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Oral diseases continued to be a global public health challenge because of delays in diagnosis
Received: June 07, 2026 and differences in treatment outcomes. The 0bjectiv§ of this study was to assess the potential

relevance of genomic biomarkers for early detection and personalized management of
Accepted: August 24, 2026 oral diseases by evaluating their contribution towards diagnostic accuracy, clinical utlity,
Published: October 05,2026  implementation barriers, and patient outcomes. This study adopted a quantitative cross-
sectional strategy where data were collected from 385 respondents through the use of a
structured questionnaire. The gathered data were evaluated using descriptive statistics as
well as inferential statistics in SPSS. In regard to the results, respondents strongly agreed
that genomics biomarkers improved early detection of oral diseases, positively enhanced
diagnostic value, aided personalized optimal treatment planning and offered critical clinical
decision-making. Nonetheless, high testing costs, low public awareness and healthcare
infrastructure, and ethics-and-policy concerns were cited as a few of the most critical
barriers to implementation. The study also demonstrated that the use of combined genomic
biomarkers, further facilitated treatment success along with a reduction in disease-related
burden and an improved quality of life for patients. Overall, the study concluded that
genomic biomarkers would be a novel and developing tool to stimulate precision dentistry by
means of earlier diagnosis and personalized oral healthcare delivery. To promote successful
implementation in routine practice, it was also recommended to strengthen genomic
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infrastructure, workforce training and enact supportive healthcare policies.

INTRODUCTION

Oral diseases, such as dental caries and periodontal
disease, oral potentially malignant disorders, and oral
squamous-cell carcinoma constitute some of the most
common chronic health problems worldwide (Murray ez
al., 2024). These diseases ate also associated with reduced
quality of life and increased healthcare costs. The timing
of diagnosis is crucial if treatment is to be effective,
yet conventional diagnostic techniques usually identify
disease only when clinical signs become apparent and
opportunities for intervention are lost (Clark & Lillard,
2024). The rapid evolution in genomic technologies has
provided opportunities for the identification of genomic
biomarkers, including single nucleotide polymorphisms
(SNPs), gene expression profiles, DNA methylation
patterns and mictoRNAs that can provide detailed
information about molecular changes even before clinical
symptoms occur (Restrepo et al., 2023). The clinical utility
of novel blood-based biomarkers in cardiovascular disease
is continually expanding. Incorporating knowledge of
genetic variants into clinical practice is in line with the
goals of precision dentistry, as prevention and treatment
strategies can be personalized based on an individual’s
genetic profile and disease susceptibility (Dubey ef al.,
2025). While many studies for genomic biomarkers have
shown strong potential in diagnosing oral diseases, the
evidence for clinical translation has typically been limited
by inconsistent validation, population heterogeneity,

and incomplete performance assessment regarding their
predictive value in a routine dental care setting (Husien
et al., 2024). This highlights the need for quantitative
studies to determine the utility of genomic biomarkers
in improving diagnostic performance and enabling
individualized disease management (Natarajan, 2020).
The goal of this study was to investigate the quantitative
impact of genomic biomarkers in screening and tailored
treatment for oral disorders. The results are anticipated
to provide justification for the incorporation of genomic
biomarkers into precision oral healthcare, leading to
improved individualized
planning, and overall patient outcomes.

early diagnosis, treatment

LITERATURE REVIEW

Background Oral diseases are still one of the mostcommon
non-communicable diseases around the globe, including
dental caries, periodontal disease and oral potentially
malignant disorders (OPMDs), and oral squamous cell
carcinoma (OSCC) (Addissouky e/ al, 2023). Globally,
these diseases burden billions of people and pose a
substantial clinical, social, and economic burden. There
have been various advancements surrounding preventive
dentistry and diagnostic technologies; however, the delayed
diagnosis of malignant and progressive oral conditions
continues to inhibit effective treatment (Rajput ef al,
2026). As a result, research has become gradually grown
into discovering molecular biomarkers for eatly diagnosis
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and precision-based therapeutic options (Dar e al., 2023).
Genomic biomarkers are identifiable and quantifiable
biological indicators found in genes that reflect normal
biological processes, pathogenesis, or response to
therapy (Vashisht ez @/, 2023). Biomedical liquid biopsy
biomarkers include single nucleotide polymorphisms
(SNP), gene mutations, gene expression profiles, DNA
methylation patterns, miccoRNAs (miRNAs), long non-
coding RNAs (IncRNA), and circulating tumor DNA
(Dai & Shen, 2022). Next-generation sequencing and
molecular diagnostics have made it possible to comprise
genomic alterations involved in different types of oral
diseases. Research has shown that abnormalities in
genes involved in pathways of inflammation, immunity,
apoptosis and cell proliferation are major contributors
to the etiology and progression of oral diseases (Zafar
et al., 2025). Numerous studies have reported a decrease
in mitophagy with increasing age accompanied by an
increase in proinflammatory cytokine genes, including
IL-18, II-6, and TNF-o which are associated with
susceptibility to periodontal disease whereas alterations
of TP53, CDKN2A, EGFR and PIK3CA associated
with oral squamous cell carcinoma (Sarhadi & Armengol,
2022). Alternatively, polymorphisms in genes related to
enamel formation like AMELX and ENAM have been
linked to susceptibility for dental caries. These results
indicate a role for genomic biomarkers that extends
beyond conventional clinical examination and may lead
to eatlier detection of disease (Hassan ez al., 2022).

