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Abstract
Objectives: Halitosis; an offensive mouth odor is most commonly observed in orthodontic patients and volatile sulfur compounds 
have been primarily responsible for oral malodour. Aim of this study was to evaluate and determine presence of malodor in orth-
odontic patients undergoing fixed and removable appliance treatment.
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Introduction

Materials and Methods: Total 107 patients with age range of 12 - 25 years were included in study which were divided in two groups: 
Group I (n = 72) fixed mechanotherapy, and Group II (n = 35) removable appliances. Study was undertaken to quantify increase in 
halitosis in patients undergoing orthodontic treatment using Halimeter. Halimeter recordings, Gingival index (GI) and Plaque index 
(PI) were clinical parameters recorded at baseline (T0), one week (T1), four weeks (T2), 6 weeks (T3), and 8 weeks (T4) intervals 
respectively. After T4, patient was asked to rinse with 10 ml of 0.2% Chlorhexidine gluconate mouth rinse for 60 seconds 2 times 
until fifth appointment.

Results: There was significant increase in halimeter recordings in both fixed and removable appliance patients from baseline to one 
week (T0) and four weeks (T2) intervals respectively and decreased thereafter. Statistically significant (p < 0.001) increase in volatile 
sulphur compounds and malodour at all time intervals was observed except T1-T2 when no change was found in halimeter read-
ing Gingival index and plaque index increased from baseline up to 6 weeks in Group I and decreased thereafter. Halimeter readings, 
gingival and plaque index were significantly higher in fixed mechanotherapy patients as compared to removable appliance patients.

Conclusions: Halimeter reading was found to be very convenient, highly sensitive and accurate for detection of oral malodour. Hence 
it is highly recommended to evaluate halitosis in orthodontic patients. 

Oral malodor is a clinical condition with unpleasant odor emanating from mouth due to gram-negative anaerobic bacterial putrefac-
tion of sulfur-containing proteinaceous substrates [1]. Volatile sulfur compounds (VSCs), hydrogen sulfide, methyl mercaptan and di-
methyl sulphide; primarily responsible for oral malodor have been implicated in pathogenesis of periodontal disease due to their toxicity 
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to oral tissues at extremely low concentration [2]. The national survey on health and welfare in Japan reported that approximately 15% 
of individuals, who have some dental problem, suffer from oral malodor.

Most common oral malodour on awakening called as morning breath; is due to hyposalivation [3]. The cause of halitosis can be intra-
oral and extra-oral [4]. The intraoral halitosis occurs in patients with condition that favours the accumulation of food and bacterial plaque 
on the intraoral surfaces, like teeth, gingiva, mucosal tissues, especially the dorsum of the tongue resulting in development of **anaerobic 
ecosystems [5].

In fixed mechanotherapy, there is plaque accumulation around brackets and within interdental area which is not easy to clean. This 
plaque putrifies leading to gingival irritation with increased level of sulfide compounds. Bracket archwire and other appliance compo-
nents are focus for plaque accumulation and obstruction to plaque removal, thereby promoting gingivitis. Plaque also harbors cariogenic 
bacteria potentially capable of hard tissue damage, especially at bracket margin [6]. Microorganisms like Prevotella intermedia, Solobac-
terium moorei, Actinobacillus actinomycetemcomitans, Streptococcus mutans rise during orthodontic treatment and are responsible for 
halitosis [7]. Extra-oral causes include respiratory system disorder of nose, sinuses, tonsils and pharyngeal regions, producing odorifer-
ous gases in air expelled from oral cavity and nose [8,9].

Organoleptic assessment of an odor is defined as method that can measure strength of target odors and expresses value in terms of 
a point to pre-defined scale of 0 to 5 [10]. Gas Chromatography has been used for differentiating and quantifying volatile sulphur com-
pounds along with differentiating other classes of compounds, but disadvantage is of huge machinery and requires large operational 
space and skillful operator; hence less practical for routine clinical procedures [11]. Halimeter (Interscan corporation, 4590 Ish Drive 
#110, simi Valley, CA), a portable device is much more specific in detection of volatile sulphide compounds. It has highest sensitivity for 
hydrogen sulphide and comparatively low sensitivity for methyl mercaptan. 

