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Abstract 

Objective:  

Primary objective: To evaluate the effect of Miswak 

extract varnish on streptococcus mutans (S.mutans) 

counts in saliva and plaque, gingival bleeding index 

(GBI) and plaque index (PI) in orthodontic patients. 

Secondary objective: to suggest an appropriate 

frequency Miswak varnishes application to produce 

maximum efficiency. 

Material and methods: 

Enrolled patients (n=75) were randomly and equally 

divided into 3groups. Chlorhexidine varnish group, 

Miswak varnish group and control group. S.mutans 

counts in plaque and saliva, GBI and PI were 

evaluated at different time points; T0: before brackets 

bonding, T1: two weeks after brackets bonding, T2: 

one months after brackets bonding and T3: three 

months after brackets bonding. 

Results: 

Both chlorhexidine and Miswak varnishes reduced 

plaque S.mutans counts significantly at T2 compared 

to the controls, with no significant difference between 

Chlorhexidine and Miswak varnishes at this 

timepoint. After 3 months, chlorhexidine varnish 

group had the lowest S.mutans plaque counts 

followed by Miswak varnish group, while the control 

group had the highest counts.  GBI was reduced 

significantly in both chlorhexidine and Miswak 

varnishes groups, when compared to the control group 

at both one month and 3 months timepoints with no 

statistically significant differences between 

chlorhexidine and Miswak neither at one month nor 

at 3 months. PI showed no statistically significant 

differences between the 3 study groups at different 

timepoints. 

Conclusions: 

Miswak varnish can be an acceptable natural 

substitute to chlorhexidine varnish as an 

anticariogenic agent if applied at monthly basis. 

Mechanical brushing is mandatory to reduce plaque 

accumulation and maintain proper gingival health. 

Introduction 

White spot lesions (WSL) are a 

common side effect in 50% to 70% of patients 

undergoing fixed orthodontic appliances 

treatment(1).The cause of these lesionsis 

multifactorial, mainly caused by the inability to 

maintain proper oral hygiene together with pH 

levels lower than 4.5 recorded in the plaque 

around fixed orthodontic appliances 

components(2). Moreover, Orthodontic 

treatment may induce disturbances of the 

complex oral ecosystem leading to an increase 

in cariogenic microorganisms such as 

Streptococcus mutans (S.mutans) in saliva(3–

5). 

Chlorhexidine has the ability to prevent 

and reduce bacterial growth(6) and 

consequently inhibit acid production and pH 

falls in plaque(7); therefore, chlorhexidine is 

considered the gold standard to inhibit enamel 

demineralization(6,8–11). However, prolonged 

use of chlorhexidine preparations may have 

adverse side effects on oral structures such as; 

mucosal irritation and burning sensation, bitter 

taste, , teeth discoloration and tongue 

staining(12,13).Moreover, S.mutans and the 

other oral microorganisms have developed 
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resistance to chlorhexidine due to its routine 

use in dental care products(14).  

Recently, the use of natural plant 

extracts for dental caries controlhas been 

increasing as they are economical and with no 

apparent side effects(15). Studies tested 

different plants with different preparation 

methods and results were always 

promising(16–18).World Health Organization 

(WHO) recommends the use of chewing sticks 

obtained from natural plants due to its 

promising results in promoting oral 

health(19).Among 182 species of natural plants 

used for this purpose worldwide,Salvadora 

persica plant (the commonly known as miswak 

tree) is the most commonly used plant for this 

practice(20).A wide variety of oral health 

promoting organic and inorganic components 

have been isolated from miswak extract(21)and 

researches found it to have antiplaque(22), 

antibacterial (23,24) and consequently 

anticariogenic(25) properties. Miswak extract 

showed potential antibacterial activity against 

S.mutans and Lactobacillus acidophilus(26). 

Miswak use resulted in better periodontal 

status than normal toothbrush (27); due to its 

inherited antibacterial activity against 

cariogenic and periodontopathic bacteria(28). 

