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Objectives The purpose of this study is to systematically review the effects of
Neuromuscular Electrical Stimulation treatment on muscle wasting in cancer patients.
Methods Randomized controlled trials (RCTs) were searched from seven online data—
bases (PubMed, Cochrane Library, EMBASE, China National Knowledge Infrastructure,
Oriental Medicine Advanced Searching Integrated System, Korean studies Information
Service System, Research Information Sharing Service. The selected RCTs were eval-
uated for methodological quality through the Cochrane RoB.

Results A total of 126 articles were identified, and 4 randomized controlled trials were
selected for systematic review. In one study, it was found that there were statistically
significant improvements in the Health-Related Quality of Life (FACTH&N total score,
p<0.001). Additionally, significant effects were observed in measurements that repre—
sented the size of the quadriceps muscle (cross—sectional area of Vastus lateralis and
Rectus femoris, p=0.004), maximum muscle strength, the twitch response of resist-
ance muscles, and voluntary activation (p€0.001). However, no significant differences
were observed between the intervention and control groups in terms of quadriceps
muscle strength in two other studies (p)0.05). Lastly, while one study showed no sig—
nificant differences in muscle fiber characteristics between the two groups, it did re-
port significant improvements in measurements related to mitochondria within mus-
cle tissue and muscle strength in the intervention group (p{0.05).

Conclusions Neuromuscular electrical stimulation can be a method used to improve
muscle strength in muscle wasting of cancer patients, but it is difficult to see its ef-
fects as significant compared to other treatments. (J Korean Med Rehabil 2023;33(4):
15-29)

Keywords Neoplasms, Muscle atrophy, Electric stimulation therapy, Systematic review
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Table I. Search Method for PubMed

A%, Er} BVsE A5
A AT AHe AN

R

2 2022 12€ 3197kA] =uj9] &
s R stk Ao, =
7ol A FA FUTh F 7709 HolEuHo| =&
2743} 3L U] Research Information Sharing Service
(RISS), Korean studies Information Service System (KISS),
Oriental Medicine Advanced Searching Integrated System
(OASIS)2] 371 tlo|Efr|o] 29} =] PubMed, EMBASE,
Cochrane Library, China National Knowledge Infrastructure
(CNKID)9] 47} dlo]Ejuo] A5 Aeiste] ML X3)s}
At AT W FANES aLefste] Hole AAjolE
ARt o dojElwo]ze B doj(arE, ¥o,
THoNE ARSIITE A AN =E =% b, T
F, TETOEE W, P E AHEeH, RS
+ ‘neoplasms’, ‘cancer’, ‘tumor’ 5= ARESIHTE FA
el ANoZ = ‘NMES’, ‘“AA28714=,
‘neuromuscular electrical stimulation’& ARSI, =

o1 2= AN, AR & AHESIe

No. Search terms

#1  Neoplasms [Mesh Terms] or neoplasms [Title/Abstract]

#2  (Carcin*[Title/Abstract] OR cancer*[Title/Abstract] OR neoplas*[Title/Abstract] OR tumour*[Title/Abstract] OR tumor*
[Title/Abstract] OR cyst*[Title/Abstract] OR growth*[Title/Abstract] OR adenocarcin*[Title/Abstract] OR malig*[Title/
Abstract] OR neoplasm*[Title/Abstract] OR metastas*|[Title/Abstract])

#3  #1 OR #2

#4  Neuromuscular electrical stimulation [Mesh Terms] or neuromuscular electrical stimulation [Title/Abstract]

#5  NMES |[Title/Abstract]
#6  #4 OR #5
#7  Muscle [Mesh]

#8  Upper extremity [Mesh Terms] OR upper extremity [Title/Abstract] OR Lower extremity [Mesh Terms] OR lower extremity

[Title/Abstract]

#9  (Skeletal muscle[Mesh Terms] OR skeletal muscle[Title/Abstract]) OR (Muscle strength[Mesh Terms] OR muscle strength
[Title/Abstract]) OR (Muscle weakness[Mesh Terms] OR muscle weakness|Title/Abstract])

