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Abstract

Background. Accurate periodontal diagnosis is the cornerstone of effective treatment planning and disease
management; however, the clinical application of diagnostic criteria often remains inconsistent. Despite the
availability of established international quidelines, dental professionals frequently encounter difficulties in
clinical judgment, radiographic assessment and the interpretation of diagnostic parameters. Understanding
global patterns of these diagnostic errors across regions and professional groups is crucial for identifying
gaps in dental education and improving evidence-based periodontal care worldwide.

Objectives. The aim of the study was to develop a 5-item questionnaire assessing basic periodontal
knowledge among dentists, dental students, dental hygienists, and specialists in periodontics worldwide,
as well as to understand global patterns and clinical standards.

Material and methods. A total of 3,328 professionals from over 60 countries were invited to participate in
the questionnaire between September 1 and October 23, 2025. The invitees received e-mails with a link to
access the survey. The questions were developed to assess basic periodontal knowledge, such as diagnostic
parameters in periodontology, probing and its significance, evidence-based questions, and radiographic
assessment. The data was weighted and statistically analyzed.

Results. Atotal of 543 participants from 46 countries completed the questionnaire (response rate: 16.32%),
comprising 266 specialists in periodontics/dental hygienists (S-DHs) and 277 dentists/dental students (D-Ds).
Overall, the first group demonstrated superior performance across most questions. The error rates varied
markedly across continents. Despite this geographic variation, continents displayed similar internal patterns
of errors, as shown by positive intercontinental correlations across most questions. Conversely, question
3 — addressing the balance between clinical judgment and evidence-based quidelines — demonstrated
weak or negative correlations with the remaining items, behaving as an independent construct. The observed
patterns demonstrated that diagnostic errors cluster within a largely cohesive technical domain, while
judgment-based decision-making forms a distinct dimension of performance.

Conclusions. This global analysis revealed substantial differences in periodontal diagnostic performance
across continents, countries and professional groups. However, the errors followed a consistent and structured
pattern. Specialists and dental hygienists outperformed general dentists and students, especially in the more
interpretive questions. The findings suggest that improving periodontal diagnostic accuracy worldwide
will require coordinated efforts to strengthen technical calibration and promote consistent use of modern
diagnostic quidelines, especially in lower-performing regions.

Keywords: periodontics, questionnaire, diagnosis, survey
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Highlights
« Despite varied backgrounds, most clinicians use guideline-concordant and evidence-based approaches for
periodontal diagnosis, with clinical attachment level (CAL), radiographic bone loss (RBL) and probing depth (PD)
identified as the most important diagnostic parameters.
« Technical challenges in periodontal diagnosis, including interpretation of PD measurements and radiographic
assessment, are interconnected and observed across different geographic regions.
+ The findings support a dual competency model in periodontal diagnosis, combining technical/procedural skills
with conceptual, guideline-based clinical reasoning.
« Periodontal education and training programs should simultaneously strengthen practical diagnostic skills and
evidence-based decision-making to improve diagnostic accuracy and consistency.
Introduction

In the context of periodontal disease, parameters such
as clinical attachment level (CAL), radiographic bone loss
(RBL) and periodontal probing depth (PD) are essential
for both diagnosis and treatment planning."> However,
inaccuracies in measuring these parameters can lead to
significant ethical issues, including potential insurance
fraud. This phenomenon occurs when clinicians intention-
ally present exaggerated or falsified clinical data to secure
unnecessary procedural reimbursements. The precision
in assessing these parameters is paramount, as it directly
influences patients’ perceived severity of periodontal dis-
ease. Numerous studies have highlighted the significance
of accurate measurements, noting that discrepancies can
arise from factors such as examiner experience, the type
of radiographic technique and measurement precision.>3*

The utilization of advanced imaging techniques, par-
ticularly panoramic radiographs and artificial intelligence
(AI)-assisted analyses, has been evaluated for their efficacy
in assessing RBL.%> Research suggests that while this tech-
nique provides valuable insights, it is still susceptible to
errors. Panoramic radiographs can often underestimate bone
loss due to the presence of distortions, leading to a mis-
representation of a patient’s periodontal status and pos-
sibly resulting in fraudulent claims for treatments that may
not be necessary.%’” Conventional intraoral radiographs,
particularly bitewing radiographs, have been recognized
to outperform panoramic views in certain assessments,
emphasizing the importance of selecting appropriate
imaging methods to ensure accurate diagnostics.”® Edito-
rial guidelines for accurate periodontal and radiographic
evaluation have been recently published.’~1

The measurement of periodontal PD, while essential,
involves an intrinsic margin of error dependent on the
clinician’s technique and the measurement tools used.
Some clinicians consider PD to be the only parameter for
evaluating periodontitis, underestimating the relevance
of pseudopockets, CAL and RBL. Studies on PD highlight
that variability can occur, impacting the accuracy of the
data collected.”!? For example, excessive probing force can
distort readings, leading to inflated PD values and further

