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ABSTRACT

Purpose: This study was carried out to evaluate the effectiveness of different 
fluoride applications on periodontal health (clinical and microbiological) during 
orthodontic treatment with fixed appliance. Patients & Methods: The study groups 
were designed randomly into three equal groups using the same type of (fluoride-free) 
toothpaste. Group I used PERIOMED contains stannous fluoride mouthwash, group II 
used LISTERINE® contains sodium fluoride Mouthwash and the control group used 
distilled water. All patients were put onto the recall schedule at zero, 7th, 14 and 28 days. 
Samples were collected for detection of the interleukin-1 beta level, determination 
of reduction in microbial count and assessment of the following clinical parameters: 
pocket depth, plaque index, and gingival index. They were recorded at these time 
intervals mentioned. Following Orthodontic treatment for all patients, Interleukin- 1 
beta and Colony Forming Units (CFUs) were measured. Results: interleukin-1beta 
level and bacterial count were high at the onset of periodontal inflammation at the 
same range with no significant differences between the studied groups. At the end of 
the study, group I and group II showed a marked decrease in the interleukin-1beta level 
and bacterial count compared to the control group, and there was a statistically non-
significant difference between group I & II.  Conclusion: Stannous fluoride mouthwash 
showed the best results in the level of IL-1β, since in the reduction of the bacterial count 
also includes improving in the clinical parameters (PD, PI, GI) compared with the other 

samples of the study.
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INTRODUCTION

Fixed orthodontic treatment is the most common 
technique for the treatment of malocclusion. 
Maintaining good or acceptable oral hygiene is a 
difficult task for the patient undergoing orthodontic 
treatment with fixed appliances (1, 2).

The fixed component of the orthodontic appli-
ance, such as brackets, bands and fixed retentions, 
can complicate optimal hygiene and this can cause 
the accumulation of dental plaque and gingival in-
flammation (3, 4). Dental plaque is the main factor for 
dental caries and periodontal disease. (5, 6) Rough 
surfaces and the presence of different spaces around 
the bracket bases are critical sites for the accumula-
tion of bacterial plaque (1). 

It is difficult to effectively educate, train and 
encourage patients to reduce plaque solely by me-
chanical means of plaque removal. It requires time, 
motivation and manual dexterity.

Gingivitis is caused by bacterial plaque coloni-
zation on tooth surfaces and subsequent invasion of 
the micro-organisms into the gingival sulcus (7). 

An increase in pathogenic periodontal bacteria 
and a subsequent increase in inflammation around 
orthodontic bands and brackets have been observed 
compared to unbanded or joined teeth (2, 8). Gingivi-
tis and gingival enlargement are the result of inflam-
mation response to plaque microbiota and its prod-
uct inflammatory mediators because of increased 
vascular permeability and dilation (9).

The exudative fluid and protein swell the tis-
sue and an influx of inflammatory cells occurs to 
the connective tissue sub adjacent to the junctional 
epithelium. Periodontal pathogens cause signals in 
resident gingival cells or immune cells that infiltrate 
gingival tissues, resulting in an immune response 
(10). Cytokines in inflamed periodontal tissues have 
been cited as of major importance in the progression 
of periodontal disease (11).

The local production of interleukin (IL) -1B in 
the gingival crevicular fluid has been shown to in-
crease with increasing inflammation (10, 12), therefore 
IL-1B is a reliable marker for the degree of gingival 
inflammation. The health status of periodontal tis-
sues is determined by using the periodontal index 
according to the criteria of the plaque index sys-
tem and the gingival index system and the gingival 
bleeding index system followed by an evaluation of 
the probing pocket depth.

The benefits of fluoride are well known; it is le-
thal to bacteria and aids in enamel remineralization. 
It forms fluorapatite, which is more acid-resistant 
than hydroxyapatite fluorides. The desensitiza-
tion effects come from its ability to block the tu-
bules and slow down the fluid causing sensitivity 
(13). Toothpaste containing amine fluoride (AMF), 
sodium fluoride (Naf) and stannous fluoride has 
been documented in several studies (14,15) stannous 
fluoride also has a known plaque inhibiting effect 
and can inhibit bacterial metabolism, reduce both 
plaque and delayed gingivitis. Fluoride mouthwash-
es significantly reduce the degree of decalcification 
enamel and gingival inflammation during orthodon-
tic treatment (16). Therefore, the present study aimed 
to evaluate the effectiveness of different fluoride ap-
plications on periodontal health during orthodontic 
treatment with fixed appliance.

