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ABSTRACT

Background:
Skeletal growth patterns and malocclusion can affect periodontal health either by promoting plaque retention
and/or by making oral care challenging. It is unclear if they are independent associations with periodontitis.

Objective:
The aim was to evaluate the relationship between skeletal growth pattern, malocclusion and periodontitis in adult
population.

Place and Duration of Study:
Shahida Islam Dental College, Lodhran, Pakistan, from 1 February to 31 July 2026 (six months).

Methods:

This study is a design of 130 adults, including 65 periodontitis cases and 65 controls. Assessment of the
periodontal area involves probing depth, clinical attachment loss, plaque and bleeding on probing. Cephalograms
are available for existing patients to give the skeletal growth classification, and clinical examinations are used to
measure malocclusion, crowding, overjet, overbite and crossbite. Logistic regression is used to specify
associations after adjustment for age, sex, smoking, diabetes and oral hygiene.

Results:

Crossbite had the highest crude association with periodontitis (OR = 3.60) followed by crowding (OR = 2.38) in
simulated data. Hyperdivergent skeletal patterns were seen in 46.2% of the cases and 23.1% of the controls. No
statistical significance and independent association was found.

Conclusion:
In the simulated example, crowding had the highest crude association with periodontitis and hyperdivergent
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skeletal patterns were more common among cases. To assess if these characteristics are a greater periodontal risk
on their own, they should be assessed with actual patient information and adjusted analyses should be performed.
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Introduction

Periodontitis is a chronic condition that involves
inflammation of the tissues around the teeth (gums,
connective tissue, cementum, and alveolar bone).
The clinical manifestations consist of periodontal
pocket formation, clinical attachment loss and
progressive destruction of the supporting tissues.
While dental plaque is central to the process, it does
not always lead to disease and the extent of the
disease differs from person to person (Janssens et al.,
2024). This variation is due to a combination of
microbial, behavioral, systemic and local anatomical
factors. These factors should be considered in
evaluating the susceptibility of individuals and in
developing periodontal assessment (Sasaki et al.,
2023).

Malocclusion is the description for any irregularity
of tooth relations or relationships between the upper
and lower dental arches. Some of the most common
features are crowding, overjet, deep overbite, open
bite and crossbite (Ziemann et al., 2023). The
clinical presentations and the potential impact on
oral hygiene vary with these conditions.
Overcrowded or rotated teeth can form areas that are
hard to clean, especially between the teeth. Note,
however, that the presence of malocclusion does not
automatically mean that the child has periodontal
disease, and the role of malocclusion needs to be
considered along with other known risk factors for
periodontal disease (Muthusamy et al., 2025).

Another line of variation in the craniofacial complex
is the growth pattern of the skeletons. Vertical
patterns are hyper-, normo- and hypodivergent and
sagittal relationships are Skeletal Classes I, II and
III. These classifications refer to various anatomical
features and should not be confused with each other
(Alhazmi et al., 2026). They can be helpful in
making a diagnosis to separate skeletal relationships
from dental malocclusion. A comprehensive
assessment of both dimensions could help to
determine if periodontal differences are linked to
underlying skeletal morphology, individual dental
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traits or a combination of these (Lorusso et al.,
20206).

The correlation between occlusal features and
periodontal status is subject to interpretation. An
interceptive effect of irregular tooth position on
plaque retention and cleanability of the area does not
mean that the malocclusion itself causes periodontal
destruction (Khan et al., 2022). Likewise, an altered
loading pattern should not be assumed to be the
cause of attachment loss. There are a number of
factors to take into account and these will include
periodontal inflammation, existing tissue support,
oral hygiene and other patient factors. Information
on the relationships can be gathered without making
causal statements by comparing individuals with
periodontitis and those without (Bianchi et al.,
2024).

When considering periodontal associations, age,
smoking, and diabetes are significant factors to
consider, as is oral hygiene. Variations in these
characteristics among study groups can lead to false
conclusions if not taken into account. Plaque levels
should also be taken into account as they may be a
component of the pathway between challenging
tooth alignment with periodontal inflammation
(Shetiya et al., 2024). It is thus important to carefully
choose and interpret the adjustment variables,
following a clearly defined analytical approach. The
confidence interval approach to reporting
associations can convey both the magnitude of the
relationship and the uncertainty in the association
(Melo et al., 2026).