complicating the clinical picture. This inherent variability
can be exploited for fraudulent purposes. Clinicians may
misrepresent the severity of periodontal disease based on
inflated PD readings to justify costly interventions,!3!
highlighting the need for patient-centered assessment.
Clinical attachment level is considered one of the most
important parameters for the evaluation of periodontal
health, often utilized alongside PD. This parameter
quantitatively reflects the periodontal support around
teeth, offering insights into disease progression.!>1°
Inaccurate CAL readings caused by methodological
discrepancies can culminate in misleading assessments
of a patient’s periodontal condition, rendering diagnoses
susceptible to manipulation for unethical financial gain.
An editorial guiding clinicians on how to accurately assess
CAL has been recently published.! Radiographic bone loss
represents the second most essential parameter, which
normally confirms and matches the results obtained for
CAL. In specific cases, however, concordance between
CAL and RBL may not be observed. This discrepancy can
occur, for example, when more than 3 teeth are affected in
the buccal area, in the presence of 5-mm PD, or furcation
involvement without interdental bone loss. Such practices
highlight the need for vigilant clinical protocols that
incorporate multiple periodontal parameters rather than
relying exclusively on PD measurements.}2!
Furthermore, the implications of insurance fraud
related to periodontal assessment extend beyond fraudulent
claims. They have the potential to erode trust in health-
care providers, cause iatrogenesis, and impair the integrity
of clinical data used in research and public health decision-
making. The 2017 World Workshop for Classification
of Periodontal and Peri-implant Diseases and Conditions
emphasized the importance of accurate endpoint deter-
mination in periodontal therapy, underscoring the impor-
tance of accurate clinical measurements for ethical treat-
ment provision.!® A critical review was published recently,
revisiting parameters for periodontitis, and a recent edito-
rial provided guidelines for a more accurate evaluation.!!
To address the prevalence of inaccuracies and potential
fraud in periodontal measurements, integrating technol-
ogy, such as computer-assisted diagnostic systems,'® can
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be pivotal. Innovative methods, including new algorithms,
deep learning and Al, are increasingly used to enhance the
precision of RBL assessments as they minimize human
error inherent in manual interpretations.®?° These
systems could help standardize measurements to facilitate
automatic diagnostic support, thus elevating the reliability
of clinical data and reducing opportunities for unethical
practices.

Hence, the assessment of fundamental periodontal
parameters is a critical aspect of periodontal diagnosis and
treatment. However, inaccuracies in measuring PD, CAL
and RBL can lead to significant consequences. Periodontal
practitioners must adhere to standardized methodolo-
gies and leverage advances in technology to ensure precise
assessments, ultimately protecting the ethical standards
of periodontal practice and the well-being of patients. In
this context, the aim of this study was to develop a ques-
tionnaire to assess basic periodontal knowledge among
dentists, dental students, dental hygienists, and specialists
in periodontics worldwide, in order to identify patterns and
clinical standards around the globe.

Material and methods

A total of 3,328 dentists, dental students, dental hygien-
ists, and specialists in periodontics from more than 60
countries were invited to participate in the study between
September 1 and October 23, 2025. The invitees received
e-mails containing a link (http://tiny.cc/perio) to access
the survey. A questionnaire comprising 5 simple periodon-
tal questions was developed using Google Forms (Google
LCC, Mountain View, USA). The average time required
to complete the survey was 2—5 min. The participants

3.1-3.2 mm

Fig. 1. Image used in question 1 of the survey, showing a periodontal
NG15 probe with a probing depth (PD) measurement of 3.1/3.2 mm

were divided into 2 groups: specialists in periodontics and
dental hygienists (S-DHs); and dentists and dental students
(D-Ds).

Sample size calculation

The sample size was calculated for a single proportion
estimate. Means were compared using standardized effect
sizes. Considering the population of 3,328 professionals
who were invited to participate, an « level of 0.05 (two-
sided), standard Z-values (Za/2 = 1.96; Zpower ~ 0.84
for 80% power), and a 95% confidence interval (CI) with
p = 0.5 for worst-case proportion estimates, the required
sample size was estimated using a margin of error of +5%.
The minimum required sample size was approx. 344
responses. Therefore, to estimate proportions with a 95%
CI and a precision of +5%, at least 344 valid responses
were required. In practical terms, for approx. 3,300 invi-
tations, the target sample size was set at 2350 completed
responses, corresponding to an expected response rate
of about 10.5%.

Questionnaire

The following questions, some of which allowed multiple
responses, were developed for the survey based on basic
periodontal knowledge:

+ Question 1 — probing measurements®2!: When you are
recording periodontal probing depths, what is your
approach if the measurement falls between two marks
on the probe, with the gingival margin close to the 3-mm
mark (in this case, 3.1 mm/3.2 mm) (Fig. 1)? (one answer
could be selected; however, both B and C were accepted
as correct answers)

A. Always round up to the next millimeter;

B. Always round down to the lower millimeter;

C. Always record exactly as seen (to the nearest mil-

limeter mark on the probe).

« Question 2 — diagnostic parameters®~1%2122; Which
of the following parameters do you consider essential
for diagnosing periodontitis in daily practice? (select all
that apply; correct answers — A,B,C)

A. Radiographic bone level;

B. Periodontal probing depth;

C. Clinical attachment level;

D. Patient risk factors (e.g., smoking, diabetes, family

history);

E. Bleeding on probing;

E. Tooth mobility.

» Question 3 — clinical experience vs. guidelines
How do you balance clinical experience/judgment with
evidence-based guidelines (e.g., 2017 AAP/EFP Periodontal
Classification) when making a periodontal diagnosis?
(correct answer — A)

A. Primarily follow standardized guidelines;

B. Primarily rely on clinical experience.

1,23,24.
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+ Question 4 — importance of PD"1011,2122.25,26; Tpy your
opinion, how important is probing depth in the diagnosis
and staging of periodontal disease compared with other
parameters? (correct answer — C)

A. The most important parameter;

B. Not critical;

C. Helpful, but secondary to other factors;

D. Equally important as CAL and radiographs.

« Question 5 — radiographic assessment®!:2226-28; \When
evaluating radiographs for periodontal diagnosis, which
approach best reflects your practice? (select all that
apply; correct answers — B,C,E)

A. Use panoramic radiographs for screening, with peri-
apicals for detailed diagnosis;

B. Combine radiographic findings with probing data
before reaching a diagnosis;

C. Evaluate horizontal and vertical bone loss patterns;
D. Assess the alveolar bone crest relative to the cemento-
enamel junction (CEJ) on periapical radiographs;

E. Assess alveolar bone crest relative to the CEJ on bite-

wing radiographs.