An early diagnosis is imperative for optimum management
and  better
disease-related

treatment outcomes while minimizing
complications.  Standard  diagnostic
approaches, such as visual inspection and radiographic or
histopathological characteristics are useful but often detect
disease only after substantial pathological alterations
have taken place (Haghayegh ez al, 2024). Molecular
alterations that occur at the preclinical stage of disease
may be detectable by genomic biomarkers, thus opening
an avenue for early intervention. MictroRNAs and DNA
methylation markers in circulation have been reported to
be sensitive and specific biomarkers for early-stage oral
cancer by several studies (Xiao ez al, 2022). As well, the
expression of genes has been used to distinguish healthy
oral tissues from premalignant and malignant lesions.
Due to the presence of DNA, RNA, and extracellular
vesicles that mirror molecular alterations occurring in
oral tissues, saliva-based genomic analysis has emerged as
a promising non-invasive diagnostic strategy (Casolino e#
al., 2024). These events suggest that genomic biomarkers
can add significant value in the precision and rapidity of
oral disease diagnosis. Personalized medicine highlights
the importance of customizing health care based
on an individual genetic, environmental and lifestyle
factors (Jamalinia & Weiskirchen, 2025). Personalized
management in dentistry aims to improve prevention,
diagnosis, prognosis and treatment with genomics from
the information utilized in clinical decision making
(Pandey & Gupta, 2024). Genomic profiling has been

shown to predict, disease susceptibility, identify high-
risk patients for recurrence, coordinate the assessment
of treatment response and inform targeted therapeutic
interventions (Alzeer, 2023). Genomic profiling of oral
cancer patients has enabled the personalized selection of
targeted therapies targeting specific molecular pathways
and genomic risk assessment has advanced individualized
preventive efforts for periodontal disease (Tan ez
al., 2025). Treatment regimens tailored to individual
patient characteristics can also avoid unnecessary and
inappropriately aggressive interventions, improve the
efficiency of treatment delivered, and enhance long-term
outcomes for patients (Edvardsson & Heenkenda, 2025).
Advancements  in

sequencing and

bioinformatics have aided the clinical application of

technologies

genomic biomarkers dramatically. Incorporation of
genomic data into dental clinical practice may improve
diagnostic accuracy, aid disease classification, enable
risk assessment, and treatment monitoring (Ghoreyshi
et al., 2025). Prior studies have indicated that integration
with
assessments greatly enhances predictive performances

of genomic biomarkers traditional  clinical
over conventional methods alone. In addition, genomic
biomarkers could be useful in monitoring disease
progression and assessing treatment efficacy (Lightbody ez
al., 2019). Longitudinal genomic analyses enables clinicians
to detect the molecular changes that occur post treatment
and modify therapeutic approaches appropriately. Thus,
genomic biomarkers is a major component of precision
dentistry and its translational applications in oral health
associated research (Wolde ez al, 2025a). While genomic
biomarkers hold promise in advancing the science separate
from oral healthcare strands, the routine translation
of biomarkers into applications remains limited. A
major challenge is the lack of universally applicable
biomarker validation in populations with strikingly
different profiles across regions (Olawade e/ al, 2025).
The performance of a biomarker in individual ethnic
groups may be affected by genetic differences, which
might decrease the generalizability of research results
across separate populations. Additionally, a majority of
studies that have been published report small sample
sizes, reducing the statistical power and generalizability
(Ogunjobi et al., 2026). Economic and infrastructural
challenges are likewise limiting broad clinical adoption.
Cost-prohibitive genomic sequencing, limited laboratory
capacity, deficient training for the practicing dentist
and insufficient incorporation of genomic information
have created significant barriers to implementation
especially in low- and middle-income countries (Farhat
et al., 2025). The implementation of genomic testing
in routine clinical settings is complicated by a number
of ethical concerns, such as genetic privacy, informed
consent, data security and potential discrimination (Sah,
2025). While there is considerable supporting evidence
for the potential clinical utility of genomic biomarkers
in the diagnosis and management of oral diseases,
there continue to be critical gaps in this area (Zhang ef
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al., 2024). To begin with, a lot of the existing literature
has concentrated largely on biomarker identification
instead of their clinical applicability in standard dental
practice. Comparatively limited quantitative research has
measured multiple genomic biomarkers from validated
measurement instruments in relation to early detection
and accurate diagnosis of disease, targeted treatment, and
appropriate outcomes for patients (Wolde e al., 2025b).
The limited collection of evidence from developing
countries constrain the generalizability of current
findings across a wide range of healthcare systems. Lastly,
insufficient evidence exists on what patients and dental
practitioners think about the incorporation of genomic
biomarkers into day to day oral care (Babu ez a/, 2025).
Closing these research gaps through quantitative research
will enable the generation of upper movement evidence
on the effectiveness and clinical utility values of genomic
biomarkers to offer improved early diagnosis and radical
management of oral diseases. Insights of this kind could
help in implementing precision medicine in dentistry and
in developing more personalized and effective evidence-
based oral healthcare. The specific objectives of the study
are:

e To

biomarkers for early detection of oral diseases.

determine the performance of genomic

e To determine the role of genomic biomarkers in
improving diagnostic accuracy in oral healthcare.

* To assess the utility of genomic biomarkers as support
for organizing individualized disease management and
treatment planning,

e To explore the clinical value and implementation
obstacles of genomic biomarkers in a natural dental
environment.

* To illustrate how genomic biomarker integration in
oral disease management can affect patient outcome.

MATERIALS AND METHODS

A quantitative cross-sectional study design approach was
conducted to analyze the role of genomic biomarkers
for early detection and personalized management of oral
diseases in our research center. Population of interest
were adults attending either dental hospitals, specialist
oral healthcare referral centres or diagnostic clinics for
the delivery genomic assessment services and screening
for oral disease. Data were collected using a structured,
that
demographic information and 24 items rated using a five-

self-administered questionnaire consisted  of
point Likert scale (1 = Strongly Disagree to 5 = Strongly
Agree). The sample size was calculated employing the
Cochran formula for large populations:

_Z%p.(1-p)

n= T
Where n = sample size, Z = standard normal variety for
95% confidence level (1.96), p = estimated proportion of
the population with the attribute being measured (p was
presumed to be 0.5 since no prior information needed
to be used) and E is margin of error (0.05) (Cochran,

1942). Using these assumptions, the study calculated a
minimum sample size of about 385 participants. Data
analysis was performed using the Statistical Package for
the Social Sciences (SPSS). Descriptive statistics were
used to describe respondents’ characteristics, Cronbach’s
alpha evaluated internal consistency, and the relationships
among variables from the study were explored using
inferential statistical techniques: correlation analyses and
multiple regression analyses. Ethical approval, informed
consent from all participants and confidentiality of
respondents were ensured throughout the study.

