
Contents lists available at ScienceDirect

Am J Otolaryngol

journal homepage: www.elsevier.com/locate/amjoto

Laser tongue debridement for oral malodor—A novel approach to
halitosis☆,☆☆,☆☆☆,☆☆☆☆

Yosef P. Krespia,⁎, Victor Kizhnerb, Karen A. Wilsona, Alina Sivriverc, Samuel Lowc,
Yalda Khosravid, Paul Stoodleyd

aNorthwell Health, United States of America
bMount Sinai St. Luke's, United States of America
c Biolase, Irvine, CA, United States of America
dOhio State University, Campus Microscopy and Imaging Facility, Departments of Microbial Infection and Immunity and Orthopaedics, Infectious Diseases Institute, United
States of America

A R T I C L E I N F O

Keywords:
Oral malodor
Halitosis
Tongue
Biofilm
Laser
HALT

A B S T R A C T

Study objective: Malodor is a multifactorial condition with oral pathology representing the main culprit and the
tongue being the first to second contributor to the malodor. Bacterial load can represent a quantifiable measure
regardless of the original pathology. We hypothesize that reduction in malodor can be represented by tongue
changes both in appearance, bacterial and biofilm load reduction (measured by CFU and volatile gases mea-
surement), organoleptic measurement and subjective improvement.
Methods: A randomized controlled prospective study under IRB approval. Diagnostic criteria for enrollment and
follow up were organoleptic test by 2 judges, Halimeter reading, tongue colors changes HALT questionnaire and
direct aerobic and anaerobic tongue cultures measured by CFU. Patients were treated with laser tongue debri-
dement (LTD) with an Er,Cr:YSGG solid state laser has been shown to be effective in biofilm reduction.
Results: 54 patients recruited with 35 available for follow up. Improvement was observed on all objective and
QOL subjective parameters. Treatment was tolerated well with minimal discomfort.
Conclusions: The tongue is proven to be a major contributor to oral malodor and must be addressed in treatment
protocol. LTD significantly reduces malodor by subjective and objective criteria. While impossible to determine
whether the tongue serves as a bacterial reservoir or is the origin for oral bacteria it is clear that LTD improves
oral hygiene and reduces malodor. LTD is safe and easy to perform. We encourage LTD to be a crucial part of any
oral malodor treatment protocol.

Trial registration: clinical trials, NCT04120948. Registered 25 September 2019 - Retrospectively registered,
https://register.clinicaltrials.gov/prs/app/action/SelectProtocol?sid=S00098SX&selectaction=Edit&uid=
U0000W0Y&ts=51&cx=-elnx7e

1. Introduction

Halitosis can be identified in up to 50% of the adult population and
can significantly affect social interaction. Halitosis is found in all age
groups and can be further divided into subjective versus objective.
Objective halitosis is considered one of the most common symptoms/
indications of oral pathologies. In up to 85% of cases, halitosis origi-
nates from oral pathology with the systemic diseases such as renal,

hepatic, gastrointestinal etc. comprising the rest. Volatile compounds
that are produced in the oral cavity and exhaled are the marker of
halitosis with increased levels of volatile sulfuric compounds (VSCs)
measured in the oral cavity are linked to bacterial activity and pro-
duced by local microbial-enzymatic breakdown of amino acids and
other mechanisms. Exhaled VSCs have been proposed as biomarkers for
diagnosis and monitoring of halitosis [1]. Oral bacterial overgrowth can
be linked to biofilm formation and is found in the gingival, tooth decay,
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oral plaque, periodontal disease, tongue and tonsils. The main bacteria
involved in halitosis and producing VSC are Fusobacterium nucleatum,
Veillonella parvula, Treponema denticola, Porphyromonas gingivalis,
Eubacterium limosum, Selenomonas artemidis, Actinomyces odontoly-
ticus, and Prevotella veroralis. The main culprits of oral halitosis are the
tongue, teeth gingival and periodontal area followed by the tonsils in
decreasing order [2].