Internal validity of the questionnaire

Three main aspects of validity were considered:

» Content validity: Do the questions cover the domain
being investigated?

« Construct validity: Do the questions effectively measure
the intended concepts (e.g., diagnostic approaches, clini-
cal reasoning)?

« Face validity: Do the questions appear logical and rele-
vant to respondents (dentists, specialists in periodontics,
dental students, and dental hygienists)?

Question 1 (probing measurements) demonstrated
high content validity, as it directly addressed a con-
troversial yet clinically relevant issue (rounding vs.
exact recording). It reflects an important aspect of daily
clinical practice and calibration among professionals
from different countries. Question 2 (diagnostic param-
eters) exhibited strong content and construct validity
by covering the essential diagnostic elements used
internationally in periodontal assessment. Moreover, the
multiple-response format enabled to capture different
diagnostic approaches. Question 3 (clinical experience
vs. guidelines) demonstrated strong construct validity
because it directly evaluated how clinicians balance
personal experience with evidence-based standards.
The responses provided insight into global variabil-
ity in the adoption of the 2017 American Academy of
Periodontology/European Federation of Periodontology
(AAP/EFP) classification (current classification).
Question 4 (importance of PD) demonstrated good
validity, considering that PD is central, although
debated, parameter compared with CAL and RBL. This
question captured the importance clinicians attribute to
PD in periodontal diagnosis. Question 5 (radiographic
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assessment) exhibited high validity because it reflected
current diagnostic practices worldwide and differenti-
ated between approaches (panoramic vs. periapical vs.
bitewing, bone crest vs. CEJ, etc.).

The overall validity of the questionnaire was robust
and highly valid for exploratory research into periodon-
tal diagnostic standards and education worldwide.
The questions were relevant to the study subject and
understandable to the target audience. Content validity
was supported by adequate coverage of PD, diagnos-
tic parameters, clinical reasoning, and radiographic
evaluation. Construct validity was also strong, with
each question targeting a measurable construct, such
as diagnostic accuracy, reliance on PD or adherence to
clinical guidelines.

Data preparation (weighted scores)

Weighted scoring was employed. The primary weight-
ing factor was the total number of participants from each
country, acknowledging that estimates derived from larger
sample sizes are more precise and should be accorded
greater weight in the analysis than those obtained from
smaller and more volatile samples. The initial approach
for calculating the weighted overall score was considered
using the following formula:

weighted overall score = X (s x 71) / £ X Hyotal

where:

s — score obtained for a specific country;

n — number of participants from that country;

Mioral — total number of participants.

However, this formula calculates a grand mean across all
responses, which is optimal for characterizing an overall
global performance but less suited for ranking individual
countries based on their own demonstrated proficiency.
Therefore, to enable country-level comparisons while
still accounting for data reliability, an alternative method
was implemented. This procedure involved calculating
a country-level weighted percentage according to the fol-
lowing steps:

+ Calculation of the average question score: For each
country and each of the 5 questions (Q1-Q5), a single
score was calculated as the arithmetic mean of the cor-
responding D-Ds and S-DHs scores:

Qavg = (D-Ds score + S-DHs score)/2

« Estimation of total wrong responses: The average ques-
tion score was interpreted as the proportion of incorrect
responses. The total number of incorrect responses for
each country across all 5 questions was calculated as
follows:

Total Wrong = (Qlayg + Q24vg + Q3avg + Qlayg + Qbavg) X 71
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« Calculation of total possible responses: The total number
of possible responses for each country was calculated
according to the following formula:

Total_Possible =5 x n

+ Derivation of the overall weighted percentage: The final
performance metric for each country was computed
as the ratio of the estimated total number of wrong
responses to the total number of possible responses:

weighted overall score = Total_Wrong/Total_Possible
= (QlAvg + Q2Avg + QgAvg + Q4Avg + QSAvg)/5

The final metric mathematically corresponds to the
arithmetic mean of the 5 average question scores. Although
arithmetically equivalent to a simple average, this metric
remains conceptually grounded in the underlying
participant-level data. This approach takes into consider-
ation the weight of the evidence from each country, provid-
ing a solid foundation for subsequent comparative ranking.
Countries with a participant count below a predefined
threshold (n < 16) were excluded from the final ranking
of the 10 lowest-performing countries to mitigate the influ-
ence of estimates with high variability.

Statistical analysis

Normality of percentage distributions for each question
(Q1-Q5) and professional group (dentists vs. specialists)
was assessed using the Shapiro—Wilk test. Since most of the
datasets failed the normality test (p < 0.05), non-parametric
tests were employed. Comparisons between dentists/dental
students and specialists/dental hygienists for each ques-
tion were conducted using the Wilcoxon signed-rank test
(paired by country). Within-group differences among the 5
questions were analyzed using the Friedman test, followed
by Wilcoxon pairwise post hoc test with Bonferroni correc-
tion. Differences between the countries for each question
were evaluated using the Kruskal-Wallis test, followed by
Dunn’s post hoc test with Holm’s correction. Median values
and interquartile ranges (/QRs) were used to describe cen-
tral tendency and dispersion. All analyses were conducted
in Python (SciPy 1.13.0 and scikit-posthocs 0.9.0).

