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Abstract
Introduction: Periodontal disease and tongue coatings are among the major factors associated with oral 
malodor. The present study, comparatively evaluated the effects of the Er,Cr:YSGG laser and Halita 
mouthwash as adjunctive treatments to nonsurgical periodontal debridement on oral malodor reduction in 
chronic periodontitis patients. 
Methods: Sixty patients with stage II and III chronic periodontitis and bad breath. The patients were 
randomly divided into two groups (n = 30). After conventional scaling and root planing, patients in group 
1 underwent Er,Cr:YSGG laser  (Waterlase; Biolase, San Clemente, CA, USA) irradiation of the internal 
surface of the pockets ( 1.5 W, 30 Hz, 20% A, 40% W) and the dorsum of the tongue (1 W, 30 Hz, 20% 
A, 40% W) immediately after SRP and on the third and seventh days. Group 2 patients were asked to 
use Halita mouthwash twice daily for one week. Baseline, 1 and 3-month post-treatment measurements 
of plaque index (PI), probing pocket depth (PPD), clinical attachment level (CAL), gingival index (GI), 
bleeding on probing (BOP) and organoleptic assessment of Halitosis severity were performed. 
Results: Significant improvement in all parameters was noted in both groups after 1 and 3 months, 
compared with baseline (P < 0.05). The two groups had significant reductions which occurred in PPD, CAL 
and BOP levels and the organoleptic score in 1 and 3 months after the intervention (P < 0.05). 
Conclusion: Er,Cr:YSGG laser irradiation and Halita mouthwash as adjuncts to non-surgical periodontal 
therapy are both effective in the treatment of oral malodor and improvement of periodontal parameters. 
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Introduction
The unpleasant odor exhaled from the oral cavity is 
regarded as Halitosis (Bad breath).1-3 this condition is a 
common dilemma of many patients, influencing their 
social life. From an etiological perspective, 80% to 90% of 
the cases have been reported to be directly linked to oral 
and dental conditions and bacterial putrefaction of food 
particles in periodontal pockets or interdental areas.4,5

Volatile sulfur compounds (VSCs) produced by oral 
pathogenic bacteria such as Porphyromonas gingivalis, 
Prevotella intermedia, Treponema denticola and 

Porphyromonas endodontalis are considered to be the 
significant contributing factor.5 Hydrogen sulfide (H2S), 
mainly detected on the dorsum of the tongue, is one of 
these compounds. Methanethiol (CH3SH), found in 
periodontal pockets. And dimethyl sulfide (CH3SCH3), 
which has an extraoral origin are other substances 
from this group.5,6 The severity of halitosis is mainly 
determined based on the amounts of detectable VSCs.3,7 
The association of periodontal diseases and oral malodor 
has been confirmed in previous studies. Several studies 
have claimed that effective periodontal therapy can 
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eliminate or decrease the severity of halitosis.8

Mechanical periodontal therapy has been considered a 
non-surgical treatment approach with a high success rate 
for years. Moreover, a more significant bacterial reduction 
and superior clinical healing have been observed in 
patients undergoing conventional periodontal therapy 
assisted with an adjunct modality.9,10 Mouthwashes 
are commonly used as an adjunct chemical approach 
to control bacterial infection. Halita mouthwash is a 
combination of 0.05% chlorhexidine (CHX) gluconate, 
0.05% cetylpyridinium chloride (CPC) and zinc lactate.11 
Studies have also shown that metal ions, such as zinc (Zn), 
inhibit the production of VSCs and subsequently decrease 
or eliminate halitosis.12 Also, antimicrobial agents like 
CHX or CPC may hinder the formation of VSCs and 
reduce halitosis.13,14 Furthermore, these compounds may 
have synergistic effects for the treatment of bacterial 
infections.11

Recently, some improvements were reported in 
the treatment of periodontal disease, and some novel 
modalities were introduced for this purpose. Lasers have 
been suggested as an adjunctive treatment of eliminating 
pathogenic bacteria from deep periodontal pockets.10,15-17

The Er,Cr:YSGG laser (2.78 μm wavelength) 
demonstrates a shallow penetration depth into tissues and 
a negligible thermal defect risk to deep tissues. Moreover, 
it has been reported that root surface treatment with this 
laser can result in a suitably conditioned surface which 
can improve the attachment of blood compounds and 
cells to the roots.18,19

Er,Cr:YSGG laser, combined with conventional 
periodontal treatment, has been reported to have positive 
effects in a few studies.18,20 In addition to eliminating 
bacteria from infected pockets, Er,Cr:YSGG laser has been 
applied for blood vessel coagulation and de-epithelization 
of periodontal pockets.20,21

Krespi et al22  have previously studied and reported the 
tongue as an important culprit of oral malodor, which 
should be considered in its treatment protocols.