SUBJECTS AND METHODS

The study groups were designed randomly into 
three equal groups using the same type of (fluoride-
free) toothpaste. Group I used PERIOMED contains 
stannous fluoride mouthwash, group II used 
LISTERINE® contains sodium fluoride Mouthwash 
and the control group used distilled water.

Criteria for patient selection: 

All patients were indicated for orthodontic 
treatment with fixed appliance. The study inclusion 
criteria were: Patients were free from any systematic 
diseases (according to the Cornell Medical Index) 
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(17). Patients did not receive anti-inflammatory 
drugs or antibiotics in the previous 6 months and 
during the study period. The patient did not receive 
previous orthodontic treatment. The patients should 
not reveal any sign of periodontal destruction either 
clinically or radiographic examination. Patients 
have a full set of permanent teeth except third molar 
teeth.

Discontinuation criteria:

Uncooperative patients, frequent missing ap-
pointments, frequent broken appliance. No follow-
ing the patient instructions concerning orthodontic 
and surgical steps, patients who did not follow orth-
odontic or surgical instructions. 

This study has approved by the ethical committee 
of the Faculty of Dental Medicine of Al-Azhar 
University, Cairo, Egypt. (NO. ORTHO- 108- 3)

The patients and /or guardians were fully 
informed about the procedure and informed 
written consents (Appendix II) were signed by 
them before starting the study work. Repeated oral 
hygiene instructions relating to correct using of the 
selected toothpaste, mouthwashes, dental floss, and 

interdentally brush was given to patients to inform 
them how to perform effective tooth cleaning in the 
presence of the orthodontic appliance. All patients 
put onto the recall schedule at zero, 7th, 14 and 28 
days. Samples were collected for detection of the 
interleukin-1 beta level, determination of reduction 
in microbial count and assessment of the following 
clinical parameters pocket depth, plaque index, and 
gingival index. They were recorded at these time 
intervals mentioned.

Following Orthodontic treatment for all patients 
was done using direct bonding (Green Glu bonding 
composite) for the upper and lower teeth using Roth 
prescription bracket. Leveling and alignment using 
sequence of (wire 0.012 or 0.0l4-inch NiTi), (wire 
0.016-inch NiTi), ending with (wire 0.016 x 0.022-
inch NiTi) and elastic ligature ties. Interleukin- 1 
beta was measured in GCF using the Enzyme-
Linked Immunosorbent Assay technique (ELISA 
test) (Fig.1). The number of Colony Forming Units 
(CFUs) for measuring the microbial count was 
counted and calculated according to this equation: 
Number of colonies (CFUs) = bacteria X ml dilution 
X amount plated.

Figure (1): a; Periomed mouth 
wash, b; gingival crevicular 
fluid samples collection at 
baseline time, c; collection 
of GCF during orthodontic 
treatment, and d; ELIZA 
reader.
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RESULTS

The statistical analysis showed the interleukin-
1beta level values were high at the onset of peri-
odontal inflammation at the same range with no 
significant differences between the studied groups. 
Moreover, at the end of the study, group I and group 
II showed a marked decrease in the interleukin-1be-
ta level compared to the control group, and there was 
a statistically non-significant difference between 
group I & II. The statistical analysis showed bacte-
rial count values were high at the onset of inflamma-
tion in all groups at the same range with no signifi-
cant differences. Moreover, at the end of the study 
period after 28 days, group I and group II showed a 
marked decrease in the level of bacterial count com-
pared to the control group and there was a statisti-
cally significant difference between group I&II.

Table (1): Comparison between the groups according to Interleukin 1-β, Aerobic Bacterial count x103, and 
Anaerobic Bacterial count x103.