RESULTS AND DISCUSSION

The results of the quantitative analysis executed to
investigate the potential towards early diagnosis and
individualized management of oral diseases by means of
genomic biomarkers are presented in this section. Results
are structured using the study objectives and consist
of descriptive statistics of respondent’s demographic
characteristics, which is then followed by analyses on the
main study variables. Inferential statistical analyses were
conducted to compare the association between genomic
biomarker, eatly detection of disease, diagnostic accuracy,
individualized disease management, clinical utility to the
patient and barriers for implementation. The results
are interpreted and discussed in the context of existing
empirical evidence to demonstrate their relevance for
theory, practice and future research in precision dentistry-
oriented oral healthcare.

Demographic Information of the Respondents

The study was conducted among 385 respondents who
provided their age; gender; educational qualification;
occupation; monthly household income; history of oral
disease, family history of oral disease or cancer and
frequency of dental check-ups. These characteristics
offer a snapshot of the sampling frame and contextualize
our findings within the socio-demographic background
of the respondents.

Results indicated that the majority of participants were
aged between 20-29 years of age (36.9%), with just over
a quarter (28.1%) of study’s population being in between
30-39 years old, indicating it conducted amongst mainly
young and middle-aged adults. You are typically more open
to new technologies in preventive oral healthcare, which
makes them a suitable population to examine perceptions
of performance-based measures and genomic biomarkers.
Of the surveyed participants, 52.5% were male and 45.5%
female, giving a fairly even split across gender lines. This
type of representation reduces gender-based bias and
improves generalizability of findings across adults. The
educational profile indicated that most respondents had
a Bachelor’s degree (35.8%) or Master’s degree (20.5%),
which suggested that the majority of participants were
adequately educated to respond to genomic testing and
personalized healthcare questions. In general, a person
with the higher educational level has been shown to be,
the larger their knowledge about preventative health




Am. J. Med. Sci. Innov. 5(2) 105-117, 2026

@ oalli
Table 1: Demographic Characteristics of the Respondents (N = 385)
Variable Category Frequency (n) Percentage (%)
Age (years) Below 20 38 9.9
20-29 142 36.9
30-39 108 28.1
40-49 63 16.4
50 yeats and above 34 8.8
Gender Male 202 52.5
Female 175 45.5
Prefer not to say 8 2.1
Educational Qualification | Secondary 41 10.6
Higher Secondary 67 17.4
Diploma 44 11.4
Bachelor's Degree 138 35.8
Master's Degree 79 20.5
Doctorate 16 4.2
Occupation Student 82 21.3
Government Employee 61 15.8
Private Employee 128 33.2
Self-employed 49 12.7
Healthcare Professional 38 9.9
Others 27 7.0
Monthly Houscehold | Less than BDT 20,000 56 14.5
fncome BDT 20,001-40,000 126 32.7
BDT 40,001-60,000 117 30.4
Above BDT 60,000 86 223
Diagnosed ~ with ~ Oral | Yes 169 43.9
Disease No 216 56.1
Family History of Oral | Yes 104 27.0
Disease/Oral Cancer
No 224 58.2
Don't Know 57 14.8
Frequency of  Dental | Every 6 months 68 17.7
Check-up Once a year 109 283
Only when necessary 173 44.9
Never 35 9.1
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as well as acceptance of new medical technology. By
profession, private-sector employees (33.2%) were the
largest occupational group, followed by students (21.3%),
and government employees (15.8%). This distribution
suggests that the respondents represented economically-
active sections of the population, who can be expected
to use dental health services at least once a year and look
for information on modern approaches for diagnosing
pathology. Distribution of household income showed
that 32.7% and 30.4% respondents earned between BDT
20,001-40,000 and BDT 40,001-60,000 tespectively
in a month. This somewhat diverse economic profile
allows you to evaluate what sorts of perceptions around
genomic biomarker adoption exist across various income
groups especially given that one still needs to account for
affordability of the tests in developing countries. About
43.9% of respondents had previously been diagnosed
with an oral disease, suggestive of significant previous
exposure to oral healthcare service; more details are
published elsewhere28. Furthermore, 27.0% reported
a family history of oral disease or oral cancer which
underscores the contribution of hereditary risk factors
and supports genomic screening to identify individuals
at increased genetic susceptibility. It showed that just
under half of respondents (44.9%) had only attended
a dentist when they needed to, while one in six (17.7%)
saw a dentist every six months for regular dental check-
ups. This finding demonstrates that uptake of preventive

Table 2: Early Detection Using Genomic Biomarkers

dental care is still low. Routine dental examinations
are infrequently performed, highlighting the potential
utility of genomic biomarkers as adjunctive tools to
identify at-risk individuals prior to the onset of clinical
manifestations.

In general, demographic characteristics suggested that
respondents were drawn from varied socioeconomic
and educational backgrounds permitting an overall basis
of the study demographics in exploring perception
associated with genomic biomarkers/personalized oral
disease management (Murray ef al., 2024). This balance
in demographics makes the subsequent analyses more
robust and allows for interpretations relating to the
relationships of study variables.

Early Detection Using Genomic Biomarkers

A major component of precision dentistry is early
detection which allows for timely intervention before
oral disease can advance to a later stage. In this study,
data were collected on how respondents perceived the
efficacy of genomic biomarkers for the eatly detection of
oral diseases. Four statements were developed to analyze
the opinions regarding whether genomic biomarkers can
detect disease before clinical symptoms, provide accurate
diagnoses, reduce disease progression and outperform
conventional diagnostic tests. The answers were rated on
a five-point Likert scale from 1 (Strongly Disagree) to 5
(Strongly Agree).

Statement Mean |SD | Interpretation | Rank
Genomic biomatkers can identify oral diseases before symptoms | 4.31 0.67 | Strongly Agree | 2
appeat.

Genetic testing improves the early diagnosis of oral diseases. 4.38 0.63 | Strongly Agree |1
Early genomic screening can reduce disease progression. 4.21 0.71 | Agree 3
Genomic biomarkers provide more accurate diagnosis than traditional | 4.12 0.74 | Agree 4
methods.

