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ABSTRACT

BACKGROUND AND OBJECTIVES:

Many people continue to struggle with xerostomia, the subjective complaint of dry mouth, and

hyposalivation. This issue can have many different etiologies, including diabetes mellitus, hypertensive

drugs, Sjögren's syndrome, medications, radiotherapy for head and neck malignancies etc. Several

pharmaceutical and non-pharmacological treatments have been proposed for people who experience dry

mouth. A novel method for treating these patients is transcutaneous electrical nerve stimulation (TENS).

AIM OF THE STUDY:

The present study was conducted for patients who have complaint of dryness of mouth. The main aim of the

study was to evaluate the effects of TENS in stimulating whole salivary flow in patients with xerostomia and

its effects in the improvement of oral symptoms in patients with xerostomia.

METHODOLOGY:

The present study was a single-blind, in-vivo, prospective, randomized clinical trial conducted on 40

subjects (20 TENS, 20 Placebo), wherein unstimulated and stimulated saliva were collected for 5 min in

graduated test tubes fitted with a funnel while mean salivary flow rates were calculated. All subjects were

given therapy for three sessions. The data were analyzed using SPSS version 20.0 (SPSS Inc., Chicago, IL,

USA).

RESULTS:

The study included 40 subjects ranging in age from 23 to 67 years. The mean age of female participants was

47.82 years and for male participants, it was 53.6 years. Overall, the mean age was 50.71 years. In the

present study, the mean salivary flow rates before and after therapy in session 1 in group A were 0.88 ± 0.97

mL/5min and 1.24 ± 1.23 mL/5min, at the end of session 2, they were 0.91 ± 0.88 mL/5min and 1.11 ± 0.97
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mL/5min, and at the end of session 3, they were 1.00 ± 0.82 mL/5min and 1.13 ± 0.87 mL/5min respectively.

P values of session 1(P = 0.027) and session 2(P = 0.032) were significant, but P value of session 3(P =

0.079) was not significant, considering P < 0.05 as statistically significant.

In the present study, the mean salivary flow rates before and after therapy in session 1 in group B were 2.0 ±

1.55 mL/5min and 2.02 ± 1.94 mL/5min; at the end of session 2, they were 2.25 ± 1.57 mL/5min and 2.37 ±

1.93 mL/5min; and at the end of session 3, they were 2.04 ± 1.55 mL/5min and 2.25 ± 1.91 mL/5min

respectively. P values of session 1(P = 0.92), session 2(P = 0.45) and session 3(P = 0.10) were not

significant, considering P < 0.05 as statistically significant. The comparison of mean salivary flow rates

between both the groups analysed by unpaired t test in session 1, session 2 and session 3 was not significant.

The comparison of group A and group B subjects in all the sessions based on a questionnaire, which they

answered affirmatively, was also not significant.

CONCLUSION:

Although there was not much increase in mean salivary flow rate observed when both TENS and placebo

groups were compared. But, there was statistically significant increase in mean salivary flow rate after

TENS therapy in group A. Significant improvements in swallowing and mastication were also reported in

both the groups. No serious side effects of the therapy were observed But it was quite successful in

improving oral symptoms. The favourable findings of this study suggest that TENS may boost salivary flow

rate and improve oral symptoms in the patients suffering from xerostomia.

KEYWORDS: Xerostomia, Salivary glands, TENS, Placebo, Oral symptoms
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Effectiveness of Transcutaneous Electrical Nerve Stimulation on Saliva Production and

Improvement of Oral Symptoms in Patients with Xerostomia - A Prospective Study

INTRODUCTION

Saliva and salivary glands

Saliva is one of the most important, multifunctional substances produced by the body. The preservation of

oral homeostasis depends heavily on saliva. The complex combination of proteins, glycoproteins, mucins,

and ions aids in the prevention of oral infections, dental caries, and supports the remineralization of early

carious lesions.[1] The many major and small salivary glands synthesize and secrete it. The major salivary

glands are parotid, submandibular, and sublingual glands and minor salivary glands are distributed all over

the oral cavity. There are 600 to 1000 minor salivary glands, each of which is named after the location it

occupies (i.e., labial, buccal, lingual, palatal, retromolar). Additionally, the tongue has three sets of minor

salivary glands: the Weber glands, which are located along the lateral tongue's border; the von Ebner glands,

which are located around the circumvallate papillae; and the Blandin and Nuhn glands, also known as the

anterior lingual glands, which are situated in the anterior ventral tongue. [2]

Normal salivary function

Saliva can be mucinous or serous. Serous cells produce a more watery, enzyme-rich saliva, while mucous

cells secrete a more viscous fluid with plentiful salivary glycoproteins known as mucins. The parotid gland

is composed mainly of serous cells, those of the submandibular gland are a combine of mucous and serous

types, while those of the sublingual and minor salivary glands are of the mucous type. The glands of Weber

are mucous-secreting glands, the glands of von Ebner are purely serous, and the glands of Blandin and Nuhn

are mixed glands. Stensen's ducts, the orifices of which may be seen on the buccal mucosa close to the

maxillary first or second molar, are used to secrete parotid saliva. The submandibular duct (also known as

Wharton's duct), which drains saliva from each submandibular gland and empties at the sublingual caruncles

on either side of the lingual frenulum, is just where submandibular gland saliva is released. The short,

separate ducts of Rivinus allow sublingual saliva to enter the floor of the mouth directly.
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The main duct of the sublingual salivary gland, also known as Bartholin's duct, may be formed by one or

more of these ductules and open into the submandibular duct. Through small ducts, the minor glands release

their mucinous secretion onto the mucosa.[2]

Saliva protects the oral tissues in various ways. When stimulated, the continual flow of watery saliva has the

cleansing effect of removing food particles and bacteria from the mouth. Bicarbonate is a good example of a

buffering ion that helps neutralise acid and prevents demineralization of tooth enamel. Additionally, saliva

creates a pellicle, a lubricating protein film, on the dental enamel that shields it from erosion by blocking

acids' direct access to the dental surface. Additionally, saliva's lubricating qualities lessen mechanical wear

by reducing the interfacial tension between tissue surfaces.The moistening of food and assistance in the

development of a food bolus are among the digestive activities of saliva, which also aid in flavour

perception and make swallowing easier. Amylase, an enzyme found in saliva, helps to start the digestion of

meals by dissolving starch into soluble maltose and dextrin fragments. Salivary lipase, which is present, also

starts the digestion of fat in saliva.[3]

Figure 1. Overview of the relationship between the various functions of saliva and the
salivary constituents involved.
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Hyposalivation and Xerostomia

A decrease in salivary output is an objective sign of hyposalivation. The feeling of having a dry mouth is

referred to as xerostomia. Ordinary, unstimulated salivary secretory rates range from 0.3 to 0.4 mL per

minute, or 800 to 1500 mL per day. Significantly anomalous flow has been defined as less than 0.1 mL per

minute. The sensation of dry mouth normally results from a 50% reduction in saliva production, but patients

with a normal salivary flow might nevertheless develop xerostomia.[4]

Prevalence of xerostomia and decreased salivary flow in elderly

The complaints of xerostomia, or dry mouth, may not indicate a decrease in salivary function but rather

dehydration or other systemic problems. Therefore, studies that solely look at complaints of dry mouth won't

accurately represent the population's genuine risk for oral disorders. Furthermore, in order to draw

conclusions about changes in salivary flow rates, it is necessary to compare the normal values across a

sizable patient population due to the wide range of normal values. In order to assess whether salivary gland

function decreased with age, several healthy patient cohorts were looked at in the 1980s and 1990s. While

earlier research indicated no effect, other studies indicate that women's salivary function may somewhat

deteriorate with age. Salivary function is typically preserved in healthy, unmedicated people beyond the age

of 65, however these people make up a very small portion of this age group. According to other research,

salivary flow rates in elderly people are correlated with the amount of prescription drugs they regularly use,

the number of systemic diseases they report, and the duration of drug use.[5]

Medication and salivary hypofunction

It is thought that the most frequent cause of decreased salivary flow in elderly people is medication use.

