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Abstract
Introduction: Salivary gland hypofunction might be associated with various local and systemic 
conditions and is managed with a plethora of therapeutic options with associated side effects. 
Transcutaneous electrical nerve stimulation (TENS) is one such option with no known systemic side 
effects for dealing with this crippling condition. The present study was planned with a similar intent 
of assessing impact of TENS on salivary flow rates in normal healthy adults according to gender and 
age groups. Materials and Methods: The present study was designed as a cross‑sectional study on 
130 healthy adults wherein unstimulated and stimulated saliva was collected for 5 min in graduated 
test tubes fitted with a funnel while mean salivary flow rates were calculated. The data were 
analyzed using SPSS version  17.0  (SPSS Inc., Chicago, IL, USA). Results: In the present study, 
differences between mean unstimulated and stimulated salivary flow rates with TENS were found 
to be statistically significant for both genders  (P  <  0.001). Furthermore, in relation to age groups 
included, maximum increase in salivary flow rate was seen in 20–29  years of age group, though 
significant results were seen in all three age groups included namely 20–29  years, 30–39  years, 
and 40–49  years  (P  <  0.001). Conclusions: Based on results from the present study, it could be 
concluded that TENS comes out to be a safer, nonpharmacological therapeutic option for treating 
patients with xerostomia.
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Introduction
Saliva is a critical fluid necessary for oral 
health while playing a significant role in 
homeostasis. At rest, this secretion ranges 
from 0.25 to 0.35  ml/min to constitute 
unstimulated saliva, while there a number 
of factors responsible for a decrease or, 
increase in its secretion, including sensory, 
electrical or, mechanical stimuli that can 
raise salivary flow rate to around 1.5 ml/min 
to constitute stimulated saliva, biochemically 
different from resting or, unstimulated 
saliva.[1,2] Physiologically, salivary secretion 
is regulated by a three‑component reflex 
arch including afferent receptors and nerves 
that carry impulses created by taste and 
mastication activities, a central processing 
nucleus  (salivation center in the medulla 
oblongata) and an efferent reflex arm 
which is constituted by parasympathetic 
and sympathetic nerves that separately but, 
in coordination, innervate glandular blood 
vessels and acini and control outflow of 
saliva from ducts. Given the autonomic 

control of salivary secretion, electrical 
stimulation of one of the components 
of salivary reflex arch can, thus, lead 
to potential enhancement of salivary 
secretion.[3,4]

Electrostimulation of neuromuscular 
structures is of therapeutic potential in 
several areas of medicine with common 
and well‑known examples being cardiac 
pacemakers, phrenic stimulators and so 
on with the list of such applications being 
endless in today’s era of technological 
advancements. Because of known 
autonomic control of salivary secretion, a 
similar approach has been tested and applied 
for therapeutic stimulation of saliva in the 
management of salivary gland hypofunction 
secondary to a plethora of reasons.[5‑8] In 
clinical context, the term transcutaneous 
electrical nerve stimulation  (TENS) is most 
commonly assumed to refer to the use of 
electrical stimulation with specific intention 
of providing symptomatic pain relief, 
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though TENS does have and can be used for a whole lot 
of potential therapeutic advantages that can be harnessed 
in other areas of therapeutics. The type of stimulation 
delivered by TENS unit aims to excite  (stimulate) sensory 
nerves and by so doing, activate specific natural pain relief 
mechanisms.[9‑12]

There are two primary pain relief mechanisms which can 
be activated through TENS by variations in stimulation 
parameters, and these include the pain gate mechanism 
and the endogenous opioid system.[13‑18] The effectiveness 
of TENS varies with clinical pain being treated; however, 
enormous research evidence suggest that when used well, 
TENS provides significantly greater pain relief than any 
kind of a placebo intervention.[9,10] The first TENS unit 
was developed in 1965 after publication of the well‑known 
Gate Control Theory by Melzack and Wall.[19,20] Since 1965, 
TENS has become widely known throughout the world 
and is, also, considered to be one of the most common 
therapeutic resources used in clinical settings for relief 
of acute and chronic pain syndromes.[21‑26] TENS, also, 
has been proposed to be effective in peripheral vascular 
disease, though, it is contraindicated in patients with a 
known history of epilepsy and/or, deep vein thrombosis 
or thrombophlebitis and who are at an increased risk of 
thromboembolic events because of the risk of initiating 
seizures and dislodging blood clots in patients who are 
more prone for thromboembolic events.[27‑33]