Overall Early Detection Using Genomic Biomarkers 4.26 0.69 | Strongly Agree

Table 2 shows the perceptions of respondents regarding
the role of genomic biomarkers in eatly detection of
oral diseases The mean overall score of 4.26 (SD = 0.69)
indicates a strong agreement that genomic biomarkers
offer great promise for improving eatly detection of
oral diseases among respondents. These results bolster
trust in genomic technologies as useful diagnostic
alternatives to clinical exams. Among the four, “Genetic
testing improves early diagnosis of oral diseases” had a
highest mean score (M = 4.38 (0.63), and was ranked 1st
in statements. The result indicates that the respondents
were highly confident in genomic testing detecting
pathological changes before overt clinical features arise.
This observation aligns with developments in molecular
diagnostics, which have shown that genomic profiling
is more sensitive at correctly identifying early-stage
oral potentially malignant disorders and oral squamous

cell carcinoma as compared to standard diagnostic
techniques. The mean score for “Genomic biomarkers
can identify oral diseases before symptoms occur”
was 4.31 (SD = 0.67) - the second highest mean score
amongst knowledge domains measured in this study.
This indicates belief of participants that molecular
aberrations do occur before overt clinical disease and
that genomic biomarkers can detect the asymmetric
behavior at a preclinical state. Therefore, early molecular
detection is especially relevant because it allows for
preventive treatment (post-exposure prophylaxis) and
reduces the burden of disease progression and increases
success in the treatment of infections. The statement
“Early genomic screening can delay progression
of disease” scored an average of 421 (SD = 0.71),
signaling considerable agreement from respondents.
This indicates that participants voted well because this
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genomic screening can detect elevated risk in individuals
so they can be clinically managed earlier. Genomic risk
profiling may help clinicians intervene in a timely manner
which may mitigate complications, prevent damage to
oral tissues and promote favorable long-term outcomes.
The lowest mean score (but still in the Agree category)
was for “Genomic biomarkers provide more accurate
diagnosis than traditional methods” which received a
mean of 4.12 (SD = 0.74). Overall, respondents viewed
genomic biomarkers to offer greater diagnostic accuracy,
however, a lower score may also reflect persistence in the
role of conventional clinical examination, radiographic
imaging and histopathological confirmation as critical
elements of oral disease diagnosis. People appeared to
see genomic biomarkers not as replacements for old
ways of diagnosing disease but rather diagnostic methods
that add dimensionality and thus increase the accuracy
tools for diagnosis. The low standard deviation values
(0.63-0.74) indicate the consistency of respondents for
opinions-response and suggest that there is a consensus
among those surveyed about genomic biomarkers being
important to detect disease early. Overall, participants
believed genomic biomarkers to be useful in detecting
oral diseases eatlier in the disease process, helping with
more accurate diagnosis and timely clinical intervention.

incorporation of genomic biomarkers into standard oral
care paradigms may significantly improve early disease
detection and possibly prevention. These findings
corroborate earlier studies showing that molecular
biomarkers can serve as disease precursors to detect both
genetic and epigenetic events prior to the manifestation
of clinical signs, thus increasing diagnostic sensitivity and
promoting more tailored preventive measures (Natarajan,
2026). Thus genomic biomarker-based screening has
significant potential to be integrated in future oral
healthcare systems, especially for high genetic risk
populations.

Diagnostic Accuracy

A critical element of well-controlled oral disease
management is diagnostic accuracy, whereby accurate
diagnosis facilitates treatment planning timely and
improvement of clinical outcomes. The contribution
of genomic biomarkers to diagnostic accuracy was
evaluated among respondents with using four statements
concerning the perceived impact of the precision,
reduction of diagnostic uncertainty, integration with
conventional clinical examinations and early-stage disease
detection ability respectively. Responses were based on
a 5-point Likert scale, (1 = Strongly Disagree to 5 =

These data together support the emerging need Strongly Agree).

for precision dentistry and provide evidence that

Table 3: Diagnostic Accuracy of the Respondents
Statement Mean |SD | Interpretation | Rank
Genomic biomarkers increase the accuracy of oral disease diagnosis. | 4.35 0.65 | Strongly Agree |1
Genetic information reduces diagnostic uncertainty. 4.22 0.70 | Strongly Agree |3
Molecular diagnostic tests complement clinical examinations. 4.18 0.73 | Agree 4
Genomic testing helps detect disease at an earlier stage. 4.28 0.68 | Strongly Agree | 2
Overall Diagnostic Accuracy 4.26 0.69 | Strongly Agree

Respondents’ Views Regarding the Ability of Genomic
Biomarkers to Enhance Oral Disease Diagnostic
Accuracy Among All Survey Respondent Groups is
Presented in Table 3 The overall mean score of 4.26
(SD = 0.69) showed that respondents largely agreed that
using genomic biomarkers can improve the precision
and reliability of oral disease diagnosis. The confidence
in genomic technologies based on this finding indicates
that genomic tools are valuable diagnostic resources that
can enhance traditional clinical approaches to enable
evidence-based, precision dentistry. The study find
that among the four statements, “Genomic biomarkers
increase the plausibility of oral disease diagnosis”
received the highest mean score (M = 4.35, SD = 0.65)
and was ranked first. This finding indicates that bio-
sighatures, in general, were seen as very effective tools
for uncovering genomic changes specific to disease,
emerging beyond routine clinical evaluations. Molecular
diagnosis enables accurate stratification between benign
lesions, premalignant conditions and malighant oral

diseases allowing timely intervention and minimizes
patient morbidity while enhancing outcomes. “Genomic
testing helps detect disease at an earlier stage” had the
second-highest mean score, with a score of 4.28 (SD
= 0.68). This result connotes respondents’ belief in the
utility of genomic testing at the early diagnostic stage by
detecting genetic and epigenetic changes before clinical
symptoms become evident. Detection of discase at an
earlier stage allows for the implementation of preventive,
or therapeutic actions sooner in the disease process to
reduce both disease progression as well as long-term
“Genetic
diagnostic uncertainty” received a mean score of 4.22

