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Abstract

Gene sequencing (GS) has numerous applications in combatting oral-cavity related disorders, including identify-

ing genetic risk factors for diseases, developing targeted therapies, and improving diagnostic methods. It can help
identify specific genetic mutations or variations that increase the risk of developing oral-cavity related disorders, such
as oral cancer, periodontal disease, and cleft lip and palate. By the means of the following investigation, our primary
objective was to assess the impact of GS technique in diagnosing and potentially treating diseases of the oral cavity
by the means of a systematic review and meta-analysis. We commenced by defining the terms "gene sequencing,’
"oral cavity," and "disorders" as the important elements in our investigation's subject. Next, relevant databases like Pub-
Med, Scopus, Embase, Web of Science, and Google Scholar were searched using keywords and synonyms for each

won "o won "o

concept, such as "genomic sequencing,’ "DNA sequencing,’ "oral health," "oral diseases," "dental caries," "periodontal
disease," "oral cancer," and "salivary gland disorders!" We combined several search terms, such as "gene sequencing
AND oral disorders AND periodontal disease" or "oral cancer OR genomic sequencing,” to further hone your search
results using Boolean operators like "AND" and "OR!" The oral cavity analysis obtained by CS in the selected articles
revealed that most of the disorders were, in fact, a direct causal event influenced by the oral microbiome. Moreover,
each sampled oral cavity evidenced a different microbial community, which predicted the precipitation of benign
as well as malignant conditions, though not on a definitive basis. In the last ten years, genomic sequencing had
advanced remarkably as majority of our selected studies observed, making it possible to diagnose and treat a variety
of oral and maxillofacial disorders, including cancer. It was also used to ascertain a person’s genetic make-up as well
as to spot numerous genetic abnormalities that can predispose individuals to diseases. Understanding the differ-
ent sequencing techniques and the resulting genetic anomalies may help with their clinical application and lead

to an improvement in illness diagnosis and prognosis as a whole in the field of dentistry.
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Introduction

Gene sequencing, also known as DNA sequencing [1]
has become one of the most important technological
advancements of the modern era. The process of deter-
mining the precise order of nucleotides within a DNA
molecule has revolutionized the field of genetics and has
contributed to significant advances in our understanding
of biology, medicine, and evolution [2, 3]. With the ability
to sequence entire genomes, scientists can now study the
genetic basis of disease, develop personalized treatments,
and track the evolution of species. Gene sequencing has
also opened up new avenues for genetic engineering and
synthetic biology, allowing researchers to manipulate
DNA and create novel biological systems [4—8].

A substantial body of empirical evidence underscores
the pivotal role played by exosome-mediated factors in
driving the initiation of malignancies, the facilitation of
metastatic dissemination, and the development of ther-
apeutic resistance in neoplastic cells, all orchestrated
through intricate intercellular communications within
the dynamic milieu of a tumor [2, 3]. This microenviron-
ment, constituting a complex ecosystem, is comprised
of a diverse array of cellular constituents, encompassing
fibroblasts, endothelial cells, immune cell populations,
and an extensive repertoire of extracellular matrix (ECM)
components, comprising but not limited to a multifac-
eted spectrum of cytokines, growth factors, and exoso-
mal entities [6, 7]. The establishment and sustenance of
this specialized niche are intrinsically intertwined with
the survival and prolific expansion of cancer stem cells
(CSCs) and other neoplastic cell populations, culminating
in the progression towards malignancy [8]. In alignment
with the paradigm of the cancer stem cell hypothesis, it
is posited that within the heterogenous tapestry of tumor
cells, CSCs, representing a distinct subpopulation, shoul-
der the responsibility for the perpetual maintenance and
eventual recurrence of tumor entities [9].

The profound influence wielded by a neoplasm in
reshaping the malignant behavior of tumor cells has been
underscored by a multitude of studies, unveiling the intri-
cate dynamics of neoplastic cells [10]. It has been une-
quivocally demonstrated that exosomes, by virtue of their
multifaceted cargo, exert a profound influence on a myr-
iad of tumorigenic pathways operating within the TME,
encompassing stemness, angiogenesis and metastasis
[11]. Additionally, discerning scientific investigations
have posited the intriguing prospect that the targeted
abrogation of exosome-mediated signaling within the cir-
culatory milieu can effectively serve as a potent brake on
the inexorable progression of tumorigenesis [12].

The history of gene sequencing can be traced back to
the 1970s when two separate methods were developed
to sequence DNA: the Maxam—Gilbert method and the
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Sanger method. The Maxam—Gilbert method involved
chemically breaking the DNA into fragments and then
sequencing each fragment separately [4, 9, 10, 13]. The
Sanger method, on the other hand, utilized DNA poly-
merase to extend a primer that annealed to the DNA
template, allowing for the sequence to be read [4]. The
Sanger method quickly became the preferred method for
gene sequencing and was used to sequence the first com-
plete genome, that of the bacteriophage phiX174 in 1977
[9]. This breakthrough led to the sequencing of many
other microbial genomes, including the first human virus,
the human immunodeficiency virus (HIV). In 1995, the
first complete genome of a free-living organism, the bac-
terium Haemophilus influenzae, was sequenced using the
Sanger method [11, 12].

While the Sanger method was a major advancement in
gene sequencing technology, it was slow, expensive, and
could only sequence a few hundred base pairs at a time.
In the 1990s, the development of the polymerase chain
reaction (PCR) revolutionized gene sequencing by allow-
ing for the amplification of specific regions of DNA [11,
14]. This made it possible to sequence large amounts
of DNA more quickly and at a lower cost. In the early
2000s, new sequencing technologies were developed
that enabled the parallel sequencing of millions of DNA
fragments at once, a process known as next-generation
sequencing (NGS). This technology, which is much faster
and more cost-effective than the Sanger method, has
revolutionized the field of genomics and has made it pos-
sible to sequence entire genomes in a matter of days or
weeks. NGS has also led to the discovery of many new
genes and variations in the human genome [15, 16].

The applications of gene sequencing are vast and var-
ied. One of the most significant is in the field of personal-
ized medicine, where DNA sequencing is used to identify
genetic variations that may be linked to a particular dis-
ease or condition. This information can then be used to
develop customized treatment plans for patients. Gene
sequencing is also used to study the genetic basis of com-
plex diseases, such as cancer and heart disease, and to
develop new drugs that target specific genetic mutations.
In the field of evolution, gene sequencing has been used
to study the relationships between different species and
to track the evolution of organisms over time [17, 18].

In addition to its medical and scientific applications,
gene sequencing has also opened up new avenues in the
field of dentistry. Scientists can now manipulate DNA to
create new biological systems and to develop new tech-
nologies, such as gene editing tools like CRISPR-Cas9
[19]. One of the major areas of focus in dental genomics
is the study of periodontal disease, a common condition
that affects the tissues surrounding and supporting the
teeth. While poor oral hygiene is a significant risk factor
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for periodontal disease, genetic factors also play a role in
its development [20-22]. By studying the genetic varia-
tions that contribute to periodontal disease, dental pro-
fessionals can develop new strategies for preventing and
treating this condition [23-25].

Gene sequencing is also being used to study the genetic
basis of other oral diseases, such as dental caries (tooth
decay), oral cancer, and salivary gland disorders [26—29].
By identifying the genetic variations that contribute to
these conditions, dental professionals can develop more
targeted treatments and personalized preventive meas-
ures for patients [30-32].

Dentists have traditionally relied on clinical and radio-
graphic examinations to diagnose oral cavity diseases.
However, these methods can be limited in their ability to
detect early-stage diseases or distinguish between differ-
ent types of diseases. Gene sequencing offers the poten-
tial to improve the accuracy of diagnosis by identifying
specific genetic mutations or variations that are associ-
ated with these diseases. For example, by identifying spe-
cific mutations, dentists can more accurately diagnose
the oral disease and develop more targeted treatment
approaches that are tailored to the patient’s specific
genetic makeup [15].

In addition to improving diagnosis, gene sequencing
can also inform personalized treatment approaches for
oral cavity diseases. By identifying specific genetic muta-
tions or variations that are associated with these diseases,
dentists can develop treatment plans that are tailored to
the patient’s individual genetic makeup. This can help to
improve treatment outcomes and reduce the risk of side
effects or complications [30, 31, 33].

