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Abstract: 
Dentinal hypersensitivity is a frequent clinical problem in periodontal maintenance patients with gingival recession and exposed root 
dentin. Therefore, it is of interest to evaluate the efficacy of 980-nm diode laser and iontophoresis using stannous fluoride gel in 180 
hypersensitive teeth from 30 systemically healthy periodontal maintenance patients. Teeth were randomly allocated to diode laser; 
iontophoresis with stannous fluoride gel, or placebo groups and hypersensitivity was assessed using VRS and VAS scores at baseline, 
15 minutes, 1 week, 1 month and 3 months. Both active treatments significantly reduced hypersensitivity compared with placebo, but 
iontophoresis showed greater improvement, with VRS decreasing from 2.23±0.46 to 0.33±0.47 and VAS from 6.80±2.29 to 0.68±1.11 at 
3 months. Thus, iontophoresis using stannous fluoride gel provided superior and sustained desensitization compared with diode 
laser therapy, with no adverse events reported. 
 
Keywords: Dentinal hypersensitivity (DH), diode laser, iontophoresis, stannous fluoride gel, periodontal maintenance, gingival 
recession; randomized clinical trial (RCT) 

 
Background: 
Dentinal hypersensitivity is defined as a short, sharp pain, 
caused by exposure of dentin, which is triggered by thermal, 
tactile, evaporative, osmotic or chemical stimuli and is not 
related to any other dental defect or disease [1, 2]. It is clinically 
relevant because it affects eating, drinking, oral hygiene and oral 
health-related quality of life [2]. The most popular theory for the 
etiology of this condition is the hydrodynamic theory, which 
suggests that stimulation of exposed dentinal tubules causes 
rapid fluid movement, which activates pulpal mechanoreceptors 
and pain pathways [3]. The presence of root exposure due to 
attachment loss, gingival recession and debridement procedure 
further increases the chance of tubule patency and symptom 
development in periodontal patients [4]. Hypersensitivity is a 
significant problem in periodontal populations. In chronic 
periodontitis patients, the prevalence of clinically elicited 
sensitivity is high and periodontal attachment loss is an 
important risk indicator [5]. It has been reviewed that the first 
step in successful management is to rule out other potential 
causes of dental pain, determine local etiologic factors and then 
choose a treatment to either decrease the excitability of the 
nerves or seal the exposed dentinal tubules [6]. Various 
therapeutic modalities have been suggested for this, such as 
potassium salts, glutaraldehyde-based agents, fluoride 
formulations, bonding systems, bioglasses and laser-based 
interventions [6]. Stannous fluoride has been of interest because 
tin-rich deposits can cause tubule occlusion and dentin 
permeability can be reduced and iontophoresis could increase 
the penetration of fluoride ions into dentinal tubules using a low 

electrical current to drive the active material deeper into dentinal 
tubules. In contrast, laser therapy has been suggested to decrease 
hypersensitivity by changing the nerve transmission and by 
inducing physicochemical changes at the dentin surface [7]. 
Although lasers have become increasingly popular, the literature 
has been mixed. A systematic review concluded that laser 
therapy could be used to decrease hypersensitivity-related pain, 
but the certainty of evidence when compared with placebo was 
limited [7]. However, randomized clinical trials in periodontal 
maintenance patients have shown immediate improvements 
with diode lasers [8]. At the same time, the scanning electron 
microscopic studies have revealed that dentinal tubule occlusion 
can be achieved by both diode laser application and fluoride 
iontophoresis and some studies have indicated that the dentinal 
tubule occlusion is better after diode laser application, while 
others have suggested that the effect of dentinal tubule occlusion 
after fluoride iontophoresis is more lasting in the clinical 
situation [9]. Later clinical trials that compared diode laser to 
fluoride-based treatments have also reached mixed results. 
Other authors found more reduction with the diode laser than 
with topical fluoride alone [10, 11]. While previous studies 
indicated that a fluoride based desensitizer combined with the 
laser may be more effective than the laser alone [12]. Therefore, 
it is of interest to compare the diode laser therapy and 
iontophoresis with stannous fluoride gel for the management of 
dentinal hypersensitivity in periodontal maintenance patients 
with placebo. 
 