Hence the present study was undertaken to evaluate and determine presence of malodor in patients undergoing orthodontic treat-
ment of fixed and removable appliances using halimeter. Also clinical periodontal Parameters such as Gingival index (GI) and Plaque index 
(PI) were evaluated in all patients.

Materials and Method

The study was conducted in Department of Orthodontics and Dentofacial Orthopedics, with sample size of 107 patients. The inclusion 
criteria were age group of 12 - 25 yrs, no history of previous orthodontic treatment and satisfactory oral hygiene. Study was undertaken to 
quantify halitosis in patients undergoing orthodontic treatment. Sample included 72 patients of fixed mechanotherapy and 35 removable 
appliances for evaluating halitosis and assessment of Gingival index (GI) and Plaque index (PI).

“Halimeter” (Interscan corporation, 4590 Ish Drive #110, simi Valley, CA) was used for measurement of oral malodor [12] (Figure 1). 
It was first used in Department of Dental Faculty at Cumhuriyet University, by Babacan [6] to study forty-one patients to evaluate oral 
malodor. Second study of this nature was done in Department of Orthodontics, Faculty of Dentistry in Gazi University [13]. 

 Figure 1: Basic working of halimeter.
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Organoleptic measurement [14]

Organoleptic measurement is primary method for halitosis measurement. It is considered as reference standard for oral malodor 
detection. To detect other odors from mouth, patient was asked to remain quiet and keep their lips closed for period of 2 minutes. They 
were then asked to exhale through mouth briefly with moderate force at distance of approximately 10 cm, the examiner uses his nose to 
determine scale of malodor.

Halimeter recordings

The halimeter recordings were done at Baseline, after 1 week of bonding, and third appointment was after 4 weeks of bonding (Figure 
2). Readings were recorded in ppb (parts per billion) of volatile sulfide compounds. Fourth Appointment was after 6 weeks of bonding 
and patient was asked to rinse with 10 ml of 0.2% Chlorhexidine gluconate mouth rinse (Dr. Reddy’s Laboratory, Hyderabad, Telangana, 
India) for 60 seconds 2 times until fifth appointment which was 8 weeks after bonding.

Figure 2: Digital display adjusted to “0” and press “SAMPLE” to begin the recording.

Halimeter was used to evaluate levels of volatile sulphur compounds in their breath. Oral maldolor values were divided into 4 catego-
ries and classified as normal (values from 0 - 100 ppb), weak (101 - 150 ppb), strong (151 - 300 ppb) or very strong (> 301 ppb).

Recording of Periodontal clinical parameters 

Gingival index (GI) [15] and Plaque index (PI) [16] were recorded at baseline, one week, four week, 6 weeks, 8 weeks respectively.

Statistical Analysis

All the data was compiled and to analyze the data, SPSS virgin 18.0 (SPSS Inc., Chicago, IL, USA) was used. Data had been tested with 
Q-Q plot and finding has been of normally distributed data, hence parametric test was preferable. To compare mean value between two 
groups independent sample “t test” (unpaired) was used. To see relative change between time periods; “paired t-test’’ was used and Pear-
son’s correlation test was used to correlate halimeter recordings, gingival index and plaque index parameters.
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Results

Mean values of Halimeter readings, Gingival index (GI), Plaque index (PI) in Group I (Fixed mechanotherapy) and Group II (Removable 
appliance) at all intervals are shown in table 1.