The following is a case—control study of adult
patients in Shahida Islam Dental College, Lodhran,
Pakistan. This sample consists of 130 subjects (65
periodontitis and 65 controls). Supplemental
information from periodontal examinations,
malocclusion assessments, and existing
cephalograms is used for the comparison of the
groups (Swigtkowska-Bury et al., 2025). The
objective of this study is to determine if there is an
association between growth patterns of the skeleton
and individual malocclusion features with
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periodontitis, controlling for various covariates. The
investigation aims to contribute to the periodontal
evaluation and coordination of treatment between
periodontal and orthodontic treatment by reviewing
each characteristic in isolation. The results,
however, have to be taken with a pinch of salt
because of the restrictions of the observational
approach, such as temporal and selection bias, as
well as residual confounding (Erdemir et al., 2025).

Objective

In the study, to check the association between the
skeletal ~growth pattern, malocclusion and
periodontitis among adult population of Shahida
Islam Dental College, Lodhran, after controlling the
possible confounding parameters of the patients.

Materials and Methods

The study methodology included an unmatched
case—control study at Shahida Islam Dental College,
Lodhran, Pakistan consisted of 130 adults (65
periodontitis cases and 65 controls). Case
classification is based on the 2017 World Workshop
criteria and controls do not meet the periodontitis
criteria. Periodontal assessment involves probing
depth, clinical attachment loss, plaque and bleeding
on probing. Cephalograms are used to evaluate
existing growth patterns and clinical examinations
document malocclusion, crowding, overjet, overbite
and crossbite. Oral hygiene habits, smoking, age,
sex and diabetes are recorded covariates. Logistic
regression calculates associations as "odds ratios"
with 95% ClIs. The dates of the study, recruitment
procedures, examiner calibration, cephalometric
thresholds, sample size assumptions and ethical
approval details need confirmation. Documenting
written informed consent and confidentiality
safeguards prior to completion of recruitment and
examinations, which are completed study
procedures.

Inclusion Criteria

Eligibility is that the adult (18 years or above)
attending Shahida Islam Dental College, Lodhran
with adequate natural teeth for periodontal and
occlusal assessment. Participants are required to
have diagnostic cephalograms in their records that
allow for the evaluation of the skeletal structure and
they must have signed informed consent. Cases have
to have the specified periodontitis definition, while
controls do not have the defined periodontitis. The
two groups should be from the same population.

Exclusion Criteria
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Exclusions are proposed to encompass pregnancy,
orthodontic therapy, past orthognathic surgery,
craniofacial anomalies and circumstances where
periodontal examination is not possible. Recent
periodontal treatment or drug use that impact gum
tissue can also be disqualified with pre-defined
dates. Other exclusions include unusable
cephalograms or missing essential records.
According to the framework mentioned, smoking
and diabetes should not be excluded from the
analysis.

Data Collection

A structured recording form is utilized to gather data
on the following: demographic characteristics,
medical history, periodontal findings, skeletal
growth patterns and malocclusion traits. For each
participant, age, sex, smoking, history of diabetes in
the family and oral hygiene data are recorded.
Periodontal examination records includes probing
depth, clinical attachment loss, plaque and bleeding
on probing based on a standardized protocol. The
clinical ~ assessment records the occlusal
classification, crowding, overjet, overbite and
crossbite. Continued cephalograms are evaluated
with fixed measurements and classification
thresholds. Continued cephalograms are evaluated
based on pre-determined measurements and
classification thresholds. All participants are given a
unique identification code to ensure confidentiality
and to allow a correlation of clinical findings with
radiographic evaluations. Prior to analysis, records
are reviewed for missing data, inconsistent
classification and transposition. Documentation of
Examiner calibration procedures, measurement
sites, instruments and assessment conditions.
Completed forms are kept in a secure environment
and have access to only authorized researchers in
data management and statistical analysis.

Statistical Analysis

A crude OR of 3.60 was obtained in the simulated
data set of 130 participants, with crowding observed
in 61.5% and 30.8% for controls. Crude odds ratios
for crossbite, increased overjet, deep overbite and
open bite were 2.38, 224, 2.04 and 1.79
respectively. The hyperdivergent patterns were more
common in 46.2% of cases than in 23.1% of
controls. The illustrative comparisons indicate that
associations could vary by characteristic, and the
crude estimate of crowding is the largest. No
statistical significance or independent associations
were found. Tables 1-5 show the simulated
distributions and calculations.

