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ABSTRACT

Objectives: The purpose of this study was to summarize current clinical study trends and results regarding transcutaneous

electrical nerve stimulation (TENS) treatment for xerostomia.

Methods: Studies published from 2017 to 2022 were searched on domestic databases and PubMed. The included studies
were analyzed according to the year, language, study design, diagnosis xerostomia method, and TENS treatment method.

Results: Nine studies were included. There were three randomized controlled trials (RCTs), three case series, one case report,
one case-control study, and one cross-sectional study. Conventional TENS was used in seven studies, and acupuncture-like
TENS (ALTENS) was used in one study. The most common TENS attachment site was externally on the skin overlying the
parotid gland region. and the setting of TENS was 50 Hz-250 ps the most. In all nine studies, TENS was effective for
xerostomia as assessed by salivary flow rate or quality of life questionnaire. Additionally, no persistent adverse events were

reported after TENS treatment.

Conclusions: TENS treatment for xerostomia can be considered effective and safe, so it can be used in clinical practice.
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Fig. 1. Prisma flow diagram for process of literature search and selection.

RISS : Research Information Sharing Service, NDSL : National Discovery for Science Leaders, OASIS :
Oriental medicine Advanced Searching Integrated System, KMbase : Korean Medical database
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Fig. 2. Study publication trends by vear.
RCT : randomized controlled trial

Table 1. Characteristic of Included Studies

% D
= RHoE A% TAAEE B 19, 74
22 T 28 Bu BN daoz 3 o
19 SlelT, A A daeE & w19,
AR EF NEE SR 4w 2

16 v

First author Study design  Language

Patient Age range Diagnose

(year) (years) xerostomia method
5 :
A(%Ii?? Case series English NR (25) NR Compﬁ;rllltthof dry
Dyasnoor! . . ~ Questionnaire,
(2017) Case series English Type2 DM (40) 32-63 Oral mucosa check
; 8 years post-radiation
Tovoli . for T4N1 squamous Complaint of dry
(2017) Case report English cell carcinoma of the 50 mouth
tonsillar fossa (1)
5 ;
%&%) Case series English  Post-radiation (15) M;g g igi% ' Sialometry
RCT ESRD patients having 31-86

Yang’? (single-blineded .
(2019) repeated measures English
quasi-experimental)

undergone hemodialysis  (mean age :

Complaint of dry
57.7+12.8) mouth and thirst

Paim Post-radiation in the  Experimental :
RCT English head and neck region 59.9+5.8 Sialometry

(2019)

(68) Control : 57.5%8.1

Grade 1 or 2
symptomatic dry

15
I(%%IOI) RCT English  Post-radiation (30) 46-78 mouth (xerostomia)
according to
CTCAE version 4.0
Ramesh® Cross-sectional Enelish  Healthy adults (130) NR NR
(2021) study nels calthy aduits
16 : ;
C}(l;gg;f Case-control study English NR (50) 18-70 Slalo;ntiecfyéeérturror

RCT : randomized controlled trial. NR : not reported, DM : diabetes mellitus, ESRD : end-stage renal disease,

CTCAE : common terminology criteria for adverse events

378



3. TENS x[29| uitd 2! g1}
7t dgelAe] &89 TENS A& Wy 2 2
3= Table 2¢f AHAI3HA A2l=ef o

DA E bz

to]

E3g5 Aol % st TENS® £7+ A%
Aoz F3| AMEsE THIE-AZE A9 AA
A7) A= (conventional TENS)# Aulz=-77}k= A

