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dental units and functional impairment, thus affecting the
dento-maxillary apparatus in all its complexity. The level
of oral hygiene is a predictable determinant for the two
most common oral conditions: cavities and periodontal
disease [3.,4]. It is estimated that 2.3 billion people suffer
from untreated dental caries of permanent teeth, while
periodontitis affects up to 50% of the global population.
Both pose a significant burden on public health systems;
however, both are treatable if detected early. Early detection
significantly reduces treatment costs [5,6].

Dental indices can be used for early detection of
dental and oral pathologies, pathologies’ risk assessment
and the longitudinal observation of oral health. Oral hygiene
indices provide objective evaluations of the oral status and
can be used by dental professionals to educate and motivate
patients, to track compliance and to track changes in oral
health status. O’Leary’s Plaque Control Record index
(PCR) (1972) is an objective method of assessing the
presence of dental plaque, based on staining solutions to
highlight plaque presence. Due to its visual impact, it is
widely used to establish correct oral hygiene habits. A PCR
value of <20% is considered indicative of an acceptable
level of oral hygiene [7]. Ainamo & Bay’s Gingival
Bleeding Index (GBI-1975) determines the presence or
absence of bleeding on probing (BOP). This type of index
is compatible with O’Leary’s PCR. Furthermore, this index
is sufficient to establish the presence or absence of gingival
inflammation [8]. Gingival health is defined by the lack of
clinically detectable inflammation, highlighted by bleeding
on probing (BOP) in less than 10% of the dental surfaces.
This threshold level is also as compatible with clinical
periodontal stability [9].

Globally, trends in dentistry shift towards
prophylaxis and prevention, which are preferable to
treatment. However, Romania is currently facing a lack
of nationwide oral health prophylaxis programs, and
deficiencies in oral health education. This is likely due
to decreased state funding of the public health system,
and increasing population-wide inequities in financial
security, education levels and access to oral health. Dental
healthcare is mostly private in Romania, with limited
state-insured opportunities available for dental treatment.
These facts translate into a high level of dental treatment
needs presented by the Romanian population [10-12].
Furthermore, dental care is rarely a top priority for patients;
most frequently, the high costs of oral healthcare prevent
patients from considering dental treatment [11].

At the same time, this means limited population-
wide data relating to the usage of plaque and gingival
bleeding indices is currently available. Most of the available
oral health data refer to pediatric populations; the existing
studies on adult patients mainly investigate prevalence of
dental caries (based on the Decayed, Missing, Filled Teeth
- DMFT index) [10,13,14,15]. Therefore, oral hygiene
studies addressed to the adult population are scarce; when

referring to the young adult population, they are almost non-
existent. While the relationship between poor oral hygiene
and periodontal disease is well established, objective
prevalence data documenting the actual proportion of
young adults who fail to achieve acceptable plaque control
and gingival health — using standardized clinical indices
— remain limited for Romania. The present study does not
aim to re-establish this known association, but to quantify
its magnitude in a specific, under-represented population
and provide a baseline for future preventive interventions.

The main aim of this study was to determine the
prevalence of acceptable oral hygiene and healthy gingival
status in a population of dental students from the Faculty
of Dental Medicine in Cluj-Napoca, assessed by the
O’Leary Plaque Control Index (PCR) and the Gingival
Bleeding Index (GBI). Secondary aims included evaluating
differences between the maxillary and mandibular arches
and assessing potential gender-related differences in plaque
accumulation and gingival bleeding.

Methods

This study was developed in conformity with the
Declaration of Helsinki and in accordance with current local
and European legislation on ethical research. The protocol
and development of this study was approved by the Ethics
Committee of ITuliu Hatieganu University of Medicine
and Pharmacy, Cluj-Napoca (Nr. AVZ67/19.04.2024) and
Cluj County Clinical Emergency Hospital Cluj-Napoca,
Romania (Nr. Reg. 49053/19.10.2023, file 3363/2023).
All included patients gave written informed consents for
examination, treatment, data collection and publication of
collected data.