Recently, many researchers have observed the therapeutic 
advantage of TENS in increasing salivary flow in patients 
with known glandular hypofunction on similar principle of 
stimulation of afferent nerves in salivary reflex arch. The 
impact of TENS has been evaluated in stimulating salivary 
flow in various clinical settings and has been found to be 
effective even in patients with xerostomia secondary to 
radiation therapy for head and neck cancers apart from 
evidence in being effective for cancer‑associated pain.[34‑37] 
The application of electrical current through oral mucosa to 
afferent neuronal pathways causes neuro‑electrical stimulation 
of salivary glands, and this increases the production of 
saliva, eventually, reducing the symptoms of xerostomia. 
TENS might, also, directly stimulate the auriculotemporal 
nerve  (efferent pathway) that supplies the secretomotor 
drive to parotid gland, thus, causing increased salivary flow 
rates.[38] There is an extensive research base for TENS in both 
clinical and laboratory settings and while it is worth noting 
that term TENS could represent the use of any electrical 
stimulation using skin surface electrodes which has intention 
of stimulating nerves, the present study employed use of 
TENS to stimulate salivary outflow in normal healthy adults 
and thus, assessing impact of TENS on salivary flow rates in 
normal healthy adults according to gender and age groups.

Materials and Methods
The present cross‑sectional study was planned on 130 
healthy adults divided into three age groups namely 20–

29 years, 30–39 years, and 40–49 years to assess age‑related 
changes in saliva production and subsequent, variation in 
that after stimulation with TENS. Ethical approval was 
obtained from Institutional Ethics Committees before start 
of study while subjects who were not having any positive 
systemic history and history of any treatment, including 
radiotherapy, those who did not have any habit and were not 
on any drugs were included in the study. On the contrary, 
subjects with a history of salivary gland pathology, those 
who were suffering from any systemic disease and were on 
treatment or, were with a history of radiation to head and 
neck region, who presented with a history of psychiatric 
disorders and pregnant or, possibly pregnant females were 
excluded from the study. The patients who were with 
implanted medical devices including cardiac pacemakers, 
cardiac defibrillator, internal pacing wires, prosthetic heart 
valves, cerebral, or, carotid and aortic aneurysmal clips, 
and those with cochlear implants were, also excluded. 
All the subjects were explained in detail in vernacular 
language about the design of the study and were asked to 
refrain from eating and drinking and smoking for at least 
1  h prior to the appointment. The subjects were made to 
sit in an upright position with the head inclined slightly 
forward. They were asked to swallow saliva first and then 
instructed to stay motionless so that saliva could collect 
passively in anterior region of the floor of mouth. The 
surface electrode pads of TENS unit  (Digitens)  [Figure  1] 
were placed externally on the skin overlying parotid gland 
region  [Figure  2] with the unit in “off” position. With 
low forced spitting, unstimulated saliva was collected 
for 5  min in a graduated test tube fitted with a funnel. 
The TENS unit was, then, activated while its amplitude 
was gradually increased to the maximum tolerable level 
of patient. The unit was preset at a frequency 50  Hz and 
then gradually increased to maximum tolerance level of 
patients. Stimulated saliva was collected for 5  min in a 
separate graduated test tube and flow rate compared with 
unstimulated salivary flow rate.

Statistical analysis used

The data were analyzed using SPSS version  17.0  (SPSS 
Inc., Chicago, IL, USA). Chi‑square test was used to test 
the association between said parameters, while Student’s 
t‑test was used to compare the means. P  <0.05 was 
considered statistically significant.

