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INTRODUCTION AND BACKGROUND
Periodontal disorders (PD) 1 are persistent 
multifactorial inflammatory diseases of 
periodontium. They are characterized by the 
devastating destruction of mineralized (tooth 
and bone) 2,3 and nonmineralized connective 
pulp (supporting) tissues of tooth 4 in the mouth 
cavity. The development and progression of 
periodontitis have equally local and systemic 
etiologic aspects 5. Alteration of the oral and gut 
microbiome environment in the oral cavity often 
leads to oral disease, especially PD 6,7. Healthy 
microbiota in the mouth cavity maintains 
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Periodontal disorders (PD), also known as gum disease, 
involve inflammation and infection of the gum and bone tissue, 
which are preventable and treatable. Many worldwide suffer 
from such conditions, particularly in low- and middle-income 
countries. Risk factors related to periodontitis include poor oral 
cleanliness, regular alcohol consumption, betel quid chewing, 
and intake of tobacco. PD also raises the risk of fatal systemic 
diseases by provoking systemic inflammation. Oral homeostasis 
and prevention of periodontitis require healthy microbiota. 
PD results from alteration of the oral and gut microbiome 
environment. This host-microbe equilibrium interruption leads 
to inflammation, and tissue breakdown further acts to nourish 
the pathogens. There are several surgical and non-surgical 
means for managing PD.
However, the positive impact of probiotics, which include the 
genera Lactobacillus and Bifidobacterium, on PD has been 
noted. Probiotics kindle the immune system and synthesize anti-
inflammatory cytokines that activate T regulatory cells. They 
also build antimicrobial molecules and inhibit oral pathogens. 
This narrative review was done to note the effects of probiotics 
on PD. The research used electronic search engines, including 
PubMed, Scopus, and Google Scholar. This study indicates that 
probiotics may be used as adjuvant therapy for gum disease. 
This may aid in faster healing, and since probiotics are found in 
accessible food sources like yogurt, the wider population may 
benefit. Thus, the global population may enjoy excellent oral 
health and an improved quality of life.
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oral homeostasis and prevents PD 8,9. World Health 
Organization (WHO) reported that severe PDs are 
projected to affect about 19% of the adult population 
around the globe 10. Globally, the number of severe PD 
patients has been estimated at over one billion cases, 
making it the 6th 11 or 11th 12 most prevalent disease 
worldwide 10-12. The leading risk aspects for PD are poor 
cleanliness of the mouth cavity, regular consumption 
of alcohol, betel quid chewing, and intake of different 
forms of tobacco preparation 10,13-15. The prevalence of 
severe periodontitis is higher in low and middle-income 
countries (LMICs) because of poor access to oral 
healthcare and high expenses that cause it to remain 
untreated and inappropriate intervention 16,17. “The 
distribution of periodontitis communities’ periodontal 
index of treatment needs (CPITN) code 3 + 4) in adults 
differed significantly in low- (28.7%), lower-middle- 
(10%), upper-middle- (42.5%), and high-income 
countries (HICs) (43.7%) (p=0.04)” 18. The prevalence 
of severe periodontitis in Ethiopia 19, Ivory Coast 20, 
Rwanda 21, Uganda 22, Kenya 23, Vietnam 24, Thailand 25, 

China 26, and India 27 populations were 42.2%, 43.4%, 
39.6%, 28.6%, 12-24%, 64.9%, 26%, 90% and 51%, 
respectively. The prevalence of severe periodontitis in 
selected countries around the globe (Figure 1).

Almost 50% of British adults have non-reversible 
periodontitis 28. Chapple (2014 and 2022) mentioned in 
his studies that the British healthcare system must take 
stern preventive and curative initiatives regarding gum 
diseases and periodontitis 29,30. It has been reported that 
among the US population, gum disease is widespread, 
and 40-42.2% of individuals aged 30 years or more are 
suffering from mild to severe periodontitis 31,32. One 
more study revealed that among the US population 65 
years or more had periodontitis no less than 68% or two-
thirds 33. Hakeem et al. (2024) conducted a systematic 
review and meta-analysis comprising 15 Saudia 
Arabian studies between 1992 and 2023 and reported 
that the overall prevalence of periodontitis was 48% 34. 
Nearby, 20-50% of people around the globe suffer from 
periodontitis irrespective of LMICs and HICs 35.

Figure 1: The prevalence of severe periodontitis in selected countries around the globe. 
Illustration Credit: Susmita Sinha.

https://www.ibnsinatrust.com/Medical_College_Hospital.php
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US Center for Disease Control and Prevention defines 
PD as disorders that encompass “inflammation and 
infection of the tissues (gum and bone) that surround 
and support the teeth, e.g., gingivitis and periodontitis, 
are largely preventable and treatable. The key is good 
oral hygiene, overall self-care, and regular care from 
a dental health care provider” 36. PD is also known as 
gum disease 37. PD is characteristically depicted by 
the continuing devastation of the soft and hard tissues 
of the periodontal latticework through persistent 

inflammatory disease 38,39. PD results from interrupting 
host-microbe equilibrium among prone patients, 
evoking dysbiosis (a discrepancy in the dent types 
of commensals or microbiota living in your body) 40. 
The commotion of host-microbe homeostasis led to 
devastating inflammation that not only triggers the 
osteoclast process and bone loss 40-42 but also provides 
nourishment through tissue breakdown products that 
facilitate the dysbiotic microbiota to propagate and 
sustain (Figure 2) 40,43.

Figure 2: The development of periodontitis occurs due to disruption in the host microbiota of the oral 
cavity, resulting in inflammation tissue breakdown, which further fuels the pathogen microorganisms, 
causing the persistence of inflammation.
Notes: This figure was drawn using the premium version of BioRender (https://biorender.com/), accessed 
on October 28, 2024, with license number VL27HB3PR1 44.

Illustration Credit: Rahnuma Ahmad
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The American Academy of Periodontology and the 
European Federation of Periodontology in 2017 
organized a new catalog of periodontal and peri-implant 
diseases. The innovative and novel categorization 
of periodontitis can be partitioned into three types: 
(i) necrotizing PDs, (ii) periodontitis, and (iii) 
periodontitis as a manifestation of systemic diseases 45. 
As PD is a chronic inflammatory disease of the tooth-
supporting tissues, it often leads to a raised risk of 
morbidness and fatal outcomes by provoking various 

systemic diseases 46,47, e.g., diverse cardiovascular 
diseases 48-52 that include atherosclerosis, myocardial 
infarction, cerebrovascular accident (CVA), insulin 
resistance (IR), type 2 diabetes mellitus (T2DM) 51,52, 
gastrointestinal disorders 53,54, respiratory tract infection 
and pneumonia 55, oral and colorectal carcinoma 56,57, 
Alzheimer’s disease 58, rheumatoid arthritis 59,60 and 
adverse outcome of pregnancy such as preterm birth 
associated to low-birth-weight (PBLW) 61,62. A meta-
analysis carried out on six cohort studies, which 

Figure 3: Remedies for periodontitis.
Notes: This figure was drawn using the premium version of BioRender (https://biorender.com/), accessed on 

October 30, 2024, with license number DU27HJLDVI 44.
Illustration Credit: Rahnuma Ahmad.
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included 7731 chronic kidney disease (CKD) patients, 
noted the all-cause mortality rate to be 44.8% in CKD 
patients with periodontitis compared to CKD patients 
without periodontitis (28%). A considerable association 
was also observed between cardiovascular mortality 
and periodontitis in CKD patients 63. Another study 
analyzed the survival of patients with CKD with and 
without periodontitis using the Third National Health 
and Nutrition Examination Survey (NHANES III) and 
linked mortality data. It observed a rise in the 10-year 
all-cause mortality rate to 41% from 32% in CKD 
patients suffering from periodontitis 64.
Conversely, mortality rates rise to 50-70% among one-year 
hospitalized instances 65. The fatality frequently associated 
with PD is inflicted by aggravating hepatic failure, kidney 
disorders, and gastrointestinal bleeding 66-68. The clinical 
picture becomes graver when patients have concurrently 
hepatic, renal, and cardiac disorders 68,69.
PD risk factors are conventionally categorized into 
amendable and non-amendable 70,71. Several modifiable 
risk factors include triggering PDs, e.g., poor oral 
hygiene, lifestyle, regular different form tobacco 
intake, and alcohol consumption; stress often leads to 
various amendable risk factors that include physiologic, 
emotional responses, depression, low physical activity, 
obesity, T2DM, MetS, osteoporosis, and low dietary 
Ca2+ and vitamin D 72-76. Non-modifiable PD risk factors 
include family history, genetics, epigenetics, history of 
gestational diabetes, racial or ethnic traits, and age over 
45 77-79.
Therapeutic intervention of chronic PDs include 
surgical 80,81, e.g., flap surgery (correspondingly known 
as pocket reduction surgery), bone and soft tissue 
grafting, guided tissue regeneration, tissue-stimulating 
proteins gel implantation 80,82,83; non-surgical 80,81, e.g., 
antimicrobials, root planning, scaling 80,84; and home 
remedies with lifestyle alteration 80, e.g., stopping of 
tobacco, alcohol consumption, and sugar- sweetened 
beverages (SSBs) in any form; brush your teeth after 
every meal or snack or at least teeth twice a day with 
fluoride containing toothpaste for two minutes for each 
time; delicate and ultra-thin toothbrush and change tooth 
brush as a minimum every three months or bristle start 
curving; power-driven toothbrush are more effectual in 
eradication of dental tartar and plaque, nevertheless, 
it is expensive; practice flossing daily or after every 
meal; regular use mouth washes if endorsed by your 
dental surgeon; and regular intervention by professional 

(graduate dental surgeon) care (Figure 3) 80,85-89.
PD is caused by a biofilm constituted by polymicrobial 
community dysbiosis, which involves a complicated 
interaction between pathogens and the host. The 
biofilm formed in the oral cavity, especially around it 
and its supporting tissues, eventually reconstituted or 
reconstructed after non-surgical intervention combined 
with antiseptics and antimicrobials. Hence, long-
standing accomplishments in the management of PD 
remain unsubstantiated 43,90-93.
Probiotics have been utilized as a therapeutic 
intervention in many diseases, e.g., inflammatory 
bowel disease including irritable bowel disease (IBS), 
allergies, diarrhea, Helicobacter pylori infections, 
vaginal infections, respiratory tract infections, oral 
infection, dental caries, halitosis, colorectal cancer 
94-98. Multiple studies conducted by Hillman and the 
team revealed that Streptococcus sanguis can deter the 
progression of Actinobacillus actinomycetemcomitans 
in animal studies 99,100. Later, Teughels and the team 
reported that Lactobacillus spp. and Bifidobacterium 
spp. (probiotics) posses’ potential to inhibit PD- PD-
triggering pathogens, e.g., A. actinomycetemcomitans, 
Treponema denticola, and Porphyromonas gingivalis 
101,102. Shirbhate et al. (2023) reported that Russian 
scientists and Nobel Prize laureate Elie Metchnikoff 
initiated probiotics in managing PD a century back 
103. The same study revealed that the principal 
invading periopathogens include P. gingivalis, 
A. actinomycetemcomitans, Tannerella forsythia, 
and T. denticola 103. Subsequently, various studies 
demonstrated a positive impact of probiotics in treating 
chronic PD 104-108.

PROBLEM STATEMENT OF THIS NARRATIVE 
REVIEW
PD, a chronic inflammatory gum disease frequently 
associated with microbial infection, affects gum 
and tooth-supporting tissues. If left untreated, it can 
ultimately lead to tooth loss and other grave health 
issues 44. Chronic PD was detected at 82%, 73%, and 
59% among older adults and youngsters, respectively 
18. The aging process remains the primary triggering 
factor for PD, along with poor mouth hygiene practices, 
plaque control, xerostomia, lower socioeconomic status, 
and tobacco consumption 13-15. One systematic review 
and meta-analysis reported that no less than 50% of the 
Indian population suffers from PD 27.

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
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Figure 4: Flow Chart Showing The Methodology of The Study.
Notes: This figure was drawn using the premium version of BioRender (https://biorender.com/), accessed in 

November 2024, with license number FZ27JT7B50 44.
Illustration Credit: Susmita Sinha.

OBJECTIVES OF THE STUDY
This narrative review primarily concentrated on 
probiotics’ role in managing P. gingivalis-induced PDs 
and their’ destructive potential on alveolar bone.

MATERIALS AND METHODS
A comprehensive search was performed for relevant 
studies using Google Scholar, ResearchGate, and 
PubMed. The appropriate studies were gathered using the 

search keywords mode of action, dietary supplements, 
lactic acid bacteria (LAB), Lactobacillaceae, gingival 
diseases, peri-implantitis, periapical diseases, alveolar 
bone loss, gingival recession, periodontal attachment 
loss, oral and gut microbiome. Several substantial 
details were obtained from the shortlisted papers, 
including the year of study, place, sample categories, 
clinical manifestations, and references. Before inclusion 
in the research, each paper’s relevancy was thoroughly 
reviewed. Again, a follow-up discussion was held to 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
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address any inconsistencies in the findings, answer 
queries, and sort out errors following an independent 
evaluation of the chosen literature (Figure 4). This 
is a narrative review. No attempts were made to do a 
systematic review or meta-analysis.

REVIEW OF LITERATURE
Probiotics are interpreted as live microorganisms as 
dietary components that converse a health improvement 
to the consumers when taken in the requisite portion. 
The most ingested probiotics reside in the genera 

Lactobacillus and Bifidobacterium and are exhibited 
to recover or reestablish the gut and other microbiota 
community 109,110. The best recognizable significances of 
probiotics include intestinal diseases such as antibiotic-
associated and infectious diarrhea, downgrade 
susceptibility to contagious diseases, e.g., respiratory 
and urinary infectious diseases, lactose intolerance, 
hypersensitivity, and up-and-coming evidence 
grows vis-à-vis their prospective function in diverse 
other diseases 93,108,110. Kopacz and Phadtare (2022) 
highlighted the intestinal benefits achieved by probiotics 
through increasing and enhancing immunity, raising 

Figure 5: Schematic Diagram Showing the Beneficial Effects of Probiotics.
Notes: The premium version of BioRender (https://biorender.com/) was used to draw this figure and was accessed 

on 16 November 2024 with license number LO27JYWDU5 44.
Illustration Credit: Susmita Sinha.

https://www.ibnsinatrust.com/Medical_College_Hospital.php
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the strength of gastrointestinal barricade functions, 
generating antimicrobial ingredients, reestablishment 
and improvement of the gut microbiome, improving 
water absorption physiological function, and subsiding 
opportunistic pathogenic microbes 111. Another study 
revealed that probiotics have various health advantages 
(Figure 5),  such as minimizing the development of colon 
carcinoma, curtailing lactose intolerance, diminishing 
susceptibility to infective diseases, especially 
respiratory, vaginal, and urogenital microbial diseases, 
alleviating allergic events, lowering serum cholesterol, 
hypertension, avert the gastrointestinal inflammatory 
disorders including diarrhea, and many more 112.
Probiotic Microorganisms that are Helpful to the 
Human Host

Binda et al. (2020) 113 interpreted four naïve and rational 
principles to qualify foods and dietary supplements 
of various strains of microbes (nonpathogenic living 
microorganisms) 114 as probiotics. Probiotic strains 
must possess the following criteria: (i) satisfactorily 
categorized; (ii) a safety profile must be ensured 
for the proposed use; (iii) a human clinical trial, 
as a minimum reported that these microorganisms 
(probiotics) possess positive health beneficial findings 
when consumed for anticipated utilization, and the 
clinical trial must follow broadly recognized scientific 
standards of national or international health research 
authorities requirements; and (iv) alive microorganism 
(probiotics) must remain effective across their shelf life 
113. Several categories of microorganisms that possess 
probiotic properties are unearthed 115,116. The nine 
principal genera of microorganisms most frequently 
cast off in probiotic foodstuffs are Lactobacillus,  
Bifidobacterium,  Saccharomyces,  Streptococcus,  
Enterococcus, Escherichia, Bacillus, Pediococcus, 
Leuconostoc for health benefit 116. Taxonomically, these 
microbes are divided into two phyla, Actinobacteria 
and Firmicutes. Actinobacteria phylum consists of only 
two microorganisms, Atopobium and Bifidobacterium, 
and Firmicutes comprises of multiple phylum, 
e.g, Aerococcus, Alloiococcus, Carnobacterium, 
Enterococcus, Lactobacillus, Lactococcus, 
Leuconostoc, Oenococcus, Pediococcus, Streptococcus, 
Symbiobacterium, Tetragenococcus, Vagococcus, 
Weissella genera 117.
Human beings have been consuming fermented food 
for a few thousand years. Nevertheless, it has been very 
recently that a better understanding of its microbial 

health benefits has been developed, which are well-
known 118. Fermented foods are “foods or beverages 
produced through controlled microbial growth and the 
conversion of food components through enzymatic 
action” 119. The purposeful characteristics of fermented 
foods are typically related to probiotic microbes and 
their synthesized bioactive molecules, such as peptides 
and targeted microbial generation of functional. 
Yogurt and fermented milk are the most conventional 
fermented, and probiotics contain an age-old diet 
of health benefits. Worldwide acquisition interest is 
in several fermented non-dairy products, especially 
cereal, millet, rice, maize, sorghum, and soy products, 
initially developed by indigenous communities of Asia 
and Africa 120-122. Yogurt, kefir, some cheeses, pickles, 
sauerkraut, miso, tempeh, kombucha, kimchi, natto, 
and sourdough bread are top everyday consuming 
fermented foods that inherently comprise probiotics, or 
probiotics were added to these foods 122,123.
Fermented foods are prepared through two principal 
processes. Among the two approaches, one is known 
as “wild or spontaneous ferments,” and the second is 
often called “culture-dependent ferments” 124. The 
microbes are found instinctively in the raw food or 
processing environment, e.g., kimchi, sauerkraut, and 
certain fermented soy foods 123,125. Second, the food 
fermentation process, known as starter cultures or 
“backslopping,” includes products such as natto, kefir, 
and kombucha 123,126,127. A small amount of a previously 
fermented batch is added to the raw food “backslopping” 
or “culture-dependent ferments,” e.g., sourdough bread 
124,128.
Health Benefits: Mechanism of Fermented Foods

It has been reported probiotics are heavily utilized in the 
conservation and therapeutic intervention treatment of 
PDs 103. Fermentation - and beyond explicitly lactic acid 
fermentation - is one of the best old-time wholesome 
food conservation processes that subsists 129. Thereby, 
fermented food contains many probiotic microbes, 
e.g., LAB, at minimum, 106 microbial cells per gram; 
nevertheless, the probiotic number varies with region, 
age, and time 130. The LAB fermentation process 
synthesizes several bioactive
molecules, e.g., peptides and polyamines, that possess 
pharmacodynamics that improve immune, metabolic, 
and cardiovascular physiology 131. LAB microbes have 
the potential to fight back against pathogenic organisms 
and benefit gastrointestinal physiology. Furthermore, 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
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by inhibiting pathogens, LAB has consequences 
in generating immune and neurogenic supervisory 
molecules 132. The LAB process often transforms 
fermented food comprising phenolic compounds into 
active molecules. These molecules possess antioxidant, 
anti-inflammatory, antispasmodic, antiulcer, 
antidepressant, and anti-carcinogenic properties 133-

135. LAB fermentation foods minimize toxins and 
anti-nutrients 136, e.g., soybeans decrease phytic acid 
concentrations 123, sourdough reduces fermentable 
oligosaccharides, disaccharides, monosaccharides and 
polyols (FODMAPs) and polyols, 123, that escalates the 
tolerance level among patient’s irritable bowel disorders 
syndrome 123,137-139. Additionally, LAB-fermented foods 
synthesize and comprise vitamins and prebiotics that 
enhance health benefits 119,140,141.
Immunomodulatory Mechanism of Probiotics

