χ2) test), except for age (Student’s t-test for independent samples). Effect size:
a Cohen’s d; b Cramer’s V. Abbreviations: GA—General Approach; n—number of participants; NA—not answered;
PT—Personalized Technique; SD—standard deviation.
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3.2. Oral Hygiene Behaviours

Regarding intra-group comparisons and considering oral hygiene behaviours, only the
use of an interdental device showed statistically significant improvements between baseline
and follow-up in the two instruction method groups (GA: χ2(df = 3) = 5.143, p = 0.016;
PT: χ2(df = 3) = 4.167, p = 0.031). Considering inter-group comparisons, no statistically
significant differences were found between the two methods of instruction (Table 2).

Table 2. Changes in oral hygiene behaviours (baseline vs. follow-up) according to instruction method
and comparison of oral hygiene behaviours between the two instruction methods.

GA (n = 28) PT (n = 26)

Baseline Follow-Up Baseline Follow-Up χ2 Value ** p-Value **

Brushing
frequency, n (%)

<2x/day 24 (85.7) 1 (3.6) 4 (15.4) 1 (3.8)
0.090 1.000≥2x/day 4 (14.3) 27 (96.4) 22 (84.6) 25 (96.2)

χ2 value * 0.800 1.333

p-value * 0.375 0.250

Interdental
device, n (%)

No 13 (46.4) 6 (21.4) 10 (38.5) 4 (15.4)
0.027 0.869Yes 15 (53.6) 22 (78.6) 16 (61.5) 22 (84.6)

χ2 value * 5.143 4.167

p-value * 0.016 0.031

Daily denture
hygiene, n (%)

No 6 (23.1) 1 (3.8) 0 (0.0) 0 (0.0) - -
Yes 20 (76.9) 25 (96.2) 25 (100.0) 25 (100.0)

χ2 value * 2.286 -

p-value * 0.125 -

Sleeping with
denture, n (%)

No 23 (88.5) 25 (96.2) 20 (80.0) 25 (100.0)
0.690 0.465Yes 3 (11.5) 1 (3.8) 5 (20.0) 0 (0.0)

χ2 value * 0.250 -

p-value * 0.625 -

* Follow-up vs. baseline (McNemar test). ** GA vs. PT (Chi-squared (χ2) test/Fisher’s exact test). Abbreviations:
GA—General Approach; n—number of participants; PT—Personalized Technique.

3.3. Self-Perception of Oral Health

Regarding self-perception of oral health, no significant differences were found for
both instruction methods between baseline and follow-up assessments in intra-group
comparisons, nor were any found between the two instruction methods (Table 3).

Table 3. Changes in self-perception (baseline vs. follow-up) according to instruction method and
comparison of self-perception between the two instruction methods.

GA(n = 28) PT (n = 26)

Baseline Follow-Up Baseline Follow-Up χ2 Value ** p-Value **

Oral health
perception, n

(%)

Good 24 (85.7) 23 (82.1) 23 (88.5) 22 (84.6)
0.003 1.000Poor 4 (14.3) 5 (17.9) 3 (11.5) 4 (15.4)

χ2 value * 0.000 0.000

p-value * 1.000 1.000

Teeth
perception, n

(%)

Good 24 (85.7) 24 (85.7) 24 (92.3) 25 (96.2)
0.436 0.604Poor 4 (14.3) 4 (14.3) 2 (7.7) 1 (3.8)

χ2 value * 0.000 0.000

p-value * 1.000 1.000

134



J. Clin. Med. 2024, 13, 7642

Table 3. Cont.

GA(n = 28) PT (n = 26)

Baseline Follow-Up Baseline Follow-Up χ2 Value ** p-Value **

Gum
perception, n

(%)

Good 24 (85.7) 26 (92.9) 24 (92.3) 25 (96.2)
0.147 1.000Poor 4 (14.3) 2 (7.1) 2 (7.7) 1 (3.8)

χ2 value * 0.167 0.000

p-value * 0.625 1.000

Xerostomia, n
(%)

No 16 (57.1) 13 (46.4) 10 (38.5) 9 (34.6)
0.436 0.604Yes 12 (42.9) 15 (53.6) 16 (61.5) 17 (65.4)

χ2 value * 0.800 0.000

p-value * 0.375 1.000

* Follow-up vs. baseline (McNemar test). ** GA vs. PT (Chi-squared (χ2) test/Fisher’s exact test). Abbreviations:
GA—General Approach; n—number of participants; PT—Personalized Technique.

3.4. Oral Clinical Indicators

Considering intra-group comparisons, the DI-S (GA: t(df = 27) = 8.131, p < 0.001; PT:
t(df = 25) = 5.447, p < 0.001), CI-S (GA: t(df = 27) = 2.299, p = 0.029; PT: t(df = 25) = 4.750,
p < 0.001), and OHI-S (GA: t(df = 27) = 7.485, p < 0.001; PT: t(df = 25) = 5.691, p < 0.001)
(p < 0.001) baseline scores decreased at follow-up for both instruction methods (Table 4).

Table 4. Changes in clinical indicators (baseline vs. follow-up) according to instruction method and
comparison between the two instruction methods (GA vs. PT).

Instruction
Method

Baseline
(b)

Score
Follow-
Up (f)

Score
Diff.
(f–b)

t Value
*

Effect
Size *

p-Value
*

t Value
**

Effect
Size **

p-Value
**

DI-S,
Mean
(±SD)

GA 0.95
(±0.47) Fair 0.38

(±0.37) Good −0.56
(±0.37) 8.131 0.37 <0.001 −0.526 0.42 0.601

PT 0.95
(±0.47) Fair 0.45

(±0.34) Good −0.50
(±0.47) 5.447 0.47 <0.001

CI-S,
Mean
(±SD)

GA 0.35
(±0.41) Good 0.23

(±0.30) Good −0.12
(±0.27) 2.299 0.27 0.029

2.804 0.35 0.007

PT 0.55
(±0.41) Good 0.16

(±0.21) Good −0.39
(±0.41) 4.750 0.41 <0.001

OHI-S,
Mean
(±SD)

GA 1.30
(±0.71) Fair 0.61

(±0.59) Good −0.68
(±0.48) 7.485 0.48 <0.001

1.162 0.65 0.250

PT 1.50
(±0.83) Fair 0.61

(±0.45) Good −0.89
(±0.80) 5.691 0.79 <0.001

* Follow-up vs. baseline (Student’s t-test for paired samples). ** Difference (f–b): GA vs. PT (Student’s t-
test for independent samples). Effect size: Cohen’s d. Abbreviations: b—baseline; CI-S—Calculus Index—
Simplified; Diff. (f–b)—difference between follow-up and baseline score values; DI-S—Debris Index–Simplified;
f—follow-up; GA—General Approach; OHI-S—Oral Hygiene Index—-Simplified; PT—Personalized Technique;
SD—standard deviation.

Regarding inter-group comparisons, we found no statistically significant differences
between the two methods for DI-S and OHI-S scores. However, a statistically significant
difference was observed for the CI-S (t(df = 53) = 2.804, p = 0.007), with a higher reduction
in the PT method (Table 4).

4. Discussion

To the best of our knowledge, this is the first study conducted in Portugal to assess
the effectiveness of two instruction methods on subjective and objective indicators of oral
hygiene among older adults. Our findings showed that both instruction methods applied in
this study increased the use of interdental cleaning devices, although there were no differ-
ences between the methods. However, the PT method obtained significantly better results
for the CI-S improvements, even though both methods improved all clinical indicators.
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Despite the scientific consensus that brushing is the most effective method of removing
plaque, empirical evidence suggests that brushing alone may only remove up to 60% of
total plaque during each cleaning session [30]. Additionally, several reports suggest that
brushing is more effective at cleaning the facial surfaces of teeth and less effective on
the interdental surfaces. This finding is significant because interdental areas are at the
highest risk for plaque accumulation on both anterior and posterior teeth [30,31]. Therefore,
interdental cleaning devices play a crucial role in the prevention of oral diseases and
conditions, such as gingivitis, coronal and interproximal caries, and tooth loss [12,32]. In
our study, dental floss and interdental brushes were evaluated collectively, which may have
contributed to higher baseline adherence levels than those reported in most studies [33–35],
as patient compliance with daily flossing is typically low, largely due to a lack of motivation
or difficulties in using dental floss, especially among older adults who may experience
decreased dexterity and motor skills [30]. However, the use of interdental brushes is
considered to be the most effective for interdental cleaning due to greater ease of use, better
ergonomic handlers, and patient acceptance [30]. Therefore, demystifying the existence of
easier-to-use interdental cleaning devices appears to be sufficient for patient compliance,
which may explain the success of both methods without favouring one over the other.

Despite some variation in reported daily denture care practices in the literature [33,36,
37], they tend to be generally high and favourable, aligning with this study’s findings and
potentially explaining the lack of significant differences between groups. The widespread
practice of denture care can be attributed to its accessibility, simplicity, and affordability [33,36].
Moreover, proper denture cleaning is crucial for maintaining good oral health, as it helps
prevent unpleasant odours, maintains aesthetic appearance, and prevents the accumulation of
dental plaque and calculus, which can lead to oral mucosal lesions that affect overall health,
particularly in older adults [38]. It is also recommended to remove dentures when sleeping to
prevent stomatitis caused by microorganisms, particularly Candida albicans, or by trauma [36,37].
Therefore, education about denture care practices remains essential in daily clinical practice.

Regarding self-perceived oral health, contrary to our results, some studies suggest
that knowledge of oral hygiene practices and oral health literacy can impact how patients
perceive their oral health [14]. However, it is interesting to note that the perception of
gum health in this study showed a tendency to achieve better results after both instruction
methods, which could be attributed to better oral hygiene, often associated with a reduction
in gingival inflammation [12,22], increasing the perception of gum health.

When examining clinical oral indicators, the PT method obtained significant and the
most favourable results for the CI-S. This finding could be because a more individualized
approach allowed participants to visibly recognize the accumulation of calculus, which
was more apparent than debris, potentially influencing their attitudes towards visiting the
dentist for a check-up or professional tooth cleaning. However, it is important to note that
participants in the GA group were significantly older and had lower levels of education.
These factors might have affected the effectiveness of this instructional method, since older
age is often associated with reduced autonomy and dexterity, and lower education levels
are linked with reduced oral health literacy, which can be a barrier to maintaining proper
oral hygiene practices [9,10,39,40]. Moreover, we observed significant improvements in
all oral hygiene clinical indices for both instruction methods at follow-ups, indicating the
success and effectiveness of both interventions. Regular interdental cleaning is known
to reduce dental plaque, calculus, and gingivitis [30]. Thus, significant improvements in
clinical indicators are likely to result from the substantial adherence to interdental cleaning
devices found in this study.