3 7A9A A17A 7] 2= (acupuncture-like TENS,
ALTENS) 27IA2 £5& 4 glvh 99 F 799
ool A conventional TENSE AR89 AT, 25‘4 °ﬂ
M= ALTENSE AHgstsddh & 9] A+
A 208 R M d 2o lglem, 2%
RCT E=&oldd Aldvs 27 o
of 73 +=e] 24 Ssied, 1
A8 7HAd] wet F 232 12

e T3 T 432 657 AEFe
J, g8 dFe AR dold o } 20,
30, 40HE FHA A+E Ao

2) TENS 3z B¢ o zp=5ubhy

68 dFolM TENS = 22 Hoje= nx
9] 3 npgze] A (parotid gland) H-9%3, o] &
28] ATl e AL vlEe] B
gland) ¢l TENS =% &
o] B9je] TENS X225 3 °ﬂ-—% 29E Avng,
ALTENSE AR$3t 4
FHzlo] e FA( ST6 B
conventional TENSZ /‘} ?l 151«] A Fof| A
S 2(SP6), 4] (ST36), &= (LI4), 3 (CV24)
5 A AHAQ Ao e ARE AHE)
ek TENSS] 95e] vlE 3 A&7k 50 Hz,
250 ps7k 7H4 el AHEESA, TENS A2 Al
7HZ 20%-¢] 7HE HHA 0|9

3) A87| 4 3P

A 27|74 135 Alst A7 VNE 7P @
Sk, 1253 ¢t TENS A&% Aga Ae] 7H4
23 7|7 AEE W o

lo
°{>f Lo
e = Mz rh

Lirﬂ:lm fa o
X f Fl°—?*~"|”~

r-lJ 'h‘

100

o=
=
=]
g
E
=
[
]

P
e
)
32
.ﬂ
o
to,
é

0/22 - Ma|A - ZIBIE - BIYS . TATY

F7 54 A= 712Fe] 9let F4#Z (follow-up)
< 679 Wﬂ]/‘i A3, 2441 75E 278

F727%% 4T TENS Aze 232 %7}
7] 8 Az FHH Axsh ARA A E}
GSEECIEES R T R

e}l

rate, SFR)= ZA3te AAA Hring 713

o] FL(TH)SS & 4 e FHH4 F
THAEREE xS 49 A HIRE FA
XeQoLS(xerostomia-related quality of life scale)7}
2¥1, UW-QOL(university of washington quality of
life questionnaire) o] 1H Al AF&-= gl 7, F7}A=%
Z 249 7o 93 108 5 %71 3 =(verbal
rating scale, VRS) ¢} Efe) Hnjzkol] it zp7}H 7}
= 9% A oldrT HE
VAS) 5ol AH&-= 9l

5 A& &3

TENS Az9 3= xgs 999 JAAT
BTN 93 Aoz el Aparna et al’
o] ATl e Al ot F7H e +4 S 319
_1‘_:_13]] 14—/1-1 o] o:]/H_H;_r;]. E].o Hu]y]_ 571] %}XJ o7
$-oJnjsA Z71stdeh(pd0.01) 2 Bk 2, Tovoli
et alPe] ATl F 232 12F B3t A2 &
I F 432 657 A B3 T EF XeQoLSelA
A Ao}, + 7] zbol= ATHp=0.68).
Ramesh et al’e] A73 g datoz g AF
oM SFRE Z717F 209, 30°H, 4048 =& o
Holl A f-2lst A (p<0.001) 7} et e, 713
0 Z7HE 29l ddE 209siY e Rl
o}. Chandra et al'’e] -tz AFeME A
AR xS BF SFRe] BAACE &
o5A F7FsFA A RHp<0.001), AL EY 71733t
TollA SFRe| o wo| F7hstdvty Hrstgly
(p<0.001), 15%%} 12 £ FHFAl|MH e TENS
A8 ol SFRY 3A4e] #FHT T H 5%