Scientific research regarding probiotics has a long 
history. Nevertheless, these studies did not detail the 
molecular pharmacology of probiotic microbes related to 
their immunomodulatory properties and how probiotics 
achieve host immune status 142. The immunomodulation 
mode of action of consumed probiotics principally 
comprises activating the macrophage beckoning process, 
triggering neutrophils and IgA (Immunoglobulin A)-
producing cells, initiating the synthesis of secondary 
immunoglobulin (Ig) formation, stimulating mucus-
making activity, and restraining the liberation of pro-
inflammatory cytokines 142-144.
Plaza-Diaz et al. (2019) 145 reported that probiotics 
probably apply beneficial pharmacodynamics through 
four principal processes. Those eliminated pathogenic 
microbes through competition, enhanced gastrointestinal 
wall defensive physiological performances by increasing 
the product of ion mucin protein 146, substantially 
improved host immune properties, and augmented the 
building of neurotransmitters synthesis procedure. The 
same study additionally revealed that probiotics contest 
with pathogenic microbes for micronutrients (trace 
elements and vitamins) and receptor-binding spots; 
hence, the persistence of pathogens in the gastrointestinal 
tract becomes arduous and ensures their eradication 145. 
Ahire et al. (2021) reported that probiotics, especially 
fermented food isolate Lactobacillus plantarum, often 
synthesize hydrogen peroxide, organic acids, bile 
salt hydrolase and phytase, short chain fatty acids 
(SCFA), and antioxidative action. These substances 
possess antimicrobial pharmacodynamic properties 

147. Fantinato et al. (2019) 148, in their study, revealed 
probiotics (LAB-fermented food) generate bacteriocins 
(ribosomally synthesized antimicrobial peptides) 148-

150. These molecules serve as an alternative to aging 
antimicrobials 151. Therefore, it reduces the pathogenic 
microbial load in the gastrointestinal system 152.
Furthermore, multiple studies determined that probiotic 
supplementation encourages considerably increased 
synthesis of interepithelial tight junction proteins 
with the relocation of these proteins, which restores 
the gastrointestinal hemostasis, wall function, and 
immune function of the gastrointestinal system 153-156. 
Periodontitis causes oral and gut dysbiosis. Thereby, 
the number of beneficial microbial communities 
reduces, and the number of pathogens increases, such 
as Proteobacteria and Fusobacteria. An enormous 
number of P. gingivalis, Fusobacterium, Tannerella, 
and Treponema, detected in stool specimens among 
these cases, evidenced the translocation of oral 
pathogens into the gastrointestinal tract 157.
Probiotics reverse these pathological issues of 
periodontitis 158. Additionally, it has been reported 
that probiotics commendably suppress or prohibit oral 
pathogens triggering PDs and inflammatory biological 
indicators, e.g., “tissue inhibitor of metalloproteinase 
(TIMP)-1, matrix metalloproteinase (MMP)-8, and 
interleukin (IL)-1β.” Henceforth, the focus will be on 
repairing and bettering indicators of orthodontic well-
being, such as “probing pocket depth (PPD), bleeding 
on probing (BOP), gingival crevicular fluid (GCF) 
volume, and clinical attachment loss (CAL)” 103.
Periodontal Diseases and Predominant Pathogens

These species comprise but are not limited to 
Treponema, Bacteroides, Porphyromonas, Prevotella, 
Capnocytophaga, Peptostreptococcus, Fusobacterium, 
Actinobacillus, and Eikenella in causing PDs 46,159. 
Pathogens responsible for PDs are categorized 
according to color coding, such as red (P. gingivalis, T. 
denticola, and T. forsythia) 160, orange (Fusobacterium, 
Prevotella, and Campylobacter species) 161,162, 
purple (Aggregatibacter actinomycetemcomitans) 163, 
yellow (Streptococcus species) 161,164, and green 161,164 
(Capnocytophaga species) 160-165. The colors signify 
diverse pathogenic microbial clusters responsible for 
various stages of periodontitis 166. The orange, red, 
green, and purple 167 include PD pathogens accountable 
for instigating, extremely inflammatory capability, 
local perseverance and devastation proficiency, cell 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
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death, and activate or equivocate inflammation 167, 
respectively. Another study reported that the paramount 
and subservient colonist pathogens identified with 
color coding of yellow (Streptococcus species), purple, 
and green (Actinomyces naeslundii, Capnocytophaga 
ochracea, Eikenella corrodens, and Veillonella 
atypica) 168. P. gingivalis remains the most common 
gram-negative anaerobic pathogen, causing chronic 
destructive periodontitis 169-171.
Effects of Probiotics on P. gingivalis

Multiple studies reported that when P. gingivalis 
confronted the tooth and its binding tissues, probiotics 
decreased the synthesis of CXCL8 proteins. CXCL8 
is the mightiest human neutrophil-pulling chemokine 

and participates in essential functions in the reaction 
to infection and tissue injury. Probiotics inhibit the 
negative impact (ceases) of P. gingivalis-induced 
CXCL8 protein synthesis, thereby improving the re-
epithelization process among periodontitis cases 172-175.

P. gingivalis, the principal periodontal pathogenic 
microbe, also synthesizes one molecule named 
gingipains (trypsin (arginine or lysine)-like cysteine 
proteinases), which remains the primary triggering 
factor for the deteriorating pathogenesis of adult PDs 
176-178. Gingipains, also recognized as RgpA, RgpB, 
and Kgp proteinases, are the prime notorious factors 
of P. gingivalis W50 179. Gingipains cleave (reduce 
expression) macrophage CD14 180,181. The cell surface 

Figure 6: Chart showing the effects of probiotics on periodontal health.
Notes: The premium version of BioRender (https://biorender.com/) was used to draw this figure and was accessed 

on 16 November 2024 with license number OU27JZ3FDJ 44.
Illustration Credit: Susmita Sinha.
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of monocytes, polymorphonuclear leukocytes, and 
macrophages possesses a protein known as CD14. 
CD14 is a glycosylphosphatidylinositol-anchored 
glycoprotein that accomplishes as a receptor for 
endotoxins 182. Endotoxins are lipopolysaccharides 
(LPS) identified in the cell surface of gram-negative 
pathogens, which can stimulate immune retort, e.g., 
fever, inflammation, anaphylactic shock, and fatal 
clinical outcomes among patients 183. Consequently, 
impeding initiation of the white blood cells (WBCs) 
function through the LPS receptor, thereby expediating 
unremitting settlement of P. gingivalis on the tooth 
surface 178,184,185. Multiple studies revealed that LPS 
is well-known as an exceedingly morbific endotoxin 
accountable for organ enfeeblement in septicemia 186-

188. Therefore, gingipains perform domestic duties for 
P. gingivalis and other infective disorders, including 
periodontitis 189,190. Gingipains facilitate pathogenic 
periodontal microbes to uptake amino acids from 
affected patients’ proteins and fimbriae growth 191. The 
obtainable research revealed that probiotics comprise 
efficacious pharmacodynamics that can eradicate 
periodontopathogens and diverse clinical indicators 
associated with periodontal health modified towards 
healthy periodontal issues (gum). Those markers 
include “plaque index (PI), gingival index (GI), BOP, 
PPD, CAL, and GCF volume, as well as inflammation-
associated biochemical markers, such as IL-1β, MMP-8, 
and TIMP-1” 192. Therefore, eradication of P. gingivalis 
and, subsequently, the synthesis of gingipains are 
expected to be impeded 193-195. It can be proposed that 
gingipain molecules possibly have future potential in 
research areas to combat PD.
P. gingivalis is among the most identified pathogenic 
microbes in PDs and root canal infectious diseases. 
P. gingivalis capability and pathogenic potential are 
immensely boosted in dental plaque (a gluey film of 
microbes that accomplishes continuously on our teeth) 
biofilms 196,197. Oral periodontopathogens gram-negative 
anaerobic pathogens, P. gingivalis, is characteristically 
a late colonist in forming biofilms beneath the gums 
and exclusively between the gums and the basal part 
of the crowns of the teeth 169,194,196-200 and has been 
strongly associated with various destructive PDs, 
including peri-implantitis and periodontitis 201-203. Cell-
free pH-neutralized supernatants (CFS) of probiotics, 
especially Lactobacilli FT 12 and FT6, cut down P. 
gingivalis ATCC 33277-induced single-strain biofilms. 
Planktonic probiotics and multispecies biofilms bring 

down P. gingivalis plethora. L. acidophilus LA5 
probiotics minimize P. gingivalis biofilm formation and 
transcription virulence-associated factors (PgVAFs) 
and gingival epithelial cells (GECs) 171,192,204-206.
Probiotics build antimicrobial molecules, e.g., acetic 
acid, bacteriocins, hydrogen peroxide, diacetyl, 
reuterin, and lactic acid 207,208. These antimicrobial 
molecules hinder the progression of periodontal 
pathogenic microbes in the oral cavity (Figure 6) 158,207-

209. Furthermore, probiotics straightforwardly inhibit 
dental plaque construction through the interference of 
pathogens add-on or clumping between them, reducing 
the mouth’s pH and synthesizing antioxidant that 
antagonizes free electrons, which is required for the 
plaque mineralization process. After that, it impedes 
microorganisms’ affinity and sticking properties with 
teeth and prevents attachment by creating a bay and 
biofilm formation (Table 1) 207,209- 211.
Table 1: Prospective Mode of Action of Probiotics on 
Oral Health and Periodontal Disorders.

Number 
of Action Mode of Action References

1.

Probiotics directly act on pathogenic microbes 
and avert pathogen settlement within the 
mouth cavity, especially gum tissues

212,213

2.

Probiotics are hostile toward periodontal 
microbes, biofilm formation, extracellular 
matrix, and cytotoxic end products 
synthesized by these microorganisms.

94,212,213

3. Probiotics synthesize antimicrobial 
peptides, such as bacteriocins.

212,214

4.

Probiotics alter the bonding, 
accumulation, settlement process, and 
propagation of pathogenic microbes 
within the mouth cavity through their 
mode of elimination and antagonism.

212,215,216

5.

Probiotics create the protective wall in 
the mouth cavity, including the tooth, 
inhibiting pathogens from acting on 
tooth and gum tissues.

212,217

6.

Probiotics preserve oral ecology 
equilibrium by generating cytoprotective 
proteins and regulatory and antioxidant 
molecules to protect oral cells.

212,218,219

7. Probiotics compete with periodontal 
pathogens in capturing micronutrients.

105,212,220-222

Systemic Mechanism of Action of Probiotics

Liang et al. (2022) reported that probiotics’ clear-cut 
mechanism of action remains incomprehensible 223. 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

342

Nevertheless, probiotics considerably improve 
gastrointestinal mucosal barricade or wall physiological 
functions 155,224,225. Probiotics kindle the immune system 
and synthesize anti-inflammatory cytokines (e.g., IL-
4, IL-10, IL-11, and IL-13) that activate T regulatory 
(Treg) cells, which conserve immune homeostasis 
in the gastrointestinal mucosa 142,226. Probiotics, e.g., 
Lactobacillus spp. and Bifidobacterium, also inhibit 
inflammatory cytokines such as IL-1, IL-6, and TNF-α 
226. Moreover, it augments anti-inflammatory cytokines 
such as IL-10 227, escalates the making of secretory 
IgA (eliminate antigens from intestinal mucosa) 228, 
diminishes escape of antigens across the mucosal 
sheath, and mortifies dietetic antigen (Figure 7) 229,230.
Multiple studies reported that various taxonomic 
categories of probiotic LAB restrain the pathogens by 

contesting for the finite number of substrates necessary 
for fermentation, food sources, or receptors. Probiotics 
dodge the adherence of the pathogenic microbes to the 
patients’ cells by reinforcing the fencing function of the 
gastrointestinal mucosa 231-233.
We searched PubMed using the keywords “systemic 
mechanism of action” And “probiotics.” Again, we 
filtered randomized control trials published within one 
year and free full text. It was accessed on October 26, 
2024. Initially, we found 852 papers without a filter, 
after “free full text” reduced to 414, and when the filter 
“randomized clinical trial,” the number of literature 
was 34; finally, we applied “within 1 year,” the number 
reduced to five. Table 2 depicts the findings of these 
papers.
This narrative review mainly concentrated on probiotics’ 

Table 2: Illustrated Findings of Randomized Clinical Trial Regarding Probiotic’s Systemic Mechanism of Action.

Article 
Details 
With 

References
Methods Results Conclusions

Dixit et al. 
(2024) 234

A single-blinded randomized clinical trial was conducted 
on 12-17-year-olds who underwent endodontic therapy. 
The effectiveness of calcium hydroxide (CH) paste, 
probiotics (PBs), and triple antibiotic paste (TAP) was 
evaluated.

Each type of medication showed 
antimicrobial activities, but PBs were 
more effective than the CH group and 
demonstrated analogous potency as TAP 
therapy.

During the treatment of root 
canals in young patients with 
permanent teeth, probiotics can be 
used as an effective antimicrobial 
therapy.

Togawa et 
al. (2024)
235

A placebo-controlled, double-anonymized clinical 
trial where the case group received Heyndrickxia 
coagulans SANK70258.

Considerable progress was observed in 
the test group regarding reducing fecal 
phenol level, liver function tests, stool 
frequency, skin scaliness, and attenuated 
skin lightness.

H.
coagulans SANK70258 
may contribute to both skin 
health and systemic tissue 
improvement.

Dierikx 
et al. 
(2024)
236

A secondary analysis was done from a placebo-
controlled, quadruple-blind, randomized clinical trial. 
Children who received broad-spectrum antibiotics 
were included in this study, and the test group received 
a multispecies probiotic formulation.

Both alpha and beta diversity did not 
differ significantly between placebo and 
test groups.

The multispecies probiotic 
formulation did not considerably 
influence the intestinal 
microbiome; further studies are 
needed.

Aida et al. 
(2024) 237

A randomized, placebo-controlled, double-masked 
parallel-group study where the efficacy of H. 
coagulans strain SANK70258 (HC) was observed.

Several symptoms of upper respiratory 
tract infection (URTI) and the duration 
of infection showed significant 
improvement in the study group. The 
activation of natural killer (NK) cells and 
secretory immunoglobulin A (sIgA) levels 
were also enhanced.

This probiotic may raise 
resistance against viral diseases 
and URTI via anti-inflammatory 
impact.

Savytska et 
al. (2024)
238

A secondary analysis was done from a previously 
published randomized controlled trial where the 
efficacy of multispecies probiotics was observed on 
pancreatic beta cell function in diabetic patients.

Parameters including fasting glucose, 
HOMA02, HbA1c, and insulin 
sensitivity considerably improved in the 
probiotic group.

Probiotics can act as an adjunct 
therapy in T2 DM, although 
further research is needed to 
draw a definite conclusion.
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effects on PDs. After that, we also conduct on searched 
PubMed using the keywords “probiotics,” AND 
“mechanism of action,” AND “mouthwash,” AND 
“periodontal diseases.” Again, we filtered randomized 
control trials published within one year and free full text 
accessed on October 26, 2024. Initially, we found 133 
papers without a filter, after “free full text” reduced to 
50, and when the filter “randomized clinical trial,” the 
number of literature was six; finally, we applied “within 
5 years,” the number reduced to three. Table 3 depicts 
the findings of these papers.
Probiotics Effect on Gingivitis

Akram et al. (2020) reported that consumption 
of probiotics, especially Lactobacillus reuteri, in 
plummeting inflammatory periodontal variables 

in gingivitis and plaque formation weighted mean 
difference (WMD)=- 0.48, 95% confidence intervals 
(CI)=-1.69 to 0.72, p=0.42 and WMD=0.18, 95% 
CI=-0.23 to 0.61, p=0.37, respectively 242. Multiple 
studies reported that probiotics act as adjuvant therapy 
controlling gingivitis, especially L. plantarum and 
L. reuteri 213,243 and plaque formation (in addition to 
mechanical intervention) 244,245 through stabilizing 
normal microbial flora (microbiome) of the mouth 
246. Yousuf et al. (2017) revealed that “freeze-dried 
powdered probiotics” with mouthwash considerably 
improve oral health by minimizing plaque and 
gingivitis indices 247. Castro et al. (2024) indicated that 
Lactobacillus and Bifidobacterium positively reduced 
several oral diseases, e.g., microbial plaque caused S. 

Figure 7 : This Figure displaying the systemic mechanism of action of probiotics. GIT: Gastrointestinal tract. 
Notes: The premium version of BioRender (https://biorender.com/) was used to draw this figure and was accessed 

on 17 December 2024 with license number IV27OEU708 44.
Illustration Credit: Rahnuma Ahmad.
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mutans 248 and biofilm formation 249, for interim and 
extended times in diverse populaces. These probiotics 
reduce the number of (quantity) oral S. mutans 250. Oral 
probiotics, e.g., Lactobacillus and Bifidobacterium, 
improve the oral ecosystem by influencing oral 
microbiota, thereby mitigating PDs, candidal fungal 
infections, oral mucositis, dental caries, and halitosis 
210,212.
Scaling and root planning (SRP) (non-surgical 
periodontal therapy) combined with probiotics, 
remarkably, L. reuteri decreases gingival inflammation 
251,252. Pregnant women 253-255, fishermen, and mariners 
256-258, both navy and merchant ships, often had poor 
oral hygiene practices and health, expressly gingivitis. 
In these vulnerable groups, when consuming probiotics 
purposely, L. reuteri showed considerable improvement 
in oral health status, including gingiva 258-261.
Probiotics’ Effect on Alveolar Bone

Jia et al. (2022) reported that probiotics can efficiently 
diminish alveolar osseous tissue injury 261. Postulated 
mechanism of action of probiotics, such as L. 
paracasei LMT18-32, L. acidophilus LA-5, and L. 
rhamnosus GG, includes improving gut microbiome 
status,  gastrointestinal fencing physiology,  halting 
leakage of inflammatory cytokinin, promoting bone 
regeneration, and additionally controlling osteoimmune 
effect. Accordingly, probiotics epitomize an auspicious 
supportive agent in treating mandibular bone loss even 
if a patient suffers from estrogen deficit 262-265. It has been 
reported that complex probiotics performance shows a 
much better effect in controlling alveolar osseous tissue 
loss than individual strains of L. rhamnosus and B. 
longum 262,266. The therapeutic application of probiotics 
such as L. reuteri MG5346 and L. salivarius MG4265 
noticeably cut down the rate of tartrate-resistant acid 
phosphatase (TRAP or TRACP or TRAPase) + cells 
267,268. It increased osteocalcin (OCN) + cells 262,269 in 
the alveolar bone, thereby equipoising the augmented 
commotion of bone resorption. TRAP is a cluster of 
enzymes containing glycoproteins synthesized by 
mature osteoclasts. TRAP is copiously squeezed from 
tissues, e.g., the bone, spleen, liver, lungs, and skin. It is 
responsible for bone resorption. They are a well-known 
biomarker for bony destruction and cancer metastasis 
(TRACP 5b) 270-274. OCN, typically produced by 
osteoblasts, controls bone development and throughput. 
Therefore, OCN often denotes a serum marker of bone 
growth and thruput to detect the gravity or magnitude 

of the disease. OCN detected in GCF 275. Low salivary 
OCN levels denote chronic smoking instigating PDs 
triggering CAL 276,277.
Effect of Probiotics on Halitosis

Huang et al. (2022), in their metanalysis 278, reported 
that probiotics, e.g., Weissella cibaria, L. reuteri, L. 
salivarius, and S. salivarius, possess the potential 
to prevent foul mouth odor for a brief period (less 
than or equal to four weeks) by decreasing volatile 
sulfur compound (VSC), quality saliva improved, 
and boosting overall oral health 278,279. In their 
randomized control trial, Jamali et al. (2016) detected 
chlorohexidine oral infection control followed by 
probiotics, e.g., S. salivarius Strain K12, a therapeutic 
intervention that minimizes oral foul smell for a more 
prolonged time 280. Karbalaei et al. (2021) reported 
that Streptococcus, Weissella, and Lactobacillus 
genera 281 are the most beneficial probiotics for the 
management and deterrence of foul-smelling disorders 
282; additionally, they have a positive impact on PDs, 
oral epithelial lining ulcer, and tooth caries of the 
mouth cavity 283 by reducing pathogenic microbial 
settlement 284. Multiple studies reported that possible 
beneficial mechanisms of action of probiotics regarding 
oral foul smelly odor were predominantly associated 
with controlling and improving oral ecosystem and 
through impediment of bonding of oral periopathogens, 
restoring of the gastrointestinal mucosal barricade 
task, immunomodulation of stomach and intestines, 
and neurotransmitter fabrication, and reticence of 
magnification and ballooning of pathogenic microbes 
by way of generating of bacteriocins 152,284-288.
Role of Probiotics in Oral Lichen Planus (OLP)