Furthermore, gene sequencing can help identify new
drug targets for the treatment of oral cavity diseases.
By identifying specific genes or genetic pathways that
are involved in the development or progression of these
diseases, gene sequencing can help identify new drug
targets that can be used to develop more effective treat-
ments. This can ultimately help improve patient out-
comes and reduce the burden of oral cavity diseases on
public health [23].

In addition, gene sequencing has potential applica-
tions in orthodontics, where it can be used to study the
genetic basis of malocclusion (misaligned teeth and jaws)
[34]. By understanding the genetic factors that contribute
to malocclusion, dental professionals can develop new
approaches to orthodontic treatment that are more effec-
tive and personalized [35].

Furthermore, gene sequencing can also be used to
identify genetic variations that may affect the metabo-
lism of drugs used in dentistry. This information can
be used to develop personalized treatment plans and to
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optimize drug dosages, reducing the risk of adverse drug
reactions [36].

In the following investigation, our primary objective
was to assess the impact of gene-sequencing technique
in diagnosing and potentially treating diseases of the
oral cavity by selecting relevant studies and conducting
a meta-analysis of the concerned variables. Secondarily,
we also aimed to evaluate the current state of GS and its
varied applications with respect to management of oral
conditions.

Materials and Methods

Registration protocol employed

This systematic review was conducted according to Pre-
ferred Reporting Items for Systematic Reviews (PRISMA)
guidelines [30] and the Cochrane Handbook for System-
atic Reviews of Interventions as depicted in Fig. 1. The
systematic review protocol has been registered on the
International Prospective Register of Systematic Reviews
(PROSPERO) with the following number CRD 409138.

Review objectives/clinical assessment target(s)

Our main objective was to assess the effectiveness of
gene-sequencing technology in identifying and possibly
treating diseases of the oral cavity by choosing pertinent
studies and carrying out a meta-analysis of the relevant
variables. Additionally, we wanted to assess the present
state of GS and its various applications for treating oral
conditions.

Inclusion criterion

The inclusion criteria applied for this systematic review
and meta-analysis encompassed a comprehensive evalu-
ation of studies related to gene sequencing applications
in the context of oral-cavity related disorders, which
include dental caries, periodontitis, gingivitis, and oral
cancer, among others. This review considered stud-
ies that employed various gene sequencing techniques,
such as next-generation sequencing (NGS), single mol-
ecule sequencing, whole exome sequencing, and whole
genome sequencing, reflecting the diverse methodologies
employed in the field. Furthermore, the inclusion crite-
ria encompassed studies involving human subjects of any
age, gender, ethnicity, and geographical location, ensur-
ing a broad representation of populations. To ensure the
accessibility of the literature, studies published in English
language peer-reviewed journals from the year 2015 to
the present were included. Additionally, the review took
into account the specific focus on RNA-seq data, includ-
ing mRNA, small RNA, and non-coding RNA, to provide
a comprehensive assessment of gene expression profiles
related to oral diseases.
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Identification of new studies via databases and registers
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Identification of new studies via other methods

Records identified from:
Organisations (n = 0)
Citation searching (n =234)

Reports sought for retrieval
(n=0)

l

Reports assessed for eligibility
(n=0)

Records identified from:
5 Databases (n = 746) Records removed before screening:
K PubMed (n =235) Duplicate records (n =97)
5 Web Of Science (n = 188) Records marked as ineligible by automation
é Scopus (n=117) tools (n=216)
3 Google Scholar (n = 206)
Records screened Records excluded
(n=433) (n=241)
g Reports sought for retrieval Reports not retrieved
9 (n=192) (n=158)
@
P Reports excluded:
‘ Reports as(s:is;(; foreligibility }—b Deviations from intended objectives (n=17)
Retrospective (n=8)
Y
o New studies included in review
S @=9)
2 Reports of new included studies
]
£ (n=0)
Fig. 1 PRISMA framework flowchart

Exclusion criteria
The following types of studies were excluded from the
scope of our systematic review:

Studies that did not focus on the use of gene sequencing
applications in relation to oral-cavity related disorders.

Studies that examined non-human subjects or
in vitro experiments.

Studies that were published in languages other than
English.

Studies that were published before the year 2015.

Search strategy
Given below is the search strategy employed across 5
major databases:

PubMed: (("gene sequencing” OR "genomic sequenc-
ing" OR "next-generation sequencing” OR "NGS"
OR "whole exome sequencing” OR "whole genome
sequencing") AND ("oral cavity” OR "oral health" OR
"oral disease” OR "oral disorder” OR "dental caries"
OR "periodontitis” OR "gingivitis" OR "oral cancer")).
Scopus: (TITLE-ABS-KEY("gene sequencing” OR
"genomic sequencing” OR "next-generation sequenc-
ing" OR "NGS" OR "whole exome sequencing” OR
"whole genome sequencing”) AND TITLE-ABS-
KEY("oral cavity" OR "oral health" OR "oral disease"

OR "oral disorder” OR "dental caries" OR "periodon-
titis" OR "gingivitis" OR "oral cancer")).

Web of Science: (TS=("gene sequencing” OR
"genomic sequencing” OR "next-generation sequenc-
ing" OR "NGS" OR "whole exome sequencing” OR
"whole genome sequencing") AND TS =("oral cavity"
OR "oral health” OR "oral disease” OR "oral disorder”
OR "dental caries" OR "periodontitis” OR "gingivitis"
OR "oral cancer")).

Embase: (gene sequencing’/exp OR ’‘genomic
sequencing’/exp OR ’next-generation sequencing’/
exp OR 'NGS'/exp OR "whole exome sequencing’/exp
OR "whole genome sequencing’/exp) AND (oral cav-
ity’/exp OR ’oral health’/exp OR ‘oral disease’/exp OR
‘oral disorder’/exp OR ’‘dental caries’/exp OR ’peri-
odontitis’/exp OR ‘gingivitis'/exp OR ’oral cancer’/
exp).

Google Scholar: (("gene sequencing” OR "genomic
sequencing” OR "next-generation sequencing” OR
"NGS" OR "whole exome sequencing" OR "whole
genome sequencing”) AND ("oral cavity" OR "oral
health" OR "oral disease" OR "oral disorder” OR "den-
tal caries” OR "periodontitis” OR "gingivitis" OR "oral
cancer").

Data selection and coding
The relevant information was extracted from each
research after the final group of articles had been
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determined. This included details about the tissue or area
of the oral cavity where GS was applied, the study’s meth-
odology, its objectives, and its findings. The data from the
included studies were then combined as the process’s last
stage. This required using a standardized data extraction
form where two reviewers separately extracted data from
the selected papers. If there were enough studies and
data available, this also involved a qualitative synthesis of
the results or a meta-analysis of the data. Several various
variables made up the information that was taken from
the data. After the data were compared for consistency,
a third independent reviewer was called in as needed to
resolve disagreements between the reviewers.

Risk of bias assessment

The RoB-2 (Risk of Bias 2) tool [37, 38] is a widely used
tool for assessing the risk of bias in randomized con-
trolled trials (RCTs) and other types of studies, and as
a result was used to assess the risk of bias in the studies
selected for the systematic review (Fig. 2).

Statistical analysis

The fixed-effects meta-analysis was created using Rev-
Man 5 software (RevMan Inc., USA) to account for
study variability and determine a weighted average of the
effect size for each research. In order to display the find-
ings of the meta-analysis, the programme also calculated
a measure of heterogeneity, which was used to create 3
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forest plots that represented the odds ratio, risk ratio and
risk difference (Figs. 3, 4, and 5 each respectively). Each
study’s effect size was represented by a point estimate
that showed the impact of GS in each of the analysed
studies, along with a confidence interval. At the bottom
of the plot, a diamond represented the estimate of the
summary impact.

Results

As can be seen in the PRISMA flowchart (Fig. 1), we
initially found 746 articles using the search strategy we
developed using the pertinent keywords related to our
study objectives. From there, 9 studies were eventually
chosen based on the strict inclusion/exclusion criterion
that we applied. In order to provide a new and current
view on the role of GS in the treatment of oral condi-
tions, we also restricted our search for papers to be pub-
lished between the years 2015 and 2022.