This was a retrospective  cross-sectional
observational study. Data were extracted from existing
records generated during routine clinical examinations
at the Periodontology Department of the Stomatology
Ambulatory of Cluj County Clinical Emergency Hospital
Cluj-Napoca, Romania; no additional clinical procedures
were performed for the purposes of this research. Data
were retrospectively collected from patient files from
20.04.2024 to 31.12.2025. This study was developed in
compliance with STROBE (Strengthening the Reporting of
OBservational Studies in Epidemiology) guidelines [16].

Statistical analysis was performed using IBM
SPSS Statistics, version 27. Descriptive statistics were
calculated for all continuous variables and expressed as
means, standard deviations, and 95% confidence intervals.
Differences between genders were assessed using Welch’s
t-test for continuous variables due to unequal variances.
Categorical variables were compared using the chi-square
test. The level of statistical significance was set at a = 0.05.

Population characteristics

Sample size was calculated a-priori using G*Power
3 software [17]. Calculation parameters were chosen for a
simple cross-sectional prevalence study in the general adult
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Romanian population, using confidence levels of 95% and
0.05 precision, with an expected prevalence of 17.5%.
The expected prevalence is based on national estimates of
severe periodontal disease in Romanian adults [10], which
was adopted as a conservative proxy due to the lack of
published prevalence data for gingivitis or poor oral hygiene
in adult populations. This approach ensured an adequately
powered sample for the descriptive and comparative
analyses performed in this study. The estimated number of
participants to be included for the study to be statistically
significant was 222. We assumed a 10% rate of incomplete,
missing or ineligible records, increasing the planned sample
size to minimum 250 participants.

Duringtheperiod ofdental studies, dental students can
benefit from oral health assessments in the Periodontology
Department of the Stomatology Ambulatory of the Cluj
County Clinical Emergency Hospital (the public teaching
clinic of the Iuliu Hatieganu University of Medicine and
Pharmacy, Cluj-Napoca - UMFIH). The study population
consisted of dental students who benefited from oral health
assessments using the Department’s standardized protocols,
based on PCR and GBI indices. This setting constitutes a
relatively well-defined population in terms of age and
educational background. As a clinic-based convenience
sample, it may not be fully representative of the general
young adult population in Romania; the applicability of
these findings to populations outside the UMFIH student
community should be interpreted with caution.

The following data were collected from the patient
files to be included in the study: age, gender, PCR for
maxilla and mandible and GBI for maxilla and mandible.
Only records with complete data for all four index variables
were included. The data were collected into a pre-defined
form in Microsoft Office Excel. Graphics and descriptive
statistics were made using the same software.

e Inclusion criteria

- Dental students enrolled at the Faculty of Dental
Medicine, UMFIH Cluj-Napoca who presented for dental
examinations in the Periodontology department;

- Patients who willingly completed all informed
consent forms;

- Patients whose data was registered completely
and accurately.

¢ Exclusion criteria

- Patients with mixed or temporary dentition,
partially or fully edentulous patients;

- Patients under dental or periodontal treatment, or
who have been instructed regarding oral hygiene in the last
3 months;

- Patients whose data were not registered completely
and accurately, or who have not provided full consent.

Participant flow: Of all patients attending the
Periodontology Department during the data collection
period, those meeting the inclusion criteria and presenting
no exclusion criteria were identified. Records with
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incomplete data for any of the four primary variables (PCR-
maxilla, PCR-mandible, GBI-maxilla, GBI-mandible) were
excluded, as were records of patients who were not dental
students. A total of 482 patients’ records (dental students)
satisfied all criteria and constitute the final study sample.

Oral assessment protocols

Clinical examinations were performed by trained
clinicians working within the Periodontology Department
of the Stomatology Ambulatory of the Cluj County
Clinical Emergency Hospital. All examiners followed the
department’s standardized examination protocol, which
governs the sequence, instrumentation, and recording
methodology for the PCR and GBI indices. Since the
clinical examinations were conducted as part of routine
departmental care — and data were subsequently collected
retrospectively — formal pre-study examiner calibration
in the traditional research sense was not applicable.
Standardization was ensured through adherence to the
departmental protocol.