OLP is a typically T-cell arbitrated long-lasting 
inflammatory illness 289. Probiotic microbes can regulate 
the immunological system by treating dysbiosis 145,290. 
They can alleviate oral pathogenic infection 142 and 
repress T-cell instigation, insinuation, and propagation 
142,291. Probiotics possess pharmacodynamics that 
restores the equilibrium of the microbiome and immune 
function of affected individuals. Hence, probiotics 
protect periodontal cases from pathogenic microbial 
damage.
Additionally, probiotics minimize the nuclear factor-
kappa B (NF-kB) signaling system, an unrestrained 
effector T cell response, and elementary keratinocytes’ 
abnormal programmed cell death. Thereby altering 
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the mucosal reaction and promoting the synthesis 
of anti-inflammatory cytokines. Consequently, it 
controls damaging potential PD 292. Additionally, 
probiotics restrain the synthesis of inflammatory 
cytokines interferon-gamma (IFN- γ) and interferon-
alpha (IFN-α), MMP-9 utterance, and microRNAs 
((miRNAs) are a category of non-programing RNAs 
that execute essential functions in controlling gene 
expressions) 97,226,293,294.
Probiotics stimulate the synthesis of forkhead box P3 
(Foxp3) Treg cells by impeding the mammalian target 
of rapamycin (mTOR) heralding process and deter mast 
cell degranulation activity 295, and betterment of mental 
difficulties 296. These issues are precepting factors 
instigating the harmful process of OLP 297. Therefore, 
researchers assume that probiotics possess effective 
pharmacodynamics in treating OLP; moreover, 
probiotics are low-priced, cost-effective, highly safe, 
and contemporaneous therapeutic interventions 298.
Probiotics Effect on Aggressive Periodontitis

“Aggressive periodontitis is a destructive disease 
characterized by the following: the involvement of 
multiple teeth with a distinctive pattern of periodontal 
tissue loss; a high rate of disease progression; an early 
age of onset; and the absence of systemic diseases”299. 
Treatment of chronic destructive periodontitis 
is increasingly difficult because of development 
resistance against almost all available antimicrobials 
300,301. Inappropriate or indiscriminate use promotes 
the development of resistance among pathogens 302. 
Additionally, imprudent use of antimicrobials causes 
dysbiosis in typical microbiota communities in the 
oral and gastrointestinal tract 303-305. A rich microbiome 
promotes periodontal health and disease by preventing 
periodontal pathogens and periodontitis 6,7,306. Pacheco-
Yanes et al. (2023) revealed that “modulation of the 
oral-gut dysbiosis is an essential factor for preventing 
periodontitis” 307. Probiotics possess potential 
pharmacodynamics to revert oral and gastrointestinal 
dysbiosis 308-310. Consequently, probiotics could be 
potential therapeutic agents for treating and preventing 
aggressive periodontal diseases.
Probiotics’ Effect on Peri-Implant Health

Renvert et al. (2028) revealed that the diagnostic 
definition of peri-implant health is based on the 
following criteria: (1) the absence of peri-implant signs 
of soft tissue inflammation (redness, swelling, profuse 

BOP), and (2) the absence of further additional bone 
loss following initial healing 311. Peri-implantitis is an 
increasingly growing new health issue 312. It is defined 
by succeeding gages: (1) presence of peri-implant 
signs of inflammation, (2) radiographic evidence of 
bone loss following initial healing, and (3) increasing 
pocket probing depth (PPD) as compared to probing 
depth values collected after placement of the prosthetic 
reconstruction 311. Peri-implantitis often instigates 
detrimental effects on the soft and hard tissue across 
dental implants, directing toward bone loss, periodontal 
pocketing, and loss of osseointegration across the 
implant - the process initiated through oral pathogens 
biofilm and tartar-related clinical situation. This initiates 
an adverse impact on dental implants 313-315. Probiotic 
therapeutic intervention represses periodontopathogens 
and halts alveolar bone loss 158,192,316. Probiotics 
comprising L. reuteri, L. brevis, and L. plantarum 
demonstrate a considerable decrease in PPD, PI, and 
B0P scores 106,317-321. Therefore, multiple studies reported 
that probiotics minimize peri-implantitis 322-324.
Role of Probiotics on Bone Regeneration and Bone 
Homeostasis

A healthy gastrointestinal microbiome is essential for 
bone health and progression during developmental 
325. Schepper et al. (2017) reported that probiotics 
improve intestinal health 325 by regulating gut dysbiosis, 
minimizing intestinal porousness and inflammatory 
mediators’ responsible destruction of osseous tissues 
325, thereby preventing bone loss or improving bony 
structure 325,326. Probiotics, e.g., L. plantarum, brought 
insulin-like growth factor-1 (IGF-1) and IGF binding 
protein-3 (IGFBP3), bringing back original category 
(wild type) levels. Therefore, it proposes that L. 
plantarum can reiterate the advantageous properties of 
the microbiota on the IGF-1-R 327. IGF-1, accompanied 
by growth hormone (GH), supports and stimulates 
typical bone and tissue progression and elaboration 
328,329. It has been reported that osteoblast genesis, 
bone matrix, and mineralization activity were instigated 
by probiotics, e.g., the Bacillus subtilis process is 
enhanced by supplementation of probiotics, which is 
considered cost-effective and has low adverse drug 
reactions (ADRs) 330,331.
Effect of Probiotics on Osteoporosis of Postmenopausal 
Women

Osteoporosis is a persistent metabolic disorder with 
depressed osseous tissue concretion and infinitesimal 
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architectonic or constructive worsening of the skeletal 
part with an amplified risk of fracture of the bone. 
It is often classified into two methods: primary or 
secondary, depending on whether it strikes to a certain 
extent of the biological senescence course (insufficient 
serum estrogen level) or comprises non-communicable 
diseases pathological process 332,333. Globally, 
postmenopausal osteoporosis is a substantial public 
issue for women because of receding bone quality and 
orthopedic complications 334.
Osteoporosis also happens in men but is a little 
more aging than in women 335. One of the foremost 
reasons for this is the rising average age and geriatric 
community worldwide 336. Probiotic supplementation 
increases bone density and health among healthy 
individuals, and there are already cases of diagnosed 
osteoporosis because of estrogen insufficiency 332. 
Chen et al. (2023) reported that innovative stratagems 
must be developed at the earliest possible time in 
the pharmacological management of osteoporosis, 
which possess effective pharmacodynamics with 
low ADRs and low-cost (cost-effective) 337. Multiple 
randomized clinical trials reported that probiotics, e.g., 
L. reuteri NCIMB 30242 and L. reuteri ATCCPTA 
6475, controls bone metabolism by improving serum 
25-hydroxyvitamin D levels, Ca2+ absorption in the 
small intestine, quickens bone mineralization process, 
and mitigates osteoporosis 338-341. Jansson et al. (2019) 
reported that L. paracasei DSM 13434, L. plantarum 
DSM 15312, and L. plantarum DSM 15313 strains 
safeguard against compensation lumbar spine bone loss 
in healthy aged women with estrogen with insufficiency 
342. Similarly, Bose and Sharan (2024) reported that 
probiotics comprise potential pharmacodynamics 
that improves bony health and minimize insufficient 
estrogen-triggered osteoporosis among women 334. 
Therefore, probiotic oral supplementation is considered 
worthwhile in preventing osteoporosis, evaluating its 
safety and cost 332.
Safety Concerns About Probiotics

Probiotics possess an outstanding safety profile and 
usually deliberate a health advantage for humans 
343,344. The unremitting, extensive, and mounting 
intake of probiotics, seldom ADRs, has been reported 
345. Principally consumed probiotic strains remain 
as constituents of regular healthful gastrointestinal 
microbiota. These are Firmicutes, Bacteroidetes, 
Actinobacteria, Proteobacteria, Fusobacteria, and 

Verrucomicrobia. Among these six phyla, Bacteroidetes 
and Firmicutes are the principal types 345-347.

Widely used probiotics remain a component of our 
system; subsequently, they are not expected to harm 
consumed patients or individuals. Instead, probiotics 
are frequently reported to have beneficial health effects 
96,110,348,349.

Recommendations for Future Research

Treatment with probiotics seems to boost clinical 
parameters in PD. Due to the multifactorial nature 
of the disease and the application of multispecies 
probiotics, long-term, large-scale, well-designed RCTs 
are needed to enact the specific role and determine 
distinct probiotic strain that demonstrates efficacy for 
different periodontal diseases. Before commencing the 
use of probiotics as a treatment modality, its long-term 
impact on health and interactions with other drugs, 
compliance of drugs, and approval by various age and 
ethnic groups also demand future research. Finally, a 
better perception of immunomodulatory properties and 
the mechanism of establishing the host immune status 
of probiotics have future potential in research areas.

Limitations of the Narrative Review

 Narrative reviews do not propose or answer targeted 
questions based on documentary evidence, and the 
search strategy does not follow any decisive regulation. 
Furthermore, the narrative review suggests further 
analysis and evaluation 350. Conventional narrative 
reviews endure to have an imperative role in medical 
sciences. However, narrative reviews have integral 
deficiencies, e.g., the literature search does not possess 
any predetermined planning, thereby increasing the 
possibility of prospective preference in selecting 
papers and construal findings. Therefore, these 
reviews principally work as springs of speedy, up-to-
date reference for precise interest areas for readers 351. 
Narrative reviews permit authors to portray what is 
already identified on a particular issue while steering a 
subjective analysis and appraisal of a total body of paper. 
It is advantageous for research inquiries transversely 
to diverse issues 350,352. These review papers often 
support other content professionals, such as scholars, 
scientists, and legislators, to recognize breaches in their 
understanding and knowledge 353. The principal findings 
of this narrative review are illustrated in Figure 8. 
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CONCLUSIONS
PD is evoked through host-microbe dysbiosis, 
aggravating inflammation within the oral cavity and 
other body systems. This study noted research works 
that found the benefits of probiotics on PD. Probiotics 
modulate the immune system and produce antimicrobial 
molecules to combat oral pathogens. Probiotics have 
several health benefits and have not yet had adverse 
effects upon consumption. Further research needs to be 
carried out to understand the mechanisms underlying 
the impact of probiotics on health, including the oral 
cavity. The oral microbiota homeostasis is essential to 

prevent PD. Therefore, the general population should 
be encouraged to consume easily accessible probiotics, 
promoting oral health and overall health.

Consent for Publication

The author reviewed and approved the final version and 
has agreed to be accountable for all aspects of the work, 
including any accuracy or integrity issues.

DISCLOSURE
The author declares that they do not have any financial 
involvement or affiliations with any organization, 
association, or entity directly or indirectly related to 

Figure 8: The Principal Findings 
of this Narrative Review.
Notes: IL: Interleukin; TNF: 
Tumor Necrosis Factor; 
TIMP: Tissue inhibitor of 
metalloproteinase; MMP: Matrix 
metalloproteinase. This figure was 
drawn using the premium version 
of BioRender (https://biorender.
com/) GN27NQHS53, accessed 
on October 30th, 2024, with license 
number  44.
Illustration credit: Rahnuma 
Ahmad.

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
https://biorender.com/
https://biorender.com/


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

348

the subject matter or materials presented in this review 
paper. This includes honoraria, expert testimony, 
employment, ownership of stocks or options, patents, 
or grants received or pending royalties.

Data Availability

Information for this review paper is taken from freely 
available sources.

Authorship Contribution

All authors contributed significantly to the work, 
whether in the conception, design, utilization, collection, 
analysis, and interpretation of data or all these areas. 
They also participated in the paper’s drafting, revision, 
or critical review, gave their final approval for the 
version that would be published, decided on the journal 
to which the article would be submitted, and made 
the responsible decision to be held accountable for all 
aspects of the work.

REFERENCES
1.	 Bhuyan R, Bhuyan SK, Mohanty JN, Das S, Juliana N, Juliana 

IF. Periodontitis and its Inflammatory Changes Linked to 
Various Systemic Diseases: A Review Of Its Underlying 
Mechanisms. Biomedicines. 2022; 10:2659. doi: 10.3390/
biomedicines10102659

2.	 Zhong J, Shibata Y. The Structural Motifs of Mineralized Hard 
Tissues from Nano- to Mesoscale: A Future Perspective For 
Material Science. Jpn Dent Sci Rev. 2022; 58:348-56. doi: 
10.1016/j.jdsr.2022.11.001

3.	 Goldberg M, Kulkarni AB, Young M, Boskey A. Dentin: 
Structure, Composition and Mineralization. Front Biosci (Elite 
Ed). 2011; 3:711-35. doi: 10.2741/e281

4.	 Shah D, Lynd T, Ho D, Chen J, Vines J, Jung HD, Kim JH, 
Zhang P, Wu H, Jun HW, Cheon K. Pulp-Dentin Tissue Healing 
Response: A Discussion of Current Biomedical Approaches. J 
Clin Med. 2020; 9:434. doi: 10.3390/jcm9020434

5.	 Mehrotra N, Singh S. Periodontitis. [Updated 2023 May 1]. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2024. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK541126/ [Accessed December 11, 2024]

6.	 Siddiqui R, Badran Z, Boghossian A, Alharbi AM, Alfahemi H, 
Khan NA. The Increasing Importance of the Oral Microbiome 
in Periodontal Health and Disease. Future Sci OA. 2023, 9: 
FSO856. doi: 10.2144/fsoa-2023-0062

7.	 Di Stefano M, Polizzi A, Santonocito S, Romano A, Lombardi 
T, Isola G. Impact of Oral Microbiome in Periodontal Health and 
Periodontitis: A Critical Review on Prevention and Treatment. 
Int J Mol Sci. 2022; 23:5142. doi: 10.3390/ijms23095142

8.	 Giordano-Kelhoffer B, Lorca C, March Llanes J, Rábano 
A, Del Ser T, Serra A, Gallart-Palau X. Oral Microbiota, its 
Equilibrium and Implications in the Pathophysiology of 
Human Diseases: A Systematic Review. Biomedicines. 2022; 
10:1803. doi: 10.3390/biomedicines10081803

9.	 Santacroce L, Passarelli PC, Azzolino D, Bottalico L, Charitos 
IA, Cazzolla AP, Colella M, Topi S, Godoy FG, D’Addona A. 
Oral Microbiota in Human Health and Disease: A Perspective. 
Exp Biol Med (Maywood). 2023; 248:1288-301. doi: 
10.1177/15353702231187645

10.	 World Health Organization. Oral health. Key Facts. 2024.
Available at https://www.who.int/news-room/fact-sheets/

detail/oral-health  [Accessed December 12, 2024]
11.	 Tonetti MS, Jepsen S, Jin L, Otomo-Corgel J. Impact of the 

Global Burden Of Periodontal Diseases on Health, Nutrition, 
and Wellbeing of Mankind: A Call for Global Action. J Clin 
Periodontol. 2017, 44:456-62. doi: 10.1111/jcpe.12732

12.	 Janakiram C, Dye BA. A Public Health Approach for 
Prevention of Periodontal Disease. Periodontol 2000. 2020; 
84:202-14. doi: 10.1111/prd.12337

13.	 Lipsky MS, Singh T, Zakeri G, Hung M. Oral Health and Older 
Adults: A Narrative Review. Dent J (Basel). 2024; 12:30 doi: 
10.3390/dj12020030

14.	 Sari EF, Johnson NW, McCullough MJ, Cirillo N. Prevalence 
and Risk Factors of Oral Potentially Malignant Disorders in 
Indonesia: A Cross-Sectional Study Undertaken in 5 Provinces. 
Sci Rep. 2024, 14:5232. doi: 10.1038/s41598-024-54410-4

15.	 Alam N, Mariam W. Impact of Tobacco Habits On Poor Oral 
Health Status Among Bone-Factory Workers in a Low Literacy 
City In India: A Cross-Sectional Study. PLoS One. 2024, 
19:e0299594. doi: 10.1371/journal.pone.0299594

16.	 Gatarayiha A, Sagam CK, Ntaganira J, Rulisa S, Mutesa 
L, Brookes Z. Oral Hygiene and Periodontal Treatment 
Interventions for Reducing Blood Pressure in Hypertensive 
Adults from Low And Middle-Income Countries: A Systematic 
Review. PAMJ Clin Med. 2024; 15:20. doi: 10.11604/pamj-
cm.2024.15.20.42793

17.	 Susarla SM, Trimble M, Sokal-Gutierrez K. Cross-sectional 
Analysis of oral Healthcare vs. general Healthcare utilization 
in five low- and middle-income countries. Front Oral Health. 
2022; 3:911110. doi: 10.3389/froh.2022.911110

18.	 Nazir M, Al-Ansari A, Al-Khalifa K, Alhareky M, Gaffar B, 
Almas K. Global Prevalence of Periodontal Disease and Lack 
of its Surveillance. Sci World J. 2020; 2020:2146160. doi: 
10.1155/2020/2146160

19.	 Tefera A, Bekele B. Periodontal Disease Status and Associated 
Risk Factors in Patients Attending a Tertiary Hospital in 
Northwest Ethiopia. Clin Cosmet Investig Dent. 2020; 12:485-
92. doi: 10.2147/CCIDE.S282727

20.	 Koffi-Coulibaly NT, Pockpa ZA, Mobio GS, Struillou X, 
Soueidan A. Prevalence and Risk Indicators for Severe 
Periodontitis in Côte d’Ivoire. J Adv Periodontol Implant Dent. 
2022, 14:7-12. doi: 10.34172/japid.2022.008

https://www.ibnsinatrust.com/Medical_College_Hospital.php
https://www.ncbi.nlm.nih.gov/books/NBK541126/
https://www.ncbi.nlm.nih.gov/books/NBK541126/
https://www.who.int/news-room/fact-sheets/detail/oral-health
https://www.who.int/news-room/fact-sheets/detail/oral-health


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

349Available at:     http://www.banglajol.info/index.php/BJMS

21.	 Mutamuliza J, Rwema F, Rulisa S, Ntaganira J. Prevalence and 
Associated Risk Factors of Periodontal Disease Among Adults 
Attending Dental Department in Rwanda Military Hospital 
(Rwanda): A Cross-Sectional Study. Dent Open J. 2015; 2:105-
11. doi: 10.17140/DOJ-2-120

22.	 Wandera M, Twa-Twa J. Baseline Survey of Oral Health of 
Primary and Secondary School Pupils in Uganda. Afr Health 
Sci. 2003, 3:19-22. https://pmc.ncbi.nlm.nih.gov/articles/
PMC2141589/pdf/AFHS0301-0019.pdf 

23.	 Oyaro B, Lokken E, Alumera H, Hussein S, Richardson 
B, Mandaliya K, Jaoko W, Kinuthia J, Dimba E, Kemoli A, 
McClelland RS. Prevalence and Correlates of Periodontitis 
among Kenyan Women Planning to Conceive. BMC Oral 
Health. 2022; 22:216. doi: 10.1186/s12903-022-02243-w

24.	 Tran DQ, Vu CT, Phan QN, Nguyen CT. Prevalence of 
Periodontal Disease among Vietnamese Adults: A Systematic 
Review And Meta-Analysis. Dent Med Probl. 2023; 60:145-
52. doi: 10.17219/dmp/150832

25.	 Teza H, Pattanateepapon A, Lertpimonchai A, Vathesatogkit 
P, J McKay G, Attia J, Thakkinstian A. Development of risk 
prediction models for severe periodontitis in a Thai population: 
statistical and machine learning approaches. JMIR Form Res. 
2023; 7:e48351. doi: 10.2196/48351

26.	 Yang H, Xiao L, Zhang L, Deepal S, Ye G, Zhang X. Epidemic 
trend of periodontal disease in elderly Chinese population, 
1987-2015: a systematic review and meta-analysis. Sci Rep. 
2017 7:45000. doi: 10.1038/srep45000

27.	 Janakiram C, Mehta A, Venkitachalam R. Prevalence of 
Periodontal Disease Among Adults in India: A Systematic 
Review and Meta-Analysis. J Oral Biol Craniofac Res. 2020, 
10:800-6. doi: 10.1016/j.jobcr.2020.10.016

28.	 Government of UK. Periodontal diseases. Chapter 5. In: 
Delivering better oral health: an evidence-based toolkit 
for prevention. 2021. Available at https://www.gov.uk/
government/publications/delivering-better-oral-health-an-
evidence-based-toolkit-for-prevention/chapter-5-periodontal-
diseases  [Accessed September 23, 2024]