In a systematic review conducted by Roncati et al23 
and several other studies, positive adjunctive effects have 
been reported for the application of lasers for phase I 
periodontal debridement treatments.15,17,20,24,25 

A few studies have focused on the effects of the 
Er,Cr:YSGG laser on periodontal therapy and oral malodor 
reduction. A recent study by Dereci et al has reported 
the effectiveness of the Er,Cr:YSGG laser in periodontal 
treatment and the alleviation of oral malodor.26 

The current study aimed to compare the efficacy of 
Er,Cr:YSGG adjunctive irradiation in a periodontal 
therapy protocol with conventional periodontal therapy 
plus Halita mouthwash to treat halitosis and periodontal 
disease.

Materials and Methods
Sixty patients with a chief complaint of bad breath, who 
were referred to the Department of Periodontology, were 
enrolled. All patients signed informed consent forms 
before the study. 

Patient Selection
Sixty patients consisting of 37 females and 23 males with 
an age range between 37.97 ± 8.3 years and diagnosed 
with Stage II (interdental CAL of 3-4 mm, probing depth 
≤5 mm, 15-33% bone loss) and III chronic periodontitis 
(CAL ≥5 mm interdentally, maximum probing depth of 
≥6 mm, bone loss reaching the middle third of the root, 
a 3 mm or more vertical loss of bone) were included.22  
Other inclusion criteria were the presence of a minimum 
of 15 teeth in the oral cavity and a plaque index of under 
30%.

The exclusion criteria consisted of (1) Antibiotic intake 
in the past 6 months (before treatment), (2) History of the 
previous or current use of anti-infective mouthwashes, 
(3) History of previous periodontal surgery, (4) Systemic 
diseases such as gastrointestinal or respiratory diseases, 
(5) Presence of carious teeth, (6) History of xerostomia 
or oral conditions such as fungal infections (based on the 
examination and approval of an oral disease specialist), 
(7) History of oral lesions, (8) Presence of tongue with 
deep grooves (fissured tongue) and coated tongue, and (9) 
Presence of any metabolic and mucocutaneous diseases.

The selected patients were divided into two groups 
by simple randomization (flipping a coin). Group 1: 
Er,Cr:YSGG irradiation of pockets and tongue was applied 
immediately after traditional scaling and root planing. 
Group 2 patients received scaling and root planing and 
were instructed to use Halita mouthwash afterwards for 
one week.

Oral Hygiene Instructions
The patients were provided with oral hygiene instructions 
in their first appointment. Written and verbal instructions 
were given to correct the method of using the toothbrush 
and dental floss and adhere to the precise oral hygiene 
measures after periodontal therapy. 

Treatment Modality
In both groups, the patients received conventional 
periodontal treatment with an ultrasonic scaler (Wood 
Pecker, China) which included thorough sub- and 
supragingival scaling and root planning of both arches in 
a single session.
In group 1, the Er,Cr:YSGG laser (Waterlase, iPlus, Biolase, 
California, USA) was irradiated with MZ5 and MZ8 tips. 
The MZ5 laser tip was used with a 10° angle with the root 
surface and applied in reciprocal movements (mesiodistal 
movement in an apical to coronal direction) in contact 
with the interior pocket wall. Only the internal surface 
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of the pockets was irradiated with the laser once in each 
session. An output power of 1.5 W at a 30 Hz pulse rate 
and 20% air and 40% water with 60 µs pulse duration (H 
mode) was applied.26 In addition to periodontal pockets, 
the coating and bacterial burden of the  tongue  can be 
responsible for halitosis; thus, we decided to irradiate 
the dorsum of the tongue with the laser using the MZ8 
tip with 1 W power, 30 Hz pulse rate, 20% air and 40% 
water with 60 µs pulse duration. The laser was held 1 
mm away from the dorsal tongue surface and irradiated 
with the scanning motion. Laser irradiation was repeated 
three times: in the first session immediately after the 
conventional periodontal therapy, in the second session 
72 hours after the first session, and in the third session 7 
days after the first session.26

In the second group, the Halita mouthwash was 
prescribed after conventional periodontal therapy. 10 
mL of the mouthwash was prescribed twice daily, and the 
patients were instructed to avoid eating or drinking for 
60 minutes after using the mouthwash. The mouthwash 
was prescribed for one week only, as recommended by the 
manufacturer (Vi-One, Iran).27

Clinical Measurements
Probing pocket depth (PPD), clinical attachment level 
(CAL), plaque index (PI), gingival index (GI) and 
bleeding on probing (BOP) were recorded at baseline 
and 1 and 3 months after the treatment. All teeth with 
PPD ≥5 mm were irradiated in each patient. Periodontal 
parameters were measured at six sites around each tooth 
using a 1-mm scaled Williams’s periodontal probe (Hu-
Friedy, Chicago, IL, US). A single-blinded researcher 
recorded all measurements. The PI was measured using 
the criteria proposed by O’Leary, and the GI was measured 
according to the Loe index.28 BOP was scored as positive 
or negative observation of bleeding evaluated 30 seconds 
after probing.