#10 #7 OR #8 OR #9

#11 (Controlled clinical trial[Publication Type]) OR (randomized|Title/Abstract]) OR (clinical trialsfMeSH Major Topic]) OR

(randomly|[Title/Abstract]) OR (trial[Title])
#12 #3 AND #6 AND #10 AND #11
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Records identified through
database searching from
PubMed, Embase,
Cochrane Library, CNKI,
RISS, KISS, OASIS
(n=126)

1

Records removed before
screening: Duplicate records

Identificati
entification removed (n=29)

Records excluded
————» | -Not related to muscle wasting with
cancer patient (n=20)
Records screened -Not related to Neuromuscular
(n=97) electrical stimulation (n= 15)
-Not RCT (n=24)
-Not full text (n=3)
-Not cancer patient (n=27)

Reports sought for
retrieval m—

(n=8)

Reports not retrieved

Screening (=1)

Records excluded after reading full
text (n=3)
Reports assessed for
eligibility
(n=17)

l

Studies included in review
(n=4)

- Results not specified (n =1)
- Study subjects are not limited to
cancer patients (n=1)
- Study results do not match the
standards of this study (n =1)

Included

Fig. 1. Flow chart of Study Selection. CNKI: China National
Knowledge Infrastructure, RISS: Research Information Sharing
Service, KISS: Korean studies Information Service System,
OASIS: Oriental Medicine Advanced Searching Integrated
System, RCT: randomized controlled trial.
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AAZA7NAZA BT & SAF] 28 &40

T2ls G AAE EdE

J

3) X Xz 24

zwe] A5e It e s Al
Hoo g 7iAk wWoky, 1319e] Aol A
o} et shetans Waskch

et sheta & AMES 7 VNR ¥+ PEM< 7|
kO 2 CBDCA 3-& CDDPE AHE-gH A 132, TAX,
CYC, DOX, TRZ, CAR, PER 52| &< 3}sta & A
S35 AT 131?), g sFetayel SRl AHZ A
Fol Yl AT 1300] Ut} LFA 59} ¢ 3}5ta
Mol B8 A7 192 WARIX| 5.9} CDDP A=
£ 71802 25X 52l conventional strength training

method X 2E Z33IH T

& A8} 3
= esAR

4) WIHX| &

o ghake] &8 &4l iR NMES 259 a35 <&
olR 7] 93 A= < HAE HIPAEE 40P
o] AgtollA ZH& & AATE HUHA®T ATt 2t
FYsIE ol itk 232020 Aol A thEAFE
strength S ©]-831%1.21 cybex NORM dynamometer”” ¥}
manual muscle tester dynamometer?) =75 ARE-5}53 T}
neuromuscular parametersS AH&-3F A7 13", muscle
strength (isometric knee extensor, isokinetic knee extensor)
£ =437] 918 HUMAC/NORM 770 dynamometerS-
ARERE AT 1320] Tt

o5 A7 A, HAE dotrRy] 9% IR
cross-sectional area (CSA; vastus lateralis, rectus femo-
ris)E ARE-SH 138199] A, thigh lean massE AHE-3}]
E R Z5d%S 9ok 139209 A7, 42 U4,
Aol A & E R <5 A3 fdEE PR
Q1 skeletal muscle fiber fractional area and number, skel-
etal muscle intermyofibrillar mitochondria content, size,
and numberE 7S 53l AAE BAF 1392 A
T7F Aok 19 &) A sk 292N A4}
01 Z+2} Health-Related Quality of Life (FACTH&N

total score)!”, quality of life (general health score)*VE

ARl BIESISIT.
b) Xl g1t

Lavigne &'V =2 & gstansy &5A8E

Wask= NMES A% &5X 59t 3¢t slsta s
Welsle x2S vl gl=tl, Health-Related Quality
of Life (FACTH&N total score)oll 4] S]] tiZTR
o SAASE {23k AxE B THp<0.001). CSA
ME FATo] dxadiYg FAZCE {3 A=
YEPATHp=0.004). 5 <85S AT off AH8-S max-
imal isometric voluntary contraction|lX A2 o2 F
% AFE YEFATHp<0.001).