Fixed Group T0 T1 T2 T3 T4
Halimeter

Recordings

Mean 18.65 43.83 42.40 39.96 15.58
S.D. 9.50 16.31 13.81 12.59 7.27

Gingiva

Index

Mean 0.60 O.85 1.03 1.05 0.87
S.D. 0.33 0.32 0.40 0.48 0.53

Plaque Index Mean 0.60 0.85 1.03 1.05 0.87
S.D 0.33 0.32 0.40 0.48 0.53

Removable

Group

Halimeter

Recordings

Mean 19.46 26.26 26.43 24.03 17.63
S.D 6.87 8.39 8.93 7.45 8.64

Gingiva

Index

Mean 0.81 0.92 0.98 0.99 0.85
S.D. 0.45 0.43 0.51 0.56 0.45

Plaque Index Mean 0.94 1.02 1.15 1.15 0.96
S.D. 0.55 0.56 0.63 0.67 0.54

Table 1: Mean values of Halimeter readings, Gingival index (GI), Plaque index (PI) in Group I (Fixed 
mechanotherapy) and Group II (Removable appliance).

Intragroup comparison of Halimeter recordings, for Group I (Fixed mechanotherapy) showed statistically significant (p < 0.001) in-
crease in volatile sulphur compounds and malodour at all time intervals except T1-T2 when no change was found in halimeter reading 
(Table 2).

Mean Std. Deviation Mean Difference p-value
Difference between halimeter 
recordings taken at T0 and T1

Halimeter recording at (T0) 18.65 9.50 -25.18 < 0.001**
Halimeter recordings at (T1) 43.83 16.31

Difference between halimeter 
recordings taken at T1and T2

Halimeter recordings at (T1) 43.83 16.31 1.43 0.40
Halimeter recordings at ( T2) 42.40 13.81

Difference between halimeter 
recordings taken at T2 and T3

Halimeter recordings at (T2) 42.40 13.81 5.44 < 
0.001***Halimeter recordings at (T3) 36.96 12.59

Difference between halimeter 
recordings taken at T3 and T4

Halimeter recordings at (T3) 36.96 12.59 21.38 < 
0.001***Halimeter recordings at (T4) 15.58 7.27

Difference between halimeter 
recordings taken at T4 and T0

Halimeter recordings at (T4) 15.58 7.27 3.07 0.02*
Halimeter recordings at (T0) 18.65 9.50

Table 2: Intragroup comparison of Halimeter recordings in Group I (Fixed) evaluated at T0 (Baseline), T1 (One week), T2 (four 
weeks), T3 (Six weeks), T4 (Eight weeks) intervals.

NS – p ≥ 0.05 Not significant, * p ≤ 0.05 , *** p ≤ 0.001
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Intragroup comparison of Gingival index and Plaque index for Group I (Fixed mechanotherapy) showed statistically significant rise in 
gingival and plaque index values from baseline to T0, T1 and T4 intervals except T2-T3 where it was statistically insignificant (p > 0.05). 
These values correlated with halimeter reading indicating poor oral hygiene of patient responsible for malodour (Table 3,4). For Group II 
of removable appliances, statistically significant (p < 0.001) increase in volatile sulphur compounds, and increase in malodor was found 
at all time intervals except T1-T2 when no change was found in halimeter reading (Table 5).

Mean Std. Deviation Mean Difference p-value
Difference between Gingival Index 

(GI) taken at T0 and T1
Gingival index at (T0) 0.60 0.33 -0.25 < 0.001***
Gingival index at (T1) 0.85 0.32

Difference between Gingival Index 
(GI) taken at T1and T2

Gingival index at (T1) 0.85 0.32 -0.17 <0.001***
Gingival index at (T2) 1.03 0.40

Difference between Gingival Index 
(GI) taken at T2 and T3

Gingival index at (T2) 1.03 0.40 -0.02 0.39
Gingival Index at (T3) 1.05 0.48

Difference between Gingival Index 
(GI) taken at T3 and T4

Gingival Index at ( T3) 1.05 0.48 0.18 0.001***
Gingival index at (T4) 0.87 0.53

Difference between Gingival Index 
(GI) taken at T4 and T0

Gingival index at (T4) 0.87 0.53 -0.27 0.001***
Gingival index at (T0) 0.60 0.33

Table 3: Intragroup comparison of Gingival Index (GI) in Group I (Fixed) evaluated at T0 (Baseline), T1 (One week), T2 (four 
weeks), T3 (Six weeks), T4 (Eight weeks) intervals.

