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The Influence of Keyboard Typing on Neck and Upper Limb Muscles

LU Chun-fu, NAN Chun-li, TANG Zhi-chuan, TAO Wen-giang, HOU Yan
(Zhejiang University of Technology, Hangzhou 310014, China)

ABSTRACT: This paper analyzes the influence of different human factors on neck and upper limb muscle activity during
keyboard typing, and then provides typing suggestions for users who are in keyboard typing state for a long time. Ex-
periments with different human dependent variables (trunk posture, keyboard angle, and display angle) were designed to
collect data of neck and upper limb muscle SEMG and subjective evaluation on 8 healthy and experienced subjects who
spent more than four hours in daily typing. Each subject was given eight 20-minute typing sessions. By analyzing the data
of SEMG and subjective comfort, it was found that posture, keyboard angle, and display angle all had influence on the
muscle activity of neck and upper limbs, but had no influence on the subjective data. The activity of neck muscles was the
lowest when the subjects were in standing posture and the display was 120°. Compared with sitting, the muscle activity of
the upper limbs is relatively weak when standing. The degree of muscle activity in the arms and wrists is lower under
certain conditions of support. Different human factors of the table can affect the activity level of neck and upper limb
muscles. The research of this paper can provide typing suggestions for users who have been in the state of keyboard typ-
ing for along time and provide guidance for the optimization design of man-machine working environment.

KEY WORDS: neck and shoulder discomfort; ergonomics; EMG; typing; muscle activity

i HEA: 2021-01-10

HEEWMBE: BRAAXHFEALMAA (61702454, 61902354 ); K FHRALALHFARLEFF A LR A (17YIC870018 ); #f
IR SR EARF LS EAA LA E (GB201901006 ); #ir % B AAHF £ 4 B (LY 20F020028 )

EEE . P da (1970—), 5, #ric A, i TR RFHR, LR @A R # BT, FRBE&EE, BHE
EE,

BIEEE: BN (1987—), F, # A, Hd, HTz T L RFaHRE, TEHAFTAABEIED . AL R+ET.
AN E, AMIA, RASNTHBEA, AREFTLEE,



9424 5104

PR A s BTN SR JBL PR 5 4 3 A A 5 173

Bifi 25 FEL 1~ 150 25 ()3 R IR I 28 o FH A3 22, i)
B B R B SRR, KA TR AT R
Bl AMNSUE . PR EEERNNY, Z0RE
TR AR LR R i, WLRRRS K, TAE AT
ANV R, AT 5 | AR R B 7 e 2, A RS
05 B AT I AS TR] 4 N DR A e o 503 R A UL A
S kM Hmear 2 A L B AR TR S A HE
B, A SRR EANTE , e KR B8 I
RN Mitchell 25 AT 7R T B A B
BEATUCE, ANJR) B A BE AT DA % ol st T i 25 A D
Van %5 N\ T8 1 981 H B R g R R A RE X AR R
A3 TSR S ILIA % S A A — E B AT,
ARV RT3 SR AR B SR A AR R S X U S
LA B SR S, SR, AR T
s LA L 3 P AR 2R RV B BF ST R A AR
WG B ARV AN R R AR 1 500 (RT3 | Bk Ay
B Wongs AR ), @i REALAE ( Surface electro-
myography, SEMG ) Fll 3= WP B8 7 By v 48 4T 52 0t
TAE G AR SO0 5B L IR T 20 1 5%
AT Sy T X6 38 7R 2 A A B P R AR T AL, BRAIG
LA 45 LB, A AHIL T A IR B 1R AR Ak i i At 48
FIik.

