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PART B – TECHNICAL DETAILS 

1 Title of the dissertation Effectiveness of Transcutaneous Electrical Nerve 

Stimulation on  Saliva Production and Improvement of 

Oral Symptoms in Patients with Xerostomia - A 

Prospective Study 

2 Introduction  

 

A. Problem statement Saliva is a precious oral fluid for the preservation and 

maintenance of oral health. It is produced and secreted 

by the various major and minor salivary glands. The 

major salivary glands are parotid, submandibular, and 

sublingual glands and minor salivary glands are 

distributed all over the oral cavity. Saliva has several 

functions that are of profound importance for the oral 



health. It helps in digestion of food, perception of taste 

and moistens the oral cavity. It has antibacterial, 

antifungal, antiviral properties. It also plays an important 

role in remineralization of tooth structure. Decreased 

salivary production or altered salivary composition may 

result in various clinical conditions affecting oral health, 

comfort, and quality of life.[1] 

B. Rationale Xerostomia is defined as a subjective complaint  

of dry mouth that may result from a decrease  

in the production of saliva. It can be a symptom of 

certain diseases or be an adverse effect of certain 

medications. Xerostomia is estimated to affect millions 

of people in the world. Studies have found the condition 

in 17 to 29 percent of sampled populations based on self-

reports or measurements of salivary flow rates.[1]  

This symptom is frequently associated with difficulties 

in swallowing, speech, and sleeping. Xerostomia may 

indicate that salivary output is decreased, exposing 

patients to a higher risk of dental caries, periodontal 

diseases, and oral infections. 

 A large number of treatment options are available for 

patients with xerostomia. Palliative treatment includes 

frequent sipping of water and application of various 

types of sprays and gels, which appear to help reduce the 



morbidity related to this condition; however, many of the 

current treatment options are merely transient and as 

such are not considered to be satisfactory treatment 

options.[2] 

C. Novelty Novel approaches for treating xerostomia are being 

investigated, which include acupuncture and 

transcutaneous electric nerve stimulation. The present 

study utilizes TENS therapy for stimulating salivary 

glands to increase salivary flow. 

D. Expected outcome and 

application 

TENS therapy will increase the salivary flow rate in 

xerostomic patients and that in turn improve oral 

symptoms associated with xerostomia. 

3 Research question(s) Does TENS therapy increases salivary flow in patients 

suffering from xerostomia? 

4 Research hypothesis (es), if any TENS therapy will increase the salivary flow rate in 

xerostomic patients and that in turn improve oral 

symptoms associated with xerostomia. 

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

A. The primary objective of the study -  

i. To evaluate the effects of transcutaneous electric 

nerve stimulation (TENS) therapy in stimulating whole 

salivary flow in patients with xerostomia. 

 

ii. To evaluate the effects of transcutaneous electric 

nerve stimulation (TENS) therapy in the improvement of 



oral symptoms in patients with xerostomia. 

 

6 1. Review of literature 1. A study was done to investigate the use of an 

electronic stimulator as a method for increasing salivary 

production in patients with xerostomia. 24 patients with 

a primary complaint of xerostomia were enrolled in this 

clinical study. A visual intraoral examination of the oral 

cavity as well as a gloved finger test was done to 

determine the presence of moisture. Patients were 

administered a 3-min stimulus to the tongue and roof of 

the mouth with the probe of the hand-held stimulator. 

Thus they concluded that noninvasive electrostimulating 

device is effective in patients with xerostomia due to 

Sjogren’s syndrome or radiation therapy.[3] 

 

2. A study was conducted to assess the effectiveness of 

transcutaneous electric nerve stimulation(TENS) as a 

means of stimulating salivary function in healthy adult 

subjects. Twenty-two subjects with no history of salivary 

gland disorder enrolled in this study. The TENS 

electrode pads were placed externally on the skin 

overlying the parotid glands. Unstimulated and 

stimulated saliva was collected and measured for each 

subject. They have concluded that the TENS unit was 

effective in increasing parotid gland salivary flow in 



two-thirds of healthy adult subjects.[4] 

3. This study was conducted to evaluate the effectiveness 

of transcutaneous electric nerve stimulation (TENS) 

therapy in stimulating whole salivary flow among 

patients with xerostomia and hyposalivation caused by 

diabetes mellitus. 40 patients between age 30 to 75 years 

with diabetes mellitus categorized as controlled or 

uncontrolled who had subjective symptoms of 

xerostomia and an objective sign of hyposalivation were 

included in a prospective study. Unstimulated saliva 

through the “low forced spitting” method and stimulated 

saliva collection using TENS were assessed and 

compared. Long-term effects of TENS application were 

evaluated by recalling the patient 24 hours later.Thus 

they concluded that in patients with diabetes with 

xerostomia and hyposalivation, TENS was highly 

effective in stimulating whole salivary flow.[2] 