Results
In the present study, 117 subjects demonstrated increase 
in salivary flow rate while 10 subjects demonstrated no 
increase and 3 subjects showed an unexpected decrease 
in salivary flow rate on the application of TENS. The 
mean unstimulated salivary flow rate was found to be 
1.395  ±  0.062  ml/min as against mean stimulated salivary 
flow rate of 1.498  ±  0.068  ml/min in males while in 
females, mean unstimulated salivary flow rate was found to 
be 1.264 ± 0.043 ml/min with the mean stimulated salivary 
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flow rate of 1.377  ±  0.074  ml/min  (P  <  0.001)  [Table  1]. 
In addition, five patients experienced mild twitching 
of facial musculature which ceased once TENS was 
deactivated. According to age groups, subjects were 
divided into three age groups namely 20–29 years (n = 42), 
30–39  years  (n  =  48), and 40–49  years  (n  =  40) wherein 
maximum increase in salivary flow rate was seen in 
20–29  years of age group with mean unstimulated and 
stimulated salivary flow rates being 1.313  ±  0.078  ml/min 
and 1.439 ± 0.089 ml/min respectively (P < 0.001), though 
results were found to be significant in all three age groups 
included (P < 0.001) [Table 2].

Discussion
In the first of its kind of studies, Steller et  al.[39] reported 
improved salivary secretion in 3 of the 29 subjects after 
electrical neurostimulation in Sjogren’s syndrome patients 
with xerostomia and suggested evaluation in further 
studies with larger sample sizes. In the present study, too, 
117 subjects demonstrated increase in salivary flow rate 
while 10 subjects demonstrated no increase and 3 subjects 
showed an unexpected decrease in salivary flow rate on the 
application of TENS. These variations in results as well as 
an unexpected and contradictory decrease in salivary flow 
rate in 3 of the subjects might be explained on the basis of 
the settings of TENS unit used wherein there can be seen 
huge variations and response has to be largely modified 
for each individual subject to obtain desired results. In 
addition, five patients experienced mild twitching of facial 
musculature in the present study which ceased once TENS 
was deactivated. The results of the present study were also 
in close accordance with results of the study conducted by 
Aggarwal et  al.[2] who, in their study, found 65 out of 80 
subjects responding with increase in salivary flow rate on the 
application of TENS. Furthermore, 12 subjects showed mild 
reduction in salivary flow rates and 7 subjects experienced 
transient mild twitching of facial musculature as a side effect 
of TENS therapy as was observed in the present study.

Furthermore, in the present study, the subjects included 
were divided into three age groups, namely 20–29  years, 

30–39 years, and 40–49 years to assess age‑related changes 
in saliva production and subsequent variation in that after 
stimulation with TENS. Pattipati et  al.,[38] also divided the 
study population into three groups based on their age range 
as group A with an age range of 21–35 years, group B with 
age range of 36–50 years, and group C in which the patients 
recruited were above 51  years of age and found subjects 
in group  B showing statistically significant increase in 
the duration of stimulated parotid salivary flow following 
use of TENS. Similarly, Dyasnoor et  al.[40] conducted a 
prospective study to clinically evaluate effectiveness of 
TENS therapy in stimulating whole salivary flow among 
40 diabetic patients aged between 30 and 75  years who 
had subjective symptoms of xerostomia and found a 
statistically significant increase in stimulated whole saliva 
compared with unstimulated saliva after TENS application 
in continuous mode (P < 0.001).

On the contrary, few studies have, also, reported 
contradictory findings of a statistically significant decrease 
in salivary flow rate  (P  <  0.001) when TENS was used in 
burst mode as was observed in the present study wherein 3 
subjects showed an unexpected decrease in salivary flow rate 
on application of TENS, attributing the decrease in salivary 
outflow due to variations in parameters used. Vijayalaxmi 
et  al.,[41] also found TENS effective in stimulation of the 
whole saliva, though the results were found to be mixed 
with 39 patients on day one and 36 patients on day two out 
of 50 patients responding to TENS therapy with an increase 
in stimulated whole salivary flow rate, though there was 
observed a reduction in quantity of TENS stimulated saliva 
on day two accounting to up to 4%.

