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Measurement on Comfort Range of Korean Population’s Joint
Motions for Designing and Evaluating Workplaces
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ABSTRACT

Daily exposure to constrained body postures and deviations from neutral postures over a long period
may result in discomfort as well as pains and aches in the muscles, joints, tendons, and other soft
tissues. Furthermore, it was known that poor body postures are a major cause of musculoskeletal
disorders in industry. Therefore, in this study, comfort ranges of joint motions were obtained as a
criterion for evaluating body postures and designing workplaces ergonomically, which were based on
subjects’ perceived discomfort level estimated by magnitude estimation. Nineteen healthy male subjects
participated in the laboratory study. The results showed that comfort ranges of joint motions occurred in
the wrist, elbow, neck, and ankle were little less than their normal range of joint motions, but those in
the back(L5/S1) and hip joint were much less than their normal ones. This fact implies that the back
and hip movements are more stressful than the other joints movements.

It is expected that comfort ranges of joint motions can be used as a valuable guideline when
designing and evaluating workplaces.

o
‘2
al

1996 3% AFigtn BALAT7IFOR o] FoAlS



74 71

K N AT &G

1.M B

AT 1x2 JgE Mg ohis} &
gl UgpllMx 7)ee] dgz Ago] &EIF)He
et ARREE7] A9-HA Held AF 2 gzl
of AF %Y AFA digk 7luirt sebkn
Atk olF #siME A2 Hi-Tech 71 /Mg
7 HE] QITte] 7R ba»} #AE e
AEee e} 718 AEd Uit olErt a7
o AlF AAMe AEEe Ykt Algst
THE T Qzke]  AA|X)4(anthropometric
dimension)7} 4202 yHEHB o|F ulgtow
o] st AEEE 7PEe] HEHo A2
AFE A drt oleidt 7k AAAlgol=
7P 718l e A%, Bdo), AF 22 A3

QA X|4(static anthropometric dimension)E &
T Ao, AA HAAdAe olhtke 3ol 9
AolA =33 reach envelope, B3] =2pH9
59 4 QA X9(dynamic
anthropometric dimension)7} £83% 4&g
o AR 9=, 53] ulse] NASACAE QA9
HA A4E 100029700 o2& AH] 2ol e}
o FAd HRE &3 s ew glow
(Webb Associates, 1978), 14 #do] Fzhi9
oF o] g (workspace, reach volume) %
o F3 QAR i ekt | HupEo
e AFAA L Hrkl 2851 ok $
vl e FhAEA] 198095 E 10099749
ool gt A QAXF A8E wHsd o1
dom, HZe] AgTe 1992d0] LE3 I=H
FHGATEY FVEFAYEAIRIME &
Ak {]‘3‘101] T4 A4 A AF2E o]
A 5(19%)8 & B FAHES, /1=8(197)
o 74 hip WA} 314 #A-Y F2E$ 9} robot
717 o] 8% AYFEdY A Mg Fol o

(range of motion)
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HTE E F Aoy, A &5 visle vf¢
55 Aol glod, AF AAd d59y 53
SA4E AdE sl Fdla e 4otk

TH AHERE Hold FAA2HE e o
Ab Al A 7].1} &3] ukAsk £ Qe AA 28
25 ootk ol FAAAAE ANE AARE
AR 2%, ¥, 27 AZRA(soft tissue)ol
E%(discomfort) ¥5F ofz}l EF(pain)d 5
(ache)g 3K Corlett et al., 1986; Grandjean
1988), T3k £ %3+ &A|(poor body posture):
AdAelMe] 2EAA AT F23F Yo &
27 UtHAaras, 1938, Burdorf et al, 1991;
Keyserling et al., 1988 Ryan, 1989). #A7}#] o]
gt AHE Hrkel] Asted OWAS, VIRA,
RULA &9 7 &7 AZl(postural classifi-
cation scheme)7} 7d=o] ARG 9lom A2
& AES XA Alole Diffrient et al.ol} 23 &
e gkeks wWie] <kt F2RHA(oint angle of
comfort)7} AMREIRL ITKDiffrient et al., 1985;
Juul-Kristensen et al, 1997). &7|A ¢tet =2y
H(comfort range of motion)#& z} WH9 %
Aol B8RS 71 33 $AY £ e B
TEHAE uigith. AR w0 e v
ol thgh ¢t FAESe B o AAAE
Azt sk Aol 7t #HZ x| o)
FEFHAte]l oF 24 Azo] Wed FHE
°F A UthAAF T, 1997). 18, ol
g ket & Hle d=Rle] QA EA4E wkaddt
o] opd ¥k opiet AIFHRI AA} HAe o
gk A9k AAEo] AUk