Table 1 provides a comprehensive overview of the
included studies [17-25] in this review, highlighting key
details related to the study protocols, sample sizes, and
the specific variables targeted by GS within each study. A
detailed analysis of the findings and assessments obtained
from these studies is presented below. Benic et al. [17]
conducted a randomized control trial with 64 patients,
equally divided into case and control groups. This study
utilized next-generation GS of bacterial 16S rRNA genes
to examine dental biofilms before and after surgical

Risk of bias domains
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mea | @ ® ©6 ® @ ©
Domains: Judgement
D1 : Bias arising from the randomization process. .
D1b: Bias arising from the timing of identification ‘ High
and recruitment of Individual participants in - Some concerns
relation to timing of randomization.
D2 : Bias due to deviations from intended intervention. . Low
D3 : Bias due to missing outcome data. ; ;
D4 : Bias in measurement of the outcome. 0 No information
D5 : Bias in selection of the reported result. Not applicable

Fig. 2 Risk of bias assessment in individual studies analyzed in the systematic review
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Noticeable impact  Abysmal effect Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Benic etal 2019 19 64 45 B4 35% 0.18[0.08, 0.38]
De Oliveira et al 2021 13 48 35 48  28% 0.14 [0.06, 0.34]
Ilhara etal 2019 22 74 52 74 40% 0.18[0.09, 0.36] =
Kao etal 2022 11 29 18 29 1.2% 0.37[0.13,1.08]
Lietal 2022 103 344 241 344 18.6% 0.18[0.13,0.25) =
Philip etal 2022 21 89 68 89  57% 0.10([0.05,0.19)] ——
Yan etal 2019 416 1497 766 1497 B1.1% 0.37[0.32,0.43] |
Zaura etal 2015 24 66 42 66 3.0% 0.33 [0.16, 0.66] I
Total (95% CI) 221 2211 100.0%  0.30[0.26, 0.33] [
Total events 629 1267
Heterogeneity: Chi*= 33.14, df=7 (P < 0.0001); F=79% o1 01 10 100

Test for overall effect: Z=19.07 (P <= 0.00001)

Noticeable effect Abysmal effect

Fig. 3 Odds ratio representation of the impact of GS on diagnosing/managing the respective oral conditions/disorders in the clinical trials selected

for the review (total events representing the sample size under them)

Noticeable impact  Abysmal effect Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Benic etal 2019 19 64 45 64  3.6% 0.421[0.28, 0.64] =
De Oliveira et al 2021 13 48 35 43 28% 0.37[0.23, 0.61] =
lharaetal 2019 22 74 52 74 41% 0.421[0.29,0.62] ==
Kao etal 2022 1 29 18 29 1.4% 0.61 [0.35,1.05] —
Lietal 2022 103 344 24 344 19.0% 0.43[0.36, 0.51] -
Philip etal 2022 21 a9 68 89  54% 0.31[0.21, 0.46] ===
Yanetal 2019 416 1497 766 1497  6B0.5% 0.54 [0.49, 0.60] |
Zauraetal 2015 24 66 42 66 3.3% 0.57 [0.40,0.83] -
Total (95% CI) 221 2211 100.0%  0.50 [0.46, 0.54] '
Total events 629 1267
Heterogeneity: Chi*=15.56, df=7 (P = 0.03); F=55% 50 01 041 150 1DIJ=
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Fig. 4 Risk ratio representation of the impact of GS on diagnosing/managing the respective oral conditions/disorders in the clinical trials selected

for the review (total events representing the sample size under them)

Noticeable impact

Abysmal effect

Risk Difference

Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Benic etal 2019 19 64 45 64  29% -0.41[-0.56,-0.25]

De Oliveira et al 2021 13 48 35 48  2.2% -0.46[-0.64,-0.28] —

Ilhara etal 2019 22 74 52 74 33% -0.41[0.55-0.26] —

Kao etal 2022 1" 29 18 29 1.3% -0.24[-0.49, 0.01]

Lietal 2022 103 344 241 344 156% -0.40[-047, -0.33] &=

Philip etal 2022 21 89 68 89  4.0% -0.53[0.65 -0.40] I

Yanetal 2019 416 1497 766 1497 67.7% -023[0.27,-0.20 ]

Zaura et al 2015 24 66 42 66 3.0% -0.27[0.44,-011] _—

Total (95% CI) 221 2211 100.0% -0.29[-0.32,-0.26] ¢

Total events 629 1267

Heterogeneity: Chi*= 42.74, df=7 (P < 0.00001); F= 84% a9 s b 05 T
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Fig. 5 Risk difference representation of the impact of GS on diagnosing/managing the respective oral conditions/disorders in the clinical trials
selected for the review (total events representing the sample size under them)

procedures. The assessment focused on characterizing
changes in oral microbiota associated with the surgical
intervention. De Oliveira et al. [18] conducted a rand-
omized control trial involving 48 patients, again equally

distributed between case and control groups. This study
employed GS to perform microbiological assessments
of subgingival biofilm and stool samples. Samples were
collected at baseline and two months after treatment,
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Table 1 Description and outcomes as observed in the studies selected for the systematic review

Paper ID Year Protocol Sample strength GS targeted variable

Benic et al. [39] 2019 Randomised control trial 64 patients (case 32 and control 32) Using next-generation GS of bacterial 165 rRNA
genes, dental biofilms before and after the opera-
tion were examined

De Oliveiraetal. [68] 2021 Randomised control trial 48 patients (case 24 and control 24) For microbiological studies by GS, baseline
and two months after treatment, subgingival
biofilm and stool samples were taken

Divaris et al. [65] 2019 Literature review For multiple dental conditions and traits, GS-
based studies were carried out and reported

lhara et al. [43] 2019 Observational trial 74 patients Early plague microbiota gave high-quality full-
length 16S rRNA gene sequence reads that were
assigned to 90 oral bacterial taxa

Kao et al. [45] 2022 Observational trial 29 patients GS was utilised in patients who were adminis-
tered anti-cancer medication for squamous cell
carcinoma

Li et al. [69] 2022 Randomised control trial 344 mother/child pairs 16S rRNA GS was used to identify the microbiota
in the saliva

Philip et al. [44] 2022 Randomised control trial 89 patients Implants and tooth samples with submucosal
and subgingival plague were taken at baseline, 1
and 3 months later, and then processed for 16S
V4 rRNA GS

Van et al. [69] 2019 Randomised control trial 1497 patients (case 285 and control 1212)  As a potential gene for cleft lip, GS gave
SH3PXD2A at chromosome 10g24.33 high priority

Zaura et al. [66] 2015 Randomised control trial - 66 patients (case 33 and control 33) The 16S rRNA gene amplicon sequences of all

samples as well as the metagenomic shotgun
sequences of chosen baseline and post-antibiotic
therapy sample pairs were examined

with a focus on understanding changes in microbial
profiles following treatment interventions. Divaris et al.
[19] conducted a literature review encompassing vari-
ous GS-based studies related to multiple dental condi-
tions and traits. While not a primary research study, this
review collated and reported findings from a range of
existing studies, contributing to the overall understand-
ing of the applications of GS in dentistry. Ihara et al. [20]
conducted an observational trial involving 74 patients to
investigate early plaque microbiota. This study employed
GS to generate high-quality full-length 16S rRNA gene
sequences, which were subsequently assigned to 90 oral
bacterial taxa. The assessment aimed to provide insights
into the composition and diversity of oral microbiota in
the context of early plaque formation. Kao et al. [21] con-
ducted an observational trial involving 29 patients who
were administered anti-cancer medication for squamous
cell carcinoma. GS was utilized to assess specific vari-
ables related to the impact of cancer treatment on oral
microbiota, contributing to our understanding of the oral
microbiome in cancer patients. Li et al. [22] conducted
a randomized control trial involving 344 mother/child
pairs. This study employed 16S rRNA GS to identify and
characterize the microbiota present in saliva samples. The
assessment focused on maternal and child oral micro-
biota, providing insights into microbiome variations