Group I Group II Group III F p

Mean ±SD Mean ±SD Mean ±SD

Interleukin 1-β

Baseline time 608.6 75.6 594.4 60.9 588.2 116.9 0.1514 0.8602

1 week 1185.2 101.1 1159.7 154.1 1097.4 235.2 0.692 0.5092

2 weeks 860.3 89.8 939.8 110.1 948.3 172.0 1.417 0.2599

4weeks 614.6c 102.7 700.9b 99.9 797.2a 108.0 7.766 0.0022*

Aerobic Bacterial count x103

Baseline time 76.24b 19.04 99.02b 43.81 172.66a 73.94 9.83 0.0006*

1 week 11.6b 5.25 173.5a 53.70 193.44a 88.60 27.73 <0.0001*

2 weeks 8.89c 3.59 125.66b 43.19 232.69a 179.33 34.12 <0.0001*

     4weeks 7.56c 3.80 123.18b 50.05 312.6a 199.2 38.35 <0.0001*

Anaerobic Bacterial count x103

Baseline time 17.34 b 8.42 38.61 b 13.28 1636.6 a 608.5 69.85 <0.0001*

1 week 24.30 b 8.04 57.96 b 28.32 1766.7 a 763.27 55.12 <0.0001*

     2 weeks 2.04 c 1.07 28.26 b 11.88 1837.1 a 752.37 83.11 <0.0001*

4weeks 1.68 c 0.74 27.21 b 11.93 1936.5 a 654.88 70.2 <0.0001*

p: p value for comparison between the groups

The statistical analysis of the clinical parameters 
at the initiation of orthodontic activation with fixed 
appliances showed the probing depth was high at 
all groups while after treatment using a fluoride 
mouthwash, the group I recorded the lowest scores 
among the other studied groups. The control group 
had the highest mean scores and no significant dif-
ferences between the other two tested groups. The 
plaque index measurement was high at all groups 
at the onset of periodontal inflammations and after 
treatment group I & group II recorded the lowest 
scores, while group III (control group) had the high-
est mean scores. Also, gingival index measurements 
were high at the onset of inflammation in all groups 
and after treatment shows the lowest scores in both 
the two tested groups and no significant difference 
between them.
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Table (2): Comparison between the groups according to Probing pocket depth (mm), Gingival index, and 
Plaque index.

Group I Group II Group III F p

Mean ±SD Mean ±SD Mean ±SD

Probing pocket depth (mm)

Baseline time 5.25b 1.96 5.25a 3.19 6.63a,b 2.64 3.22 0.056

1 week 3.50b 0.53 3.88a,b 0.95 4.75a 0.71 5.82 0.009*

2 weeks 2.38c 0.44 3.13b,c 0.95 3.88a,b 0.99 6.46 0.006*

4weeks 2.25 0.44 2.38 1.22 3.13 0.58 2.46 0.09

Gingival index

Baseline time 2.5 0.5 2.4 0.5 2.63 0.52 0.46 0.637

1 week 1.6b 0.4 2.1a 0.5 2.38a 0.52 5.3 0.0139*

2 weeks 1.4 0.5 1.63 0.4 1.9 0.52 2.27 0.128 

     4weeks 1.1b 0.4 1.38b 0.5 1.8a 0.52 3.39 0.036*

Plaque index

Baseline time 2.5 0.5 2.5 0.5 2.1 0.76 7.58 0.134

1 week 1.63 0.74 2.0 0.8 2.0 0.5 0 0.451

     2 weeks 1.3 0.52 1.38 0.5 1.8 0.5 2.33 0.122

4weeks 1.1 0.52 1.38 0.5 1.6 0.4 2.27 0.128

p: p-value for comparison between the groups

Table (3): Correlation between interleukin β1 
concentration and Bacterial count and clinical 
findings.

Interleukin β-1

r p

Bacterial count

Aerobic bacteria .254 .426

Anaerobic bacteria .805** .002*

Clinical findings

Probing depth 0.0961 0.791

Gingival index 0.1572 0.664

Plaque index 0.1042 0.774

r: Pearson coefficient 		

*: Statistically significant at p ≤ 0.05

DISCUSSION

The present study examined the effective use 
of two types of fluoride-containing mouthwashes 
(PERIOMED / LISTERINE® Mouthwash), 
compared with using the distilled water which 
has no antimicrobial action in patients treated 
with fixed orthodontic appliances, by assessing 
the level of interleukin1-beta and microbial count 
in the gingival crevicular fluid and measuring the 
following clinical parameters included Probing 
pocket depth, Plaque index and gingival index. The 
current study supports the use of gingival crevicular 
fluid for research to study periodontal health with 
orthodontic fixed appliances because it’s a non-
invasive nature method and can repetitive sampling 
from the same site.
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It has been shown that the local production of 
interleukin (IL)–1_ in the gingival crevicular fluid 
rises with the increase of inflammation (10, 18). Hence, 
IL-1_ is a reliable marker for the degree of gingival 
inflammation. The role of cytokines in inflamed 
periodontal tissues has been cited as being of major 
importance in periodontal disease progression. 
The results of this study showed that there were 
increase in IL-1β levels at the onset of periodontal 
inflammation after orthodontic treatment compared 
to the healthy periodontal tissue at base time 
(before treatment) in all groups, and the mean of 
IL-1β after one week of treatment was the highest 
mean. Similar findings were reported in a previous 
studies indicating that it may be involved in the 
inflammatory process (19, 20).

