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Introduction

Dentin hypersensitivity (DH) is a common dental prob-
lem among patients with gingival recession 1, 2) . DH is 
characterized by a short and sharp pain evoked by differ-
ent mechanical, chemical, and thermal stimuli 3, 4). Various 

treatment techniques such as high-intensity laser therapy 
(HILT) and photobiomodulation (PBM) have been pro-
posed in an attempt to alleviate the problem 5, 6). Diode 
lasers have a wide range of applications in dentistry 
thanks to their low prices and small size as well as their 
power to generate a variety of wavelengths both in visi-
ble and near infrared portions of the spectrum 7). These 
lasers are used to relieve pain, accelerate healing, and re-
duce inflammation in many oral problems 8-10). To achieve 
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Background and Aims: Dentin hypersensitivity is a frequent oral condition among patients suffering 
from gingival recession. Recent studies have suggested that photobiomodulation has the potential to re-
duce inflammation and relieve pain. The present study aims to assess the effectiveness of a new design 
of photobiomodulation toothbrush with specific irradiation parameters as a homecare device in treating 
dentin hypersensitivity and to compare its therapeutic effect with that of fluoride varnish.
Materials and Methods: Thirty patients with gingival recession and dentin hypersensitivity were select-
ed and randomly assigned to three groups of equal size: fluoride varnish, photobiomodulation, and the 
combination. Dentin pain and hypersensitivity were measured using visual analog scale (VAS) by two 
distinct tests: the contact test with a periodontal probe and the air blast test on the areas of gingival re-
cession and denuded root; once at baseline and again one month after the initial application of treat-
ments. Laser irradiation was carried out at the wavelength of 660 nm in CW with an output power of 40 
mW for 30 seconds per spot (1.2 J per spot, 6 J/cm2 energy density, and 200 mW/cm2 power density), 
perpendicularly to denuded root surfaces in non-contact mode. 
Results: A significant reduction in dentin pain and hypersensitivity was observed in all three groups. 
However, the reduction was significantly greater in the combination group.
Conclusion: At-home treatment of dentin hypersensitivity with photobiomodulation toothbrush is a con-
venient, safe, and effective method for the management of dentin hypersensitivity.
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the best results, it is necessary to identify optimal laser 
parameters specific to the problem 11, 12). PBM is common-
ly used in dental clinics to alleviate pain and DH. Howev-
er, it requires patients to visit the clinic frequently. The 
present study aims to assess the effectiveness of a new 
design of PBM toothbrush with specific irradiation pa-
rameters as a homecare device in treating dentin hyper-
sensitivity and to compare its therapeutic effect with that 
of fluoride varnish.

Materials and methods

Thirty patients with denuded roots and DH (15 males 
and 15 females) who were referred to a private dental 
clinic in Ardabil city, Iran, were included in the study. 
The inclusion criteria were (1) existence of at least one 
tooth with gingival recession of 1-2 mm; (2) DH in lower 
incisor teeth; and (3) patients’ willingness to participate. 
On the other hand, the exclusion criteria were (1) preg-
nancy; (2) breastfeeding; (3) widely filled teeth in which 
the treatment has reached the recession zone; (4) pa-
ra-functional habits; (5) orthodontic treatment; (6) history 
of using anti-DH agents in the last month; (7) history of 
tooth bleaching in the last four months; (8) eating disor-
ders such as bulimia; (9) gastroesophageal reflux disease; 
(10) cracked or broken tooth; (11) tooth decay; (12) root 
canal treated tooth; (13) root end damaged tooth; (14) 
carcinoma; (15) use of steroids and/or anticoagulants; 
(16) mental retardation or other disabilities; (17) frequent 
consumption of acidic beverage; (18) incomplete treat-
ment of teeth in the last three months; and (19) plaque 
control index lower than 80% after oral care education. 
The subjects were randomly selected and assigned to 
three groups of equal size; (1) fluoride varnish; (2) PBM 
toothbrush; and (3) the combination.

(1) Fluoride Varnish

The sensitive teeth were treated with 5% sodium fluoride 
varnish Preventa (Aria Dent, Asia Chimi Co., Tehran, Iran) 
in the dental clinic five times every five days. Initially, the 
subjects were asked to clean their teeth by brushing and 
flossing carefully. Then, their plaque control index was 
recorded. After ensuring that there is no plaque or debris 
left on the teeth, the varnish mixture was homogenized 
according to the manufacturer’s instruction. Then, the 
teeth were isolated and dried with compressed air, and 
were covered with a thin layer of varnish whereby the 
denuded root surfaces and teeth were treated. The sub-
jects were asked to abstain from eating and drinking for 
two hours, as well as from brushing or flossing until the 
next morning so that more fluoride could be absorbed 
with a longer contact time 13).