oA, 2 Al gl digh AR B
AE =717 gv F8 #H T dig F23
EAR A i NS 24, AAslz
b gtk A71M S4 g BAdEe 1‘:9‘ A
o7, L5/S19] 7 hip ¥4, hip
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7 s Bd Y giREy A #EE xEst
o 7} B M FHflexion), 41 (extension),
U - 93 (adduction-abduction), W -+ ¢} (medial
rotation-lateral rotation), lateral bending ¢
U 52 A (degree of freedom)oll tishe]
Qe SAHAE SAE olfd A A ¢
g QA Asak 59 ek WA A7)
o} & A Bk Vx ARE BEE F UE
et

2.1 243

2 7ol Agelt 1989 W uist 3 oig
8 sppel Aefsiglen], olge Skl 2Ea
489) FYo] gl AT FASoIT. HUFR

€9 A ;‘Zﬁl“ vpo] 254 £ 274, AR 1719
T 60cm, 283 AF 671 =70kgS BT

2.2 Aguby
B Apdre ¢tet s2holel 43S 9o
7 B FRANANY 57 $F0 B FuH B

AT E magnitude estimationS o]&3akd &3}
Hom, Ay M HHPAE0]  magnitude
esimations 3 & AT 5o e A&
numerical estimations ©]83ld sl 4
o] gle JAEAES AAIHY. magnitude
estimation®ll= I A @A) S w07 %7] 7]
JA3F= modulus method$} 27] 7]&&
AABIA] e free modulus #Hel glou B
At M FHAFA A scaleR AHFFA ¥
T4l s free modulus WS AEICH S
A3 5, 1993 Gescheider, 1985).
o w4 & BHsE ok el A A
oA 4z ZA8HY 01, magnitude estimation

% free modulus WS AH&-ste] DARAL 247}
9 scaleZ H7FHA &tk 92 AAe FHo]
7F 3L SRo)7 907 o Afel] ke Apafolw, A
AAlE = 4lzo] 7beete s viEelA 20cm
EolY W ol A Adoltt. £ A FA
P8 e o2 & 1o AEsd °‘°‘11, &
= BEA, o, & FOMF hp BE, F LY
S1), hip &4, F&3 459 F8 FF XF%E%
st EHE SA A9 54 AREY e
&8 BEA, B ohip, FEA EEY Ae
Murrell (1969)0] AT #HE wgtow o7
53] 24 whHe Chaffin®} Andersson (1991),
Kroemer et al. (1994)°] AAIgH ¥HHE, S(back)
o] 22 7=y (1996)°] AAF é@ e
ol &3tglrt. gk AAMelME Y Agog ¢l
3l 8T & AUY T A1A, hip #H] AAH
W, FE8Y 50 A AAlelA ST
Ag Aol 7+ FAAPA tigt BHx F4 o
b &2 A= tiste el 74]’\]?'} 71&¢]
WHES ol8std FAHAE A, o]
TAE 2 T4 Ak g FAEAE
. BiE 332 7 #EY B AREY
T2 09, 25%, 50%, 75%, 100%9)4 ©]F
ojFom, 100% T2 Zt 4P Ny 5
AHAE duigitt q7|A 7 F3 Afrxe] 3
HAE e e 32 B3] TR Js
o} Zopx| At FA e % shARh B AT
dMe 4 didd AR 3] dig A7 &
ASE FAsGh A7 A0S 4 Al 23
o] obd & 2R FH(neutral) AAE
HIEE st AAHA L T AREY I
= ﬂfﬁé}ti it 283, Foi F3F A}
Sz A2 HE o £ olFd FsHload)§)
O] B3 AAE Heth Azt B AL A &
Mot e AE 23S BE A AHE 9
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E1. BHET ¥ SE
& A A 7 Al F e A A