Patients were examined by current protocols of
the Department of Periodontology, using the department’s
standard patient file. An individual file was created for
each patient. The file includes: the patient’s general data,
general health questionnaire, dental record, hygiene
indices and periodontal chart, the record of treatments
and interventions. The annexes that are attached to the
patient records include: the patient’s informed consent to
the examination and treatment, consent to the processing
of personal data, the General Data Protection Regulation
(GDPR) consent, consent to the use of data for medical
education, consent to the use of data for scientific research
and eventual publication, the consent to take photographic
documentation. Data for this study was collected
retrospectively from patient files.

The oral hygiene and gingival status evaluation is
normally initiated after the procedures are explained to the
patient. The patients are not subjected to prior professional
dental hygiene, and are asked not to rinse or otherwise clean
their teeth before the assessment. O’Leary’s PCR index
is performed first, for the sake of objectivity: otherwise,
bleeding may hide visible plaque deposits and wash away
the staining substance used to perform the index, creating
significant difficulties. The patients have all dental surfaces
smeared with plaque revealing substance (Rondell Red
Directa®). This product stains dental plaque in two tones:
new plaque (adherent for less than 72 hours) is stained red,
old plaque is stained blue. After staining, the patients are
asked to rinse, in order to observe residual staining. The
stained spots represent sites of plaque accumulation. The
presence of dental plaque is visually assessed by inspection
in four areas of each tooth present on the arch: mesio-
vestibular, centro-vestibular, disto-vestibular and centro-
oral. The presence of dental plaque is noted by the “+”
sign, in the diagram corresponding to the PCR index. The
next step consisted of calculating the PCR index for the
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maxilla and for the mandible, by dividing the number of
surfaces presenting plaque to the total number of surfaces
examined. The results obtained are noted in the patient’s
file. The threshold for PCR index is <20%, meaning that
below this value, the patient is considered to have an
acceptable degree of oral hygiene, translating to reduced
plaque deposits.

Before initiating GBI evaluation, abundant plaque
deposits are mechanically removed to allow access to
the gingival sulcus, by gentle scraping, removal with a
cotton roll or rinsing. This step is limited to the removal
of supragingival bulk plaque deposits sufficient to permit
unobstructed access to the gingival sulcus; it does not
constitute professional prophylaxis. This is a standard
clinical procedure. Probing is initiated immediately
thereafter, without delay. It is acknowledged that in cases
of extremely heavy plaque accumulation, this removal step
may have marginally influenced the recorded bleeding
scores; this is noted as a methodological limitation. Sulcus
probing is performed by inserting the periodontal probe
up to almost the base of the sulcus, without exerting
pressure and without touching the base of the sulcus, to
prevent damage to the epithelial insertion of the superficial
periodontium. The probe is inserted into the sulcus parallel
to the axis of the tooth. The evaluation of bleeding and
the recording of the results takes place 30 seconds after
completion. The presence of bleeding is visually assessed
by inspection, on four surfaces of each tooth: mesio-,
centro- and disto-vestibular and centro-oral. The absence
of bleeding is noted with the “ — “ sign, and its presence
is noted with the “+” sign, in the GBI index evaluation
chart on the form. The last stage consists of calculating
GBI scores for the maxilla and mandible by dividing the
number of surfaces presenting plaque to the total number
of surfaces examined. The results were noted in the patient
file. The threshold for GBI index is <10%, meaning that
over this value, the patient is considered to present signs
of gingival inflammation, translating to increased levels of
gingival bleeding. Patients presenting with a value below
threshold are considered to be gingivally healthy.

Results

A total number of 482 patients were included in this
study. The achieved sample size (n=482) exceeded the a
priori estimated minimum of 250 participants, ensuring

Table II. PCR values of study population.

adequate statistical power for the planned analyses. Out of
the total study participants, 234 (48.54%) were female and
248 (51.45%) were male. The age mean was 23.39 years
old for the whole population.

Mean PCR values for the entire study population
were 29.43% for maxilla and 32.83% for mandible.
Mean GBI values for the entire sample were 12.56% for
maxilla and 15.16% for mandible. Mean values for indices
separated by gender are presented in Table I. Males have
slightly higher means for PCR than females, but the
95% Cls overlap considerably. Regarding GBI, males
again show higher mean values. However, there were no
statistical differences between mean values of PCR and
GBI between the genders (Using Welch’s t test (unequal
variances) for each index, p>0.05) (Table I).