Numerous diuretics, anti-hypertensives, antihistamines, tranquilizers, opioid analgesics, tricyclic

antidepressants, hypoglycemic and serious anti-psychotics will decrease flow. Elderly patients who take

multiple medications run the risk of unpleasant side effects, such as dry mouth. According to one research,

elderly people's salivary glands may be more sensitive to drugs with anticholinergic effects and their glands'

"reserve" may be smaller.[5]
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Autoimmune diseases

An autoimmune exocrinopathy known as Sjogren's syndrome (SS) primarily affects the salivary and

lacrimal glands. Although there are case reports from before 1930, Henrik Sjogren, a Swedish

ophthalmologist, first documented a group of women with xerostomia, rheumatoid arthritis, and

keratoconjunctivitis sicca, a kind of eye dryness. Primary and secondary forms were described in later

research by Bloch et al. Patients may experience primary SS, which only affects the salivary and lacrimal

glands, or salivary or lacrimal gland dysfunction in conjunction with another severe connective tissue

disorder, such as rheumatoid arthritis, systemic lupus erythematosus & scleroderma, The majority of

academic medical institutes use the modified European criteria for SS diagnosis, and estimates of the

condition's prevalence range from 0.5% to 1.5% globally. SS is characterized by severe, activated

plasmolymphocytic infiltrates of the salivary and lacrimal glands, high levels of autoantibodies,

hypergammaglobulinemia, and a decrease in the glands' ability to secrete. Serious oral and ocular dryness as

well as disorders connected with it can be caused by the loss of tears and saliva. Other patient complaints

include tongue and eye burning or itching, as well as difficulties swallowing, speaking, or eating. Females

predominance is more and are frequently in their fifth decade of life. However, the diagnosis of the illness in

people between the ages of 65 and 80 is not unheard of. Primary SS affects the entire body. Extraglandular

symptoms of SS are caused by invading lymphocytes, which can harm various organ systems. Malignant

lymphoma, which is thought to develop 20 to 30 times more commonly in these patients, is the most

dangerous type. A longitudinal analysis of patients with primary SS revealed a considerably higher mortality

rate in those with low complement fraction 4 in their serum.Other studies in recent years have examined

quality of life issues in SS patients. Fatigue is a common complaint, as well as an increased incidence of

depressed mood and weakened sense of well-being.

Preventive and palliative therapies are the mainstays of Sjogren's syndrome treatment. Unfortunately,

systemic anti-inflammatory drugs and other immunosuppressive medications have not been effective in

clinical studies with this patient population to date; nevertheless, several trials are still being conducted.
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Clinical trials have shown some promise for topical anti-inflammatory drugs such cyclosporine eye

preparations and an oral lozenge formulation of interferon.[5]

Radiation therapy

With an anticipated 888,000 new cases and 453,000 fatalities in 2018, head and neck cancer is the seventh

most frequent cancer globally. The fifth most common in males and the 12th most common in women. In

India head and neck cancer accounts for 30% of all cancers. [6] Patients who are 50 years or older tend to

have the most new cases. Surgery or external beam radiotherapy are the two main forms of treatment for the

90% of tumors that are squamous cell carcinomas. Sadly, within the first two weeks of fractionated radiation

therapy, the salivary gland tissue that is exposed to radiation experiences an irreversible loss of function.

The recommended course of treatment at this time is to avoid irradiating certain salivary tissue because the

causes of its high radiosensitivity are not fully known.[5]

Other diseases

Reduced salivary function or xerostomia has been linked to a number of different disorders. These include

diabetes, depression, Alzheimer's-type dementia, and hypertension. In very early investigations,

hypertension was linked to lower flow rates and oral dryness complaints. It was proposed that people with

hypertension didn't get enough parasympathetic stimulation, which would affect their salivary glands.

Recent research suggests that hypertensive patients' salivary flow is suppressed by drugs rather than

hypertension. While betablockers change the saliva's protein composition, clonidine has been examined for

its antisalivation capabilities in clinical trials. Diuretics, an antihypertensive drug, are frequently linked to

symptoms of mouth dryness. In a study by Chavez et al., it was discovered that patients with poorly

controlled diabetes had lower salivary flow rates. There are reports of reduced salivary flow in patients with

Alzheimer's disease and untreated depression.[5]
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Oral effects of salivary gland hypofunction or xerostomia

Dental caries

Compared to the general patient population, patients with hyposalivation had a higher prevalence of dental

caries. Increased levels of the microbiota, notably Stretococcus mutans, lower protection provided by

mucinous saliva, decreased effectiveness of salivary debridement of the teeth, and most critically, decreased

buffering capacity all contribute to an increased rate of caries. Dentin demineralization happens when the pH

drops and the buffering ability is compromised. Enamel is remineralized in the presence of fluoride, calcium,

and phosphate, but recurrent acid exposure causes an irreversible demineralization that leads to erosion,

attrition, and caries. Due to the decline in manual dexterity and the deterioration of oral hygiene in the

elderly, there is an additive effect. The preferred course of treatment for these patients is a neutral sodium

fluoride application, which raises the oral pH momentarily and maintains tooth remineralization.

Mucositis

The loss of the oral soft tissues' protective mucous covering leads to mucositis, an inflammation of the

mucosa. The teeth, restorations, prosthetics, and food can cause friction and laceration on the mucosa,

making it more vulnerable. The tongue's keratinized tissue also dries up and develops cracks that collect

food and germs, increasing the risk of oral candidiasis, glossodynia, and loss or alteration of taste perception.

It is possible to utilise a variety of substances to cover the mucosa and stop desiccation.

Candidiasis

Saliva suppresses Candida overgrowth by mechanically clearing the mucosa of debris and by preventing the

yeast's adherence to the tissue. Candida infections become more likely if the volume of the entire saliva

diminishes, along with the content of lactoferrin, IgA, salivary proteins, and peptides. With the use of

various topical, oral, and intravenous antifungal medications, these infections can and should be treated.[4]



8

Various treatment modalities

A large number of treatment options are available for patients with xerostomia. Palliative treatment includes

regular 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 management options are merely transient

and as such are not considered to be satisfactory treatment options. Acupuncture and transcutaneous electric

nerve stimulation are two new methods being researched to treat xerostomia. In the current study, TENS

therapy is used to stimulate the salivary glands and boost saliva production. Low frequency, pulsed electrical

currents are used during TENS. Surface electrode pads applied to the skin surface transmit these electrical

currents, which may activate the peripheral neurons to have a variety of physiological consequences.

Following the publication of Melzack and Wall's gate control theory in 1965, the first TENS units were

created. Since its introduction, TENS has gained widespread recognition and is currently one of the most

frequently utilized therapeutic modalities for the treatment of both acute and chronic pain. However,

numerous researchers have recently discovered that TENS can be utilized to stimulate the peripheral nerves

in order to improve salivary flow in addition to its analgesic effects.
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AIMS & OBJECTIVES
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Objectives 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 TENS therapy in the improvement of oral symptoms in patients with

xerostomia.
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REVIEW OF LITERATURE
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REVIEW OF LITERATURE

1. In 1986, a study was conducted to determine whether patients with xerostomia could increase salivary

output by using an electronic stimulator. In this clinical investigation, 24 individuals with xerostomia as

their main complaint participated. To check for moisture, the oral cavity underwent a visual intraoral

examination and a gloved finger test. The hand-held stimulator's probe was used to give a 3-min

stimulus to the tongue and roof of the mouth to the patients. They therefore came to the conclusion that

a noninvasive electrostimulating device is beneficial in treating patients with xerostomia brought on by

Sjogren's disease or radiation therapy.[7]

2. An electrical stimulus delivered to the tongue and hard palate by a battery-operated device (SAL II,

Biosonics, Inc.) was tested in a double-blind research to see if it could promote salivary flow in

participants with typically severe SS. In a labial salivary gland biopsy specimen, 29 patients with the

salivary component of SS (diagnosed as the presence of focal chronic sialadenitis with a focus score

of > 1 focus/4 mm2) were randomly assigned to active or placebo devices, which they used for three

minutes, three times per day for four weeks. By collecting whole saliva both before and after

stimulation with the device, whole saliva flow rates were calculated at weeks 0, 2, and 4. The 13

participants using an active device experienced a higher shift in mean post-stimulation flow rate from

week 0 to week 4 (0. 08 +t S. D. 0. 08 g/2 min to 0. 24 + 0.33 g/2 min) than did the 11 patients using a

placebo device (0.11 0.115 g/2 min to 0.08 + 0.18 g/2 min) (p = 0.04). Three patients who used active

gadgets reacted, whereas the other subjects did not, hence the size of the mean difference was rather

tiny. Only five subjects—all of whom were utilizing active devices—reported experiencing a subjective

rise in salivation. As a result of electrical stimulation, some SS patients with residual salivary flow

responded significantly, but others with low or zero total saliva flow rates did not.[8]
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3. To assess an electronic stimulator device's capacity to boost saliva production and lessen clinical

symptomatology, a multi-center double-blind study was carried out. Three centers assigned a total of 77

individuals with Sjogren's syndrome to active (n = 40) or placebo (n = 37) devices. More than 31% of

the participants in the study were aged between 60 and 69, which had the highest proportion of patients.