(visual analogue scale,

379



TUAZRZO| s AL ™A |AAR=(Transcutaneous electrical nerve stimulation)2|
- Pubmedet T =22 SHURE

o}, Yang et al®e] dFoME 159 o]F =A% 6) 25°] A

Zol A g WRoE SFRe] #HAstgR|RE 1A 35 99 9] = & 59l TENS #5¢} &

3 A W91(0.3 ml/min) gt &3 B vstgd He T8-S Busioled], 58 Bl A B8

3, Paim et alMe] AFelME 6719 Ho) 2% o WhAEA]l gkotehar shgdeh. TENS A% 5 o

ANME A5 A EuEHp=0.0001), zA7F1A] A AF oz wAg Ratgoz e ob Z8o] A
B2 (p<0.0001), 4F9] A (p=0.02) A=A EF o] 7} o] HE ¢k (Table 3)

ot Mz o

SEEEEEPEERECEER

Table 2. Characteristics of Clinical Studies of Transcutaneous Electrical Nerve Stimulation on Xerostomia

I
b Control Duration of
author Treatment intervention (n) . . Follow up Result
(year) intervention (n)  treatment
Case series
TENS (25)
q . %Dl\;[ie] name © TX 3T TENS ST.601 @ SFR (5 min)
Aparna’ | pulse rate © 25 Hz NA once NA :0.0172+0.00405 vs 0.0343+0.00904: p<0.005
(2017) + attachment site : externally on the Males va females
. S -y ©0.0401£0.0013 vs 0.02690.0093: p<0.01
skin overlying the parotid glands
» mode : normal
TENS (40)
*model name : INDOTENS 10 - .
; @ SFR (10 min)
Dyasnoor (HMS Medlcal Systems) 24 Continuous mode : 1.69+0.33 vs 1.88+0.36:
* pulse rate : 50 Hz NA once
(2017) * intensity : tolerated hours p<0.00L
+ attachment site : externally on the Burst mode : 1.69£0.33 vs 1.58+0.38: p<0.001
skin overlying the parotid glands
TENS (15)
* model name : Neurodyn II-Ibramed
device
* pulse rate : 50 Hz, 250 ps
Paim” * intensity : tqlerated . O SFR (5 min)
o8 atta}chrrl'ent site ; both 51des. of NA once NA 005 (000-040) vs 010 (004-040): p=00(51
patients” face skin in the region
of the major salivary glands: the
parotid and submandibular ones
*mode : continuous
* treatment time : 20 min
Randomized controlled trial
TENS (40)
* model name : @ SFR (5 min)
TENS (40) D0207KL Experimental : 0.09 (0.08) vs 0.36 (0.10):
Vang®® * model name : D0207KL * pulse rate : 2 Hz, Three times p<0.001
(2019) * pulse rate : 50 Hz, 250 ps 50 ps a week for 1 week  Control : 0.08 (0.09) vs 0.20 (0.10): p=0.2
* attachment site : ST6, TE17 « attachment site 3 weeks @ 10-point VRS for dry mouth intensity
* treatment time : 20 min . ST6, TE17 Experimental : 4.7 (23) vs 2.2 (0.9): p=0.003
* treatment time Control : 35 (22) vs 22 (1.2): p=0.03
© 20 min
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TENS (37)
* model name : Neurodyn II Ibramed
* pulse rate : 50 Hz, 250 ps

@ SSF (5 min)

Experimental : 0.16 (0.20) vs 0.58 (0.58):
p<0.001

Control : 0.16 (0.20) vs 0.15 (0.20): p<0.001
The behaviour of salivary production throughout
the follow-up suggests that the gains achieved
with TENS may remain even after 6 months.
@ Self-perception of SF (VAS)

TR . Standard care Twice a : VAS changed as effects of group (F=24.169,
Paint -« intensity : tolerated . (3D) week for %5 50.000D). elapsed time (F=104367, p<0000D)
(2019)  « attachment site : over the skin . . months . : .