As a final note, this study’s results indicate that oral hygiene instruction can improve
the oral hygiene of older adults, regardless of the method used. This underscores the im-
portance of motivating older adults during dental visits and through educational programs.
However, the PT method showed slightly better outcomes, suggesting that personalized
and detailed attention enhances results. Nevertheless, the improvements in the GA group
demonstrate that benefits can also be achieved through training, lectures, workshops,
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or even teledentistry. Our results aim to contribute to future national public oral health
strategies by demonstrating the importance of expanding oral health motivational and edu-
cational interventions to ensure improvements in oral health for older adults. Furthermore,
in countries with still-low public sector coverage of dental services and with unequal geo-
graphical distributions of oral health care, such as Portugal, preventive dentistry focused
on education could help reduce dental treatment costs and inequalities in the burden of
oral diseases.

Limitations

This study is not free from limitations. In the present study, the small sample size and
the fact that it was a convenience sample limit the generalizability of our findings and our
ability to detect minor effects. However, this did not prevent our study from obtaining
statistically significant differences in some parameters within and between groups. In
addition, we performed an a posteriori power analysis to confirm the adequacy of the
sample size. Using the CI-S as a clinical outcome, considering the differences between
groups after follow-up, a Cohen’s d effect of 0.78 was determined. According to this value,
to establish an alpha error of 5% and a power of 80%, a total sample size of 52 participants
(n = 26 per group) was required. The follow-up period of this study may also be too short
to show more robust results. However, we consider it important that this evaluation in this
specific population be shorter, so that we do not lose contact with the study participants.
Future research on this topic should involve a larger population and a longer period of
time. Therefore, this study could be a basis for planning such trials, as there are no studies
in the Portuguese elderly population involving oral health education. Another limitation
is that the participants in the GA group were significantly older and had lower levels of
education than those in the PT group, which may have influenced the more positive results
in the latter group. In addition, we did not have a control group without intervention.
There may also have been some sample bias due to the fact that this population attends a
university clinic, which is often motivated by dental students, and this may have influenced
the results. Finally, this study did not consider participants’ oral health literacy before
and after the intervention and did not include a cognitive–behavioural approach in the
intervention evaluation. Further studies could include these aspects when assessing the
attitudes and perceptions of older adults.

5. Conclusions

The study results suggest that both the GA and PT instruction methods effectively
promote improvements in using interdental cleaning devices and oral hygiene score levels
in older adults, with a personalized approach potentially maximizing the clinical outcomes.
However, self-perceived oral health did not change significantly either after the instruction
method or between methods.

As the global older population continues to grow and life expectancy increases, it
is becoming increasingly important to invest in preventative oral and systemic health
measures in these patients. A more personalized approach through regular dental visits
would be ideal, but a generalized approach could also be considered to improve oral
hygiene in this population, providing education and literacy to enable the patient to
adopt appropriate behaviours and, thus, prevent potential oral diseases. This generalized
approach could be further evaluated in more detail, and, if proven successful and cost-
effective in a wider range of studies, it could be useful for national oral health strategies
aiming to include older adults with less accessibility to oral health care services.
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Abstract: Introduction: During the summer of 2019 and within the framework of a social dentistry
program carried out in the low-income town of San Francisco de Macorís (Dominican Republic), a
descriptive study was carried out on oral health-related quality of life (OHRQoL), aiming to find out
the oral health status of a population of children in the aforementioned Dominican city. Objective:

The aim of this study was to describe the oral health status of a child population and its relationship
with the quality of life perceived by these children in the aforementioned population of San Francisco
de Macorís in order to develop an specific oral health program taking into account not only the
existing oral health status but also the perceptions and feelings of the child population in this regard.
Method: A descriptive cross-sectional study was carried out on a representative sample of children
who were examined on their oral health status, following WHO guidelines, by professionals from the
University of Seville (Spain) together with professionals from private practice (USA) and students
from the Universidad Católica Nordestana (UCNE, Dominican Republic). Likewise, the children’s
parents voluntarily completed the Oral Quality of Life questionnaire COHIP-19 in its culturally
adapted Spanish version. Results: For this purpose, 94 children with a mean age of 10.34 (SD 3.38)
were observed in our study following WHO recommendations for oral health studies and evaluating
OHQoL using the specific questionnaire validated in Spanish COHIP-19 in its short format (SF). The
results show a state of oral health with a significant prevalence of caries (80.9%) and a DMFT of 1.70
(SD 1.90). The OHQoL perceived by these children shows that pain, bad breath or feeling sad because
of the condition of their teeth were the factors with the worst evaluation score. Conclusions: The
conclusion that mainly emerges from this study is that caries continues to be the main problem to be
solved (more than other variables studied, such as malocclusion or fluorosis), and this ailment also
causes pain, dysfunction, and bad breath and is therefore perceived as a problem to be solved in the
children of this Dominican city.

Keywords: oral health-related quality of life (OHRQoL); Child Oral Health Impact Profile-19 Short
Form (COHIP-19SF); Dominican Republic

1. Introduction

Oral health is an indivisible part of the general health of any child. As we know,
depending on the age of the child, they can be in a stage of primary, mixed, or permanent
dentition. According to the Global Burden of Disease Study, in 2017, more than 530 million
children worldwide had dental caries in their primary teeth. Traditionally, dental treatment
of primary dentition has not been given sufficient attention, even though it can cause a large
number of infections with their significant associated repercussions. There is also a clear
relationship between caries in the primary dentition and its appearance in the permanent
dentition [1,2].
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Caries can have a significant impact on children, families, and societies. The disease
begins in the primary teeth, may continue in the permanent teeth, and has an inescapable
impact on overall health and oral quality of life throughout life. Caries may be related
to other common childhood diseases, mainly due to risk factors in common with other
non-communicable diseases, e.g., high sugar intake, and with diseases related to other
health disorders such as obesity [3,4].

Dental problems may make chewing and sleeping difficult and restrict children’s life
activity. Severe dental caries is associated with growth deficiencies, and in addition, caries
can become an economic burden on the family and society; treatment of caries for extensive
dental repair is particularly costly and unaffordable for many families [5].

All this can be obviously related to an inadequate oral quality of life, since the functions
performed within the oral cavity can be altered and, in many cases, severely hindered
or even prevented by oral disorders such as caries, which are easily preventable. On the
other hand, the self-esteem of children suffering from oral diseases can be affected by this
alteration of oral functions [6,7].

When establishing a situational analysis prior to the implementation of specific oral
health programs, it is necessary to carry out epidemiological surveys to evaluate the human
and economic resources necessary to carry out the program, thus better linking the program
to the real and perceived needs of the population [8].

Traditionally, cross-sectional oral health studies have been carried out with a descrip-
tion of the health–disease status of the community, with data showing caries, periodontal
diseases, and/or malocclusions to be the dominant conditions [9]. Recent studies have
shown that other sociocultural factors, such as self-esteem and self-perception in commu-
nity health, should also be considered for the structuring, design, and implementation of
this type of oral health program. This is where the inclusion of oral quality of life surveys
comes in for the prior and much-needed situational analysis.

A variety of questionnaires have been developed to measure oral quality of life for
adults [10–12]. However, because children and adolescents have different quality of life
issues compared to adults [13], several instruments have been developed in recent decades
to measure oral quality of life in paediatric populations, despite the difficulties associated
with the development and validation of such instruments [14].

These include the Oral Health Outcome Scale for 5-year-olds, the Paediatric Oral
Health-Related Quality of Life Measure [15,16], and the Child Oral Impacts on Daily
Performance Index [17]. However, the most frequently used self-completed quality of life
scales for children are the Children’s Perceptions Questionnaire (CPQ) and the Children’s
Oral Health Impact Profile (COHIP) [18,19].

The COHIP (Community Oral Health Improvement Plan), which was originally
developed to assess “oral–facial well-being” across a range of ages (8–15 years) and
ethnicities [19–22], is also a comprehensive and well-validated questionnaire for determin-
ing children’s OHRQoL. It contains 34 questions and 5 subscales (oral health, functional
well-being, socio-emotional well-being, school environment, and self-image). The COHIP
questions cover areas in the area of oral and maxillofacial health, as well as the inclusion of
positive aspects of oral quality of life such as self-confidence and looking attractive).

The COHIP Short Form (COHIP-SF) 19 is an abbreviated version of the scale, devel-
oped in 2012, which contains 19 items and 4 subscales (self-image, oral health, functional
well-being and socio-emotional well-being). In this abbreviated form, the psychometric
properties of the original version are well maintained, and it can be administered more
quickly, which facilitates the assessment of oral quality of life in clinical studies. For the
interpretation of this questionnaire, we have, on the one hand, to analyze the final score
of the questionnaire. On the other hand, we must also analyze the average score of each
dimension and the score of each question individually [19–24].

In certain areas of the world that are more socioeconomically maligned, poorer oral
health has been shown, and we assume that this results in poorer quality of life. Studies
such as the one we have carried out in children to demonstrate this relationship between
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poor oral health and a low quality of oral life, which in principle would be a presupposition,
are lacking.

The objective of the present study was to describe the oral health status of a population
of children in the Dominican Republic (in terms of caries, fluorosis, and malocclusions)
and its relationship with the oral quality of life perceived by these children using the
COHIP 19 SF, with the final objective of carrying out an oral health program focused on the
population studied.

2. Materials and Methods

2.1. Study Type and Settings

A cross-sectional study was carried out in the city of San Francisco de Macorís (Do-
minican Republic), Urbanización Vista del Valle, the subjects of which were 94 children
between 4 and 16 years of age. These children attended the Dental Outreach Program
co-organized by professionals from private practice (USA), the University of Seville, and
the Universidad Católica Nordestana (UCNE, Dominican Republic) and were selected
during the summer of 2019. All the children whose parents agreed to participate in the
study and who did not present any type of severe systemic pathology that could alter the
study were considered.

For the start of the measurements, written informed consent was requested from the
parents or legal guardians, considering the international provisions of the Declaration of
Helsinki (modification of Edinburgh 2000).

