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Purpose: To enumerate, quantify and compare different types of microorganism associated with biofilm formation following palatal expan-
sion using a hyrax screw in cleft and non-cleft population. 

Materials and Methods: Patients requiring maxillary expansion aged between 11-15 years were screened for inclusion and exclusion cri-
teria. 20 subjects were included in the study who were divided into two groups: Group 1- cleft patients and group 2- control (non-cleft).
Immediately after initial collection of appliances, the samples were processed for microbiological investigation. These were sonicated for 5 
mins to disaggregate clumps, vortexed vigorously to maximize the recovery of microbial cells from biofilms. Plating was done with 50 µL of 
the sample which were cultured aerobically and anaerobically in selective and non-selective media for the incubation period of 48-72 hours.

Results: when the biofilm of the two groups was compared, an elevated level of S. mutans colony forming units (CFU) was observed in the 
cleft population as compared to the non-cleft population presenting a statistical significant difference. The non-cleft population demonstrat-
ed a statistically significant elevation in the Actinomyces CFU as compared to the cleft population.

Conclusions: The presented research shows that the levels of caries initiating bacteria (Streptococcus mutans) were elevated in cleft 
patient and the level of actinomyces were elevated in non-cleft patients. Additional maneuvers of oral hygiene maintenance need to be 
initiated in cleft patients.

Introduction 
A biofilm is an assemblage of microbial cells that is irreversibly asso-
ciated (not removed by gentle rinsing) with a surface and enclosed in 
a matrix of primarily extracellular polymeric material. The initial step 
in the colonization of these surfaces is bacterial adherence either to 
host tissues or biomaterials.The dynamic balance of the oral cavity 
ecosystem can be threatened by various factors which most often act 
synergi¬cally. Acrylic appliances serve as supragingival hard surfaces 
for microbial colonisation. One of the fixed appliances frequently used 
in children and adolescents in orthodontic practice is the palatal ex-
pander, used to correct skeletal posterior crossbites or just for maxil-
lary arch expansion in cases of maxillary atresia in cleft patients. Dis-
connection of tissue continuity in alveolar and palatal clefts not only 
re¬tards suction, swallowing and breathing function but also allows 
pathological migration of bacterial colonies betwe¬en the oral and the 
nasal cavity.[7] Previous studies show the scale of risk with reten¬tion 
of bacterial plaque in more than 50% of patients with cleft palates re-
gardless of monthly tooth brushing training and detailed hygienic rec-
ommendations.[8, 9, 10 ]

The risk to oral cavity mi¬croflora balance may be intensified by the 
use of such fixed appliances. In the literature, there is an infinite num-
ber of appliances used for this purpose, however the most frequently 
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and widely used is a bonded Hyrax rapid palatal expander with acryl-
ic extending over the occlusal surfaces of the teeth to provide more 
surface for bonding. This appliance serves as a major intraoral niche 
which allows bacterial adhesion. So the aim of the study is to enumer-
ate, quantify and compare different types of microorganism associat-
ed with biofilm formation following palatal expansion using a hyrax 
screw in cleft and non-cleft population.
Materials And Methods
Source of Data 
Patients requiring maxillary expansion aged between 11-15 years were 
screened for inclusion and exclusion criteria. 20 subjects were includ-
ed in the study who were divided into two groups: Group 1- cleft pa-
tients and group 2- control (non-cleft).
Method of Collection of Data  
• All the appliances were polished according to following guidelines:
-Contoured with tungsten carbide burs and sandpaper
-Use of rubber points to remove the scratches
-Application of pumice with a rag wheel or prophylactic cup
• All patients received precise instructions for oral hygiene mainte-
nance (instructions for teeth brushing methods especially around the 
appliance for a minimum of 3 minutes three times a day) during each 
recall. 
• Patients were asked not to eat anything 2 hours prior to removal of 
appliance.
Inclusion Criteria
• Cases with constricted maxillary arch requiring maxillary expansion.
• Age group of 11 to 15 years.
• Healthy periodontal condition (depth of periodontal pockets ≤ 3 
mm).
• Both males and females included.
Exclusion Criteria
• Use of oral  antimicrobials or antibiotics within past 3 months
• Presence of  any other fixed prosthesis
• Patients with previous history of orthodontic treatment. 
• Patients with poor periodontal conditions and systemic disorders
Methodology
Samples were collected in a 30 ml plastic beaker containing PBS. Im-
mediately after initial collection of appliances, the samples were pro-
cessed for microbiological investigation. Each orthodontic appliance 
was first washed with sterile distilled water to remove non adherent 
cells from the surface of expander. For quantitative estimation, ex-
panders were placed in 10ml of PBS to remove and collect all the ad-
herent cells. These were sonicated for 5 mins to disaggregate clumps, 
vortexed vigorously to maximize the recovery of microbial cells from 
biofilms. Plating was done with 50 µL of the sample which were cul-
tured aerobically and anaerobically in selective and non selective me-
dia for the incubation period of 48-72 hours. Portions (0.1 ml) of dilu-
tions were spread onto Sabouraud dextrose agar containing 0.005% 
chloramphenicol and 0.04% cycloheximide (Hi Media)