Maddocks 5279] =l A= tHEAHF strength}
distance walked on endurance shuttle walk test (ESWT),
mean step count per day®llA] FA}wro] 2T BT thE]
AR 29 2 A7, A" AR S AT FEEA
ARE 27 BAXCE {3 AAE UERAI = %2
THp>0.05).

Maddocks 52V9] == HEJAFF strength, thigh
lean mass, step count, ZLZ|3L quality of life (general
health score)A= FAlTe] HE2TRT FAZHOE
FrolahAl R UATHp>0.05).

Toth 59| =04 429 A+ 542 Brlst
= skeletal muscle fiber fractional area, skeletal muscle
fiber fractional numberolA £493F MHC I, MHC 1IA,
MHC IAX o5 A EFolA SAXOE F2gt Afo]
7F $l5-& UERATHp>0.05). SHAIRE 524 Yl9] v E
S=go} I H7ER3ES] skeletal muscle intermyofibrillar
mitochondria content, size, and number2} T8 =42l
muscle strengtholl A= BAIFOE {25t 235 B
THp<0.05).

o
o

3. HIZE 2™ ™7Krisk of bias)
4319 RCT A7=9 HIEE 98 7= Cochrane

9] Collaboration’s toolS &3t} AlHE-d53 Hr}
AI= Figs. 2, 33 2t
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olin 2020

Matthiew 2009

Matthew 2013

Wichael 2020

1) 2 Hi™¥a=A MMd(random sequence gen-

eration)

B =Rl 3 BE Aol 2Esk F2k9] v
A A HPHol AIE ] QoM riAES W
Hate g Alf o] whet T2 S} o] Foj T
g AP 2ol BAIA Apol7t fIsiT) ofell mek
2] e A FEES low risk®E B7HE AT

2) H{™&A 2(allocation concealment)

49| BE ATolA g 297} -] o FAR P2,
ol& B3l A7 A AFAES Al el v
AR ARE ARl & 5= gilen, &9 2= 74
A AA2s AT T TR ool wet vl <A
23 B2 B ATl low risk®E HAHEATH

3) ¢t &Rt 2 ALK =7+ (blinding of partic—
ipants and personnel)

Selective reporing {reparing hias)

-
® ® | ® | ® |ctherbias

.l Blinding of outcome assessment (detection bias)

==

BE A9 gz HAEAle WA s(1%
B, EAE, THNE §) Bv ol AR = ShA]
kol AT FoiA} AT BFNA A E7HHe] B}
SATH". kA performance bias TS EE AT
ol A high risk2 H7}= At

==

® @ | ® | @ | ncomplete outcome data (attrition bias)

®  ® | ® | @ clinding of participants and personnel (performance bias)

® | ® | ® | ® | socation concealment (selection bias)

® | ® | ® | @ | Random seguence generation (selection bias)

Fig. 2. Risk of bias summary.

Blinding of paricipants and personnel (performance bias) _

Random sequence generation (selection bias) _
Allocation concealment (selection bias) _

Blinding of outcome assessment (detection bias) | _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) - |

otnervias NN

0% 25% 50% 78%  100%

.an risk of hias DUncIearrisk of bias .Highrisk of bias

Fig. 3. Risk of bias graph.
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ABZA7IASAZTE oF SR 5 &4 vAls I AAE

gl
ok
=l

]

4) Zut "7t =71 (blinding of outcome assessment)

B2zl 23 499 AT F 29 = 2 3
7} w7be o] Brbssttkal Al om 2 v A] 2
Holl A= olell thEk Aol glo] H7hed 4= AT,
oof] we} detection bias F-i-oll A= 23] high risk =
HrlE o, Y A] 2382 unclear risk=E H 7= AT
A3 Brt w7hee]l Erlsd A%, A BriAEol
g 270 e ARE 4 e AFelA dagE
HrretA HEg, A3 ool Heo] YT 7hsAdol
7] W&ol high risk® H7}EJh 212y A3 Hr}
o] w7Hdel tigh gl flv 282 H7He 4 j%le