NS – p ≥ 0.05 Not significant, *** p ≤ 0.001

Mean Std. Deviation Mean Difference p-value
Difference between Plaque Index 

(PI) taken at T0 and T1
Plaque index at (T0) 0.70 0.49 -0.27 0.001***
Plaque index at (T1) 0.97 0.39

Difference between Plaque Index 
(PI) taken at T1 and T2

Plaque index at (T1) 0.97 0.39 -0.17 0.001***
Plaque index at (T2) 1.14 0.46

Difference between Plaque Index 
(PI) taken at T2 and T3

Plaque index at (T2) 1.14 0.46 -0.05 0.16
Plaque index at (T3) 1.19 0.56

Difference between Plaque Index 
(PI) taken at T3 and T4

Plaque index at (T3) 1.19 0.56 0.29 0.001***

Plaque index at (T4) 0.89 0.46
Difference between Plaque Index 

(PI) taken at T4 and T0
Plaque index at (T4) 0.89 0.46 -0.19 0.001***
Plaque index at (T0) 0.70 0.49

Table 4: Intragroup comparison of Plaque Index (PI) in Group I (Fixed) evaluated at T0 (Baseline), T1 (One week), T2 
(four weeks), T3 (Six weeks), T4 (Eight weeks) intervals.

NS – p ≥ 0.05 Not significant, *** p ≤ 0.001
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Mean Std. Deviation Mean Difference p-value
Difference between halimeter 
recordings taken at T0 and T1

Halimeter recording at (T0) 19.46 6.87 -6.80 < 0.001***
Halimeter recordings at (T1) 26.26 8.39

Difference between halimeter 
recordings taken at T1and T2

Halimeter recordings at (T1) 26.26 8.39 -0.17 0.165
Halimeter recordings at (T2) 26.43 8.93

Difference between halimeter 
recordings taken at T2 and T3

Halimeter recordings at (T2) 6.43 8.93 2.4 0.001***
Halimeter recordings at (T3) 24.03 7.45

Difference between halimeter 
recordings taken at T3 and T4

Halimeter recordings at (T3) 24.03 7.45 1.83 0.001**
Halimeter recordings at (T4) 17.63 8.64

Difference between halimeter 
recordings taken at T4 and T0

Halimeter recordings at (T4) 17.63 8.64 -1.83 0.179
Halimeter recordings at (T0) 9.46 6.87

Table 5: Intragroup comparison of Halimeter recordings in Group II (Removable) evaluated at T0 (Baseline), T1 (One week), T2 
(four weeks), T3 (Six weeks), T4 (Eight weeks) intervals. 

NS – p ≥ 0.05 Not significant ,** p ≤ 0.01, *** p ≤ 0.001

Gingival and plaque index within Group II of removable appliances showed an increase in values at all intervals correlating with ha-
limeter readings except T2-T3 where it was found statistically insignificant (p > 0.05) (Table 6,7).

Mean Std. Deviation Mean Difference p-value
Difference between Gingival Index 

(GI) taken at T0 and T1
Gingival index at (T0) 0.81 0.45 -0.11 0.001***
Gingival index at (T1) 0.92 0.43