Results

A total of 543 participants from 46 countries (Fig. 2)
completed the survey (response rate: 16.32%). The sample
comprised 266 individuals in the S-DHs group, including
231 specialists in periodontics and 35 dental hygienists,
and 277 participants in the D-Ds group, including 185
dentists and 92 dental students (Fig. 3). Overall, specialists
and dental hygienists demonstrated better performance
across the majority of the questions.

Fig. 2. World map showing the geographic distribution of participating
countries

Error rates across continents

Continental comparisons revealed substantial variabil-
ity in diagnostic accuracy across all 5 questions (Fig. 4—6).
Overall, 2 consistent patterns emerged from the data:
(1) the distribution of errors varied markedly across
continents; (2) Oceania and Africa repeatedly exhibited
elevated error rates, in some cases doubling those
observed for Europe or Asia. These broad trends reflect the
heterogeneity identified in the global statistical analyses.
The strongest geographic heterogeneity was observed for
Q1 and Q5, both highly significant at p < 0.001, confirm-
ing marked intercontinental differences in error rates.
Questions 2 (p = 0.004) and 3 (p = 0.008) also showed
significant intercontinental variation, although with
smaller effect sizes.

For QI, error rates ranged from 10.8% in Asia to 37.5% in
Africa, with Europe (21.5%) and Oceania (20.0%) showing
comparatively lower proportions of incorrect responses.
This nearly 27-percentage-point spread illustrates pro-
nounced continental divergence and visually reinforces the
highly significant Kruskal-Wallis result for this question
(p < 0.001).

Question 2 showed more moderate variation, with
error rates ranging from 27.7% in Oceania to 38.3% in
Europe. North America (35.1%) and South America (32.8%)
occupied intermediate positions. This pattern closely
mirrored the moderate but statistically significant het-
erogeneity identified by the Kruskal-Wallis analysis
(p = 0.004).

Question 3 demonstrated one of the greatest intercon-
tinental differences, with error rates ranging from 16.7%
in Africa to 60.0% in Oceania, and Europe remaining rela-
tively low at 24.7%. North America and South America
displayed intermediate error rates of 36.9% and 39.8%,
respectively. This wide dispersion of over 40 percentage
points aligned with the significant cross-national vari-
ability observed for Q3 in the larger sample and mirrored
the moderate heterogeneity (p = 0.008) found in the global
statistical analysis.
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A. Dentists and dental students (D-Ds); B. Specialists in periodontics and dental hygienists (S-DHs).
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Q2
The greatest regional divergence was observed for
Q4, with error rates of 89.6% in Africa, 69.5% in Europe, as
60.0% in Oceania, 55.8% in South America, 52.7% in
North America, and only 36.6% in Asia. Although
these differences are striking visually, Q4 did not
reach statistical significance globally (p = 0.063),
presumably because high within-country variability Q1
diluted continent-level contrasts.
For Q5, error rates ranged from 33.3% in Oceania to
50.5% in Europe, with North America (39.9%), South
: 0, : 0, : : _ - North America
Amgrlca (4.1..76) and Afr{ca @8.36) occupying inter » S Amerea
mediate positions. The distribution reflected moderate but - Eu_rope
. . . . - Asla
clear variation and corresponded well with the highly Africa
significant Kruskal-Wallis result (p < 0.001). Although Qs *- Gcuanla

Q5 demonstrated moderately high error rates across
all continents, regions that performed poorly on other
questions, particularly Oceania and Africa, also tended
to show elevated error rates on this question. Across all
5 questions, Europe and Asia formed the most stable,
low-error clusters, whereas Oceania and Africa more
frequently occupied the upper extremes of incorrect
response frequencies.

Fig. 6. Radar chart illustrating regional response profiles across all questions

Intercontinental correlation of error rates

The intercontinental correlation matrix revealed sub-
stantial consistency in the pattern of incorrect response
frequencies across questions (Fig. 7). Most question—pair
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Fig. 7. Intercontinental correlation matrix of error rates across
questionnaire items

correlations were high and positive (r = 0.70-0.90), indi-
cating that continents that performed poorly on one ques-
tion also tended to perform poorly on several others. The
strongest associations were observed between Q1 and Q5
(r = 0.88) and between Q1 and Q2 (r = 0.79), indicating
a shared underlying pattern of difficulty across regions.
These items emphasize foundational aspects of clinical
measurement and diagnostic interpretation, specifically
probing measurement (Q1), essential diagnostic criteria (Q2)
and radiographic assessment practices (Q5). The strong
alignment across continents implies that misunderstandings
or inconsistencies in these fundamental diagnostic elements
may represent a globally shared challenge among clinicians.

One notable deviation from this overall trend was Q4,
which showed markedly weaker correlations with Q1
(r=0.28) and Q2 (r = 0.24). This finding suggests that Q4
assessed a distinct knowledge domain or cognitive skill,
in which the clinician’s perspective on the importance
of PD varied independently of their performance on more
technical or procedural questions. Nevertheless, Q4
exhibited a moderately strong correlation with Q3 (r = 0.77),
suggesting partial alignment with the cluster of items
demonstrating higher cross-regional error synchrony and
partial overlap with the domain of clinical judgement and
guideline interpretation.

Overall, the correlation structure indicates that global
differences in performance were not random but instead
followed a coherent pattern. Distinct types of knowledge
gaps or misconceptions may explain variations in incorrect
response rates across continents.