Materials and Methods: 
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The study was a randomized controlled clinical trial conducted 
with the approval of the institutional ethics committee and 
informed written consent in the Department of Periodontology 
and Implantology, Chhattisgarh Dental College and Research 
Institute, Rajnandgaon. The article has been prepared based on 
the study framework, methodology and results of the study as 
reported in the source document of the thesis that has been 
uploaded. Thirty systemically healthy periodontal maintenance 
patients aged 18-60 years contributed a total of 180 
hypersensitive teeth. The teeth eligible for the study were those 
with Miller Class I or II gingival recession and dentinal 
hypersensitivity of 2 or more on the Verbal Rating Scale after 
cold water stimulation. Caries teeth, restorations, fractured teeth, 
cervical wasting lesions that needed restorative treatment, root 
canal treatment, current orthodontic treatment and recent use of 
analgesics, antibiotics and desensitizing agents were excluded. 
Additionally, pregnant or breastfeeding women, people with 
pacemakers and those with an allergy to the study materials 
were excluded. Following scaling and polishing, 
hypersensitivity was verified by slowly releasing ice-cold water 
from a disposable 3-mL syringe on the exposed root surface. The 
teeth were randomly divided into three study groups (60 teeth in 
each group). Group a received 980-nm diode laser irradiation. 
Group B was treated with iontophoresis using stannous fluoride 
gel. Placebo application was done with distilled water gel in 
Group C. All interventions were carried out by the same 
operator under standardized clinical conditions. In Group A, the 
teeth were isolated and irradiated with a 980-nm diode laser in 
continuous non-contact mode at 2 W and 25 Hz for 30 seconds, 
with the laser beam perpendicular to the long axis of the tooth. 
In group B, teeth were separated and dried and a thin film of 
stannous fluoride gel was applied to the delivery sponge. The 
iontophoresis tray was placed over the selected teeth, the electric 
circuit was closed and the current was slowly raised until the 
patient felt a threshold level of discomfort, after which the 
current was lowered and the gel reapplied and the process 
repeated. Group C received placebo treatment (distilled water 
gel) without any current or laser treatment. Two outcome 
measures were used to assess dentinal hypersensitivity at 
baseline, 15 minutes, 1 week, 1 month and 3 months. The Verbal 
Rating Scale was 0-3: 0, no discomfort but stimulus felt; 1, slight 
discomfort but not painful; 2, painful during stimulation; 3, 
painful during and immediately after stimulation. The intensity 
of pain was also measured on a 10-cm Visual Analog Scale, 
numerically from 0 to 10. The main outcome was the reduction 

in hypersensitivity at 3 months. Secondary outcomes were 
immediate relief at 15 minutes and sustained changes at 1 week 
and 1 month. Data were presented as descriptive statistics, mean 
± standard deviation. The intragroup changes over time and 
intergroup differences at each time point were analyzed by 
analysis of variance and post-hoc testing with SPSS version 20.1. 
A p value <0.05 was considered statistically significant. 
 