Table 1. Mean values of PCR and GBI divided by gender.

95% CI

Index

PCR mx 28.98% 21.02% 26.27% — 31.69%
PCR md 32.01% 21.57% 29.23% — 34.78%
GBI mx 11.45% 15.09% 9.51% — 13.40%
GBI md 14.39% 15.90% 12.34% — 16.43%

PCR mx 29.85% 21.53% 27.16% — 32.54%
PCR md 33.60% 23.34% 30.68% — 36.52%
GBI mx 13.61% 15.87% 11.63% — 15.60%
GBI md 15.89% 16.89% 13.78% — 18.01%

Differences between groups

PCR mx 28.98 29.85 0.655
PCR md 32.01 33.6 0.435
GBI mx 11.45 13.61 0.126
GBI md 14.39 15.89 0.313

PCR Values interpretation

A patient is considered to have an acceptable degree
of dental hygiene when PCR index value is <20%. The
centralization and analysis of the collected data revealed
average PCR values >20% for both genders (Table II).
There was no statistically significant difference between
the genders (chi-square test; p>0.05).

Gender PCR <£20% PCR <20% PCR <£20% PCR > 20%
in both arches in Mx only in Md only in both arches
F 234 118

Total 482 141 (29.25%)

51 (10.58%)

33 (5.84%) 257 (53.31%)
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GBI Values interpretation

Periodontal health implies that bleeding on probing
(expressed through the GBI index) is less than 10%.
Analysis of collected data revealed average GBI values
>10% for both genders, with a significant proportion
being classified as patients presenting clinical signs
consistent with gingival inflammation (either localized
or generalized). There was no statistically significant
difference between the genders (chi-square test; p>0.05)
(Table III).

Table I11. GBI values of study population.

n GBI<I0% | GBI>10% | GBI>10%

in both arches | in one arch only | in both arches
F 234 99

M 248 102

Total 482 201 (41.7%) 107 (22.19%) 174 (36.09%)

Interpretation in the oral health context

A significant proportion of the study population
presented values for either PCR or GBI above the accepted
thresholds (51%); this indicates that oral hygiene was not
within acceptable thresholds and/or gingival bleeding was
present in either one of the arches. Only 21% of patients
presented acceptable values for both indices, indicating
acceptable oral hygiene and absent or reduced gingival
bleeding in the whole mouth. Close to a third of the
population (28%) presented significant plaque deposits
and bleeding on probing. These patients can be considered
patients presenting clinical signs consistent with plaque-
induced gingival inflammation (either localized or
generalized). A graphic representation is provided in
figure 1.

Overview of PCR and GBI for study population

246 (51.0%)

@ PCR <20% and GBI <10% (both arches) @ PCR > 20% and GBI >10% (both arches) Mixed patterns

Figure 1. Pie graph representing the distribution of patients in
relation to PCR and GBI index thresholds.
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Discussion

This study provides an overview of the oral health
status of a young adults population from Cluj-Napoca,
Romania, who attended oral hygiene assessments at the
Periodontology Department of the Stomatology Ambulatory
of the Cluj County Clinical Emergency Hospital (the
public teaching clinic of the Iuliu Hatieganu University of
Medicine and Pharmacy, Cluj-Napoca - UMFIH). To the
authors’ knowledge, this is the largest sample of Romanian
young adults recorded in an oral health study; therefore, the
results of this study can provide valuable data for estimating
the necessity for oral health-related interventions in young
adults. The study does not aim to re-establish the well-
known association between plaque accumulation and
gingival inflammation, but to quantify — using objective
validated indices — the proportion of young adults failing
to achieve acceptable oral hygiene and gingival health in a
population for which little prior published data exist.