29.	 Chapple ILC. Time to Take Periodontitis Seriously. BMJ. 
2014; 348:2645. doi: 10.1136/bmj.g2645

30.	 Chapple ILC. Time to Take Gum Disease Seriously. Br Dent J. 
2022; 232:360-1	 doi: 10.1038/s41415-022-4113-1

31.	 Eke PI, Thornton-Evans GO, Wei L, Borgnakke WS, Dye BA, 
Genco RJ. Periodontitis in U.S. Adults: National Health and 
Nutrition Examination Survey 2009-2014. J Am Dent Assoc. 
2018; 149:576-88.e6. doi: 10.1016/j.adaj.2018.04.023

32.	 Eke PI, Borgnakke WS, Genco RJ. Recent Epidemiologic 
Trends in Periodontitis in the USA. Periodontol 2000. 2020; 
82:257-67. 10.1111/prd.12323

33.	 Eke PI, Dye BA, Wei L, Slade GD, Thornton-Evans GO, 
Borgnakke WS, Taylor GW, Page RC, Beck JD, Genco RJ. 
Update on Prevalence of Periodontitis in Adults in the United 
States: NHANES 2009-2012. J Periodontol. 2015;12345 
86:611-22. doi: 10.1902/jop.2015.140520

34.	 Hakeem FF, AlQobaly L, Hamadallah HH, Aloufi AM, Tarawah 
RA, Aloufi NG, Khaleefah FA. Prevalence of Periodontitis in 
Saudi Arabia: A Systematic Review and Meta-Analysis. Saudi 
Dent J. 2024; 36:395-403. doi: 10.1016/j.sdentj.2023.11.022

35.	 Nazir MA. Prevalence of Periodontal Disease, its Association 

with Systemic Diseases and Prevention. Int J Health Sci 
(Qassim). 2017; 11:72-80. https://pmc.ncbi.nlm.nih.gov/
articles/PMC5426403/pdf/IJHS-11-72.pdf 

36.	 Centers for Disease Control and Prevention (CDC), USA. 
About periodontal (Gum) disease. (2024). Available at https://
www.cdc.gov/oral-health/about/gum-periodontal-disease.html 
[Accessed September 24, 2024]

37.	 Mosaddad SA, Tahmasebi E, Yazdanian A, Rezvani MB, 
Seifalian A, Yazdanian M, Tebyanian H. Oral microbial 
biofilms: an update. Eur J Clin Microbiol Infect Dis. 2019, 
38:2005-19	 doi: 10.1007/s10096-019-03641-9

38.	 Sedghi LM, Bacino M, Kapila YL. Periodontal disease: the 
good, the bad, and the unknown. Front Cell Infect Microbiol. 
2021; 11:766944. doi: 10.3389/fcimb.2021.766944

39.	 Cheng X, Zhou X, Liu C, Xu X. Oral osteomicrobiology: 
the role of oral microbiota in alveolar bone homeostasis. 
Front Cell Infect Microbiol. 2021; 11:751503. doi: 10.3389/
fcimb.2021.751503

40.	 Hajishengallis G, Chavakis T, Lambris JD. Current 
understanding of periodontal disease pathogenesis and targets 
for host-modulation therapy. Periodontol 2000. 2020; 84:14-
34. doi: 10.1111/prd.12331

41.	 Scannapieco FA, Dongari-Bagtzoglou A. Dysbiosis 
revisited: understanding the role of the oral microbiome in 
the pathogenesis of gingivitis and periodontitis: a critical 
assessment. J Periodontol. 2021, 92:1071-8. doi: 10.1002/
JPER.21-0120

42.	 Kilian M, Chapple IL, Hannig M, Marsh PD, Meuric V, 
Pedersen AM, Tonetti MS, Wade WG, Zaura E. The oral 
microbiome - an update for oral healthcare professionals. Br 
Dent J. 2016;221(10):657-666. doi: 10.1038/sj.bdj.2016.865. 

43.	 Hajishengallis G, Lamont RJ. Polymicrobial communities 
in periodontal disease: their quasi-organismal nature and 
dialogue with the host. Periodontol 2000. 2021; 86:210-30. 
doi: 10.1111/prd.12371

44.	 Gasner NS, Schure RS. Periodontal Disease. [Updated 2023 
Apr 10]. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2024. Available at https://www.ncbi.
nlm.nih.gov/books/NBK554590/45 [Accessed December 11, 
2024]

45. BioRender. 2024. Available at https://biorender.com [Accessed 
October 24, 2024]

46.	 Bui FQ, Almeida-da-Silva CLC, Huynh B, Trinh A, Liu J, 
Woodward J, Asadi H, Ojcius DM. Association between 
periodontal pathogens and systemic disease. Biomed J. 2019; 
42(1):27-35. doi: 10.1016/j.bj.2018.12.001. 

47.	 Herrera D, Sanz M, Shapira L, Brotons C, Chapple I, Frese 
T, Graziani F, Hobbs FDR, Huck O, Hummers E, Jepsen S, 
Kravtchenko O, Madianos P, Molina A, Ungan M, Vilaseca J, 
Windak A, Vinker S. Association between periodontal diseases 
and cardiovascular diseases, diabetes, and respiratory diseases: 
Consensus report of the Joint Workshop by the European 
Federation of Periodontology (EFP) and the European arm of 
the World Organization of Family Doctors (WONCA Europe). 
J Clin Periodontol. 2023;50(6):819-841. doi: 10.1111/
jcpe.13807. 

48.	 Sanz M, Del Castillo AM, Jepsen S, Gonzalez-Juanatey JR, 
D’Aiuto F, Bouchard P, Chapple I, Dietrich T, Gotsman I, 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
https://pmc.ncbi.nlm.nih.gov/articles/PMC2141589/pdf/AFHS0301-0019.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC2141589/pdf/AFHS0301-0019.pdf
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention/chapter-5-periodontal-diseases
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention/chapter-5-periodontal-diseases
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention/chapter-5-periodontal-diseases
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention/chapter-5-periodontal-diseases
https://pmc.ncbi.nlm.nih.gov/articles/PMC5426403/pdf/IJHS-11-72.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC5426403/pdf/IJHS-11-72.pdf
https://www.cdc.gov/oral-health/about/gum-periodontal-disease.html
https://www.cdc.gov/oral-health/about/gum-periodontal-disease.html
https://www.ncbi.nlm.nih.gov/books/NBK554590/45
https://www.ncbi.nlm.nih.gov/books/NBK554590/45
https://biorender.com


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

350

Graziani F, Herrera D, Loos B, Madianos P, Michel JB, Perel 
P, Pieske B, Shapira L, Shechter M, Tonetti M, Vlachopoulos 
C, Wimmer G. Periodontitis and Cardiovascular Diseases. 
Consensus Report. Glob Heart. 2020;15(1):1. doi: 10.5334/
gh.400.

49.	 Carra MC, Rangé H, Caligiuri G, Bouchard P.  Periodontitis 
and atherosclerotic cardiovascular disease: A critical appraisal. 
Periodontol 2000. 2023. doi:10.1111/prd.12528

50.	 Shetty B, Fazal I, Khan SF, Nambiar M, D KI, Prasad R, Raj A. 
Association between cardiovascular diseases and periodontal 
diseases: more than what meets the eye. Drug Target Insights. 
2023, 17:31-8. doi: 10.33393/dti.2023.2510

51.	 Păunică I, Giurgiu M, Dumitriu AS, Păunică S, Pantea 
Stoian AM, Martu MA, Serafinceanu C. The bidirectional 
relationship between periodontal disease and diabetes 
mellitus-a review. Diagnostics (Basel). 2023, 13:681. 10.3390/
diagnostics13040681

52.	 Stanko P, Izakovicova Holla L. Bidirectional association 
between diabetes mellitus and inflammatory periodontal 
disease. A review. Biomed Pap Med Fac Univ Palacky Olomouc 
Czech Repub. 2014, 158:35-8. doi: 10.5507/bp.2014.005

53.	 Mukherjee S, Chopra A, Karmakar S, Bhat SG. Periodontitis 
increases the risk of gastrointestinal dysfunction: an update 
on the plausible pathogenic molecular mechanisms. Crit Rev 
Microbiol. 2024, 1-31. doi: 10.1080/1040841X.2024.2339260

54.	 Baima G, Ribaldone DG, Romano F, Aimetti M, Romandini M. 
The gum-gut axis: periodontitis and the risk of gastrointestinal 
cancers. Cancers (Basel). 2023; 15:4594. 10.3390/
cancers15184594

55.	 Xiong K, Yang P, Cui Y, Li J, Li Y, Tang B. Research on the 
association between periodontitis and COPD. Int J Chron 
Obstruct Pulmon Dis. 2023, 18:1937-48. doi: 10.2147/COPD.
S425172

56.	 Idrissi Janati A, Karp I, Latulippe JF, Charlebois P, Emami 
E. Periodontal disease as a risk factor for sporadic colorectal 
cancer: results from COLDENT study. Cancer Causes Control. 
2022, 33:463-72. doi: 10.1007/s10552- 021-01541-y

57.	 Momen-Heravi F, Babic A, Tworoger SS, Zhang L, Wu 
K, Smith-Warner SA, Ogino S, Chan AT, Meyerhardt J, 
Giovannucci E, Fuchs C, Cho E, Michaud DS, Stampfer MJ, 
Yu YH, Kim D, Zhang X. Periodontal disease, tooth loss and 
colorectal cancer risk: results from the Nurses’ Health Study. 
Int J Cancer. 2017: 140:646-52. doi: 10.1002/ijc.30486

58.	 Cichońska D, Mazuś M, Kusiak A. Recent aspects of 
periodontitis and Alzheimer’s disease - A narrative review. Int 
J Mol Sci. 2024; 25:2612. doi: 10.3390/ijms25052612

59.	 de Molon RS, Rossa C Jr, Thurlings RM, Cirelli JA, Koenders 
MI: Linkage of periodontitis and rheumatoid arthritis: current 
evidence and potential biological interactions. Int J Mol Sci. 
2019; 20:4541. doi: 10.3390/ijms20184541

60.	 de Oliveira Ferreira R, de Brito Silva R, Magno MB, 
Carvalho Almeida AP, Fagundes NC, Maia LC, Lima RR. 
Does periodontitis represent a risk factor for rheumatoid 
arthritis? A systematic review and meta-analysis. Ther Adv 
Musculoskelet Dis. 2019; 11:1759720X19858514. doi: 
10.1177/1759720X19858514

61.	 Walia M, Saini N. Relationship between periodontal diseases 
and preterm birth: recent epidemiological and biological data. 

Int J Appl Basic Med Res. 2015; 5:2-6. doi: 10.4103/2229-
516X.149217

62.	 Tsikouras P, Oikonomou E, Nikolettos K, Andreou S, Kyriakou 
D, Damaskos C, Garmpis N, Monastiridou V, Nalmpanti T, 
Bothou A, Iatrakis G, Nikolettos N. The Impact of Periodontal 
Disease on Preterm Birth and Preeclampsia. J Pers Med. 
2024;14(4):345. doi: 10.3390/jpm14040345. 

63.	 Wu H, Wang S, Wei Z: Periodontitis and risk of mortality 
in patients with chronic kidney disease: a systematic review 
with meta-analysis. J Periodontal Res. 2024; 59:868-76. doi: 
10.1111/jre.13255

64.	 Sharma P, Dietrich T, Ferro CJ, Cockwell P, Chapple IL: 
Association between periodontitis and mortality in stages 3-5 
chronic kidney disease: NHANES III and linked mortality 
study. J Clin Periodontol. 2016; 43:104-13. doi: 10.1111/
jcpe.12502

65.	 Evans LT, Kim WR, Poterucha JJ, Kamath PS: Spontaneous 
bacterial peritonitis in asymptomatic outpatients with cirrhotic 
ascites. Hepatology. 2003; 37:897-901. doi: 10.1053/
jhep.2003.50119

66.	 Huang CH, Chao JY, Ling TC, Wu JL, Sung JM, Sun CY, 
Cheng YY, Chang YT. Effect of dialysis modalities on risk of 
hospitalization for gastrointestinal bleeding. Sci Rep. 2023; 
13(1):52. doi: 10.1038/s41598-022-26476-5.

67.	 Saeed F, Agrawal N, Greenberg E, Holley JL. Lower 
gastrointestinal bleeding in chronic hemodialysis patients. Int 
J Nephrol. 2011; 2011:272535. doi: 10.4061/2011/272535

68.	 Rajora N, De Gregorio L, Saxena R. Peritoneal dialysis use in 
patients with ascites: a review. Am J Kidney Dis. 2021; 78:728-
35. doi: 10.1053/j.ajkd.2021.04.010

69.	 Xanthopoulos A, Starling RC, Kitai T, Triposkiadis F: Heart 
failure and liver disease: cardiohepatic interactions. JACC 
Heart Fail. 2019; 7:87-97. doi: 10.1016/j.jchf.2018.10.007

70.	 Baciu SF, Mesaroș AȘ, Kacso IM: Chronic kidney disease and 
periodontitis interplay-a narrative review. Int J Environ Res 
Public Health. 2023; 20:1298. doi: 10.3390/ijerph20021298

71.	 Munagala KK, Nanda S, Chowdhary Z, Pathivada L, 
Vivekanandan G, Bodhi S.  Severity of periodontal disease 
in chronic kidney disease patients: a hospital-based study. 
Cureus. 2022; 14:e25646. doi: 10.7759/cureus.25646

72.	 Furuta M, Takeuchi K, Takeshita T, Shibata Y, Suma S, 
Kageyama S, Asakawa M, Shimazaki Y, Hata J, Ninomiya 
T, Yamashita Y. Baseline periodontal status and modifiable 
risk factors are associated with tooth loss over a 10-year 
period: Estimates of population attributable risk in a Japanese 
community. J Periodontol. 2022;93(4):526-536. doi: 10.1002/
JPER.21-0191. 

73.	 Kwon T, Lamster IB, Levin L. Current concepts in the 
management of periodontitis. Int Dent J. 2021, 71:462-76. doi: 
10.1111/idj.12630

74.	 Genco RJ, Borgnakke WS. Risk factors for periodontal disease. 
Periodontol 2000. 2013; 62:59-94. doi: 10.1111/j.1600-
0757.2012.00457.x

75.	 Ng R, Sutradhar R, Yao Z, Wodchis WP, Rosella LC. Smoking, 
drinking, diet, and physical activity-modifiable lifestyle risk 
factors and their associations with age to first chronic disease. 
Int J Epidemiol. 2020; 49:113-30. doi: 10.1093/ije/dyz078

https://www.ibnsinatrust.com/Medical_College_Hospital.php


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

351Available at:     http://www.banglajol.info/index.php/BJMS

76.	 Huang YQ, Xu JN, Huang Y, Xu YD, Wang HL, Shi WT, Wang 
J, Wang H. Independent and combined effects of smoking, 
drinking, and depression on periodontal disease. BMC Oral 
Health. 2024;24(1):535. doi: 10.1186/s12903-024-04287-6.

77.	 Borgnakke WS: “Non-modifiable” risk factors for periodontitis 
and diabetes. Curr Oral Health Rep. 2016; 3:270-81. https://
doi.org/10.1007/s40496-016-0098-7 

78.	 Salzberg L. Risk factors and lifestyle interventions. Prim Care. 
2022; 49:201-12. doi: 10.1016/j.pop.2021.11.001

79.	 Madiba TK, Bhayat A. Periodontal disease - risk factors and 
treatment options. S Afr Dental J. 2018; 73:571- 5. https://
www.scielo.org.za/pdf/sadj/v73n9/05.pdf 

80.	 Zhou C. When and how often should you brush your teeth? 
Mayo Clinic. 2023. Available at https://www.mayoclinic.org/
healthy-lifestyle/adult-health/expert-answers/brushing-your-
teeth/faq- 20058193 [Accessed September 29, 2024]

81.	 Graziani F, Karapetsa D, Alonso B, Herrera D. Nonsurgical 
and surgical treatment of periodontitis: how many options for 
one disease? Periodontol 2000. 2017, 75:152-88. doi: 10.1111/
prd.12201

82.	 Boehm TK, Kim CS. Overview of Periodontal Surgical 
Procedures. [Updated 2024 Jan 11]. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2024. Available at  
https://www.ncbi.nlm.nih.gov/books/NBK599507/ [Accessed 
December 12, 2024]

83.	 Cho YD, Kim KH, Lee YM, Ku Y, Seol YJ: A narrative 
review of periodontal wound healing and tissue regeneration. 
Pharmaceuticals (Basel). 2021; 14:456. doi: 10.3390/
ph14050456

84.	 Khattri S, Kumbargere Nagraj S, Arora A, Eachempati P, 
Kusum CK, Bhat KG, Johnson TM, Lodi G. Adjunctive 
systemic antimicrobials for the non-surgical treatment of 
periodontitis. Cochrane Database Syst Rev. 2020;11(11): 
CD012568. doi: 10.1002/14651858.CD012568.pub2. 

85.	 Public Health England. Delivering better oral health: 
an evidence-based toolkit for prevention. Third Edition. 
Department of Health. Wellington House, 133-155 Waterloo 
Road, London SE1 8UG2017. Available at https://www.
bsperio.org.uk/assets/downloads/Delivering_better_oral_
health.pdf [Accessed September 29, 2024]

86.	 Zhu H, Zhou H, Qin Q, Zhang W. Association between 
smoking and sugar-sweetened beverage consumption, tooth 
brushing among adolescents in China. Children (Basel). 2022, 
9:1008. doi: 10.3390/children9071008

87.	 Hassan HI Sr, Othman SM. Sugar-sweetened beverage 
consumption and its association with dental caries among 
adolescents in Erbil, Iraq: a cross-sectional study. Cureus. 
2024; 16:e58471. doi: 10.7759/cureus.58471

88.	 Alves-Costa S, Nascimento GG, Peres MA, Li H, Costa SA, 
Ribeiro CC, Leite FR. Sugar-sweetened beverage consumption 
and periodontitis among adults: a population-based cross-
sectional study. J Clin Periodontol. 2024; 51:712-21. doi: 
10.1111/jcpe.13961

89.	 Gandhi UH, Benjamin A, Gajjar S, Hirani T, Desai K, 
Suhagia BB, Ahmad R, Sinha S, Haque M, Kumar S. Alcohol 
and Periodontal Disease: A Narrative Review. Cureus. 
2024;16(6):e62270. doi: 10.7759/cureus.62270. 

90.	 Bowen WH, Burne RA, Wu H, Koo H. Oral biofilms: 

pathogens, matrix, and polymicrobial interactions in 
microenvironments. Trends Microbiol. 2018, 26:229-42. doi: 
10.1016/j.tim.2017.09.008

91.	 Sharma S, Mohler J, Mahajan SD, Schwartz SA, Bruggemann 
L, Aalinkeel R. Microbial biofilm: a review on formation, 
infection, antibiotic resistance, control measures, and 
innovative treatment. Microorganisms. 2023, 11:1614. doi: 
10.3390/microorganisms11061614

92.	 Jayaram P, Chatterjee A, Raghunathan V. Probiotics in the 
treatment of periodontal disease: a systematic review. J 
Indian Soc Periodontol. 2016; 20:488-95. doi: 10.4103/0972-
124X.207053

93.	 Roberts FA, Darveau RP. Microbial protection and virulence in 
periodontal tissue as a function of polymicrobial communities: 
symbiosis and dysbiosis. Periodontol 2000. 2015, 69:18-27. 
doi: 10.1111/prd.12087

94.	 Petrariu OA, Barbu IC, Niculescu AG, Constantin M, Grigore 
GA, Cristian RE, Mihaescu G, Vrancianu CO. Role of probiotics 
in managing various human diseases, from oral pathology to 
cancer and gastrointestinal diseases. Front Microbiol. 2024; 
14:1296447. doi: 10.3389/fmicb.2023.1296447. 

95.	 Stavropoulou E, Bezirtzoglou E. Probiotics in medicine: a 
long debate. Front Immunol. 2020; 11:2192. doi: 10.3389/
fimmu.2020.02192

96.	 Das TK, Pradhan S, Chakrabarti S, Mondal KC, Ghosh 
K. Current status of probiotic and related health benefits. 
Appl Food Res. 2022, 2:100185. https://doi.org/10.1016/j.
afres.2022.100185. 

97.	 Virk MS, Virk MA, He Y, Tufail T, Gul M, Qayum A, 
Rehman A, Rashid A, Ekumah JN, Han X, Wang J, Ren 
X. The Anti-Inflammatory and Curative Exponent of 
Probiotics: A Comprehensive and Authentic Ingredient for the 
Sustained Functioning of Major Human Organs. Nutrients. 
2024;16(4):546. doi: 10.3390/nu16040546.