Difference between Gingival Index 
(GI) taken at T1 and T2

Gingival index at (T1) 0.92 0.43 -0.06 0.01**
Gingival index at (T2) 0.98 0.51

Difference between Gingival Index 
(GI) taken at T2 and T3

Gingival index at (T2) 0.98 0.51 -0.01 0.645
Gingival index at (T3) 0.99 0.56

Difference between Gingival Index 
(GI) taken at T3 and T4

Gingival index at (T3) 0.99 0.56 0.14 0.001***
Gingival Index at (T4) 0.85 0.45

Difference between Gingival Index 
(GI) taken at T4 and T0

Gingival index at (T4) 0.85 0.45 0.04 0.073*
Gingival index at (T0) 0.81 0.45

Table 6: Intragroup comparison of Gingival Index (GI) in Group II (Removable) evaluated at T0 (Baseline), T1 (One week), T2 
(four weeks), T3 (Six weeks), T4 (Eight weeks) intervals.

NS – p ≥ 0.05 Not significant, * p ≤ 0.05 ,** p ≤ 0.01, *** p ≤ 0.001

Mean Std. Deviation Mean Difference p-value
Difference between Plaque Index 

(PI) taken at T0 and T1
Plaque index at (T0) 0.94 0.55 -0.09 0.001***
Plaque index at (T1) 1.02 0.56

Difference between Plaque Index 
(PI) taken at T1 and T2

Plaque index at (T1) 1.02 0.56 -0.13 0.001***
Plaque index at (T2) 1.15 0.63

Difference between Plaque Index 
(PI) taken at T2 and T3

Plaque index at (T2) 1.15 0.63 0.00 0.982
Plaque index at (T3) 1.15 0.67

Difference between Plaque Index 
(PI) taken at T3 and T4

Plaque index at (T3) 1.15 0.67 0.19 0.001***
Plaque index (PI) at (T4) 0.96 0.64

Difference between Plaque Index 
(PI) taken at T4 and T0

Plaque index (PI) at (T4) 0.96 0.54 0.03 0.417
Plaque index (PI) at (T0) 0.94 0.55

Table 7: Intragroup comparison of Plaque Index (PI) in Group II (Removable appliances) evaluated at T0 (Baseline), T1 (One 
week), T2 (four weeks), T3 (Six weeks), T4 (Eight weeks) intervals.

NS – p ≥ 0.05 Not significant, *** p ≤ 0.001
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Intergroup comparison of mean values of halimeter readings within both Group I and Group II showed significant increase in halim-
eter recordings (p > 0.05) in fixed orthodontic patients (Group I) at all time intervals during the study except T0 and T4 (Table 8). At time 
intervals T0, T1, T2, T3, T4, the difference between plaque index (PI) and gingival index of fixed mechanotherapy and removable appli-
ance was statistically non- significant (p > 0.05) (Table 9,10).

Group Mean Std. Deviation p-value
Difference between Halimeter recordings at T0 Group I (Fixed) 18.65 9.50 0.656

Group II (Removable) 19.46 6.87
Difference between Halimeter recordings at T1 Group I (Fixed) 43.83 16.31 <0.001***

Group II (Removable) 26.26 8.39
Difference between Halimeter recordings at T2 Group I (Fixed) 42.40 13.81 <0.001***

Group II (Removable) 26.43 8.93
Difference between Halimeter recordings at T3 Group I (Fixed) 36.96 12.59 <0.001***

Group II (Removable) 24.03 7.45
Difference between Halimeter recordings at T4 Group I (Fixed) 15.58 7.27 0.203

Group II (Removable) 17.63 8.64

Table 8: Intergroup Comparison of value of Halimeter Recordings, in both Group I and Group II at baseline (T0), 1 
Week (T1), 4 Weeks (T2), 6 Weeks (T3), 8 Weeks (T4) intervals.