1 SEWHE

1.1 HRIFH

FHSEAER R0 8 44, 4R IR 21~25 %, Hih
Bahl, & apl, BAEVHGS (173.2£3.1) cm,
Y B (157.143.4) cm, A BRI R G B
T 5 R R R A B LR B, SERR T 24 /N
P AR AR B2 Bl , TS TF LR 4G T 8 7e 4
(145 R 20 o el R TR S T RS A T T )
B2
1.2 XIERTE

HWREHLTAE G h—DF R IR | — Rl T+
BEAYEEAL . — D BUARAI—> 24 JesFn] i R Y 2
IR, BORIAT AN 20 AR FT TS, TAE
BRISE CBERAERR T M) sads Tk, R
61 E T B JREART , R UE R IR 8 DG S A ) 26 1 i
5 ERE T mE N 900, R R dr A, il Bl
KRR GR R 314 Ak, USRS 90 JE, H
AU SR O N RYAN Y)Y A (LU W e
H B AN AT A8 B e s L, DRS8N
W RS N B IE TR WA LR T RENE 5 RIS 65
SEYG YN 2 MEEAZ A AT 7 I A 23, LA PR A8l 19
HAWE O T RIS E F vh BN R R A 2 3
SHIFUR AT, Bk ZAEAT HUR T Sh e 45 T
i, IR SE AR T PN A 37041, JF HEOR#OLF

BIRor ph AT BB AT 30 N4k, ZBgH
FT AR R T HE il SCA I MERE , SCAR kR
ME T TR BE AR PR BTG, AR AR BE 35 il b BE AL R B T
5 mIATITF . XL FHFE Fleschkincaid BYIF4r A
5.1~5.7 4y, RWXTFHNERE MO,

ST VEEL 6 P S EEAL ST FAH G SR EB . TR
HoREE SEMG, 439l E&THL (Upper trapezius,
UT), F#H5 WL( Lower trapezius, LT ), &4 AL Erector
spinae, ES), Hi—=fMNL (Anterior deltoid, AD), %%
il i fd L ( Extensor carpi radialis longus, ECRL )
F45 1 JE L ( Flexor digitorum superficialis, FDS).
EFEIZ 6 AR KTET . UT. LT, ESX4EREA
AR N7 RN A A AR, 5 R T A
PR g A AR A A ; AD, ECRL, FDS X}
JARTT . BB L BT RIS T R JE P AR
M, Sacmerh A B AN AS A G, SEER T 4R TT,
W5 N 53 RS 30k B AR LR i R T LRK: | sk b
FHT LAE S 47 AR i {5 o RSk s, SR AR
SeRETHNLAN M B K4 71 (Maximum voluntary
contraction, MVC), ZR#EIKH 72 FE 35
M ER RN 3~5 s, EHE 3, BRIRE
RE 30 s, ZAl5E AL 6 LA MVC &, 6 Bl
A MV C I 3/ 525k ok [ 2% Skt R4 58 Be
i, B BOUAR P EORIATIT S, B S sk
20 min, [EJERARE 10 min, ZH )R B I 254 F 58 A B
TR L TR I B DA 7 Al 2R 25 DA B WA ) 3 4%
R ZIHETE 3 DA RIAE T RGO ek T 8 415K
By, LI LR 1o WA AL 3] A B A
TN o TR B 5N SRR ET I AT — i R,
8 S ST A3 0 B B 8 T AR SCrR ) S s e A
A 90° 1 120°M s i fn e 45 A 48 51 45 AE /KT 1T 1)
B ARk T AT R A A T e AR S SR AR SCZE IR B TA
ARWFFE A B A R 15°1 ) REIK T S #4vis 5 R
MR AT 5050 UL 1 (& lahscse £, B 1b st
) BRERES R G, PlFEHEE — 0 FHRE
FFIE BE R IR A A4S, DAPE RS [A] A 28 o 25 4 T i 3
A FETE DL AT S

#1 KWigt
Tab.1 Experimental design

SV KT M WoRAR M WE/min

TR — A i 0° 90° 20
ST — Ap 15° 90° 20
Sy — A 15° 120° 20
255 Py Ak g 0° 120° 20
SE T b 0° 120° 20
SIS e 15° 120° 20
I il % 15° 90° 20
SEa N il 4% 0° 90° 20




Ak

174 <

1

T

20214F 5 H

b 5286 —

a Lt

K1 S[R3 iR B Pd T S
Fig.1 Two torso positions of subjects

1.3 HiERE

% FHl BIOPAC /A /] MP160 £ 94 0 SR 46
MV C 38 FHT 7 5256 vh Z 30 6 SR JILIA B SEMGHL,
WE N ARk B 20~500 Hz, FAIIEN %S N
50 Hz; >RFE#N 50 Hz,