2.2. Data Collection

Data collection was carried out in two stages: first, clinical examinations were per-
formed in portable dental units to obtain diagnoses of oral health status, applying the
methodology recommended by the WHO in its book Oral Health Surveys Basic Methods,
fourth edition [25]. Following these indications, caries, fluorosis (Dean’s index) and maloc-
clusion indices were obtained.

In a second phase, the children’s parents completed the COHIP-19SF questionnaire
that assessed levels of perception of Quality of Life related to oral health. Specifically, this
questionnaire assesses four dimensions (functional well-being, socio-emotional well-being,
oral health and self-image).

This questionnaire was previously evaluated for face validity by two examiners in a
pilot test to assess its comprehension and to compare the different scores obtained with
the theory. It contains 19 questions with a single response option on a 5-point Likert scale
(ranging from never to always) and includes information on associated sociodemographic
factors (age, sex, birth place).

2.3. Study Variables and Statistical Analysis

To conduct the statistical analysis for the oral health status and levels of perception of
oral health-related quality of life, the means, standard deviation, frequency distribution,
and percentages were calculated.

Relationships between variables were evaluated using the Chi-square test to test for
statistical significance, assuming a statistically significant association when the p value was
less than 0.05. All estimator values were adjusted from the sample design. The statistical
program SPSS version 27 for Windows was used for the analysis.

3. Results

Of the 94 children seen in the operation, the mean age was 10.34 (SD 3.38). To facilitate
the analysis, we grouped the children into small (under 6 years), medium (between 6 and
12 years), and large (over 12 years, up to 16 years). Of these three groups, the most frequent
was the medium group with more than 50% of the children seen (57.4%) (Table 1).
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Table 1. Distribution of the sample by age group.

Frequency (n) Percentage (%)

Small < 6 years 15 16.0
Medium 54 57.4

Large > 12 years 25 26.6
Total 94 100.0

A similar number of boys and girls (55.3% of children) were seen, almost all of
whom were from San Francisco de Macoris (74.5%) and to a lesser extent from adjacent
neighbourhoods.

Regarding dental anomalies, fluorosis was very rare (only clearly perceptible in 5.4%
of the children) and it can be affirmed that more than half of the children had orthodontic
needs (55.4% with slight or moderate malocclusions), as seen in Table 2.

Table 2. Distribution of the sample by sex, origin, fluorosis, and malocclusion.

Frequency (n) Percentage (%)

Gender

Boys 52 55.3

Girls 42 44.7

Total 94 100.0

City

San Francisco de Macoris 70 74.5

Santiago 16 17.0

La Vega 8 8.5

Total 94 100.0

Fluorosis
(Dean index)

No fluorosis 82 87.2

1 Dean 7 7.4

2 Dean 4 4.3

3 Dean 1 1.1

Total 94 100.0

Malocclusion

None 42 44.7

Light 48 51.0

Mild or severe 4 4.3

Total 94 100.0

The prevalence of caries found was significant (80.9%) with a mean DMFT of 1.70
(SD 1.90) and a dft of 1.86 (SD 2.04) for the total sample, although it is true that this index
needs to be analyzed by age (Table 3).

Table 3. dft and DMFT in the sample.

Mean Dev.

dft (temporary) 1.86 2.040

DMFT (permanent) 1.70 1.905

When analysing each of the questions in the COHIP SF-19 questionnaire, we see the
distribution in percentage of each answer to each question, as well as the mean and SD.
In each of the 19 questions that make up the COHIP19 SF questionnaire, there are five
possible answers that can be given, using a Likert scale from 0 to 4 where 0 corresponds to
never and 4 to always (in terms of the frequency of occurrence with respect to the question
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asked). For each question, a mean was found with its corresponding standard deviation, as
shown in Table 4.

Table 4. COHIP 19SF responses distribution; mean and SD.

Question
0

Never
1

Hardly Ever
2

Sometimes
3

Frequently
4

Always
Mean SD

P1. Had pain in your
teeth/toothache 44 (46.8%) 29 (30.8%) 16 (17%) 4 (4.3%) 1 (1.1%) 0.82 0.939

P2. Had crooked teeth or spaces
between your teeth 52 (55.3%) 21 (22.3%) 15 (16%) 6 (6.4%) 0 0.73 0.952

P3. Had discoloured teeth or spots
on your teeth 33 (35.1%) 31 (33%) 18 (19.1%) 7 (7.4%) 5 (5.4%) 1.15 1.145

P4. Had bad breath 29 (30.9%) 32 (34%) 20 (21.3%) 9 (9.6%) 4 (4.3%) 1.22 1.118

P5. Had bleeding gums 44 (46.8%) 22 (23.4%) 20 (21.3%) 6 (6.4%) 2 (2.1%) 0.94 1.066

P6. Been unhappy or sad 47 (50%) 20 (21.3%) 19 (20.2%) 3 (3.2%) 5 (5.3%) 0.93 1.148

P7. Missed school for any reason 31 (33%) 46 (48.9%) 13 (13.8%) 4 (4.3%) 0 0.89 0.796

P8. Been confident 32 (34.1%) 40 (42.5%) 19 (20.2%) 2 (2.1%) 1 (1.1%) 0.94 0.853

P9. Had difficulty eating foods you
would like to eat 55 (58.5%) 19 (20.2%) 13 (13.8%) 7 (7.5%) 0 0.7 0.971

P10. Felt worried or anxious 37 (39.4%) 34 (36.2%) 17 (18.1%) 4 (4.3%) 2 (2%) 0.94 0.971

P11. Not wanted to speak/read out
loud in class 60 (63.8%) 16 (17%) 17 (18.1%) 1 (1.1%) 0 0.56 0.824

P12. Avoided smiling or laughing
with other children 64 (68.1%) 14 (14.9%) 14 (14.9%) 1 (1.1%) 1 (1%) 0.52 0.864

P13. Had trouble sleeping 64 (68.1%) 14 (15.9%) 15 (16%) 0 0 0.5 0.8

P14. Been teased, bullied, or called
names by other children 66 (70.2%) 13 (13.8%) 11 (11.7%) 3 (3.2%) 1 (1.1%) 0.51 0.901

P15. Felt that you were attractive
(good-looking) 26 (27.7%) 50 (53.1%) 17 (18.1%) 1 (1.1%) 0 0.93 0.707

P16. Felt that you look different 21 (22.3%) 47 (50.1%) 24 (25.5%) 2 (2.1%) 0 1.07 0.751

P17. Had difficulty saying certain
words 29 (30.9%) 39 (41.5%) 20 (21.3%) 6 (6.4%) 0 1.03 0.885

P18. Had difficulty keeping your
teeth clean 20 (21.3%) 45 (47.9%) 24 (25.5%) 5 (5.3%) 0 1.15 0.816

P19. Been worried about what other
people think about your... 31 (33%) 32 (34%) 26 (27.7%) 5 (5.3%) 0 1.05 0.908

Social–emotional well-being
subscale (p6–7, p10–12, p14,

p16, p19)
0.92 1.086

Functional well-being subscale
(p9, p13, p17–18) 0.84 0.88

Oral health subscale (p1–p5) 0.97 1.044

Self-image subscale (p8 y p15) 0.93 0.78

For the analysis of this table and taking into account the results obtained from the
measure of centralization that can provide us with the most information (mean with its
SD), we see that there is a generalized tendency for the answers to be never or almost
never, in many cases comprising almost 80% of the answers to this question (this is true for
questions p1 (77.6%), p2 (77.6%), p7 (81.9%), p9 (78.7%), p11 (80.8%), p12 (83%), p13 (84%),
and p14 (84%).

More focused responses with more frequent values of 1 and 2 were given for the
questions between p16 and p19, with values ranging from 75.6% for p16 to 61.7% for p19.

Negative values with answers of 3 and 4 were almost not seen in the sample, the most
striking being for question p6 with a value of 5.3% for the answer of always.
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The overall mean COHIP-19 SF for all the patients was 14.01, with an SD of 16.73. This
gives us a mean COHIP-19 value with an acceptable self-perception of their oral health, as
can be seen in Figure 1. In this same graph, it can be seen that the median is even lower
than that (12.10), meaning that more than 50% of the respondents show very good values
of self-perception of their oral health.

Figure 1. Final COHIP-19 cluster plot for the sample.

Within the areas of study that can be encompassed according to the COHIP 19 ques-
tions are oral health (from question p1 to p5), functional well-being (p6, p7 p9, p10 p11,
p12 p14 and p19), socio-emotional well-being (p13, p16, p17 and p18) and self-image (p8
and p15). If we analyze the mean of each of these subareas, we can see that the mean
of oral health is 0.97 (SD 1.044), that of functional well-being is 0.84 (SD 0.88), that of
socio-emotional well-being 0.92 (SD 1.086), and that of self-image 0.93 (SD 0.78).

When we relate each of the answers to each question with the different sociodemo-
graphic variables and pathologies studied, we can assess whether the relationship between
them is statistically significant or not (it will be when the p value is <0.05 (Table 5). For
example, with respect to age, there is statistical significance in questions p4, p5, p6, p11,
and p18. Regarding sex, the p value was less than 0.05 in questions p1, p4, p7, and p8. The
population of origin was not a variable that caused statistically significant differences to
appear with respect to the questions of the COHIP-19 questionnaire.

With regard to caries and its relationship with the questions, there are statistically
significant differences in questions p1 to p8, p10, and p15. In this case, moreover, the higher
the number of caries, the worse the overall COHIP-19 scores, as can be seen graphically in
Figure 2a.

With regard to malocclusion, there are only differences in question p9. It can also be
seen that the existing difference in terms of caries is not seen in terms of malocclusion,
with the means being similar in the children’s responses regarding their oral quality of life
regardless of whether or not they have malocclusion (Figure 2b).
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Table 5. Correlation between variables. * Statistical significance for d value at p < 0.05.