Z & - 4l A (flexion-extension) =3 - A

& = 8 F ¥ % (radial deviation) =
Z ¥ H & (ulnar deviation) 8 & ¥ g

g =2 x| 2 0" e =
supination - pronation suptnation - pronation
2 - AA 23 - 4AA

o 7H WA - 9A WA - 9gA
W A - 9 A (medial rotation-lateral rotation) Wl - g
=5 - A =T - A

5 (back) rotation rotation
lateral bending lateral bending
E A | 3 - AA

= (neck) rotation rotation
lateral bending lateral bending

2 - AA = =

hip yAd-9gA 9 |
WA - ¢ A (internal rotation - external rotation) WA - g

5 g = = *

ul gz | =3 - Al & (dorsi flexion-plantar flexion) =H - 44

= B WA - 9gA WA - 9A

randomizedt] o]FoiHrt & o] Hagale)

EHE FAde o 8~10ARke] A8Eon, &

F 2AZ Y 4970 A F70) o]Fo AT
3.2 4

Aedh upol go] Foi Ao F3 &

HEE magnitude estimation 3 free modulus
WS ol&sle AT W, 72 fdd

2leitt BHE Hrlo] AR H scaleo] 24 @
o mEkA, 2 dFeME WAz 5j4d@ate) o)

st Jrt FRAE Fo Auighs o}, ZE 7}
Ags HUgeE e HubEHmaximum
transformation)& 2} IAPAERE  F35}d]
scaleo] 24| 34t o) W AFE A 19
o] DAl gt 71818 F(geometric mean)
< Tl 4o vEgeE AN

3.1 $a4E3) 2R W)