The patients had to produce no more than 0.2g/min of entire saliva according to the selection criteria. At

the beginning of the study, patients allocated the active device produced on average 0.06 mL of saliva

per minute, while patients assigned placebo devices produced on average 0.07 mL of saliva per minute.

Over a period of four weeks, there were three scheduled visits, each spaced by two weeks. Patients

utilizing active devices displayed considerably greater saliva production than placebo patients at all

visits (P = 0.005 to 0.02). The study assessed whether patients' xerostomia-related symptoms had

decreased.[9]

4. In 2003, the authors reviewed clinical and scientific reports of xerostomia published in the dentistry and

medical literature over the previous 20 years using Index Medicus-generated data. The fields of oral

medicine, pathology, pharmacology, epidemiology, gerodontology, dental cancer, immunology, and

rheumatology were all represented in the xerostomia literature. When the amount of saliva that covers

the oral mucous membranes decreases, xerostomia frequently occurs. However, there may be symptoms

without a discernible decline in salivary gland output. The use of xerostomic drugs is the cause of

xerostomia that is most frequently reported. Several frequently given medications with a range of

pharmacological effects have been discovered to cause xerostomia as a side effect. In addition, Sjögren's

syndrome, a condition that causes dry mouth and eyes and may be followed by rheumatoid arthritis or a

connective tissue illness, is frequently linked to xerostomia. Another prevalent side effect of radiation

therapy is xerostomia. A frequent oral problem, xerostomia is a painful ailment that people may seek

treatment for from dentists. Dental cavities, candidiasis, or trouble wearing dentures are all side effects

of xerostomia. The clinician must determine the probable cause(s) and give the patient the proper care.

The treatments for xerostomia are often palliative, but they might provide some defense against the

condition's more serious side effects.[10]
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5. To determine the efficacy of transcutaneous electric nerve stimulation (TENS) in enhancing salivary

function in healthy adult individuals, a study was carried out. In this study, 22 volunteers without a

history of diseases of the salivary glands participated. The skin above the parotid glands was covered

with TENS electrode pads that were externally applied. Saliva from each individual was collected and

measured after being stimulated and unstimulated. They came to the conclusion that in two-thirds of

healthy adult individuals, the TENS unit was successful in enhancing parotid gland salivary flow.[11]

6. A study was conducted by Strietzel et. al to assess the efficacy and safety of an innovative

electrostimulating device mounted on a custom intra-oral detachable prosthetic. A crossover,

randomized, sham-controlled, double-blinded, multicenter trial was conducted on patients with

xerostomia to test the device, which included electrodes, a moisture sensor, an electrical circuit, and a

power source. The oral mucosa in the area of the mandibular third molar received electrical stimulation

for 10 minutes, as well as sham treatment. The sensor assessed oral dryness. Changes in sensor dryness

and xerostomia symptoms brought on by device use were evaluated and contrasted between active and

sham modes as the primary outcome. Side-effects were also recorded. Electrostimulation resulted in a

significant decrease in sensor dryness, leading to a beneficial effect on patients’ subjective

conditions.[12]

7. A review that was written in 2009 with the goal of highlighting recent advancements in the treatment of

xerostomia used neuro electrostimulation via miniature intraoral electrostimulators. These tools boost

saliva production and lessen oral dryness symptoms. Their impact is produced by stimulating the lingual

nerve, next to which the equipment' electrodes were positioned. The goal was to increase the salivary

reflex and directly stimulate the salivary glands that are under that nerve's control.[13]

8. The goal of a 2013 intervention evaluation was to evaluate the effectiveness of non-pharmacological

therapies used to increase saliva production for the treatment of dry mouth. The Cochrane Central

Register of Controlled Trials, the Cochrane Oral Health Group Trials Register, MEDLINE via OVID,
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EMBASE via OVID, AMED via OVID, CINAHL via EBSCO, and CANCERLIT via PubMed were all

searched by the authors. To find ongoing and completed trials, the meta Register of Controlled Clinical

Trials and ClinicalTrials.gov were also searched. The study participants experienced dry mouth

complaints at baseline in parallel group randomized controlled trials of non-pharmacological therapies

to treat dry mouth. The authors came to the conclusion that there was insufficient data showing that the

most significant outcome, dry mouth symptoms, were not improved by acupuncture compared to

placebo acupuncture. This might be the case because there weren't enough participants involved in the

two trials to demonstrate a potential effect, or it might be the case that 'placebo' acupuncture provided

some benefit that skewed the results in favor of the null. The effectiveness of electrostimulation devices

on the symptoms of dry mouth could not be determined due to a lack of evidence. The fact that only two

of the trials evaluating acupuncture reported dry mouth symptoms raises concerns about a reporting bias

given that it is well recognized that symptoms of dry mouth can be problematic even when saliva

production is boosted. There is inadequate data to evaluate how electrostimulation devices affect the

symptoms of dry mouth or salivation in Sjögren's syndrome patients. Acupuncture side effects that were

recorded were modest and transient, but electrostimulation side effects went unreported.[14]

9. In 2014 study was done to see whether individuals with radiation-induced xerostomia could benefit

from TENS administered via an extraoral device. The study included 30 patients with oral cavity and

oropharyngeal cancer who had either post-adjuvant (n = 26) or final radiation (n = 4) treatment. The

skin above the parotid glands was covered with TENS electrode pads that were externally applied.

Using the low forced spitting technique, unstimulated entire saliva was collected for 5 min into

graduated tubes. The TENS device was then turned on, and saliva that had been stimulated was

collected for an additional five minutes. The paired t-test was used to calculate the variation in salivary

output between stimulated and unstimulated conditions. To identify factors significantly affecting the

increase in salivary output, linear regression was performed. During stimulation, saliva flow increased

in 29 out of 30 individuals. During stimulation, saliva production showed a statistically significant

increase (P 0.05). The median increase in saliva flow was 0.06 ml/min, with the mean stimulated saliva
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flow being 0.12 ml/min and the mean unstimulated saliva flow being 0.056 ml/min. The time that

passed between radiotherapy and the start of TENS treatment had a big impact on how well the salivary

flow improved. In most post-radiation oral cavity/oropharyngeal cancer patients with xerostomia, extra-

oral TENS treatment is beneficial in boosting the total salivary flow.[15]

10. A pilot study was done to evaluate the effectiveness of a TENS unit in stimulating the whole salivary

flow rate in radiation induced xerostomia patients. The study involved 40 participants. The study group

included 30 people and was split into three groups: Group S1 (n = 20), Group S1A (n = 10) subjects

complaining of dry mouth who were receiving head and neck radiation therapy with TENS stimulation

at the beginning of radiotherapy, on the third and sixth weeks, and one month after radiotherapy

completion, Group S1B (n = 10) subjects receiving TENS stimulation daily throughout the entire course

of radiotherapy, and Group S2 (n = 10) subjects. The control group (n = 10) was composed of healthy

people who did not report dry mouth and who have not undergone head and neck radiotherapy. Whole

saliva was collected in a graduated test tube for 10 minutes without stimulation and for an additional 10

minutes following electrostimulation with a TENS device. The data analysis showed that the salivary

flow rate rose in the control and S1B groups following stimulation by TENS therapy compared to the

unstimulated salivary flow, however it was statistically non-significant in the S1A and S2 groups. The

study provided information on how well TENS therapy works to increase salivary flow in healthy

people and how well it works to lessen the negative effects of radiation therapy when combined with it.

The authors came to the conclusion that TENS therapy can be utilized to treat xerostomia in addition to

other treatment techniques.[16]

11. A study done by Aggarwal et al. on 80 healthy adult participants. Saliva was collected for 5 minutes

with and without stimulation (using TENS), and the mean salivary flow rates were then computed. 65 of

the 80 individuals showed an increase in salivary flow rate after TENS treatment. The salivary flow

rates were slightly lower in 12 participants. As a secondary consequence, the face musculature briefly

twitched in seven participants. On administration of TENS, a considerable rise in salivary flow rates
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was seen with little to no adverse effects.[17]

12. In order to investigate the effects of interferential current stimulation (IFCS) on the

submandibular/sublingual glands, Hasegawa et al. conducted a pilot research. Twenty young, 19 senior,

and 21 dry mouth participants were included in each of the three groups in this study. The

submandibular region received four electrodes, and either with or without IFCS, the released saliva was

collected by the Salivette for 15 minutes. The recipients of IFCS were chosen at random. After each

trial, each subject graded their level of pain and discomfort using the Visual Analog Scale (VAS).