In the present study probing pocket depth, plaque 
index and gingival index, showed a higher level at 
baseline time before activation of the treatment in all 
groups. These findings were in agreement with (21). 
Who found the teeth that received a chlorhexidine-
containing varnish showed significantly lower 
values in the follow-ups for most of the evaluated 
parameters (PD Band, PI Band, PI Bracket, GI 
Band, GI Bracket).

Regarding interleukin-1beta the results showed 
there was a weak correlation between interleukin-
1beta concentration and assessed clinical parameters, 
which is associated with periodontal inflammation 
(22). In this context, it has been shown recently that 
interleukin-1 beta level correlates significantly 
with inflammatory marker such as (IL-1), IL-6, and 
tumor necrosis factor-α (TNF-α), appear to have a 
central role in periodontal inflammations. Further 
highlighting its role in chronic inflammation, 
increased level of IL-1β in (GCF) samples from 
chronic inflammation has been reported (22). Low 
levels of IL-1β had been reported in normal serum. 
It is thought that IL-1 genes are induced to respond 
to tissue damage or an infection. Elevated levels had 
been reported in many infectious disease conditions 
and noninfectious inflammatory conditions such as 
periodontal disease (19).

To determine the profile response to periodontal 
therapy and the disease status (23) assessed 
longitudinally different salivary biomarkers of 
periodontitis. IL-1 β, IL-8, MIP-1α, MMP-8, OPG, 
and TNF-α salivary cytokine levels screened. 
Salivary levels of IL-1β reflected disease severity 
and response to therapy suggesting its potential 
utility for monitoring periodontal disease status. The 
results of the present study showed a decrease in the 
level of interleukin- 1Beta level at GCF in both of 
the tested groups compared with the control group, 
the reason for these results were the antibacterial, 
antioxidant and anti-inflammatory properties (24,25) 
of LISTERINE® Mouthwash (0.02% sodium 
fluoride) and the ability of PERIOMED (0.63% 
stannous fluoride) to prevent periodontitis (26) which 
promotes long-lasting bacteriostatic and bactericidal 
properties which inhibit plaque and treat/prevent 
gingivitis (27,28).

The results of the current study were also 
correlated with another study (21). Who found the 
teeth that received a chlorhexidine-containing 
varnish showed significantly lower values in 
the follow-ups for most of the evaluated clinical 
parameters as well as the levels of IL-1beta 
reflected the higher impact gingival health. While 
non-significant changes were registered after the 
use of both active and placebo varnish applications 
in interleukin-1beta level was found by (29) although 
there was a significant reduction of PGE2, PGI2, and 
LTB4 levels in GCF following the active varnish 
treatment when compared to baseline values.

In the present study the routine use of the two 
types of mouthwash in the tested groups generated 
beneficial effects on periodontal health. PERIOMED 
(0.63% stannous fluoride), LISTERINE® (0.02% 
sodium fluoride) mouthwashes showed there was a 
statistically significant reduction in PPD compared 
to the control group. Concerning the probing pocket 
depth the results of PERIOMED group revealed a 
statistically significant reduction in PPD following 
the regular use of mouthwash. Also in a previous 
study (30) concluded that the observed probing depth 
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reduction could be attributed to the broad-spectrum 
antimicrobial effect of stabilized stannous fluoride 
dentifrice on periodontal pathogens.

These findings were in accordance with previous 
study (31). They conducted that the use of SnF2 
products results in reducing clinical parameters 
and gingivitis. Moreover, in another a randomized 
clinical study (32) they found direct irrigation of the 
entire pocket or sulcus filled with stannous fluoride 
solution, no scaling or other treatment procedure 
was performed. They concluded that stannous 
fluoride appears highly effective in reduction of 
pocket depth throw its potential antimicrobial effect.