NS – p ≥ 0.05 Not significant, *** p ≤ 0.001

Group Mean Std. Deviation p-value
Difference between Gingival Index (GI) at T0 Group I (Fixed) 0.60 0.33 0.007

Group II (Removable) 0.81 0.45
Difference between Gingival Index (GI) at T1 Group I (Fixed) 0.85 0.32 0.383

Group II (Removable) 0.92 0.43
Difference between Gingival index (GI) at T2 Group I (Fixed) 1.03 0.40 0.597

Group II (Removable) 0.98 0.51
Difference between Gingival Index (GI) at T3 Group I (Fixed) 1.05 0.48 0.565

Group II (Removable) 0.99 0.56
Difference between Gingival Index (GI) at T4 Group I (Fixed) 0.87 0.53 0.849

Group II (Removable) 0.85 0.45

Table 9: Intergroup comparison of Gingival index (GI) (Loe and Silness 1963, in both Group I and Group II at  
baseline (T0), 1 Week (T1), 4 Weeks (T2), 6 Weeks (T3), 8 Weeks (T4) intervals.

NS – p ≥ 0.05 Not significant
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Group Mean Std. Deviation p-value
Difference between Plaque index (PI) at T0 Group I (Fixed) O.70 0.49 0.027*

Group II (Removable) 0.94 0.55
Difference between Plaque Index (PI) at T1 Group I (Fixed) 0.97 0.39 0.525

Group II (Removable) 1.02 0.56
Difference between Plaque Index (PI) at T2 Group I (Fixed) 1.14 0.46 0.865

Group II (Removable) 1.15 0.63
Difference between Plaque Index (PI) at T3 Group I (Fixed) 1.19 0.56 0.794

Group II (Removable) 1.15 0.67
Difference between Plaque Index (PI) at T4 Group I (Fixed) 0.89 0.46 0.487

Group II (Removable) 0.96 0.54

Table 10: Intergroup comparison of Plaque index (PI), in both Group I and Group II at T0 (baseline), T1 (1 week), 
T2 (4 weeks), T3 (6 weeks) , T4 (8 weeks) intervals. 

NS – p ≥ 0.05 Not significant

When Correlation was done between halimeter readings, Gingival index (GI) and Plaque index (PI) for Group I; positive correlation 
was observed between Gingival index (GI) and Plaque index (PI) at all time intervals (Table 11).

Pearsons 
correlation 

(r) at T0

Pearsons  
correlation  

(r) at T1

Pearsons 
 correlation 

 (r) at T2

Pearsons  
correlation 

(r) at T3

Pearsons  
correlation 

 (r) at T4
Halimeter Recording with Gingival Index (GI) 0.103 0.178 -0.002 -0.067 -0.11
Halimeter Recording with Plaque Index (PI) 0.103 0.178 -0.002 -0.067 -0.11

Gingival Index (GI) with Plaque Index 0.672** 0.724** 0.680** 0.833** 0.829**

Table 11: Correlation between Halimeter recordings, Plaque index (PI) and Gingival Index (GI) in Group I (Fixed mechanotherapy) at  
baseline (T0), one week (T1), four weeks (T2), six weeks (T3), eight weeks (T4) intervals.

NS – p ≥ 0.05 Not significant,** p ≤ 0.01

Discussion

Orthodontic treatment involves use of forces that are of controlled nature to act on teeth and associated structures surrounding the 
teeth. After placement of brackets, it is difficult to maintain healthy oral hygiene habits. Bands and brackets offer rigid structure, thus 
compromising on effective cleaning in the interproximal areas. Plaque accumulation starts around bracket edges, promoting gingival 
inflammation and production of volatile sulphide compounds causing halitosis. Present study was undertaken to evaluate malodor in 
patients undergoing orthodontic treatment using Halimeter and is first of its kind in India. The patients in this study were all in weak 
stage (0 - 100 ppb) indicating moderate oral hygiene maintained by all patients and mean reading was 18.65 ppb of volatile sulphide 
compounds at baseline. 