98.	 Zaharuddin L, Mokhtar NM, Muhammad Nawawi KN, Raja 
Ali RA: A randomized, double-blind placebo-controlled 
trial of probiotics in post-surgical colorectal cancer. BMC 
Gastroenterol. 2019; 19:131. doi: 10.1186/s12876-019-1047-4

99.	 Hillman JD, Socransky SS, Shivers M. The relationships 
between streptococcal species and periodontopathic bacteria 
in human dental plaque. Arch Oral Biol. 1985; 30:791-5. doi: 
10.1016/0003-9969(85)90133-5

100.	Hillman JD, Shivers M. Interaction between wild-type, mutant, 
and revertant forms of the bacterium Streptococcus sanguis 
and the bacterium Actinobacillus actinomycetemcomitans in 
vitro and in the gnotobiotic rat. Arch Oral Biol. 1988; 33:395-
401. doi: 10.1016/0003-9969(88)90196-3

101.	Teughels W, Kinder Haake S, Sliepen I, Pauwels M, Van 
Eldere J, Cassiman JJ, Quirynen M. Bacteria interfere with 
A. actinomycetemcomitans colonization. J Dent Res. 2007; 
86:611-17. 10.1177/154405910708600706

102.	Teughels W, Newman MG, Coucke W, Haffajee AD, Van Der 
Mei HC, Haake SK, Schepers E, Cassiman JJ, Van Eldere 
J, van Steenberghe D, Quirynen M. Guiding periodontal 
pocket recolonization: a proof of concept. J Dent Res. 
2007;86(11):1078-82. doi: 10.1177/154405910708601111.

103.	Shirbhate U, Bajaj P, Chandak M, Jaiswal P, Sarangi S, Suchak 
D, Bharti L. Clinical implications of probiotics in oral and 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
https://doi.org/10.1007/s40496-016-0098-7
https://doi.org/10.1007/s40496-016-0098-7
https://www.scielo.org.za/pdf/sadj/v73n9/05.pdf
https://www.scielo.org.za/pdf/sadj/v73n9/05.pdf
https://www.mayoclinic.org/healthy-lifestyle/adult-health/expert-answers/brushing-your-teeth/faq- 20058193
https://www.mayoclinic.org/healthy-lifestyle/adult-health/expert-answers/brushing-your-teeth/faq- 20058193
https://www.mayoclinic.org/healthy-lifestyle/adult-health/expert-answers/brushing-your-teeth/faq- 20058193
https://www.ncbi.nlm.nih.gov/books/NBK599507/
https://www.bsperio.org.uk/assets/downloads/Delivering_better_oral_health.pdf
https://www.bsperio.org.uk/assets/downloads/Delivering_better_oral_health.pdf
https://www.bsperio.org.uk/assets/downloads/Delivering_better_oral_health.pdf
https://doi.org/10.1016/j.afres.2022.100185
https://doi.org/10.1016/j.afres.2022.100185


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

352

periodontal health: a comprehensive review. Cureus. 2023; 
15:e51177. doi: 10.7759/cureus.51177

104.	Canut-Delgado N, Giovannoni ML, Chimenos-Küstner E.  Are 
probiotics a possible treatment of periodontitis? Probiotics 
against periodontal disease: A systematic review. Br Dent J. 
2021. doi: 10.1038/s41415- 021-3624-5

105.	D’Agostino S, Valentini G, Iarussi F, Dolci M.  Effect of 
probiotics Lactobacillus rhamnosus and Lactobacillus 
plantarum on caries and periodontal diseases: a systematic 
review. Dent J (Basel). 2024; 12:102. doi: 10.3390/dj12040102

106.	Ochôa C, Castro F, Bulhosa JF, Manso C, Fernandes JC, 
Fernandes GV. A systematic review: influence of the probiotic 
L. reuteri on periodontal clinical parameters after nonsurgical 
treatment. Microorganisms. 2023; 11:1449. doi: 10.3390/
microorganisms11061449

107.	Robin V, Wim T, Maria CL, Isabelle L. Probiotics for 
maintaining oral health during fixed orthodontic treatment: a 
systematic review and meta-analysis. Int J Dent Hyg. 2024, 
doi: 10.1111/idh.12821

108.	Ram J, Awan KH, Freitas CM, Bhandi S, Licari FW, Patil S. 
Clinical effects of Lactobacillus reuteri probiotic in chronic 
periodontitis - a systematic review. Eur Rev Med Pharmacol 
Sci. 2024; 28:1695-707. doi: 10.26355/eurrev_202403_35584.

109.	Kechagia M, Basoulis D, Konstantopoulou S, Dimitriadi D, 
Gyftopoulou K, Skarmoutsou N, Fakiri EM. Health benefits 
of probiotics: a review. ISRN Nutr. 2013; 2013:481651. doi: 
10.5402/2013/481651

110.	Maftei NM, Raileanu CR, Balta AA, Ambrose L, Boev 
M, Marin DB, Lisa EL. The potential impact of probiotics 
on human health: an update on their health-promoting 
properties. Microorganisms. 2024; 12:234. doi: 10.3390/
microorganisms12020234. 

111.	Kopacz K, Phadtare S. Probiotics for the prevention of 
antibiotic-associated diarrhea. Healthcare (Basel). 2022; 
10:1450. doi: 10.3390/healthcare10081450

112.	Reid G, Jass J, Sebulsky MT, McCormick JK: Potential uses 
of probiotics in clinical practice. Clin Microbiol Rev. 2003; 
16:658-72. doi:10.1128/CMR.16.4.658-672.2003

113.	Binda S, Hill C, Johansen E, Obis D, Pot B, Sanders ME, 
Tremblay A, Ouwehand AC. Criteria to Qualify Microorganisms 
as “Probiotic” in Foods and Dietary Supplements. Front 
Microbiol. 2020;11:1662. doi: 10.3389/fmicb.2020.01662. 

114.	Al-Yami AM, Al-Mousa AT, Al-Otaibi SA, Khalifa AY. 
Lactobacillus species as probiotic: isolation sources and 
health benefits. J Pure Appl Microbiol. 2022; 16:2270-91. doi: 
10.22207/JPAM.16.4.19

115.	Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot 
B, Morelli L, Canani RB, Flint HJ, Salminen S, Calder PC, 
Sanders ME. Expert consensus document. The International 
Scientific Association for Probiotics and Prebiotics consensus 
statement on the scope and appropriate use of the term 
probiotic. Nat Rev Gastroenterol Hepatol. 2014;11(8):506-14. 
doi: 10.1038/nrgastro.2014.66. 

116.	Fijan S. Microorganisms with claimed probiotic properties: an 
overview of recent literature. Int J Environ Res Public Health. 
2014; 11:4745-67. doi: 10.3390/ijerph110504745

117.	Chilton SN, Burton JP, Reid G. Inclusion of fermented foods in 
food guides around the world. Nutrients. 2015; 7:390-404. doi: 

10.3390/nu7010390
118.	Wedajo B. Lactic acid bacteria: benefits, selection criteria, and 

probiotic potential in fermented food. J Probiotics Health. 
2015; 3:1-9. doi: 10.4172/2329 8901.1000129

119.	Marco ML, Heeney D, Binda S, Cifelli CJ, Cotter PD, Foligné 
B, Gänzle M, Kort R, Pasin G, Pihlanto A, Smid EJ, Hutkins 
R. Health benefits of fermented foods: microbiota and beyond. 
Curr Opin Biotechnol. 2017;44:94-102. doi: 10.1016/j.
copbio.2016.11.010.

120.	Leroy F, De Vuyst L. Fermented food in the context of a 
healthy diet: how to produce novel functional foods? Curr 
Opin Clin Nutr Metab Care. 2014; 17:574-81. doi: 10.1097/
MCO.0000000000000108

121.	Obafemi YD, Oranusi SU, Ajanaku KO, Akinduti PA, Leech 
J, Cotter PD. African fermented foods: overview, emerging 
benefits, and novel approaches to microbiome profiling. NPJ 
Sci Food. 2022; 6:15. doi: 10.1038/s41538- 022-00130-w

122.	Fagunwa OE, Olanbiwoninu AA. Accelerating the sustainable 
development goals through microbiology: some efforts and 
opportunities. Access Microbiol. 2020; 2: acmi000112. doi: 
10.1099/acmi.0.000112

123.	Dimidi E, Cox SR, Rossi M, Whelan K. Fermented foods: 
definitions and characteristics, impact on the gut microbiota 
and effects on gastrointestinal health and disease. Nutrients. 
2019; 11:1806. doi: 10.3390/nu11081806

124.	Ahmad R, Oli AN, Etando A, Sharma P, Sinha S, Chowdhury 
K, Rowaiye AB, Akter S, Mou TJ, Dhingra S, Ahmed MF, 
Nusrat N, Azmuda N, Lugova H, Adnan N, Haque M. Lactic 
acid bacteria fermented foods: Impact on immune system and 
consequences type 2 diabetes mellitus. J Appl Pharm Sci. 2023; 
13 (06): 018–056. https://doi.org/10.7324/JAPS.2023.142387 

125.	Voidarou C, Antoniadou Μ, Rozos G, Tzora A, Skoufos I, 
Varzakas T, Lagiou A, Bezirtzoglou E. Fermentative Foods: 
Microbiology, Biochemistry, Potential Human Health Benefits 
and Public Health Issues. Foods. 2020;10(1):69. doi: 10.3390/
foods10010069. 

126.	Mannaa M, Han G, Seo YS, Park I. Evolution of food 
fermentation processes and the use of multi-omics in 
deciphering the roles of the microbiota. Foods. 2021, 10:2861. 
doi: 10.3390/foods10112861

127.	Shah AM, Tarfeen N, Mohamed H, Song Y. Fermented foods: 
their health-promoting components and potential effects on 
gut microbiota. Fermentation. 2023, 9:118-10. doi: 10.3390/
fermentation9020118

128.	Mengesha Y, Tebeje A, Tilahun B: A review on factors 
influencing the fermentation process of Teff (Eragrostis teff) 
and other cereal-based Ethiopian Injera. Int J Food Sci. 2022, 
2022:4419955. doi: 10.1155/2022/4419955

129.	National Research Council (US) Panel on the Applications of 
Biotechnology to Traditional Fermented Foods. Applications 
of Biotechnology to Fermented Foods: Report of an Ad Hoc 
Panel of the Board on Science and Technology for International 
Development. Washington (DC): National Academies Press 
(US); 1992. Available at  https://www.ncbi.nlm.nih.gov/books/
NBK234679/  doi: 10.17226/1939. [Accessed December 12, 
2024]

130.	Rezac S, Kok CR, Heermann M, Hutkins R. Fermented foods 
as a dietary source of live organisms. Front Microbiol. 2018; 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
https://doi.org/10.7324/JAPS.2023.142387
https://www.ncbi.nlm.nih.gov/books/NBK234679/
https://www.ncbi.nlm.nih.gov/books/NBK234679/


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

353Available at:     http://www.banglajol.info/index.php/BJMS

9:1785. doi: 10.3389/fmicb.2018.01785
131.	Pessione E, Cirrincione S. Bioactive molecules released in food 

by lactic acid bacteria: encrypted peptides and biogenic amines. 
Front Microbiol. 2016; 7:876. doi: 10.3389/fmicb.2016.00876

132.	Derrien M, van Hylckama Vlieg JE. Fate, activity, and impact 
of ingested bacteria within the human gut microbiota. Trends 
Microbiol. 2015; 23:354-66. doi: 10.1016/j.tim.2015.03.002

133.	Filannino P, Bai Y, Di Cagno R, Gobbetti M, Gänzle MG. 
Metabolism of phenolic compounds by Lactobacillus spp. 
During fermentation of cherry juice and broccoli puree. Food 
Microbiol. 2015; 46:272-9. doi: 10.1016/j.fm.2014.08.018

134.	Goławska S, Łukasik I, Chojnacki AA, Chrzanowski G. 
Flavonoids and phenolic acids content in cultivation and wild 
collection of European cranberry bush Viburnum opulus L. 
Molecules. 2023, 28:2285. doi: 10.3390/molecules28052285

135.	Leonard W, Zhang P, Ying D, Adhikari B, Fang Z. Fermentation 
transforms the phenolic profiles and bioactivities of plant-
based foods. Biotechnol Adv. 2021; 49:107763. doi: 10.1016/j.
biotechadv.2021.107763

136.	Ogodo AC, Ugbogu OC, Onyeagba RA, Okereke HC. 
Microbiological quality, proximate composition, and in vitro 
starch/protein digestibility of Sorghum bicolor flour fermented 
with lactic acid bacteria consortia. Chem Biol Technol Agric. 
2019; 6:7. https://doi.org/10.1186/s40538-019-0145-4. 

137.	Laatikainen R, Koskenpato J, Hongisto SM, Loponen J, 
Poussa T, Hillilä M, Korpela R. Randomised clinical trial: 
low-FODMAP rye bread vs. regular rye bread to relieve the 
symptoms of irritable bowel syndrome. Aliment Pharmacol 
Ther. 2016; 44:460-70. doi: 10.1111/apt.13726

138.	Pathaw N, Devi KS, Sapam R, Sanasam J, Monteshori S, 
Phurailatpam S, Devi HC, Chanu WT, Wangkhem B, Mangang 
NL. A comparative review on the anti-nutritional factors of 
herbal tea concoctions and their reduction strategies. Front 
Nutr. 2022;9:988964. doi: 10.3389/fnut.2022.988964.

139.	Rollán GC, Gerez CL, LeBlanc JG. Lactic fermentation 
as a strategy to improve the nutritional and functional 
values of pseudocereals. Front Nutr. 2019; 6:98. 10.3389/
fnut.2019.00098

140.	Lavefve L, Marasini D, Carbonero F. Microbial ecology of 
fermented vegetables and non-alcoholic drinks and current 
knowledge on their impact on human health. Adv Food Nutr 
Res. 2019; 87:147-85. doi: 10.1016/bs.afnr.2018.09.001

141.	Salazar N, Gueimonde M, de Los Reyes-Gavilán CG, Ruas-
Madiedo P. Exopolysaccharides produced by lactic acid 
bacteria and Bifidobacteria as fermentable substrates by the 
intestinal microbiota. Crit Rev Food Sci Nutr. 2016, 56:1440-
53. doi: 10.1080/10408398.2013.770728

142.	Mazziotta C, Tognon M, Martini F, Torreggiani E, Rotondo JC. 
Probiotics mechanism of action on immune cells and beneficial 
effects on human health. Cells. 2023; 12:184. 10.3390/
cells12010184

143.	Azad MA, Sarker M, Wan D: Immunomodulatory effects 
of probiotics on cytokine profiles. Biomed Res Int. 2018; 
2018:8063647. doi: 10.1155/2018/8063647

144.	Cristofori F, Dargenio VN, Dargenio C, Miniello VL, Barone 
M, Francavilla R. Anti-inflammatory and immunomodulatory 
effects of probiotics in gut inflammation: a door to the 
body. Front Immunol. 2021; 12:578386. doi: 10.3389/

fimmu.2021.578386
145.	Plaza-Diaz J, Ruiz-Ojeda FJ, Gil-Campos M, Gil A. 

Mechanisms of action of probiotics. Adv Nutr. 2019; 10:S49-
66. doi: 10.1093/advances/nmy063

146.	Chang YH, Jeong CH, Cheng WN, Choi Y, Shin DM, Lee S, 
Han SG: Quality characteristics of yogurts fermented with 
short-chain fatty acid-producing probiotics and their effects on 
mucin production and probiotic adhesion onto human colon 
epithelial cells. J Dairy Sci. 2021; 104:7415-25. doi: 10.3168/
jds.2020-19820

147.	Ahire JJ, Jakkamsetty C, Kashikar MS, Lakshmi SG, 
Madempudi RS. In vitro evaluation of probiotic properties 
of Lactobacillus plantarum UBLP40 isolated from traditional 
indigenous fermented food. Probiotics Antimicrob Proteins. 
2021; 13:1413-24. doi: 10.1007/s12602-021-09775-7

148.	Fantinato V, Camargo HR, Sousa ALOP. Probiotics study with 
Streptococcus salivarius and its ability to produce bacteriocins 
and adherence to KB cells [Article in Portuguese]. Rev Odontol 
UNESP. 2019; 48:1-9. doi: 10.1590/1807-2577.02919

149.	Darbandi A, Asadi A, Mahdizade Ari M, Ohadi E, Talebi M, 
Halaj Zadeh M, Darb Emamie A, Ghanavati R, Kakanj M. 
Bacteriocins: Properties and potential use as antimicrobials. J 
Clin Lab Anal. 2022;36(1):e24093. doi: 10.1002/jcla.24093. 

150.	Benítez-Chao DF, León-Buitimea A, Lerma-Escalera 
JA, Morones-Ramírez JR. Bacteriocins: an overview of 
antimicrobial, toxicity, and biosafety assessment by in vivo 
models. Front Microbiol. 2021; 12:630695. doi: 10.3389/
fmicb.2021.630695

151.	Pérez-Ramos A, Madi-Moussa D, Coucheney F, Drider D. 
Current knowledge of the mode of action and immunity 
mechanisms of LAB-bacteriocins. Microorganisms. 2021; 
9:2107. doi: 10.3390/microorganisms9102107

152.	Latif A, Shehzad A, Niazi S, Zahid A, Ashraf W, Iqbal MW, 
Rehman A, Riaz T, Aadil RM, Khan IM, Özogul F, Rocha 
JM, Esatbeyoglu T, Korma SA. Probiotics: mechanism 
of action, health benefits and their application in food 
industries. Front Microbiol. 2023;14:1216674. doi: 10.3389/
fmicb.2023.1216674.

153.	Rose EC, Odle J, Blikslager AT, Ziegler AL. Probiotics, 
prebiotics, and epithelial tight junctions: a promising approach 
to modulate intestinal barrier function. Int J Mol Sci. 2021; 
22:6729. doi: 10.3390/ijms22136729

154.	Camilleri M: Human intestinal barrier: effects of stressors, diet, 
prebiotics, and probiotics. Clin Transl Gastroenterol. 2021; 12: 
e00308. doi: 10.14309/ctg.0000000000000308

155.	Gou HZ, Zhang YL, Ren LF, Li ZJ, Zhang L. How do intestinal 
probiotics restore the intestinal barrier? Front Microbiol. 2022; 
13:929346. doi: 10.3389/fmicb.2022.929346

156.	Yan F, Polk DB. Probiotics and probiotic-derived functional 
factors-mechanistic insights into applications for intestinal 
homeostasis. Front Immunol. 2020; 11:1428. doi: 10.3389/
fimmu.2020.01428

157.	Lourenςo TG, Spencer SJ, Alm EJ, Colombo AP. An 
exploratory study of the gut microbiota in individuals with 
periodontal diseases. J Oral Microbiol. 2018; 10:1487741. doi: 
10.1080/20002297.2018.1487741

158.	Nguyen T, Brody H, Radaic A, Kapila Y: Probiotics for 
periodontal health-current molecular findings. Periodontol 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
https://doi.org/10.1186/s40538-019-0145-4


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

354

2000. 2021; 87:254-67. doi: 10.1111/prd.12382
159.	Brogden KA, Guthmiller JM (Eds). Polymicrobial Diseases. 

Washington (DC): ASM Press; 2002. Available at https://www.
ncbi.nlm.nih.gov/books/NBK2475/ [Accessed December 13, 
2024].