To our knowledge, few studies have 

investigated the antibacterial effect of Miswak 

extract in orthodontic patients. The primary 

aim of this study was to evaluate the effect of 

Miswak extract varnish on streptococcus 

mutans counts in saliva and plaque, gingival 

bleeding index (GBI) and plaque index (PI) in 

patients undergoing fixed orthodontic 

appliance therapy in comparison to a varnish 

containing the chlorhexidine gold standard. 

The secondary aim is to suggest an appropriate 

frequency for chlorhexidine or Miswak 

varnishes application to produce maximum 

efficiency.  

 

Material and methods 

Study design: Prospective randomized 

controlled clinical study.  

Study sample: Consisted of patients assigned 

to start fixed orthodontic appliance treatment in 

the department of Orthodontics, Faculty of 

Dentistry, Alexandria University. Investigators 

supplied the patients or their guardians (for 

patients younger than 18 years old) with full 

detailed information about the study 

procedures and aim.An informed consent was 

signed for every participant before being 

involved in the study. The investigators had the 

study protocol approved from the ethics 

committee in Faulty of Dentistry, Alexandria 

University. 

Sample size estimation, randomization, and 

grouping: 

Based on the results obtained from a pilot 

study and with parameters set at; alpha error 

≤0.05, power of 0.8 and 1 degree of freedom; 

the minimum number of participants was 

calculated at 23 per group. Therefore, 75 

participants (25 per group) were included in the 

study according to the following criteria: 

 Age ranges from 14 years to 20 years 

 Nonsmokers 

 Healthy with no general illness or 

systemic disease 

 No mental or physical disabilities 

 No extensive dental restorations, noactive 

carious lesions, or missing teeth due to 

caries 

 Good periodontal condition with no 

existing periodontal disease 

 Lack of use of antibiotics for the last 3 

months 

 Fully erupted permanent dentition with 

at least 20 permanent teeth bonded with 

orthodontic attachments. 

 Female patients 

Participants were equally and randomly 

(according to a computer-generated 
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randomization table) allocated in one of 3 

groups: 

 Group 1 (CHX group): 

Chlorhexidine containing varnish 

(Cervitec Plus, Ivoclar-Vivadent, Schaan, 

Liechtenstein) was applied to teeth 

following fixed orthodontic appliance 

bonding. 

 Group 2 (MVgroup):Freeze dried 

aqueous miswak extract varnishwas 

applied to the teeth following fixed 

orthodontic appliance bonding. 

 Group 3 (Control group): With no 

varnish or further treatments applied to 

the teeth. 

Blinding: 

Patients were blinded to the which 

group they belong and blinded to the content of 

the varnish applied. Saline was applied to the 

teeth after bonding in the control group as a 

placebo in a manner similar as varnishes were 

applied in the other 2 groups, so patients were 

not conscious about differences in the 

procedures between different groups. Saliva 

and plaque samples were collected by one 

investigator, while plaque index (PI) and 

gingival bleeding index (GBI) were recorded 

by another investigator. Both investigators 

were blinded to study groups. Microbiology 

specialist: who performed bacterial culture 

procedures and bacterial colonies counting; 

was also blinded to different groups. 

Intraexaminer reliability was tested for 

individuals performing PI, GBI and bacterial 

colonies counting following the (WHO) [2013] 

guidelines (mean kappa values were 0.87, 0.89 

and 0.86 respectively). 

Miswak varnish preparation(29): 

Freshly cut Miswak sticks were 

obtained from Arak (Salvadora persica) trees in 

Saudi Arabia. Obtained sticks were sundried 

and ground. Ten grams of ground sticks were 

soaked in 100 mL of sterile distilled water for 

48h at 4̊ C. This mixture was then centrifuged 

and filtered to produce aqueous Miswak 

extract. The resultant extract was then freeze 

dried for 7 days in a freeze drying machine to 

produce freeze dried aqueous Miswak 

extractpowder.A mixture of 10 grams of 

prepared freeze dried aqueous Miswak extract 

powder, 75 mL of 95% ethanol (solvent), 25ml 

Distilled deionized water, and 20 grams of 

Colophony resinwas left over night to dissolve 

and produce “Freeze dried aqueous Miswak 

extract varnish”. 