According to the findings of the study, IFCS recipients in the dry mouth group had somewhat higher

saliva flow than those in the control group.[18]

13. To determine the effects of TENS on total salivary flow rate in postmenopausal females with and

without mouth dryness, an interventional study was carried out. Based on their responses to the

Xerostomia Inventory, 50 postmenopausal women were split into two groups of 25 each: group 1 was

made up of postmenopausal women with oral dryness (PMD + OD), and group 2 was made up of

postmenopausal women without oral dryness (PMD - OD). The full saliva was collected without

stimulation using a low-force spitting technique. The parotid gland was externally stimulated with saliva

by TENS unit electrodes, and sialometry was performed once more. Before and after stimulation, as

well as between the two groups, salivary flow rates were examined in both groups. In comparison to the

PMD - OD group, the mean salivary flow rates were statistically substantially lower in the PMD + OD

group at baseline. In the PMD + OD and PMD - OD groups, there was a mean increase of 0.33 ml and

0.46 ml with TENS stimulation, respectively. Those postmenopausal women who felt their mouths were

dry had reduced salivary flow rates. 90% of the individuals reacted to TENS therapy, regardless of their

level of mouth dryness.[19]

14. A study was conducted to confirm the immediate impact of electrostimulation on patients with

hyposalivation's salivary flow. 15 patients with hyposalivation induced by radiation (RT) were included
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in the study. The patients were 56.8 years old on average. Women were outnumbered by men (73%).

Transcutaneous Electrical Nerve Stimulation was set to a frequency of 50 Hz and a pulse width of 250s.

Over the course of 20 minutes, intensity was changed in accordance with the highest tolerated level. On

each side of the salivary gland region, electrodes were affixed. Sialometry was used to measure the

salivary flow both before and right after the TENS application. The oropharynx (80.0% of patients) was

the area with the highest prevalence of RT. The average dosage applied during RT was 64.6 Gy.

Salivary flow significantly increased (p = 0.0051) after TENS, rising from 0.05 (0.00; 0.40) mL/min to

0.10 (0.07: 0.40) mL/min. The reaction to TENS was directly linked with both the dose utilized in RT (r

= -0.514; p = 0.050) and the strength of the tolerated electric current (r = 0.553; p = 0.032). The authors

came to the conclusion that TENS was effective in helping patients with RT-induced hyposalivation

enhance their salivary flow rate.[20]

15. Six randomized controlled studies were selected from databases for inclusion in a meta-analysis of

randomized controlled trials on electrical nerve stimulation for xerostomia, and the data were analyzed

using RevMan non-Cochrane mode. The effect of TENS on salivary flow rate in 369 persons with

SMD was 0.63 [-0.03, 1.29] and was not statistically significant, according to the results [95% CI]. The

authors came to the conclusion that the available evidence does not support the use of TENS in patients

with xerostomia and that salivary replacement therapy may be investigated for symptomatic relief.

However, careful research must be done on the kind, frequency, and strength of the current employed.

To prove or disprove the use of TENS in xerostomia, high quality randomized controlled trials with

sufficient sample are needed.[21]

16. A prospective study done by Dyasnoor et al. comprised 40 individuals with diabetes mellitus between

the ages of 30 and 75 who had either managed or uncontrolled diabetes, subjective symptoms of

xerostomia, and an objective sign of hyposalivation. The "low forced spitting" method of collecting

unstimulated saliva and TENS stimulation of saliva collection were evaluated and contrasted. Recalling

the patient 24 hours later allowed researchers to assess the long-term consequences of TENS application.
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Thus, they came to the conclusion that TENS was very helpful in promoting full salivary flow in

individuals with diabetes who also had xerostomia and hyposalivation.[22]

17. A study was conducted by Talasila et al. to examine the stimulated salivary flow rate in normal, healthy

individuals and xerostomia patients, as well as to compare the unstimulated salivary flow with the

stimulated salivary flow following TENS therapy in normal, healthy individuals and xerostomia patients.

The study's design included the recruitment of 50 study subjects and 50 control participants. Participants

in the study were those who reported having a dry mouth or who had undergone a tongue-blade test and

received a clinical diagnosis of xerostomia. External TENS electrode pads were applied to the skin that

covers the parotid glands. Using a standardized collection method, unstimulated whole saliva was

collected for five minutes in a graduated tube. The TENS device was then turned on for 30 minutes,

during which time saliva was stimulated and collected for a further five minutes. After stimulation, the

salivary flow rates of every person in the study and the control groups increased. Based on the subject's

gender, age, assigned treatment group, and number of radiation treatments, there was no discernible

variation in the rate of TENS-stimulated salivary flow.[23]

18. Transcutaneous electrical nerve stimulation was tested on 68 patients by Paim et al., who had

hyposalivation brought on by radiation in the head and neck region. Participants in this clinical trial

were divided into the control (n = 31) and study (n = 37) groups at random. While those assigned to the

control group received normal care (no intervention) at the oncology center for the duration of the

follow-up period, the TENS group underwent 8 sessions of TENS therapy, each lasting 20 minutes,

applied twice weekly for four weeks. To sum up, patients with head and neck cancer who underwent

radiotherapy showed significantly enhanced salivary flow values after 8 TENS sessions. These values

persisted unchanged for 6 months after the end of the treatment.[24]



20

METHODOLOGY



21

METHODOLOGY

The present study is a single blind, in-vivo, prospective, randomized clinical trial conducted on the subjects

visiting the Department of Oral Medicine and Radiology, SHRI DHARMASTHALA

MANJUNATHESHWARA COLLEGE OF DENTAL SCIENCES AND HOSPITAL, DHARWAD.

Approval for the study was obtained from the Institutional Review Board and ethical clearance was

obtained.(SDMCDS IEC.No. 2021/P/OM/63)[Annexure VII]

Sample size estimation:

For sample size estimation, 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.[22]

Sample size estimation with G. power software is as follows:

Formula:

Where,

μ1: Mean first time (before TENS), 1.34

μ2: Mean Paired time (after TENS), 1.55

1: Standard deviation First time, 0.23

2: Standard deviation Second time, 0.31

The sample size of 16 was determined for each group. Since the study involves follow up, assuming a drop

out of about 20%, the sample size was increased to 20. Since there were two groups in the study, the final

sample size was 40.
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Patients with the complaint of dryness of mouth, who met the following inclusion criteria were selected for the

study. Patient consent was obtained from the study subjects for interviewing, examining, and for the collection of

saliva.

Inclusion criteria:

Patients above 18 years of age with xerostomia who were willing to participate in the study.

Exclusion criteria:

1. Patients wearing an active pacemaker, defibrillator and cochlear implants.

2. Patients who had undergone excision of one or more major salivary glands.

3. Patients with salivary gland malignancies

4. Pregnant women.

Withdrawal criteria

1. Patients who experience any untoward effect of TENS therapy.

2. Patients who did not report for follow-up.

3. Patients who developed severe anxiety issues.

Subjects for the study were randomly assigned into one of the following groups-

1. Group A(TENS) - This group consisted of 20 subjects who were complaining of dry mouth and they

underwent TENS therapy for three sessions i.e., session 1: immediately after diagnosis, session 2: 2 weeks

after session 1 and session 3: 4 weeks after session 1.

2. Group B(Placebo) - This group consisted of 20 subjects who were complaining of dry mouth and were

given placebo effect by just placing electrodes and switching on the control unit but electrostimulation was

not given for all the three sessions, i.e., session 1: immediately after diagnosis, session 2: 2 weeks after

session 1 and session 3: 4 weeks after session 1.
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Examination Procedure:

A detailed case history was recorded for every patient who reported with the complaint of dry mouth.