Specialists/dental hygienists vs. dentists/
dental students

When comparing the number of incorrect responses
between D-Ds and S-DHs (Table 1), the S-DHs group dem-
onstrated significantly fewer errors in 3 of the 5 questions
(Q1, Q3 and Q5). These differences reached statistical sig-
nificance in the Wilcoxon paired tests (p = 0.032, p = 0.012
and p = 0.041, respectively). Questions 2 and 4 displayed
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Table 1. Comparison of error rates between dentists/dental students (D-Ds)
and specialists in periodontics/dental hygienists (S-DHs), paired by country

Question | Wilcoxon W | p-value Interpretation

Q1 2100 0032 Sigmtﬁﬁﬁ@%ﬁi;gﬁ; rates
Q2 1885 0061 ”enlfjn t&\ﬂe/asrfiDlgSwQerroeJ;or rates
Q3 156.0 0012* S‘gm?rfiggys gﬁi;gg; rates
Q4 1790 o072 ™ ”e”ii Y;Vgasr_legz\/gerroeJ;or rates
A o

ns — non-significant; * statistically significant (p < 0.05, Wilcoxon paired test).

non-significant trends favoring the S-DHs group. This pat-
tern indicates greater diagnostic accuracy among S-DHs,
particularly on items with greater conceptual or interpre-
tive demands.

Within-group analyses revealed distinct response pat-
terns between the 2 groups (Table 2). The D-Ds group
showed pronounced internal variability, with significantly
higher error rates for Q1 compared with Q3 (p = 0.014)
and Q5 (p = 0.021). Consequently, it can be implied that
the clinical content of Q1 posed particular challenges for
D-Ds. In contrast, the S-DHs group demonstrated fewer
internal differences across questions, although a modest
but significant difference emerged between Q2 and Q5
(p =0.038), indicating a narrower range of perceived ques-
tion difficulty within this group.

Cross-national comparisons

Cross-national comparisons demonstrated substantial
heterogeneity in error rates across most questionnaire
items (Table 3). The Kruskal-Wallis test showed highly
significant differences among countries for Q1 and Q5
(both p < 0.001), as well as moderate but statistically
relevant variation for Q2 and Q3. Question 4 exhibited
a non-significant trend (p = 0.063), suggesting a relatively
similar level of performance across countries. These find-
ings indicate that contextual factors, such as differences
in educational curricula, clinical exposure or diagnostic
philosophies, may meaningfully influence diagnostic
accuracy among respondents.

Table 2. Results of the Friedman test comparing responses across
questions (Q1-Q5) within each professional group

= Significant pairs
F X (df=4) (Bonferroni-adjusted post hoc test)
Ds

Q1>0Q3(p=0.014
Q1>0Q5(p=0.021)
others: ns

14.22 0.006*

S-DHs 9.8 0.042*
others: ns

Q2> Q5 (p=0038)

df - degrees of freedom; * statistically significant (p < 0.05).
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Table 3. Results of the Kruskal-Wallis test comparing country-level TOp-1 O—Countl’y su bset (hlg heSt error rates)
differences for each question

Question | Hstatistic | df | p-value | Dunn’s post-hoc summary The global pattern remained consistent when the analy-

o 71 45 <0001* significant differences sis was restricted to the top 10 countries with the highest

' ' among 26 country pairs mean percentages of incorrect responses. In this subset,

2 735 45 0004 differenceszlamfng 4 country S-DHs continued to outperform D-Ds, with statistically

clusters significant differences identified for Q1, Q3 and Q5 in the

Q3 684 45 0008 moderate heterogeneity Wilcoxon analyses (Table 4). The within-group Friedman

Q4 597 45 0063 I tests confirmed that dentists and dental students from

05 903 45 <0001* wide \éaofkija;lzgsaﬂoss these high-error countries showed significant variation

across questions, whereas the S-DHs group did not reach

* statistically significant (p < 0.05). statistical significance, suggesting more uniform perfor-
mance (Table 5).

Table 4. Results of the Wilcoxon test comparing dentists/dental students The Kruskal-Wallis analyses across the top 10 coun-

(D-Ds) and specialists in periodontics/dental hygienists (S-DHs) in the

10 countries with the highest error rates tries confirmed the presence of cross-national vari-

ability (Table 6). Questions 1 and 5 continued to dem-
onstrate the strongest heterogeneity (p = 0.001 and

Question Wilcoxon W

Q1 330 00217 p <0.001, respectively). Question 2 presented moderate
Q2 S0 00502 differences, and questions 3 and 4 showed no signifi-
Q3 2.0 0012 cant variability. These patterns mirror the overall
Q4 295 0068 dataset and confirm that certain diagnostic items elicit
Q5 310 0.037* markedly different interpretations across country-level

contexts.

Table 7 presents the 10 countries with the highest
overall error rates among all possible responses. The mean
overall error rate was 39.8 +3.8%. Question 4 was the most
challenging among the top 10 countries, with incorrect

* statistically significant (p < 0.05).

Table 5. Results of the Friedman test within each professional group in the
10 countries with the highest error rates

D-Ds 11.34 0.023* response rates ranging from 58.0% to 82.2%. Even the
S-DHs 7.92 0094 most robust countries encountered significant challenges
* statistically significant (p < 0.05). in addressing this particular question. Question 3 was

considered a key differentiator, and Poland (#1 rank) was
heavily influenced by its score performance in Q3 (65.9%).
Overall, the 10 countries demonstrated consistently high

Table 6. Results of the Kruskal-Wallis test for each question among
participants from the 10 countries with the highest error rates

ST H(df=9) average error rates across all questions, without a single
Qt 265 0001 strong area, with the exception of Italy and Canada in
Q2 193 0.037* question 1.
Q3 14.1 0119 To better visualize the results, the percentages of
Q4 1.9 0.152 incorrect responses for each question were categorized
Qs 27.8 <0.001* by country and presented in descending order in Fig. 8—12.

* statistically significant (p < 0.05). The outliers were removed from the figures.