Study procedures: 

Each eligible patient received 

professional dental scaling and prophylaxis 3 

weeks prior to fixed orthodontic appliance 

bonding.  

All the patients in all the study groups 

were instructed to follow routine oral hygiene 

measures. All the patients were provided the 

same commercially available toothpaste, 

toothbrush and mouthwash and were asked to 

use the same toothpaste and mouthwash 

provided to them throughout the whole study 

period. Demonstrations for proper oral hygiene 

practices were given to all the patients 

initiallyand were emphasized on every follow-

up appointment. 

Metal orthodontic brackets and tubes 

(UnitekGemini brackets, 3M Unitek 

Orthodontic Products) were bonded to the 

buccal surface of the teethusing 

nonfluoridatedcomposite (Unite; 3M Unitek, 

Monrovia, Calif). 

Varnishes were applied to the teeth on 

interproximal surfaces and labial surfaces 

around orthodontic brackets and tubes 

immediately after bonding using applicator 

brush (Figure 1) and allowed to dry for 1 

minute. Patients were instructed to refrain 

eating,drinking, or rinsing for 2 hours and not 

to brush their teeth for 24 hours. 
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Figure 1. Varnish application to maxillary teeth using microbrush applicator immediately after 

upper arch bonding. 

 

Plaque index (PI)(30) and Gingival bleeding 

index (GBI)(31) scoring: 

Teeth and gingiva were gently and 

lightly dried using a gentle stream of air after 

partial isolation using cotton rolls in buccal and 

lingual sulci. Six index teeth were used for PI 

and GBI scoring in each patient; maxillary 

right first molar, maxillary right lateral incisor, 

maxillary left first bicuspid, mandibular left 

first molar, mandibular left lateral incisor and 

mandibular right first bicuspid. 

The four surfaces of each index tooth 

(buccal, lingual, mesialand distal) were 

evaluated. 

For PI scoring each surface was given a 

score 0-3 as follow, 

 Score 0: No plaque 

 Score 1: A film of plaque adhering to 

the free gingival margin and/oradjacent 

area of the tooth. The plaque may not be 

seenby naked eye but is visibleonly after 

application of disclosing solution or after 

wiping the surface with a probe.  

 Score 2: Moderate accumulation of 

soft deposits within the gingivalpocket, or 

on the tooth aroundgingival margin which 

can be seen with the naked eye. 

 Score 3: Abundance of soft matter 

within the gingival pocket and/or on the 

tooth and gingival margin 

The score obtained from each surface of a 

tooth was recorded, and the four scores for 

each tooth were summed and then divided by 

four to give the PI for the tooth.The PI for the 

patient was obtained by summing the indices 

recorded for the examined teeth in each patient 

and dividingthemby six.  

For GBI scoring, a 0.5-mm periodontal 

probewas gently inserted into the gingival 

crevice until the attachment epithelium was 

reached and then moved gently along the 

crevice parallel to the long axis of the tooth 

with no apical force to avoid tissue penetration. 

The gingival margin of the four surfaces of 

each index tooth was evaluated for bleeding 

and score 1 was given if bleeding was detected 

and score 0 was given for non-bleeding sites. 

GBI was calculated as the number of bleeding 

surfaces relative to total number of examined 

surfaces. 

Plaque and saliva sampling for bacterial 

cultures(32): 

Patients were instructed to refrain from 

oral hygiene procedures for 24 hours and not to 

consume foods or drinks (except water) for at 
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least 2 hours before each sampling 

appointment.Salivary samples collection was 

performed before any manipulation of the 

orthodontic appliance so as not to disrupt the 

oral microbiotic environment. Each patient was 

instructed to chew an enclosed paraffin pellet 

for 30 seconds, and then was asked to remove 

the produced saliva.Then, the paraffin pellet 

was readministered, asking the patient to chew 

it for 30 seconds and collect the produced 

saliva in a small sterile test tube for 5 minutes. 