Measurement of halitosis and volatile compounds (VOC) can be
performed with several methods. The golden standard is organoleptic
measurement on a Rosenberg scale [3], where it is tested against a
skilled judge, a Halimeter will measure only VSC in the breath with a
numerical quantification but will miss 15% of other compounds such as
BANA (N-benzoyl-DL-arginine-2-napthylamide), gas chromatography
will measure all traces of VOC but at a high cost and very limited
availability. The HALT QOL questionnaire has been shown to be ef-
fective in monitoring treatment and correlative to a degree with the
organoleptic measurement [4].

F. nucleatum and Streptococcus spp. tongue dorsum biofilm load
was shown to increase oral malodor and to exist in higher load when
compared to control groups. This is partially due to deeper papillae at
the dorsum of the tongue. Similarly, light activated therapy with me-
thylene blue reduced bacterial load of Porphyromonas gingivalis,
Prevotella intermedia, Peptostreptococcus anaerobius and
Solobacterium moorei up to 5 logs [5].

The Er,Cr:YSGG solid state laser has been shown to be effective in
biofilm reduction. As the laser is absorbed by water a dual action of
water and laser will couple the action and a continuous flow will wash
away the removed biofilm. The Er,Cr:YSGG has been particularly
shown to be effective in oral biofilm against Enterococcus faecalis and
Candida albicans biofilms and more effective than other lasers such as
Nd:YAG laser [6–8].

This study aims to investigate the potential role of the Er,Cr:YSGG
solid state laser in treating halitosis particularly by targeting the
tongue. As tongue color potentially related to some disease states and to
bacterial colonization we aim to explore the validity of tongue color
analysis as predictor of treatment.

2. Methods

A randomized, controlled prospective study was performed under
Western IRB (WIRB) approval (IRB Study No.: 1188479). Thirty pa-
tients were assigned to each the treatment and control group, com-
prising 60 patients in total. Patients were randomized and further
treated according to their designated ID.

Inclusion criteria included: an individual (male or female) who can
understand and voluntarily sign an informed consent form between 18
and 70 years of age, having a baseline organoleptic oral malodor score
of at least 2 without signs of gingival inflammation on intraoral exam.
Exclusion criteria included severe caries, undetectable gingivitis, or
moderate to severe, possible extra-oral halitosis (tonsillitis, sinusitis,
and pulmonary pathologic conditions, or a condition that may con-
tribute to systemic halitosis, such as hepatic cirrhosis or uncontrolled
diabetes), no antibiotic treatment within 1 month prior to study, not
smoking or using vaporizer for at least 24-h before each organoleptic
measure, not consuming mints containing antimicrobial agents during
the study, pregnant.

Collected data include:

1. Demographics.
2. Organoleptic scoring by 2 judges (where: 0: absence of odor - odor

cannot be detected, 1: barely noticeable odor - detection threshold
of odor, not recognizable as malodor, 2: slight malodor - slight, but
clearly noticeable malodor (recognition threshold), 3: moderate
malodor - malodor was definitely detected, 4: strong malodor -
strong, but tolerable malodor, 5: severe malodor - overwhelming
malodor that cannot be tolerated), 2. Halimeter reads before,

immediately after and 1 month after treatment, 3. HALT measure-
ment before and 1 month after treatment.