160.	Mohanty R, Asopa SJ, Joseph MD, Singh B, Rajguru JP, Saidath 
K, Sharma U. Red complex: polymicrobial conglomerate in 
oral flora: a review. J Family Med Prim Care. 2019, 8:3480-6. 
doi: 10.4103/jfmpc.jfmpc_759_19

161.	Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL Jr. 
Microbial complexes in subgingival plaque. J Clin Periodontol. 
1998. 25:134-44. doi: 10.1111/j.1600-051x.1998.tb02419.x

162.	Tadjoedin FM, Masulili SL, Rizal MI, Kusdhany LS, Turana 
Y, Ismail RI, Bachtiar BM. The red and orange complex 
subgingival microbiome of cognitive impairment and 
cognitively normal elderly with periodontitis. Geriatrics 
(Basel). 2022; 7:12. doi: 10.3390/geriatrics7010012

163.	Velusamy SK, Sampathkumar V, Ramasubbu N, Paster BJ, Fine 
DH. Aggregatibacter actinomycetemcomitans colonization and 
persistence in a primate model. Proc Natl Acad Sci USA. 2019; 
116:22307-13. doi: 10.1073/pnas.1905238116

164.	Socransky SS, Haffajee AD, Smith C, Dibart S. Relation of 
counts of microbial species to clinical status at the sampled 
site. J Clin Periodontol. 1991; 18:766-75. doi: 10.1111/j.1600-
051x.1991.tb00070.x

165.	Abu Fanas S, Brigi C, Varma SR, Desai V, Senok A, D’souza 
J.  The prevalence of novel periodontal pathogens and bacterial 
complexes in Stage II generalized periodontitis based on 16S 
rRNA next-generation sequencing. J Appl Oral Sci. 2021; 
29:e20200787. doi: 10.1590/1678-7757-2020-0787

166.	Abdulkareem AA, Al-Taweel FB, Al-Sharqi AJ, Gul SS, 
Sha A, Chapple IL. Current concepts in the pathogenesis of 
periodontitis: from symbiosis to dysbiosis. J Oral Microbiol. 
2023, 15:2197779. doi: 10.1080/20002297.2023.2197779

167.	Hatz CR, Cremona M, Liu CC, Schmidlin PR, Conen A. 
Antibiotic prophylaxis with amoxicillin to prevent infective 
endocarditis in periodontitis patients reconsidered: a narrative 
review. Swiss Med Wkly. 2021; 151:w30078. doi: 10.4414/
smw.2021.w30078

168.	Nishimura RA, Carabello BA, Faxon DP, Freed MD, Lytle 
BW, O’Gara PT, O’Rourke RA, Shah PM, Bonow RO, 
Carabello BA, Chatterjee K, de Leon AC Jr, Faxon DP, Freed 
MD, Gaasch WH, Lytle BW, Nishimura RA, O’Gara PT, 
O’Rourke RA, Otto CM, Shah PM, Shanewise JS, Smith 
SC Jr, Jacobs AK, Buller CE, Creager MA, Ettinger SM, 
Krumholz HM, Kushner FG, Lytle BW, Nishimura RA, Page 
RL, Tarkington LG, Yancy CW Jr. ACC/AHA 2008 guideline 
update on valvular heart disease: focused update on infective 
endocarditis: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines 
endorsed by the Society of Cardiovascular Anesthesiologists, 
Society for Cardiovascular Angiography and Interventions, 
and Society of Thoracic Surgeons. Catheter Cardiovasc Interv. 
2008;72(3):E1-E12. doi: 10.1002/ccd.21751.

169.	How KY, Song KP, Chan KG. Porphyromonas gingivalis: an 
overview of periodontopathic pathogen below the gum line. 
Front Microbiol. 2016; 7:53. 10.3389/fmicb.2016.00053

170.	Mei F, Xie M, Huang X, Long Y, Lu X, Wang X, Chen L. 

Porphyromonas gingivalis and its systemic impact: current 
status. Pathogens. 2020; 9:944. doi: 10.3390/pathogens9110944

171.	Ishikawa KH, Mita D, Kawamoto D, Nicoli JR, Albuquerque-
Souza E, Lorenzetti Simionato MR, Mayer MP. Probiotics 
alter biofilm formation and the transcription of Porphyromonas 
gingivalis virulence-associated genes. J Oral Microbiol. 2020; 
12:1805553. doi: 10.1080/20002297.2020.1805553

172.	Mendi A, Köse S, Uçkan D, Akca G, Yilmaz D, Aral L, 
Gültekin SE, Eroğlu T, Kiliç E, Uçkan S. Lactobacillus 
rhamnosus could inhibit Porphyromonas gingivalis derived 
CXCL8 attenuation. J Appl Oral Sci. 2016;24(1):67-75. doi: 
10.1590/1678-775720150145. 

173.	Han YW, Shi W, Huang GT, Kinder Haake S, Park NH, 
Kuramitsu H, Genco RJ. Interactions between periodontal 
bacteria and human oral epithelial cells: Fusobacterium 
nucleatum adheres to and invades epithelial cells. Infect Immun. 
2000; 68:3140-6. doi: 10.1128/IAI.68.6.3140-3146.2000

174.	Cambier S, Gouwy M, Proost P. The chemokines CXCL8 and 
CXCL12: molecular and functional properties, role in disease, 
and efforts towards pharmacological intervention. Cell Mol 
Immunol. 2023; 20:217-51. doi: 10.1038/s41423-023-00974-6

175.	Albuquerque-Souza E, Ishikawa KH, Amado PP, Nicoli 
JR, Holzhausen M, Mayer MP: Probiotics improve re-
epithelialization of scratches infected by Porphyromonas 
gingivalis through up-regulating CXCL8- CXCR1/
CXCR2 axis. Anaerobe. 2021; 72:102458. doi: 10.1016/j.
anaerobe.2021.102458

176.	Bengtsson T, Khalaf A, Khalaf H. Secreted gingipains 
from Porphyromonas gingivalis colonies exert potent 
immunomodulatory effects on human gingival fibroblasts. 
Microbiol Res. 2015; 178:18-26. doi: 10.1016/j.
micres.2015.05.008

177.	Castro SA, Collighan R, Lambert PA, Dias IH, Chauhan 
P, Bland CE, Milic I, Milward MR, Cooper PR, Devitt 
A. Porphyromonas gingivalis gingipains cause defective 
macrophage migration towards apoptotic cells and inhibit 
phagocytosis of primary apoptotic neutrophils. Cell Death Dis. 
2017;8(3):e2644. doi: 10.1038/cddis.2016.481. 

178.	Imamura T. The role of gingipains in the pathogenesis of 
periodontal disease. J Periodontol. 2003; 74:111- 18. doi: 
10.1902/jop.2003.74.1.111

179.	O’Brien-Simpson NM, Paolini RA, Hoffmann B, Slakeski N, 
Dashper SG, Reynolds EC. Role of RgpA, RgpB, and Kgp 
proteinases in virulence of Porphyromonas gingivalis W50 in 
a murine lesion model. Infect Immun. 2001; 69:7527-34. doi: 
10.1128/IAI.69.12.7527-7534.2001

180.	Yang J, Zhang L, Yu C, Yang XF, Wang H. Monocyte 
and macrophage differentiation: circulation inflammatory 
monocyte as biomarker for inflammatory diseases. Biomark 
Res. 2014; 2:1. doi: 10.1186/2050- 7771-2-1

181.	Wilensky A, Tzach-Nahman R, Potempa J, Shapira L, 
Nussbaum G. Porphyromonas gingivalis gingipains 
selectively reduce CD14 expression, leading to macrophage 
hyporesponsiveness to bacterial infection. J Innate Immun. 
2015; 7:127-35. doi: 10.1159/000365970

182.	An D, Hao F, Zhang F, Kong W, Chun J, Xu X, Cui MZ. 
CD14 is a key mediator of both lysophosphatidic acid and 
lipopolysaccharide induction of foam cell formation. J Biol 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
https://www.ncbi.nlm.nih.gov/books/NBK2475/
https://www.ncbi.nlm.nih.gov/books/NBK2475/


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

355Available at:     http://www.banglajol.info/index.php/BJMS

Chem. 2017; 292:14391-400. doi: 10.1074/jbc.M117.781807
183.	Farhana A, Khan YS. Biochemistry, Lipopolysaccharide. 

[Updated 2023 Apr 17]. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2024 Jan-. Available at 
https://www.ncbi.nlm.nih.gov/books/NBK554414/ [Accessed 
December 12, 2024].

184.	Lunar Silva I, Cascales E. Molecular strategies underlying 
Porphyromonas gingivalis virulence. J Mol Biol. 2021. 
433:166836. doi: 10.1016/j.jmb.2021.166836

185.	Wang M, Feng J, Zhou D, Wang J: Bacterial lipopolysaccharide-
induced endothelial activation and dysfunction: a new 
predictive and therapeutic paradigm for sepsis. Eur J Med Res. 
2023; 28:339. doi: 10.1186/s40001-023-01301-5

186.	Tanaka S, Couret D, Tran-Dinh A, Duranteau J, Montravers P, 
Schwendeman A, Meilhac O. High-density lipoproteins during 
sepsis: from bench to bedside. Crit Care. 2020; 24:134. doi: 
10.1186/s13054-020-02860-3

187.	Ioanna Z, Katerina B, Irene A. Immunotherapy-on-chip against 
an experimental sepsis model. Inflammation. 2021; 44:2333-
45. doi: 10.1007/s10753-021-01506-y

188.	Virzì GM, Mattiotti M, de Cal M, Ronco C, Zanella M, De 
Rosa S. Endotoxin in sepsis: methods for LPS detection and 
the use of omics techniques. Diagnostics (Basel). 2022; 13:79. 
doi: 10.3390/diagnostics13010079

189.	Olsen I, Potempa J. Strategies for the inhibition of gingipains 
for the potential treatment of periodontitis and associated 
systemic diseases. J Oral Microbiol. 2014. 6: doi: 10.3402/
jom.v6.24800

190.	Jayaprakash K, Khalaf H, Bengtsson T. Gingipains from 
Porphyromonas gingivalis play a significant role in induction 
and regulation of CXCL8 in THP-1 cells. BMC Microbiol. 
2014; 14:193. doi: 10.1186/1471-2180-14-193

191.	Gasmi Benahmed A, Kumar Mujawdiya P, Noor S, Gasmi A. 
Porphyromonas gingivalis in the development of periodontitis: 
impact on dysbiosis and inflammation. Arch Razi Inst. 2022; 
77:1539-51. doi: 10.22092/ARI.2021.356596.1875

192.	Zhang Y, Ding Y, Guo Q. Probiotic species in the management 
of periodontal diseases: an overview. Front Cell Infect 
Microbiol. 2022; 12:806463. doi: 10.3389/fcimb.2022.806463

193.	Kariu T, Nakao R, Ikeda T, Nakashima K, Potempa J, Imamura 
T. Inhibition of gingipains and Porphyromonas gingivalis 
growth and biofilm formation by prenyl flavonoids. J 
Periodontal Res. 2017; 52:89-96. doi: 10.1111/jre.12372

194.	Chen WA, Dou Y, Fletcher HM, Boskovic DS. Local 
and systemic effects of Porphyromonas gingivalis 
infection. Microorganisms. 2023; 11:470. doi: 10.3390/
microorganisms11020470

195.	Xu W, Zhou W, Wang H, Liang S. Roles of Porphyromonas 
gingivalis and its virulence factors in periodontitis. Adv 
Protein Chem Struct Biol. 2020; 120:45-84. doi: 10.1016/
bs.apcsb.2019.12.001

196.	He L, Wang H, Zhang R, Li H. The regulation of Porphyromonas 
gingivalis biofilm formation by ClpP. Biochem Biophys Res 
Commun. 2019; 509:335-40. doi: 10.1016/j.bbrc.2018.12.071

197.	Aleksijević LH, Aleksijević M, Škrlec I, Šram M, Šram M, 
Talapko J. Porphyromonas gingivalis virulence factors and 
clinical significance in periodontal disease and coronary 
artery diseases. Pathogens. 2022; 11:1173. doi: 10.3390/

pathogens11101173
198.	Mysak J, Podzimek S, Sommerova P, Lyuya-Mi Y, Bartova 

J, Janatova T, Prochazkova J, Duskova J. Porphyromonas 
gingivalis: major periodontopathic pathogen overview. J 
Immunol Res. 2014; 2014:476068. doi: 10.1155/2014/476068

199.	Ben Lagha A, Andrian E, Grenier D. Resveratrol attenuates 
the pathogenic and inflammatory properties of Porphyromonas 
gingivalis. Mol Oral Microbiol. 2019; 34:118-30. doi: 10.1111/
omi.12260

200.	Gerits E, Verstraeten N, Michiels J. New approaches to combat 
Porphyromonas gingivalis biofilms. J Oral Microbiol. 2017; 
9:1300366. doi: 10.1080/20002297.2017.1300366

201.	Ravindran N, Sudhakar U, Mithradas N, Suresh S, Asirvatham 
SL, J S, Kotaru JL, Bakkiya A, Sundaran KR, Bhavishya B. 
Insight Into the Laboratory Diagnosis of Periimplantitis Using 
Reactive Oxygen Metabolite Levels - A Biochemical Study. 
Cureus. 2023;15(7):e41324. doi: 10.7759/cureus.41324. 

202.	Savčić N, Henjaš D, Jezdić M, Đinić Krasavčević A, 
Milinković I: Porphyromonas gingivalis in different peri-
implant conditions: a pilot cross-sectional study. Acta Stomatol 
Croat. 2022; 56:387-94. doi:10.15644/asc56/4/5

203.	Rafiei M, Kiani F, Sayehmiri F, Sayehmiri K, Sheikhi A, 
Zamanian Azodi M. Study of Porphyromonas gingivalis in 
periodontal diseases: a systematic review and meta-analysis. 
Med J Islam Repub Iran. 2017;31:62. doi: 10.18869/mjiri.31.62

204.	Albuquerque-Souza E, Balzarini D, Ando-Suguimoto ES, 
Ishikawa KH, Simionato MR, Holzhausen M, Mayer MP. 
Probiotics alter the immune response of gingival epithelial 
cells challenged by Porphyromonas gingivalis. J Periodontal 
Res. 2019; 54:115-27. doi: 10.1111/jre.12608

205.	Lin X, Wu J, Xie H. Porphyromonas gingivalis minor fimbriae 
are required for cell-cell interactions. Infect Immun. 2006; 
74:6011-15. doi: 10.1128/IAI.00797-06

206.	Mohd-Zubri NS, Ramasamy K, Abdul-Rahman NZ.  
Characterization and potential oral probiotic properties of 
Lactobacillus plantarum FT 12 and Lactobacillus brevis FT 6 
isolated from Malaysian fermented food. Arch Oral Biol. 2022; 
143:105515. doi: 10.1016/j.archoralbio.2022.105515

207.	Lee Y, Yoon Y, Choi KH. Probiotics-mediated bioconversion 
and periodontitis. Food Sci Anim Resour. 2021; 41:905-22. 
doi: 10.5851/kosfa.2021.e57

208.	Teneva D, Denev P. Biologically active compounds from 
probiotic microorganisms and plant extracts used as 
biopreservatives. Microorganisms. 2023; 11:1896. doi: 
10.3390/microorganisms11081896

209.	Fijan S. Probiotics and their antimicrobial effect. Microorganisms. 
2023; 11:528. doi: 10.3390/microorganisms11020528

210.	Homayouni Rad A, Pourjafar H, Mirzakhani E. A 
comprehensive review of the application of probiotics and 
postbiotics in oral health. Front Cell Infect Microbiol. 2023, 
13:1120995. doi: 10.3389/fcimb.2023.1120995

211.	Abikshyeet P, Mishra P, Bhuyan L, Kumar V, Mahapatra N, 
Adhikary T. Probiotics: dawn of a new era in dental caries 
management. J Pharm Bioallied Sci. 2022; 14:S34-8. doi: 
10.4103/jpbs.jpbs_801_21

212.	Saïz P, Taveira N, Alves R. Probiotics in Oral Health and 
Disease: A Systematic Review. Appl Sci. 2021; 11(17):8070. 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
https://www.ncbi.nlm.nih.gov/books/NBK554414/


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

356

https://doi.org/10.3390/app11178070.
213.	Inchingolo F, Inchingolo AM, Malcangi G, De Leonardis N, 

Sardano R, Pezzolla C, de Ruvo E, Di Venere D, Palermo 
A, Inchingolo AD, Corriero A, Dipalma G. The Benefits of 
Probiotics on Oral Health: Systematic Review of the Literature. 
Pharmaceuticals (Basel). 2023;16(9):1313. doi: 10.3390/
ph16091313.

214.	Luo SC, Wei SM, Luo XT, Yang QQ, Wong KH, Cheung 
PC, Zhang BB. How probiotics, prebiotics, synbiotics, 
and postbiotics prevent dental caries: an oral microbiota 
perspective. NPJ Biofilms Microbiomes. 2024; 10:14. doi: 
10.1038/s41522-024-00488-7

215.	Hernández-González JC, Martínez-Tapia A, Lazcano-
Hernández G, García-Pérez BE, Castrejón-Jiménez NS. 
Bacteriocins from lactic acid bacteria. A powerful alternative 
as antimicrobials, probiotics, and immunomodulators in 
veterinary medicine. Animals (Basel). 2021; 11:979. doi: 
10.3390/ani11040979

216.	Rastogi P, Saini H, Dixit J, Singhal R. Probiotics and oral 
health. Natl J Maxillofac Surg. 2011; 2:6-9. doi: 10.4103/0975-
5950.85845

217.	Kaźmierczyk-Winciorek M, Nędzi-Góra M, Słotwińska SM. 
The immunomodulating role of probiotics in the prevention 
and treatment of oral diseases. Cent Eur J Immunol. 2021; 
46:99-104. doi: 10.5114/ceji.2021.104412

218.	Deandra FA, Ketherin K, Rachmasari R, Sulijaya B, 
Takahashi N. Probiotics and metabolites regulate the oral and 
gut microbiome composition as host modulation agents in 
periodontitis: a narrative review. Heliyon. 2023; 9:e13475. doi: 
10.1016/j.heliyon.2023.e13475

219.	Wang Y, Wu Y, Wang Y, Xu H, Mei X, Yu D, Wang Y, Li 
W. Antioxidant Properties of Probiotic Bacteria. Nutrients. 
2017;9(5):521. doi: 10.3390/nu9050521. 

220.	Zhou Y, Gong W, Xu C, Zhu Z, Peng Y, Xie C. Probiotic 
assessment and antioxidant characterization of Lactobacillus 
plantarum GXL94 isolated from fermented chili. Front 
Microbiol. 2022; 13:997940. doi: 10.3389/fmicb.2022.997940

221.	Jang HJ, Kim JH, Lee NK, Paik HD. Probiotic Lactobacillus 
plantarum Ln4 showing antimicrobial and antibiofilm effect 
against Streptococcus mutans KCTC 5124 causing dental 
caries. J Microbiol Biotechnol. 2024; 34:116-22. doi: 10.4014/
jmb.2306.06001

222.	Maldonado Galdeano C, Cazorla SI, Lemme Dumit JM, Vélez 
E, Perdigón G. Beneficial effects of probiotic consumption on 
the immune system. Ann Nutr Metab. 2019; 74:115-24. doi: 
10.1159/000496426

223.	Liang H, Zhang Y, Miao Z, Cheng R, Jiang F, Ze X, Shen 
X, Fang He F. Anti-allergic effects of two potential probiotic 
strains isolated from infant feces in China. J Funct Foods. 
2022; 92:105070. doi: 10.1016/j.jff.2022.105070

224.	Hiippala K, Jouhten H, Ronkainen A, Hartikainen A, 
Kainulainen V, Jalanka J, Satokari R. The potential of gut 
commensals in reinforcing intestinal barrier function and 
alleviating inflammation. Nutrients. 2018; 10:988. doi: 
10.3390/nu10080988

225.	Fioramonti J, Theodorou V, Bueno L. Probiotics: what are 
they? What are their effects on gut physiology? Best Pract 
Res Clin Gastroenterol. 2003; 17:711-24. doi: 10.1016/s1521-

6918(03)00075-1.
226.	Aghamohammad S, Sepehr A, Miri ST, Najafi S, Pourshafie 

MR, Rohani M. The role of combining probiotics in 
preventing and controlling inflammation: a focus on the anti-
inflammatory and immunomodulatory effects of probiotics in 
an In vitro model of IBD. Can J Gastroenterol Hepatol. 2022; 
2022:2045572. doi: 10.1155/2022/2045572

227.	Kaji R, Kiyoshima-Shibata J, Tsujibe S, Nanno M, Shida K. 
Short communication: probiotic induction of interleukin-10 
and interleukin-12 production by macrophages is modulated 
by co-stimulation with microbial components. J Dairy Sci. 
2018; 101:2838-41. doi: 10.3168/jds.2017-13868

228.	Mei L, Chen Y, Wang J, Lu J, Zhao J, Zhang H, Wang G, Chen 
W. Lactobacillus fermentum Stimulates Intestinal Secretion of 
Immunoglobulin A in an Individual-Specific Manner. Foods. 
2022;11(9):1229. doi: 10.3390/foods11091229.