(2) PBM toothbrush

The sensitive teeth were irradiated at home by patients 

using PBM toothbrush, twice a day (in the morning and 
evening after routine tooth brushing), and three times per 
week, for a month. The patients were instructed on how 
to use the toothbrush with safety goggles to be protected 
against irradiation (Laserpair, Shenzhen, China). For this 
group, the sensitive teeth were not treated with fluoride 
varnish. Laser irradiation had the following specifications: 
wavelength of 660 nm, output power of 40 mW, spot size 
of 0.2 cm2, continuous, non-contact with 5 mm distance 
from the irradiation area, and perpendicular to the target 
area. The laser irradiation parameters were: 1.2 J per spot, 
6 J/cm2 energy density, and 200 mW/cm2 power density. 
Every denuded area was irradiated for 30 seconds 
(Figure 1). The output power of the laser was confirmed 
by the Laser and Plasma Research Institute of Shahid Be-
heshti University, Tehran, Iran. Further, the patent was 
registered at the Iran Intellectual Property Center under 
the code IR: 72619. 

(3) Combination

Both treatment techniques were performed for the sensi-
tive teeth in the same procedure as that for groups 1 and 
2. First, the sensitive teeth were treated with PBM tooth-
brush at home by patients, twice a day (in the morning 
and evening after routine tooth brushing), and three 
times per week, for a month. Then, the sensitive teeth 
were treated with 5% sodium fluoride varnish in dental 
clinic five times, every five days.
	 Dentin pain and hypersensitivity were recorded us-
ing the WHO/Community Periodontal Index of Treatment 
Need (CPITN) by the contact test which measured the pain 
and sensitivity with a 0.5 mm diameter ball end. The cold 

Figure 1: ‌�An illustration of how PBM toothbrush 
targets the hypersensitive areas
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sensitivity was measured by the air blast test. The denuded 
root surfaces were exposed to cold air blast in order to re-
cord the pain and sensitivity using VAS method within a 
range from 0 to 10, with 0 indicating “no pain” and 10 in-
dicating “worst imaginable pain.” Data were recorded in a 
questionnaire and analyzed by SPSS ver. 16 software.

Ethical consideration

This study was registered in the Iranian Registry of Clini-
cal Trials (registration number IRCT2013061113639N1). 
Approval to use the PBM toothbrush was issued by the 
Ethics Committee of Ardabil University of Medical Scienc-
es (approval number ARUMS: Rec. 1391.1023). Before the 
study, all patients were provided with a brief explanation 
of the purpose and procedure, as well as the possible 
risks of the study. Informed consent was obtained from 
all of the participants. In addition, the same brand of 
toothpaste (Nasim toothpaste, Paxan Co., Tehran, Iran), 
without desensitizing agents, was used by all participants.

Results

The mean microbial plaque index at baseline in groups 1, 
2, and 3 was 14.1, 14.4, and 13.4, respectively. However, 
one month after the intervention, it was significantly re-
duced to 10.9, 10.3, and 9.9, respectively. The mean VAS 
score obtained by the air blast test at baseline in groups 1, 
2, and 3 was 8.2, 7.9, and 8.3, respectively. However, one 
month after the intervention, it significantly diminished to 
2.1, 2.4, and 0.8, respectively (p = 0.001) (Table 1). The 
contact test revealed that the mean VAS score in groups 1, 
2, and 3 significantly dropped from 8.2, 8.0, and 8.5 at 
baseline to 2.6, 2.2, and 1.0 one month after the interven-
tion (p = 0.001) (Table 2). All treatment modalities provid-
ed significant overall relief in pain and hypersensitivity. On 
the other hand, more significant relief was observed in 

participants who applied both PBM toothbrush and fluo-
ride varnish (Table 3-1, Table 3-2). Note that we did not 
observe any side effects and allergy during and after the 
intervention. Additionally, none of the patients reported 
any complaints associated with the treatments either.

Discussion

Different treatment techniques have been proposed to 
treat DH, most of which target dentinal pulp tissues and 
closure of dentinal tubules. Examples include the use of 
fluoride or potassium nitrate-containing toothpaste for at-
home treatments as well as application of fluoride var-
nish, glutaraldehyde, bonding agents, sealants, oxalates, 
and laser in dental clinics 14, 15). Fluoride varnish can form 
a protective layer of calcium fluoride to reduce fluid 
movements inside the dentinal tubules to relieve pain 16). 
PBM can alleviate pain and DH 17-19) and help to treat oth-
er intraoral problems such as HSV-1 20), aphthae 21), and 
periodontal inflammation 22). PBM induces changes in the 
neural transmission network within the dental pulp, par-
ticularly denuded dentin surfaces, and stimulate the pro-
duction of secondary dentin. This mechanism narrows 
the occlusion of dentinal tubules openings and acceler-
ates the release of endorphins from the synapses of nerve 
terminals located in the dentinal tubules 3).
	 Dantas et al. 23) reported that individual use of fluo-
ride varnish or PBM could substantially reduce dentin 
pain and hypersensitivity among patients; however, fluo-
ride varnish outperformed PBM within a short time. In 
contrast, several studies have indicated that PBM was 
more effective than fluoride varnish 24-27). For instance, 
Doshi et al. 25) noted that the application of PBM after 
periodontal operations could help to relieve pain and re-
duce DH. Pesevska et al. 28) reported similar findings re-
garding the favorable effects of PBM on pain reduction 