This could produce around 3 mL of saliva. 

Before plaque sampling, patients were 

instructed to swallow to reduce amount of 

saliva in the patients’ mouth, and a gentle 

stream of air was used to remove saliva 

remnants on the teeth. Partial isolation was 

done using cotton rolls, and care was given to 

avoid any contamination of blood or saliva 

during plaque sampling. Plaque samples were 

collected from all accessible areas around the 

brackets of central incisor, canine, second 

premolar and first permanent molar in each 

quadrant using a sterile wooden dental wedge 

(Figure 2). The tips of the used wooden wedge 

with adherent plaque were cut off and 

transferred to sterile screw-capped test tube 

with 1.0 mL transport fluid (33). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Plaque sampling for culture using a sterile wooden wedge.  

 

Plaque and saliva samples were sent to 

the Microbiology department, Faculty of 

Medicine, Alexandria University immediately 

after collection and were processed within one 

hour.One mL of the collected saliva sample 

was transferred to 5.7 mL of the transport 

medium and dispersed in a centrifuge for 30 

seconds before it was plated on mitis 

salivarius-bacitracin (MSB) agar.(34)Plaque 

samples were homogenized by sonication for 

10 seconds and diluted in 0.05 M phosphate 

buffer and 25µl portions of diluted plaque were 

collected and spread on MSB agar. 

The agar plates were incubated in 

anaerobic atmosphere 95% N and 5% CO2 at 

37°C for 48 hours (35). After 48 hours of 

incubation, the S. Mutanscharacteristic 

colonies were identified as small, rough, raised 

and adherent colonies (36)and for further 

confirmation,representative colonies were 

checked by immunofluorescence (37). The 

number of colony-forming units (CFU) of S. 

mutans werecounted using an electronic colony 

counter. 
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Study periods 

PI, GBI and CFU of salivary and 

plaque S. mutans were recorded for each 

patient in the following points 

 T0 :Baseline,Immediately before fixed 

appliance bonding (at same visit of 

bonding). 

 T1: After 2 weeks of bonding. 

 T2 :One month after fixed appliance 

bonding. 

 T3 :Three months after fixed appliance 

bonding. 

Statistical methodology 

 Normality was checked for all variables 

using descriptive statistics, plots, and 

Kolmogorov-Smirnov normality test. All 

variables showed normal distribution, so means 

and standard deviations (SD) were calculated, 

and parametric tests was used. Comparisons 

between the three study groups were done 

using one-way ANOVA, while comparisons 

between different timepoints within each group 

were done using repeated measures ANOVA. 

Both tests were followed by multiple pairwise 

comparisons using Bonferroni adjusted 

significance levels (for statistically significant 

differences only). Significance was inferred at 

p value <0.05. Data were analyzed using IBM 

SPSS for Windows (Version 23.0) (IBM Corp. 

Released 2013. IBM SPSS Statistics for 

Windows, Version 22.0. Armonk, NY: IBM 

Corp.) 

 

 

 

 

 

 

Results 

The results of this study showed a 

significant increase in streptococcus mutans 

count in plaque and saliva following fixed 

appliance bonding in all the study subjects. 

Also bonding of fixed appliances resulted in 

significant increase in GBI and in PI in all the 

study subjects. No significant differences were 

observed between the study groups at baseline 

nor at T1 (after brackets bonding) in any of the 

studied parameters.  

S.mutans count in plaque: 

Both chlorhexidine and Miswak 

significantly reduced S.mutans counts in 

plaque after one month following a single 

application. No significant difference was 

observed between chlorhexidine and Miswak 

effect after one month.  However, the control 

group showed significant increase in S.mutans 

plaque count after one month. After 3 months 

of chlorhexidine or Miswak application, 

chlorhexidine showed the least S.mutams count 

in plaque, followed by Miswak, while the 

control group had the highest bacterial count in 

plaque. (Table 1) 

Both Chlorhexidine and control groups 

did not show a significant change in S.mutans 

plaque counts after 3 months when compared 

to the 1 month testpoint. Chlorhexidine showed 

an ability to keep S.mutans at a significantly 

lower counts compared to T1, however plaque 

S.mutans counts remained at high levels in the 

control group.  In the Miswak group, the 

S.mutans plaque counts increased significantly 

after 3 months to levels equivalent to bacterial 

counts at T1 (Table 2). 