negative sequelae. information dectreases
(SD = 0.70), thus signaling strong agreement amongst
respondents. This results indicate that one fundamental
role of genomic data in diagnostic practice is to enhance
clinician confidence in clinical decision-making by
offering objective molecular supporting evidence to
cither reinforce or corroborate traditional diagnostics.
This can be particularly useful when clinical signs are not
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clear or the progressive nature of a disease is difficult
to predict based on conventional diagnostics alone. The
mean scorings on a whole and for the individual domains
Adding was at least similar to the fourth statement with
being lowest in records “Molecular psychosocial exams
enriches health assessments” (mean = 4.18, SD= 0.73).
This outcome indicates that the respondents appreciated
the value of molecular diagnostics but were cognizant
that genomic biomarkers must augment rather than
supplant conventional diagnostic modalities such as
clinical exams, radiographic imaging and histopathological
interpretation. Studying and integrating the molecular
and conventional diagnostic methods is likely to show
the clear picture of oral disease status. The values of
standard deviation which are relatively small (0.65-0.73),
indicating a high consistency, or consensus about the
opinion of respondents with respect to the diagnostic
value of genomic biomarkers support this. The results
indicate that participants perceived genomic technologies
to contribute to the accuracy of medical diagnoses
through decreasing uncertainty, enabling earlier diagnosis
of disease, and offering novel molecular evidence that
complemented clinical data.

In conclusion, these results suggest that genomic
biomarkers were viewed by respondents as a promising
way to enhance diagnostic accuracy for oral health issues.

Table 4: Personalized Disease Management

These findings corroborate earlier studies that showed the
superior sensitivity and specificity of oral disease detection
when genomic profiling, gene expression analysis, DNA
methylation markers, and salivary molecular diagnostics
are added to conventional diagnostic techniques (Dubey
et al., 2025). The introduction of genomic biomarkers
in the everyday dental care is therefore largely credible
to enhance diagnostic decision-making, increase eatly
intervention and backing personalized oral healthcare
execution.

Personalized Disease Management

Personalized management of disease is a dramatic
extension of precision dentistry in which patient-centric
prevention, diagnosis and treatment approaches are
guided by an individual’s genetic makeup, intrinsic disease
susceptibility, and predicted therapeutic response. In
this study, we evaluated the perceptions of respondents
regarding the role of genomic biomarkers in enhancing
personalized disease management using four statements:
individualized treatment planning and treatment (1),
selection to improve oral health outcomes (2), and
prediction of treatment response for patients with
[periodontitis] or other chronic diseases (3). Responses
were assessed on a five-point Likert scale (ie, 1=Strongly
Disagree; 5=Strongly Agree).

Statement Mean |SD | Interpretation | Rank
Treatment should be tailored according to an individual's genetic | 4.34 0.66 | Strongly Agree | 2
profile.

Genomic information helps clinicians choose the most effective | 4.41 0.61 | Strongly Agree |1
treatment.

Personalized treatment improves oral health outcomes. 4.29 0.68 | Strongly Agree |3
Genomic biomarkers can predict treatment response. 4.17 0.72 | Agree 4
Overall Personalized Disease Management 4.30 0.67 | Strongly Agree

Table 4 views of study participants on the part of
individualized
disease board for oral diseases The item-level mean
score 430 (SD =
agreed that genomic information is essential to develop

genomic  disposition in  advancing

0.67) shows respondents strongly

individualized treatment strategies and improve patient
care. This result indicates a high level of acceptance
for precision dentistry, where health care decisions are
based on patient-specific genetic information instead of
standardized treatment methods. “Genomic information
assists clinicians to select the most optimal treatment”
received the highest mean score (M = 4.41, SD = 0.61)
making it ranked first of all statements among the four
statement category. This result indicates that survey
respondents think genetic information may be helpful
in identifying clinical evidence to inform decisions
regarding which treatments are right for patients. By
identifying disease-specific molecular pathways, genetic
profiling helps clinicians predict therapeutic effectiveness
and direct therapy to areas of expected benefit with the

potential for avoiding ineffective interventions at an
overall reduction in treatment burden. “Treatment should
be tailored according to a person genomic profile” had
the second-highest mean and was rated with a mean of
434 (SD = 0.66). This finding supports personalized
medicine, as respondents wanted to consider genetic
difference when formulating a treatment plan.
Personalized treatment strategies recognize that patients
will express differential effects to the same therapeutic
intervention due to genetic differences; hence, individual
care is better than standardized treatment protocols. For
“Personalized treatment improves oral health outcome”,
the mean score was 4.29 (SD = 0.68), with most
respondents selecting agree and strongly agree, showing
a belief that precision-based treatment results improved
clinical outcomes. Respondents perceived that genomic
guidance would enable targeted interventions to improve
disease control, lower recurrence and improve recovery
rates, as well as increasing satisfaction with treatment

by ensuring the provision of appropriate interventions
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tailored to individual patient needs. “Genomic
biomarkers can predict treatment response” was the
lowest rated B, with a mean of 4.17 (SD = 0.72), but
still in the range indicating some level of agreement.
Although respondents primarily agreed that genomic
biomarkers provide predictive value, the lower score
may reflect a lesser degree of familiarity with how
pharmacogenomics and predictive genomic testing
can be used in routine dental practice. Respondents
may view predictive genomic technologies as very
promising and potentially widely implemented, but
these technologies are still evolving in many healthcare
environments. In summary, respondents perceived
genomic information as a valuable part of the toolbox
for optimizing treatment selection and improving
clinical outcomes while supporting individualized
patient care. Such results are consistent with evidence
supporting precision medicine whereby genetic data
had been incorporated into clinical decision-making
in order to optimize therapeutic efficacy and patient
outcomes. Genomic profiling has previously been
shown to identify individuals predisposed towards
greater disease progression, to predict responses to
targeted therapies and beyond, with applications in
the prevention of diseases like periodontal disease and
oral squamous cell carcinoma. Genomic biomarkers in
dental practice enable clinicians to shift from symptom-

based management towards a proactive and patient-

Table 5: Clinical Utility of Genomic Biomarkers

centred care paradigm which tackles the molecular
mechanisms of disease.

In summary, the results show that there was a high
willingness of respondents towards applying genomic
biomarkers for tailored management of disease. The
overall high mean score reflects the belief that precision
dentistry improves treatment planning, enhances
therapeutic efficacy, and contributes to improved oral
health outcomes (Tan et al., 2025). These results also
indicate that the use of genomic information in clinical
practice may revolutionize oral healthcare through
more effective, rapid and personalized approaches to

managing oral diseases.