Table 1. Simulated demographic characteristics
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Characteristic Cases (n | Controls (n
=65) =65)
Age, years, mean £ 38.6+9.4 358+8.7
SD

Male, n (%) 36 (55.4)  34(52.3)
Female, n (%) 29 (44.6) | 31 (47.7)
Current smoking, n | 18 (27.7) 10 (15.4)
(%)

Diabetes, n (%) 12 (18.5)  6(9.2)
Brushing >2 times 22 (33.8) | 38 (58.5)
daily, n (%)

Interdental cleaning, | 14 (21.5) @ 29 (44.6)
n (%)

The average age of cases is higher than the average
age of the controls in this hypothetical study and
there are similar sex distribution. Cigarettes and
diabetes are more common among cases. Frequent
brushing (twice a day) and interdental cleaning are
more common among controls. These are made-up
differences to demonstrate how tables are presented,
and they are not meant to be findings of the
participants.

Table 2. Simulated periodontal measurements

Parameter Cases (n = Controls (n =
65), mean + | 65), mean *
SD SD

Probing depth  4.2+0.9 21+04

(mm)

Clinical 45+1.2 0.5+0.3

attachment loss

(mm)

Sites with  624+156 | 31.8+124

plaque (%)

Sites with 546172 | 16.2+8.5

bleeding on

probing (%)

The simulated periodontal measurements are
increased in probing depth, attachment loss, in
plaque and bleeding in the cases compared to the
controls. The following values illustrate how the
level summaries of participants can be structured:
They were not derived from examinations, nor do
their apparent differences provide a basis for
statistical significance, diagnostic validation or
clinical conclusions about the proposed population.

Table 3. Simulated distribution of skeletal
patterns

Skeletal Cases, n Controls, n
characteristic (%) (%)
Vertical pattern

Hypodivergent 15 (23.1) 17 (26.2)
Normodivergent 20 (30.8) 33 (50.8)
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Hyperdivergent 30 (46.2) 15 (23.1)
Sagittal

relationship

Skeletal Class I 25(38.5) | 38(58.5)
Skeletal Class II 29 (44.6) 19 (29.2)

Skeletal Class I1I 11 (16.9) 8(12.3)

Numbers in each classification are 65 in each group;
percentages may not add up to 100 due to rounding.

Hyperdivergent patterns and skeletal Class II
relationships are more common in cases in the
illustrative distribution. Norm divergent patterns and
skeletal Class I relationships are more common in
the controls. The vertical and sagittal classifications
are shown respectively. These frequencies are
organized without showing any evidence of the
susceptibility of the skeletons to periodontitis.

Table 4. Simulated dental malocclusion
characteristics

Dental Cases, n | Controls, n
characteristic (%) (%)

Angle’s

classification

Class | 27 (41.5) 39 (60.0)
Class 11 28 (43.1) 18 (27.7)
Class III 10 (15.4) 8(12.3)
Individual traits

Crowding 40 (61.5) 20 (30.8)

Increased overjet = 30 (46.2) 18 (27.7)
Deep overbite 26 (40.0) 16 (24.6)
Open bite 10 (15.4) 6(9.2)
Crossbite 18 (27.7) 9 (13.8)

Cases have higher percentages of crowding, overjet,
deep overbite, an open bite and crossbites than
simulated dental distributions. Controls have more
frequent angle relationships than do experimental
subjects. There may be overlaps between the
individual traits within participants. These made-up
counts are examples of how to report the numbers
and are not necessarily equivalent to any actual
clinical findings or associations.

Table 5. Crude odds ratios calculated from the
simulated counts

Exposure = Cases: Controls: | Simulated
present/ | present / crude OR
absent absent

Crowding  40/25 20/45 3.60

Increased = 30/35 18 /47 2.24

overjet

Deep 26/39 16 /49 2.04
overbite

Open bite | 10/55 6/59 1.79
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Crossbite | 18/47 9/56 2.38

Lack of each characteristic. The basic formula for
OR is (exposed cases * unexposed controls) /
(unexposed cases % exposed controls).

Participant level data is needed for adjusted
estimates which are not provided. Crude odds ratios
were estimated directly from the simulated counts
(absence of each trait being the reference). The
illustrative estimate for crowding is the highest.
These calculations are not adjusted and are for
intentionally built frequencies. They do not report
the presence of disease in patients and do not define
independent effects, statistical significance, cause or
risk for periodontal disease.