Subjective assessment of xerostomia was done by the following questions:

1. Does the amount of saliva in your mouth seem to be too little, too much, or you do not notice it?

2. Do you have any difficulty swallowing?

3. Does your mouth feel dry when eating a meal?

4. Do you sip liquids to aid in swallowing dry food?

5. Do you frequently sip water because of the dryness of the mouth?

The clinical signs of dryness of mouth were assessed using Clinical Oral Dryness Score (CODS).[25] The

Clinical Oral Dryness Score 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 (Figure 2)

2. Mirror sticks to tongue

3. Frothy saliva

4. No saliva pooling in floor of mouth

5. Loss of papillae over the tongue

6. Altered/smooth gingival architecture

7. Glassy appearance to other oral mucosa especially palate

8. Tongue lobulated/fissured (Figure 3)

9. Active or recently restored (in the last six months) cervical caries (more than two teeth)

10. Debris on palate (excluding under dentures)
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All of the study participants had xerostomia due to a variety of conditions, including diabetes mellitus,

hypertension, hypothyroidism, radiation therapy for head and neck cancers, Sjögren's syndrome, post-

menopause and xerostomia attributable to an unidentified etiology. The salivary collection was performed

between 9 and 11 am. All the patients were 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 were made to sit in an upright, comfortable, and relaxed position,

with the head inclined downward and minimal body and orofacial movements. Then subjects were 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, [22] unstimulated saliva was

collected for five minutes in a graduated measuring cylinder fitted with a funnel.(Figure 8) After

unstimulated saliva collection patients were asked to wait for at least half an hour before TENS or placebo

therapy. For the therapy, surface electrode pads were placed externally on the skin overlying the parotid

glands(anteroposteriorly between the tragus of the ear and the midmasseter region and superoinferiorly

between the region of the head of the mandible and above the lower border of the mandible)(Figure 6) and

submandibular glands(submandibular region) bilaterally.(Figure7) The dual channel Quadra TENSTM

(Figure 4) (BioRESEARCH Associates, Inc.) equipment was used for the current study. This is a ultra-low

frequency TENS (ULF-TENS) unit. The Quadra TENS entirely avoids cross-over current between channels

due to the 28 millisecond delay between channels. It also has a masking mode that is highly helpful to

patients who are sensitive to craniofacial TENS stimulation. It has no negative effects, unlike medications. 4

ECG electrodes of 40x36x1 mm were utilized for each patient at each visit.

TENS machine was activated, the pulse rate was fixed at 50 Hz, and the intensity was 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 was collected in continuous mode for 5 minutes into a

separate graduated measuring cylinder.(Figure 9) For group B(Placebo) saliva collection was done by TENS

unit in the off position to assess the placebo effect of using TENS.The whole saliva collected were measured
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after 10 minutes of settling so that bubbles would not interfere with the measurement. The amount of

unstimulated and TENS-stimulated whole salivary flow were assessed and compared.(Figure 10) A log of

adverse effects was also recorded, during and after the experiment. Frequent sipping of water was advised

for all the subjects whenever they feel extreme dryness of the mouth. All subjects were recalled to perform

same procedure for other sessions at the end of the 2nd week and 4th week.
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COLOUR PLATES

Figure 2: Mirror stick test Figure 3: Fissured tongue

Figure 4:Quadra TENS machine and electrodes used
for the study Figure 5: Armamentarium
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Figure 6: Marking for parotid region Figure 7:Marking for submandibular region

Figure 8: Unstimulated saliva collection in graduated tube with ‘low forced spitting’ method
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Figure 9: Surface electrodes are placed over parotid and submandibular gland region,

Figure 10: Unstimulated and stimulated whole saliva
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RESULTS

This study was conducted in the department of Oral Medicine and Radiology, SDM College of Dental

Sciences and Hospital, Dharwad, with the aim of evaluating the effects of transcutaneous electric nerve

stimulation (TENS) therapy in stimulating whole salivary flow in patients with xerostomia and its effects in

the improvement of oral symptoms in patients with xerostomia.

The G Power software was used to estimate the sample size. The sample size of 16 was determined for each

group. Since the study involves follow-up, assuming a dropout of about 20%, the sample size was increased

to 20. Because the study has two groups, the final sample size was set at 40 participants.

There were 28 females and 12 males among the 40 patients who complained of dry mouth, indicating that

patients who complained of dry mouth were more likely to be female. (Table 1 and Chart 1)

The study included 40 subjects ranging in age from 23 to 67 years. The mean age of female participants was

47.82 years and for male participants, it was 53.6 years. Overall, the mean age was 50.71 years.(Table 2 and

Chart 2)

Subjects for the study were randomly assigned into the following groups:

Group A (TENS) - consisted of 20 subjects who underwent TENS therapy.

Group B (Placebo) - consisted of 20 subjects who were given placebo therapy.

Subjects in both the groups received therapy for the following three sessions.

 Session 1: Immediately after TENS

 Session 2: 2 weeks after session 1

 Session 3: 4 weeks after session 1
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In the present study, the mean salivary flow rates before and after therapy in session 1 in group A were 0.88

± 0.97 mL/5min and 1.24 ± 1.23 mL/5min, at the end of session 2, they were 0.91 ± 0.88 mL/5min and 1.11

± 0.97 mL/5min, and at the end of session 3, they were 1.00 ± 0.82 mL/5min and 1.13 ± 0.87 mL/5min

respectively. P values of session 1(P = 0.027) and session 2(P = 0.032) were significant, but P value of

session 3(P = 0.079) was not significant, considering P < 0.05 as statistically significant.(Table 3 and Chart

3)

In the present study, the mean salivary flow rates before and after therapy in session 1 in group B were 2.0 ±

1.55 mL/5min and 2.02 ± 1.94 mL/5min; at the end of session 2, they were 2.25 ± 1.57 mL/5min and 2.37 ±

1.93 mL/5min; and at the end of session 3, they were 2.04 ± 1.55 mL/5min and 2.25 ± 1.91 mL/5min

respectively. (Table 4 and Chart 4) P values of session 1(P = 0.92), session 2(P = 0.45) and session 3(P =

0.10) were not significant, considering P < 0.05 as statistically significant.(Table 4 and Chart 4)

The comparison of mean salivary flow rates between both the groups analysed by unpaired t test in session 1,

session 2 and session 3 was not significant. (Table 5 and Chart 5)

When the mean salivary flow rates compared within the group A in session 1 and with that of session 2 were

3.15 ± 1.38 mL/5min and 3.05 ± 1.27 mL/5min respectively, which was not significant( P = 0.428).

Similarly the mean salivary flow rates of session 1 was compared to session 3 were 3.15 ± 1.38 mL/5min

and 2.04 ± 1.31 mL/5min, the P value(P = 0.0)was significant and the mean salivary flow rate in session 2

was compared to session 3 were 3.05 ± 1.27 mL/5min and 2.04 ± 1.31 mL/5min respectively, again the P

value(P = 0.0) was significant but the mean salivary flow rates were decreased. (Table 6 and Chart 6).

When mean salivary flow rates compared within the group B in session 1 and with that of session 2 were

3.65 ± 1.46 mL/5min and 3.45 ± 1.39 mL/5min respectively, which was not significant( P = 0.420).

Similarly the mean salivary flow rates of session 1 was compared to session 3 were 3.65 ± 1.46 mL/5min

and 3.05 ± 1.39 mL/5min respectively, the P value(P = 0.001)was significant and the mean salivary flow
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rate in session 2was compared to session 3 were 3.45 ± 1.39 mL/5min and 3.05 ± 1.39 mL/5min respectively,

again the P value(P = 0.002) was significant but the mean salivary rates were decreased. (Table 6 and Chart

6).

The comparison of group A and group B subjects in all the sessions based on a questionnaire, which they

answered affirmatively, was also not significant. (Tables 7,8 and 9)

The list of underlying systemic illnesses in both the groups are summarized in Table 10.
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Chart 1: Gender distribution of the subjects participated in the study

TABLE 1 : Gender distribution of the subjects participated
in the study

Gender Frequency Percentage
FEMALE 28 70%

MALE 12 30%

TOTAL 40 100%
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TABLE 2: Mean age of subjects participated in the study
Age(years) Female Male Overall

Mean 47.82 53.6 50.71

Chart 2: Age distribution of the subjects participated in the study
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TABLE 3: Change in salivary flow rate in session 1, session 2 and session 3 in group A
Follow
-up

Therapy Mean N Std.
Deviatio

n

Paired t test Interpretation
Mean

Difference
df P value

Session 1 Before TENS 0.88 20 0.97 -0.36(-0.67 to -
0.45)

19 0.027 Significant
After TENS 1.24 20 1.23

Session 2 Before TENS 0.91 20 0.88 -0.20(-0.38 to -
0.01

19 0.032 Significant
After TENS 1.11 20 0.97

Session 3 Before TENS 1.00 20 0.82 -0.13 (-0.27 to
-0.01)

19 0.079 Not significant
After TENS 1.13 20 0.87

N = Number of patient
P>0.05 is significant
df = N-1
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TABLE 4: Change in salivary flow rate in session 1, session 2 and session 3 in group B
Follow-
up