Facultative anaerobic bacteria were isolated by streaking 1 ml of the 
cell suspension diluted at 10-3 on the surface of Blood Agar plates sup-
plemented with vitamin K, Hemein and 5% sheep blood. Aerobic and 
facultative bacteria were isolated by streaking 1 ml of the cell suspen-
sion diluted at 10-3 on the surface of non selective blood agar plates. 
Enterobacteria were isolated by streaking 1 ml of the cell suspension 
diluted at 10-3 on the surface of Mc Conkey agar plates.
The selective medium used for isolation of S. mutans and S.mitis was 
Mitis Salivarius HiVeg™ Agar Base supplemented with sucrose (20 per 
cent w/v), bacitracin, and 1% tellurite solution. The plates were incubat-
ed for up to 72 hrs in a CO2 atmosphere at 37°C.The presumptive char-
acterization and identification of these species was based upon colony 
morphology, Gram stain, and catalase activity. From these, represen-
tative colonies were sub-cultured and biochemical tests performed for 
definitive species identification.
Yeasts were isolated by spreading 1 ml of the cell-suspension diluted 
at 10-3 on the surface of Sabouraud dextrose agar containing 0.005% 
chloramphenicol and 0.04% cycloheximide. All the plates were incubat-
ed for 48 hrs at 37 °C.
The numbers of colony forming units per milliliter (CFU/mL) present 
were determined for the following microorganisms-Mutans strepto-
cocci, Streptococcus mitis, other streptococci, Staphylococcus aureus, 
Gram positive rods- Actinomyces species, Lactobacilli Gram-negative 
rods, Porphyromonas gingivalis, Prevotella intermedia Enterobacteri-
acae spp, Candida species.
Statistical Analysis 
The data gathered was stored and analyzed using the SPSS V statistical 
analysis program. Mann Whitney test was used.
Results
In the present study, the cleft population consisted of 11 patients with 
age ranging between 11 years to 15 years (mean 13.2 years), while the 
non-cleft population comprised of 9 patients with age ranging be-
tween 11years to 15years (mean 12.7 years). All patients had worn the 
hyrax expansion appliance for duration of 3-4 months (mean 3 months 
18 days). Following the removal of the appliance and microbiological 
examination of the biofilm, it revealed a wide distribution of microor-
ganisms presented in Table 1 and Figures 1, 2.
In the present study, when the biofilm of the two groups was com-
pared, an elevated level of S. mutans colony forming units (CFU) was 
observed in the cleft population as compared to the non-cleft popu-
lation presenting a statistical significant difference (P=0.045, P<0.05, 
significant) (Table 2). Similarly, the non-cleft population demonstrat-
ed a statistically significant elevation in the Actinomyces CFU as com-
pared to the cleft population (P<0.044, P<0.05, significant) (Table 2). 
Although comparatively higher CFU of Lactobacilli was observed in the 
cleft population (mean 27136.36) as compared to the non-cleft popula-
tion (mean 13280.00), the difference was not found to be statistically 
significant (P=0.356) (Table 1, 2). The comparison of the other micro-
organisms based on their CFU’s observed in the biofilm of the 2 study 
groups did not reveal any statistical correlation (Table 1, 2)
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Group Microorganisms Mean Standard devi-
ation

Cleft

S.Mitis 40409.09 56986.765

S.mutans 27272.73 47049.29

other streptococci 112727.27 93346.860

Lactobacilli 27136.36 50492.145

P.gingivalis 863.82 2315.414

C.albicans 17818.18 43864.115

Actinomyces 30454.55 67080.426

Klebsiella 3818.18 8121.907

E.coli 17045.45 38005.610

P.intermedia 136.36 639.602

Citrobactor 15000.00 53873.750

Proteus 6818.18 16369.648
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Non - cleft

