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Abstract 
____________________________________________________________________________________________________ 
 
Background and aims: Microorganisms are known to be involved in the 
formation of biofilms. These biofilms are often seen in the oral cavity, tooth 
surfaces, prosthesis surfaces, attached oral mucosa, dental implants, etc. These are 
capable of causing dental caries or gingivitis, and most of them are also known to 
possess a higher ability to cause dental caries than non-biofilm-producing bacteria. 
This study was conducted to detect the biofilm formation in bacterial isolates from 
the oral cavity of patients attaining dental clinics in the Faculty of Dentistry, Sana’a 

University. In addition, the study examined the association between DMFT, decay, 
missing teeth due to caries, and filled teeth in the permanent teeth and the degree of 
bacteria ability to produce biofilm. 
Materials and Methods: Biofilm production was performed on 294 oral bacteria 
isolates from 100 patients who visited dental clinics run by Sana'a University's 
Faculty of Dentistry and private dental clinics. Biofilm-forming oral bacteria were 
detected by the tissue culture plate (TCA) method. The impact of biofilm 
production was correlated with the DMFT index of the tested patients.  
Results: Out of 294 isolates, biofilm formation was seen in 285 isolates (96.9%) 

by the TCP method. 21.4% of the iosolates showed a weak ability to produce 
biofilms, 72.4% showed moderate positivity, and only 3.1% showed strong 
positivity for biofilm production. Most S. aureus strains showed moderate and 
strong biofilm production (93.8% and 4.2%, respectively); S. mutans had 86.6% of 
strains with moderate biofilm production and 1.2% with strong biofilm production, 
while other streptococci had less biofilm production capacity. The DMFT index for 
the Yemeni patients included in the study was 5.9±2.4; there was a higher 
mean±SD (6.2±1.9) of DMFT for weak biofilm-producing bacteria with a 

difference equal to 3.5, 95% CI=1.4-4.2 (p=0.0001); for moderate biofilm-
producing bacteria (6.9±2.5, difference=3.5, 95% CI=1.8-5.2, p=0.0001); and for 
strong-producing biofilms (mean±SD=6.2±2.9, p=0.03).  
Conclusion: In conclusion, a higher DMFT was observed in biofilm producers 
than in non-biofilm producers. The prime biofilm producers were S. aureus, S. 
mutans, and E. coli. 
Keywords: Biofilm formation, dental caries, DMFT, decayed, missing, filled teeth,  
oral cavity bacteria, Yemen. 

   

 

INTRODUCTION 
 

According to one estimate, biofilms are responsible for 

80% of all infections in the body and have been linked 

to a wide variety of microbial illnesses1. Common 

issues like bacterial vaginosis, urinary tract infections, 

catheter infections, middle ear infections, dental plaque 

formation, gingivitis, and contact lens inflammation are 

among the infectious processes in which biofilms are 
involved2,3. Additionally, biofilms are involved in fatal 

processes like endocarditis and inflammation in cystic 

fibrosis, as well as permanent static devices like 

prostheses, heart valves, and intervertebral discs4-6. A 

biofilm is characterized as a microbial population made 

up of bacterial cell clusters that are attached to a 

surface and encased in an extracellular matrix that the 
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bacteria manufacture on their own7. Biofilm serves as a 

crucial component of virulence and offers an 

environment that is conducive to the survival of 

organisms8. Significant alterations in protein 

metabolism and gene expression accompany an 
organism's adaptation to surface-associated growth 

within a biofilm, which gives rise to the capacity to 

cause diseases and dysfunctions like dental caries, 

resistance to antibiotic treatment, and resistance to the 

host immune response9. It has been shown that 

pathogenic bacteria can form biofilms in both the 

natural environment and affected tissues, where they 

coexist as polymicrobial communities7.  Numerous 

chronic illnesses, including necrotizing fasciitis, 

cellulitis, diabetic foot ulcers, and chronic stomatitis, 

have been linked primarily to the production of 

biofilms10. Biofilms are linked to 65% of nosocomial 
infections and have a significant influence on 

healthcare environments9. The gene product of 

icaADBC, polysaccharide intracellular adhesion, 

facilitates cell-to-cell adhesion and controls the 

formation of biofilms by expressing itself11. 

Biofilms can lead to gum disease and tooth decay since 

they are found on dental plaque in the human body. 