Therapy Mean N Std.
Deviation

Paired t test Interpretation
Mean

Difference
df P value

Session 1 Before
Placebo

2.00 20 1.55 -0.02( -0.45 t
o 0.41)

19 0.92 Not significant

After
Placebo

2.02 20 1.94

Session 2 Before
Placebo

2.25 20 1.57 -0.12(-0.44 to
0.20)

19 0.45 Not significant

After
Placebo

2.37 20 1.93

Session 3 Before
Placebo

2.04 20 1.55 -0.21(-0.47 to
0.04)

19 0.10 Not significant

After
Placebo

2.25 20 1.91

N = Number of patient
P>0.05 is significant
df = N-1
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TABLE 5: Comparison of salivary flow rate between group A and group B analysed by unpaired t
test in session 1, session 2 and session 3

Follow-
up

Group N Mean Std.
Deviation

Unpaired t test Interpretation
t P value Mean

difference
(95% CI)

Session 1 Group A 20 3.15 1.38 -1.11 0.274 -0.50(-1.41to
0.41)

Not significant
Group B 20 3.65 1.46

Session 2 Group A 20 3.05 1.27 -0.94 0.350 -0.40(-1.25
to 0.45)

Not significant
Group B 20 3.45 1.39

Session 3 Group A 20 2.40 1.31 -1.51 0.138 -0.65(-1.51
to 0.21)

Not significant
Group B 20 3.05 1.39

N = Number of patient
P>0.05 is significant
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TABLE 6: Intra-group comparison in session 1, session 2 and session 3 analyzed by paired t test
Group Follow up Mean Std.

Deviation
Paired t test

t P value Interpretation
GROUP A
N=20

SESSION 1 3.15 1.38 0.80 0.428 Not significant
SESSION 2 3.05 1.27
SESSION 1 3.15 1.38 4.26 0.0 Significant
SESSION 3 2.40 1.31
SESSION 2 3.05 1.27 5.94 0.0 Significant
SESSION 3 2.40 1.31

GROUP B
N=20

SESSION 1 3.65 1.46 2.17 0.420 Not
SignificantSESSION 2 3.45 1.39

SESSION 1 3.65 1.46 3.94 0.001 Significant
SESSION 3 3.05 1.39
SESSION 2 3.45 1.39 3.55 0.002 Significant
SESSION 3 3.05 1.39

N = Number of patient
P>0.05 is significant
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TABLE 7: Comparison of group A and group B in session 1 based on questionnaire
Questions Group A

number(percentage)
Group B

number(percentage)
Fisher’s exact

test
Interpretation

Q1. Less amount of
saliva

14 (70%) 16 (80%) 0.716 Not significant

Q2. Difficulty in
swallowing

6 (30%) 10 (50%) 0.333 Not significant

Q3. Dryness while
eating

14 (70%) 15 (75%) >0.05 Not significant

Q4. Liquids to aid
swallowing

11 (55%) 13 (65%) 0.748 Not significant

Q5. Frequently
sipping of water

18 (90%) 19 (95%) >0.05 Not significant
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TABLE 8: Comparison of group A and group B in session 2 based on questionnaire
Questions Group A

number(percentage)
Group B

number(percentage)
Fisher’s exact

test
Interpretation

Q1. Less amount of
saliva

14 (70%) 16 (80%) 0.716 Not significant

Q2. Difficulty in
swallowing

5 (25%) 10 (50%) 0.191 Not significant

Q3. Dryness while
eating

12 (60%) 13 (65%) >0.05 Not significant

Q4. Liquids to aid
swallowing

12 (60%) 12 (60%) >0.05 Not significant

Q5. Frequently
sipping of water

18 (90%) 18 (90%) >0.05 Not significant
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TABLE 9:Comparison of group A and group B in session 3 based on questionnaire
Questions Group A

number(percentage)
Group B

number(percentage)
Fisher’s
exact test

Interpretation

Q1. Less amount of saliva 14 (70%) 13 (65%) >0.05 Not significant

Q2. Difficulty in
swallowing

2 (10%) 9 (45%) 0.310 Not significant

Q3. Dryness while eating 8 (40%) 12 (60%) 0.343 Not significant
Q4. Liquids to aid
swallowing

8 (40%) 9 (45%) >0.05 Not significant

Q5. Frequently sipping of
water

16 (80%) 18 (90%) 0.661 Not significant
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Table 10: Underlying systemic illness in patients with xerostomia
Systemic illness Number of patients in Group A Number of patients in

Group B
Hypothyroidism 1 2

Hypertension 1 1
Diabetes Mellitus 1 2
Hypertension and
Diabetes Mellitus

3 3

Sjögren's Syndrome 4 2
Radiation therapy 2 2

Unknown etiology 8 8

TOTAL 20 20
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DISCUSSION
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DISCUSSION

Saliva is a complex fluid produced by the salivary glands. It forms a film of fluid coating the teeth and

mucosa thereby regulating a healthy environment in the oral cavity. Hyposalivation, or a decrease in

salivation, has been connected to alterations in oral flora and a variety of oral diseases.[26] Various

aetiology, including autoimmune diseases like Sjögren's syndrome, diabetes mellitus, hypertension,

radiotherapy for head and neck cancer, old age and medication can lead to dry mouth. Several

pharmacological and non-pharmacological treatments have been proposed for people who experiences dry

mouth. Electric current is used for transcutaneous electric nerve stimulation, a simple, affordable, and non-

invasive method, to activate nerves for therapeutic purposes. It is a popular, non-pharmacological technique

for managing pain.[27] Recently, multiple clinical trials have been conducted to assess how electrical nerve

stimulation affects saliva production.

The present study compared effectiveness of the TENS and placebo therapy in stimulating whole salivary

flow in patients with xerostomia and also its role in improvement of oral symptoms.

The present study was a single-blind, in-vivo, prospective, randomized clinical trial conducted on 40

subjects (20 TENS, 20 Placebo). Patients with the complaint of dryness of mouth, who met the inclusion

criteria were selected for the study. Patients wearing an active pacemaker, defibrillator, cochlear implants,

undergone excision of one or more major salivary glands and pregnant women were excluded. The

unstimulated and stimulated saliva were collected for 5 min in graduated test tubes fitted with a funnel while

salivary flow rates were calculated. All subjects underwent therapy (TENS or placebo) for the three

sessions., viz, session 1: immediately after TENS, session 2: 2 weeks after session 1, session 3: 4 weeks

after session 1. Multiple researchers have conducted similar randomized controlled trials to develop non-

pharmacological treatment like conventional TENS, intense TENS, acupuncture like TENS and low level

laser therapy for patients suffering from xerostomia due to various etiologies..[7,8,9,19 and 28]
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The prevalence of female patients was higher in the present study. There were 28 females and 12 males

among the 40 patients who presented to the department with complaints of dry mouth. Females were also

high in a study done by Talal et al., who included 71 Sjögren's syndrome patients, out of which 68 subjects

were females and 3 were males. In the present study, 6 subjects had Sjögren's syndrome, which represents

15% of the total participants. Vijayan et al., who included 30 oral cavity and oropharyngeal cancer patients,

out of which 22 were male and only eight were female subjects, which may be because oral cancer is more

prevalent in males.[15] A similar finding was noted in a study in which, among 30 men, xerostomia was

present in 21 and among 10 women, 6 had xerostomia, they included only diabetes mellitus patients.[22]

Dyasnoor et al., in their study included 40 diabetic patients with mean age of 48.15 years. In a study

conducted by Paim et al., the median age of the patients with radiation-induced xerostomia was 59.5 years.

The age range of the subjects who participated in the present study was 23–68 years. The reason for

xerostomia in the youngest patient in the present study was unknown and the oldest subject was suffering

from Sjögren's syndrome. The mean age of female participants was 47.82 years and for male participants, it

was 53.6 years. Overall, the mean age was 50.71 years, which is almost similar to the studies

mentioned.[20,22]

The subjects in the present study were randomly assigned into one of the groups and underwent therapy for

the three sessions. There were three scheduled visits, 2 weeks apart, over a period of 4 weeks. Similar

protocol was observed in studies done by Talal et al. and Steller et al. In a study conducted by Weiss et al. in

1986, 24 patients with xerostomia were treated with TENS for 3 minutes, 3 times per week for four weeks.