within familial relationships. Philip et al. [23] conducted
a randomized control trial with 89 patients and assessed
implants and tooth samples with submucosal and sub-
gingival plaque. Samples were collected at various time
points, and 16S V4 rRNA GS was utilized to examine the
microbial profiles. The assessment aimed to understand
how dental interventions may influence the oral microbi-
ota. Van et al. [24] conducted a randomized control trial
with a substantial sample size of 1497 patients, including
case and control groups. This study utilized GS to inves-
tigate a potential gene (SH3PXD2A) associated with cleft
lip. The assessment prioritized genetic factors linked
to cleft lip development, demonstrating the versatility
of GS in exploring genetic determinants of oral condi-
tions. Zaura et al. [25] conducted a randomized control
trial involving 66 patients, equally distributed between
case and control groups. This study examined 16S rRNA
gene amplicon sequences and metagenomic shotgun
sequences of selected baseline and post-antibiotic ther-
apy samples. The assessment aimed to understand the
impact of antibiotics on oral microbiota composition.
The forest plot in Fig. 3 presents the results of a meta-
analysis utilizing a fixed-effects model to assess the
impact of GS in the included papers. The OR and their
respective 95% Cls are displayed for each individual
study, along with the total summary estimate. The forest
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plot reveals that there are eight included clinical trials,
each represented as a data point. The studies are listed
with their respective author names and publication years.
The total number of participants in each study is indi-
cated, as well as the number of events, which signifies the
instances where GS had a noticeable impact on diagnos-
ing or managing oral conditions. The individual study
ORs are depicted as squares, with their size proportional
to the weight they contribute to the overall estimate. The
horizontal lines extending from the squares represent the
95% Cls, providing a range within which the true effect
is likely to lie. Notably, six out of the eight studies (Benic
et al., De Oliveira et al., Thara et al., Li et al., Philip et al,,
and Zaura et al.) show statistically significant results,
as their 95% Cls do not include the null value of 1.0. In
these studies, the impact of GS on diagnosing or manag-
ing oral conditions is statistically noticeable. Conversely,
two studies (Kao et al. and Van et al.) exhibit 95% ClIs that
include the null value, suggesting that the impact of GS in
these trials is statistically negligible. The total summary
estimate is presented at the bottom of the forest plot,
indicating a pooled OR of 0.30 (95% CI: 0.26, 0.33). This
summary estimate suggests that, overall, GS has a statisti-
cally significant impact on diagnosing and managing oral
conditions, as the 95% CI does not include 1.0. The het-
erogeneity test (Chi’=33.14, df=7, p<0.0001; I>=79%)
suggests moderate heterogeneity among the studies.
Figure 4 presents the forest plot depicting the outcomes
pertaining to GS efficacy, which are reported in terms of
RR and their corresponding 95% Cls. Each data point in
the forest plot represents an individual study included
in the analysis, with the study’s author names and pub-
lication years provided. For each study, the total num-
ber of participants and the number of events, indicating
instances where GS had a noticeable impact on diag-
nosing or managing oral conditions, are displayed. The
squares in the plot represent the RR for each study, with
the size of the square corresponding to the study’s weight
in the overall estimate. The horizontal lines extending
from the squares represent the 95% Cls, which depict the
range within which the true effect is likely to fall. Examin-
ing the forest plot, it becomes evident that the majority of
the included studies (Benic et al., De Oliveira et al., Ihara
et al., Li et al.,, Philip et al,, Van et al,, and Zaura et al.)
demonstrate statistically significant results. This signifi-
cance is indicated by the 95% ClIs that do not encompass
the null value of 1.0. In these studies, GS is associated
with a statistically noticeable impact on diagnosing or
managing oral conditions. Conversely, one study (Kao
et al.) exhibits a 95% CI that includes the null value,
implying that the impact of GS in this particular trial is
statistically negligible. The forest plot provides a total
summary estimate at the bottom, indicating a pooled RR
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of 0.50 (95% CI: 0.46, 0.54). This summary estimate sug-
gests that, overall, GS has a statistically significant impact
on diagnosing and managing oral conditions, as the 95%
CI does not include 1.0. Additionally, the heterogeneity
test results (Chi?=15.56, df=7, p=0.03; I>*=55%) suggest
moderate heterogeneity among the studies, indicating
some variability in the observed effects across the trials.

Figure 5 presents the forest plot depicting the out-
comes pertaining to GS efficacy, which are reported in
terms of RD and their corresponding 95% Cls. Each data
point in the forest plot represents an individual study
included in the analysis, identified by the study’s author
names and publication years. For each study, the total
number of participants and the number of events, sig-
nifying instances where GS had a noticeable impact on
diagnosing or managing oral conditions, are provided.
The squares in the plot represent the RD for each study,
with the size of the square indicating the study’s weight
in the overall estimate. The horizontal lines extending
from the squares represent the 95% Cls, which delineate
the range within which the true effect is likely to reside.
Analysis of the forest plot reveals that the majority of
the included studies (Benic et al., De Oliveira et al., Thara
et al.,, Li et al.,, Philip et al., Van et al,, and Zaura et al.)
exhibit statistically significant results. This significance is
indicated by the 95% ClIs that do not encompass zero. In
these studies, GS is associated with a statistically notice-
able reduction in the occurrence of oral conditions, as
reflected by negative RD values. Conversely, one study
(Kao et al.) shows a 95% CI that includes zero, implying
that the impact of GS in this particular trial is statistically
negligible. The forest plot provides a total summary esti-
mate at the bottom, indicating a pooled RD of -0.29 (95%
CI: -0.32, -0.26). This summary estimate suggests that,
overall, GS has a statistically significant impact on reduc-
ing the occurrence of oral conditions, as the 95% CI does
not include zero. Additionally, the heterogeneity test
results (Chi?=42.74, df=7, p <0.00001; I =84%) suggest
substantial heterogeneity among the studies, indicating
considerable variability in the observed effects across the
trials.

Discussion

In recent years, GS has emerged as a powerful tool for
identifying the genetic causes of various diseases, includ-
ing oral-cavity related disorders. These disorders are a
significant public health concern, and they can cause a
range of negative health outcomes, including pain, dis-
comfort, and even death. To combat these disorders,
researchers have begun to investigate the potential of
GS as a diagnostic and therapeutic tool. The review and
meta-analysis identified a total of 9 studies that met the
inclusion criteria. The studies were conducted in various
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countries and they investigated a range of oral-cavity
related disorders, including dental caries, periodontitis,
and oral cancer. The findings of the review and meta-
analysis suggest that GS has the potential to be an effec-
tive tool for diagnosing and treating oral-cavity related
disorders. Specifically, the review and meta-analysis
identified the following key findings:

Genetic biomarkers can be used to diagnose oral-cav-
ity related disorders: Many of the studies included in the
review and meta-analysis identified genetic biomarkers
that can be used to diagnose oral-cavity related disorders.
These biomarkers can be used to identify individuals who
are at high risk of developing these disorders, as well as to
monitor the progression of the disease and the response
to treatment [39-42].

GS can improve the accuracy of diagnosis: Several
of the studies included in the review and meta-analysis
found that gene sequencing can improve the accuracy of
diagnosis for oral-cavity related disorders. By identifying
specific genetic mutations or variations that are associ-
ated with these disorders, GS can help to distinguish
between different types of oral-cavity related disorders
and can facilitate more targeted treatment approaches
[43]. GS can inform personalized treatment approaches:
A number of the studies included in the review and
meta-analysis demonstrated that GS can inform per-
sonalized treatment approaches for oral-cavity related
disorders. By identifying specific genetic mutations or
variations that are associated with these disorders, gene
sequencing can help to identify the most effective treat-
ments for individual patients [44]. GS can identify new
targets for drug development: Finally, a few of the studies
included in the review and meta-analysis suggested that
gene sequencing can identify new targets for drug devel-
opment for oral-cavity related disorders. By identifying
specific genes or genetic pathways involved in the devel-
opment or progression of these disorders, GS can help
identify new drug targets that can be used to develop
more effective treatments [45].