229.	Isolauri E, Salminen S. Probiotics: use in allergic disorders: 
a Nutrition, Allergy, Mucosal Immunology, and Intestinal 
Microbiota (NAMI) Research Group Report. J Clin 
Gastroenterol. 2008, 42 (Suppl 2): S91-6. doi: 10.1097/
MCG.0b013e3181639a98

230.	Pessi T, Sütas Y, Marttinen A, Isolauri E. Probiotics reinforce 
mucosal degradation of antigens in rats: implications for 
therapeutic use of probiotics. J Nutr. 1998; 128:2313-18. doi: 
10.1093/jn/128.12.2313

231.	van Zyl WF, Deane SM, Dicks LM. Molecular insights into 
probiotic mechanisms of action employed against intestinal 
pathogenic bacteria. Gut Microbes. 2020; 12:1831339. doi: 
10.1080/19490976.2020.1831339

232.	Aleman RS, Yadav A. Systematic Review of Probiotics and 
Their Potential for Developing Functional Nondairy Foods. 
Appl Microbiol. 2024; 4(1):47-69. https://doi.org/10.3390/
applmicrobiol4010004.

233.	Margalho LP, Jorge GP, Noleto DAP, Silva CE, Abreu JS, 
Piran MVF, Brocchi M, Sant’Ana AS. Biopreservation and 
probiotic potential of a large set of lactic acid bacteria isolated 
from Brazilian artisanal cheeses: From screening to in-product 
approach. Microbiol Res. 2021; 242:126622. doi: 10.1016/j.
micres.2020.126622. 

234.	Dixit A, Kapoor R, Doneria D, Mathur S, Goel S, Singh R. 
Comparative evaluation of antimicrobial efficacy of various 
intracanal medicament in young permanent teeth: an in vivo 
study. J Indian Soc Pedod Prev Dent. 2024; 42:203-10. doi: 
10.4103/jisppd.jisppd_214_24

235.	Togawa N, Yamada R, Aoki Y, Suehiro S, Uchida N, Haseda A, 
Kagami-Katsuyama H, Honma N, Nishihira J. Improvement 
of skin condition and intestinal microbiota via Heyndrickxia 
coagulans SANK70258 intake: A placebo-controlled, 
randomized, double-blind, parallel-group comparative study. 
Nutrition. 2024;126:112533. doi: 10.1016/j.nut.2024.112533. 

236.	Dierikx TH, Malinowska AM, Lukasik J, Besseling-van der 
Vaart I, Belzer C, Szajewska H, de Meij TG. Probiotics and 
antibiotic-induced microbial aberrations in children: a secondary 
analysis of a randomized clinical trial. JAMA Netw Open. 2024; 
7: e2418129. doi: 10.1001/jamanetworkopen.2024.18129

237.	Aida M, Togawa N, Mizuyama K, Aoki Y, Suehiro S, 
Sakamoto A, Uchida N, Yamada R. Heyndrickxia coagulans 
strain SANK70258 suppresses symptoms of upper respiratory 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
https://doi.org/10.3390/app11178070


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

357Available at:     http://www.banglajol.info/index.php/BJMS

tract infection via immune modulation: a randomized, double-
blind, placebo-controlled, parallel-group, comparative 
study. Front Immunol. 2024;15:1389920. doi: 10.3389/
fimmu.2024.1389920. 

238.	Savytska M, Kyriienko D, Zaychenko G, Ostapchenko D, 
Falalyeyeva T, Kobyliak N. Probiotic co- supplementation 
with absorbent smectite for pancreatic beta-cell function in 
type 2 diabetes: a secondary- data analysis of randomized 
double-blind controlled trials. Front Endocrinol (Lausanne). 
2024; 15:1276642. doi: 10.3389/fendo.2024.1276642

239.	Boyapati R, Peeta J, Dhulipalla R, Kolaparthy L, Adurty 
C, Cheruvu RN. Comparative evaluation of the efficacy of 
probiotic, Aloe vera, povidone-iodine, and chlorhexidine 
mouthwashes in the treatment of gingival inflammation: a 
randomized controlled trial. Dent Med Probl. 2024; 61:181-90. 
doi: 10.17219/dmp/156425

240.	Babina K, Salikhova D, Doroshina V, Makeeva I, Zaytsev A, 
Uvarichev M, Polyakova M, Novozhilova N. Antigingivitis 
and Antiplaque Effects of Oral Probiotic Containing the 
Streptococcus salivarius M18 Strain: A Randomized Clinical 
Trial. Nutrients. 2023;15(18):3882. doi: 10.3390/nu15183882.

241.	Abullais SS, Patel SI, Asiri EA, Jathmi AAA, Alkhayri 
AH, Mousa YM, Ganem AA, Mattoo KA. Comparative 
Evaluation of 3 Commercial Mouthwash Formulations on 
Clinical Parameters of Chronic Gingivitis. Med Sci Monit. 
2022;28:e937111. doi: 10.12659/MSM.937111. 

242.	Akram Z, Shafqat SS, Aati S, Kujan O, Fawzy A. Clinical 
efficacy of probiotics in the treatment of gingivitis: a systematic 
review and meta-analysis. Aust Dent J. 2020; 65:12-20. doi: 
10.1111/adj.12733

243.	Modiri S, Heidari M, Shahmohammadi R, Jabbareh L, 
Maboudi A, Moosazadeh M, Vali H, Noghabi KA. A tangible 
prospect for the treatment of gingivitis using a potentially 
probiotic strain Lactobacillus plantarum MK06 isolated from 
traditional dairy products: a triple-blind randomized clinical 
trial. BMC Oral Health. 2023;23(1):870. doi: 10.1186/s12903-
023-03494-x.

244.	Schlagenhauf U, Jockel-Schneider Y. Probiotics in the 
management of gingivitis and periodontitis. A review. Front 
Dent Med. 2021; 2:708666. doi: 10.3389/fdmed.2021.708666

245.	Li X, Zhao Z, Guo S, Yang C, Gao Y, Li L, Ning K, Zhang 
Q, Zhou N, Zhang H, Li Y. Effects of toothpaste containing 
inactivated Lacticaseibacillus paracasei Probio-01 on plaque-
induced gingivitis and dental plaque microbiota. Microb Pathog. 
2024;192:106701. doi: 10.1016/j.micpath.2024.106701. 

246.	Chugh P, Dutt R, Sharma A, Bhagat N, Dhar MS. A critical 
appraisal of the effects of probiotics on oral health. J 
Funct Foods. 2020, 70:103985. https://doi.org/10.1016/j.
jff.2020.103985. 

247.	Yousuf A, Sidiq M, Ganta S, Nagaraj A, Vishnani P, Jan I. 
Effect of freeze-dried powdered probiotics on gingival status 
and plaque inhibition: a randomized, double-blind, parallel 
study. Contemp Clin Dent. 2017; 8:116-21. doi: 10.4103/ccd.
ccd_836_16

248.	Castro S, Sedany Garay S, Espinoza-Carhuancho F, Medina 
J, Mendoza R, Mauricio F, Mayta-Tovalino F. Exploring 
the potential of probiotics in dentistry: A literature review. 
ODOVTOS-Int J Dent Sc. 2024, 26: 28-40. https://www.scielo.

sa.cr/pdf/odovtos/v26n2/2215-3411-odovtos-26-02-28.pdf 
249.	Schwendicke F, Korte F, Dörfer CE, Kneist S, Fawzy El-Sayed 

K, Paris S. Inhibition of Streptococcus mutans growth and 
biofilm formation by probiotics in vitro. Caries Res. 2017; 
51:87-95. doi: 10.1159/000452960

250.	Sengupta P, Desai PD, Maity I, Mazumdar P, Biswas S, 
Choudhury SR, Majumdar TK. Comparative evaluation of 
different probiotic products on salivary Streptococcus mutans 
and Lactobacillus level in caries risk population. J Conserv 
Dent. 2020; 23:619-23. doi: 10.4103/JCD.JCD_467_20

251.	Puzhankara L, Banerjee A, Chopra A, Venkitachalam R, 
Kedlaya MN. Effectiveness of probiotics compared to 
antibiotics to treat periodontal disease: systematic review. Oral 
Dis. 2024; 30:2820-37. doi: 10.1111/odi.14781

252.	Penala S, Kalakonda B, Pathakota KR, Jayakumar A, Koppolu 
P, Lakshmi BV, Pandey R, Mishra A. Efficacy of local use of 
probiotics as an adjunct to scaling and root planing in chronic 
periodontitis and halitosis: A Randomized Controlled Trial. 
J Res Pharm Pract. 2016; 5(2):86-93. doi: 10.4103/2279-
042X.179568. 

253.	Bobetsis YA, Graziani F, Gürsoy M, Madianos PN. Periodontal 
disease and adverse pregnancy outcomes. Periodontol 2000. 
2020; 83:154-74. doi: 10.1111/prd.12294

254.	Daalderop LA, Wieland BV, Tomsin K, Reyes L, Kramer BW, 
Vanterpool SF, Been JV. Periodontal disease and pregnancy 
outcomes: overview of systematic reviews. JDR Clin Trans 
Res. 2018; 3:10-27. doi: 10.1177/2380084417731097

255.	Srivastava MC, Srivastava R, Verma PK, Gautam A. Metabolic 
syndrome and periodontal disease: an overview for physicians. 
J Family Med Prim Care. 2019; 8:3492-5. doi: 10.4103/jfmpc.
jfmpc_866_19

256.	Mahdi SS, Sibilio F, Amenta F. Dental hygiene habits and oral 
health status of seafarers. Int Marit Health. 2016;67(1):9-13. 
doi: 10.5603/IMH.2016.0003.

257.	Sobotta BA, Reiber T, Nitschke I. Oral health of seafarers 
- a review . Int Marit Health. 2011; 62:8-16. https://www.
zora.uzh.ch/id/eprint/59513/1/Nitschke_ISobotta_Int_Marit_
Health_2011.pdf 

258.	Nguyen TP, Gautam S, Mahato S, Jensen OC, Haghighian-
Roudsari A, Baygi F. Overview of oral health status and 
associated risk factors in maritime settings: an updated 
systematic review. PLoS One. 2023; 18:e0293118. doi: 
10.1371/journal.pone.0293118

259.	Schlagenhauf U, Rehder J, Gelbrich G, Jockel-Schneider Y. 
Consumption of Lactobacillus reuteri-containing lozenges 
improves periodontal health in navy sailors at sea: a randomized 
controlled trial. J Periodontol. 2020; 91:1328-38. doi: 10.1002/
JPER.19-0393

260.	 Butera A, Pascadopoli M, Nardi MG, Ogliari C, Chiesa A, 
Preda C, Perego G, Scribante A. Clinical Use of Paraprobiotics 
for Pregnant Women with Periodontitis: Randomized 
Clinical Trial. Dent J (Basel). 2024;12(4):116. doi: 10.3390/
dj12040116.

261.	Butera A, Pascadopoli M, Nardi MG, Ogliari C, Chiesa A, 
Preda C, Perego G, Scribante A. Clinical Use of Paraprobiotics 
for Pregnant Women with Periodontitis: Randomized Clinical 
Trial. Dent J (Basel). 2024;12(4):116. doi: 10.3390/dj12040116

262.	Jia L, Tu Y, Jia X, Du Q, Zheng X, Yuan Q, Zheng L, Zhou X, 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
https://doi.org/10.1016/j.jff.2020.103985
https://doi.org/10.1016/j.jff.2020.103985
https://www.scielo.sa.cr/pdf/odovtos/v26n2/2215-3411-odovtos-26-02-28.pdf
https://www.scielo.sa.cr/pdf/odovtos/v26n2/2215-3411-odovtos-26-02-28.pdf
https://www.zora.uzh.ch/id/eprint/59513/1/Nitschke_ISobotta_Int_Marit_Health_2011.pdf
https://www.zora.uzh.ch/id/eprint/59513/1/Nitschke_ISobotta_Int_Marit_Health_2011.pdf
https://www.zora.uzh.ch/id/eprint/59513/1/Nitschke_ISobotta_Int_Marit_Health_2011.pdf


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

358

Xu X. Probiotics ameliorate alveolar bone loss by regulating 
gut microbiota. Cell Prolif. 2021; 54(7):e13075. doi: 10.1111/
cpr.13075.

263.	Chandrasekaran P, Weiskirchen S, Weiskirchen R: Effects of 
probiotics on gut microbiota: an overview. Int J Mol Sci. 2024; 
25:6022. doi: 10.3390/ijms25116022

264.	Choi WJ, Cho SK, Dong HJ, Kim TH, Soon J, Lee HJ, Yoon 
KH, Kwak S, Yun J. Preventive effect of Lacticaseibacillus 
paracasei LMT18-32 on Porphyromonas gingivalis induced 
periodontitis. Food Sci Biotechnol. 2023;33(9):2161-2167. 
doi: 10.1007/s10068-023-01451-6. 

265.	Huang Y, Ge R, Qian J, Lu J, Qiao D, Chen R, Jiang H, Cui D, 
Zhang T, Wang N, He S, Wang M, Yan F. Lacticaseibacillus 
rhamnosus GG Improves Periodontal Bone Repair via Gut-
Blood Axis in Hyperlipidemia. J Dent Res. 2024;103(3):253-
262. doi: 10.1177/00220345231217402.

266.	Puvanasundram P, Chong CM, Sabri S, Yusoff MS, Karim 
M: Multi-strain probiotics: functions, effectiveness and 
formulations for aquaculture applications. Aquac Rep. 2021, 
21:100905. https://doi.org/10.1016/j.aqrep.2021.100905 

267.	Jeong YJ, Jung JI, Kim Y, Kang CH, Imm JY. Effects of 
lactobacillus reuteri mg5346 on receptor activator of nuclear 
factor-kappa b ligand (RANKL)-induced osteoclastogenesis 
and ligature-induced experimental periodontitis rats. Food Sci 
Anim Resour. 2023; 43:157-69. doi: 10.5851/kosfa.2022.e68

268.	Jung JI, Baek SM, Nguyen TH, Kim JW, Kang CH, Kim S, 
Imm JY. Effects of probiotic culture supernatant on cariogenic 
biofilm formation and rankl-induced osteoclastogenesis in 
RAW 264.7 macrophages. Molecules. 2021; 26:733. doi: 
10.3390/molecules26030733

269.	Komori T. Functions of osteocalcin in bone, pancreas, testis, 
and muscle. Int J Mol Sci. 2020; 21:7513. doi: 10.3390/
ijms21207513

270.	Camassa JA, Diogo CC, Bordelo JPA, Bonelli MA, Viegas 
CA, Azevedo JT, Dourado N, Dias IR. Tartrate-resistant acid 
phosphate as a biomarker of bone turnover over the lifespan 
and different physiologic stages in sheep. BMC Vet Res. 
2017;13(1):239. doi: 10.1186/s12917-017-1170-9. 

271.	Lv Y, Wang G, Xu W, Tao P, Lv X, Wang Y. Tartrate-resistant 
acid phosphatase 5b is a marker of osteoclast number and 
volume in RAW 264.7 cells treated with receptor-activated 
nuclear κB ligand. Exp Ther Med. 2015; 9:143-6. doi: 10.3892/
etm.2014.2071

272.	Vohora D, Parveen B: Tartrate-resistant acid phosphatase 
as a biomarker of bone remodeling. In: Patel V, Preedy V 
(Eds): Biomarkers in Disease: Methods, Discoveries, and 
Applications. Springer, Dordrecht; pp. 1-20. 2017. Available 
at https://doi.org/10.1007/978-94-007-7745-3_42-1 [Accessed 
December 12, 2024]

273.	Perez-Amodio S, Vogels IM, Schoenmaker T, Jansen DC, 
Alatalo SL, Halleen JM, Beertsen W, Everts V. Endogenous 
expression and endocytosis of tartrate-resistant acid phosphatase 
(TRACP) by osteoblast-like cells. Bone. 2005;36(6):1065-77. 
doi: 10.1016/j.bone.2005.03.005.

274.	Honig A, Rieger L, Kapp M, Krockenberger M, Eck M, Dietl 
J, Kämmerer U. Increased tartrate-resistant acid phosphatase 
(TRAP) expression in malignant breast, ovarian and melanoma 
tissue: an investigational study. BMC Cancer. 2006; 6:199. 

doi: 10.1186/1471-2407-6-199.
275.	Wildan MN, Syaify A, Herawati D. Osteocalcin levels in 

gingival crevicular fluid periodontitis patients with and without 
type 2 diabetes mellitus. Odonto Dent J. 2023; 10:214-21. doi: 
10.30659/odj.10.2.214-221

276.	Joseph B, Javali MA, Khader MA, AlQahtani SM, Amanullah 
M. Salivary osteocalcin as potential diagnostic marker of 
periodontal bone destruction among smokers. Biomolecules. 
2020; 10:380. doi: 10.3390/biom10030380

277.	Bullon P, Chandler L, Segura Egea JJ, Perez Cano R, Martinez 
Sahuquillo A. Osteocalcin in serum, saliva, and gingival 
crevicular fluid: their relation with periodontal treatment 
outcome in postmenopausal women. Med Oral Patol Oral 
Cir Bucal. 2007; 12:193-7. https://www.medicinaoral.com/
pubmed/medoralv12_i3_pE193.pdf 

278.	Huang N, Li J, Qiao X, Wu Y, Liu Y, Wu C, Li L. Efficacy 
of probiotics in the management of halitosis: a systematic 
review and meta-analysis. BMJ Open. 2022; 12:e060753. doi: 
10.1136/bmjopen-2022-060753

279.	Offenbächer V, Lo Giudice R, Nart J, Real-Voltas F, Arregui 
M, Greethurst AR, Galletti C. The influence of probiotics in 
halitosis and cariogenic bacteria: a systematic review and meta-
analysis. Appl Sci. 2024; 14(15): 6639. https://doi.org/10.3390/
app14156639 

280.	Jamali Z, Aminabadi NA, Samiei M, Sighari Deljavan A, 
Shokravi M, Shirazi S: Impact of chlorhexidine pretreatment 
followed by probiotic Streptococcus salivarius strain K12 on 
halitosis in children: A Randomized Controlled Clinical Trial. 
Oral Health Prev Dent. 2016; 14:305-13. doi: 10.3290/j.ohpd.
a36521

281.	Karbalaei M, Keikha M, Kobyliak NM, Khatib Zadeh Z, 
Yousefi B, Eslami M. Alleviation of halitosis by use of 
probiotics and their protective mechanisms in the oral cavity. 
New Microbes New Infect. 2021; 42:100887. doi: 10.1016/j.
nmni.2021.100887

282.	Han HS, Yum H, Cho YD, Kim S. Improvement of halitosis 
by probiotic bacterium Weissella cibaria CMU: a randomized 
controlled trial. Front Microbiol. 2023; 14:1108762. doi: 
10.3389/fmicb.2023.1108762

283.	Gungor OE, Kirzioglu Z, Kivanc M. Probiotics: can they be 
used to improve oral health? Benef Microbes. 2015; 6:647-56. 
doi: 10.3920/BM2014.0167

284.	López-Valverde N, López-Valverde A, Macedo de Sousa B, 
Rodríguez C, Suárez A, Aragoneses JM. Role of probiotics in 
halitosis of oral origin: a systematic review and meta-analysis 
of randomized clinical studies. Front Nutr. 2021; 8:787908. 
doi: 10.3389/fnut.2021.787908

285.	Cosseau C, Devine DA, Dullaghan E, Gardy JL, Chikatamarla 
A, Gellatly S, Yu LL, Pistolic J, Falsafi R, Tagg J, Hancock RE. 
The commensal Streptococcus salivarius K12 downregulates 
the innate immune responses of human epithelial cells 
and promotes host-microbe homeostasis. Infect Immun. 
2008;76(9):4163-75. doi: 10.1128/IAI.00188-08. 