These biofilms can be either uncalcified, which can be 

removed with dental instruments, or calcified, which is 

more difficult to remove and requires the use of 

antimicrobials along with other removal approaches12. 
Dental plaque is an oral biofilm that sticks to teeth and 

is made up of several gram-positive and gram-negative 

bacterial and fungal species, including Candida 

albicans, Enterobactericiae, S. mutans, and other gram-

positive cocci, embedded in salivary polymers and 

extracellular microbial products. Dental disease is 

caused by the buildup of germs, which exposes the 

teeth and gingival tissues to elevated levels of bacterial 

metabolites13.  Oxidative stress and acid stress typically 

affect the biofilm on the surface of teeth14,15.  At 37°C, 

a pH of 4 can cause depurination of DNA, leaving 

apurinic (AP) sites in DNA16, specifically loss of 
guanine17. Dietary carbohydrates can also cause a 

substantial reduction in pH in oral biofilms to values of 

4 and lower (acid stress)15.  If dental plaque biofilm is 

allowed to grow over time, it may eventually lead to 

dental caries. When specific (cariogenic) micro-

biological populations start to predominate in an 

environment that supports them, there is an ecologic 

shift away from balanced populations within the tooth 

biofilm. Frequent ingestion of fermentable dietary 

carbohydrates is necessary for the development and 

maintenance of the shift to an acidogenic, aciduric, and 
cariogenic microbial community. A carious lesion, or 

cavity, is the symptom of this activity shift in the 

biofilm, which is linked to an imbalance of 

demineralization over remineralization. This causes net 

mineral loss within the dental hard tissues (dentin and 

enamel first), which is then followed by acid 

production within the biofilm at the tooth surface13,. By 

preventing the dental plaque biofilm from maturing or 

by returning it to a non-cariogenic state, dental caries 

can be prevented and arrested18,19. This can be achieved 

through an understanding of bacteria's ability to 
produce biofilms and an appropriate biotechnique to 

prevent and remove the biofilm18. There is limited data 

on the association of biofilm production by bacteria 

with the occurrence of dental caries, so this study was 

conducted to detect the biofilm formation in bacterial 

isolates from the oral cavity of patients attaining dental 
clinics in the Faculty of Dentistry, Sana’a University, 

and study the association of DMFT, decay, missing 

teeth due to caries, and filled teeth in the permanent 

teeth with the degree of bacteria's ability to produce 

biofilm. 

 

MATERIALS AND METHODS  

 

Biofilm production was performed on 294 oral 

bacteriaisolates from 100 patients who visited dental 

clinics run by Sana'a University's Faculty of Dentistry 

and private dental clinics, over the course of one year, 
starting in September 2022 and ending in September 

2023. The ensuing phenotypic identification of isolated 

bacteria was performed by standard methods following 

the Clinical and Laboratory Standards Institute (CLSI) 

2015 guidelines. Biofilm-forming oral bacteria were 

detected by the tissue culture plate (TCA) method. The 

impact of biofilm production was correlated with the 

DMFT index of the tested patients. 

Recording of dental caries  
The same examiner performed the examinations on 

each of the study adults. The caries diagnostic criteria 
were taken into consideration when doing the intra-

examiner calibration. The adult Silness-Loe plague 

index was completed. This index is based not only on 

the simple counting of the number of decayed, missing 

(due to caries solely), and treated teeth, but also on the 

field clinical evaluation of the research participants 

using a probe, mirror, and cotton rolls. 

Biofilm production detection:  

Tissue culture/microtiter plate approach (TCA) was 

used to identify biofilm20,21. After being inoculated 

with 2 ml of BHI broth, the bacterial isolates from 

fresh agar plates were cultured for 24 hours at 37°C. 
Following a 1:40 dilution with fresh medium (BHI 

broth supplemented with 1% glucose), 200 μl of the 

sample was added to each individual microtitration 

plate, and the plates were incubated for an additional 

24 hours at 37°C. After lightly tapping the contents, 

free floating sessile bacteria were eliminated by 

repeatedly rinsing it with phosphate buffer saline (pH 

7.2).  For ten to fifteen minutes, adhering bacteria that 

produced biofilm were fixed with sodium acetate (2%) 

and stained with crystal violet (0.1% w/v). After 

removing the unbound crystal violet solution in three 
separate PBS washes, the plate was set aside to dry. In 

order to release the dye, 200 μl of 95% ethanol was 

added to each well, and an optical density (OD) 

reading at 630 nm was taken. Each test strain's OD 

value as well as that of the negative control were 

computed, and OD cutoff values (ODc) were evaluated 

in accordance with earlier instructions21. 