Table 7. Weighted ranking of the 10 countries with the highest overall error rates

Error rate

Rank Country
1 Poland 26.1 372 659 714 420 485
2 Brazil 36.9 439 27.5 66.9 413 433
3 Portugal 199 399 242 74.5 453 40.8
4 [taly 3.3 424 344 822 37.7 40.0
5 Sweden 213 346 338 72.5 373 399
6 Spain 250 411 138 71.9 3838 38.1
7 USA 399 36.5 249 580 296 37.8
8 Canada 6.3 302 36.1 70.8 422 37.1
9 Germany 208 36.1 250 583 438 36.8
10 United Kingdom 16.7 303 153 75.0 386 352

Data presented as average percentage of incorrect responses (%).
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Fig. 10. Distribution of error rates by country for question 3

Fig. 8. Distribution of error rates by country for question 1
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Fig. 11. Distribution of error rates by country for question 4

Fig. 9. Distribution of error rates by country for question 2
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Fig. 12. Distribution of error rates by country for question 5
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Pearson correlation coefficients (r) between question
scores are presented in Table 8. This coefficient ranges
from -1 (perfect negative correlation) to 1 (perfect positive
correlation), with 0 indicating no linear relationship. The
correlation matrix revealed distinct clustering patterns
and relationships among the questions, as follows:

« strong positive correlations:

— Q1 & Q2 (r = 0.73): countries with high error rates for
Q1 also tended to have high error rates on Q2, suggest-
ing that these questions may reflect similar underlying
knowledge domains or cognitive skills;

- Q2 & Q5 (r = 0.68): performance on Q2 was a good
predictor of the performance on Q5, and vice-versa;

— Q4 & Q5 (r = 0.71): the strongest correlation among
the latter questions. Countries with high error rates
for Q4 also tended to demonstrate high error rates for
Q5, indicating that the questions were closely linked
in terms of required knowledge;

» moderate positive correlations:

— Q1 & Q5 (r=0.52): a moderate link exists between the
first and final questions;

— Q1 & Q4 (r=0.44) and Q2 & Q4 (r = 0.42): these results
suggest a tentative connection between the knowledge
tested in the first 2 questions and that in Q4;

+ weak or no correlations:

— Q3 & all other questions (r < 0.4): Q3 demonstrated

the weakest relationships with all other questions, with

1

r-values of 0.31, 0.25, 0.18, and 0.37. This critical find-
ing indicates that Q3 measured a distinct and inde-
pendent knowledge domain. A country’s performance
on QI, Q2, Q4, or Q5 is a very poor predictor of its
performance on Q3.

Inter-question correlation

The inter-question correlation matrix demonstrated
a more complex interaction among questionnaire items
when analyzed at the participant level (Fig. 13). Unlike
the continent-level analyses, several question pairs pro-
duced negative correlations, indicating that participants
who answered one question incorrectly were more likely
to answer another correctly.

Negative associations were especially prominent for
Q3, which correlated inversely with Q2 (r = —0.63), Q4
(r = =0.66) and Q5 (r = —0.92). These strong negative
relationships suggest that Q3 assesses a concept or skill
fundamentally distinct from the others, such that mis-
understanding in that domain may coincide with greater
accuracy elsewhere. This pattern indicates that partici-
pants who struggled with Q3 often performed better on
questions more closely linked to procedural or technical
diagnostic components.

Table 8. Pearson correlation matrix of question-specific error rates among
the 10 countries with the highest overall error rates

| Questin |1 | @2 | o3 | ot | o5
Q1 1.00 - - - -

|
Q 073* 1.00 - - _ ‘

‘ Q3 0.31 0.25 1.00 - - ‘
‘ Q4 044 042 0.18 1.00 = ‘
‘ Q5 0.52 0.68% 037 0.71* 1.00 ‘
* strong positive correlation.
Correlation
coefficient
1.00
Q1
0.75
0.50
Q2 0.14
0.25
0
-0.25
. -0.50
0%73] ~0:75
-1.00

Q1 Q2 Q3 Q4 Q5

Fig. 13. Heatmap visualization of the inter-question correlation matrix
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Conversely, Q4 showed a strong positive association
with Q1 (r = 0.85), as well as moderate positive relation-
ships with Q2 (r = 0.17) and Q5 (r = 0.73). This pattern
indicates that Q4 clustered with items relying on similar
reasoning patterns or conceptual frameworks. Questions
1, 4 and 5 formed a distinct, positively correlated cluster
(r = 0.61-0.85), reflecting alignment among precision-
probing practices, the perceived importance of PD and
radiographic interpretation strategies. Collectively, these
items represent technical aspects of diagnosis. Their posi-
tive associations imply that competence or conceptual clar-
ity in one of these domains tends to coincide with similar
accuracy in the others.

Taken together, these results reveal 2 major latent struc-
tures: cluster involving Q1, Q2, Q4, and Q5, which tend
to rise and fall together; and another cluster centered on
Q3, which behaves inversely relative to the remaining
questions. This two-cluster structure suggests that the
questionnaire captured at least 2 distinct underlying com-
petencies or misconception profiles.

Overall, the observed patterns indicate the presence of at
least 2 latent constructs underlying clinician diagnostic
behavior: a technical/procedural dimension involving
probing measurement, parameter prioritization and
radiographic interpretation; and a cognitive-judgment
dimension involving integration of clinical experience
with formal guidelines.