4. A study was performed on 68 patients with 

hyposalivation induced by radiotherapy in head and neck 

region to evaluate the efficacy of transcutaneous 

electrical nerve stimulation. In this clinical trial, 

participants were randomly assigned to control(n = 31) 

or study group(n = 37).TENS group were submitted to 8 

sessions (20 minutes each) of TENS therapy, applied 

twice a week for four weeks, while those allocated to the 



control group  underwent the standard care (no 

intervention) employed at the oncology centre 

throughout the follow‐up period. Thus to conclude after 

8 sessions of TENS, patients with head and neck cancer 

submit‐ ted to radiotherapy showed significantly 

increased values of stimulated salivary flow that 

remained unchanged until 6 months after treatment 

conclusion. Subsequent improvements in self perception 

of salivary flow and quality of life support the 

consideration that TENS is a promising tool for treating 

symptoms of hyposalivation in this population.[5] 

5. Hasegawa et al.[6] had done a pilot study to test effects 

of interferential current stimulation(IFCS) on 

submandibular/sublingual glands. Three groups were 

enrolled in this study: 20 young, 19 elderly and 21 dry 

mouth subjects. Four electrodes were attached to the 

submandibular area, and the secreted saliva was 

collected by Salivette for 15 minutes either with or 

without IFCS.The subjects receiving IFCS were 

randomly chosen. Each subject rated pain and discomfort 

on the Visual Analog Scale (VAS) after each 

experiment.The results of this study indicated that saliva 

flow was slightly increased in the dry mouth group who 

received IFCS compared to those who did not receive 

IFCS. 



 

 

7 2. Methodology   

A. Study design Randomized controlled trial 

B. Study participants (human, 

animals or both) 

Humans 

i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, if any (trial-

related therapy, follow-up and 

documentation are terminated 

prematurely as it is indicated to 

ensure safety of the 

participants)   

iv. Rescue criteria, if applicable 

(starting symptomatic therapy 

either to control symptoms of 

disease or to overcome lack of 

adequate efficacy of the study 

drug or placebo)                                                                    

v. Number of groups to be studied, 

identify groups with definition 

i. Inclusion criteria -  

ii. Patients with xerostomia who are willing to 

participate in the study. 

ii.  Exclusion criteria - 

➢ Patients wearing an active pacemaker, defibrillator, 

and cochlear implants. 

➢ Patients who have undergone one or more major 

salivary gland excision. 

➢ Patients who have malignancies of salivary gland. 

➢ Pregnant women. 

 

ii. Withdrawal criteria - 

➢ Patients who experience any untoward effect of 

TENS therapy. 

➢ Patients who do not report for follow-up. 



iv.Rescue Criteria - N/A 

v.Number of groups - 2 

Subjects who are complaining of dry mouth will be 

randomly divided into - 

Group A (Study) - This group will consist of 20 

subjects who complain of dry mouth and they will be 

undergoing TENS therapy on day 1, 2nd week, and 4th 

week. 

Group B(Control) - This group will consist of 20 

subjects who complain of dry mouth and will be given 

placebo effect by just placing electrodes of TENS unit in 

the off position on day 1, 2nd week, and 4th week.  

 

 

C. Sampling  

a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

a. Sampling population 

Subjects reporting to Department of Oral Medicine & 

Radiology with a complaint of dry mouth. 

b. Sample size calculation  

The sample size was estimated based on the salivary 

flow rate/minute of the following: 

Measurement 1 (Before saliva stimulation): 1.34 +/- 0.23 

Measurement 2 : (After TENS): 1.55 +/- 0.31 



The values were obtained from the following reference: 

Dyasnoor S, Kamath S, Khader NFA. Effectiveness of 

Electrostimulation on Whole Salivary Flow Among 

Patients with Type 2 Diabetes Mellitus. Perm J. 

2017;21:15-164. 

Sample size estimation was done using using G. Power 

sample size estimation software as follows:  

[t tests - Means: Difference between two dependent 

means (matched pairs) 

Analysis: A priori: Compute required sample size  

Input: Tail(s) = Two 

 Effect size dz = 0.75 

 α err prob = 0.05 

 Power (1-β err prob) = 0.80 

Output: Noncentrality parameter δ = 3.01 

 Critical t = 2.13 

 Df = 15 

 Total sample size = 16 

 Actual power = 0.80 

 

 

 

 

 

 



Formula: 

 

 

 

Where, 

 µ1 :  Mean first time (before TENS)  

 µ2 :  Mean Paired time (after TENS) 

 1 :  Standard deviation First time  

2 :  Standard deviation Second time 

 

The sample size of 16 was determined for within group 

comparison of one group. Since the study involves 

follow up, assuming a drop out of about 20%, we 

increase sample size to 20. Since there are two groups in 

the study, the final sample size is 40 patients (20 in 

Placebo, 20 in TENS groups) 

 

c.Sampling technique - Quota Sampling 

D. Randomization details (for 

interventional studies)- 

Intervention details with 

standardization techniques (drugs 

/ devices / invasive procedures / 

Computer-generated random numbers will be allocated 

for the randomization of samples. 



noninvasive procedures / others) 

E. Ethical Clearance from the 

Institution’s Ethics Committee 

Obtained? (Copy to be Attached) 

Attached  

SDMCDS IEC. No. 2021/P/OM/63 

F. Study procedure Patients who report with a complaint of dry mouth will 

be asked to answer the questions in order to assess 

xerostomia.[7] 

 

➢ Does the amount of saliva in your mouth seem to be 

too little, too much, or you do not notice it?  