There was a huge difference in the mean halimeter readings at TO (baseline) and T1 (one week), and was statistically significant (p < 
0.001). In this time interval of TO-T1, there was rise in oral malodor; this could be because of inability of patient to maintain proper oral 
hygiene, as it was first encounter of patient with fixed appliances. These finding are in co-relation of study done by Babacan., et al. [6] who 
investigated effect of appliances on malodor and stated that oral malodor tends to increase immediately after bracket placement. There 
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was a significant increase in malodor from (T1-T2) and (T1-T3) in present study. Also Nalcaci., et al. [17] who found an increase in malodor 
from I week (T1) to 5 weeks (T2), stated an increase in halitosis from first week of bonding. This finding is in contrast with the findings 
of Kaygisiz E., et al. [18] who studied effects of self-ligating and conventional brackets on halitosis and periodontal conditions on sixty 
patients. All exhibited weak stage of halitosis and no significant changes in the halitosis occurred over a period of 5 weeks, which could be 
due to tongue scarping done by patients throughout treatment. We found slight drop in halimeter reading as compared to T1 (one week) 
and T2 (four weeks). This insignificant reduction from T2 to T3, could be due to improved hygiene methods of the patient at end of four 
weeks. Studies of Babacan., et al. [6] and Nalcaci., et al. [16] supports the finding of present study.

After 6 weeks of bonding; when chlorhexidine mouthwash was used at fifth appointment; mean reading was 15.58 ppb of volatile sul-
phide compounds. These finding are in co-relation of study done by Fedorowicz Z., et al. [19] who concluded that mouth rinses containing 
antibacterial agents such as chlorhexidine and cetylpyridinium play an important role in reducing level of halitosis producing bacteria 
on the tongue. These finding are in correlation of study done by Kaygisiz E., et al. [18] where there was no increase in halitosis in patients 
undertaken in this study. This could be due to tongue scraping had been a protocol of hygiene maintenance that was used in concluding 
that rather than periodontal status. Sokucu., et al. [20] evaluated malodour in patients undergoing fixed mechanotherapy patients and 
concluded malodour increased significantly during fixed orthodontic treatment and reached critical level in 7 months.

In removable appliance patients, also there was an increase in halitosis from T0 (baseline) to T1 (one week). Halimeter readings in-
creased up to 24.03 ppb of volatile sulphide compounds at T4 from 19.46 ppb at T0. This was mainly due to some patients who did not 
clean the appliance properly in spite of instructions given to them. The difference in halimeter readings between T2 and T3 was statisti-
cally significant (p < 0.001) indicating improvement in halitosis in all patients. Hence, proper reinforcement of oral hygiene methods was 
done by making them aware of halimeter recordings. As per literature available, this is first study to compare halitosis between fixed 
mechanotherapy and removable appliances using halimeter.

Gingival index and Plaque Index described by Silness P and Loe H [15] were used to provide a more objective assessment of gingivitis 
and to evaluate accumulation of plaque. In fixed mechanotherapy patients, at T0 (baseline), gingival index and plaque index were record-
ed in patients at day of bonding or before bonding, four surfaces of each of six teeth were examined using Williams probe. 

There was a progressive increase in mean gingival index from T0-T1 (0.6-0.85) indicating mild gingivitis affecting molars and incisors 
the most. Basaran G., et al. [21] demonstrated increased interleukin -1 Beta (IL-1) and Tumor necrosis factor-a (TNF-a)# levels in gingival 
crevicular fluid (GCF) during initial orthodontic tooth movement. The results of study done by Lynch., et al. [22] indicated role of cytokines 
in the gingivitis during early 12 - 24 hours of orthodontic tooth movement. This was because patient was not used to appliance and oral 
health care was compromised. These gingival alterations occurred in spite of proper instructions of tooth brushing given to all patients 
during treatment. These finding are in correlation of study done by Zachrisson S., et al. [12], who found generalized moderate hyperplastic 
gingiva within two months after placement of appliances. Even after 6weeks after bonding (T3), mean gingival index increased up to 1.05 
indicating persistence of moderate gingivitis in all subjects. 