Figure 3 shows S.mutans counts in 

plaque in the three study groups at different 

timepoints.
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Table 1. S.mutanscounts in plaque in the three study groups at different timepoints 

 

Chlorhexidine 

(n= 25) 

Miswak 

(n= 25) 

Control 

(n= 25) 

One-way 

ANOVA 

P value Mean ± SD 

Baseline (T0) 5.73 ± 2.10 5.88 ± 2.73 6.16 ± 2.83 0.83 

After bonding 

(T1) 

11.44 ± 2.99 11.34 ± 2.30 11.36 ± 2.97 
0.99 

One month (T2) 7.66 ± 2.48 a 7.85 ± 2.63 a 13.34 ± 3.10b <0.001* 

Three months 

(T3) 

7.87 ± 2.89 a 10.43 ± 2.12b 13.25 ± 2.81c 
<0.001* 

Repeated 

measures ANOVA 

P value 

<0.001* <0.001* <0.001*  

*Statistically significant at p value <0.05 

a,b,c: different letters denote statistically significant differences between groups using Bonferroni 

adjusted significance levels 

 

Table 2. S.mutans counts in plaque: post-hoc pairwise comparisons of different timepoints 

within each group 

Timepoint Compared to 
Chlorhexidine 

P value 

Miswak 

P value 

Control 

P value 

T0 

T1 <0.001* <0.001* <0.001* 

T2 0.02* 0.009* <0.001* 

T3 0.02* <0.001* <0.001* 

T1 
T2 <0.001* <0.001* 0.10 

T3 0.001* 1.00 0.20 

T2 T3 1.00 0.008* 1.00 

*Statistically significant differences between timepoints using Bonferroni adjusted significance 

levels 
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Figure 3. S.mutans counts in plaque in the three study groups at different timepoints 

S.mutans count in saliva: 

Except the significant increase in the 

salivary bacterial counts following fixed 

appliance bonding in all the study groups, no 

statistically significant differences were 

observed between the different study groups 

neither at the other timepoints nor within each 

group at different timepoints. (Table 3 and 

Table 4) 

Table 3. S. mutans counts in saliva in the three study groups at different timepoints 

 

Chlorhexidine 

(n= 25) 

Miswak 

(n= 25) 

Control 

(n= 25) 

One-way 

ANOVA 

P value Mean ± SD 

Baseline (T0) 4.53 ± 1.49 4.57 ± 1.47 4.23 ± 1.87 0.72 

After bonding 

(T1) 

6.03 ± 1.96 5.98 ± 1.09 6.44 ± 1.73 
0.56 

One month (T2) 5.84 ± 1.30 5.93 ± 1.48 6.43 ± 1.88 0.36 

Three months (T3) 6.02 ± 1.67 5.66 ± 1.65 6.66 ± 1.41 0.08 

Repeated 

measures ANOVA 

P value 

0.003* 0.006* <0.001*  

*Statistically significant at p value <0.05 

Table 4. S.mutans counts in saliva: post-hoc pairwise comparisons of different timepoints 

within each group 

Timepoint Compared to 
Chlorhexidine 

P value 

Miswak 

P value 

Control 

P value 

T0 

T1 0.01* 0.001* 0.001* 

T2 0.02* 0.02* 0.001* 

T3 0.03* 0.22 <0.001* 

T1 
T2 1.00 1.00 1.00 

T3 1.00 1.00 1.00 

T2 T3 1.00 1.00 1.00 

*Statistically significant differences between timepoints using Bonferroni adjusted significance 

levels 
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Gingival bleeding index (GBI): 

Both chlorhexidine and Miswak 

resulted in significantly lower GBI when 

compared to the control group at both one 

month and 3 months timepoints. However, no 

statistically significant differences were 

observed between chlorhexidine and Miswak 

neither at one month nor at 3 months 

timepoints. (Table 5) 

Only chlorhexidine was able to reduce 

GBI significantly after one month, however, 

the GBI score was elevated again after 3 

months to a level comparable to T1 score. 