3. Tongue CFU cultures of the biofilm before and immediately after
treatment and 1 month after treatment. The sterile culture swab is
used by gently scraping the dorsal surface of the tongue at 7 cm from
the tongue tip and suspended in 10 mL of PBS followed by proces-
sing. Samples collected with sterile culture swabs will be suspended
in sterile plastic tubes containing 70% phosphate buffered saline
and 30% glycerol. The swab will be stirred in the tube, then the
swab head is broken off directly into the tube. Prior to culturing, the
samples were removed from the −80 °C freezer and transferred to
the anaerobe tent to thaw. When thawed, the collection tubes were
suspended in 10 mL of fluid thioglycollate medium (FTM, Sigma
Aldrich, USA) to maintain anaerobic conditions in the diluents and
vortexed (BioexpressGeneMate S-3200-1) for 30s according to
“Detection and enumeration of bacteria in swabs and other en-
vironmental samples” (Public health England, Document number
FNES4 Version number 4, Effective Date 23.05.17). A series of ten
serial dilutions (10-fold dilutions) into FTM were made. From each
serial dilution, five spots of 20 μL were deposited on an agar plate
(100 μL total). After the drops absorbed on the agar, the plates were
incubated at inverted positions. Anaerobic cultures were incubated
at 37 °C in the anaerobic chamber (Bactron, USA, with a 5% carbon
dioxide, 5% hydrogen and 90% nitrogen headspace) for a period of
up to 5 days to allow for the slower growth of anaerobes. Aerobic
plates were incubated in a humidified 5% CO2 incubator (Thermo
Scientific, USA) for 24 h. Supplemented Brucella Blood Agar (sBBA,
Anaerobe Systems, CA)were used to culture anaerobic bacteria. BBA
was supplemented with Hemin (5 μg/ml), vitamin K (1 μg/ml), N-
acetylmuramic acid (NAM, 15 μ g/ml), 0.75% sodium lactate
(250 μl of 60% sodium lactate) (Sigma Aldrich, USA). Brain Heart
Infusion (BHI, Sigma Aldrich, USA) agar plates were used to culture
aerobic bacteria. At the end of the incubation period, colony counts
were performed on plates in the countable range of between 30 and
300 CFU and the dilution was recorded.

4. VAS treatment comfort level immediately after treatment.
5. Tongue color picture and digital color analysis captured under

standardized lighting conditions and standardized distance.
6. Any adverse effects reported by the patient or observed during

treatment or visit.

Treatment in the control group was by a tongue scraper. Laser
treatment included: a single 10-minute treatment with the Waterlase
Express (Biolase, Irvine, CA). The dorso-posterior surface of the tongue
is treated with the laser in 10 passes of 60 s each with 10 s of rest in
between. Laser settings were 60 μs pulse width, 4 W, 40 Hz, 10% air
and 5% water irrigation. An MC12 sapphire laser tip (Biolase, Irvine,
CA) is held 3 mm away from the tongue in a constant sweeping motion
during treatment with passes overlapping passes in alternate direction,
side to side motion and front to back motion with laser fluence on the
tongue surface calculated at 3 J/cm2. The settings were non-ablative
and non-thermal.

3. Results

To determine whether a data set was normally distributed, the
Anderson-Darling Normality test was performed first. All statistical tests
were performed with 95% or higher confidence interval (α ≥ 0.05).
The comparisons of the laser treatment and the control groups were
evaluated by the Mann-Whitney U test. Measurements taken over time
were evaluated using the t-test when the data was normally distributed
or using the Wilcoxon Signed Rank test when it was not.

Fifty-four patients met enrollment criteria and completed all metrics
for the study. Of the 54, 35 patients returned for the one-month follow-
up visit. Data from all 54 patients was included in the analysis of those
metrics that were tracked over the treatment visit such as organoleptic
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score and treatment pain assessment. For the remaining metrics that
were tracked over the one-month study duration, only the data from the
35 patients who returned for follow up included in the analysis.

Office staff followed up with all patients by phone call. Those pa-
tients who missed the one-month appointment were contacted by
phone and by email. Adverse events were reported neither during office
visits, nor following the phone interview.

Only samples kept on dry ice keeping the shipment at near −80 °C
were analyzed. Microbial results are summarized in Table 1 and Graphs
1 & 2. The laser treatment was significantly more effective immediately
after the treatment than the tongue scarper at reducing both anaerobic
and aerobic cultures (p = 0.010, and p = 0.002, respectively). At the
one-month time-point, the treatment effect remained consistent. The
reduction in total anaerobic bacteria from baseline to 1-month re-
mained significantly higher for the laser treatment group than for the
control group (p = 0.038). There is not enough evidence to conclude
that the change in the total aerobic culture between the same time
points was significant between the two groups (p = 0.063) at the 95%
confidence level. However, the difference in the mean log reduction at

1 month is considerable. Effect power for this sample size is 80% at the
immediate post-treatment measurement, and 70% at the 1-month
follow-up measurement.