Statistical Analysis:  Epi-Info Statistics version 7 was 

utilized to examine the information. Statistical analysis 

was performed to consider the degree of biofilm 

production of 294 bacterial isolates with the mean of 
DMFT, decayed, missing due to caries, and filled teeth 
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in permanent teeth by calculating the difference, 95% 

CI, and p-value of the level of weak, moderate, and 

strong biofilm production. 

Ethical Consideration: The Contract No. 217 project 

received ethical authorization on August 21, 2022, 
from the Medical Ethics and Research Committee of 

Sana'a University's Faculty of Medicine and Health 

Sciences. The review committee's established ethical 

guidelines were constantly adhered to. The selected 

individuals gave their written and informed consent. 

 

RESULTS  

 

Table 1 shows the interpretation of biofilm production 

by the tested bacteria based on the optical density 

values of the tissue culture plate method for average 

biofilm production with an OD value. Nine bacteria 
(3.1%) showed a negative ability to produce biofilms 

(OD < 0.17), and 21.4% of the tested bacteria showed a 

weak ability to produce biofilms (OD=0.17–0.34). 

Most of the orally isolated bacteria showed moderate 

positivity (OD=0.35-0.68), which amounted to 72.4%, 

while only 3.1% of the tested bacteria showed strong 

positivity for biofilm production (OD > 0.68) (Table 

1).  

Table 1: Interpretation of biofilm production by 

bacterial isolates based on optical density values of 

tissue culture plate method average value of OD* 

biofilm production. 
OD value N (%) 

<0.17; Negative 9  (3.1) 
0.17-0.34; Weak positive 63 (21.4) 
0.35-0.68; Moderate positive 213 (72.4) 
>0.68; Strong positive 9 (3.1) 
Total 294 (100) 

 
Table 2 shows the detection of biofilms by the TCA 

method among 294 different bacterial species isolated 

in the oral cavity. Most S. aureus strains showed 

moderate and strong biofilm production (93.8% and 

4.2%, respectively), while the other 64.3% of 

Staphylococcus coagulase-negative strains showed 

only moderate positive biofilm production. 

Considering the Streptococcus viridans group, S. 

mutans had 86.6% strains with moderate biofilm 

production and 1.2% with strong biofilm production, 

while other streptococci had less biofilm production 
capacity (Table 2). For Neisseria species, 72% showed 

a moderate level of biofilm production.  

Table 2: Biofilm detection by TCA method among different species of oral cavity isolated Bacteria n=294. 
Bacteria Biofilm production by TCA 

Negative 

No (%) 

Weak 

No (%) 

Moderate 

No (%) 

Strong 

No (%) 

S. aureus, n=48 0 (0.0) 1(2.1) 45 (93.8) 2 (4.2) 
Coagulase-negative, n=14 1(7.1) 4 (28.6) 9 (64.3) 0 (0.0) 

Streptococci 
S. pyogens, n=3 1 (33.3) 1 (33.3) 1 (33.3) 0 (0.0) 
S. mitior, n=18 0 (0.0) 7 (38.9) 11 (61.1) 0 (0.0) 
S. sanguis, n=17 1 (5.9) 9 (52.9) 6 (35.3) 1 (5.9) 
S. mutans, n=82 0 (0.0) 10 (12.2) 71 (86.6) 1 (1.2) 
S. alivarius, n=25 1 (4) 7 (28) 17 (68) 0 (0.0) 
S. milleri, n=4 1 (25) 1 (25) 2 (25) 0 (0.0) 

Neisseria species, n=50 1(2) 13 (26) 36 (72) 0 (0.0) 
Haemophilus influenza, n=1 0 (0.0) 0 (0.0) 0 (0.0) 1 (100) 
H. parainfluenzae, n=12 0 (0.0) 5 (41.7) 7 (58.3) 0 (0.0) 

Enterobacteriaceae spp. 
E. coli, n=7 1 (14.3) 1 (14.3) 5 (71.4) 0 (0.0) 
K. pneumoniae, n=4 1 (25) 0 (0.0) 2 (50) 1 (25) 
Morganella morganii, n=1 0 (0.0) 1 (100) 0 (0.0) 0 (0.0) 
Citrobacter freundii, n=2 0 (0.0) 0 (0.0) 1 (50) 1 (50) 