Results: 
All 30 enrolled patients completed the scheduled follow-up and 
all 180 study teeth were available for analysis. Of the 
participants, 21 (70.0%) were male and 9 (30.0%) were female. 
During or after the procedures, no patient reported any mucosal 
irritation, swelling, intolerance to electric current or laser-related 
adverse effect. There were no significant differences between 
groups in baseline hypersensitivity for VAS and broadly similar 
for VRS, with the placebo arm having a slightly higher mean 
VRS score. The two active interventions showed clinically 
significant decreases in sensitivity from the first post-treatment 
measurement, while the placebo group showed no significant 
changes over the Observation period For VRS, the diode laser 
group improved from 2.27±0.51 at baseline to 1.13±0.56 at 15 
minutes, 0.95±0.50 at 1 week, 0.90±0.57 at 1 month and 1.00±0.58 
at 3 months. The iontophoresis group showed a steeper decline, 
from 2.23±0.46 at baseline to 0.73±0.60, 0.45±0.50, 0.50±0.50 and 
0.33±0.47 at the respective time points. Placebo values were high 
throughout (2.50±0.50 at baseline; 2.90±0.55 at 3 months). There 
were significant differences between intergroups from 15 
minutes (p<0.001). This was also the case for VAS. Mean VAS in 
the laser group fell from 6.60±2.23 at baseline to 4.62±2.46 at 15 
minutes and to 3.78±2.14 at 3 months. The VAS decreased from 
6.80±2.29 to 2.77±2.43 immediately after treatment and to 
0.68±1.11 at 3 months in the iontophoresis group. Placebo values 
were also unchanged, with a baseline score of 7.38±1.12 and a 
score at 3 months of 7.12±1.09. The between-group difference 
was statistically significant at 15 minutes, 1 week, 1 month and 3 
months (all p<0.001). The percentage reduction from baseline to 
3 months was analyzed and the iontophoresis group showed the 
highest reduction of about 85.2% for VRS and 90.0% for VAS. 
The diode laser group showed a 55.9% and 42.7% decrease in 
VRS and VAS, respectively. Placebo, on the other hand, did not 
result in a meaningful reduction in either outcome. The results 
suggest that both modalities are effective, with iontophoresis 
with stannous fluoride gel providing greater durability of 
desensitization (Table 1-3). 

 
 Table 1: Baseline participant and tooth characteristics 

Characteristic Group A Diode laser (n=60 teeth) Group B Iontophoresis + SnF₂ gel (n=60 teeth) Group C Placebo (n=60 teeth) 

Patients contributing teeth, n 30 30 30 
Male/Female patients, n 21/9 (overall study) 21/9 (overall study) 21/9 (overall study) 
Baseline VRS, mean ± SD 2.27 ± 0.51 2.23 ± 0.46 2.50 ± 0.50 
Baseline VAS, mean ± SD 6.60 ± 2.23 6.80 ± 2.29 7.38 ± 1.12 

 
  Table 2: Verbal Rating Scale scores over time 

Time point Group A mean ± SD Group B mean ± SD Group C mean ± SD Intergroup p value 

Baseline 2.27 ± 0.51 2.23 ± 0.46 2.50 ± 0.50 0.007 
15 min 1.13 ± 0.56 0.73 ± 0.60 2.53 ± 0.51 <0.001 
1 week 0.95 ± 0.50 0.45 ± 0.50 2.60 ± 0.52 <0.001 
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1 month 0.90 ± 0.57 0.50 ± 0.50 2.72 ± 0.55 <0.001 
3 months 1.00 ± 0.58 0.33 ± 0.47 2.90 ± 0.55 <0.001 

 
 Table 3: Visual Analog Scale scores over time 

Time point Group A mean ± SD Group B mean ± SD Group C mean ± SD Intergroup p value 

Baseline 6.60 ± 2.23 6.80 ± 2.29 7.38 ± 1.12 0.078 
15 min 4.62 ± 2.46 2.77 ± 2.43 7.28 ± 1.12 <0.001 
1 week 4.00 ± 2.24 1.57 ± 1.63 7.22 ± 1.14 <0.001 
1 month 3.93 ± 2.34 0.92 ± 1.23 7.18 ± 1.10 <0.001 
3 months 3.78 ± 2.14 0.68 ± 1.11 7.12 ± 1.09 <0.001 

 
Discussion: 