Miswak did not reduce GBI score at T2 nor at 

T3. In the control group, the GBI score 

increased gradually to reach a significantly 

high score at T3. (Table 6). 

An illustrative graph for GBI scores in 

the three study groups at different timepoints is 

shown in Figure 4. 

Table 5. Gingival bleeding index in the three study groups at different timepoints 

 

Chlorhexidine 

(n= 25) 

Miswak 

(n= 25) 

Control 

(n= 25) 

One-way 

ANOVA 

P value Mean ± SD 

Baseline (T0) 0.283 ± 0.06 0.279 ± 0.06 0.277 ± 0.06 0.94 

After bonding 

(T1) 

0.51 ± 0.08 0.52 ± 0.09 0.53 ± 0.09 
0.85 

One month (T2) 0.46 ± 0.07 a 0.47 ± 0.09 a 0.60 ± 0.08b <0.001* 

Three months 

(T3) 

0.50 ± 0.08 a 0.53 ± 0.09 a 0.79 ± 0.06b 
<0.001* 

Repeated 

measures ANOVA 

P value 

<0.001* <0.001* <0.001*  

*Statistically significant at p value <0.05 

a,b: different letters denote statistically significant differences between groups using Bonferroni 

adjusted significance levels 

Table 6. Gingival bleeding index: post-hoc pairwise comparisons of different timepoints 

within each group 

Timepoint Compared to 
Chlorhexidine 

P value 

Miswak 

P value 

Control 

P value 

T0 

T1 <0.001* <0.001* <0.001* 

T2 <0.001* <0.001* <0.001* 

T3 <0.001* <0.001* <0.001* 

T1 
T2 0.009* 0.69 0.06 

T3 1.00 1.00 <0.001* 

T2 T3 0.11 0.045* <0.001* 

*Statistically significant differences between timepoints using Bonferroni adjusted significance 

levels 
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Figure 4. Gingival bleeding index in the three study groups at different timepoints 

Plaque index (PI): 

No statistically significant differences 

were observed between the 3 study groups at 

different timepoints. (Table 7). 

However there was a decrease in PI 

from T1 to T2 in all the study groups, these 

differences were not significant. PI increased 

significantly from T2 to T3 in the 3 study 

groups. (Table 8). 

Figure 5 illustrating PI in the three 

study groups at different timepoints. 

Table 7. Plaque index in the three study groups at different timepoints 

 

Chlorhexidine 

(n= 25) 

Miswak 

(n= 25) 

Control 

(n= 25) 

One-way 

ANOVA 

P value Mean ± SD 

Baseline (T0) 1.12 ± 0.32 0.98 ± 0.23 0.96 ± 0.20 0.07 

After bonding 

(T1) 

2.37 ± 0.34 2.36 ± 0.38 2.24 ± 0.44 
0.45 

One month (T2) 2.16 ± 0.47 2.21 ± 0.51 2.17 ± 0.42 0.92 

Three months (T3) 2.82 ± 0.22 2.69 ± 0.44 2.73 ± 0.42 0.44 

Repeated 

measures ANOVA 

P value 

<0.001* <0.001* <0.001*  

*Statistically significant at p value <0.05 
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Table 8. Plaque index: post-hoc pairwise comparisons of different timepoints within each 

group 

Timepoint Compared to 
Chlorhexidine 

P value 

Miswak 

P value 

Control 

P value 

T0 

T1 <0.001* <0.001* <0.001* 

T2 <0.001* <0.001* <0.001* 

T3 <0.001* <0.001* <0.001* 

T1 
T2 0.20 1.00 1.00 

T3 <0.001* 0.11 0.002* 

T2 T3 <0.001* 0.001* <0.001* 

*Statistically significant differences between timepoints using Bonferroni adjusted significance 

levels 

 

 

 

 

 

 

 

 

 

 

Figure 5. Plaque index in the three study groups at different timepoints 

 

Discussion 

Orthodontic treatment is usually 

initiated in teenagers, who are known to have 

low compliance to oral hygiene instructions 

(38).Patients’ compliance with the use of 

fluoridated mouthwashes during orthodontic 

treatment was less than 15% (39). Moreover, 

the average time separating orthodontic follow-

up visits is 4-6 weeks, making continuous 

monitoring of patients’ oral hygiene difficult. 