TR [0 B R 7 A FREREFEE . T RE
NREFIR, 6 HEREFIR, 5 RFEREER, 4 Bk
IR— TR, 3HFRAKEM, 2 HERAEMR, 1
PR REAET R . WX TR B B2 I S 5%
1.4 HIESH

BT HAF AL B R B Matlab #0517 4500
M. FEAFIR 20 min AUFTFSEEe R, T AERLA
JR i SEMG Ry 45— 05t s 5 s iU E T E 1y (3t

20 M ), T ARS8 SEMG iR 1R( averaged SEMG
aEMG ):

LT

20
> EMG™
EMG =12 1
aEMG, 20 )
Hrp, aBEMG FR5 i 2087 SEMG IR 1R |
EMG[™ &R 5 | MElf SEMG {H aEMG. #ifrifEft
HYMVC LA A ik A~ 22 57«

G . 100% @)
max

Hirp, EMGRY Sl 22 il MVC a8 & B Fe K LR

%MVC, = 2

PR o R IZAE A5 R — 2 OB TR N 264
LA G SR
1.5 SZita#n

FKHZHNE T 208 (MANOVA ) srHred
e 9% G R R S s 2 A R T UL P T S R R R L AT O
FERIRZI 5 SRt ARG 56 X6 AS Ti) S 56 v [] — R LAY A 32
NRETIE B 22 (0] ) 0 25 1k 22 S b A 7400 o P e BT ¥R
HH SPSS 4, EAF X [H]H 95%,

#HR

ST IS RS 8 B WHRTE 8 IRITF S i) sSEMG
B R UL R A Hrh— 44 SR Pl 7E 8 ZH 5
R LG SEMG $dE WKl 2, Hi ECRL I FDS
PLK UT MLHLME S5 s B, 1 ES F1 LT DL A AD
AR P55 o

2 SEIg

ECRL mmwmwmmwww

FDS ‘e

UT Wmmmm
AD|
ES &

|
| i r i
pr -

MR SAMER 105
LT

155}4:4: 204350 05}%?

SoMEh 10438 154350 20434

ECRL mmwwmmm

FDS esvomndinmin

mmwmmmmm

UT|
AD |

ES|
0434
LT}

55}”?#’ 10205 1590BF 20504k

Ofﬁ# SOMBh 104%h 154V 20434
|

FDSWWWW
UT oapeosmooron

S AT A

AD/
ES

O SAMER 105

155050 205050 04h4h
[

Soreh 1008 1548 20504

LT| ‘
ECRL {MAMNAASWIAAMAMAVNAY Y
e

FDS |

A it e

UT)
AD|
ES ;

OSMER  SAME 104ME

IShh 20460 05V

5or8h 100r%h 154r8h 20404

Bl 2 —4 MR BHATE 8 419556 b i 5L R SEMG %dis
Fig.2 Raw sEMG datafrom atypical subject in eight experiments



9424 5104

FRORRAE . BEELTT X S0 L UL A R Y 2 B 5 175

o LHy— o LT —— R (FHR—) — &M (ERE)
o SR o KN Stk () —— 4tk (SEKN)
TEW= o SRE K (Lm=) —— 4k (XRb)

TR o KRN etk (TR —— Lk (KRN
0.040
0.038 -
|
;\5\0036 I H o ® T 0o
9 0.034 |- ) L
50032 K = o ® [] e %, ° °
= 0.030 - S :
: o
< : :
00280 @ © P N
3 [ ]
0.026 - . . :
© [ ] [ ] ° :
0.024 ° , I
3 10 15
HFIR] /4340

K3 84lsh UT Rk Il a2y
Fig.3 Linear regression results of UT in eight experiments

o Th— o TWH — &bk (FLW—) — Ak (LKH)
o LW o TN - Rk (LK) — Atk (THN)
LR= e SR — bk (LW=) - & (ZRLE)
SCHP e IR - Rk (SCRI) — &b (ZB)
0.020