P. aeruginosa,  n=3 1 (33.3) 1(33.3) 0 (0.0) 1 (33.3) 
Proteus species, n=2 0 (0.0) 1 (50) 0 (0.0) 1 (50) 
Enterobacter species,  n=1 0 (0.0) 1 (100) 0 (0.0) 0 (0.0) 
Total n=294 9  (3.1) 63 (21.4) 213 (72.4) 9 (3.1) 

 

Table 3 shows the prevalence of DMFT in total, 

decayed, lost teeth due to caries, and filled teeth in 

permanent dentition by sex. Dental caries was recorded 

in 96% of all patients; missing permanent teeth were 

recorded in 57% of patients; 69% had filled teeth; and 

98% showed a DMFT index of more than one. Males 

also had higher rates of the previous indications than 

female patients. Only 4% of participants are caries-
free. The rate of cavity-free adults with zero DMFT 

was 2%. 

The DMFT index for the Yemeni patients included in 

the study was 5.9±2.4, for caries 3.7±2.0, for missing 

teeth 1.7±2.7, and for filled teeth 2.6±2.4. Considering 

the relationship between the DMFT index and the 

ability of bacteria to produce biofilms, there was a 

higher mean±SD (6.2±1.9) of DMFT for weak biofilm-

producing bacteria with a difference equal to 3.5, 95% 

CI=1.4-4.2, (p=0.0001).  

 

Table 3: Prevalence of DMFT the sum, decayed, 

missing due to caries, and filled teeth in the 

permanent teeth per sex. 
Variables Male 

N (%) 
Female 

N (%) 
Total 

N (%) 

Decayed 39 (100) 57 (93.4) 96 (96) 
Missed 27 (69.2) 30 (49.2) 57 (57) 
Filled 33 (84.6) 36 (59) 69 (69) 
DMFT 39 (100) 59 (96.7) 98 (98) 
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Table 4: Comparison among the DMFT index and biofilm production of total oral isolated bacteria. 
Biofilm results Mean±SD 

DMFT Decayed Missed Filled 

Negative , n=9 (control) 3.4±2.1 3.0 ±2.3 1.8±2.9 1.2±2.1 

Weak, n=63 6.2±1.9 3.8±1.4 1.1±2.4 2.3±2.4 
Difference 2.8 0.8 -0.7 1.1 
95% CI 1.4-4.2 0.3-1.9 -2.4-1.05 -0.58-2.7 
Significance level p=0.0001 p=0.14 p=0.42 p=0.196 
Moderate, n=213 6.9±2.5 3.8±2.1 2.9 ±2.8 3.3 ±1.9 
Difference 3.5 0.8 1.1 2.1 
95% CI 1.8-5.2 0.6-2.2 -0.78-2.9 0.8-3.3 
Significance level p=0.0001 p=0.27 p=0.25 p=0.001 
Strong, n=9 6.2±2.9 3±1.5 1±1.2 6.6±2.1 

Difference 2.8 0.0 -0.8 5.4 
95%, CI 0.26-5.3 -1.9-1.9 -3.0-1.4 3.3-7.5 
Significance level p=0.03 p=1.00 p=0.41 p=0.0001 
Total, n=294 5.9±2.4 3.7±2.0 1.7±2.7 2.6±2.4 
range 1-9 0-9 0-9 0-9 

This procedure calculates the difference between the observed means in two independent samples. A significance value (p-value) and 95% 

Confidence Interval (CI) of the difference is reported. The p-value is the probability of obtaining the observed difference between the samples if 

the null hypothesis were true. The null hypothesis is the hypothesis that the difference is 0. 

 

This suggests that biofilm production is associated with 

tooth decay. There was a higher mean±SD (6.9±2.5) of 

DMFT for moderate biofilm-producing bacteria 

compared to non-biofilm-producing bacteria, with a 

difference equal to 3.5, 95% CI=1.8–5.2, and this result 

is highly significant (p=0.0001). Also, there was a 

higher mean±SD (6.2±2.9) of DMFT for biofilm-

producing bacteria with a difference of 2.8, and this 
result is significant (p=0.03). 