22 unclear risk® H7}= itk

o1
~

=M ZUXLE (incomplete outcome data)

g AelME F= g Hlgo] AlFTellA 50%, tiE
T A 32%=E UERE7] wiiEel, o] AT-ellAE attrition
bias7} high risk® H7FE TP, o]l whaf =] A

SolAE FE g fIAY 20% wvte 2
o], attrition bias”} low risk® H7}E QT2 5
gt v go] 2 A9, A aFeld tix IF e
vl A HaF 7hsdol S/ lom, Ao ¢f
o] WA = ot WA T AT E TE
g vl go] T2 AFTH txTe A g A8
< UA BrskATh

6) MEfX™ ZntH 1 (selective reporting)
3ES] AFANA ZREFS BRIT 4 §lo] reporting
biasE unclear risk= F7FSFATHIN2), o= TR EZF
gl 4= Qo] A7 Ae] A=z B 7hsAol
7hFsdE & o vk A ou|gith b %
ToAE 55 ZEEFS Rusiglon 22 EF
A7} F83] HuEHA, oldl w2}

reporting bias= low risk® 7} AP,

~

) 11 2| H|E& (other bias)

ATelA I 9] HERHS THEA skt

ta
rl

(0]
=
r
=

X H|E2 (overall bias)

d
it

1771 3t o) 4] high liskS Z3ekal Q17)

o Aukz WEPL high risk®E F71E ek

=
o

A Z»»»

2 A AAH R & TYEH APLE

23 4% EAoItH. o FAES o #d SHL
3 ahel Aol AstEr, & A 5= A% o7 £4
EAZE HaL w0, 23AS A= T4, st
H 54 2 e A5 A9 22 s A
o] ¥ x7] wiEell o X&ol thet kol &
o AE7F H ofHARIER?, Az o s o
o] k& 7R 23T A ATl 9l
Hls] AE&0] i te T2} AT, =3 2

BaF B ¢ BAE F IIF W AP0) =
[e)

fo 1 S ofy

4

[e)
A

= 2agel wAY 2ol gt ARdE Yu
o o we AFYD & A2l F o F
UehlE Ro® del gk,

BA7IA o o] 2 ARe] O theka Xz g
MOE NMES7F 5 A Qsdl, o] 35 17

ke,
A5 hle] B8 $5E FESHE ARMOE, 2%

o 1]

—_

W @57, o8, ATY o5 SN =N Y A
a0z ALGE 4= gl XS tHlD, NMESe] &

[

g F3 Evh= Oket 3 A7 B8 dsEen,
A AARIY &S B2 Sy S HA
3o Hke 3AEo A NMES X825 &83 3¢ &
o] QXA Aoz Yeltom Ay AFEo] ol B
a1 Qo). Jeu) oF $kxke] ZEof gk NMES
5ol g AF= ofA BE3 HAolth Crevenna
S FHRIANAME 474 HG BT} 453 o) F
534 NMES A 5& &2 59 ¥83te] 49 7]
T 2 4] do| MAEUTHE A2 o, B )
B} 4] ATl = 43| AFoA F 838 Foit
7} =Y ol2d A7V FF B o
#73lE AEY 1R JollA] By REste] Aol

W37t ol Hols Al Aok =3 oF fAtollAl
NMES X527} 282 7359 a3 Aol gk
H7pt e deo|oho, weka o gxle] ZEo
gk NMES9] &ae} bhA-S rlehr] 9 o 2
TR AT 2FEstE HEV Fasith

B Ao A= NMES 287} ¢F $kabe] 2§ &40

0

o

e
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oA Zz5
2 - A4S

Lok,
o
>
o
&
ot
g
o)
5

A& S AAX R Tt AAH 44
o] A= 200913 HE] 202013744 L =Fo
=, Wt el A 2= oH, F 833l A
7V ZEEAS. FAT 2T H Odﬁé%
SO, 2 23E A7 BlAA 2

o, e 2 &

:uoo

ol thsll NMES xLE&l &z
S AR 2o, o]2d T oS dHHer F

WSA B A5 Atz AT i dA=e] Hd
Aol 50tz Yehd Ao g R,

ARE 410 ATl TA A=l AHEE 71719
stetr e & 7t ATtuitt thefstA ARE-E AT Lavigne
0] AellM= compex SP 2.0 7171& A}&s}oq &
TS FFE vl ZFol FFst A[/RE HEAE
o =3ttt 2719 Maddocks 52°2D¢] 03?01]/\‘]%
microStim exercise stimulator MS2v2 71715 AH8-311 S
o, EAFTT duiel 98 RAvjcg Ralsie] 2}