QUESTION Age Gender City Caries Malocclusion

P1. Had pain in your teeth/toothache 0.263 0.026 * 0.144 0.012 * 0.115

P2. Had crooked teeth or spaces between your teeth 0.173 0.072 0.175 0.038 * 0.086

P3. Had discoloured teeth or spots on your teeth 0.158 0.101 0.186 0.000 * 0.489

P4. Had bad breath 0.030 * 0.034 * 0.593 0.001 * 0.160

P5. Had bleeding gums 0.001 * 0.080 0.328 0.042 * 0.454

P6. Been unhappy or sad 0.001 * 0.942 0.054 0.021 * 0.452

P7. Missed school for any reason 0.098 0.043 * 0.544 0.000 * 0.117

P8. Been confident 0.322 0.009 * 0.367 0.000 * 0.752

P9. Had difficulty eating foods you would like to eat 0.60 0.310 0.209 0.103 0.037 *

P10. Felt worried or anxious 0.155 0.661 0.450 0.046 * 0.106

P11. Not wanted to speak/read out loud in class 0.012 * 0.656 0.209 0.415 0.429

P12. Avoided smiling or laughing with other children 0.293 0.304 0.156 0.176 0.175

P13. Had trouble sleeping 0.330 0.463 0.322 0.179 0.330

P14. Been teased, bullied, or called names by other children 0.178 0.727 0.336 0.311 0.844

P15. Felt that you were attractive (good-looking) 0.246 0.382 0.137 0.026 * 0.567

P16. Felt that you look different 0.198 0.406 0.401 0.171 0.977

P17. Had difficulty saying certain words 0.298 0.824 0.911 0.152 0.986

P18. Had difficulty keeping your teeth clean 0.027 * 0.464 0.280 0.051 0.426

P19. Been worried about what other people think
about your... 0.937 0.594 0.082 0.109 0.748

Socio-emotional well-being

Functional well-being

Oral health

Self-image

  

(a) (b) 

Nothing       Light       Mild or severe 

 Degree of Malocclusion 
  Nº Total Caries 

Figure 2. Relationship between degree of malocclusion and (a) number of total caries and (b) final
COHIP score14.

4. Discussion

One limitation of the study we have just presented is that it is a descriptive study in
which the participants involved were those who attended the social project, so there was
no sample selection. However, it does serve as a starting point for the future planning of
oral health programs in the community.
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4.1. Oral Quality of Life and Oral Pathology

In our study, the prevalence of caries was 80.9%. Taking (as a reference) the age of
12 years for comparison between the different studies, the prevalence is somewhat lower,
with a percentage of 68.6%. In neighbouring countries, the prevalence values are very
different, with data ranging from 35% in the study of Antigua and Barbuda to similar
data in studies such as one in Haiti in 2005 [26]. If we compare them with data from the
European Union, the prevalence values are far from those in countries such as Sweden,
with 5.4%, or Spain, with 11.6% [25–27] (Table 6).

Table 6. Caries prevalence and DMFT in countries of the area at 12 years.

Country, Year Caries Prevalence 12 Years DMFT 12 Years

Bahamas 2000 54.5% 1.56

Antigua y Barbuda 2006 35.9% 0.90

Cuba 2000 54.5% 1.56

Dominican Republic 2008 -- 8.66

Haiti 2005 71.9% 4.37

Jamaica 1995 41.0% 1.08

Puerto Rico 2011 69.0% 2.5

San Fco Macoris 2019 68.6% 1.70

Sweden 2020 5.4% 0.42

Spain 2020 11.6% 0.58

Access to healthcare should also be considered. Studies carried out in Sweden, the
USA, Canada, and Australia [28–31] show that it is possible to achieve a significant reduc-
tion in the prevalence of dental caries when preventive strategies and improved accessibility
to healthcare are taken into account.

As in our study, there are different studies that present similar results in terms of the
correlation between the state of oral health and the socio-economic level of the individuals
and in the demand for dental treatment. Although dentists are the main agents responsible
for oral health, it is argued that there is also a duty of society to promote oral health
education strategies, especially when there is an impact on quality of life and general
health [32–34].

In this context, we believe that oral health education initiatives for young children
implemented in general paediatrics and in the school setting should be valued. On the
other hand, we also consider the education of the general population on the impact of oral
disease on the quality of life when aesthetic and functional characteristics are compromised
to be of great relevance.

Once again, we argue that prevention of childhood caries is essential, not only as
a clinical problem for oral health professionals but also as a necessity in terms of oral
health policy. Like other types of healthcare, considering the needs of children and families
in oral healthcare will produce greater satisfaction and better compliance with medical
recommendations [35–38].

As has been advocated in medical education and other health professionals’ educa-
tion, in the practice of dentistry, attitudes may be trained and developed according to
patient-centred clinical models, which advocate consideration of the patient and family’s
needs, respect for their preferences and lifestyles, and participation in decision making for
appropriate treatment plans. Patient-centred clinical methods and the attitudes consonant
with them on the part of healthcare professionals result in an approach suitable to the child
and his or her family as well as sound reasoning about aspects of quality of life [39–47].

The availability and accessibility of oral healthcare therefore depends not only on
parental information and knowledge but also on the ability and financial resources of
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the family. In another study conducted in Italy and published in 2013 [48], it is stated
that dental treatments are mainly provided by private health professionals; therefore, oral
healthcare is mainly financed by direct payments from families or to a lesser extent through
public schemes or private health insurance.

It is concluded that this fact endangers the most disadvantaged socio-economic popu-
lations because they do not manage to take care of their health; consequently, it leads to
decreased resistance to oral and other diseases. Additionally, in Canada, there are discrep-
ancies in access to oral healthcare because it is not included in the Canadian National Health
Service, so the lower socio-economic classes have worse caries rates [49–51]. Thus, oral and
dental health may be integrated into overall health promotion programs for families, using
principles similar to the common risk factor approach [52–55].

Family-centred interventions aimed at health promotion suggest a suitable approach
that can be incorporated into general health plans, always taking into consideration the
specific characteristics of groups and communities [54,55]. Some studies argue that the
family is the primary source of information on health, with mothers playing a fundamental
role in modelling behaviours and attitudes related to healthy habits. In addition, the
attitudes and values acquired in the early ages will influence the following stages and
active responsibility for individual health [56].

Although health information in the family environment is developing, research also
shows that some subjects never receive it. For this reason, the school has an important role
in the creation of healthy environments and in the discussion of health-related topics [54,55].

As with caries, other oral pathologies also pose challenges regarding early interven-
tions in prevention and health promotion. We also advocate for the need to resort to
preventive strategies for malocclusion, since we recognize that some of the behaviours that
are the basis of this type of pathology can be avoided and modified through the use of
methodologies to provide information to parents and educators.

4.2. Oral Health Quality of Life: Early Intervention

Currently, there are no published studies regarding the Dominican Republic on oral
health data in school children and no research on oral health-related quality of life. For this
reason, it is difficult to compare the global results of the present study due to the lack of
studies in the same geographic area. However, we know of different studies that assess
oral health-related quality of life using scales such as the one used (COHIP-19 or ECOHIS)
in early childhood in other countries—such as the USA, Turkey, Brazil, and China—either
using non-probability samples or studying specific groups such as families of different
socio-economic levels [57–63].

The results of our study confirm the hypothesis that alterations in oral health such as
caries or alterations in occlusion affect the quality of life of preschool children and their
families. Caries is the parameter that has the greatest impact on quality of life. As in other
studies, malocclusions do not have such a great impact because there is no statistically
significant association between COHIP 19 values and malocclusion [62–67].

This result shows that in the evaluation of oral health-related quality of life made
by parents, they tend to consider caries first as a perceived health indicator. This fact
is probably due to the consequences of caries perceived by parents as more severe and
prolonged, causing them to neglect other oral health conditions that are as equally clinically
complex [65].

The study by Martins-Júnior et al. conducted in Brazil with a population-based sample
of preschool children corroborates the relationship between caries and oral health-related
quality of life [59]. Analogous to what we found in our study, in this publication parents
value caries in young children as a primary indicator of oral health-related quality of life.
As in other age groups, oral health problems in children have an impact on quality of
life because pain, discomfort, and functional limitation affect physical, psychological, and
social capacity, which translates into difficulties in nutrition, language pronunciation, and
socialization, as well as low self-esteem and irritability, among other issues [32,66].
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The results in our work show an increase in the prevalence of caries with increasing
age of the children, as it is related to the COHIP score. Thus, in older children, due to the
permanence of the teeth for a longer period, they are subject to more aggressive pathologies
and to developing more oral pathological symptoms. The age of the child influences the
COHIP score, which agrees with the findings described in a Brazilian study [32].

The conclusion that older children have an increased likelihood of experiencing a
negative impact on quality of life seems to be rooted in the fact that older children have
more advanced-stage caries and have a greater and better ability to communicate with
parents about the effect of oral health conditions on their quality of life.

This finding reinforces once again the need to consider early childhood oral health
education as a priority. Caries lesions were associated with a negative impact on the quality
of life of the students and their families, and traumatic dental lesions are also associated
with worse quality of life [32].

Accordingly, the literature confirms that in children in whom a negative impact of oral
health status on quality of life is found, the most frequently reported complaints are related
to caries and to their developmental stage: pain, difficulty eating some foods and hot or
cold drinks, sleep problems, irritability, and self-image problems when smiling [59,65–67].

Some authors argue that the mean COHIP score reflects an association between the
presence of caries at different stages of development and impact on quality of life, with 40%
to 69% of parents/caregivers reporting an impact on the child’s quality of life according to
the demand (or lack thereof) for treatment [66].

These data show that the demand for dental treatment may depend on the percep-
tion of the child’s oral health conditions and eventual consequences [59]. In our study,
perceptions of oral health were considered poorer than those of general health, which we
can say is due to a concern on the part of parents who have been evaluated by oral health
professionals because they are not as knowledgeable about the state of oral health because
it is more specific. In addition, many of the children in our study had never been seen by
a dentist, a fact that we verified empirically but which was also reported to us by those
responsible for the school establishments.

For this reason, we believe that the commentary provided by us on the oral health
of each child within his or her family will be very useful. Possibly, in this case, the socio-
economic resources of the family will be reflected in the overall health of the child. The
impact of oral disease on quality of life was perceived by parents to be negative; this
occurred when the child presented caries or the need for treatment.

5. Conclusions

Although it must be taken into account that the data of this study correspond to a
descriptive study without control of sample selection (since it was carried out on patients
attending a social program), we can conclude that Dominican children have a prevalence
of caries that is above the average of the surrounding countries and a perceived quality of
oral health that does not correspond to this state of oral health.