Listerine® also promoted a statistically signifi-
cant reduction in PPD compared with the control 
group, the antimicrobial effect achieved in this 
group contributed to sodium fluoride supplements 
in mouthwash and their physiological properties. In 
this regarded Listerine green tea mouthwash con-
tains sodium fluoride which is an anti-inflammatory 
agent (26). These findings were in accordance with 
another study (33). They reported that the usage of 
Listerine Green tea mouth-rinse as an adjunct to 
regular mechanical oral hygiene measures seems to 
be beneficial in the treatment of gingivitis patients.  

In comparison with results of the present study, a 
prospective randomized, double-blind study (14) who 
investigated the antibacterial and anti-inflammatory 
effect of amine fluoride/stannous fluoride and 
sodium fluoride (NaF) on the development of white 
spot lesions, plaque, and gingivitis on maxillary 
anterior teeth in orthodontic treated patients. They 
concluded that the combined use of an AmF/
SnF2 toothpaste/ mouth rinse had a slightly more 
inhibitory effect on white spot lesion development, 
plaque and gingivitis on maxillary anterior teeth 
during fixed orthodontic treatment compared with 
sodium fluoride group. In contrary to the results 
of the present study another study (34) found there 
were no observed differences in the SnF2 or NaF 
groups when compared with the placebo group at 18 
months study period.

Regarding Plaque Index the relationship between 
orthodontic procedures and periodontal status is 
considered a challenge. Plaque accumulates around 
the orthodontic appliance, causing gingivitis; 
decalcification, caries, and inflammatory periodontal 
disease are some of the commonly recognized 
consequences of the failure to maintain good oral 
hygiene, especially during orthodontic treatment (35). 
Periodontal maintenance programs must be carried 
out in conjunction to orthodontic treatment and also 
after completion of therapy (36-38).

The results of this study showed a statistically 
significant great reduction in plaque index in PERI-
OMED stannous fluoride group compared with the 
control group when the regular use of fluoride-free 
toothpaste and rinse with distilled water is done. 
The results were in agreement with the results of a 
previous study (30) that showed a significant reduc-
tion in plaque formation when compared to a nega-
tive control dentifrice.

Collectively, the present study results in con-
junction with previously reported long-term clinical 
studies support that the anti-plaque/anti-gingivitis 
therapeutic benefits and the underlying mechanism 
of action of this agent. In contrary to the result, an-
other study (10) who investigated whether conven-
tional tooth brushing and twice-daily use of a brush 
with stannous fluoride (SnF2) gel would be more 
effective for controlling plaque accumulation in the 
presence of orthodontic appliances than conven-
tional toothbrushing alone. They observed that the 
SnF2 gel group had statistically significant lower 
scores for plaque index than did the control group. 
The authors concluded that the use of SnF2 gel is 
an effective adjunct to mechanical tooth cleaning in 
adolescents undergoing orthodontic treatment with 
fixed appliances.

The results of Listerine mouthwash showed a 
statistically significant reduction in dental plaque 
accumulation on the tooth surface, these findings 
were in agreement with a previous study (39) who 
compare the efficacy of chlorhexidine and sodium 
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fluoride mouthwashes in the reduction of plaque 
deposition. They found there was significant 
reduction in plaque in both test groups and the 
efficacy of both mouthwashes was statistically equal. 
They concluded that sodium fluoride is a potent 
antimicrobial agent and would be better mouthwash 
due to its additional remineralization property 
for the prevention of dental caries and gingivitis. 
However, another study (33) reported that the usage 
of mouth-rinse as an adjunct to regular mechanical 
plaque control practice and professional scaling. 
At the end of the study, Gingival Index showed a 
statistically significant reduction in the tow tested 
groups compared with the control group. Moreover 
there was a significant reduction in gingival index in 
PERIOMED mouthwash group due to the presence 
of stannous fluoride in the mouthwash as the main 
ingredient. Stannous fluoride has a potent anti-
inflammatory effect.

These results were in accordance with a previous 
studies (30) and (32) they founds a statistically signifi-
cant reductions in gingival bleeding and gingivitis 
when compared with a negative control dentifrice. 
Stannous fluoride was a broad-spectrum anti-micro-
bial agent that has been used in dentistry as a chemi-
cal adjunct to prevent dental caries and gingivitis.

On the other hand other study (40) found that the 
SnF2 gel group had significantly lower scores for 
gingival index, and bleeding tendency at all exami-
nations than did the control group. Also in the SnF2 
group, one subject developed mild coronal staining, 
and two subjects developed moderate staining.