Discussion

The present study explored basic concepts of periodontal
assessment, aiming to evaluate global baseline knowledge
in periodontics and to identify common diagnostic pat-
terns and clinical standards. Overall, the survey indicates
that, despite substantial variability in training backgrounds
and practice settings, clinicians largely adopt guideline-
concordant, evidence-based approaches to periodontal
diagnosis. Respondents favored conservative, reproducible
probing strategies — either rounding measurements up or
down or recording them as read — rather than overestimat-
ing disease severity (Q1), and consistently prioritized the
triad of RBL, PD and CAL as essential diagnostic param-
eters (Q2). Most participants reported following contem-
porary classification systems, particularly the 2017 AAP/
EFP framework (Q3),%2 while recognizing PD as relevant
but not a standalone or primary metric for detecting peri-
odontitis (Q4), instead placing it within a broader diagnostic
context. Interestingly, Q4 elicited the highest proportion
of incorrect responses, with many participants rating PD
as equally important as CAL and RBL. Radiographic
assessment (Q5) was also approached in an integrated and
systematic manner, combining imaging with probing
data and emphasizing the evaluation of bone loss patterns
and the relationship between the alveolar crest and CE]J,
especially on bitewing radiographs. However, about half
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of the participants did not correctly interpret radiographic
images for the diagnosis of periodontitis.

Although the survey response rate of 16.32% exceeded
the target sample size required for the desired margin
of error, it raises important considerations regarding
selection bias and the generalizability of the results. The low
response rate suggests that the 543 participants who com-
pleted the survey may represent a random sample of the
3,328 invited professionals. This introduces the potential
for selection bias, which can impact the generalizability
of the findings. In voluntary surveys, professionals who
choose to participate are often those with greater interest
in the subject matter (periodontics) or higher confidence
in their knowledge. Consequently, respondents may have
been more familiar with contemporary guidelines, such as
the 2017 AAP/EFP classification system, and more com-
petent in their diagnostic skills. In the presence of com-
petence bias, the overall error rates observed (e.g., a mean
overall score of 39.8%) may underestimate the actual global
knowledge deficits and technical inconsistencies among
the broader population of invited practitioners. Moreover,
the impact on group comparisons, demonstrating that
S-DHs consistently outperformed D-Ds, might be amplified
if, for example, the D-Ds who responded were the least
engaged in their group, while the S-DHs were the most
engaged. Furthermore, influences on observed hetero-
geneity can introduce substantial variability in error rates
across continents, countries and professional groups, and
these differences are likely genuine. Still, their magnitude
may differ in the overall population. The structured nature
of the observed error patterns suggests that the underlying
issues are real; however, the precise percentage differences
may shift if a larger, more representative sample were
obtained. In summary, while the sample size was statistically
sufficient for the study’s primary goal (descriptive preva-
lence estimates at £5% margin of error), the low response
rate indicates that the results are most accurately gener-
alizable to the subset of globally invited, more engaged
professionals who chose to complete the questionnaire,
rather than to the entire population of invited experts.
Future studies should, therefore, aim to achieve higher
participation rates to validate these findings.

Taken together, the findings of the present study suggest
that current periodontal diagnostic behavior among most
respondents is broadly in line with accepted practices. At
the same time, they highlight the need to reinforce, dis-
seminate and implement standardized diagnostic proto-
cols globally and to build upon the existing foundation
to refine future educational and calibration efforts.!-1?

A critical dual-level analysis provided further insight
into how clinicians conceptualize and apply diagnostic
principles. The strong positive correlations among con-
tinents demonstrate that, across widely disparate educa-
tional systems and clinical cultures, shared difficulties
in basic diagnostic tasks exist. The clustering of ques-
tions 1, 2 and 5 suggests that uncertainty in probe-based
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measurements, selection of essential diagnostic parame-
ters, and radiographic evaluation are not isolated problems
but interconnected elements of a global diagnostic pattern.
These results indicate that technical inconsistencies in
basic clinical procedures remain an entrenched problem.
For example, the high intercontinental concordance in
responses to Q1 indicates that uncertainty regarding probe
markings, such as interpretation of 3.1-3.2-mm readings,
is common worldwide. Similarly, the linked responses to
questions 2 and 5 suggest persistent confusion regarding
the diagnostic parameters clinicians consider most
important and the interpretation of radiographic findings
in relation to those parameters. This global synchrony
indicates that efforts to standardize education might have
a far-reaching impact.!

In contrast, the weaker association of Q4 with the other
items introduces an important nuance: although PD is
an important clinical variable, it should remain subordi-
nate to CAL and RBL in the classification of periodontitis.!
The data suggests that clinicians do not uniformly concep-
tualize PD in this hierarchical manner and may underesti-
mate the influence of gingival inflammation, which could
lead them to overestimate PD and, by extension, the sever-
ity of the disease. Supporting this interpretation, questions
3 and 4 are moderately related, suggesting that perceptions
regarding the importance of PD are partly determined by
broader diagnostic philosophy — that is, how clinicians
trade off reliance on formal guidelines against personal
clinical judgment. This relative independence may reflect
the current debate surrounding the interpretation of PD
in relation to CAL and RBL.%%3

At the individual level, the negative correlations
involving Q3 further underscore this philosophical divide.
Respondents who found the question about balancing
clinical judgment with evidence-based guidelines chal-
lenging tended to perform better on the more technical
questions. This could indicate a subgroup of clinicians who
confidently apply procedural skills but whose diagnostic
practice is less aligned with normative diagnostic frame-
works, including the 2017 classification system.?22326 In
contrast, those who demonstrated conceptual clarity on
Q3 may have been more critical or nuanced in interpreting
the technical items, thereby creating different response
patterns.