= 718t Toth 5229 AFHollA1= empi continuum

71718 Agatol tEAT o] 4Rl shRol HA12
=S RABGG £ NMES A 52| Foiroh 513
= Aie} thaalal AHSHUEH, Lavigne 599 o
TolA = 40 Hz®| F35 A8, pulse wave
formol] el A= AISHA] @43kal, 271¢] Maddocks 522"
o] AFlME 50 Hzo| FarE ARSSHICH, sym-
metrical, biphasic pulses& AMS-3F 21O = HIIE AT
Toth 5*2¢] ATol|A % 50 Hz| F3+5 AHE3IR S
™, symmetrical biphasic squared pulse wave formS ARS-
g Zo® Hudgdnh o3 a7 AA=S A7 A

Yol T FEE BeiFn, 71719 Aol M8 Az
o it AL HATA M o 80l

e ke o o] T8 A
Fak] M7} 40~50 Hz2A]
FEE FI5E AL A8 Wil &
F AT FFoEA ATS & ZoE HATh

A A= AREL 713 = Thkdo] ATk Lavigne
S99 ATl AR ABAHE AFIAE &
o} AEHHS 2 AR AF3 FAAES oF
20 AEE F5 & AATh Maddocks 52¢] 2009
d Ao M 153 3 SRt 1589 X5
13+ ol T 3029 A&7 AREE 7HRAL 2~453t0]

£ @% AT 3089 A8 LS Fol F 603

H| 1.2

>
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d A
o= W;q 333 2.2, Toth
01]/‘1‘_ 602 vﬂﬂ?&i}. A A ge|
3FE TFstA vehsk e, 4778 125
(He ARSBIGTHOD, ek 2 e} BE W)
S Eis=, /‘F&?Poﬂ NMES 2|29 &35 B7latth 87t
Axe A7t 22t Ys] oA 2, 2%
7] 2 FA, #e] A 5 oS FHRAEE AR
o} Jones 57| E=EoAE A7 1AL oW E 7|ES
e A7t Bol vnd ®& A8 AR B*flc’ﬂ s

[o

-

ol B 4 ok =3 k2 O] 1588 F 308, =
S A] 304, Y= 1A 608 2o] AEE teF
Sk X 5e] AFE E F Atk HollA o7t ok 1

2} o]2gt 2lol= 72 AFEAE HlashE Tl ojE%
o] om, g AlZtel thgk 359 olair} flo] FF
ATolA TS siAdsiof & FEoE HLI

AIH O 2 Lavigne 5192 AFoA= NMESE
3k A58 -2-5(novel strength training method) Al
3} -5X]E(conventional strength training method) S -2
x=e 7kt Ad 23 5 15 B5F Health-
Related Quality of Life (FACTH&N total score) A &
Aoz o3l /HAS BYOm(p<0.001), THEIAF
=2 Z7]1E YE)+= CSA (vastus lateralis 2 rectus
femoris) A= 23k EIE HHYTHp=0.004). Z=3+
T AFAR] Ao 28, AFIS] 5o Bt
twitch 83}, o212 LA ste] thek 54 AANAE
o]t o] H Y THp<0.001)'".

Maddocks 52”2 200913 Aol A= HIAAE HS
A Al NMESS} E73%] S (usual care)E WL}t
AT A, dEAFFZY 29, ESWTllA Z2e Ad,
83 5 Bt A F SolA FATH iz 3

o= 7 ZFol7t fIATHp>0.05).

Maddocks 52V9] 2013 ATolX = HlAME H<Y
S o Z NMESSF 3¢t 318t a S nlusked
=, dEARFTS 28, A 259 2o 7 It
% Ae 5 Frisk 243, AT &2 e
T3 2ol 7F YIATHp>0.05).