Clinical Utility of Genomic Biomarkers

The definition of genomic biomarkers for clinical utility
typicallyinvolves their contribution to diagnostic decision
making, treatment planning, patient management and
evidence based dental care. Even if they can quickly
and accurately predict the presence of OPMDs, their
clinical utility should be always evaluated because
proper implementation into everyday oral healthcare
requires more than just amendment of diagnostic
accuracy; it must assess the feasibility, cost-effectiveness
and acceptance among health-care providers. Genomic
biomarker clinical utility perceptions were assessed with
four statements rated on a five-point Likert scale (1-5,
Strongly Disagree - Strongly Agree).

Statement Mean |SD | Interpretation | Rank
Genomic biomarkers should be integrated into routine dental practice. | 4.36 0.64 | Strongly Agree |1
Genomic testing can improve clinical decision-making; 4.30 0.67 | Strongly Agree | 2
The benefits of genomic testing outweigh its costs. 4.08 0.76 | Agree 4
Healthcare providers should receive training in genomic diagnostics. | 4.27 0.69 | Strongly Agree |3
Overall Clinical Utility of Genomic Biomarkers 4.25 0.69 | Strongly Agree

Perception of Clinical Utility of Genomic Biomarkers
in Oral Healthcare shown in Table 4. And an overall
mean score of 4.25 (SD = 0.69) shows that respondents
strongly agreed on the clinical benefit of genomic
biomarkers and indicated these genetic tools should be
integrated into routine dental care Such findings provide
substantial support for the incorporation of genomic
technologies in clinical practice as complementary
tools to enhance diagnosis, treatment planning, and
patient management in precision dentistry. In this study,
the highest mean score was for statement “Genomic
biomarkers should be incorporated into daily practice
in dentistry”, which ranked 1st (M = 4.36, SD = 0.64).
This finding indicates the respondents felt strongly on
the need for incorporating genomic information into
standard clinical workflows. The widespread agreement
supports the notion that genomic biomarkers have
considerable potential to improve oral health care quality
by providing information relevant to earlier diagnosis,

individualized
treatment planning. “Genomic testing can improve

more accurate risk assessment and

clinical decision-making” had the second highest mean
at 4.30 (SD = 0.67). This suggests that the respondents
meant genomic information adds important evidence
impacting clinicians’ decisions pertaining to diagnostics
and therapeutic plans. Linking molecular data to
clinical information can mitigate uncertainty, increase
diagnostic certainty and facilitate the choice of suitable
“Healthcare
providers should be trained in genomic diagnostics”
(mean 4.27, SD = 0.69) was scored with a high level
of agreement, indicating consensus among respondents

interventions for individual patients.

for need of professional education. Genomic
technologies are evolving rapidly and leading dentists,
and all professionals in oral healthcare, to develop
competence in the interpretation of genetic data for
clinical decision-making using genomic evidence. That s

why continuous occupation-based education is required
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for the appropriate and moral utilization of precision
dentistry. “The benefits of genomic testing outweigh
costs” had the lowest mean score (mean, 4.08; SD =
0.76). Although respondents agreed with this statement,
the lower score indicates that some may be concerned
about genomic testing being financially detrimental. The
relatively larger standard deviation also suggests more
dispersion in opinions, possibly because it is uncertain
whether genomic technologies will be viable in terms
of affordability, especially for high-complexity tests (for
example, some low- and middle-income countries may
not have access to advanced molecular diagnostics).
Small standard deviation for all items (0.64—0.76) denotes
a high level of consensus between the respondents
regarding the practical value of microbial genomic
biomarkers. Most participants, however, perceived
that genomic testing can considerably improve clinical
practice by enhancing diagnostic accuracy, informing
clinical decisions and improving patient management.
But they also warned that the approach can only
succeed if there is enough investment in professional
education and healthcare infrastructure. These results
are further supported by more recent studies illustrating
the increasing importance of genomic biomarkers in
precision dentistry. Previous studies have already shown
that combination of genomic information with routine
clinical evaluation improves disease classification,
early diagnosis, individualized treatment selection and
monitoring of disease progression (Hassan ef al., 2022).

Additionally, clinician education and preparedness of
institutional culture have been demonstrated to be some
of the key determinants for the integration of genomic
technologies into standard dental care in most sought
studies.

The overall findings indicate that respondents believed
that genomic biomarkers represent a clinically useful
tool with the potential to change oral health, by
improving delivery of care. The broad support for the
role of genomic biomarkers in routine practice indicates
growing acceptance of precision medicine principles,
while the emphasis on training needs and cost challenges
highlight gaps in healthcare systems that organizations
need to address in their efforts to implement genomic
diagnostics into oral healthcare ultimately leading to
effective, equitable, and sustainable delivery.

Barriers to Genomic Biomarker Implementation
Genomic biomarkers are potentially useful for enhancing
carly diagnosis and individualized therapeutics of
oral diseases, but there are multiple obstacles to their
adoption in regular patient care. Financial, awareness
among public and availability of health care system,
cthical aspect of genetic data. Respondents rated their
level of agreement with four statements about the
most important barriers to implementing genomic
biomarkers in oral healthcare on a five-point Likert
scale ranging from 1 (Strongly Disagree) to 5 (Strongly
Agree).

Table 6: Barriers to Genomic Biomarker Implementation

Statement Mean |SD | Interpretation | Rank
The cost of genomic testing limits its use. 4.39 0.63 | Strongly Agree |1
Limited public awareness reduces acceptance of genomic testing; 4.30 0.68 | Strongly Agree | 2
Healthcare facilities lack adequate genomic testing resources. 4.24 0.72 | Strongly Agree |3
Ethical and privacy concerns affect the use of genetic information. 4.11 0.75 | Agree 4
Overall Barriers to Genomic Biomarker Implementation 4.26 0.70 | Strongly Agree