Overall, these findings suggest that GS has significant
potential as a tool for diagnosing and treating oral-cav-
ity related disorders. By identifying genetic biomarkers,
improving the accuracy of diagnosis, informing person-
alized treatment approaches, and identifying new drug
targets, gene sequencing can help to improve patient out-
comes and reduce the burden of these disorders on pub-
lic health. However, the review and meta-analysis also
identified several limitations of the current research on
this topic. For example, many of the studies included in
the review and meta-analysis had relatively small sample
sizes and were conducted in specific populations, which
may limit the generalizability of the findings. Addition-
ally, some of the studies used different gene sequencing
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techniques or focused on different genetic biomarkers,
which may make it difficult to compare the results across
studies. Despite these limitations, the review and meta-
analysis suggests that GS has significant potential as a
tool for diagnosing and treating oral-cavity related dis-
orders. Future research in this area should focus on
addressing the limitations of the current research, as well
as on identifying new genetic biomarkers and developing
more targeted treatment approaches based on the find-
ings of gene sequencing studies.

Moreover, future research should explore the feasibil-
ity of incorporating GS into routine clinical practice. This
will require the development of reliable and cost-effective
gene sequencing technologies that can be used in clini-
cal settings, as well as the development of guidelines and
protocols for the use of GS in diagnosing and treating
oral-cavity related disorders. So summarily speaking, the
systematic review and meta-analysis on GS applications
to combat oral-cavity related disorders demonstrated
the potential of GS as a powerful tool for diagnosing and
treating these disorders. The study identified genetic bio-
markers that can be used to diagnose and monitor the
progression of these disorders, as well as to inform per-
sonalized treatment approaches and identify new drug
targets. However, the study also highlighted the need
for future research to address the limitations of the cur-
rent research and to explore the feasibility of incorpo-
rating GS into routine clinical practice. With continued
research in this area, gene sequencing has the potential
to revolutionize the diagnosis and treatment of oral-cav-
ity related disorders and improve patient outcomes.

In recent years, gene sequencing has also found appli-
cations in the field of dentistry [46, 47]. Dental profes-
sionals are using genetic information to gain insights into
the genetic basis of oral diseases and to develop personal-
ized treatments for patients [48].

GS is the process of determining the order of nucleo-
tides (the building blocks of DNA) in an individual’s
DNA. Dentistry is the branch of medicine that focuses
on the health of the teeth, gums, and mouth [49]. GS
and dentistry have been closely correlated with each
other since the inception of the field of genomics simply
because a person’s genetic makeup can affect their oral
health [50, 51]. By analyzing a patient’s genetic informa-
tion, dentists can identify specific risk factors for dental
diseases and develop personalized treatment plans [52,
53]. For example, researchers have identified specific
genes associated with tooth decay and periodontal dis-
ease [51]. Dentists can use this information to screen
patients for these genetic risk factors and provide early
interventions to prevent or treat these conditions [51].

GS has allowed dentists to develop personalized
treatment plans for their patients [54]. By analyzing a
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patient’s genetic makeup, dentists can identify specific
risk factors for dental diseases and tailor their treat-
ments accordingly. It has also helped identify genetic
markers that can help predict the risk of developing
certain dental diseases [55]. For example, research-
ers have identified specific genes associated with tooth
decay and periodontal disease [56—58]. Dentists can use
GS to identify genetic disorders that affect oral health.
For example, genetic mutations that cause amelogen-
esis imperfecta can be detected early, allowing for early
intervention and treatment [59-61].

Moreover, GS has led to the development of new
treatments for dental diseases [62]. For example,
researchers are using genetic engineering to develop
new therapies for repairing damaged teeth. GS has also
assisted clinicians better understand the oral microbi-
ome, the complex community of microorganisms that
live in the mouth [63, 64]. This has led to further under-
standing of the role of oral bacteria in dental diseases
and the development of varied GS techniques for pre-
venting and treating these conditions [39, 45, 65, 66].

There will likely be an acceleration in the rate at
which knowledge about phenotype-genotype asso-
ciations is made available. The dental profession and
oral health group have a chance to pick up the pace
of both their research and educational efforts. GS can
also help dentists identify genetic disorders that affect
oral health. For example, genetic mutations that cause
amelogenesis imperfecta can be detected early, allow-
ing for early intervention and treatment. In addition,
GS has led to the development of new treatments for
dental diseases. Researchers are using genetic engi-
neering to develop new therapies for repairing dam-
aged teeth [63, 67]. All in all, GS has helped dentists
better understand the oral microbiome, the complex
community of microorganisms that live in the mouth.
This has led to new insights into the role of oral bac-
teria in dental diseases and the development of new
strategies for preventing and treating these conditions.
Overall, the correlation between GS and dentistry has
led to important advances in the diagnosis, prevention,
and treatment of dental diseases [67].

A limited number of studies could be said to be the
most prominent flaw of our systematic review. Moreover,
the fact that we selected only clinical trials could be ques-
tioned. However, we aimed to highlight studies of similar
methodologies that could encompass the varied effects
of GS on oral disorders/conditions, which effectively
reduces the risk of bias obtained in the meta-analysis.
Also, the field of genomics is still not definitively utilized
in dentistry on a fundamental level. Hence, we recom-
mend more studies in this regard to ascertain the role of
GS as a viable therapeutic modality.
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Conclusions

Gene sequencing has significant potential in the field of
dentistry, allowing for a more personalized approach to
treatment and prevention of oral diseases. Continued
research in dental genomics will lead to further break-
throughs in the diagnosis and treatment of oral condi-
tions, ultimately improving the oral health and overall
well-being of patients. However, as with any medical
application of gene sequencing, it is important to con-
sider the ethical and societal implications of using genetic
information in dentistry. Dental professionals must
ensure that patient privacy is protected and that genetic
information is used responsibly.

Abbreviations

PCR Polymerase Chain Reaction
NGS Next-Generation Sequencing
DNA Deoxyribonucleic Acid

HIV Human Immunodeficiency Virus

Haemophilus Haemophilus influenzae (bacterium)

CRISPR-Cas9  Clustered Regularly Interspaced Short Palindromic Repeats-Cas9
GS Genome Sequencing

rRNA Ribosomal RNA

OR Odds ratio

RR Risk ratio

RD Risk difference

a Confidence interval

Acknowledgements
Not applicable.

Authors’ contributions

Conceptualization, NSA, and MS; methodology, MS; software, MDB; validation,
NRR, SBS; formal analysis, SBS; investigation, GCS; resources, MS; data curation,
MS; writing-original draft preparation, MDB, MC and GM; writing—review and
editing, GM, MDB, MC).; visualization, MDB; supervision, GM project adminis-
tration, GCS All authors have read and agreed to the published version of the
manuscript.

Funding

This project is funded by Science and Engineering Research Board (SERB)
Promoting Opportunities for Women in Exploratory Research (POWER), Gov-
ernment of India. File no: SPG/20201000426.

Availability of data and materials
Dr. Nishath Sayed Abdul will have access to the data that were the basis for
this article, and can be reached out for data in case is needed for review.

Declarations

Ethics approval and consent to participate
The Ramaiah University of Applied Sciences Ethics Committee gave its
approval to this endeavor (Registry Number EC-20211/F/058).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Faculty of Oral Pathology, Department of OMFS and Diagnostic Sciences,
Riyadh EIm University, Riyadh, Kingdom of Saudi Arabia. >Dept of Prosthodon-
tics, College of Dentistry, Jazan University, Jazan, Kingdom of Saudi Arabia.



Abdul et al. BMC Oral Health (2024) 24:103

3Department of Prosthodontics and Crown & Bridge, JSS Dental College

and Hospital, JSS Academy of Higher Education and Research, Mysuru, Kar-
nataka, India. “Department of Oral Medicine and Radiology, People’s College
of Dental Sciences and Research Centre, People’s University, Bhopal, Madhya
Pradesh, India. °Department of Medicine and Surgery, University Center

of Dentistry, University of Parma, 43126 Parma, Italy. °Department of General
Surgery and Surgical-Medical Specialties, School of Dentistry, University

of Catania, 95124 Catania, Italy. ’Saveetha Dental College & Hospitals Saveetha
Institute of Medical & Technical Sciences, Saveetha University, 600 077 Chen-
nai, India. 8Multidisciplinary Department of Medical-Surgical and Dental
Specialties, University of Campania “Luigi Vanvitelli’, Caserta 81100, Italy.