Group Baseline (M ± SD) After the intervention Sig. (2-tailed)

1. Flouride Varnish 8.2 ± 1.37 2.1 0.001

2. PBM toothbrush 7.9 ± 1.58 2.4 0.001

3. Combination 8.3 ± 0.52 0.8 0.001

Group Baseline M ± SD After the intervention Sig. (2-tailed)

1. Flouride Varnish 8.2 ± 1.17 2.6 0.001

2. PBM toothbrush 8.0 ± 1.13 2.2 0.001

3. Combination 8.5 ± 1.26 1.0 0.001

Table 1 : The mean VAS score obtained by air blast test at baseline and one month after the intervention (N=30)

Table 2 : The mean VAS score obtained by contact test at baseline and one month after the intervention (N=30)
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following scaling and root planing. In a clinical trial by 
Ko et al. 26), the application of PBM toothbrush with a 
wavelength of 635 nm and output power of 6 mW was 
shown to be highly effective in reducing dentin pain and 
hypersensitivity.
	 Further, Yaghini et al. 27) observed a significant dif-
ference between the effectiveness of PBM toothbrush 
with a wavelength of 650 nm and output power of 5 mW 
and a conventional toothbrush in alleviating dentin pain 
and hypersensitivity. The laser used for the present inves-
tigation had a far higher output power and shorter irradi-
ation time compared to those used by Ko et al. and Yagh-
ini et al. 26, 27). The optimal parameters for this device need 
to be adjusted over time, and further investigations are 
required to determine the best energy and duration for 
achieving the highest performance. The PBM toothbrush 

would be a better choice than hand-held PBM device 
since it is less expensive and more convenient. Easy ap-
plication of PBM toothbrush at home along with a regular 
tooth brushing is another advantage. In addition, the de-
sign of light transmission from the source to the target 
site has considerably reduced the price of the toothbrush.

Conclusion

Patients with hypersensitivity can benefit from both PBM 
toothbrush and fluoride varnish; however, the combina-
tion of both treatments is more effective compared with 
using either of them alone. Due to the high efficiency 
and lack of apparent side effects and risks, the PBM 
toothbrush can be applied as a home care device by pa-
tients with DH.

Dependent 
variable

Group Group
Mean differ-
ence (I-J)

Std. error Sig.
95% Confidence Interval

Lower bound Upper bound

VAS-con-b

FV PBM .20000 .32318 .541 -.4631 .8631

Combination -.30000 .32318 .361 -.9631 .3631

PBM FV -.20000 .32318 .541 -.8631 .4631

Combination -.50000 .32318 .133 -1.1631 .1631

Combination FV .30000 .32318 .361 -.3631 .9631

PBM .50000 .32318 .133 -.1631 1.1631

VAS-con-1m

FV PBM .40000 .36515 .283 -.3492 1.1492

Combination 1.60000* .36515 .000 .8508 2.3492

PBM FV -.40000 .36515 .283 -1.1492 .3492

Combination 1.20000* .36515 .003 .4508 1.9492

Combination FV -1.60000* .36515 .000 -2.3492 -.8508

PBM -1.20000* .36515 .003 -1.9492 -.4508

VAS-blast-b

FV PBM .30000 .37118 .426 -.4616 1.0616

Combination -.10000 .37118 .790 -.8616 .6616

PBM FV -.30000 .37118 .426 -1.0616 .4616

Combination -.40000 .37118 .291 -1.1616 .3616

Combination FV .10000 .37118 .790 -.6616 .8616

PBM .40000 .37118 .291 -.3616 1.1616

VAS-blast-1m

FV PBM -.30000 .39347 .452 -1.1073 .5073

Combination 1.30000* .39347 .003 .4927 2.1073

PBM FV .30000 .39347 .452 -.5073 1.1073

Combination 1.60000* .39347 .000 .7927 2.4073

Combination FV -1.30000* .39347 .003 -2.1073 -.4927

PBM -1.60000* .39347 .000 -2.4073 -.7927

Table 3-1: ‌�Results of between-group comparisons based on analysis of variance and 
Fisher's least significant difference test
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