Vilas et  al.,[3] also conducted a study to evaluate efficacy 
of TENS therapy on whole salivary flow rate in 100 
healthy adult subjects with no history of any salivary 
gland disorder and observed 85 out of 100 subjects with 
increased whole salivary flow rate on application of TENS 
therapy. Furthermore, 11 subjects experienced no change 
while 4 experienced a decrease in salivary flow rate with 

Figure 1: Transcutaneous electrical nerve stimulation unit (Digitens)

Figure  2: Patient positioned with surface electrode pads of the 
transcutaneous electrical nerve stimulation unit
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TENS therapy similar to the observations made in the 
present study wherein 10 subjects demonstrated no increase 
while 3 subjects showed an unexpected decrease in salivary 
flow rate on application of TENS with the conclusion that 
TENS unit was effective in increasing whole salivary flow 
rate in 85% of the healthy adult subjects included in the 
said study. On similar lines, Singh et  al.,[1] also conducted 
a study to evaluate effectiveness of TENS as a means of 
stimulating salivary function in normal, healthy adults with 
no history of salivary gland disorder and observed 43 out 
of 50 subjects with increased salivary flow when stimulated 
with TENS.

In another similar study, Bhasin et al.[42] studied 100 healthy 
adult subjects who were divided into five age groups and 
observed the mean unstimulated whole saliva flow rate to 
be 2.60 ml/5 min which increased to 3.60 ± 0.39 ml/5 min 
on application of TENS. With the said observation, there 
was found 38.46% increase in salivary flow rate while 96 
out of 100 subjects responded positively to TENS therapy. 
Furthermore, salivary flow rate was observed to remain 
increased 30  min‑as well as 24 h‑poststimulation with 
corresponding values being 3.23  ±  0.41  ml/5  min and 
2.69  ±  0.39  ml/5  min, respectively. The study concluded 
that not only TENS therapy was effective in stimulating 
whole salivary flow rate in normal, healthy controls but the 
effect was, also, retained for up to 24  h poststimulation, 
almost contradicting the findings of the study conducted 
by Vijayalaxmi et  al.[41] who observed a reduction in the 
quantity of TENS stimulated saliva on day two mandating 
need for further studies in this regard with longer follow‑up 
periods.

Dhillon et  al.,[43] also conducted a study to assess the 
efficacy of extra‑oral TENS as a means of stimulating 
salivary function in 100 healthy adult subjects divided into 
two age groups of 20–40  years and  ≥60  years of age and 
observed 87 of the 100 subjects demonstrating an increased 
salivary flow while 10 experiencing no increase and 3 
with decrease in salivary flow rate on the application of 

TENS. In addition, 5 of the subjects observed minimal and 
transient side effects similar to the findings of the present 
study wherein five patients experienced mild twitching 
of the facial musculature which ceased once TENS was 
deactivated. The authors, also, concluded that gender 
wise, no statistically significant difference could be seen 
among subjects in both groups while age wise, the results 
were found to be statistically significant  (P  <  0.001) with 
subjects in 20–40  years of age group producing more 
saliva similar to the observation made in the present study 
wherein maximum increase in salivary flow rate was seen 
in the 20–29  years of age group with mean unstimulated 
and stimulated salivary flow rates being 1.313 ± 0.078 ml/
min and 1.439  ±  0.089  ml/min, respectively  (P  <  0.001), 
though the results were found to be significant in all three 
age groups  (P  <  0.001). The study concluded that TENS 
unit was effective in increasing parotid salivary flow in 
healthy controls with age‑related but no gender‑related 
variability on salivary flow rates with TENS.

Likewise, Konidena et al.[44] conducted a study to evaluate 
the effect of TENS therapy on whole salivary flow rate 
in postmenopausal females with and without oral dryness 
and observed a statistically significant increase in whole 
saliva flow rate in 90% of subjects irrespective of their 
oral dryness status making them conclude TENS therapy 
to be a suitable option for the management of xerostomia 
in postmenopausal females. Talal et  al.,[45] also conducted 
a multicenter, double‑blind study in patients with Sjögren’s 
syndrome to evaluate the ability of an electro‑stimulator 
device to increase production of saliva making 40 out of 
77 Sjögren’s syndrome patients assigned to active devices 
while 37 to placebo devices and continued the treatment 
for 4  weeks. The results of said study found a statistically 
significant increase in production of saliva in patients using 
active devices than those using placebo devices.