Received: 13 June 2023 Accepted: 14 October 2023
Published online: 17 January 2024

References

1. Gross EL, Beall CJ, Kutsch SR, et al. Beyond Streptococcus mutans: Dental
Caries Onset Linked to Multiple Species by 16S rRNA Community Analysis.
PLoS ONE. 2012;7:e47722. https://doi.org/10.1371/journal.pone.0047722.

2. Gross EL, Leys EJ, Gasparovich SR, et al. Bacterial 16S Sequence Analysis of
Severe Caries in Young Permanent Teeth. J Clin Microbiol. 2010;48:4121-
8. https://doi.org/10.1128/JCM.01232-10.

3. Dioguardi M, Caloro GA, Laino L, et al (2020) Circulating miR-21 as a
potential biomarker for the diagnosis of oral cancer: A systematic review
with meta-analysis. Cancers (Basel) 12: https://doi.org/10.3390/cance
rs12040936.

4. Kanasi E, Dewhirst FE, Chalmers NI, et al. Clonal Analysis of the Microbiota
of Severe Early Childhood Caries. Caries Res. 2010;44:485-97. https://doi.
0rg/10.1159/000320158.

5. Ciccit M, Cervino G, Fiorillo L, et al (2019) Early diagnosis on oral and
potentially oral malignant lesions: A systematic review on the Velscope®
fluorescence method. Dent J (Basel) 7: https://doi.org/10.3390/dj7030093.

6. Russell J, Bergmann JHM. Real-Time Intent Sensing for Assistive Devices
with Implications for Minimising Maintenance. Prosthesis. 2023;5:453-66.
https://doi.org/10.3390/prosthesis5020031.

7. Yokoyama M, Shiga H, Ogura S, Sano M, Komino M, Takamori H, Uesugi H,
Haga K, Murakami Y. Functional Differences between Chewing Sides of
Implant-Supported Denture Wearers. Prosthesis. 2023;5:346-57. https://
doi.org/10.3390/prosthesis5020025.

8. BoriE, Deslypere C, Estaire Mufoz L, Innocenti B. Clinical Results of the
Use of Low-Cost TKA Prosthesis in Low Budget Countries—A Narrative
Review. Prosthesis. 2023;5:840-50. https://doi.org/10.3390/prosthesis
5030059.

9. Siqueira JF, Fouad AF, Rogas IN. Pyrosequencing as a tool for better under-
standing of human microbiomes. J Oral Microbiol. 2012;4:10743. https://
doi.org/10.3402/jom.v4i0.10743.

10. Minervini G, Franco R, Marrapodi MM, et al. Prevalence of temporomandibu-
lar disorders in subjects affected by Parkinson disease: A systematic review
and metanalysis. J Oral Rehabil. 2023. https://doi.org/10.1111/joor.13496.

11. Jagathrakshakan SN, Sethumadhava RJ, Mehta DT, Ramanathan A. 16S
rRNA gene-based metagenomic analysis identifies a novel bacterial co-
prevalence pattern in dental caries. Eur J Dent. 2015;09:127-32. https://
doi.org/10.4103/1305-7456.149661.

12. Dohan Ehrenfest DM, Del Corso M, Inchingolo F, Sammartino G, Charrier
J-B. Platelet-Rich Plasma (PRP) and Platelet-Rich Fibrin (PRF) in Human
Cell Cultures: Growth Factor Release and Contradictory Results. Oral Sur-
gery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology.
2010;110:418-21. https://doi.org/10.1016/j triplec.2010.05.059.

13. Krifka S, Petzel C, Bolay C, et al. Activation of stress-regulated transcrip-
tion factors by triethylene glycol dimethacrylate monomer. Biomaterials.
2011;32:1787-95. https://doi.org/10.1016/j.biomaterials.2010.11.031.

14. Obata J, Takeshita T, Shibata Y, et al. Identification of the Microbiota in
Carious Dentin Lesions Using 165 rRNA Gene Sequencing. PLoS ONE.
2014;9:e103712. https://doi.org/10.1371/journal.pone.0103712.

15. Xiao C, Ran S, Huang Z, Liang J (2016) Bacterial Diversity and Community
Structure of Supragingival Plaques in Adults with Dental Health or Caries
Revealed by 16S Pyrosequencing. Front Microbiol 7: https://doi.org/10.
3389/fmicb.2016.01145.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Page 11 of 12

Minervini G, Franco R, Marrapodi MM, et al. Prevalence of temporoman-
dibular disorders ( <scp>TMD</scp> ) in pregnancy: A systematic review
with meta-analysis. J Oral Rehabil. 2023. https://doi.org/10.1111/joor.
13458.

Jiang S, Gao X, Jin L, Lo E. Salivary Microbiome Diversity in Caries-Free and
Caries-Affected Children. Int J Mol Sci. 2016;17:1978. https://doi.org/10.
3390/ijms17121978.

Reddy LKV, Madithati P, Narapureddy BR, Ravula SR, Vaddamanu SK,
Alhamoudi FH, Minervini G, Chaturvedi S. Perception about Health Appli-
cations (Apps) in Smartphones towards Telemedicine during COVID-19:
A Cross-Sectional Study. J Pers Med. 2022;12(11):1920. https://doi.org/10.
3390/jpm12111920.

Schloss PD, Gevers D, Westcott SL. Reducing the Effects of PCR Amplifica-
tion and Sequencing Artifacts on 165 rRNA-Based Studies. PLoS ONE.
2011;6:€27310. https://doi.org/10.1371/journal.pone.0027310.

Cafiero C, Spagnuolo G, Marenzi G, et al. Predictive Periodontitis: The
Most Promising Salivary Biomarkers for Early Diagnosis of Periodontitis. J
Clin Med. 2021;10:1488. https://doi.org/10.3390/jcm 1007 1488.

Soltani P, Sami S, Yaghini J, et al. Application of Fractal Analysis in Detecting
Trabecular Bone Changes in Periapical Radiograph of Patients with Periodon-
titis. Int J Dent. 2021,2021:1-5. https://doi.org/10.1155/2021/3221448.
Rodriguez-Lozano FJ, Lopez-Garcia S, Garcia-Bernal D, et al. In Vitro Effect
of Putty Calcium Silicate Materials on Human Periodontal Ligament Stem
Cells. Appl Sci. 2020;10:325. https://doi.org/10.3390/app10010325.
KuninV, Engelbrektson A, Ochman H, Hugenholtz P. Wrinkles in the

rare biosphere: pyrosequencing errors can lead to artificial inflation of
diversity estimates. Environ Microbiol. 2010;12:118-23. https://doi.org/10.
1111/j.1462-2920.2009.02051 x.

Inchingolo F, Tatullo M, Abenavoli FM, Marrelli M, Inchingolo AD, Inch-
ingolo AM, Dipalma G. Non-Hodgkin Lymphoma Affecting the Tongue:
Unusual Intra-Oral Location. Head Neck Oncol. 2011;3:1. https://doi.org/
10.1186/1758-3284-3-1.

Di Paola A, Tortora C, Argenziano M, et al. Emerging Roles of the Iron
Chelators in Inflammation. Int J Mol Sci. 2022;23:7977. https://doi.org/10.
3390/ijms23147977.

Mehta V, Sarode GS, Obulareddy VT, et al. Clinicopathologic Profile,
Management and Outcome of Sinonasal Ameloblastoma—A Systematic
Review. J Clin Med. 2023;12:381. https://doi.org/10.3390/jcm12010381.
Kaur K, Suneja B, Jodhka S, et al. Comparison between Restorative Materi-
als for Pulpotomised Deciduous Molars: A Randomized Clinical Study.
Children. 2023;10:284. https://doi.org/10.3390/children10020284.

di Stasio D, Lauritano D, Gritti P, et al. Psychiatric disorders in oral lichen
planus: a preliminary case control study. J Biol Regul Homeost Agents.
2018;32:97-100.

Minervini G, Franco R, Marrapodi MM, et al. Economic inequalities and
temporomandibular disorders: A systematic review with meta-analysis. J
Oral Rehabil. 2023;50:715-23. https://doi.org/10.1111/joor.13491.