Given that the study population consists of
university-educated young adults in an urban setting, who
theoretically have greater access to oral health information,
the observed high prevalence of inadequate oral hygiene is
particularly noteworthy and lends additional scientific and
educational significance to the findings. This is particularly
striking when considering that dental students are informed
about oral healthcare routines and importance and can
also benefit from treatment in the University setting.
Furthermore, the vulnerability of young adults must be
considered; from a dental point of view, early adulthood is
a pivotal moment in which individuals must learn how to
manage oral hygiene and build sustainable habits that will
aid in the maintenance of their dentition throughout their
life. Failure to do so may result in subsequent pathologies
development, which may represent a substantial financial,
psychological and physiological burden in later adulthood.
According to the results obtained, it can be stated that the
sample population has an unsatisfactory level of oral hygiene
and does not fit the definition of periodontal health. Plaque
presence leads to hard and soft tissue pathologies; since
plaque accumulation precedes gingival inflammation, high
plaque index scores can indicate a vulnerable periodontal
state, unless rigorously controlled. Additionally, poor oral
hygiene is known to favor the development of carious
lesions, which are the most commonly identified dental
pathology worldwide [6].

Although insufficient by itself to diagnose
periodontal diseases, GBI is a representative index for
periodontal health or lack thereof [18]. Its increased
values in the study population highlight an urgent need
for community-based oral health education and preventive
interventions. The presence of high GBI along with high
PCR index emphasizes the well-known relationship
between biofilm formation and periodontal status; this
indicates that most patients presented with clinical signs
consistent with plaque-induced gingival inflammation [19].
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Plaque-induced gingivitis is a site-specific inflammatory
condition initiated by dental biofilm accumulation. Other
forms of gingivitis may appear without depending on
plaque levels but are less common [20,21]. Identification
of gingivitis cases is essential, because gingivitis is the
only reversible form of periodontal disease; failure to treat
gingivitis may lead to periodontitis, which is characterized
by irreversible clinical attachment loss. Periodontitis is a
silent disease, and frequently asymptomatic. In incipient
cases especially, it is common for only the gingival bleeding
to manifest visibly, alerting the patient and the clinician [22].
Since periodontitis incidence increases with age, prophylaxis
strategies addressed to younger populations are essential,
because early implementation of oral hygiene habits can
effectively prevent periodontal diseases [23,24]. In this
particular setting, there seems to be a discrepancy between
the oral health information available to dental students and
incorporating the interventions into daily habits. Therefore,
oral hygiene training and evaluation of hygiene effectiveness
and patient compliance can be recommended, even in a
previously trained community [25]. Dental indices can be
used for re-assessments and for evaluating the subjects’
compliance or treatment adherence [26,27].

The findings of this have practical implications on
multiple levels. At the curricular level, we recommend
the integration of PCR- and GBI-based self-assessment
exercises in the dental curriculum, starting from the debut of
pre-clinical dental training. This would aid dental students
in self-identifying oral hygiene deficiencies, monitor their
progress and build sustainable oral hygiene habits. These
identification, monitoring and habit-building skills would
be directly transferable to future patient education practice
and management. Furthermore, the oral hygiene instruction
of dental students using digital tools like the intraoral
scanner or virtual reality glasses could be the fundament
of further efficiency studies for these novel methods
[28,29]. At the public health level, these data represent,
to the authors’ knowledge, the largest baseline dataset of
objectively measured oral hygiene and gingival status in
Romanian young adults using standardized clinical indices.
As such, they provide a foundation for future community-
based preventive programs and support the case for a
nationally coordinated oral health surveillance strategy
for young adults — a population currently underserved by
Romania’s existing oral health monitoring infrastructure.

Our study confirms the findings of previous similar
studies conducted in Romania. A study conducted in Iasi, on
122 students of the Faculty of Dental Medicine, concluded
that the majority of the sample did not present satisfactory
levels of oral hygiene. Oral hygiene was assessed using the
Approximate plaque index — API, revealing a sample mean
of 72.71%. Optimal oral hygiene translates to an API index
below 25% [30]. Another study carried out at the Faculty of
Dental Medicine in Craiova investigated the oral hygiene of
92 students. Oral hygiene was assessed using the PCR index.