These data show the need to carry out oral health programs focused on the treatment
of caries (due to the damage it causes) rather than malocclusions, which do not have such a
high impact on the quality of life of these disadvantaged populations.
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Abstract: Background/Objectives: Oral health behaviors can be shaped by various factors,
both global (such as the COVID-19 pandemic) and individual (e.g., gender, age). This
retrospective study aims to assess the factors influencing the choice between conservative
and surgical dental procedures among patients based on the example of the university
specialized center in Poznan. Methods: We explored the patient dataset from the University
Center of Dentistry and Specialized Medicine (Poznan, Poland), covering the period from
1 January 2017 to 31 December 2023. A total of 182,654 medical records were analyzed,
focusing on procedures such as restorations, endodontic interventions, and extractions.
Multivariate logistic regression and multidimensional correspondence analyses were em-
ployed to assess the impact of demographic factors (age and gender) and tooth-specific
characteristics on clinical decisions. Results: Females, particularly younger, were more
likely to choose restorative procedures, while males, especially those over 50, predom-
inantly underwent surgical procedures. Endodontic treatments were most common in
males aged 18–30, primarily for maxillary anterior teeth and premolars. Molar extractions,
especially in the mandible, were the most frequent surgical procedure. Maxillary teeth,
particularly canines and premolars, were more likely to be treated conservatively. Con-

clusions: Economic factors, limited treatment access, and variations in patient preference
influenced the observed patterns. Despite a national trend toward increased conservative
treatments, disparities persisted based on age, gender, and tooth type. These findings
emphasize the need for targeted prevention strategies and equitable access to advanced
dental care.

Keywords: gender; tooth restoration; root canal treatment; dental surgery; age; decision
making

1. Introduction

The general health status and health behaviors of individuals are shaped by various
factors, both external and individual. While some of these factors, such as age or gender,
are unmodifiable, others, like income, education, and lifestyle choices, can be influenced
or modified. Individual characteristics, including gender, age, income, and education,
play a significant role in determining health behaviors and decisions related to oral health
and dental care. Research highlights the impact of these factors on oral health. Poor oral
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hygiene and less engagement in health maintenance are often linked to male gender, low
income, rural residential area, and lower educational attainment [1–7].

Gender, in particular, stands out as a strong determinant. Males generally exhibit
poorer oral health, less consistent hygiene practices, and fewer or less regular dental
check-ups and treatment compared to females. These findings underscore the need for
gender-specific strategies to enhance oral health and address gender disparities. Beyond
hygiene habits, gender also influences emotional well-being and perceptions of oral health.
Studies associate poorer self-assessment of oral health and higher dental anxiety levels
with males, who also tend to have a greater prevalence of general diseases [5,6,8–10].

Dental fear remains a significant barrier to seeking care. Encouragingly, recent trends
indicate a reduction in dental anxiety among schoolchildren and young adults benefiting
from public dental health programs that emphasize prevention and psychological support.
Despite these advancements, dental fear persists at concerning levels, necessitating further
refinement of psychological approaches to patient care [11]. Additional determinants of
health behaviors include living conditions, sociocultural factors, and access to healthcare
services. These factors significantly affect patients’ overall health and their willingness
to engage in oral health practices [1,2,12]. The interplay of these external and individual
influences highlights the complex nature of medical decision making and the importance
of addressing diverse factors to improve health outcomes.

According to the latest report on the oral health of Poles, conducted between 2016 and
2020 in the Greater Poland region, the incidence of tooth decay (dmft/DMFT > 0) showed a
concerning increase with age, rising from 21.0% in children aged 3 to 89.0% by the age of 18.
Dental calculus was present in one out of four 12-year-olds and nearly half of 18-year-olds.
Among adults aged 35–44, the prevalence of dental caries reached a staggering 98.7%,
with a dental caries index of 16.5%. Additionally, only 31.5% of individuals in this age
group had a healthy periodontium. In older adults aged 65–74, 18.8% were edentulous,
and the DMFT index (decayed, missing, and filled teeth) was alarmingly high (24.9). The
percentage of individuals with a healthy periodontium was nearly 25%, though edentulism
or residual dentition limited precise analysis. The authors of this study highlight some
improvements compared to earlier reports on the Polish population, including reductions in
the percentage of edentulous individuals, decreased caries intensity, increased retention of
natural teeth, reduced treatment needs, and improved periodontal health among adults [1].
However, despite these positive trends, the results remain troubling. The demographic and
socioeconomic disparities highlight the need for targeted interventions to bridge gaps in
oral healthcare access and outcomes.

Previous studies have shown the influence of global factors on the spectrum of dental
procedures performed and thus indicated the need to take a closer look at individual
factors depending on patients and their preferences [13,14]. This retrospective analysis
aims to explore the impact of factors such as gender and age on the choice of specific
dental procedures within restorative dentistry, endodontics, and surgery. Additionally, the
study examines the relationship between particular dental services and the treatment of
individual tooth groups or the extent of dental procedures required.

2. Materials and Methods

2.1. Study Design, Setting, and Sample

This retrospective analysis focused on patient records from the University Center of
Dentistry and Specialized Medicine (Poznan, Poland). The University of Medical Sciences
in Poznan is the leading academic center in central Poland. The analyzed period was
between 1 January 2017 and 31 December 2023.
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The patient dataset was provided from outpatient departments that maintained op-
erations during the first wave of the COVID-19 pandemic in 2020, specifically the Clinic
of Conservative Dentistry and Periodontology, the Clinic of Oral Surgery, and the Central
Dental Clinic. All patients from these three clinics, both children and adults, were included.
The number of patients was determined by year, divided by gender and age (Table 1).

Table 1. The number of patients from selected outpatient departments in the University Center of
Dentistry and Specialized Medicine (Poznan, Poland) from 1 January 2017 to 31 December 2023.

0–18 19–30 31–50 >51

F M F M F M F M

2017 792 667 4800 3773 4716 3932 5354 3741
2018 715 629 4584 3499 4367 3711 4982 3488
2019 661 630 4468 3503 4305 3929 5044 3963
2020 568 461 3064 2175 3255 2935 3133 2216
2021 772 614 4193 2937 4293 3577 3809 3141
2022 980 723 4631 3023 5124 4321 4579 3551
2023 1138 1024 4563 3111 5764 4610 4861 3750

Legend: F, females; M, males.

2.2. Data Collection

The medical database of patients was based on the software KS-SOMED v.2024.03.0.07
(Kamsoft, Katowice, Poland). The system generated data on all visits from the examined
period, taking into account demographic data (gender, age on the day of the visit) and
visit data (date, clinic, performed procedure based on ICD-9, location in oral cavity). Se-
lected procedures in restorative dentistry (i.e., temporary fillings, refunded, or commercial
restorations), endodontics (i.e., intervention procedures, root canal fillings), and dental
surgery (i.e., extractions) were analyzed in detail.

2.3. Data Analysis

The radar plot was used to present the percentages of procedures performed in the
specific tooth number. Next, the distributions of these specific procedures were demon-
strated depending on the gender and age group of patients, as well as the extent of them.
The proportions between the two groups were compared with the Z test for independent
proportions.

Also, the odds ratios were calculated for the surgical procedures vs. the conservative
procedures (restorative and endodontic procedures) using univariate logistic regression
modeling. To explore the relationship between personal factors and the spectrum of dental
procedures, the multidimensional correspondence analysis was performed using the two-
dimensional visualization based on the scree plot. The smaller the angle between the
evaluated points, the stronger the dependence (with the vertex of the angle placed at the
origin of the coordinate system).

The significance level was set at alfa = 0.05. All analyses were conducted using
Statistica v.13.3 (Statsoft, Cracow, Poland) and PQStat v.1.8.6.122 (PQStat Software, Poznan,
Poland).

3. Results

The number of patients categorized by gender and age for the years 2017–2023 is
presented in Table 1. It is evident that in every period, females outnumbered males across
all age groups. The lowest number of patients was recorded in 2020, likely due to the
COVID-19 pandemic, while a significant increase in patient numbers was observed in
2022–2023, following Russia’s invasion of Ukraine.
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This study’s analysis focused on the most common procedures performed on per-
manent teeth: conservative treatments (restorations and root canal fillings) and surgical
procedures (extractions). A total of 182,654 patients’ medical records from the University
Center of Dentistry and Specialized Medicine (Poznan, Poland) were analyzed. The radar
chart (Figure 1) illustrates the percentage distribution of these three treatment procedure
groups depending on tooth numbers. The vast majority of procedures involved tooth
restorations, except for wisdom teeth, which were most frequently extracted. Endodontic
procedures were notably less common. The size of the chart fields highlights a tendency for
more frequent conservative procedures in maxillary teeth compared to mandibular teeth.

 

Figure 1. Radar plot for the percentage spectrum of performed dental procedures depending on the
tooth number (as outer numbers according to the FDI numbering system).

The comparative analysis of gender’s influence on the spectrum of dental procedures
performed on individual teeth is shown in Table 2. Overall, females were more likely
than males to opt for tooth restorations, regardless of tooth type. Interestingly, only males
more frequently chose conservative treatment for wisdom teeth. Conversely, surgical
procedures were generally more common among males, except in the case of wisdom
teeth. Additionally, males were more prone to experiencing tooth pain that culminated in
endodontic intervention, particularly in the anterior teeth and premolars of the maxilla.

On the other hand, a similar comparison considering the age of patients is provided in
Table 3. As age increased, the percentage of teeth treated conservatively decreased, while
the percentage of teeth removed increased. This trend was consistent across all teeth, except
for wisdom teeth, which showed the opposite pattern compared to other teeth. Regarding
endodontic treatment, interventional procedures were most commonly performed in the
18–30 age group. However, the percentage of teeth ultimately treated endodontically
was slightly higher in the 18–30 and 31–50 age groups. Again, these procedures were
predominantly performed on anterior teeth and maxillary premolars.
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The extent of restorations performed and the type of refoundation, depending on
tooth number, are summarized in Table 4. Single- and two-surface restorations were the
most frequently performed. In the majority of mandibular teeth, single-surface restorations
predominated. In contrast, maxillary teeth, particularly anterior and premolars, showed
a preference for two-surface restorations. Notably, commercial restorations were more
frequently chosen for maxillary premolars with two-surface cavities. Multi-surface restora-
tions were the least common overall, but within this group, more than one-third were
commercial, especially in the maxillary anterior teeth.

Table 4. Percentage distribution of performed restorative procedures depending on the tooth number,
the extent of the procedure, and the kind of refoundation.