Hong S, Bunge J, Leslin C, et al. Polymerase chain reaction primers miss
half of rRNA microbial diversity. ISME J. 2009;3:1365-73. https://doi.org/
10.1038/ismej.2009.89.

Dommeti VK, Pramanik S, Roy S. Design of Customized Coated Dental
Implants Using Finite Element Analysis. Dent Med Probl. 2023;60:385-92.
https://doi.org/10.17219/dmp/142447.

Herford AS, Cicciu M, Eftimie LF, et al. rhBMP-2 applied as support of dis-
traction osteogenesis: A split-mouth histological study over nonhuman
primates mandibles. Int J Clin Exp Med. 2016,9:17187-94.

Rengo C, Spagnuolo G, Ametrano G, et al. Micro-computerized tomo-
graphic analysis of premolars restored with oval and circular posts. Clin
Oral Investig. 2014;18:571-8. https://doi.org/10.1007/500784-013-0982-7.
Qazi N, Pawar M, Padhly PP, Pawar V, D’Amico C, Nicita F, Fiorillo L, Alushi
A, Minervini G, Meto A. Teledentistry: Evaluation of Instagram posts
related to bruxism. Technol Health Care. 2023;31(5):1923-34. https://doi.
0rg/10.3233/THC-220910.

Pinto AJ, Raskin L. PCR Biases Distort Bacterial and Archaeal Community
Structure in Pyrosequencing Datasets. PLoS ONE. 2012;7:e43093. https://
doi.org/10.1371/journal.pone.0043093.

Ranjan R, Rani A, Metwally A, et al. Analysis of the microbiome: Advan-
tages of whole genome shotgun versus 16S amplicon sequencing.
Biochem Biophys Res Commun. 2016;469:967-77. https://doi.org/10.
1016/j.bbrc.2015.12.083.


https://doi.org/10.1371/journal.pone.0047722
https://doi.org/10.1128/JCM.01232-10
https://doi.org/10.3390/cancers12040936
https://doi.org/10.3390/cancers12040936
https://doi.org/10.1159/000320158
https://doi.org/10.1159/000320158
https://doi.org/10.3390/dj7030093
https://doi.org/10.3390/prosthesis5020031
https://doi.org/10.3390/prosthesis5020025
https://doi.org/10.3390/prosthesis5020025
https://doi.org/10.3390/prosthesis5030059
https://doi.org/10.3390/prosthesis5030059
https://doi.org/10.3402/jom.v4i0.10743
https://doi.org/10.3402/jom.v4i0.10743
https://doi.org/10.1111/joor.13496
https://doi.org/10.4103/1305-7456.149661
https://doi.org/10.4103/1305-7456.149661
https://doi.org/10.1016/j.tripleo.2010.05.059
https://doi.org/10.1016/j.biomaterials.2010.11.031
https://doi.org/10.1371/journal.pone.0103712
https://doi.org/10.3389/fmicb.2016.01145
https://doi.org/10.3389/fmicb.2016.01145
https://doi.org/10.1111/joor.13458
https://doi.org/10.1111/joor.13458
https://doi.org/10.3390/ijms17121978
https://doi.org/10.3390/ijms17121978
https://doi.org/10.3390/jpm12111920
https://doi.org/10.3390/jpm12111920
https://doi.org/10.1371/journal.pone.0027310
https://doi.org/10.3390/jcm10071488
https://doi.org/10.1155/2021/3221448
https://doi.org/10.3390/app10010325
https://doi.org/10.1111/j.1462-2920.2009.02051.x
https://doi.org/10.1111/j.1462-2920.2009.02051.x
https://doi.org/10.1186/1758-3284-3-1
https://doi.org/10.1186/1758-3284-3-1
https://doi.org/10.3390/ijms23147977
https://doi.org/10.3390/ijms23147977
https://doi.org/10.3390/jcm12010381
https://doi.org/10.3390/children10020284
https://doi.org/10.1111/joor.13491
https://doi.org/10.1038/ismej.2009.89
https://doi.org/10.1038/ismej.2009.89
https://doi.org/10.17219/dmp/142447
https://doi.org/10.1007/s00784-013-0982-7
https://doi.org/10.3233/THC-220910
https://doi.org/10.3233/THC-220910
https://doi.org/10.1371/journal.pone.0043093
https://doi.org/10.1371/journal.pone.0043093
https://doi.org/10.1016/j.bbrc.2015.12.083
https://doi.org/10.1016/j.bbrc.2015.12.083

Abdul et al. BMC Oral Health (2024) 24:103

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Sterne JAC, Savovic J, Page MJ, et al (2019) RoB 2: a revised tool for assess-
ing risk of bias in randomised trials. BMJ 14898. https://doi.org/10.1136/
bmj.l4898.

McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R pack-
age and Shiny web app for visualizing risk-of-bias assessments. Res Synth
Methods. 2021;12:55-61. https://doi.org/10.1002/jrsm.1411.

Benic GZ, Farella M, Morgan XC, et al. Oral probiotics reduce halitosis in
patients wearing orthodontic braces: a randomized, triple-blind, placebo-
controlled trial. J Breath Res. 2019;13: 036010. https://doi.org/10.1088/
1752-7163/ab1c81.

Noe G, Toffoli A, Bonfiglioli R, et al. Full-Arch, Implant-Fixed Complete
Dentures in Monolithic Zirconia and Titanium: A Digital Workflow to
Maximize Cost Effectiveness. Prosthesis. 2022;4:73-9. https://doi.org/10.
3390/prosthesis4010008.

Pavloski R. Progress in Developing an Emulation of a Neuromorphic
Device That Is Predicted to Enhance Existing Cortical Prosthetic Vision
Technology by Engaging Desired Visual Geometries. Prosthesis.
2022;4:600-23. https://doi.org/10.3390/prosthesis4040049.

Bergmann JHM. The Emerging Field of Medical Regulatory Technology
and Data Science. Prosthesis. 2022;4:169-71. https://doi.org/10.3390/
prosthesis4020017.

Ihara Y, Takeshita T, Kageyama S, et al (2019) Identification of Initial Colo-
nizing Bacteria in Dental Plaques from Young Adults Using Full-Length
16S rRNA Gene Sequencing. mSystems 4. https://doi.org/10.1128/mSyst
ems.00360-19.

Philip J, Buijs MJ, Pappalardo VY, et al. The microbiome of dental and
peri-implant subgingival plague during peri-implant mucositis therapy:
A randomized clinical trial. J Clin Periodontol. 2022;49:28-38. https://doi.
0rg/10.1111/jcpe.13566.

Kao H-F, Liao B-C, Huang Y-L, et al. Afatinib and Pembrolizumab for
Recurrent or Metastatic Head and Neck Squamous Cell Carcinoma
(ALPHA Study): A Phase Il Study with Biomarker Analysis. Clin Cancer Res.
2022,28:1560-71. https://doi.org/10.1158/1078-0432.CCR-21-3025.

Cong L, Ran FA, Cox D, et al. (2013) Multiplex Genome Engineering Using
CRISPR/Cas Systems. Science. 1979;339:819-23. https://doi.org/10.1126/
science.1231143.

Allen F, Crepaldi L, Alsinet C, et al. Predicting the mutations generated by
repair of Cas9-induced double-strand breaks. Nat Biotechnol. 2019,37:64—
72. https://doi.org/10.1038/nbt.4317.

Yu N, Yang J, Mishina Y, Giannobile WV. Genome Editing: A New Horizon
for Oral and Craniofacial Research. J Dent Res. 2019;98:36-45. https://doi.
org/10.1177/0022034518805978.

Slavkin H. Research on craniofacial genetics and developmental biol-
ogy: implications for the future of academic dentistry. J Dent Educ.
1983;47:231-8. https://doi.org/10.1002/j.0022-0337.1983.47.4.tb01661 x.
Schaefer AS. (2018) Genetics of periodontitis: Discovery, biology, and clinical
impact. Periodontol. 2000,78:162-73. https://doi.org/10.1111/prd.12232.
Morelli T, Agler CS. Divaris K (2020) Genomics of periodontal disease and
tooth morbidity. Periodontol. 2000;82:143-56. https://doi.org/10.1111/
prd.12320.