This expected lack of oral hygiene during 

orthodontic treatment journey can cause 

permanent tooth damage and irreversible loss 

of tooth material caused by dental caries. Using 

a patient-independent method to decrease the 

levels of cariogenic bacteria could be 

beneficial to decrease the opportunity of such 

tooth damage during orthodontic treatment 

(40,41). 

The sample in this study consisted of 

females only, as females are more compliant 

and are co-operative following oral hygiene 

instructions efficiently than do males (42). 

In the current study, Miswak varnish 

was prepared from aqueous extract. This 

allowed shorter periods of freeze drying and 

yielded greater amount of powder than if 

ethanolic extract was used (43).  
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At T0, the baseline S.mutans count was 

recorded for each patient. Only participants 

who had moderate levels of initial S.mutans 

count (44) were included in the study. Studies 

that were performed in patients with initial 

high S.mutans counts did not find any 

significant differences in bacterial counts after 

chlorhexidine varnish application (41,45). 

However patients with low initial S.mutans 

counts sometimes yielded non-detectable levels 

of bacterial colonies (46). 

In the current study, there was a 

significant increase in the S.mutams counts at 

T1; 2 weeks after the bonding of fixed 

orthodontic appliances. This finding is 

consistent with previous reports (41,47,48). 

However a one week following fixed appliance 

bonding was enough for abundant plaque 

accumulation on teeth (49),(T1) was performed 

2 weeks after fixed appliance bonding to allow 

for changes in the oral ecosystem to occur (40). 

Unlike the control group that showed a 

continued elevation in S.mutans counts in 

plaque after 4 weeks, both chlorhexidine and 

Miswak varnishes resulted in significant 

decrease in S.mutans counts with no significant 

difference observed between chlorhexidine and 

Miswak varnishes after 4 weeks regarding 

S.mutans counts in plaque. This finding could 

suggest Miswak varnish as a valid natural 

substitute to chlorhexidine the gold standard in 

bacterial growth reduction and enamel 

demineraliziation inhibition (6).  

After 3 months of fixed appliance 

bonding (T3), S.mutans counts tended to 

increase in the MV group, however, it 

remained significantly lower than the counts in 

the control group. However, plaque S.mutans 

counts remained low in the CHX group with no 

significant changes in bacterial counts from T2 

to T3. This might suggest that a single 

application from Miswak varnish could reduce 

S.mutans counts efficiently for only 4 weeks. 

On the other hand, the effect of a single 

application of chlorhexidine varnish on plaque 

S.mutans counts reduction could extend to 3 

months. This finding comes in agreement with 

the literature that showed an extended 

antimicrobial effect resulting in lower S. 

mutanscounts upto 3 months (9,32,40) and 

even 6 months (50) following a single 

application of chlorhexidine varnish. 

Neither chlorhexidine varnish nor 

Miswak varnish was able to reduce salivary 

S.mutans counts at any timepoint. This results 

comes in accordance with Ogaard et al (32) 

who found a significant decrease in plaque 

S.mutans counts with no effect on S.mutans 

counts in saliva. This finding could be 

explained that the effect of varnishes is a local 

effect confined to the area of application 

(teeth), and the active constitutes of the 

varnishes hardly could diffuse to produce a 

systemic or a widespread effect. Furthermore, 

salivary S.mutans were found to contain 

resistant strains more than plaque S.mutans did 

(51). 