Tooth n
Single-Surface Two-Surface Multi-Surface

Commercial Refunded p-Value Sum Commercial Refunded p-Value Sum Commercial Refunded p-Value Sum

11 4311 5.3 28.0 <0.001 * 33.2 6.2 41.6 <0.001 * 47.9 5.2 13.7 <0.001 * 18.9
12 3094 5.1 35.4 <0.001 * 40.5 6.2 41.6 <0.001 * 47.8 4.5 7.2 <0.001 * 11.7
13 2754 6.0 41.1 <0.001 * 47.1 6.7 38.6 <0.001 * 45.4 3.1 4.4 0.014 * 7.5
14 3625 5.5 32.9 <0.001 * 38.3 13.0 37.1 <0.001 * 50.1 3.3 8.3 <0.001 * 11.6
15 3333 5.9 25.0 <0.001 * 30.9 14.4 41.9 <0.001 * 56.3 3.7 9.1 <0.001 * 12.8
16 6073 5.5 40.6 <0.001 * 46.1 6.5 34.6 <0.001 * 41.1 5.8 7.0 0.008 * 12.8
17 3668 6.8 38.3 <0.001 * 45.1 7.4 34.3 <0.001 * 41.6 6.2 7.1 0.134 13.3
18 575 8.5 33.0 <0.001 * 41.6 6.3 41.9 <0.001 * 48.2 3.5 6.8 0.016 * 10.3
21 4260 5.1 28.5 <0.001 * 33.6 6.1 41.1 <0.001 * 47.2 4.8 14.4 <0.001 * 19.2
22 3100 5.8 35.3 <0.001 * 41.1 6.6 40.9 <0.001 * 47.5 4.6 6.8 <0.001 * 11.4
23 2755 7.2 41.9 <0.001 * 49.1 6.1 37.1 <0.001 * 43.2 3.1 4.6 0.005 * 7.7
24 3361 6.0 30.9 <0.001 * 37.0 13.0 39.4 <0.001 * 52.3 2.6 8.1 <0.001 * 10.7
25 3245 5.4 24.6 <0.001 * 30.0 14.9 43.2 <0.001 * 58.2 3.5 8.3 <0.001 * 11.8
26 5681 4.9 39.0 <0.001 * 44.0 7.4 34.9 <0.001 * 42.3 6.7 7.0 0.551 13.7
27 3643 6.5 38.0 <0.001 * 44.4 7.9 33.8 <0.001 * 41.7 6.6 7.2 0.335 13.9
28 541 6.8 37.9 <0.001 * 44.7 8.5 35.1 <0.001 * 43.6 3.1 8.5 <0.001 * 11.6
31 1357 6.9 55.8 <0.001 * 62.7 2.1 27.6 <0.001 * 29.8 1.2 6.3 <0.001 * 7.5
32 1348 5.7 54.6 <0.001 * 60.3 3.2 31.8 <0.001 * 34.9 1.1 3.6 <0.001 * 4.7
33 2000 7.4 53.2 <0.001 * 60.6 3.6 30.9 <0.001 * 34.4 1.5 3.6 <0.001 * 5.1
34 2868 9.1 50.7 <0.001 * 59.8 6.6 27.1 <0.001 * 33.8 1.6 4.9 <0.001 * 6.5
35 3412 8.4 38.7 <0.001 * 47.1 11.0 33.1 <0.001 * 44.1 3.0 5.7 <0.001 * 8.7
36 6325 6.3 44.6 <0.001 * 50.9 6.6 30.2 <0.001 * 36.8 5.0 7.3 <0.001 * 12.3
37 4816 7.4 41.1 <0.001 * 48.5 8.9 30.9 <0.001 * 39.8 4.7 7.0 <0.001 * 11.7
38 1015 8.0 36.7 <0.001 * 44.7 11.4 32.8 <0.001 * 44.2 4.2 6.8 0.013 * 11.0
41 1351 6.4 56.6 <0.001 * 63.0 2.7 27.6 <0.001 * 30.3 1.0 5.8 <0.001 * 6.7
42 1279 5.9 51.1 <0.001 * 57.0 2.7 33.2 <0.001 * 35.9 1.3 5.8 <0.001 * 7.1
43 1821 7.2 51.8 <0.001 * 59.0 4.2 31.3 <0.001 * 35.5 1.5 4.0 <0.001 * 5.5
44 2796 9.1 50.2 <0.001 * 59.3 6.3 27.2 <0.001 * 33.5 2.0 5.2 <0.001 * 7.2
45 3479 8.5 36.9 <0.001 * 45.5 11.0 33.7 <0.001 * 44.7 3.0 6.9 <0.001 * 9.9
46 6463 5.9 44.9 <0.001 * 50.8 6.0 30.9 <0.001 * 36.9 5.0 7.3 <0.001 * 12.3
47 4730 6.9 38.7 <0.001 * 45.6 10.1 32.6 <0.001 * 42.7 5.3 6.4 0.025 * 11.8
48 1064 8.6 34.7 <0.001 * 43.3 10.8 33.6 <0.001 * 44.4 3.9 8.5 <0.001 * 12.3

100,143 6.4 39.2 <0.001 * 45.7 8.0 34.9 <0.001 * 42.8 4.2 7.3 <0.001 * 11.5

Legend: *, significant differences in Z test for independent proportions.

Surgical extractions were the most frequently performed surgical procedures, as shown
in Table 5. These primarily involved molar teeth, with mandibular wisdom teeth being the
most commonly extracted.

Based on univariate logistic regression modeling, the odds ratios for surgical proce-
dures compared to conservative procedures were assessed depending on personal factors
(Table 6). Maxillary teeth were significantly less likely to be qualified for extractions. Molar
teeth had the highest odds of extraction, in contrast to incisors, which had the lowest.
Among demographic factors, females were 8.5% less likely to decide on tooth extractions
compared to males. On the other hand, regarding age, teeth were most frequently extracted
in patients over 51 years of age, with odds for extraction being 6% higher than in the 18–30
age group.
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Table 5. Percentage distribution of performed surgical procedures depending on the tooth number
and the extent of the procedure.

Tooth n Simple Extraction Surgical Extraction p-Value

11 953 37.0 63.0 <0.001 *
12 983 31.6 68.4 <0.001 *
13 1072 27.1 72.9 <0.001 *
14 1500 23.8 76.2 <0.001 *
15 1527 25.3 74.7 <0.001 *
16 1993 19.6 80.4 <0.001 *
17 1670 22.9 77.1 <0.001 *
18 4069 14.1 85.9 <0.001 *
21 928 36.4 63.6 <0.001 *
22 1017 34.2 65.8 <0.001 *
23 1109 30.0 70.0 <0.001 *
24 1380 23.5 76.5 <0.001 *
25 1399 25.5 74.5 <0.001 *
26 1901 18.3 81.7 <0.001 *
27 1720 21.1 78.9 <0.001 *
28 4174 12.7 87.3 <0.001 *
31 723 50.1 49.9 0.981
32 774 46.8 53.2 0.014 *
33 752 40.6 59.4 <0.001 *
34 1014 30.5 69.5 <0.001 *
35 1201 29.6 70.4 <0.001 *
36 2148 16.6 83.4 <0.001 *
37 1922 21.4 78.6 <0.001 *
38 5327 5.0 95.0 <0.001 *
41 716 52.9 47.1 0.032 *
42 756 44.8 55.2 <0.001 *
43 769 36.5 63.5 <0.001 *
44 1014 29.3 70.7 <0.001 *
45 1276 27.5 72.5 <0.001 *
46 2244 15.5 84.5 <0.001 *
47 1880 18.3 81.7 <0.001 *
48 5314 5.5 94.5 <0.001 *

55,225 20.6 79.4 <0.001 *
Legend: *, significant differences in Z test for independent proportions.

Table 6. Odds ratios for surgical procedures vs. conservative procedures (restorative and endodontic
procedures) depending on site, tooth type, gender, and age.

Reference Beta SE p-Value OR −95%CI +95%CI

site: maxilla mandible −0.185 0.010 <0.001 * 0.831 0.814 0.848

tooth: incisor molar −0.796 0.015 <0.001 * 0.451 0.438 0.465

tooth: canine molar −0.648 0.020 <0.001 * 0.523 0.503 0.544

tooth: premolar molar −0.664 0.013 <0.001 * 0.515 0.501 0.528

gender: female male −0.088 0.010 <0.001 * 0.915 0.897 0.934

age: <18 18–30 −1.468 0.024 <0.001 * 0.230 0.220 0.241

age: 31–50 18–30 0.059 0.014 <0.001 * 1.061 1.032 1.091

age: >51 18–30 0.060 0.014 <0.001 * 1.062 1.034 1.092
* significant ratio for univariate logistic regression modeling.

Multidimensional correspondence analyses were conducted to graphically represent
the relationship between individual factors and clinical decisions regarding the type of
dental procedure. Based on scree plot evaluation, a two-dimensional analysis was selected
for both demographic and personal oral factors (Figure 2).
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Figure 2. Multidimensional correspondence analysis for impact of (A) sociodemographic factors
(i.e., age and gender) and (B) personal oral factors (i.e., tooth type and site) on the spectrum of dental
procedures—2-dimensional plot.

The results revealed that males over 50 years of age were most likely to choose surgical
procedures. In contrast, females—especially those under 18 years of age—more frequently
opted for restorative procedures. Interestingly, males aged 18–30 years were the group
most likely to undergo endodontic treatment.

In terms of tooth type and location, the analysis confirmed that mandibular molars
were the most predisposed to extraction. Conversely, maxillary teeth—particularly canines
and premolars—were more commonly selected for conservative procedures. Detailed
parameters of the analysis are presented in Tables S1 and S2.

4. Discussion

A total of 182,654 medical records of patients treated at the University Center of Den-
tistry and Specialized Medicine in Poznan (Poland) between 2017 and 2023 were analyzed.
During this period, two significant global events heavily influenced the number of dental
services provided. The first quarter of 2020 saw the largest decline in dental services
due to the rapidly spreading COVID-19 pandemic, which exposed the unpreparedness of
healthcare systems worldwide. In response to the crisis, our center, following the recom-
mendations of leading medical and dental societies, restricted its services to emergency
care only during the early months of the pandemic [15–17]. This decision resulted in a
drastic reduction in the number of patients admitted during this period [13,18–20]. In
turn, on 24 February 2022, the war in Ukraine triggered a massive influx of refugees into
neighboring Poland, driven by both the country’s geographical proximity and cultural and
linguistic similarities. In response, Polish authorities swiftly implemented mechanisms to
assist those in need, including access to reimbursed medical services. This policy led to the
largest recorded increase in dental services provided, as many refugees sought dental care
at our center [21–23].