0.018

aEMG(MVC/%)
(=] (=] (=)
e 2 =
[\S] EN N

0.010 -

0.008 ! . .
0 5 10 15 20

A TR] /43

K4 8458 ECRL Ayt M)A 45 ]
Fig.4 Linear regression results of ECRL in eight experiments

o Ly— o LEE —— KM (TH—) —— &M (ERE)
o THT o SHN - &M (ERT) & (KRN)

L= e kb Gi (ZR=) — &K (Eht)
LRI e TN &bk (W) —— R (ZHN)
0.80 -

I8 /5

5 84195 Hh FDS MLkl 945
Fig.5 Linear regression results of FDS in eight experiments

8 HSLmH UT IR T 25 51 LI 3, 8 415556
i ECRL RUZkEImlIH s LA 4, 8 4152560+ FDS 1Y)
PERIHZE R ILIE 5, B 3—5 Jy 8 SIS rh - T

AR 3 B LA LA B 0 2 b [m A 25 5 X T 0
WLA Canl&l 3), EBAEu % H BoRas R 120°/ 1F i
T UT B WL IR I BRFR B e (IR ( SE 5% 5 FISCE 6 ), >R A
2 (YT ) <2 (M) x2 (WRSME) 1
MANOVA AT T8 . B . B s M X
UT () aEMG B0 LA B 3 A8 Z A 32 B AR o
Hop =F2Z ML EAEM (F=0.472, p>0.05); 4K+
%3 F=16.429, p<0.05 ). i i Ji£ ( F=2.945, p<0.05)
IR s 88 F1 1 ( F=5.453, p<0.05) ¥%f UT i aEMG
BARERW, X7 FENA (E 4—5), ECRL
TEAR S | BEPE 15° (5236 2 FISCER 3) AUmHEALIA S
SRBERCES, MRS (5L 5 ML 8) BELPAE
SR A A0 ; Wk MANOVA Z0Hr, B ff B )
ECRL 1 aEMG HA i #5200 ( F=6.226, p<0.05 ).
FDS 7EAL %5 BEAE 15° (524 2 FISESs 3) HPARXT 4
559, MAEVZ . BERh 00 (05 5 MISCK: 8) W JLHL
G5 &k, VO T FEMTF WA — & M ER T -
LG SR A5 o

8 1S5 AN [ AL PR A T2 00 47 305 3 2 S {0 &
6, BT 8 ELL P AT A Bk 6 BeALPIry 0
FPIE . Hrh, &5t ECRL HI FDS AYAIE &
JE ) B v (A B (SR I, 3 {E 43 51 2.88 FiT 2.5,
WL RS A, N A S ] — LA ) 3 UL ET 1
JEZ R IEGEE X (A p>0.05), FHAIRE W
TAEG NS 3 DL TR LA Y 32 07
18 M TC B R e

3 it

ABFFERGT T A TAR & AN S 1% 4T 54
K WL IR ¥ o)) R R 0 = LT 3 1 5 W) o 3 A S 56
R, TERE 4 H SR 280 120° (5L UT (UL PR 3% B
TR AN, HAR T3 SRR . WoR 8 EEXT
UT 1Y aEMG A 520 . 1T REMA R R AL 25 1 1B B0 T I8
B TR A LR 3% SRR B T, R B) i B ) S et 5
Ui BT, XA B TAEARE (AR R ) &%
HH B SR R A S R 24

ECRL Fl1 FDS 7EAR %S | S A% 15°HT LA I sh R B
55, AL 2 LA % ZhFE BE ARG 80 s LSS A
JEXT ECRL Y aEMG HA7 I 3 50 o 15 B T i
FE—E LSO NG 5855, JF Hisad ECRL
H1 FDS 11 JJUH A 3 ULECHE & B, LI TG Sl R B bk
WL A 47 38 PR B . BT 5T 2 30 FH P 78 K st ) i ) i G
B, T )R L A0SR I R AR AN B RN
WO, K2 B P ECF B 5 L T g 5

AR TAE 6 N S5 9l #U8 LLK F 53 WL
DAL 4) =2 LT 3 P TG B 5 ) P T 32 AT 3 M 27 i at
O AR ABEEZ AR, AR 45 R
() R 0T BE 5 4T A )0 K DL AT RS A AR R
3%[16]o