Plaque index increased consecutively from 0.70 at T0 to 1.14 at T2 suggestive of increased bacterial load and increased plaque around 
bracket, and interdental areas. The results are in correlation with study by Sulser GF., et al. [23] who reported that periodontal health 
relates directly to putrefactive bacteria. AT T3, plaque index was recorded at six weeks after bonding, mean reading for plaque index was 
1.19. At T4, plaque index was recorded at eight weeks after bonding, the patient was on meticulous use of mouthwash from the end of 
sixth appointment to the day of eight appointment. They demonstrated that oral hygiene procedures like rinsing with antiseptic mouth-
wash markedly decrease the intensity of oral malodor by directly reducing microbial load.

In removable appliances, an increase in mean gingival index was observed from T0-T3 (0.70 - 0.99), indicating mild gingivitis only. This 
is in correlation with findings Mosques T., et al. [24] who demonstrated that gingival index increased from the 3rd day uptill 42nd day and 
later stabilized around the baseline level by the end of 90 days after removable appliance placement. Meticulous oral hygiene instructions 
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were reinforced on patients, but sometimes because of inability to clean appliance and improper cleaning technique, there was accumu-
lation of plaque and increase in gingival inflammation. At T4, gingival index decreased to 0.85 due to chlorhexidine mouth rinses usage. 
DeBoever and Loesche [25] stated that reduction in amount of pathogenic bacteria and volatile sulphide compounds producing species 
were responsible for decrease in gingival inflammation resulting in healthy periodontium.

Ramadhani A., et al. [26] did cloning Sox enzymes of P. pantotrophus GB17 and evaluated their VSC-degrading activities for the preven-
tion of oral malodor. Six genes, soxX, soxY, soxZ, soxA, soxB, and soxCD, were amplified from P. pantotrophus GB17. The enzyme mixture 
was investigated for the degradation of VSCs using gas chromatography. The amount of H2S produced by periodontopathic bacteria or oral 
bacteria collected from human subjects decreased after an incubation with rSox enzymes. These results suggest that combination of Sox 
enzymes from P. pantotrophus GB17 is useful for prevention of oral malodor.

There was a strong correlation between gingival index and plaque index in both Group I (fixed mechanotherapy) and Group II (Remov-
able appliances) at various intervals. Although patients treated with fixed orthodontic appliance’s demonstrated decreased periodontal 
status, the fixed mechanotherapy preclusion is not suggested in the treatment of adult patients, use of fixed appliances ensures treatment 
compliance. Also, there is little evidence that fixed orthodontic appliances have long term negative effect on periodontal tissues in adult 
patients [27]. Although plaque disclosing agents and other methods have been available in literature for patient’s oral care motivation but 
use of halimeter had been of utmost importance in this study for evaluating malodor in orthodontic patient’s leading to better hygiene 
maintenance in all subjects.

Hence halimeter is a precise, accurate and extremely reliable method of evaluating halitosis and to make patients aware about impor-
tance of maintenance of oral hygiene in orthodontic patients. Further studies with a larger sample are suggested for longer intervention 
and follow up period using halimeter.

Conclusions
Following conclusions were drawn from the study:

•	 The Halimeter reading was found to be highly sensitive and accurate for detection of oral malodor in all orthodontic patients.

•	 There was significant increase in halitosis in fixed mechanotherapy patients from baseline to 1 week after bonding and de-
creased thereafter.

•	 Gingival index and plaque index increased significantly from baseline to 1 week, 4weeks and 6 weeks intervals after bonding and 
decreased at 8 weeks intervals for Fixed Mechanotherapy patients.

•	 In removable appliance therapy, there was significant increase in halitosis from baseline to 1 week and 4 weeks intervals after 
delivery of appliance and reduced thereafter.

•	 Gingival index and plaque index increased significantly from baseline to 1 week and decreased thereafter for Removable appli-
ance patients.

•	 There was a strong correlation between gingival and plaque index in fixed mechanotherapy patients at baseline, 1 week, 4 weeks, 
6 weeks and 8 weeks intervals.
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