S.mitis 23480.00 40536.116

S.mutans 3000.00 7071.068

other streptococci 112480.00 103960.377

Lactobacilli 13280.00 26240.109

P.gingivalis 200.16 707.060

C.albicans 14080.00 27124.589

Actinomyces 58520.00 74401.568

Klebsiella 1.44 6.035

E.coli 20800.00 55746.450

P.intermedia .00 .000

Citrobactor 2000.00 10000.000

Proteus 10720.00 28030.519

S.mitis normal 23.16 254.00 0.634

Cleft 24.95

S.mutans normal 21.12 203.00 0.045*

Cleft 27.27

other
streptococci

normal 23.06 251.5 0.615

Cleft 25.07

Lactobacilli normal 22.60 240.0 0.356

Cleft 25.59

P.gingivalis normal 23.18 254.5 0.480

Cleft 24.93

C.albicans normal 23.38 259.5 0.701

Cleft 24.70

Actinomyces normal 27.52 187.00 0.044*

Cleft 20.00

Klebsiella normal 22.52 238.00 0.228

Cleft 25.68

E.coli normal 23.48 262.00 0.686

Cleft 24.59

P.intermedia normal 23.50 262.5 0.286

Cleft 24.57

Citrobactor normal 22.94 248.5 0.243

Cleft 25.20

Proteus normal 24.66 258.500 0.623

Cleft 23.25

Table 2: Comparison of Microorganims as observed in the biofilm between the 2 groups

Table 1: Distribution of  microorganisms  as observed in the biofilm of the two groups
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Discussion
The oral microbiome comprises of multitude of microorganisms pre-
dominantly bacteria and is influenced by various factors including food 
habit, aging, socio-economic status, dental hygiene measures as well 
as intra-oral prosthetic or orthodontic devices[1, 2] These devices are 
one of the major factors governing shifting of complex commensal 
community of oral cavity towards source of pathogen by providing 
extra site of adhesion and attachment in the form of biofilms, thus 
acting as a reservoir of pathogens. The biofilms on intra-oral devices 
affect the appliance by corroding its surfaces which, not only modify 
the mechanical properties of these appliances but also increases the 
surfaces area where more microorganism could further be attached.3 
It is a generally accepted notion that a shift in microbial composition is 
an important step in the progression of oral disease.[4] 
In the present study, a palatal expander employing hyrax expansion 
screw was used in both the cleft (n=22) and non- cleft patients (n=25) 
and the different types of microorganisms associated with the biofilm 
formation were studied. Culture Method was employed in the present 
study since bacterial culturing has been the classic diagnostic method 
used in the study of the composition of dental plaque and is still gener-
ally used as the gold or primary standard in microbiological research. 
The main advantages of this method are its capability to detect multi-
ple bacterial species simultaneously; the possibility to obtain relative 
and absolute counts of the cultured species; and the fact that it is the 
only method that is able to detect unexpected bacteria, to properly 
charactrize new species.[5]

According to Kolenbrander, all oral bacteria have a capacity to adhere 
to other species of oral cavity, thus; the formation of multi-species bio-
films in oral cavity and on appliances is inevitable. 6, 7 This finding was 
seen in the present study as the biofilm in both the cleft and non-cleft 
patients was associated with formation of wide varieties of bacteria 
i.e. members of the family Enterobacteriaceae, Lactobacillus spp., an-
aerobic bacteria, Streptococcus spp., non-streptococci, Gram negative 
bacilli, Bacillus sp. and Candida sps. Studies by different authors across 
the literature reinforce this finding.[11, 12, 13]

When the two groups were compared, we observed a statistically sig-
nificant increase in S. Mutans species in the cleft group as compared 
to the non-cleft group. Chang and Batoni et al have also reported the 
employment of orthodontic appliances represent an additional fac-
tor that promotes the colonization in the oral cavity of S. mutans.[14, 

15]  Rosenbloom and Tinanoff  reported that increased Sm level during 
orthodontic treatment could be a causative factor of macula cariosa, 
which is quite often observed during treatment.[16] The most import-
ant aspect of their work was to reveal a fourfold reduction of Strepto-
coccus mutans level after finishing orthodontic treatment and during 
long-term observations. Using appliances can only temporarily disturb 
the oral cavity environment state.[17] The fixed nature of the appliance 
coupled with presence of clefts and subsequent crowding and maloc-
clusions of teeth might have made it increasingly difficult to maintain 
the oral hygiene contributing to an increase in this cariogenic bacteria 
(streptococcus mutans) in the biofilm of cleft patients. Another obser-
vation that was made in patients with cleft was that there was a strik-
ing increase in Lactobacillus species in these patients as compared to 
non-cleft patients although the result was not statistically significant. 
Antoszewska et al. stated that Streptococcus mutans increase was ac-
companied by Lactobacillus increase in saliva, which was confirmed in 
this study.[18] Although higher values of Candida species was observed 
in both the cleft and non-cleft patients, it did not translate into statis-
tical significant result when the two groups were compared. Candida 
albicans is a commensal yeast and opportunistic pathogen. In spite of 
their lower prevalence rate, yeast occupy significant mass of plaque 