The mean value of the O’Leary plaque index was 56.86% in
smokers and 21.85% in non-smokers, indicating poor plaque
control in both groups. This study revealed higher plaque
index values for the male population [31]. The findings of our
study are consistent not only with Romanian data but also with
international studies investigating dental student populations.
A study conducted at the University of Zagreb on 94 dental
students of first and last years, reported a counterintuitive
finding: while final-year students had significantly better oral
health attitudes than first-year students, their plaque indices
were actually higher, suggesting that academic progression
in dentistry does not necessarily translate into improved
personal plaque control [32]. A 2025 multicentric study
across three Italian universities and the University of Lyon
(France) reported a median baseline gingival bleeding score
of 50.0% among 117 dental and dental hygiene students.
This is a finding that confirms the prevalence of clinically
significant gingival inflammation in European dental student
populations [33]. A questionnaire-based study conducted in
four Swiss universities concluded that only half of the dental
students had a proper interdental cleaning routine frequency
congruent with oral health recommendations [34]. However,
these findings are not limited to Europe: a study on 108 first-
year dental students from the University of Tokyo revealed
that a considerable proportion presented with suboptimal
oral health at the outset of their dental training, despite
having already been accepted into a dental program. This
suggests that pre-existing oral hygiene habits formed prior
to university entry are not consistently adequate even in a
highly academically selective cohort [35]. The results of
the Tokyo study confirm the pattern observed in the present
study. Furthermore, the conclusions of the aforementioned
studies suggest that the knowledge—behavior discrepancy in
dental student’s oral hygiene is not geographically limited,
but may represent a global phenomenon.

Several limitations of this study must be
acknowledged. First, the use of a clinic-based convenience
sample may introduce selection bias: individuals presenting
for dental assessments at a teaching clinic may differ
systematically from the broader young adult population
in terms of oral health awareness, symptom burden, or
health-seeking behavior. The findings should therefore be
interpreted as reflective of dental students attending the
UMFIH teaching clinic, rather than the general Romanian
young adult population. Second, the retrospective design
imposed inherent constraints: data were collected from
routine clinical records, and the researcher had no
control over examination conditions across all records.
While standardization was ensured through adherence
to the departmental protocol, formal pre-study examiner
calibration was not performed in the traditional research
sense. Third, and importantly, the dataset did not include
behavioral variables — such as toothbrushing frequency,
interdental cleaning habits, dietary patterns, smoking
status, or systemic health conditions — all of which are
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established determinants of plaque accumulation and
gingival inflammation. The absence of these variables limits
the ability to interpret the etiology of the observed findings
beyond clinical description. Future prospective studies in
this population should incorporate a standardized behavioral
questionnaire alongside clinical index measurements.
Finally, the lack of full periodontal diagnosis data (e.g.,
clinical attachment level, probing depth, radiographic bone
levels) and specific indices such as ICDAS limits the scope
of diagnostic inference that can be drawn from the dataset.

Information on the oral health status of the
population is fundamental to dental public health practice.
Public health surveillance is the continuous systematic
collection, analysis, and interpretation of data for the
planning, implementation, and evaluation of public health
services. It is a system that uses methods that are fast,
simple and practical, designed to put as little pressure as
possible on the healthcare providers who make the report.
As a result, the data are not as accurate as those collected
under strict protocols in research projects with specific
outcomes. However, the accuracy levels are considered
sufficient to monitor the population and the incidence of
pathologies. Therefore, the data provided by this study,
albeit with a lower level of precision, can represent a
starting point for a population-wide data collection on the
basis of which appropriate public oral health measures can
be established [36].

Conclusions

This study highlights the fact that a significant
proportion of the dental students from Cluj-Napoca,
Romania do not meet the established criteria for acceptable
plaque control and gingival health. This is particularly
striking when considering that this population has access
to both oral healthcare information and treatment. The high
prevalence of plaque accumulation and gingival bleeding
highlights the need for structured preventive strategies
targeting younger populations, including routine hygiene
assessments and self-monitoring programs within dental
education curricula. These findings support the integration
of standardized oral hygiene indices into community-based
and clinical preventive programs and provide baseline
data for future intervention studies targeting dental and
healthcare students in Romania.

Institutional Review Board Statement

The study was conducted in accordance with the
Declaration of Helsinki, local and European laws and
regulations concerning scientific medical research. Ethical
review and approval were obtained from Iuliu Hatieganu
University of Medicine and Pharmacy, Cluj-Napoca (Nr.
AVZ67/19.04.2024) and Cluj County Clinical Emergency
Hospital Cluj-Napoca (Nr. 49053/19.10.2023, file
3363/2023).
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