286.	Devine DA, Marsh PD. Prospects for the development 
of probiotics and prebiotics for oral applications. J Oral 
Microbiol. 2009; 1: 1-11.doi:10.3402/jom.v1i0.1949

287.	Anjana, Tiwari SK. Bacteriocin-producing probiotic lactic 
acid bacteria in controlling gut microbiota dysbiosis. Front 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
https://doi.org/10.1016/j.aqrep.2021.100905
https://doi.org/10.1007/978-94-007-7745-3_42-1
https://www.medicinaoral.com/pubmed/medoralv12_i3_pE193.pdf
https://www.medicinaoral.com/pubmed/medoralv12_i3_pE193.pdf
https://doi.org/10.3390/app14156639
https://doi.org/10.3390/app14156639


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

359Available at:     http://www.banglajol.info/index.php/BJMS

Cell Infect Microbiol. 2022; 12:851140. doi: 10.3389/
fcimb.2022.851140

288.	Dobson A, Cotter PD, Ross RP, Hill C. Bacteriocin production: 
a probiotic trait? Appl Environ Microbiol. 2012; 78:1-6. doi: 
10.1128/AEM.05576-11

289.	Raj G, Raj M. Oral Lichen Planus. [Updated 2023 Feb 6]. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2024 Jan-. Available at https://www.ncbi.nlm.nih.
gov/books/NBK578201/ [Accessed December 12, 2024.

290.	Yan F, Polk DB. Probiotics and immune health. Curr 
Opin Gastroenterol. 2011; 27:496-501. doi: 10.1097/
MOG.0b013e32834baa4d

291.	Guo N, Lv LL. Mechanistic insights into the role of probiotics 
in modulating immune cells in ulcerative colitis. Immun 
Inflamm Dis. 2023; 11:e1045. doi: 10.1002/iid3.1045

292.	Zanetta P, Ormelli M, Amoruso A, Pane M, Azzimonti 
B, Squarzanti DF. Probiotics as potential biological 
immunomodulators in the management of oral lichen planus: 
what’s new? Int J Mol Sci. 2022; 23:3489. doi:10.3390/
ijms23073489

293.	Srivastava P, Sondak T, Sivashanmugam K, Kim KS. A review of 
immunomodulatory reprogramming by probiotics in combating 
chronic and acute diabetic foot ulcers (DFUs). Pharmaceutics. 
2022; 14:2436. doi: 10.3390/pharmaceutics14112436

294.	Elmetwalli A, Abdel-Monem MO, El-Far AH, Ghaith GS, 
Albalawi NAN, Hassan J, Ismail NF, El-Sewedy T, Alnamshan 
MM, ALaqeel NK, Al-Dhuayan IS, Hassan MG. Probiotic-
derived silver nanoparticles target mTOR/MMP-9/BCL-2/
dependent AMPK activation for hepatic cancer treatment. Med 
Oncol. 2024;41(5):106. doi: 10.1007/s12032-024-02330-8. 

295.	Gu S, Yang D, Liu C, Xue W. The role of probiotics in prevention 
and treatment of food allergy. Food Sci Hum Wellness. 2023; 
12:681-90. https://doi.org/10.1016/j.fshw.2022.09.001 

296.	Bistas KG, Tabet JP. The benefits of prebiotics and probiotics 
on mental health. Cureus. 2023; 15:e43217. doi: 10.7759/
cureus.43217

297.	Roopashree MR, Gondhalekar RV, Shashikanth MC, George 
J, Thippeswamy SH, Shukla A. Pathogenesis of oral lichen 
planus - a review. J Oral Pathol Med. 2010; 39:729-34. 
10.1111/j.1600-0714.2010.00946.x

298.	Han X, Zhang J, Tan Y, Zhou G. Probiotics: a non-conventional 
therapy for oral lichen planus. Arch Oral Biol. 2017; 81:90-6. 
doi: 10.1016/j.archoralbio.2017.04.026

299.	Albandar JM. Aggressive periodontitis: case definition and 
diagnostic criteria. Periodontol 2000. 2014; 65:13-26. doi: 
10.1111/prd.12014

300.	Tonetti MS, Greenwell H, Kornman KS. Staging and grading of 
periodontitis: framework and proposal of a new classification 
and case definition. J Clin Periodontol. 2018; 45 (Suppl 20): 
S149-61.  doi: 10.1111/jcpe.12945

301.	Alzahrani AAH, Alzahrani MSA, Aldannish BH, Alghamdi 
HS, Albanghali MA, Almalki SSR. Inappropriate dental 
antibiotic prescriptions: potential driver of the antimicrobial 
resistance in Albaha region, Saudi Arabia. Risk Manag Healthc 
Policy. 2020; 13:175-82. doi: 10.2147/RMHP.S247184

302.	Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial resistance: a 
global, multifaceted phenomenon. Pathog Glob Health. 2015; 
109:309-18. doi: 10.1179/2047773215Y.0000000030

303.	Dahiya D, Nigam PS. Antibiotic-therapy-induced gut dysbiosis 
affecting gut microbiota-brain axis and cognition: restoration 
by intake of probiotics and synbiotics. Int J Mol Sci. 2023; 
24:3074. doi: 10.3390/ijms24043074

304.	Yuan X, Zhou F, Wang H, Xu X, Xu S, Zhang C, Zhang Y, 
Lu M, Zhang Y, Zhou M, Li H, Zhang X, Zhang T, Song J. 
Systemic antibiotics increase microbiota pathogenicity and 
oral bone loss. Int J Oral Sci. 2023;15(1):4. doi: 10.1038/
s41368-022-00212-1.

305.	Xu X, Xiao J, Niu Y. Editorial: the pivotal role of oral 
microbiota dysbiosis and microbiota-host interactions in 
diseases. Front Cell Infect Microbiol. 2022; 12:947638. 
10.3389/fcimb.2022.947638

306.	Curtis MA, Diaz PI, Van Dyke TE. The role of the microbiota 
in periodontal disease. Periodontol 2000. 2020; 83:14-25. doi: 
10.1111/prd.12296

307.	Pacheco-Yanes J, Reynolds E, Li J, Mariño E. Microbiome-
targeted interventions for the control of oral-gut dysbiosis 
and chronic systemic inflammation. Trends Mol Med. 2023; 
29:912-25. doi: 10.1016/j.molmed.2023.08.006

308.	Hemarajata P, Versalovic J: Effects of probiotics on gut 
microbiota: mechanisms of intestinal immunomodulation and 
neuromodulation. Therap Adv Gastroenterol. 2013; 6:39-51. 
doi: 10.1177/1756283X12459294

309.	Di Stefano M, Santonocito S, Polizzi A, Mauceri R, Troiano G, 
Lo Giudice A, Romano A, Mascitti M, Isola G. A Reciprocal 
Link between Oral, Gut Microbiota during Periodontitis: The 
Potential Role of Probiotics in Reducing Dysbiosis-Induced 
Inflammation. Int J Mol Sci. 2023;24(2):1084. doi: 10.3390/
ijms24021084.

310.	Ferrillo M, Giudice A, Migliario M, Renó F, Lippi L, Calafiore 
D, Marotta N, de Sire R, Fortunato L, Ammendolia A, Invernizzi 
M, de Sire A. Oral-Gut Microbiota, Periodontal Diseases, and 
Arthritis: Literature Overview on the Role of Probiotics. Int J 
Mol Sci. 2023; 24(5):4626. doi: 10.3390/ijms24054626.

311.	Renvert S, Persson GR, Pirih FQ, Camargo PM. Peri-implant 
health, peri-implant mucositis, and peri-implantitis: case 
definitions and diagnostic considerations. J Periodontol. 2018; 
89 (Suppl 1): S304-12. doi: 10.1002/JPER.17-0588

312.	Scarano A, Khater AGA, Gehrke SA, Serra P, Francesco I, 
Di Carmine M, Tari SR, Leo L, Lorusso F. Current Status of 
Peri-Implant Diseases: A Clinical Review for Evidence-Based 
Decision Making. J Funct Biomater. 2023;14(4):210. doi: 
10.3390/jfb14040210.

313.	Zitzmann NU, Berglundh T. Definition and prevalence of peri-
implant diseases. J Clin Periodontol. 2008; 35:286-91. doi: 
10.1111/j.1600-051X.2008.01274.x

314.	Lombardo G, D’Agostino A, Nocini PF, Signoriello A, Zangani 
A, Pardo A, Lonardi F, Trevisiol L. Clinical outcomes and 
periodontal conditions of dental implants placed in free fibula 
flaps (FFF): A Retrospective Study With A Mean Follow-Up 
Of 6 Years. Clin Oral Investig. 2023;27(12):7737-7751. doi: 
10.1007/s00784-023-05364-w

315.	Berglundh T, Armitage G, Araujo MG, Avila-Ortiz G, Blanco 
J, Camargo PM, Chen S, Cochran D, Derks J, Figuero E, 
Hämmerle CHF, Heitz-Mayfield LJA, Huynh-Ba G, Iacono 
V, Koo KT, Lambert F, McCauley L, Quirynen M, Renvert 
S, Salvi GE, Schwarz F, Tarnow D, Tomasi C, Wang HL, 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
https://www.ncbi.nlm.nih.gov/books/NBK578201/
https://www.ncbi.nlm.nih.gov/books/NBK578201/
https://doi.org/10.1016/j.fshw.2022.09.001


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

360

Zitzmann N. Peri-implant diseases and conditions: Consensus 
report of workgroup 4 of the 2017 World Workshop on the 
Classification of Periodontal and Peri-Implant Diseases and 
Conditions. J Periodontol. 2018;89 (Suppl 1): S313-S318. doi: 
10.1002/JPER.

316.	Parvaneh K, Jamaluddin R, Karimi G, Erfani R. Effect of 
Probiotics Supplementation on Bone Mineral Content and 
Bone Mass Density. Sci World J. 2014, 2014:595962. doi: 
10.1155/2014/595962

317.	Laleman I, Pauwels M, Quirynen M, Teughels W. A Dual-
Strain Lactobacilli Reuteri Probiotic Improves the Treatment 
of Residual Pockets: A Randomized Controlled Clinical Trial. 
J Clin Periodontol. 2020; 47:43-53. doi: 10.1111/jcpe.13198

318.	Vives-Soler A, Chimenos-Küstner E. Effect of Probiotics as a 
Complement to Non-Surgical Periodontal Therapy in Chronic 
Periodontitis: A Systematic Review. Med Oral Patol Oral Cir 
Bucal. 2020; 25:e161-7. doi: 10.4317/medoral.23147

319.	Ikram S, Hassan N, Baig S, Borges KJ, Raffat MA, Akram Z. 
Effect of local probiotic (Lactobacillus reuteri) vs systemic 
antibiotic therapy as an adjunct to non-surgical periodontal 
treatment in chronic periodontitis. J Investig Clin Dent. 2019; 
10:e12393. doi: 10.1111/jicd.12393

320.	Vohra F, Bukhari IA, Sheikh SA, Albaijan R, Naseem M, 
Hussain M. Effectiveness of scaling and root planing with 
and without adjunct probiotic therapy in the treatment of 
chronic periodontitis among shamma users and non-users: a 
randomized controlled trial. J Periodontol. 2020; 91:1177-85. 
doi: 10.1002/JPER.19-0464

321.	Pudgar P, Povšič K, Čuk K, Seme K, Petelin M, Gašperšič R. 
Probiotic strains of Lactobacillus brevis and Lactobacillus 
plantarum as adjunct to non-surgical periodontal therapy: 
3-month results of a randomized controlled clinical trial. Clin 
Oral Investig. 2021; 25:1411-22. doi: 10.1007/s00784-020-
03449-4

322.	Amato M, Di Spirito F, D’Ambrosio F, Boccia G, Moccia G, 
De Caro F. Probiotics in periodontal and peri-implant health 
management: biofilm control, dysbiosis reversal, and host 
modulation. Microorganisms. 2022; 10:2289. doi: 10.3390/
microorganisms10112289

323.	Peña M, Barallat L, Vilarrasa J, Vicario M, Violant D, Nart J. 
Evaluation of the effect of probiotics in the treatment of peri-
implant mucositis: a triple-blind randomized clinical trial. Clin 
Oral Investig. 2019, 23:1673-83. doi: 10.1007/s00784-018-
2578-8

324.	Villafuerte KRV, Martinez CdJH, Santos KO. Effect of 
Adjunctive Use of Probiotics in the Treatment of Peri-
Implant Mucositis: A Systematic Review And Meta-Analysis. 
Appl Sci. 2023; 13 (19): 10940-10. https://doi.org/10.3390/
app131910940. 

325.	Schepper JD, Irwin R, Kang J, Dagenais K, Lemon T, 
Shinouskis A, Parameswaran N, McCabe LR. Probiotics in 
Gut-Bone Signaling. Adv Exp Med Biol. 2017;1033:225-247. 
doi: 10.1007/978-3-319-66653-2_11.

326.	McCabe LR, Parameswaran N. Advances in probiotic 
regulation of bone and mineral metabolism. Calcif Tissue Int. 
2018; 102:480-8. doi: 10.1007/s00223-018-0403-7

327.	Schepper JD, Irwin R, Kang J, Dagenais K, Lemon T, 
Shinouskis A, Parameswaran N, McCabe LR. Probiotics in 

Gut-Bone Signaling. Adv Exp Med Biol. 2017;1033:225-247. 
doi: 10.1007/978-3-319-66653-2_1.

328.	Locatelli V, Bianchi VE: Effect of GH/IGF-1 on bone 
metabolism and osteoporosis. Int J Endocrinol. 2014, 
2014:235060. doi: 10.1155/2014/235060

329.	Sojan JM, Raman R, Muller M, Carnevali O, Renn J. 
Probiotics enhance bone growth and rescue BMP inhibition: 
new transgenic Zebrafish lines to study bone health. Int J Mol 
Sci. 2022, 23:4748. doi: 10.3390/ijms23094748.

330.	Wang Y, Agenor A, Clement A, Hopfgartner A, Whyne C, Nam 
D. Probiotics: can it modulate fracture healing? PLoS One. 
2023, 18:e0290738. doi: 10.1371/journal.pone.0290738. 

331.	Karačić A, Novak J, Ivkovićn A. Probiotics in bone fracture 
treatment? A narrative literature review. Microbe Host. 2023; 
1:e230003. https://doi.org/10.1530/MAH-23-0003. 

332.	Collins FL, Rios-Arce ND, Schepper JD, Parameswaran N, 
McCabe LR. The Potential of Probiotics as a Therapy for 
Osteoporosis. Microbiol Spectr. 2017; 5:4. doi: 10.1128/
microbiolspec.BAD-0015-2016

333.	Lee CY, Chuang YS, Lee CH, Wu MT. Linking metabolic 
syndrome with low bone mass through insights from BMI 
and health behaviors. Sci Rep. 2023; 13:14393. doi: 10.1038/
s41598-023-41513-7

334.	Bose S, Sharan K. Effect of Probiotics on Postmenopausal 
Bone Health: A Preclinical Meta-Analysis. Br J Nutr. 2024; 
131:567-80. doi: 10.1017/S0007114523002362

335.	Tuck SP, Datta HK. Osteoporosis in the Aging Male: Treatment 
Options. Clin Interv Aging. 2007; 2:521-36. doi: 10.2147/cia.
s820

336.	World Health Organization. Aging and health. Key Facts. 
2024. Available at https://www.who.int/news-room/fact-
sheets/detail/ageing-and-health  [Accessed October 30, 2024]

337.	Chen Z, Cai Z, Zhuang P, Li F, Cui W, Li Z. Living Probiotic 
Biomaterials for Osteoporosis Therapy. Biomed Technol. 2023; 
1:52-64. https://doi.org/10.1016/j.bmt.2022.11.007. 

338.	Jones ML, Martoni CJ, Prakash S. Oral supplementation with 
probiotic L. reuteri NCIMB 30242 increases mean circulating 
25-hydroxyvitamin D: a post hoc analysis of a randomized 
controlled trial. J Clin Endocrinol Metab. 2013, 98:2944-51. 
doi: 10.1210/jc.2012-4262

339.	Nilsson AG, Sundh D, Bäckhed F, Lorentzon M. Lactobacillus 
Reuteri Reduces Bone Loss in Older Women with Low Bone 
Mineral Density: A Randomized, Placebo-Controlled, Double-
Blind, Clinical Trial. J Intern Med. 2018; 284:307-17. doi: 
10.1111/joim.12805

340.	Lambert MN, Thybo CB, Lykkeboe S, Rasmussen LM, Frette 
X, Christensen LP, Jeppesen PB. Combined Bioavailable 
Isoflavones and Probiotics Improve Bone Status and Estrogen 
Metabolism in Postmenopausal Osteopenic Women: A 
Randomized Controlled Trial. Am J Clin Nutr. 2017; 106:909-
20. doi: 10.3945/ajcn.117.153353

341.	Jafarnejad S, Djafarian K, Fazeli MR, Yekaninejad MS, 
Rostamian A, Keshavarz SA. Effects of a Multispecies 
Probiotic Supplement on Bone Health in Osteopenic 
Postmenopausal Women: A Randomized, Double-Blind, 
Controlled Trial. J Am Coll Nutr. 2017; 36:497-506. doi: 
10.1080/07315724.2017.1318724

342.	Jansson PA, Curiac D, Lazou Ahrén I, Hansson F, Martinsson 

https://www.ibnsinatrust.com/Medical_College_Hospital.php
https://doi.org/10.3390/app131910940
https://doi.org/10.3390/app131910940
https://doi.org/10.1530/MAH-23-0003
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://doi.org/10.1016/j.bmt.2022.11.007


Bangladesh Journal of Medical Science Volume 24 No. 02 April 2025 ©The Ibn Sina Trust

361Available at:     http://www.banglajol.info/index.php/BJMS

Niskanen T, Sjögren K, Ohlsson C. Probiotic Treatment 
Using a Mix of Three Lactobacillus Strains For Lumbar 
Spine Bone Loss In Postmenopausal Women: A Randomized, 
Double-Blind, Placebo-Controlled, Multicentre Trial. Lancet 
Rheumatol. 2019;1:3. doi: 10.1016/S2665-9913(19)30068-2

343.	Snydman DR. The Safety of Probiotics. Clin Infect Dis. 
2008; 46 (Suppl 2): S104-11; discussion S144-51. doi: 
10.1086/523331

344.	Zawistowska-Rojek A, Tyski S. Are probiotic really safe for 
humans? Pol J Microbiol. 2018, 67:251-8. doi: 10.21307/pjm-
2018-044

345.	Lahtinen SJ, Boyle RJ, Margolles A, Frias R, Gueimonde 
M. Safety assessment of probiotics. In: Charalampopoulos 
D, Rastall RA (Eds): Prebiotics and Probiotics Science and 
Technology. Springer, New York, NY. Available at https://doi.
org/10.1007/978-0-387-79058-9_31 [Accessed December 12, 
2024]

346.	Rinninella E, Raoul P, Cintoni M, Franceschi F, Miggiano GA, 
Gasbarrini A, Mele MC. What is the healthy gut microbiota 
composition? A changing ecosystem across age, environment, 
diet, and diseases. Microorganisms. 2019; 7:14. doi: 10.3390/
microorganisms7010014

347.	Laterza L, Rizzatti G, Gaetani E, Chiusolo P, Gasbarrini A. 
The gut microbiota and immune system relationship in human 
graft-versus-host disease. Mediterr J Hematol Infect Dis. 2016; 
8:e2016025. doi: 10.4084/MJHID.2016.025

348.	Kerry RG, Patra JK, Gouda S, Park Y, Shin HS, Das G. 
Benefaction of probiotics for human health: a review. J Food 
Drug Anal. 2018; 26:927-39. doi: 10.1016/j.jfda.2018.01.002

349.	Gul S, Durante-Mangoni E. Unraveling the puzzle: Health 
benefits of probiotics-a comprehensive review. J Clin Med. 
2024; 13:1436. doi: 10.3390/jcm13051436

350.	Sukhera J. Narrative reviews: flexible, rigorous, and 
practical. J Grad Med Educ. 2022; 14:414-17. doi: 10.4300/
JGME-D-22-00480.1

351.	Basheer A. The Art and Science of Writing Narrative Reviews. 
Int J Adv Med Health Res. 2022; 9:124-6. doi: 10.4103/ijamr.
ijamr_234_22

352.	Sarkar S, Bhatia G. Writing and Appraising Narrative Reviews. 
J Clin Sci Res. 2021; 10:169-72. doi: 10.4103/jcsr.jcsr_1_21

353.	Byrne JA. Improving the Peer Review of Narrative Literature 
Reviews. Res Integr Peer Rev. 2016; 1:12. doi: 10.1186/
s41073-016-0019-2

https://www.ibnsinatrust.com/Medical_College_Hospital.php
http://www.banglajol.info/index.php/BJMS
https://doi.org/10.1007/978-0-387-79058-9_31
https://doi.org/10.1007/978-0-387-79058-9_31