Organoleptic Assessment
All patients were asked to avoid drinking alcohol, 
smoking, or eating garlic or spicy foods a day prior 
to the measurements. Data were recorded at 10 am; all 
patients were asked to have breakfast and brush their 
teeth and tongue 1 hour before the measurements. These 
measurements were also repeated on 1 month and 3 
months recall visits.

The participants were instructed to breathe only through 
the nose for 3 minutes, then exhale their breath slowly 
through their mouth.  This was performed at a 10 and 30 
cm distance from the examiner’s nose. A five-degree scale, 
developed by Wolf et al, was used for the record of odor 
intensity (0 = no detectable odor, 1 = barely detectable 
odor, 2 = slight but detectable odor, 3 = moderate odor, 
4 = strong odor, and 5 = extremely foul odor).27

The measurements were repeated by a single-blind 

expert examiner. This test was repeated in triplicates 
and the greatest score was considered for the patient. 
Menopausal women were excluded from the study, and 
for other women, the measurements were made after their 
menstrual period.

Statistical Analysis
The Shapiro–Wilk test was used for evaluating normality. 
The Friedman test was used for within-group comparison 
during the follow-up point. Also, the Mann–Whitney 
U test was applied for between-group comparisons at 
the re-evaluation times. For PI, PPD and CAL indexes, 
the repeated measures ANOVA and t test were used for 
within- and between-group comparisons. For evaluating 
the GI and BOP indexes, the chi-square and Cochrane 
tests were also used. P value < 0.05 was considered as the 
level of significance.

Results
The average age of participants was 37.97 (±8.3) years 
with 37 females (61.7%) and 23 males (38.3%) and no 
dropouts. 

No significant discrepancy existed in the periodontal 
parameters and the organoleptic scores between the Halita 
and laser groups (P > 0.05). All parameters significantly 
improved in both groups at 1 and 3 months, compared 
to the baseline. PPD, CAL and BOP levels and the 
organoleptic score at 1 and 3 months after the intervention 
in the laser group were also statistically reduced in 
comparison to the Halita group (P < 0.05, Tables 1 and 
2). However, a statistically significant difference was not 
found between the groups for PI at all-time points and GI 
at 1 month after the intervention (Tables 1 to 3).

Discussion
The current randomized clinical trial compared the 
effect of the Er,Cr:YSGG laser and Halita mouthwash as 
adjuncts to scaling and root planing on the reduction of 
oral malodor and periodontal Indexes (PI, GI, PPD, CAL, 
and BOP) in chronic periodontitis patients.

Halitosis or oral malodor is the result of intra-oral 
etiologies in most cases.29,30 The intraoral factors mainly 
include periodontal infections and tongue coating.31 VSCs 
are considered as the major culprit of halitosis produced 
by the bacteria present on tongue biofilm, saliva and deep 
pockets.31-33

 Evidence shows that certain mouthwashes such as 
CHX can be used to inhibit the formation of VSCs.34 
Metal ions in particular, such as Zn, decrease or eradicate 
halitosis by this mechanism.35 Furthermore, antibacterial 
agents, particularly CPC, have been shown to be able 
to inhibit VSC formation and decrease halitosis.36 Since 
zinc ions and antibacterial agents (CHX and CPC) exert 
their effects via different mechanisms of action on oral 
VSC inhibition, an intensified synergistic inhibitory 
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effect on VSC can be obtained from the combination of 
two or more of these agents.37 The Halita mouthwash is a 
combination of CHX, zinc lactate and CPC.35 

The findings of the present research indicated 
a statistically significant change in all periodontal 
parameters and organoleptic scores in the mouthwash 
group at all follow-up evaluation times (P < 0.05), which 
is consistent with the existing literature.38-40

Dental lasers are a new modality in dentistry; the 
Er,Cr:YSGG laser was introduced to the dental practice 
more than a decade ago and reportedly provides added 
periodontal regeneration benefits compared with 
conventional non-surgical periodontal treatment.16,21,41 
Higher CAL gains have been reported for the Er,Cr:YSGG 
laser-irradiated group versus scaling and root planing in 
a previous study.21 The Er,Cr:YSGG laser applied as an 
adjunct to conventional periodontal treatment results in 
anti-bacterial effects42 and can successfully coagulate and 
de-epithelialize the gingival pockets.22