. . ., no intervention 4 weeks and interaction between group and time
covering the salivary glands (parotid _
; (F=103.673, p<0.0001)
and submandibular glands) ® UW-QOL
* treatment time : 20 min The benefits of electrical stimulation on
SSF had a significant influence on the
aspects of quality of life of these patients,
changing the total scores in WU.QOL
significantly and consistently throughout
the follow-up.
@ ALTENS (A) (15)
@ ALTENS (B) (15)
* model name : Codetron 902-C
* pulse rate : 4 Hz, 250 ps
* intensity © produce a deep strong Twice a 6.9.15. 21 @ XeQoLS
ehing sewation at cach acupuneure ek It months Bxprinentel (A) < 1521 (1709) > 105 (1839
Tovoli® . i}o de © Tach acupuncture point NA or from the Experimental (B) : 17.89 (1822) » 58 (497)
(2020) ' pun port, . start of  XeQoLS decreased for all patients (p=0.007)
except CV24, was stimulated for Four times L
. ALTENS (although not statistically for each arm).
10 sec at a time a week for treatment with no difference between arms (p=0.68)
« attachment site : Bilateral SP6. 6 weeks (B) p=U0e),
ST36. and LI4 using uncommon
electrodes+CV24 using a common
electrode
* treatment time @ 20 min
Case report
- ALTENS (1) . XeQoLS surveys were given at baseline
ovoli oA . Daily for and upon completion at 8 weeks to assess
* model name : Girish Surgical NA 6 months N
(2017) L . 8 weeks response and saw a reduction in score
* treatment time : 20 min
from 20 to 1
Cross-sectional study
TENS
@® 20-29 years (42)
@ 30-39 years (48)
@) 40-49 years (40) @ SFR (5 min)
» model name : Digitens 20-29 years : 1.313+0.078 vs 1.439+0.089:
Ramesh® pulse rate : preset at a frequency p=0.0001
(2021) 50 Hz and then gradually increased NA once NA 30-39 years : 1.344£0.075 vs 1.397+0.087:

to maximum tolerance level of
patients.

* intensity : tolerated

* attachment site : externally on
the skin overlying parotid gland
region

p=0.0019
40-49 years : 1.294+0.069 vs 1.375+0.071:
p=0.0001

Case-control study
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TENS (50)

* pulse rate : 20-50 Hz

* attachment site : externally on
skin

(2022) * overlying the parotid gland region
bilaterally
* treatment time : 15 min

NA

Twice a
week for
2 weeks

@ SFR (5 min)
Healthy group : 1.120+0.540 vs 1.38+0.54:
p<0.001
Xerostomia group : 0.4909+0.399 vs 0.688+0.459:
p<0.001
@ SFR at each appointment between Xerostomia
15 days. and healthy patients
1 month 1Ist : 0.1240.11 vs 0.30£0.14; p<0.001
2nd : 0.41+0.24 vs 0.74+0.24: p<0.001
3rd ¢ 0.73+0.26 vs 1.12+0.25; p<0.001
4th © 1.1420.30 vs 1.5620.28; p<0.001
® SFR at follow-up
15 days : 0.07+0.15 vs 0.11+0.12: p»0.05
1 month @ 0.13x0.16 vs 0.18+0.13: p»0.05

TENS : transcutaneous electrical nerve stimulation, ALTENS :

acupuncture-like transcutaneous electrical nerve stimulation,

NA : not applicable, SFR : salivary flow rate, min : minute, VRS : verbal rating scale, XeQoLS : xerostomia-related

quality of life scale, SSF : stimulated salivary flow, VAS :

quality of life questionnaire

Table 3. Details of Adverse Events among Included

Studies
First Whether
author adverse Reported transient adverse
(year) events events (n)
J occure?
Aparna’ N Twitching of facial
(2017) musculature (5)
Slight twitching of facial
10
D}Zgzrll(;())r No musculature (1)
Tingling sensation (2)
Tovolil!
(2017) NR
Paim!
(2018) NR
Yang®
(2019) AR
Paim!
019 Mo NR
Tovoli® Generalized paresthesia (1)
(2020) No Low back ache (1)
Abdominal cramp (1)
Ramesh® No Mild twitching of facial
(2021) musculature (7)
Chandra’®
(2022) AR

NR : not reported
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visual analogue scale, UW-QOL : university of Washington
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