The Halimeter sensory test showed a significant reduction of VSC
after the laser treatment, as presented in Graph 3. Both laser and con-
trol treatments had a positive effect on VSC concentration immediately
after treatment (p < 0.001 for both), with the laser treatment pro-
ducing a more significant response, which was sustained at follow up
but not for the control (t-test with p < 0.03 for all comparisons). After
one month, there is a sustained and significant effect from the laser
treatment (p = 0.018). On the other hand, after one month, the control
group rebound to baseline value (p = 0.41). The sustained reduction of
VSC concentration as a result of laser treatment compared to that of the
tongue scraping was significant (p = 0.03). Organoleptic measurement
was reduced as well as depicted in Graph 4.

Laser treatment tolerance was measured with the patient-reported
pain score out of a scale of 10 (worst pain imaginable). The majority of
patients felt no discomfort during the treatment- Graph 5. The few
patients who reported minor discomfort (score of 2) complained of jaw

Table 1
Microbial results summary. (T0: Baseline. T1: immediately post-treatment. T2: one-month follow-up.)

Aerobic Anaerobic

log10, T0 log10, T1 log10, T2 Log reduction, T1-
T0

Log reduction, T2-
T0

log10, T0 log10, T1 log10, T2 Log reduction, T1-
T0

Log reduction, T2-
T0

Control n 14 14 9 14 9 14 14 9 14 9
mean 7.48 7.27 7.27 −0.21 −0.16 8.04 7.60 7.53 −0.44 −0.43
median 7.45 7.16 7.09 −0.19 −0.37 7.87 7.68 7.51 −0.37 −0.49
min 6.79 5.83 6.41 0.61 1.23 7.48 6.58 6.76 0.24 0.52
max 8.25 8.75 8.38 −0.95 −0.96 8.75 8.20 8.38 −1.27 −1.34
st.dev. 0.46 0.73 0.69 0.41 0.80 0.39 0.44 0.60 0.44 0.66
st.error 0.12 0.19 0.23 0.11 0.27 0.10 0.12 0.20 0.12 0.22

Laser n 17 17 9 17 9 17 17 9 17 9
mean 7.37 6.56 6.59 −0.81 −1.10 7.85 6.96 6.87 −0.89 −1.05
median 7.11 6.36 6.76 −0.74 −0.76 7.83 6.93 7.05 −0.76 −1.08
min 6.63 5.78 6.01 −0.26 −0.16 6.89 5.85 6.32 −0.24 −0.31
max 9.40 7.60 6.92 −1.82 −2.65 8.83 7.84 7.40 −2.04 −1.77
st.dev. 0.73 0.50 0.34 0.42 0.87 0.49 0.48 0.40 0.45 0.50
st.error 0.18 0.12 0.11 0.10 0.29 0.12 0.12 0.13 0.11 0.17

Graph 1. Aerobic bacterial biofilm counts.

Graph 2. Anaerobic biofilm counts.
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stiffness or pain associated with keeping the mouth open for the
treatment duration (10 cycles of 1-minute treatments totaling 10 min).
The patient who reported a pain score of 4 reported tempor-
omandibular joint pain. For this patient, the treatment was adjusted to
allow for longer breaks in between laser passes to rest the jaw. Laser
treatment also improved HALT quality of life survey responses after
1 month-Graph 6. The effect is greater than that of the control treat-
ment (p = 0.013). Based on these two patient-reported metrics, the
laser treatment is well tolerated and is perceived as beneficial to quality
of life.

As a supplemental assessment, the photographs taken of the

patients' tongues were processed using Color Analysis application de-
veloped by Roy Leizer on an iPad Pro- Graph 7. The tongue was isolated
in each photograph and uploaded to the application. The application
analyzed the color composition of the photograph and produced the
percent distribution of each color shade visible. The colors were divided
into shades of pink, shades of white to light tan, and shades of tan to
light brown. Shades of white to light brown indicate a thick coating on
the tongue surface. Pink colors were marked as “healthy”, while brown
colors were marked “foul”. The healthy and foul were subdivided into
grades of each and one healthy representative (salmon pink) and one
foul (chestnut) were chosen for analysis. Color analysis showed increase
in “healthy” pink color (t-test, p= 0.02 for pink salmon) with reduction
in “foul” brown color. Interestingly, foul colors were detected more
often with a more robust reaction, sustained at 1 month. Graph 3 pre-
sents the concentration of different colors on the tongue surface – the
graph colors correspond to the shade groups previously mentioned. The
laser treatment group shows a sustained decrease in tan to light brown

Graph 3. Halimeter reads pre and after treatment with a 1 month follow up.