Toth 58] ATelr= S4Z2
kst SATH x2S Haskgh o] AgellA

= 429 A EAS YER = skeletal muscle fiber

b

A B4 2Ee



AT IAFA=Z T o @A) 25 &40 vjAle 9% AAY 2dE )

fractional area, skeletal muscle fiber fractional number®]|
M AT =T Alololl BAIHCE o3 2po]
7} ARE=H (p>0.05), T5-%32 Yo] nEZcglo} By
B7HA 3%
content, size, and number2} T8 Z742] muscle strength®]]
M SAITel T3 vlwste] BAIZORE folgh 2}
olF HATHp<0.05).

ol2]t A+ Axe] Eaht FoAS HekS W NMES
o] a3t v FrolskAlE gskth ol FAke] 7|AA
Bi7F 247] 2} 25 it 2] @xkon gkt A A
&3t A5 ZIE Fopl7|7HA] BHstE A ok A
W, o] Zto} Ha| gyl & SAE yekd
A= A, AR H7EA RS Apolm dFONAM =
StAY frElskAl A8 & Jde H T2 o=
I At} TS Maddocks 522V F A7 o E F
Tl vl 27k 2po|7F Bo] UYEhA] 252 ol A
Fo] E ujl, 23] tl/do] Eastern Cooperative Oncology
Group 02 tH= &, Ak Ao 71 3L F I+
the ol Zako] AlskA gk} &3 A717h ¥4 ¢
S Ao7 HQIth

ol2fgt AT ANES THMEA, Myt oz o] A
79| A= NMES A 57} oF #2ko] 25 &4 {9
g 595 VM g o HIEY AE ¢ Ao 9F
H7HA A 0] TAZ Fold A 5o AE
SfjoF itk =3 A 7 Ao, ATt ol A&
W, AL, 71%E B7EAIR Sl ksl B2 wiwel
TEH AES EF3P]ole ool AT AT 3t
o ol F Thke WAl EEEE N TH e BAH
ARl B0 e 4 glo @7 b Al

27] WAlo)7) o] oF Bl thak FESE Wi
F7h BLY o AR Wb o Be e
o Y ATsh T A PP 5T AT} B

A)

Q1 skeletal muscle intermyofibrillar mitochondria

E r& e e > kﬂl
k)

K31, o] Ba NMES A 59] ¢ shabe] &8 &4
of gk avE S WEshA B 4 J& Aotk
7&%»»»

S 3xlo] 8 &4 Uigk NMES X592 E&uzk

I NMES A 29] Gahe A7) we} tad et
o oleld A% Aol AT AL, AT TR

o] BA, A7 A4 W S thoksk Q915 7]l
Hs 2102 BRIt o]& W RCTS d7AtR
E THstel mEskE A8 PR 98Hd Aw
HHo] I3 Aoz AlsdHr)

2. AT ol (& ARL A& 71ZE B E S
A d@Ao] REFh ol2gk A& RCT9 B3
3 B NMES X159 3= g3 f‘ﬂ
317] @A st TS A o) FFshE AT
ol Fasit

3. ABHA ke % «l X }~<>ﬂ7ﬂ/\ ol axt
7} 3 73] FAENAA

L Lu)
T
X
&Io
Ne]
Z

ot ad= UrE}”*E} ol FF NMES A

A71¢F A& HESH= Holl dojA Fadt

< & AR Ht o|#3 A= Ao

JJr NE|S Aum NMES X529 &3e de

T4 5 QS o= HoHh

4. S+ ﬂx}‘)ﬂﬁ]/ﬂ NMES *| 55 283198 w muscle
strength, CSA7} 2% 7S HPoerm=a 5 A
= 3xo] 28 2 2§ 7] Yo FEHS
UeRith o &3] S AFol we S
H A 7P SAtoll A SAlT 7 ti2ae]
O3k A7 YA ot B B ATt o F
ojHof & o g HLITh

5. #EShE A& YT iR dATHE 531 NMES
5o avE vS WesA H71e " art Qo
A A7 R AT 7 AZHE o]7] wfZol
O 22 3977 228 o= HRlth

LiOL

'l

ox o 18 MU
o o> ek

—
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