biofilm due to their large size compared with bacteria. Co-aggregation 
studies by Jenkinson et al have demonstrated that C. albicans coloni-
zation can be aided by primary colonizers such as streptococci[19]. It 
has also been suggested that Candida infection could contribute to 
caries, root caries and periodontitis. Bacterial and fungal co-infections 
have been implicated in enhanced host colonization and virulence. 
Candida albicans and Escherichia coli may exhibit a cooperative inter-
action. Appliance induced stomatitis accompanied by acute superficial 
candidiasis, including angular cheilitis, glossitis, oral, oropharyngeal 
and esophago- pharyngeal thrush may disseminate into systemic inva-
sive forms. The black pigmented anaerobes such as P. intermedia, P. 
gingivalis and others which have been related to periodontal diseases 
were found in lesser amounts in the study. The possible reason for this 
could be the absence of increased oxygen tension required for growth 
of these organisms on the acrylic surfaces. Albandar et al stated that 
P. gingivalis and possibly also P. intermedia may play a significant role 
in the generalized and rapidly progressive forms of aggressive peri-
odontitis.[8]

The Enterobacteriaceae are a large family of Gram-negative bacteria. 
Organisms found in our study belonging to this group were Proteus, 
Escherichia coli, Klebsiella pneumoniae, and Citrobacter. They seem to 
have a major role in respiratory diseases like upper respiratory tract in-
fection pneumonia, lung abscess leading to bacteremia and septicemia 
, etc. Acrylic bases act as a reservoir of respiratory pathogens and can 
be a risk factor for the pharyngeal colonization and aspiration pneu-
monia. The identification of Enterobacteriaceae and Gram-negative 
rods in this study could be clinically related to halitosis especially fol-
lowing third month of therapy. Actinomyces species which play an im-
portant role during the initial stages of colonization of tooth surfaces 
showed statistically significant successive elevated levels in non-cleft 
patients.[20] More investigations are needed to explain this finding. In 
the studies by Socransky,  Streptococcal species count decreased at 
six months which indicated that Actinomyces species gain increased 
predominance at the expense of streptococci during maturation of 
the biofilm.[21] Filoche SK, Anderson SA, Sissons CH in their coaggrega-
tion studies suggested the likely potential of particular plaque species 
for modulating the biofilm prevalence by targeting partner species.[22] 
They concluded that Actinomyces species promoted growth of key 
Lactobacillus species in a biofilm, as did S. mutans to a lesser extent. 
The acrylic surfaces of the expanders are under mechanical stress that 
might cause surface imperfections like fractures, cracks, or gaps thus 
weakening the resin structure and providing a nidus for the retention, 
adherence and colonisation of microorganisms which predispose to 
bacterial biofilm accumulation, thus altering the normal oral microbi-
al flora. Minagi et al. have reported positive correlation between the 
surface free energies of acrylic surfaces and adherence of C. albicans.
[23] Superhydrophilic acrylic surfaces have been reported to reduce 
adherence of bacterial or fungal cells. Hence various modifications 
like surface treatment with Silica coating, application of NanoAg in 
situ in PMMA (Nanoparticles of silver), Heat postpolymerization, etc. 
can reduce bacterial adhesion.[24, 25, 26, 27] Expansion therapy is usually 
followed by fixed mechanotherapy. So the changes observed in oral 
microbial flora in this study are crucial and might account for their fur-
ther alteration during the entire course of fixed orthodontic appliance 
treatment.
Studies employing larger sample size are encouraged in the near fu-
ture to substantiate our results. Detection and quantification of these 
specific statistically significant bacteria using recent advances in mo-
lecular techniques like Polymerase Chain Reaction (PCR) can be done. 
The effects of the adoption of disinfection protocols for fixed acrylic 
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based orthodontic appliances is still unclear. Further studies with dis-
infection agents and methods are required.

Conclusions
The presented research clearly shows that the levels of caries initiat-
ing bacteria (Streptococcus mutans) were elevated in cleft patient and 
the level of actinomyces were elevated in non-cleft patients.  
Additional maneuvers of oral hygiene maintenance need to be initiat-
ed in cleft patients to control the levels of cariogenic bacteria. 
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