The present trial showed that diode laser therapy and 
iontophoresis with stannous fluoride gel were effective in 
reducing dentinal hypersensitivity in periodontal maintenance 
patients and that the effects of these treatments were measurable 
immediately after treatment and remained for up to 3 months. 
But the amount and durability of reduction was always higher in 
the iontophoresis group. This suggests both interventions are 
clinically useful, but could have different strengths in terms of 
immediate neural modulation versus sustained tubule sealing. 
Both interventions have a biologically plausible rationale. The 
dentinal pain is believed to be caused by the fluid movement in 
patent dentinal tubules in response to a stimulus [3]. Laser 
therapy has been suggested to reduce hypersensitivity by 
influencing the neural transmission and by modifying the dentin 
surface, while iontophoresis can be used to promote deeper 
penetration of fluoride ions and tin precipitates into the exposed 
tubules, which will enhance mechanical occlusion and decrease 
dentin permeability [6, 7]. A modality that facilitates long-term 
tubule blockage may be advantageous in maintenance patients 
with gingival recession and root exposure where tubules may be 
chronically exposed [8-10]. Diode laser was also shown to be 
superior to fluoride varnish after 6 months, but fluoride varnish 
added to diode laser did not significantly improve results when 
compared to laser alone [11]. These trials confirm the therapeutic 
effect of diode laser, particularly for short-term relief. 
Meanwhile, the current work is in accordance with the evidence 
that supports iontophoresis assisted fluoride delivery. In this 
trial, the ion-assisted delivery of fluoride using a stannous 
fluoride gel resulted in the greatest decrease in VRS and VAS at 
1 month and 3 months, indicating that the ion-assisted delivery 
of fluoride may have led to a more durable effect against 
hydrodynamic stimulation. This interpretation is also consistent 
with the long clinical history of the use of stannous fluoride 
formulations as desensitizing agents [12]. One of the key aspects 
of the present study is that it was not only on generalized 
cervical hypersensitivity, but also on periodontal maintenance 
patients. Root sensitivity is well documented to be a factor of 
periodontal therapy and recession and this group tends to have 
multiple episodes of root sensitivity during supportive care [13]. 
The prevalence data presented in periodontitis cohorts highlight 
that hypersensitivity is not a minor complaint but a frequent 
sequela which can affect compliance with oral hygiene and recall 
visits [5]. The findings should be taken with a pinch of salt, 
however. Firstly, pain assessment was subjective, but validated 
scales were used and repeated at standard time intervals. 
Second, the trial was conducted with a particular clinical 

protocol with one diode laser wavelength and one iontophoresis 
system; the results should not be extrapolated to other devices or 
settings. Third, there was no confirmation of tubule occlusion 
with scanning electron microscopy in the present clinical study. 
Lastly, the study was conducted with teeth rather than with 
independent patients in treatment arms, which could have led to 
some within-patient clustering and affected the variance 
structure. Despite this, the magnitude and nature of the 
intergroup differences observed are consistent with the overall 
clinical message. In this context, the present trial adds to the 
evidence supporting the use of active chairside interventions 
over placebo in the treatment of dentinal hypersensitivity 
following periodontal therapy. It also recommends that 
iontophoresis with stannous fluoride gel could be particularly 
beneficial if a long-term control of symptoms is required, while 
diode laser could be a good choice if operator convenience and 
quick relief are the key factors. Further well-designed split-
mouth or cluster adjusted trials with longer follow-up, patient-
reported outcome measures and microscopic evaluation of 
dentinal tubule occlusion would aid in optimizing the 
maintenance phase protocol. 
 
Conclusion: 
We show that 980-nm diode laser therapy and iontophoresis 
using stannous fluoride gel were effective in the reduction of 
dentinal hypersensitivity in periodontal maintenance patients. 
Both modalities were effective in providing immediate symptom 
relief, with iontophoresis with stannous fluoride gel resulting in 
the greatest and longest lasting decrease in pain scores after 3 
months. Thus, stannous fluoride iontophoresis is a safe and 
clinically useful desensitizing method for maintenance patients 
with exposed root surfaces. 
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