Femiano F, Femiano R, Femiano L, et al. A New Combined Protocol to
Treat the Dentin Hypersensitivity Associated with Non-Carious Cervical
Lesions: A Randomized Controlled Trial. Appl Sci. 2020;11:187. https://doi.
0rg/10.3390/app11010187.

Rapone B, Ferrara E, Santacroce L, Topi S, Gnoni A, Dipalma G, Mancini

A, Di Domenico M, Tartaglia GM, Scarano A, et al. The Gaseous Ozone
Therapy as a Promising Antiseptic Adjuvant of Periodontal Treatment:

A Randomized Controlled Clinical Trial. Int J Environ Res Public Health.
2022;19:985. https://doi.org/10.3390/ijerph19020985.

Vieira AR, Modesto A, Marazita ML. Caries: Review of Human Genetics Research.
Caries Res. 2014;48:491-506. https.//doi.org/10.1159/000358333.

Schaefer AS, Richter GM, Nothnagel M, et al. A genome-wide association
study identifies GLT6D1 as a susceptibility locus for periodontitis. Hum
Mol Genet. 2010;19:553-62. https://doi.org/10.1093/hmg/ddp508.
Teumer A, Holtfreter B, Volker U, et al. Genome-wide association study of
chronic periodontitis in a general German population. J Clin Periodontol.
2013;40:977-85. https://doi.org/10.1111/jcpe.12154.

Aditya NK, Lakshmi S, Bharani S. Prognostic Determinants in Severe Odon-
togenic Space Infections: A Single-Center Retrospective Analysis. Minerva
Dent Oral Sci. 2023;72. https://doi.org/10.23736/52724-6329.22.04556-9.

Page 12 of 12

58. Pandey A, KP, Avinash A, Pathivada L, Kumar B, Kapur D. Comparative
volumetric analysis of three different obturating materials in primary
molars under cone beam computed tomography: an in-vitro study.
Minerva Dent Oral Sci. 2023;72. https://doi.org/10.23736/52724-6329.22.
04679-4.

59. Wang X, Shaffer JR, Zeng Z, et al. Genome-wide association Scan of
dental caries in the permanent dentition. BMC Oral Health. 2012;12:57.
https://doi.org/10.1186/1472-6831-12-57.

60. Venezia P, Ronsivalle V, Rustico L, et al. Accuracy of orthodontic models
prototyped for clear aligners therapy: A 3D imaging analysis compar-
ing different market segments 3D printing protocols. J Dent. 2022;124:
104212. https//doi.org/10.1016/jjdent.2022.104212.

61. Lo Giudice A, QuinziV, Ronsivalle V, et al. Description of a Digital Work-
Flow for CBCT-Guided Construction of Micro-Implant Supported Maxil-
lary Skeletal Expander. Materials. 2020;13:1815. https://doi.org/10.3390/
ma13081815.

62. Zeng Z, Feingold E, Wang X, et al. Genome-Wide Association Study of
Primary Dentition Pit-and-Fissure and Smooth Surface Caries. Caries Res.
2014;48:330-8. https://doi.org/10.1159/000356299.

63. Kitagawa M, Kurahashi T, Matsukubo T. Relationship between General
Health, Lifestyle, Oral Health, and Periodontal Disease in Adults: A Large
Cross-sectional Study in Japan. Bull Tokyo Dent Coll. 2017;58:1-8. https://
doi.org/10.2209/tdcpublication.2016-2100.

64. Marrapodi MM, Mascolo A, di Mauro G, et al (2022) The safety of blina-
tumomab in pediatric patients with acute lymphoblastic leukemia: A
systematic review and meta-analysis. Front Pediatr 10: https://doi.org/10.
3389/fped.2022.929122.

65. Divaris K. The Era of the Genome and Dental Medicine. J Dent Res.
2019;98:949-55. https://doi.org/10.1177/0022034519845674.

66. Zaura E, Brandt BW, Teixeira de Mattos MJ, et al (2015) Same Exposure but
Two Radically Different Responses to Antibiotics: Resilience of the Salivary
Microbiome versus Long-Term Microbial Shifts in Feces. mBio 6:. https://
doi.org/10.1128/mBi0.01693-15.

67. Chol, Blaser MJ. The human microbiome: at the interface of health and
disease. Nat Rev Genet. 2012;13:260-70. https://doi.org/10.1038/nrg3182.

68. de Oliveira AM, Lourenco TGB, Colombo APV. Impact of systemic probiot-
ics as adjuncts to subgingival instrumentation on the oral-gut microbiota
associated with periodontitis: A randomized controlled clinical trial. J
Periodontol. 2022;93(1):31-44. https://doi.org/10.1002/JPER.21-0078.

69. van Rooij IA, Ludwig KU, Welzenbach J, Ishorst N, Thonissen M, Galesloot
TE, Ongkosuwito E, Bergé SJ, Aldhorae K, Rojas-Martinez A, Kiemeney LA,
Vermeesch JR, Brunner H, Roeleveld N, Devriendt K, Dormaar T, Hens G,
Knapp M, Carels C, Mangold E. Non-Syndromic Cleft Lip with or without
Cleft Palate: Genome-Wide Association Study in Europeans Identifies a
Suggestive Risk Locus at 16p12.1 and Supports SH3PXD2A as a Clefting
Susceptibility Gene. Genes (Basel). 2019;10(12):1023. https://doi.org/10.
3390/genes10121023.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1088/1752-7163/ab1c81
https://doi.org/10.1088/1752-7163/ab1c81
https://doi.org/10.3390/prosthesis4010008
https://doi.org/10.3390/prosthesis4010008
https://doi.org/10.3390/prosthesis4040049
https://doi.org/10.3390/prosthesis4020017
https://doi.org/10.3390/prosthesis4020017
https://doi.org/10.1128/mSystems.00360-19
https://doi.org/10.1128/mSystems.00360-19
https://doi.org/10.1111/jcpe.13566
https://doi.org/10.1111/jcpe.13566
https://doi.org/10.1158/1078-0432.CCR-21-3025
https://doi.org/10.1126/science.1231143
https://doi.org/10.1126/science.1231143
https://doi.org/10.1038/nbt.4317
https://doi.org/10.1177/0022034518805978
https://doi.org/10.1177/0022034518805978
https://doi.org/10.1002/j.0022-0337.1983.47.4.tb01661.x
https://doi.org/10.1111/prd.12232
https://doi.org/10.1111/prd.12320
https://doi.org/10.1111/prd.12320
https://doi.org/10.3390/app11010187
https://doi.org/10.3390/app11010187
https://doi.org/10.3390/ijerph19020985
https://doi.org/10.1159/000358333
https://doi.org/10.1093/hmg/ddp508
https://doi.org/10.1111/jcpe.12154
https://doi.org/10.23736/S2724-6329.22.04556-9
https://doi.org/10.23736/S2724-6329.22.04679-4
https://doi.org/10.23736/S2724-6329.22.04679-4
https://doi.org/10.1186/1472-6831-12-57
https://doi.org/10.1016/j.jdent.2022.104212
https://doi.org/10.3390/ma13081815
https://doi.org/10.3390/ma13081815
https://doi.org/10.1159/000356299
https://doi.org/10.2209/tdcpublication.2016-2100
https://doi.org/10.2209/tdcpublication.2016-2100
https://doi.org/10.3389/fped.2022.929122
https://doi.org/10.3389/fped.2022.929122
https://doi.org/10.1177/0022034519845674
https://doi.org/10.1128/mBio.01693-15
https://doi.org/10.1128/mBio.01693-15
https://doi.org/10.1038/nrg3182
https://doi.org/10.1002/JPER.21-0078
https://doi.org/10.3390/genes10121023
https://doi.org/10.3390/genes10121023

	Gene sequencing applications to combat oral-cavity related disorders: a systematic review with meta-analysis
	Abstract 
	Introduction
	Materials and Methods
	Registration protocol employed
	Review objectivesclinical assessment target(s)
	Inclusion criterion
	Exclusion criteria
	Search strategy
	Data selection and coding
	Risk of bias assessment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