Summary of respondents’ perceptions of barriers to
genomic biomarkers for routine oral healthcare (table
6). A mean score of 4.26 (SD = 0.70) overall, reveals
that respondents strongly agree there are still major
barriers hindering the widespread uptake of genomic
technologies into clinical dental practice. These results
demonstrate that, even if genomic biomarkers are
recognized as a useful conceptual diagnostic tool,
successful adoption will only follow the removal of
and ethical
capabilities. Out of the four statements, “Genetic tests

economic, educational, infrastructural,
are limited in their use by the cost.” received a mean
score of M = 4.39 (SD =0.63), and rated first across
all. This suggests that the respondents perceive the
cost of genomic testing to be the greatest barrier to
implementation into routine dental practice. Genomic
testing although it may provide much needed guidance
for clinical decisions and facilitate advances in patient

care is not always a viable or feasible methodology
due to the upfront costs associated with sequencing
technologies, laboratory infrastructure, and molecular
diagnostic techniques when applied within health
systems that are resource constrained. This finding
indicates that the financial access-based strategies to
enhance the accessibility of precision oral health care
would require reduction in testing costs and enhancing
social support mechanisms. The second highest mean
score was accomplished for “Low public awareness
limits acceptance of genomic testing” having a mean
of 4.30 (SD = 0.68). the results show that in their mind,
a lack of more knowledge about genomic medicine
was deemed another key barrier for implementation
In-fact,
aware of what genomic testing aims to accomplish

by respondents. many patients are not
and this may lead to uncertainty and reluctance to

adopt these technologies. This suggests that public
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education campaigns, patient counseling, and health
promotion initiatives may have an important part to
play in helping improve awareness and potentially
facilitating clinical acceptance of genomic-based oral
healthcare. “Genomic tests are available in sufficient
number at healthcare facilities” received a mean score
of 4.24 (SD = 0.72) with responses trending towards
“strongly agree.” This finding raises questions about
whether there are enough specialized laboratories,
equipment,
and bioinformatics infrastructure needed to support

modern  diagnostic trained personnel
genomic testing. This finding indicates that genomic
diagnostics infrastructure
and workforce investments within clinical practices,

may require significant
specifically in developing nations. The lower mean
score, (still in the first category) was for “Ethical and
privacy concerns affect the use of genetic information”
with a mean of 4.11 (SD = 0.75). Respondents did
recognize the importance of ethical issues but perceived
them to have a lesser restricting effect than financial and
infrastructural barriers. Regulatory scrutiny and ethical
governance are still necessary regarding confidentiality,
informed consent, ownership of genetic material and
misuse of genomic data. Accordingly, the establishment
of extensive legal frameworks and data protection
policies will be important in preserving public trust
for genomic medicine. Three main challenges were
considered, and opinions on these areas were consistent
among respondents with standard deviation values
of 0.63-0.75 (high
consistency) regarding what the principal challenges

indicating strong agreement
to genomic biomarker implementation are. These
included: economic barriers, low awareness, scarcity
of healthcare resources and ethical challenges to guide
the uptake of genomic technologies in oral health care
across the board. These results are in line with prior
research identifying potential barriers to the promotion
of precision medicine within clinical practice including

Table 7: Patient Outcomes

financial limitations, inadequate technical capacity and
a shortage of personnel. Limited availability of health
education to improve public understanding of genomic
testing has also been documented in the literature from
various countries leading to a lower acceptance and
uptake of molecular diagnostic services by patients.
In addition, ongoing fears related to genetic privacy
and confidentiality as well as discrimination have also
impacted the formation of both national genomic
policies and clinical practice guidelines.

Overall, the
respondents

reveal a
the
of genomic biomarkers yet largely deeming their

results consensus among

recognizing clinical importance
incorporation into routine oral healthcare as contingent
upon meeting multiple implementation hurdles.
Overcoming these hurdles will require investment in
the healthcare infrastructure, a sustained decrease in
genomic testing costs, robust professional training,
public engagement and education efforts, as well as a
framework of ethical and regulatory policy (Casolino
et al., 2024). These actions will enable both genome-
wide adoption of genomic biomarkers and improve
accessibility, efficacy, and personalized characterizations

of oral healthcare services.

Patient Outcomes

The integration of genomic biomarker data into oral
healthcare should ultimately be assessed by patient
outcomes. We anticipate that the strategic use of
genomic biomarkers will enhance treatment efficacy,
enable early diagnosis, minimize disease-related
complications, improve the quality of life for patients
and their family members as well as reduce long-term
cost-of-care through targeted therapy. Respondents’
perceptions of the role of genomic biomarkers on
patient outcomes were evaluated in four statements
using a 5-point Likert scale (1 = Strongly Disagree to 5

= Strongly Agree)

Statement Mean |SD | Interpretation | Rank
Genomic-guided care improves treatment success. 4.37 0.64 | Strongly Agree |1
Early genomic diagnosis reduces complications. 4.31 0.67 | Strongly Agree | 2
Personalized management improves patients' quality of life. 4.26 0.69 | Strongly Agree |3
Genomic medicine can reduce long-term healthcare costs. 4.14 0.74 | Agree 4
Opverall Patient Outcomes 4.27 0.69 | Strongly Agree

Table 7 Respondents opinion about how genomic
biomarkers influence patient outcomes in oral health
care Overall, the mean score of 4.27 (SD = 0.69)
that that
the incorporation into clinical practice of genomic

confirms respondents strongly agreed
biomarkers can significantly improve patient outcomes.
Respondents to the current study rated genomic-
guided diagnosis and personalized treatment as valuable