176 % TR 2021 4-5 H
. 6—%:@& 6— =4
6r 5t 5|
@4l o 4
54l 5 T =
o ;E{’S_ g3
gz- B2t a2t
1t 1t
0 . - L 0 3 4 0 ;
UT LT FDS ECR CES AD UT LT FDS ECR CES AD UT LT FDS ECR CES AD
Sr4Epd 6 SEeEAE
4l @5' 4l
= =N | Sl
I 23t a
&2t g ol
B 2¢ B
1+ 1L |JT 1+
L T R R R B 0 '

UT LT FDS ECR CES AD

UT LT FDS ECR CES AD

UT LT FDS ECR CES AD

4rsEtd

3t

"

SFHEMERE

4

3+

2r

P EEE

—

E ALY

Wﬂmmﬁ

i TT

1 2 6
UT LT FDS ECR CES AD

UT LT FDS ECR CES AD

Kl 6 8 2 s AN [l L P A 32 LT A R 2 S (i

Fig.6 Subjective comfort of different musclesin eight groups

ASBIFSE Y S 4 A7 A — 5 B9 Jms R - B T8
LD B AR AR R A i A B AN TR PR 4%
T ST T BB S WA AT A A IR B9 P LB A AR % B
T o AR BIWTFE PR AR SO i B T 582 A9

PR TRRAIE
4 Z5iE

ARSCEAT T AR AS e s2 8, @ik SEMG fl 3
Mﬁ%ﬁ%ﬁﬁ%ﬁﬂ?ﬁl%bﬁﬁkwﬁﬁﬂ

AN L LR IE SR R o 25 S BN R R K T
%% RS L SR A AR R S S A L R LA
TGS B —E R, i S AT IS B R AN
TR PR e AR B (15°F0 120° ) H3RE < i ]
ARG LT, F PR AT SR O A S . AHOC S,
FT DL AL TR BT P SR AT
REAR AL 353005 KU: , R AL T AEEREE A DAk B3 TR 3L
BS.

S 30k

(1] SRR, AR BOTh R AL TR R A BL[]. H

(2]

(3]

(4]

THEAR ST, 2018(24): 124.

Z0OU Wei-min. Ergonomics in Computer Keyboard De-
sign[J]. Electronic Technology and Software Engineer-
ing, 2018(24): 124.

Larissa M. Fedorowich, Julie N. Coté. Effects of Stand-
ing on Typing Task Performance and Upper Limb Dis-
comfort, Vascular and Muscular Indicators[J]. Applied
Ergonomics, 2018, 72(3): 121-127.

gk, WA, XU, . N (R ER S A AT
I AR DG HL PR 7% Bl S P 3 P R e [J]. AR B o
RS 26k, 2013, 35(11): 879-882.

YANG Gao, HU Hai-hua, L1U Jia-hai, et a. Influence of
Elbow Support Height on Muscle Activity and Comfort
During Typing[J]. Chinese Journal of Physical Medicine
and Rehabilitation, 2013, 35(11): 879-882.

IHIRLL. BET N T AR 2 B n] TR I 5 5 181 ey B2 AT
FE[D]. MR/REE: ZRALARL R, 2016.

MA Xiao-hong. Research on the Height of Lifting Desk
Based on Ergonomics[D]. Harbin: Northeast Forestry
University, 2016.

Woods Mitchell, Babski-Reeves Kari. Effects of Nega-
tively Sloped Keyboard Wedges on Risk Factors for
Upper Extremity Work-related Musculoskeletal Disor-
ders and Useer Performance[J]. Ergonomics, 2005,



9424 5104

PR A s BTN SR JBL PR 5 4 3 A A 5

177

(6]

(7]

(8]

(9]

(10]

(11]

48(15): 793-808.

Van Vledder Nicole, Louw Quinette. The Effect of A
Workstation Chair and Computer Screen Height Ad-
justment on Neck and Upper Back Musculoskeletal Pain
and Sitting Comfort in Office Workerg[J]. The South
African Journal of Physiotherapy, 2015, 71(1).

KUO Yi-liang, WANG Pei-san, KO Po-Yen, et al. Im-
mediate Effects of Real-time Postural Biofeedback on
Spinal Posture, Muscle Activity, and Perceived Pain
Severity in Adults With Neck Pain[J]. Gait & Posture.
2019, 67(5), 187-193.