 

DISCUSSION  

 

Human illnesses caused by bacteria are known to take 

many different forms. The majority of these bacteria 

are known to exhibit specific virulence factors, which 

contribute to their pathogenicity. These virulence 

factors include the creation of biofilms, toxin synthesis, 

fimbriae, and pili. The majority of recalcitrant 

infections are caused by biofilm formation, which is 
one of the virulence factors that are hardest to treat 

since the organisms involved are extremely resistant to 

antibiotics10. In the present study, most of the oral 

isolated bacteria showed moderate positivity (OD=0.35 

-0.68) amounting to 72.4%, while only 3.1% of the 

tested bacteria showed strong positivity for biofilm 

production (OD > 0.68) (Table 1). This ability can be 

explained by the fact that biofilm formation begins 

with the attachment of free-floating microorganisms to 

the surface22,23. The first colonizing bacteria of biofilms 

may initially adhere to the surface by weak van der 

Waals forces and hydrophobic effects24,25. If colonies 
are not immediately detached from the surface, they 

can attach themselves more permanently using cell 

adhesion structures such as pili24. Hydrophobicity can 

also affect the ability of bacteria to form biofilms. 

Bacteria with increased hydrophobicity led to reduced 

repulsion between the substrate and bacteria26. Some 

bacteria are unable to successfully adhere to a surface 

on their own due to their limited motility but are 

instead able to attach themselves to the matrix or 

directly to previous colonies of other bacteria26. 

Bacterial cells can interact with one another during 
surface colonization by employing quorum sensing 

(QS) products such N-acyl homoserine lactone (AHL). 

After colonization starts, a combination of cell division 

and recruitment leads to the biofilm's growth. Bacterial 

biofilms are usually enclosed by polysaccharide 

matrices. To shield the biofilm from predators and 

guarantee bacterial survival, the matrix exopoly-

saccharides can ensnab QS autoinducers27. These 

matrices may also include elements from the 
surrounding environment, such as minerals, soil 

particles, and blood components like fibrin and 

erythrocytes, in addition to the polysaccharides26. 

Development, the last stage of biofilm creation, is 

when the biofilm is formed and can only alter in size 

and shape. Dental plaque is an oral biofilm that sticks 

to the teeth and is made up of numerous bacterial and 

fungal species, including C. albicans and S. mutans, 

that are enmeshed in salivary polymers and 

extracellular microbial products. Dental disease is 

caused by the buildup of germs, which exposes the 
teeth and gingival tissues to elevated levels of bacterial 

metabolites13. 

Most S. aureus strains showed moderate and strong 

biofilm production (93.8% and 4.2%, respectively), in 

the present study. S. aureus pathogens can attack the 

skin and lungs, leading to skin infection and 

pneumonia28,29. Moreover, the S. aureus biofilm 

infection network plays a crucial role in preventing 

immune cells, such as macrophages, from eliminating 

and destroying bacterial cells30. Moreover, biofilm 

formation by bacteria, such as S. aureus, not only 

develops resistance against antibiotic drugs but also 
develops intrinsic resistance toward antimicrobial 

peptides (AMPs), thus preventing pathogen 

inactivation and maintaining its survival31. 

Regarding the S. viridans group in the current 

investigation, S. mutans strains exhibited 86.6% 

moderate biofilm production and 1.2% strong biofilm 

production, whereas other streptococci shown lower 

biofilm production capacities (Table 2). Dental plaque, 

an oral biofilm that sticks to teeth, is made up of 

several types of bacteria and fungus, including C. 

albicans and S. mutans, which are embedded in 
salivary polymers and extracellular microbial products. 
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Dental disorders are caused by the accumulation of 

microorganisms that expose teeth and gingival tissues 

to excessive quantities of bacterial metabolites13. 

Moreover, acid and oxidative stress commonly affect 

the biofilm that covers teeth15. Acid stress is the result 
of dietary carbohydrates, which can cause oral biofilm 

pH levels to drop sharply to 4 and below. DNA 

becomes depurinated at 37°C body temperature, 

leaving apurinic (AP) sites in the DNA, particularly 

guanine loss16,17.  

The traditional DMF (decay/missing/filled) index is 

one of the most widely used tools for determining the 

prevalence of dental caries and the need for dental 

treatment in various populations. This indicator is 

based on clinical examinations conducted on-site on 

individuals utilizing a mirror, cotton rolls, and probe. 