Recently in 2021, Chandra et al., conducted a case control study to check the efficacy of TENS on salivary

flow rate in patients with xerostomia in which, the patients were called twice a week for TENS

stimulation.[31] In terms of procedures, there were differences among studies. Wong et al. in their studies

defined 24 ALTENS (Acupuncture-like Transcutaneous Electrical Nerve Stimulation ) sessions, 20 min

each, two sessions per week over 12 weeks. Vijayan et al. and Lakshman et al., used simpler protocols, with
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sessions of 5 and 10 minutes, respectively. Paim et al., on the other hand, used eight 20-minute sessions

twice a week for four weeks. Electrostimulation of the subjects in the present study was scheduled once

every 2 weeks for 3 sessions, considering the patient’s compliance and convenience for the therapy.[7,8]

In the present study, in group A, the post-stimulation mean salivary flow rate increased to 40% in session 1

(0.88 ± 0.97 mL/5min and 1.24 ± 1.23 mL/5min) which is comparable to the study done by Steller et al. in

which the mean post-stimulation salivary flow rate was increased to 60% ( 0.05 + 0.06g/2min and 0. 08 + 0.

08 g/2 min) in first visit.[8] In the present study, at the end of session 2, the post-stimulation mean salivary

flow rate was only 22% (0.91 ± 0.88 mL/5min and 1.11 ± 0.97 mL/5min), and at the end of session 3, it was

13% (1.00 ± 0.82 mL/5min and 1.13 ± 0.87 mL/5min) which were much more in the second and third visits

of steller et al. This difference post stimulation salivary flow rate in both the studies might be because of

electrostimulation was given intraorally.

In the present study, the mean salivary flow rates before and after therapy in all the sessions in group B were

not significant, considering P < 0.05 as statistically significant. Similar results were found in a study done by

Steller et al., the entire salivary flow rates of the 10 participants in the placebo group stayed below 0.20 g/2

minute throughout the trial, and four of those subjects had whole salivary flow rates of zero in all samples

collected throughout the study, hence, Steller et al. also found no significant salivary flow in the placebo

therapy patients.[8]

According to the Steller et al. there was a statistically significant difference in the mean post-stimulation

whole saliva flow rates between patients utilizing TENS and placebo devices from weeks 0 to 4 of the study,

however the difference was very marginal. Even Talal et al. concluded that after 4 weeks of TENS and

placebo therapy, patients diagnosed with Sjögren's syndrome had a significant increase in mean salivary

flow rate. [9] In the present study, although there was statistically significant increase in salivary flow rate

in group A subjects but on comparison between TENS and placebo therapy the values were not statistically

significant. However, when the results of a study conducted by Chandra et al. were compared to the current
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study, the post-stimulation mean salivary flow rate in the first appointment was 0.12 + 0.11 mL/5min, which

was significantly lower than the session 1 value in the current study (3.15 + 1.38 mL/5min). Similarly, the

second appointment in xerostomia patients after TENS therapy showed only 0.41 + 0.24 mL/5min, whereas

in the current study, session 2 value was 3.05 + 1.27 mL/5min, and in appointment 3 the mean salivary flow

rate was 0.73 + 0.26 mL/5min, which was less than the current study's session 3 value of 2.40 + 1.31

mL/5min. It showed there was a 3.03, 2.64 and 1.67 times increase in mean salivary flow rate in subsequent

visits.

In the present study, the questionnaire was given to each participant before the start of therapy to evaluate

the improvement of oral symptoms. The comparison of group A and group B in all the sessions based on a

questionnaire, which they answered affirmatively, was also not significant. (Tables 7, 8, and 9) This result

was comparable to a study done by Wong et al., who discovered that none of the quality-of-life questions

from the Head and Neck Radiotherapy Questionnaire showed a statistically significant difference overall at

6 months of follow-up compared to baseline for all patients. However, there were statistically significant

improvements in taste (p < 0.004) and consistency, with saliva being less thick (p < 0.0001) and oral mucus

being less thick (p < 0.04). [28] In the present study many subjects reported improvement in swallowing in

subsequent visits in both the groups. Group A subjects reported improvement in swallowing as only 10% of

subjects had difficulty in swallowing at the end of session 3. But in group B there was no significant

improvement in swallowing noted, it came down to 45% from 50%. Further, subjects in group A also

reported improvement while eating meal, the percentage of difficulty came down to 40% from 70%. The

subjects in group B also reported significant improvement for question 3(does your mouth feel dry when

eating a meal?), which came down 60% from 75%. Even the subjects in both the groups showed

improvement in question 4( do you sip liquids to aid in swallowing dry food?). Group A subjects showed

improvement of 15% whereas group B subjects showed improvement of 20%, which showed a significant

effect of TENS therapy.
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There are three diverse ways of activation of tissues with the use of TENS. These include conventional

TENS, Acupuncture like TENS and intense TENS. Conventional TENS is the most commonly used in

dental practice. It involves 10 - 200 pulses per second high frequency and low amplitude pulsed currents. To

avoid any potential skin irritation, this can be taken throughout the day without risk with brief breaks. On the

contrary, acupuncture like TENS involves low frequency less than 10 pulses per second and high amplitude

and this can be used for about 30 min at a time. The intense TENS uses high frequency and high amplitude

pulsed current which are just bearable to the patient. This is not used commonly. In the present study ultra –

low frequency Quadra TENS machine was used, which is a type of conventional TENS, which is used for

managing chronic orofacial, neck and back pain. This ULF-TENS delivers a precisely regulated, rhythmic

input to both masticatory and facial muscles. The frequency was set at 50 Hz and intensity was increased to

a optimal level, which varied patient to patient.

For all the subjects underlying systemic illnesses were also documented. Three of the forty subjects had

hypothyroidism, two had hypertension, three had diabetes mellitus, six had both, four had undergone

radiation for head and neck malignancies, six subjects were diagnosed cases of Sjögren's syndrome and 16

had xerostomia of unknown etiology. Some of the studies have been conducted for xerostomia caused due to

Sjögren's syndrome, diabetes mellitus, head and neck radiotherapy patients.[18,22,30]The present study was

similar to that of Chandra et al., in which they included 25 xerostomia patients without any

categorization.[31]

Side effects of TENS therapy were also documented for all the subjects. Hargitai et al. noted twitching of the

facial musculature and anesthesia of cutaneous areas adjacent to the electrodes in three patients. But as soon

as the TENS unit was switched off, these effects immediately stopped. In the present study, the participants

in group A, reported tooth pain and sensitivity during the therapy, which were transient. Numerous research,

including those done by F. Salimi et al. and Alajbeg et al., reported the same.[29,30]
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The objective of the present study was to evaluate the effects of transcutaneous electric nerve stimulation

(TENS) therapy in stimulating whole salivary flow in patients with xerostomia. Although there was not

much increase in mean salivary flow rate observed when both TENS and placebo groups were compared.

But, there was statistically significant increase in mean salivary flow rate after TENS therapy in group A.

Significant improvements in swallowing and mastication were also reported in both the groups. No serious

side effects of the therapy were observed. Though TENS showed improvement in salivary flow, there was

no statistically significant values when compared to the placebo group. Studies with a larger sample size

with a specific cause of xerostomia (e.g., sjogren’s syndrome, head and neck radiotherapy patients) could

further validate the usefulness of TENS therapy. Intraoral electrostimulation could also entail better results.

TENS can be considered as a safer, non-pharmacological therapy for patients with xerostomia .
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CONCLUSION
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CONCLUSION

This study aimed to evaluate the effects of transcutaneous electric nerve stimulation (TENS) therapy in

stimulating whole salivary flow in patients with xerostomia. In the present study, there was improvement in

salivary flow, when salivary flow rates were compared before and after therapy. There was also

improvement in oral symptoms like swallowing and mastication after the therapy. Some patients with

residual salivary flow responded to electrical stimulation, whereas others with low or zero total saliva flow

rates did not respond. Findings of the present study indicate that TENS can be considered as a safe, non-

pharmacological therapy for patients with xerostomia.
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SUMMARY

The present study was conducted in the department of Oral Medicine and Radiology, SDM College of

Dental Sciences and Hospital, Dharwad. It aimed to evaluate the effects of transcutaneous electrical nerve

stimulation (TENS) therapy in stimulating whole salivary flow in patients with xerostomia and its effects in

the improvement of oral symptoms in patients with xerostomia. 40 patients were included in the study who

were complaining of dryness of mouth. Consent from each participant was obtained.

All the patients were examined clinically and oral dryness was recorded with the help of Clinical oral

dryness scale. Patients were randomly divided into two groups, Group A(TENS) and Group B(Placebo).