 

➢ Do you have any difficulty swallowing? 

  

➢ Does your mouth feel dry when eating a meal? 

  

➢ Do you sip liquids to aid in swallowing dry food? 

 

➢ Do you frequently sip water because of the dryness 

of the mouth?  

 

Oral status: Complete examination will be done to assess 

xerostomia to identify clinical signs pathognomonic for 

hyposalivation as proposed  by Challacombe et al, 

Clinical Oral Dryness Score (CODS).[8]   The Clinical 

Oral Dryness Score (CODS) consists of a 10 point scale, 

each point representing a feature of dryness in the 

mouth. These ten features are: 



1 Mirror sticks to buccal mucosa  

2 Mirror sticks to tongue 

3 Frothy saliva .  

4 No saliva pooling in floor of mouth  

5 Tongue shows loss of papillae  

6 Altered/smooth gingival architecture  

7 Glassy appearance to other oral mucosa especially 

palate   

8 Tongue lobulated/fissured  

9 Active or recently restored (in the last six months) 

cervical caries (more than two teeth) 

10 Debris on palate (excluding under dentures). 

 After obtaining the patient’s consent for the study. The 

salivary collection will be performed between 9 and 11 

am.[9] All the patients will be asked to refrain from 

eating, taking any citrus foods, drinking, chewing gum, 

smoking, and oral hygiene procedures such as brushing, 

mouth rinsing for at least 90 minutes prior to salivary 

collection.The subjects will be made to sit in an upright, 

comfortable, and relaxed position, with the head inclined 

forward and minimal body and orofacial movements. 

Then subjects will be asked to swallow their saliva first 

and to stay motionless so that the saliva could collect 

passively in the anterior region of the floor of the mouth. 

With use of the “low forced spitting” method, 



unstimulated saliva will be collected for five minutes in 

a graduated measuring cylinder fitted with a funnel. 

After five minutes of the whole saliva collection, surface 

electrode pads will be placed externally on the skin 

overlying the parotid glands and submandibular glands. 

TENS machine will be activated, the pulse rate will be 

fixed at 50 Hz, and the intensity will be  gradually 

increased to a maximum tolerable level for each patient. 

At optimal intensity (the maximum intensity that the 

subject still perceived to be comfortable),  stimulated 

saliva will be collected in continuous mode for 5 minutes 

into a separate graduated measuring cylinder. For group 

B(Control) saliva collection will be done by TENS unit 

in the off position to assess the placebo effect of using 

TENS.The whole saliva collected will be measured after 

10 minutes of settling so that bubbles will not interfere 

with the measurement.  The amount of unstimulated and 

TENS-stimulated whole salivary flow will be  assessed 

and compared. A log of adverse effects will be recorded, 

during and after the experiment.[4] Frequent sipping of 

water will be advised for all the subjects whenever they 

feel extreme dryness of the mouth. 

All subjects will be recalled to perform same procedure 

on 2nd and 4th week intervals. 

  

G. Data collection methods including  Data will be collected from patients visiting the   



settings and periodicity department of Oral medicine and radiology at SDM 

College of Dental Sciences, Dharwad, Karnataka and 

fulfilling the inclusion criteria of the study, after giving 

them the patient information sheet and obtaining consent 

for the same. 

Period of this study will be for one year. 

H. List of statistical tests to be used 

for data analysis 

H. List of statistical tests to be used for data analysis  

Descriptive statistics: Mean, standard deviation, median 

and Inter-quartile range of salivary flow values will be 

done for the two groups.  

Inferential statistics:   

• Comparison of mean salivary flow values 

between the two groups will be done by Un-

paired t test, if the data is following a normal 

distribution. If the data does not follow a normal 

distribution, the Mann-Whitney test will be used.  

• Comparison of mean salivary flow values before 

and after the intervention (within each group) 

will be done by Paired t test if the data is 

following normal distribution. If the data does 

not follow normal distribution, the Wilcoxon test 

will be used.  

• Probability value of less than 0.05 will be 

considered to be statistically significant.  



 

I. If it’s a Clinical Trial: Clinical Trials 

Registry of India or equivalent 

registration number to be 

mentioned 

NO 

8 3. List risks and benefits of the study Risk of the study -  

➢ Transient muscle twitch on TENS therapy. 

➢ Drop out of patients from the study. 

 

 

Benefits of the study -  

TENS therapy to xerostomic patients will help in 

increasing salivary flow and decrease in associated 

symptoms. 
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