Laura E. Hughes, Kari Babski-Reeves, Tonya Smith-
jackson. Effects of Psychosocial and Individual Factors
on Physiological Risk Factors for Upper Extremity
Musculoskeletal Disorders While Typing. Ergonom-
ics[J]. 2007, 50(2), 261-274.

Kia Kiana, Sisley Jonathan, Johnson Peter W, et al. Dif-
ferences in Typing Forces, Muscle Activity, Wrist Pos-
ture, Typing Performance, and Self-Reported Comfort
Among Conventional and Ultra-low Travel Key-
boards[J]. Applied ergonomics, 2019, 74(1): 10-16.
Grace PY. Szeto, Keith S.\W. Sham. The Effects of An-
gled Positions of Computer Display Screen on Muscle
Activities of the Neck-shoulder Stabilizers[J]. Interna-
tional Journal of Industrial Ergonomics, 2007, 38(1): 9-17.
IR, EAER, JTLL, 4. G SN BN SR
FARERT S FR AT 8 BE RS [J). A LA, 2016(8):
67-70.

[12]

(13]

(14]

[15]

(16]

JI Li-jing, WANG Yan-qgi, WAN Hong, et a. The influ-
ence of Tilt Angle of Display on Head Comfort in The
Reasonable Scope[J]. Modern Manufacturing Engineer-
ing, 2016(8): 67-70.

PEAnse, #XEE . HT AN TREZ A BT B 5
HHFSE[). s T/, 2017, 38(4): 211-217.

PANG Ru-ying, ZHAO Xin. Research on Elderly Com-
puter Keyboard Design Based on Ergonomics[J]. Pack-
aging Engineering, 2017, 38(4): 211-217.

TANG Zhi-chuan, SUN Shou-gian, WANG Jian, et al.
An Ergonomics Evaluation of the Vibration Backpack
Harness System in Walking[J]. International Journal of
Industrial Ergonomics, 2014, 44(5): 753-760.

JRPHE . BT AL TR /NS RN A SRR
[J). #&it, 2018(13): 122-123.

ZHANG Dan-ting. Design of Small Space Office Desk
and Chair Based on Safety Ergonomics[J]. i it
2018(13): 122-123.

TRE, BOGE, KA. BT AN TR TES
B[], HLI, 2007(4): 37-39.

QIN Qun, CHEN Guang-xia, ZHANG LI. Design of
Computer Workbench Based on Ergonomics[J]. Me-
chanical, 2007(4): 37-39.

Lassen Christina F, Mikkelsen Sigurd, Kryger Ann I, et
al. Risk Factors for Persistent Elbow, Forearm and Hand
Pain Among Computer Workers[J]. Scandinavian Jour-
nal of Work, Environment & Health, 2005, 31(2): 122-
131.

( 35 129 11)

(10]

(11]

IR, A, X, 3T IR 7= kit
X P IR 5 BB 5 (). 4 B 2E R, 2018,
15(8): 1205-1213.

JAO Yuan-yuan, FU Shi-hui, LIU Ya-guang. The Mech-
anism of Product Design Affecting User Perceptions: A
Grounded Research[J]. Chinese Journal of Management,
2018, 15(8): 1205-1213.

STRAUSS A L, CORBIN J M. Basics of Qualitative
Research: Techniques and Procedures for Developing
Grounded Theory[M]. California: SAGE, 1998.

(12]

(13]

ER RE R R AT TS 2018 4E[R]. il L
a5 AT FRZS B, 2018,

China Smart Home Industry Research Report 2018[R].
Shanghai: Shanghai Research Market Consulting Co.,
Ltd., 2018.

SF— W 22 I 50 e 2018 IR 9 B BE R 11 1
[EB/OL]. (2018-03-21) [2019-12-30]. https://cbndata.
com/report/648/detail ?i sSReading=report& page=1.

CBN Data. 2018 Internet Netizens Sleep White Paper
[EB/OL]. (2018-03-21) [2019-12-30]. https://cbndata.
com/report/648/detail ?i sSReading=report& page=1.