Discussion

The relationships with periodontitis were not
consistent across malocclusion traits for the
simulated data set. The strongest crude association
was that of crowding (OR = 3.60) followed by
crossbite (OR = 2.38) and an increase in overjet (OR
= 2.24) (Thota et al., 2022). The hyperdivergent
skeletal patterns were also more common in the
cases than controls. The findings in these illustrative
examples are not evidence of independent
periodontal risk, since these have not been adjusted
for confounding nor been estimated for statistical
uncertainty. Observations of actual patients are
necessary to arrive at clinical conclusions (Shakour
et al., 2026).

The most extreme difference in crude odds ratio is
obtained for the dental trait of crowding from the
simulated dental traits. If this was a real
investigation, such a result might prompt one to look
at the amount of plaque, how the teeth are cleaned,
the severity of the crowding and so on. The
distinction between a crude association and one that
is not confounded would need to be made in the
analysis (Derakhshan et al., 2024). Although the
association may be adjusted, it is important to keep
in mind that there may be other unmeasured factors
and measurement error that affect the estimate. The
following illustrative calculations do not show
adjusted effects, nor is there evidence that correcting
crowding would lead to a decrease in periodontal
disease (Alsharif & Alsharif, 2025).

Simulated skeletal distribution shows the
significance of studying the vertical patterns
separately from the sagittal ones. These
classifications may be misleading when used
together because they fail to differentiate between
anatomical dimension and may make interpretation
more difficult (Cabanillas et al., 2024). The
cephalometric measurements, thresholds and

IJIDDT Volume 16 Issue 87s 2026

examiner reliability should be clearly defined and
reproducible to use as actual analyses. Estimates for
categories with small numbers of participants might
be volatile. Therefore, selections for category and
any possible grouping should be based on clinical
reasoning and the analytical protocol, not just to get
smaller probability values (Kenza et al., 2025).

The demographic distributions also are a sign of
possible confounding. Oral hygiene practices are
less positive in simulated cases, and smoking and
diabetes are more common in simulated cases. With
a completed study these differences should be
considered when interpreting association between
occlusal characteristics and periodontitis (Sabbagh
et al., 2025). The choice of covariate(s) should be
based on the research question and defensible causal
framework. There were several categories of
exposures, and only 65 cases, so adding all the
variables that were recorded into one model might
lead to imprecise estimates. There may be models
that are more separable and parsimonious that can be
more easily interpreted (Zhao et al., 2025).

Similarly, thorough discussion is necessary about
periodontal measurements. Increased attachment
loss, and probing depth in cases, may partially be
due to how cases were defined. These differences
should not be shown as a separate proof of the effect
of the irregularity of the pattern or malocclusion on
the destruction of the periodontium (Marquez-
Arrico et al., 2022). Participant summaries should be
consistently  reported, and distribution of
measurements/missing observations should be
described. It is important to note that any
comparison with published research must take into
account the differences in the definitions of cases,
ages studied, source of exposure measurements, and
the settings in which the subjects were recruited
before stating the degree of agreement among
studies or explaining discrepancies of agreement or
disagreement (Zhou et al., 2024).

There are a number of things that will have to be
addressed in the final product. Some generalizability
is limited by recruitment from a single dental
institution, and by the requirement for existing
cephalograms, which select patients with specific
treatment histories. The position of the teeth can be
affected by periodontitis itself, which can make it
hard to make a temporal interpretation. Behaviours
may be reported inaccurately, and infrequent
categories can limit the statistical precision
(Alazzam et al., 2026). Most importantly, the tables
in the current state have simulated values. A
defensible discussion and clinical conclusion are
only possible with accurate patient records, proper
analyses, uncertainty estimates and an accurate
account of the recruitment and measurement
procedures. These needs continue to be critical to
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make conclusions and recommendations in relation
to care (Fathy et al., 2025).

Conclusion

There were some differences in periodontal
associations between malocclusion traits and
skeletal patterns in the simulated dataset. Crossbite
and overjet were the next most important crude
associations with periodontitis, with crowding being
the most important crude association. Crude odds
were also higher in cases for deep overbite and open
bite. The hyperdivergent skeletal pattern was more
common in cases than in controls. These artificial
distributions, however, do not show that any
characteristic on its own is a risk factor for the
periodontal condition. These estimates were not
adjusted and were not statistically significant nor
precise. These relationships should be assessed
using specific regression models, with actual patient
observations and reliable measurements. The results
are presented as illustrative only, and cannot support
any clinical recommendations, causal statements or
conclusions regarding the patients at Shahida Islam
Dental College, Lodhran until the results of these
analyses are completed.
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