PI was used as a clue to the amount of 

plaque accumulated on individual’s teeth, 

while GBI was used as an indication of 

gingival inflammation. Both indices give a 

good indication about oral hygiene status of the 

individual (47,52). In the current study, a 

significant increase in plaque accumulation and 

gingival bleeding following bracket bonding 

was observed as described before in the 

literature (53). The results of the current study 

found that a single application of either 

chlorhexidine varnish or Miswak varnish 

resulted in statistically equal GBI and their 

effect extended for 3 months compared to the 

control group which showed significantly 

higher GBI scores at both T2 and T3. However 

there was no significant reduction in the GBI 

scores with either chlorhexidine or Miswak 

varnish, but the score did not increase as 
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happened in the control group. This suggests 

comparable and extended effect of Miswak 

varnish relative to the chlorhexidine varnish in 

decreasing gingival inflammation associated 

with fixed orthodontic appliances (fig 2). 

PI did not show significant changes in 

the 3 study groups from T1 to T2. However, it 

tended to increase significantly from T2 to T3 

in all the study groups. The reason for 

increased plaque accumulation in orthodontic 

patients would be the increased number of 

plaque retentive areas and difficulty in 

reaching these areas by oral hygiene tools (53). 

However plaque accumulation was almost 

equal in the 3 study groups, gingival 

inflammation presented from GBI scores were 

always significantly higher in the control group 

compared to chlorhexidine and Miswak 

varnishes groups. An explanation for this 

would be that varnishes application (either 

chlorhexidine or Miswak) would change the 

quality regardless the quantity of the dental 

plaque with a change in its bacterial 

composition, making it less harmful.  

 

Despite both tested varnishes 

significantly decreased S.mutans counts from 

T1 to T2, the clinical indices (GBI and plaque) 

did not show proportional significant reduction 

from T1 to T2. Previous reports (54–56) 

showed similar results where antimicrobial 

agents decrease S.mutans counts but did not 

affect plaque accumulation nor improved 

gingival indices. This would emphasize the 

importance of mechanical brushing/cleaning as 

an important element in oral hygiene measures 

for the maintenance of gingival health. 

 

In all the test groups, the amount of 

accumulated plaque remained nearly the same 

in all the test groups from T1 to T2 and 

increased significantly from T2 to T3. This 

could be explained by the Hawthorne effect, as 

study subjects could change their daily 

behaviour or attitude because they know that 

they will be evaluated. At the first timepoint 

(T2), the patients were evaluated after one 

month from the start of the experiment. 

Patients at this timepoint were highly 

motivated and are impressed with the new 

situation of wearing braces. At the T3 

timepoint (3 months from the bonding 

appointment), it is expected that patients could 

lose their starting motivation and start being 

reluctant following the oral hygiene instruction 

despite the efforts done by the investigators to 

emphasize on oral hygiene instruction on every 

follow-up appointment. The literature supports 

our findings and assumptions as a positive 

correlation was found between oral hygiene 

motivation and quantity of accumulated plaque 

and degree of gingival inflammation (57). 

 

Conclusions 

1. A single application of either 

chlorhexidine varnish or Miswak varnish 

significantly reduced S.mutans counts in 

plaque for 4 weeks of fixed appliance wear. 

2. The antimicrobial effect of a single 

application of chlorhexidine varnish against 

S.mutans can extend at same efficiency upto 

3 months. However, the antimicrobial 

efficiency of Miswak varnish against 

S.mutans decreased significantly after 

3months.  

3. Chlorhexidine varnish can be applied 

to teeth every 3 months to provide adequate 

anticariogenic effect, however, Miswak 

varnish can be an acceptable natural 

substitute to chlorhexidine varnish as an 

anticariogenic agent if applied at monthly 

basis. 

4. A single application of Miswak 

varnish could reduce gingival inflammation 

upto 3 months in a manner comparable to a 

chlorhexidine varnish single application. 
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5. Patient motivation for oral hygiene 

and monitoring of efficient mechanical 

brushing is mandatory to reduce plaque 

accumulation and maintain proper gingival 

health. 
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