Graph 4. Change of organoleptic scoring before and after treatment.

Graph 5. Total number of patients per VAS tolerance level.

Graph 6. HALT scores after 1 month following treatment.

Y.P. Krespi, et al. Am J Otolaryngol 42 (2021) 102458

4

Downloaded for Anonymous User (n/a) at Icahn School of Medicine at Mount Sinai from ClinicalKey.com by Elsevier on October 19, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



shades and an increase in healthy pink tones. Fig. 1 displays a sample
photograph progression of a treated patient.

4. Discussion

Halitosis is a social burden caused by a variety of factors both sys-
temic and local. Due to the nature of halitosis a single modality quan-
tification and measurement is impossible. Organoleptic measurement,
which is the gold standard, acknowledges halitosis, while HALT re-
present the personal burden. As local factors outweigh systemic and
distant factors, they represent the factors that can be targeted, mea-
sured and treated. The major culprit for local halitosis, emerging from
the oral cavity is the tongue. Furthermore, bacterial load has been

implicated as the major role for oral halitosis concluding that targeting
and reducing the bacterial load on the tongue will have the most sig-
nificant impact on halitosis. As bacteria exist in biofilm form on the
tongue, they can dislodge and harbor a bacterial reservoir even when
the rest of the oral cavity has a low bacterial load. Therefore, the most
local measureable factors from the oral cavity would be bacterial load
and VSC.

The Er,Cr:YSGG solid state laser with pulsed water was chosen for
targeting oral biofilms specifically as it has been shown to be effective
in biofilm reduction. As the laser is absorbed by water a dual action of
water and laser will couple the action and a continuous flow will wash
away the removed biofilm. The Er,Cr:YSGG has been particularly
shown to be effective in oral biofilm against Enterococcus faecalis and
Candida albicans biofilms and more effective than other lasers such as
Nd:YAG laser. The Er,Cr:YSGG laser-activated irrigation was shown to
be effective in increasing the bactericidal efficiency of 0.5% NaOCl
against oral E. faecalis biofilm as well.

With objective data pointing out that the laser treatment is effective
for 1 month at least the objective parameters of the amount of biofilm
and the VSC, reflect the HALT as experienced by the patient. The HALT
scores for the control group remained unchanged, reflecting the lack of
reduction in objective parameters.

To our knowledge this is the first study to incorporate digital color
analysis with tongue bacterial load and hence to reflect the treatment
course and improvement. It was shown that reduction in bacterial load
helps the tongue regain a healthy pinkish color while losing the dusky
colors. This may be both due to the reduction of bacterial load and by
the laser photo modulating effect of tissue regeneration and improve-
ment in wound healing. Tongue color analysis may be a simpler and
more economical in determining treatment effect versus Halimeter,
bacterial cultures or other means. Color analysis may be expanded in
the future for other disease processes such as wound healing [9–10].

The choice of treatment progression was reflected positively with all
parameters and future studies may use either one or several modalities.
With organoleptic improvement and HALT being the least expensive,
digital color analysis requiring a single time application purchase,
Halimeter cost is albeit a single time cost but significantly higher with
bacterial cultures being the most expensive modality.

Graph 7. Tongue color with digital analysis pre-treatment, post-treatment and
1 month following with an example.

Fig. 1. Examples of pre-treatment and one month post.
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4.1. Conclusions

Laser treatment offers reduction in oral malodor burden. This re-
duction is demonstrated by objective testing and improves patients
QOL. The multifactorial nature of halitosis is shown to be reduced by
several methods. The treatment is sustained at least for 1 month and is
easily tolerated. Tongue color analysis proves to be an objective, simple
to perform, allowing for monitoring treatment and merits further stu-
dies.
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