In addition to these global events, a long-term trend in Poland has also impacted
the provision of dental services. Each year, an increasing number of dental practices
previously offering treatments reimbursed by public funds have been closed or privatized.
This shift is driven by factors such as the rising costs of maintaining dental clinics and
acquiring materials, as well as the increasing expectations of patients, who demand higher-
quality and more personalized services [24]. In this changing landscape, our center has
emerged as the largest medical referral center providing specialist dental care reimbursed
by the National Health Fund in central Poland. As a result, it has attracted a growing
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number of patients seeking free treatment, which is often no longer available in their local
areas. Consequently, our center has experienced a steady upward trend in the number of
procedures performed, reflecting its critical role in meeting the dental care needs of both
Polish residents and refugees.

4.1. Sociodemographic Factors (i.e., Gender and Age)

Looking closely at the details of the procedures performed over these seven years,
the clear dominance of females stands out across the entire study period and in every
age group analyzed. The literature frequently highlights females’ more frequent use of
medical services, including dental care, which aligns with the study’s findings [3–6,9]. This
phenomenon reflects well-documented gender patterns. Furuta et al. suggest that oral
health behaviors are influenced by various factors such as knowledge, attitude, lifestyle,
stress, education level, and socioeconomic status, with the first three showing notable
differences between genders [7]. Females tend to perceive a stronger connection between
oral health and their quality of life, including mood, appearance, and overall well-being.
This awareness translates into more frequent check-ups and adherence to recommended
treatments, even when financial barriers are reported [3,5–7].

These conclusions are supported not only by survey data but also by the widely used
DMF index, a key indicator of dental health in epidemiological studies. Among females,
the F (filled) component is often dominant, indicating a higher likelihood of undergoing
dental treatment for caries, while the M (missing) component is typically smaller, reflecting
a lower tendency to remove teeth due to decay [1,4,25–27]. In this study’s analysis, females
were more likely to choose restorative dental treatments, particularly those under 18 years
of age. This aligns with findings from the report “Monitoring the Oral Health Status of
the Polish Population in 2016–2020”. According to this report, the conservative treatment
indicator—which reflects not only the availability and accessibility of preventive and
therapeutic services but also patients’ own concern for their oral health—was higher
among females in both the 35–44 and 65–74 age groups [1].

The available literature clearly demonstrates that females tend to have greater knowl-
edge, a more positive attitude, and a generally healthier lifestyle, which translates into
better oral hygiene. This is evidenced by more frequent and thorough tooth brushing,
interdental flossing, and less tobacco product use [3,5–7,28]. Consequently, females tend to
have a healthier periodontium, yet paradoxically, they still experience higher rates of tooth
decay [4,6,9,25–28]. Although some studies present a different perspective, they remain a
clear minority [5]. Anthropologists attribute this paradox to three primary factors: earlier
eruption of teeth in girls, leading to longer exposure to a cariogenic oral environment;
easier access to food supplies and frequent snacking during food preparation; and the
physiological and behavioral changes associated with pregnancy [9]. However, Lukacs
et al. emphasized that anthropologists tend to focus on social issues while downplaying
the less-documented impacts of hormonal factors [4].

Conversely, researchers like Ferraro and Vieira reported limited evidence supporting
the idea that earlier tooth eruption significantly contributes to caries development [9].
Instead, growing attention has turned to the role of hormones, particularly estrogen, which
fluctuates during puberty, menstruation, and pregnancy. These hormonal changes alter
the biochemical composition of saliva, leading to a lower flow rate of both unstimulated
whole saliva and stimulated parotid saliva in females. This reduction in saliva flow creates
a more cariogenic oral environment due to diminished mechanical washing, buffering,
and remineralization benefits provided by saliva [6,9,10,28]. Additionally, factors such as
diseases, medical procedures, and medications (e.g., hormone replacement therapy and
birth control pills) can further affect the composition and flow rate of saliva [10]. Pregnancy,
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in particular, has a profound impact on females’ bodies and daily behaviors. It can lead
to immune suppression, hormonal fluctuations, cravings, and salivary alterations, all of
which contribute to a higher risk of caries [9,28,29]. Studies also indicate that males have
higher concentrations of IgA immunoglobulin in their saliva, aiding in defense against
cariogenic pathogens [30,31]. Moreover, females tend to have a deficient amelogenin gene
and lower levels of amelogenin protein, which are critical for forming enamel matrix and
may contribute to increased caries susceptibility [32,33].

Salivary composition, which is regulated by hormonal and biochemical factors, also
differs between genders and may influence caries risk. Considering these biological dif-
ferences, personalized treatment approaches could improve oral health outcomes. For a
deeper exploration of gender as a biological variable in oral diseases, the recent review by
Sangalli et al. provides valuable insights into these mechanisms [34].

There is also the other side of the coin. Males generally use healthcare services less
often, including dental care, and when they do, it is typically for acute problems, such as
dental pain, rather than for preventive care [5,6]. This pattern is also evident in this study’s
analysis. At our center, males were more likely to report with toothaches, often resulting
in emergency procedures. Notably, the group of males aged 18–30 was found as the most
likely to undergo interventional endodontic procedures. Males also more frequently opted
for surgical procedures, which are often performed during pain visits. This tendency may
stem from a lack of willingness to pursue conservative treatment or from the extent of tooth
damage, where tooth extraction becomes the only viable option. Unfortunately, the study
dataset lacks more detailed information on the underlying reasons for these choices.

The tendency to postpone treatment seems to be linked to “traditional masculine
behavior”, “masculinity beliefs”, and the association of illness with a loss of masculinity.
However, Galdas et al. suggested that occupational and socioeconomic status likely have a
greater influence on these behaviors than gender alone, highlighting the need for further
investigation [35,36]. Males are also characterized by less knowledge of proper oral hygiene
practices. They tend to use harder toothbrushes, brush with excessive force, and are less
likely to use recommended fluoride toothpaste or floss interdental spaces. These habits can
lead to gingival damage and recession, contributing to the development of root caries [6,37].
This is supported by the observations of Su et al., who found that males are more prone to
root caries, noncarious root lesions (such as erosions or abrasions), and root restorations [5].

Age appears to be another important factor influencing the choice of treatment method.
As patients age, the percentage of teeth treated conservatively decreases (70.9% vs. 55%),
while the number of teeth removed increases (9.7% vs. 34.9%), consistent with other
reports [1,26,27,38]. With age, the percentage of third molars removed decreases, although it
remains the highest among all tooth groups (65.3–76.3%). Endodontic procedures, however,
were very rare across all age groups.

According to the report “Monitoring the Oral Health of the Polish Population in
2016–2020”, the incidence of caries in children in Greater Poland rises from 21% in the
group up to 3 years old to 89% by the age of 18. Treatment needs in this age group most
often involve single- and two-surface fillings, while the demand for endodontic treatment
and tooth extractions peaks at 9.2% in 10-year-olds. During the mixed dentition period,
one in three children require tooth extraction. The report highlights the low conservative
treatment rate for primary teeth (0.31 in 3- and 10-year-olds), indicating that treatment
needs are insufficiently met. This rate increases 2.5 times for permanent teeth by the age of
18 (0.84) [1].

In Poland, among individuals aged 35–44, the prevalence of caries remains at an
alarmingly high level of 98.7%. In Greater Poland, unfavorable changes in the conservative
treatment index were observed, decreasing from 0.64 in 2010 to 0.56 in 2017. Among
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older adults aged 65–74, the percentage of edentulous individuals dropped to 18.8%,
while the percentage of people with at least 20 preserved teeth increased from 8% to 27%.
Despite these improvements, the DMFT index for seniors remains at a very high level of 24.9.
However, the conservative treatment index rose to 0.67 nationally and 0.8 in the Greater
Poland province [1].

Zilinskaite-Petrauskiene et al. described differences in factors influencing endodontic
treatment between elderly and young patients. In older patients, a significantly higher
proportion presented with necrotic pulp and required both endodontic and prosthetic
treatment. With age, the difficulty of performing endodontic procedures increases due to
challenges such as achieving proper access and locating root canal orifices. However, there
were no significant differences between the two groups in terms of the number of treatment
visits, the technical quality of root fillings, pain sensation, esthetic outcomes, or masticatory
function [39].

The most common general reason for tooth extraction remains dental caries. Among
younger patients, orthodontic indications are cited more frequently, whereas in older
patients, periodontal disease becomes a more prevalent cause. This topic is explored in
more detail later [38,40–44].

Socioeconomic factors significantly influence dental patients’ decisions between con-
servative and surgical procedures. Individuals with higher income and education levels, as
well as those residing in urban areas, often have better access to dental care and greater
awareness of oral health, leading them to prefer conservative treatments. Conversely, those
with lower socioeconomic status may face barriers such as cost and limited access, resulting
in delayed care and a higher likelihood of requiring surgical interventions [45]. Occupa-
tional factors also play a role in treatment choices. For instance, individuals in demanding
jobs or with irregular work schedules may opt for quicker solutions like extractions to
minimize time away from work, whereas those in professions that prioritize esthetics may
choose conservative procedures to maintain their appearance [46]. Future research should
delve deeper into these socioeconomic and occupational influences to develop targeted
strategies that improve access to and utilization of conservative dental care, particularly
among vulnerable populations.

4.2. Personal Oral Factors (i.e., Tooth Group, Site, or Procedure Extent)

The vast majority of dental procedures performed across all dental groups at our center
were dental restorations, with the notable exception of wisdom teeth, where extractions
were the predominant treatment. In Poland, there has been a positive trend in recent
years toward increasing the conservative treatment rate—defined as the ratio of teeth
with properly made restorations to the total number of teeth filled and those requiring
treatment [1]. This trend is somewhat encouraging, reflecting an improvement in access
to and prioritization of restorative care. According to the medical records we analyzed,
restorative treatment was most commonly performed on maxillary teeth, particularly on
canines and premolars. In the mandible, single-surface restorations were more frequent,
while in the maxilla, two-surface restorations were more common, especially in the anterior
teeth and premolars.

There are reports indicating that permanent dental caries in children primarily affects
molars, often appearing shortly after their eruption. For example, the first molar is affected
in children as young as 5 years old, while the second molar tends to show caries in
12-year-olds [1]. Pizzo et al. reported that 44% of current active caries foci were found
in the first molars of 6–7-year-olds based on the analysis of 742 subjects [47]. Similarly,
Alves et al. found 17.2% of current active caries foci in second molars among 983 examined
12-year-olds [48].