This divergence underscores a central tension in modern
periodontal diagnosis: the integration of fine-grained clini-
cal reasoning with standardized, guideline-driven path-
ways. Diagnostic competence cannot easily be placed along
a single continuum; rather, the findings suggest a bifurca-
tion into procedural competence and conceptual reason-
ing. Consequently, strategies for improving periodontal
education should address both domains simultaneously.!!
Training that enhances measurement precision but does
not place the measurements within an appropriate con-
ceptual framework cannot be expected to ameliorate the
variability described in this study.
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Taken together, these results suggest that clinicians’
diagnostic performance is the product of related but
separable competencies. Correlation analyses support
a two-construct model of diagnostic performance and
underscore the need for focused training that aligns techni-
cal accuracy with evidence-based decision-making. Such
findings have implications for more integrated education
strategies that harmonize worldwide clinical practice with
current periodontal standards while minimizing residual
diagnostic disparities.

Geographical patterns further contextualize these
observations. Questions 1, 3 and 4 demonstrated the great-
est intercontinental dispersion. Africa and Oceania were
consistently among the highest-error regions, while Europe
and Asia were continuously in the mid-range. These trends
suggest that diagnostic performance depends not only on
individual training level but also on wider geographic and
educational contexts, reinforcing the global heterogeneity
identified at the country level. Clear differences were also
observed between professional groups. The median error
rates for S-DHs were consistently lower across countries,
while those for D-Ds were more dispersed and exhibited
more extreme outliers. Intercountry heatmaps revealed clus-
ters of higher- and lower-performing countries. The results
support the notion that national educational backgrounds
shape diagnostic decision-making. Three principal patterns
emerged from this data: S-DHs tended to outperform D-Ds
across most diagnostic tasks; specific questions, particularly
Q1 and Q5, highlighted striking educational or conceptual
gaps; and diagnostic performance varied markedly across
countries, reflecting the influence of varied training models,
clinical guidelines and professional cultures.

Several factors limit this study. The number of par-
ticipants per country was limited, potentially affecting
the generalizability of comparisons at the country level.
Moreover, the reliability and self-reported nature of the
responses could not be fully verified. These limitations
should be considered when interpreting findings and plan-
ning future, more comprehensive investigations.

This global analysis has demonstrated striking variation
in periodontal diagnostic performance across continents,
countries and professional groups; however, the observed
pattern of errors was structured rather than random. Spe-
cialists and dental hygienists consistently outperformed
general dentists and students, especially on questions
requiring deeper interpretation. Correlation analyses
indicated that most mistakes clustered within a shared
technical domain — PD precision, selection of diagnostic
parameters and radiographic interpretation — while the
item addressing the balance between clinical judgment
and evidence-based guidelines emerged as a separate,
judgment-based construct. Collectively, these findings
support a dual-competency model in periodontal diagnosis
in which both technical/procedural skills and interpretive,
guideline-based reasoning require reinforcement through
education and calibration programs.
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At the country level, the lowest-performing countries
combined strong core knowledge, as reflected in Ql, Q2,
Q4, and Q5, with a more independent domain assessed
by Q3. The lowest 10 performances tended to accumu-
late errors across multiple technical items and showed
weaker integration of contemporary classification systems
and evidence-based frameworks into the participants’
responses, suggesting systemic gaps in training, dissemina-
tion of clinical guidelines or calibration opportunities.

Conclusions

Within the limitations of this study, the findings suggest
that improving global knowledge of periodontal diagnosis
will require coordinated efforts that balance technical cali-
bration with the consistent adoption of modern diagnostic
guidelines, especially in lower-performing regions.

To address the observed global disparities and the dual-
competency gap in periodontal diagnosis, future educa-
tional strategies must simultaneously harmonize technical
skills with conceptual reasoning. Several core areas war-
rant particular attention:

« enhancing technical calibration (procedural compe-
tence) with simulation-based training for PD precision:
implementing “gold standard” calibration workshops
using periodontal manikins with predefined mea-
surements. Clinicians should repeatedly perform
assessments until their readings consistently fall within
anarrow tolerance range relative to the reference values,
focusing on conservative strategies such as rounding
down or recording exact measurements;

« standardized radiographic protocol training: imple-
menting training modules focused on bitewing radio-
graphs as the preferred method for the assessment of the
alveolar bone crest relative to the CEJ, and further utili-
zation of computer-assisted diagnostic systems and Al
algorithms to provide instant feedback on manual RBL
interpretations, minimizing human error and standard-
izing the process;

« technology integration for accuracy: integrating digital
periodontal probes with pressure sensors to provide real-
time feedback on correct probing force, thereby reducing
the risk of inflated PD readings. Advanced software or
3D imaging (cone beam computed tomography (CBCT))
may further assist clinicians in visualizing vertical and
horizontal bone loss patterns and furcation involvement
that are difficult to interpret on 2D images;

« hierarchical case-based reasoning: education must shift
toward using real-world case studies to demonstrate the
hierarchical importance of diagnostic parameters explicitly.
Clinical attachment level should be considered the most
essential metric, followed by RBL, and then PD. Training
should emphasize diagnosis primarily based on CAL and
RBL, while positioning PD mainly as a monitoring param-
eter rather than a standalone metric for periodontitis;
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« conceptual and philosophical integration: seminars
should be used to facilitate discussion and help clini-
cians reconcile their personal clinical experience and
judgment with formal evidence-based guidelines, such
as the 2017 AAP/EFP classification system. The goal
should be to contextualize clinical judgment within the
standardized framework, bridging the central tension
between technical confidence and guideline adherence;
mandatory global dissemination: standardized continuing
education programs focused on contemporary classifica-
tion systems should be promoted internationally, especially
inlower-performing regions identified in the present study.
Implementing train-the-trainer models can accelerate the
dissemination of consistent, evidence-based knowledge
through local professional organizations worldwide.
Collectively, these coordinated efforts may strengthen
both technical/procedural competence and interpretive,
guideline-based reasoning, ensuring a more reliable and
ethically sound global standard for periodontal practice.
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