Wong et  al.,[46] also, conducted a similar, single 
institutional Phase I‑II study to assess efficacy of AL‑TENS 
device  (Codetron™) in radiation‑induced xerostomia in 

Table 2: Comparison of mean unstimulated and stimulated salivary flow rates according to age groups
Age group 
(years)

n Mean unstimulated 
salivary flow rate (ml/min)

Mean stimulated salivary 
flow rate (ml/min)

t P

20‑29 42 1.313±0.078 1.439±0.089 6.9001 0.0001*
30‑39 48 1.344±0.075 1.397±0.087 3.1967 0.0019*
40‑49 40 1.294±0.069 1.375±0.071 5.1744 0.0001*
Total 130 1.330±0.054 1.438±0.072 17.4827 0.0001*
*P<0.001 ‑ highly significant

Table 1: Comparison of mean unstimulated and stimulated salivary flow rates according to gender
Gender n Mean unstimulated salivary flow rate (ml/min) Mean stimulated salivary flow rate (ml/min) t P
Male 65 1.395±0.062 1.498±0.068 9.0241 0.0001*
Female 65 1.264±0.043 1.377±0.074 10.6446 0.0001*
Total 130 1.330±0.054 1.438±0.072 17.4827 0.0001*
*P<0.001 ‑ highly significant
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46  patients with residual salivary gland function. In the 
said study, Codetron™ treatment of acupuncture points 
according to traditional Chinese medicine principles was 
given over a period of 12  weeks with 2‑week break after 
6  weeks of treatment while the results of study were not 
only found to be encouraging in improving whole saliva 
production in affected individuals, but effects were found 
to be sustained for at least 6  months’ posttreatment. In 
yet another study conducted by the same authors in 2012, 
feasibility of AL‑TENS device  (Codetron™) delivery 
in a multicenter setting and its efficacy in reducing 
radiation‑induced xerostomia in 48  patients was evaluated 
while Codetron™ treatment was given for 20  min two 
times a week for 12  weeks and it was concluded that it 
was feasible to use the device in multicenter settings as 
authors had received 94% patients compliance while a 
positive treatment response was noted in 86% of patients 
recruited.[47]

Aparna et  al.,[48] also conducted a study to assess efficacy 
of TENS therapy on salivary gland function in 25 subjects 
with a complaint of hyposalivation and found a significant 
increase in parotid salivary flow in 19 of 25  patients 
after TENS application. In addition, there was observed 
a statistically significant difference in salivary flow based 
on gender, wherein males showed a higher increase in 
salivary secretion when compared to female patients. 
The study concluded TENS to be effective in increasing 
salivary flow rate in patients with subjective complaints 
of hyposalivation and xerostomia. Similar results were 
obtained in yet another study conducted by Percival et al.[49] 
who observed a significant decrease in secretion rates of 
unstimulated whole saliva in relation to age in the study 
population (P < 0.001), however, no significant difference in 
flow rates of stimulated parotid saliva with increase in age. 
In addition, females had significantly lower mean salivary 
flow rates than males for both unstimulated (resting) whole 
saliva (P < 0.005) and stimulated parotid saliva (P < 0.05).

Mittal et  al.,[6] also demonstrated increased salivation 
with TENS in 47 out of 50  patients in their study with 
similar results in studies conducted by Strietzel et  al.[7] 
and Domingo[34] who demonstrated a significant decrease 
in oral dryness following TENS therapy, although they 
also, concluded that the effectiveness of TENS depends on 
functional status of glands and that TENS was not found to 
be effective if there was an absent residual salivary gland 
function and an absolute absence of salivary secretion at 
the baseline.

TENS, as a treatment technique, is a noninvasive technique 
with fewer side effects when compared with conventional 
drug therapy with the most common complaints being an 
allergic type of skin reaction reported in about 2%–3% 
of patients. Digital TENS machines are becoming more 
widely available, and extra‑features such as automated 
frequency sweeps and more complex stimulation patterns 

are emerging, though the application of TENS at inadequate 
intensities is one of the primary factors attributed to 
conflicting reports of TENS efficacy. Further studies are, 
thus, mandated in this regard to provide a systematic 
approach for treatment suggesting optimal parameters that 
can be employed over a larger group of population for 
achieving desired clinical outcomes.

Conclusions
Within the limitations of the present study, the present 
study concluded that there was an increased salivary flow 
rate observed with conventional settings of TENS unit 
in majority of patients. TENS, thus, comes out to be a 
safer, nonpharmacological therapeutic option for treating 
patients with xerostomia wherein systemic drug therapy is 
contraindicated or, found to be associated with severe side 
effects.
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