The DMF index underrepresents the prevalence of 
caries and the requirement for treatment because it is 

calculated without using X-ray imaging32. In the 

current study, dental caries was noted in 96% of 

patients, permanent teeth missing were noted in 57% of 

patients, teeth filled in 69% of patients, and a DMFT 

index of more than one was seen in 98% of patients. 

Males also had higher rates of the previous indications 

than female patients. Only 4% of participants did not 

suffer from tooth decay. The rate of cavity-free or zero 

DMFT adults was only 2%. These results of tooth 

decay are considered among the highest rates in the 
world. Worldwide, approximately 3.6 billion people 

suffer from tooth decay in their permanent teeth33. 

Tooth decay is more common in Latin American 

countries, the Middle East, and South Asia compared 

to the rest of the world, while the least prevalence of 

tooth decay is in China34. In the United States, dental 

caries is the most common chronic childhood disease, 

being at least five times more common than asthma35. 

The current study indicates that the 96% of positive 

dental caries cases in adults (mean age=40.1 years) is 

higher than those reported elsewhere in the world, 

where between 29% and 59% of adults over the age of 
50 suffer from Tooth decay36. The high rate of tooth 

decay in Yemen may be related to poverty, poor oral 

hygiene practices, and the absence of preventive 

measures and government policy to prevent and control 

tooth decay. In contrast, the number of cases has 

decreased in some developed countries, and this 

decline is usually due to increasingly excellent oral 

hygiene practices and the application of preventive 

measures37. 

However, countries that have experienced an overall 

decline in the incidence of dental caries still have 
uneven disease distribution36. Among children in the 

United States and Europe, twenty percent of the 

population suffers from sixty to eighty percent cases of 

tooth decay38. A similar skewed distribution of the 

disease has been found worldwide, with some children 

having no or very few caries and others having a large 

number36. Australia, Nepal and Sweden (where 

children receive government-paid dental care) have a 

low incidence of tooth decay among children, while 

cases are more numerous in Costa Rica, Slovakia and 

Yemen39-44. 

Considering the relationship between the DMFT index 

and the ability of bacteria to produce biofilms, there 

was a higher mean±SD of DMFT for weak biofilm-

producing bacteria, modrate and strong levels (Table 

4),  and this result is highly significant (p=0.0001),  
suggesting that biofilm production is associated with 

tooth decay. If dental plaque biofilm is allowed to grow 

over time, dental caries may result. In the dental 

biofilm, some (cariogenic) microbiological commun-

ities start to predominate when the conditions are right, 

causing an ecologic shift away from balanced 

populations. Frequent consumption of fermentable 

dietary carbohydrates promotes and sustains the shift in 

the microbiological population toward one that is 

acidogenic, aciduric, and cariogenic. A carious lesion, 

or cavity, is the symptom of a balance between 

demineralization and remineralization, which causes a 
shift in the biofilm's activity and consequent acid 

production at the tooth surface. This causes net mineral 

loss in the dental hard tissues, namely the enamel and 

dentin.  By preventing the dental plaque biofilm from 

maturing or returning it back to a non-cancerous state, 

tooth decay can be prevented and stopped18,19. This can 

be achieved through the behavioral step of reducing the 

supply of fermentable carbohydrates (i.e. sugar intake) 

and frequent removal of biofilms (i.e. tooth brushing)18. 

It is expected that the rates of bacteria capable of 

forming biofilm will increase and the rate of tooth 
decay will increase. Therefore, oral health research 

programs must be established that aim to find safe 

compounds to be added to toothpaste that dissolve the 

biofilm from the surfaces of the teeth and prevent its 

re-formation again, thus preserving the teeth for a 

longer period of function. 

Limitation of the study 

There hasn't been nearly enough research done on this 

topic in Yemen or the rest of the world to compare 

aerobic bacteria with anaerobic types and confirm their 

ability to form biofilms, among other virulence factors 

that lead to dental caries, oral infections, and systemic 
infections. Other research with a greater number of 

patients, anaerobic species, and fungus is necessary to 

identify other virulence factors of these 

microorganisms.  

 

CONCLUSIONS  

 

The studied subjects in current study showed very high 

DMFT scores for adults; thereby reaching WHO 

approved targets for oral health in Yemen cannot be 

achieved. Also, a high DMFT was observed in biofilm 
producers isolated bacteria than non-biofilm producers 

bacteria isolates. Prime biofilm producers in oral cavity 

were S. aureus, S. mutans, and E. coli.  
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