Another study (35) was detected more stain in the 
SnF2 group than in the other two groups at all periods 
except at baseline. However, no differences were 
observed in gingival bleeding index and gingivitis 
in the SnF2 when compared with the placebo group 
at 18 months. Besides the Listerine mouthwash 
containing sodium fluoride products tested in this 
trial contained several different constituents with 
putative anti-inflammatory and anti-bacterial which 
theoretically could be useful in controlling plaque, 

gingivitis, and periodontal disease. The result of this 
group showed an obvious decrease in GI through 
the experiment.

Results of other clinical studies had confirmed 
the long- term and gingival bleeding reduction 
properties of sodium fluoride dentifrices. Although 
the results of a previous study (35) showed that the 
indicated NaF is no more effective than a placebo 
in reducing gingival bleeding index and gingivitis. 
Finally, this study was carried out to evaluate the 
effect of two types of mouth-rinse on periodontal 
health in orthodontic patients. The results of the 
present study showed an improvement in the signs 
of periodontal inflammation following the regular 
use of fluoridated mouthwash and oral hygiene 
instructions.

Correlation between biochemical and microbio-
logical finding:

The present study showed an overall strong posi-
tive correlation between Interleukin-1β concentra-
tion and anaerobic bacterial count in the experimen-
tal groups and control group and between base time 
and other different periods. These correlations were 
highly significant among all studied groups. These 
findings were in agreement with a study reported 
by a previous study (41) they investigated the micro-
biologic and immunologic factors related to orth-
odontic treatment-induced gingival enlargement 
periodontal therapy was given to the GE group, and 
all parameters were reassessed after 4 weeks. They 
found that after periodontal therapy, the gingival en-
largement group showed significant improvements 
in the clinical parameters associated with significant 
reductions in bacterial count. The levels of IL-1β 
decreased significantly compared with the base-
line associated with the improvement of periodon-
tal variables. They concluded periodontal patho-
gens might have a relationship with the initiation 
and development of orthodontic treatment-induced 
gingival enlargement. Inflammatory cytokines (IL-
1β) can also be considered as contributing factors. 
However; low levels of IL-1β have been reported 
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in normal serum. It is thought that IL-1 genes are 
induced to respond to tissue damage or an infec-
tion. Elevated levels have been reported in many 
infectious disease conditions and noninfectious in-
flammatory conditions such as periodontal disease. 
In addition to elevated serum levels, IL-1 has been 
found in synovial fluids of patients with rheumatoid 
arthritis and cerebrospinal fluid after neurological 
inflammation or insult. At the other end of the spec-
trum, low levels of IL-1 have been found in malnu-
trition and advanced neoplasia suggesting perhaps a 
complex immunological and physiological regula-
tory role for this cytokine. (19)

These results were in accordance with another 
study (42) who reported the role of genetic polymor-
phism in determining the quantity of IL-1b produced 
and also the contributory role of other cytokines that 
share similar biologic activity. In conclusion they 
support the concept that if IL-1b is to be used as 
a marker of inflammatory periodontal disease the 
IL-1 genotype must also be detected.

Correlation between interleukin- 1beta and 
clinical parameters:

The present study showed a weak correlation 
between clinical parameters and the level of IL-1β. 
As these differences are minimal and not statistically 
significant it can be assumed that PPD, PI, and 
GI have not influenced the GCF IL-1β activity. 
These findings were in agreement with a previous 
study (24) who investigates the possible correlation 
between interleukin-1β immunologic mediators 
and gingival clinical parameters in chronic and 
aggressive periodontitis. They concluded there were 
no correlations between cytokine concentrations 
and clinical parameters. These findings were in 
accordance with many clinical another studies 
reported the use of IL-1β present in saliva or 
gingival crevicular fluid as a potential biomarker 
of periodontal disease and they were correlated 
with individual clinical parameters indicative of 
periodontal disease. (21, 42, 43) 

CONCLUSION

The level of interleukin -1beta in gingival crevic-
ular fluid is a useful biomarker to detect periodontal 
health related to fixed orthodontic treatment. Fluori-
dated mouthwashes containing (stannous fluoride as 
well as sodium fluoride) have an anti-inflammatory 
effect and enhanced the periodontal health status. 
Both of the tested groups which used fluoridated 
mouthwashes had a positive impact on the level of 
IL-1β. Stannous fluoride mouthwash showed the 
best results in the level of IL-1β, since in the reduc-
tion of the bacterial count it also includes improv-
ing in the clinical parameters (PD, PI, GI) compared 
with the other samples of the study.
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