Each group consisted of 20 subjects. All total 28 females and 12 males participated in the study. Their mean

age was 50.71 years.

The subjects in group A underwent transcutaneous electrical nerve stimualtion (TENS) therapy for three

sessions i.e., Session 1: Immediately after TENS, Session 2: 2 weeks after session 1, Session 3: 4 weeks

after session 1. The subjects in Group B, they were given placebo effect by placing the electrodes and

switching on the control unit but electrostimulation was not given for all the three sessions. Subjective

assessment of xerostomia was also done for both the groups by administering a questionnaire at each visit.

The salivary collection was performed between 9 and 11 am. Subjects were initially asked to swallow their

saliva and to stay motionless so that the saliva could collect passively in the anterior region of the floor of

the mouth for 5 mins. With the use of the “low forced spitting” method, unstimulated saliva was collected in

a graduated measuring cylinder fitted with a funnel. For the therapy, surface electrode pads were placed

externally on the skin overlying the parotid glands and submandibular glands bilaterally. The dual channel

Quadra TENSTM (BioRESEARCH Associates, Inc.) equipment was used for the current study. 4 ECG

electrodes of 40x36x1 mm were utilized for each patient at each visit.



54

TENS machine was activated, the pulse rate was fixed at 50 Hz, and the intensity was gradually increased to

a maximum tolerable level for each patient. At optimal intensity, stimulated saliva was collected in

continuous mode for 5 minutes into a separate graduated measuring cylinder. Similarly for the subjects in

group B, electrodes were placed without electrostimulation to create placebo effect. The whole saliva

collected was measured after 10 minutes of settling so that bubbles would not interfere with the

measurement. The salivary flow rate before and after therapy in group A and group B was assessed and

compared. A log of adverse effects was also recorded during and after the experiment. All subjects were

recalled to perform same procedure for other sessions at the end of the 2nd week and 4th week.

In the present study, the mean salivary flow rate was increased after the therapy in group A in session 1 and

session 2 and the values were statistically significant. The same was not statistically significant in session 3.

The mean salivary flow rates before and after therapy in all sessions in group B were not significant. The

comparison of mean salivary flow rates between group A and group B analysed by unpaired t test in all the

three sessions did not yield statistically significant results.

In the present study, questionnaire was given to each participant before and after therapy to evaluate the

improvement of oral symptoms. Subjects in both group A and group B reported improvement in swallowing

and mastication.

Side effects of TENS therapy were documented for all the subjects. In the present study, the participants in

group A (who received TENS), reported tooth pain and sensitivity during the therapy, which were transient.

The objective of the present study was to evaluate the effects of transcutaneous electric nerve stimulation

(TENS) therapy in stimulating whole salivary flow in patients with xerostomia. Though there was not much

difference in mean salivary flow rate when TENS and placebo groups were compared. There was

statistically significant increase in mean salivary flow rate after TENS therapy in group A. Significant

improvements in swallowing and mastication was also noted. In group B, there was no significant increase

in salivary flow rate before and after therapy but, there was improvement in subjective symptoms like

swallowing and mastication. Findings of the present study indicate that TENS can be considered as one of
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the useful non-pharmacological therapy in xerostomia patients. Studies with larger sample size would

further fortify the findings of the present study.
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ANNEXURE I - CONSENT FORM IN KANNADA
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ANNEXURE II - CONSENT FORM IN ENGLISH
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ANNEXURE III - QUESTIONNAIRE IN KANNADA
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ANNEXURE IV - QUESTIONNAIRE IN ENGLISH
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ANNEXURE V

Assessment and Clinical Oral Dryness Score (CODS )

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)

Interpretation of the COD score

Mild dryness (score 1-3)

Moderate dryness (score 4-6)

Severe dryness (score 7-10)
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ANNEXURE VI

MASTER CHART
Subject
Group

A(TENS)

Gen
der

Day 1
USS
(mL/5
min)

Day 1
SS

(mL/5
min)

Differ
ence

Side
effec
ts

2nd
week
USS
(mL/
5

min)

2nd
week
SS

(mL/5
min)

Diffe
rence

Side
effec
ts

4th
week
USS
(mL/
5

min)

4th
week
SS
(mL/
5

min)

Diffe
rence

Side
effec
ts

Medi
cal
Histo
ry

1 0 0 0 0
tooth
pain
16

0 0 0 0 0 0
Hypot
hyroid
ism

2 0.0 0.0 0 0 0.0 0 0 0 0 0

3 0 0 0.2 0.2 heada
che 0 0 0 0 0 0

sjogre
n
syndr
ome/
undiff
erenti
ated
CTD

4 0.0 3.0 3.3 0.3 2.8 2.8 0
teeth
sensiti
vity

2.2 2.8 0.6

5 1 2.5 2.0 -0.5 0.5 0.6 0.1 0.4 0.6 0.2

6 0 2.1 2 -0.1 2 2 0 2 2.2 0.2

Hyper
tensio
n and
DM

7 0 1.5 2 0.5 1.5 1.8 0.3 2 2.2 0.2

8 0 0 0 0 0 0.5 0.5 0.5 0.5 0

sjogre
n
syndr
ome

9 0 0.8 1 0.2 1 0.8 -0.2 1 1 0 tooth
pain

10 1 0.8 2 1.2 1.8 2 0.2 2 1.5 -0.5
teeth
sensiti
vity

Radio
and
chem
o

11 1 0.8 1 0.2 0.8 1 0.2 1 1.2 0.2

Hyper
tensio
n and
DM

12 0.0 0.7 3.2 2.5 0.8 2 1.8 0.7 1.5 0.8
13 0 1.5 2.8 1.3 2 2.5 0.5 2 2.2 0.2

14 0 0.2 0.2 0 0.5 0.6 0.1 0.5 0.5 0

Hyper
tensio
n and
DM

15 0 0 0 0 0 0 0 0.2 0.6 0.4

16 1 1.8 2 0.2
tooth
sensit
ivity

2 1.5 -0.5 2 1.5 -0.5

17 0 2 3 1 1.8 2.8 1 2 2.5 0.5

18 0 0 0 0 0 0 0 0.5 0.5 0
Hyper
tensio
n

19 0 0 0.2 0.2 0.4 0.8 0.4 0.5 0.5 0

sjogre
n
syndr
ome

20 1 0 0 0 0.4 0.6 0.2 0.5 0.8 0.3

radio
and
chem
o
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MASTER CHART

Subject
Group
B(Placebo)

Gender

Day 1
USS
(mL/5
min)

Day 1
SS
(mL/5
min)

Diffe
rence

2nd
wee
k
USS
(mL/
5
min)

2nd
week
SS
(mL/5
min)

Diffe
rence

4th
week
USS
(mL/
5
min)

4th
week
SS
(mL/
5
min)

Differ
ence

Medical
History

1 1 4 2 -2 4 3 -1 3 3 0
2 0 5.5 8 2.5 5 7 2 6 7 1
3 1 4.7 6 1.3 5.5 7 1.5 5 7 2
4 0 2 2 0 4 3 -1 2 3 1

5 0 3 2 -1 2 2 0 3 3 0 Hypertension
and DM

6 1 1.5 1.5 0 2 2.6 0.6 2 2.5 0.5

7 0 0.5 0 -0.5 0.8 0.5 -0.3 0.5 0.5 0 Hypertension
and DM

8 0 1 1.5 0.5 1 1 0 1 1 0
9 0 0.8 1 0.2 1 1.2 0.2 1 1 0 DM
10 0 1.5 1.5 0 1.8 1.5 -0.3 1.5 1.8 0.3
11 1 2 2.5 0.5 3 3 0 2.5 2 -0.5

12 1 0.5 0.5 0 0.5 0.5 0 0.5 0.5 0 RADIO AND
CHEMO

13 0 0 0 0 0 0 0 0 0 0 sjogren
syndrome

14 0 0.8 1 0.2 1 1.4 0.4 1 1 0
15 0 4 3 -1 4 4 0 3.5 3 -0.5
16 0 2 2 0 2.4 2.5 0.1 2 2 0

17 0 1.8 2 0.2 1.5 2 0.5 1.5 1.8 0.3 hypothyroi
dism

18 1 0 0 0 0.5 0 -0.5 0 0 0 sjogren
syndrome

19 0 2.5 3 0.5 3 3.2 0.2 2.8 3 0.2

20 1 2 1 -1 2 2 0 2 2 0 hypertensi
on
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ANNEXURE VII - ETHICAL COMMITTEE APPROVAL
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