Dereci et al26 also observed superior anti-halitosis effects 
and periodontal healing in groups receiving Er,Cr:YSGG 
laser-assisted non-surgical periodontal therapy. The 
irradiation parameters in the study by these researchers 
were similar to those in the current research, yet the laser 
application method was different. In the present study, we 
have introduced an irradiation protocol for the treatment 
of halitosis, which constitutes debridement of the dorsal 
surface of the tongue in addition to periodontal pocket 
debridement. The tongue can sometimes be covered by a 
coating which is believed to be responsible for creating a 
malodor from the oral cavity. In previous studies, patients 
were advised to brush the dorsum of the tongue. In the 
present research, we decided to irradiate the dorsum of 
the tongue with the laser and observe its potential effect 

in reducing this coating and bacterial load, leading to the 
reduction of halitosis.45 

The Er,Cr:YSGG irradiation can result in oral bacterial 
biofilm eradication with its antibacterial effects. Moreover, 
it has been shown to be more effective compared to lasers 
such as Nd:YAG, and this finding is in line with what 
has been observed in the present study.44,45 In addition, 
this type of laser irradiation with its minor penetration 
depth in oral soft tissues can be considered much safer for 
resurfacing the tongue. 

Many types of hard lasers, namely Er,Cr:YSGG and the 
Er:YAG lasers, have been used for periodontal therapy.42,43 
Nd:YAG lasers have deep penetration depth and may also 
cause a rise in temperature of the surrounding tissues.15,42 
Er,Cr:YSGG lasers have considerably low thermal 
side effects, with extreme effectiveness and safety for 
periodontal therapy and oral soft tissue surgeries.15 

Krespi et al22 have also recently evaluated debridement 
of the tongue using the Er,Cr:YSGG laser for oral malodor 
reduction, showing that laser tongue debridement 
significantly reduces malodor.

According to the results obtained by Sezen et al,45 it 
can be deduced that the Er,Cr:YSGG laser applied along 
with non-surgical periodontal treatment results in the 
mitigation of clinical inflammation. They have pointed 
out that further multi-centre well-designed randomized 
controlled clinical trials are still required.

According to the results of the current study, both 
groups had a statistically significant improvement in 
all measured post-treatment periodontal parameters 
compared to the baseline (P < 0.05). The present study 
showed that PPD, BOP, CAL and organoleptic scores in 
the patients who underwent Er,Cr:YSGG laser treatment 
were significantly better compared with the Halita 

Table 2. Study Parameter for BOP (Presence or Absence of BOP) 

Groups

Follow up

Baseline 1 Months 3 Months

Yes No P* Yes No P * yes No P *

Laser 30 - 3 27 2 28

Halita 30 - - 11 19 0.015 9 21 0.02

P**  < 0.001  < 0.001

*P values in the columns represents significance between laser and Halita groups (P < 0.05).
**P value in the rows represents significance between measurements on time periods in laser and Halita groups separately (P < 0.05).  

Table 3. Study parameter for Gingival Index (GI)

Baseline 1 Month Later 3 Month Later 

Groups 0 1 2 3 0 1 2 3 0 1 2 3 P value*

Laser 0 3 18 19 14 11 5 0 19 10 1 0  < 0.000

Halita 0 2 20 8 9 16 5 0 10 16 4 0  < 0.000

P value** 0.762 0.366 0.04

* P values in the columns represents significance between laser and Halita groups (P < 0.05).
** P value in the rows represents significance between measurements on time periods in laser and Halita groups separately (P < 0.05).
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mouthwash group, but the difference between the groups 
was not statistically considerable for PI and GI at 1 month 
after the intervention. The purpose of the measurements 
of PI was to evaluate the oral hygiene of participants to 
make sure that the oral hygiene status did not have a 
confounding effect on the results. Our findings were 
consistent with those of Kelbauskiene et al17 who found 
a reduction in PD and BOP in patients treated with the 
adjunctive Er,Cr:YSGG laser versus patients treated with 
scaling and root planing alone. Gupta et al15 also reported 
significant CAL improvement for Er,Cr:YSGG-assisted 
periodontal treatment and open flap debridement. This 
finding was not consistent with the results of Gilthorpe et 
al,21 reporting no positive effect on PD for the Er,Cr:YSGG 
treated group, compared with no-laser conventional 
treatment. However, it should be noted that Er,Cr:YSGG 
laser parameters in their research were different from 
those of the present study as Gilthorpe et al.21 aimed to 
evaluate the decrease in specific periodontal pathogens 
after the application of the Er,Cr:YSGG laser. 

 Conclusion 
In the present study, Er,Cr:YSGG laser irradiation 
and Halita mouthwash as adjuncts to conventional 
periodontal therapy both appeared to be safe and effective 
in the reduction of oral malodor and improvement of 
clinical periodontal parameters, with better results in the 
Er,Cr:YSGG laser-treated group.
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