164



J. Clin. Med. 2025, 14, 1508

The early onset of caries brings significant consequences in adulthood. Once a tooth
is drilled, it often enters what is known as the “death spiral of restoration” or the “tooth
cycle of death” [49]. This cycle involves repeated restorations, gradually leading to the loss
of more tooth tissue until, eventually, endodontic–prosthetic treatment is required on the
dental pillar, or in extreme cases, implant–prosthetic treatment after the tooth has been
extracted. The sooner the “first drilling” occurs, the sooner the tooth may ultimately require
removal. This process is associated with rising treatment costs. Unfortunately, under the
National Health Fund in Poland, endodontic treatment is only covered for anterior teeth
(“from canine to canine”), and fixed prosthetics are not reimbursed at all [50,51]. The
long waiting times for refunded treatments, combined with the risk of pain or swelling
from untreated teeth, add to the difficulty for patients [24]. Those with issues concerning
posterior teeth, which often require more advanced or specialized care, are left dependent
on commercial treatment if they wish to preserve their teeth. Additionally, the microscopic
magnification of dental procedures, especially for molars with multiple roots (3–4) com-
pared to the fewer roots (1–2) of front teeth, has been highlighted [52–55]. This approach not
only increases treatment complexity but also raises the cost of the service. The subsequent
need for the prosthetic reconstruction of crowns destroyed by caries adds to the financial
burden. Many patients simply cannot afford these treatments [24].

On the other hand, tooth extractions are fully reimbursed, including the surgical
removal of impacted teeth. Studies have shown that wealthier individuals tend to have
higher treatment rates and higher F components in the DMF (decayed, missing, filled)
caries index, while those with lower incomes are more likely to experience a higher M
component, indicating a preference for extraction over attempts to preserve teeth. This
disparity clearly suggests that many people with limited financial resources opt to extract
teeth rather than invest in treatments to save them [1,25,27,56].

According to the study results, endodontic procedures, which are the last resort
to preserve one’s own teeth, were significantly less common compared to other dental
services. These interventional procedures were most frequently performed in the 18–
30-year age group. However, in the case of teeth with root canals that were ultimately
filled, the percentage was notably small, with minimal differences across the age groups
studied (2.6% vs. 2.6% vs. 2.8% vs. 2.8%). This procedure primarily involved the anterior
and premolar teeth of the maxilla, with a slight gender difference (2.8% in males vs.
2.4% in females). The dominance of endodontic procedures in these two groups of teeth
contrasts with the findings of other researchers, who typically report molars as the teeth
most predisposed to root canal treatment, sometimes alongside premolars [57–60]. These
studies also generally indicated a predominance of endodontic treatment in females [57,59].
Although these studies were conducted on relatively small research groups compared to
this study’s extensive database, it is believed that economic factors may have influenced
the notably low percentage of endodontic procedures in this analysis. Unfortunately, due
to the retrospective nature, the study lacks data on factors such as the economic status of
patients, which could have further supported this hypothesis.

When surgical procedures are taken into account, the highest percentage of teeth
removed in this study concerns molars, particularly lower molars in adults, which aligns
with numerous other studies [25–27,40–42,61]. Surgical extractions were performed more
frequently (79.4% vs. 20.6%) across all tooth groups, except lower teeth. This can be
explained by the nature of our facility as a reference center, where more complex cases
requiring specialized care are referred. In their reviews, Gotfredsen et al. and Elias
et al. emphasize that the loss of anterior teeth has the greatest impact on esthetic and
psychological issues, while the preservation of premolars tends to have a greater impact
on patient satisfaction than the preservation of molars [62,63]. In contrast, the loss of
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posterior teeth does not appear to have significant subjective effects for patients. Older
adults with shortened dental arches, meaning they have remaining anterior and premolar
teeth, maintaining masticatory function, occlusal support, and dental arch stability [25].

In numerous studies, dental caries is identified as the primary cause of tooth
extraction [40–44]. It is possible that the high percentage of molar extractions in adulthood
is related to the early appearance of carious lesions shortly after the eruption of these teeth
and the early onset of the so-called “death spiral” of tooth restoration. Multi-rooted teeth,
such as molars, may seem more difficult to extract compared to single- or two-rooted teeth,
so the specialized nature of our center may also be a contributing factor. McCaul et al.
indicated molars as the most frequently extracted teeth in adults up to the age of 50. Before
the age of 21, it was primarily premolars, especially the first upper premolars, and after the
age of 50, more anterior than posterior teeth were extracted [41].

Dental caries was identified as the main cause of tooth extraction for nearly all tooth
groups. The exceptions were the lower incisors, which were extracted for prosthetic
reasons (other than caries or periodontitis), and premolars in people under 21, where
the primary reason was orthodontic. Other researchers have also noted similar reasons
for tooth extraction in various tooth groups [38,40,43]. The reason for the loss of front
teeth at a later age has been explained by esthetic factors, easier access to conservative
and endodontic treatments, and their greater resistance to caries, but less resistance to
periodontal diseases, which tend to manifest later in life. This study dates back to 1999, and
at that time, the authors observed a rise in interest in orthodontic treatments, leading to an
increase in the number of premolar extractions compared to 1984 in younger people. There
is currently an ongoing debate between the extraction vs. non-extraction of premolars
in orthodontic treatments. At present, there is no conclusive evidence supporting the
superiority of either method [64]. However, contemporary studies indicate a decreasing
trend in the tendency to extract premolars before orthodontic treatment [65–67]. For
example, Dardengo et al. analyzed this topic over a broad period from 1980 to 2011 and
observed a reduction of about 20% in the frequency of cases requiring tooth extraction over
the last 32 years [65]. Additionally, Fleming et al., based on surveys, noted a significant
reduction—approximately 95%—in the tendency to prescribe orthodontic extractions over
the past 5–10 years among British Orthodontic Society members [67]. In this study, the
percentage of premolars removed was significantly lower in the <12, 18–30, and 31–50 age
groups compared to the >51 group. This suggests a slight tendency to extract premolars for
orthodontic reasons in the study population.

As previously mentioned, the largest percentage of services was tooth restorations,
with the exception of wisdom teeth, which were most frequently removed (75.4–88.3%).
These teeth were also the most commonly extracted across all age groups studied—
removals outnumbered those of individual first molars by more than double. This result
is not surprising. Dental caries is commonly cited as the primary cause for the extraction
of these teeth [40,41,43,60]. Their position in the oral cavity is undoubtedly a contributing
factor: located at the back of the dental arch, often tilted toward the cheek and frequently
only partially erupted, they are difficult for patients to clean effectively. This makes them
prone to the accumulation of food debris, which serves as a breeding ground for cariogenic
bacteria. Conservative treatment is also challenging for dentists for similar reasons. Inade-
quate cleaning of these teeth promotes the stagnation of calculus, leading to periodontal
disease, which is another common reason for their removal [68–71].

Furthermore, third molars often experience complete or partial impaction due to
insufficient space in the dental arches. This can result in conditions such as pericoronitis,
mandibular angle fractures, cysts, tumors, or damage to the adjacent molars, which may
prompt clinicians to recommend prophylactic removal, even though there is currently no
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evidence to support the routine extraction of asymptomatic impacted teeth in adults. It is
worth noting that impaction is seven times more common in the lower third molars. The
tendency for impaction is attributed to the progressive agenesis of these teeth, due to their
limited functionality in modern chewing physiology [68,70,71].

Adeyemo et al., based on an analysis of 1763 cases of third molar extractions, reported
that caries was the primary cause for removal in 63.2%, recurrent pericoronitis in 26.3%,
and periodontitis in 9.2%, with only 0.6% of extractions being prophylactic. The study
emphasized that patients who had third molars removed due to caries were statistically
younger than those who had them extracted due to periodontitis, but older than those
with extractions due to pericoronitis [68]. Moreover, Ventä et al., based on an analysis
of 6082 panoramic radiographs, identified third molars (both maxillary and mandibular)
as the most commonly missing teeth up to the age of 80. They reported agenesis of all
four wisdom teeth at a rate of just 3.4%, with at least one wisdom tooth missing in 22.6%
of the cases [61]. Their findings were consistent with the results of a 1999 study, which
examined a massive database of 100 million dental procedures among 7.5 million patients
in the United States [72].

However, Baqain et al. indicated that upper wisdom teeth were extracted the least
frequently [40]. It is important to note that this study was conducted at an oral surgery
teaching clinic, where many extractions of third molars may have been excluded from the
analysis due to the need for greater operator experience, which could have influenced the
final outcome. When reviewing the literature, it is crucial to consider whether third molars
were excluded from the analysis entirely.

4.3. Study Strengths, Limitations, and Future Directions

This study boasts several strengths, including the analysis of an extensive dataset
comprising 182,654 medical records collected over a 7-year period (2017–2023). This
timeframe covers critical global events, such as the COVID-19 pandemic and the outbreak
of the Russia–Ukraine war, allowing for a comprehensive evaluation of long-term changes
in dental healthcare.

However, the study also has its limitations. Key socioeconomic factors, such as
patients’ wealth, place of residence, and education level, were not available in the dataset,
which restricted a more in-depth analysis of these important determinants. As the largest
dental facility in central Poland, our center provides care to a diverse patient population,
encompassing individuals from urban and rural areas as well as various socioeconomic
backgrounds. However, this single-center setting may limit the generalizability of the study
results. Additionally, the study did not include all clinics operating within the University
Center of Dentistry and Specialized Medicine because several departments interrupted
their services during the first wave of COVID-19.

Future research should aim to address these limitations by incorporating a more
comprehensive dataset that includes socioeconomic factors such as income, education
level, and place of residence. A multicenter approach involving other dental facilities
across different regions would enhance the generalizability of the findings. Further studies
should delve deeper into the socioeconomic, educational, and occupational influences to
develop targeted strategies that improve access to and utilization of conservative dental
care, particularly among vulnerable populations.

5. Conclusions

Consistent with the existing literature, this study’s findings confirm that females and
younger individuals are more likely to seek preventive and conservative services, while
males are more likely to undergo interventional endodontic and surgical procedures. The
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frequency of surgical treatments increased with age, whereas conservative procedures
declined. Restorative dentistry services were the most frequently performed procedures,
particularly single- and two-surface restorations in maxillary teeth. Among surgical proce-
dures, surgical extractions were more commonly performed than simple extractions, most
frequently involving mandibular molars.

These results underscore the need for targeted interventions to improve oral health
outcomes, particularly among males and older individuals, who are less likely to engage in
preventive care. Strengthening efforts to promote conservative treatment and expanding
access to guaranteed dental services are essential for reducing disparities and ensuring
equitable oral healthcare for all socioeconomic groups.
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