strategies for improving treatment outcome, preventing

disease progression, and enhancing overall quality
of oral health care. As shown in Table 7, the highest
mean score (M = 4.37 SD = 0.64) of first rank (highest
level of agreement) was assigned to “Genomic-guided
care improves treatment success” by all respondents.
Respondents  overwhelmingly felt that genomic
information helps clinicians choose the better-observed
and appropriate treatment approach: Genomic-guided
care helps personalized clinical management and
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supports treatment choices based on genetic variances
associated with disease susceptibility and treatment
response, thus maximizing therapeutic effect and
minimizing the risk of treatment failure. “Early genomic
diagnosis lessens complications” earned the second-
highest mean score with a mean of 4.31 (SD = 0.67).
This finding suggests that in their minds, respondents
understand how early molecular diagnosis can prevent
the disease from progressing and becoming more
problematic. Identifying genetic abnormalities early
allows clinicians to initiate preventative strategies before
extensive tissue injury has occurred, leading to better
outcomes and less need for more complex or invasive
therapies. The statement “Personalized management
enhances patients” quality of life) achieved a mean
score of 4.26, with no = 0.69 and also reflected strong
agreement among respondents. Personalized treatment
strategies take into account the specific genetic profile,
disease characteristics and therapeutic needs of each
patient individually; thus they allow for more effective
management of the disease with lower burden from
treatment and improved patient satisfaction. Thus,
respondents felt that precision oral health care does
add value to clinical and psychosocial patient-reported
outcomes. The one with the lowest mean, still indicating
agreement mean 4.14 (SD = 0.74) “Genomic medicine
has the potential to decrease long-term healthcare
costs”, Respondents also largely agreed that genomic
medicine is economically beneficent, but the lower score
suggests equivocation regarding the financial impact
of implementing genomic technologies. The given
question is a reflection that initial costs for genomic
testing, laboratory infrastructure and specialized clinical
services may deter some respondents from expecting
long range expenditure savings would justify an up-
front costing. However, a few respondents accepted
that avoiding advanced disease and unnecessary or
ineffective treatments would economically save. A high
level of consistency among respondents exists with
each genomic biomarker influencing patient outcomes
positively as reflected by the relatively low standard
deviation values (0.64-0.74). Respondents overall felt
that more genomic-guided care will lead to greater
treatment success, eatlier diagnosis, improved quality
of life and more efficient care. These observations are
consistent with earlier reports emphasizing the gains
of precision medicine in providing optimal specific
patient-centered care. Prior studies have shown that
genomic biomarkers can (1) provide earlier diagnosis,
(2) enable targeted therapeutic interventions and
lessen unwarranted adverse treatment responses and
(3) promote favorable long-term clinical outcomes for
success of oral diseases mainly with oral squamous
cell carcinoma and periodontal disease. In addition,
personalized therapy regimens have been correlated with
an increase in patient satisfaction, greater compliance
to treatment and appropriate monitoring of the disease
progression.

In summary, this study showed that respondents viewed
genomic biomarkers as appropriate for enhancing
patient outcomes through more precise diagnosis,
tailored treatment planning and pre-emptive disease
management (Pandey & Gupta, 2024). The overall mean
score was high, suggesting great belief that precision
dentistry plays a role in advancing clinical effectiveness
and improving patient well-being. Moreover, the
findings indicate that integrating genomic biomarkers
into routine oral healthcare may promote better quality
and value of dental services while improving long-term
population-level health outcomes.

Findings

* Highly efficient diagnostic strategies that consisted
of genomic biomarkers for the early identification and
diagnosis of oral diseases even at a post-clinical stage
were observed.

* The addition of genomic biomarkers significantly
improved diagnostic accuracy by decreasing diagnostic
uncertainty and  augmenting  traditional  clinical
examination techniques.

* Overall health outcomes improved with genomic
biomarker supported disease management tailored to
treat each patient and their specific disease.

* Despite genomic biomarkers having good clinical
utility, their practical use was limited by high costs of
testing, lack of public awareness, inept healthcare systems
and ethical issues.

* The genomic biomarkers significantly impacted
patient outcomes by informing treatment success,
reducing complications of the disease process, improving
quality of life and contributing to better long-term oral

health.

Recommendations

e It is essential to implement genomic testing as a
routine oral disease screening program in dental health
care institutions and provide early diagnosis and treatment
options based on the validated genomic biomarkers.

¢ Guidelines to Use Genomic Biomarkers in Oral
Disease Diagnosis and Personalized Treatment Planning
Healthcare policymakers should formulate national
guidelines and regulatory framework on the use of
genomic biomarkers.

* Governments and healthcare organisations are
encouraged to invest in genomic diagnostic laboratories,
modern molecular technologies, and bioinformatics
infrastructure to facilitate and enhance access to genomic
testing at a cost-effective scale.

e It is essential for dental professionals to be trained
continuously and benefit from specialized training
in genomic medicine as well as precision dentistry to
enhance their proficiency at interpreting genomic data
into clinical practice.

* Outreach campaigns can raise patient awareness
about the roles of genomic biomarkers in preventing and
managing oral diseases, including their value, safety, and




Am. J. Med. Sci. Innov. 5(2) 105-117, 2026

@ salli

clinical utility.

e Summary measures should be instituted to access
through health
insurance coverage, government subsidies or public—

more affordable genomic testing
private partnerships-particularly in low- and middle-
income countries.

* The development of further ethical and legal policies
which protect the privacy, confidentiality, and secure
management of patients’ genomic data will allow us to
build public confidence in genomic medicine.

* In order to enhance clinical applicability and
generalizability, genomic biomarkers should be validated
by future studies across larger, more diverse populations
using longitudinal and multicenter study designs.

* Research examining the cost effectiveness and
longitudinal clinical outcomes of genomic biomarker-
guided oral healthcare is required to inform their
implementation in routine practice.

*  Dentists, geneticists, biologists,
policymakers, and healthcare institutions should work

molecular

together to expedite the incorporation of precision
dentistry into standard oral healthcare services.

CONCLUSION

The results of this study showed that genomic
biomarkers have the potential to revolutionize oral
health by improving the early detection, diagnosis and
personalized treatment of oral diseases. Respondents
held genomic biomarkers to be clinically valuable in
facilitating timely diagnosis, clinical decision making
on individualized treatment planning and superior
patient outcomes, representing their pivotal role
towards establishing the future of precision medicine
within dentistry. The study also found many barriers
to implementation, such as high cost of testing and
low awareness, inadequate health system infrastructure
and even cthical dilemmas in dealing with genetic
information that would prevent the widespread use in
clinical routine practice. These barriers can be potentially
reduced, or even removed, by strategic investment,
workforce training and education, appropriate health
policy implementation and continuous professional
development blurring the line between practice and
research as well as strengthening legal frameworks
thereby facilitating uptake of genomic technologies
in oral healthcare systems. In summary, the authors
concluded that genomic biomarkers in clinical dental
practice have strong potential to improve the quality
and sustainability of preventive, diagnostic, and
therapeutic procedures in terms of efficiency, efficacy,
cost-effectiveness, and public health impact, with the
ultimate goal of improving patient outcomes through
precision oral healthcare.
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