2EA BNY 52 470 B 2Hse)
A% oe 38 1, 290 vk Qov), 2ol
BE Hish 2o] $3 S70] 210 A2} 2w
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40.0 40.0
= 10.838e> 016 y = 11.432"014%
T 300 R® = 0.9686 5 300 R~ 09377
2 3
& 20,0 & 0
] E
=} o
2 2 4
5 10,0 £ 100
0.0 0.0
0 20 40 60 80 0 10 20 30 40 50 60 70 80
modtion deviation(") motion deviation(®)
@= = @2z =
45.0 500
40.0 y = 11.2426° 919 :gg y =0.0094" - 0.1423x + 13.875
5 360 R? = 0.9858 B 150 R’ =0.9393
3 300 3 o
E 25.0 :of
= 20.0 g
=3 [=1
3§ 150 2
® 100 =
5.0
0.0
0 10 20 30 4 50 60 70
0 1 20 T‘nOtl%?l deviaé%n(°) %0 80 " motion deviation(")
b) & d (b) 4 X
45.0 40.0
_ 0.0428
40.0 y «210.61e o y = 112336005
E 35.0 R* = 0.9769 T>, 300 R?*=0.9654
5 300 3
t 250 1]
5] S 200
:5, 20.0 E
Q
2 15.0 2 100 4
B 100 4 S
5.0
0.0 0.0
0 5 10 15 P 25 30 0 5 10 15 20 25 30
motion deviation(") motion deviation(®)
© ezH © 22
40.0 450
y =11 746600223 p 400 y = 11.985¢00225 b
— ) _ 350 2
5 30.0 R? = 0.9807 E 0 R>=0.9598
= T 250
% 20.0 *E 200
§ ; 150
5 100 9 S 100
50
0.0 00
’ 0 10 20 30 40 50
0 10 mc?t?on de\‘iatigr?(") 40 50 motion deviation(®)
(d) E=HE (d) &6
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2 4EY I X0 w2 2T A
A 7 A ¢ = A A
% A ,
52 s o 7 4] R*(%) wu3 A 4] R*(%)
= =y =11432e"0% 938 || v =10.838""6x 9.9
2 e A A | y=00094x°-01423x+139 939 | y=11242e"""™ 986
Tl e E A | y=11233"" 95 | y=1061e""% 977
Zz 2 7\ & | y=11985"" %60 | y=11.746e2" 9.1
= 2|y = 0.0004x°+0.0968x +8.6 93.3 | v =0.0004x°+0.0947x+7.7 91.0
FHA] | supination ¥ = 0.0023x°-0.092x+14.7 904 | y=0.0028x*-0.112x+12.4 9%.2
pronation v = 0.0042x°-0.1358x+14.4 04 | v=1011"" %.1
Z T |y =9.4865e"010 %5 | y=02753x + 76 9%.0
Al A | y=06908x + 74 984 | y=0873x + 54 2.8
o W A | y=170128"% 952 | v=19.182""" 976
9 A |y =17.994e" % 985 | v =20.14e"0 9.7
W A |y = 1745070 983 | v =0.0024x>-0.027x+24.7 %6
9 A |y =18011e"% 985 | v=11187x + 226 9.3
= = | y=04268x + 7.2 979 | v=04507x + 6.1 9%.7
e 1A A | y=04899x + 6.1 90 | y=06134x + 39 9.1
| rotation y = 7.8539¢"014 897 | v =6.1279 9%.6
lateral bending | y = 7.8238¢""% 92 | y=6.1006e""20 9%.2
Z 2 | y=05153x + 84 976 | y=05346x + 7.0 9.6
- Al A y=23792x + 81 99.9 ¢
| rotation v = 89304”0100 975 | y=07497x + 4.1 %85
lateral bending | v =1.6942x + 7.3 989 || y=17793x + 6.8 979
Lz T | y=1091x + 102 996 | y=-00248x>+2.7488x+11.3 9.1
2 A | y=-00112x*+1.8682x+11.3 9%6.2 *
hip W A | y=187x + 104 984 *
9 A | y=-00106x"+1.9452x+9.4 986 | y=-0.0056x"+1.3537x+7.8 9,88
W A |y = -0.0099x"+1.5759x +21.4 946 | v=-00192x°+2.1732x+8.7 9%.9
9 A |y =-00191x*+2.4085x+21.1 971 | y=228x + 115 979
72 g B | y=04223x + 119 94.0 *
z T |y =0.0042x"+0.7061x+10.3 96 | v=70102"" %5
o el A A | y=08027x + 9.1 979 | y=08719x + 40 9%.3
R RS A | y=09562x + 83 979 | v =6761e"% %.7
9] A | y=00118x+0.2366x+11.2 973 || v =6.3066e"%4x 9%.5
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=7t KA eS € & At 4 BE AR ‘T3l BTN ‘FI gEFor AFE
oMol &7} AEE fittingdt Ao] 2] e} categoryZte] 7HAo] FoldS & 4 gtk
Jod, 1 Fele MY, ¥BM 2L 2I ¥
5o Fug Bolx gtk ¢ A A Al 3. categonoll thet SH=
Ao &5 Bde) Fixe vsg A7 Ut category BHT F7]
73g Holn Utk 3] BH3Hextremely poor) 100.0

Aot 22 les 78 WA, of, & 5, o} 2% 3Hverv poor) 804
hip, 753 & #49] 54 5 02 2Hx B3 8K poor 641
ifgﬁ?ﬂjij;ji J’J; %ﬂji—jz %3 23 %Hpoor a little) 199
RE B4 AfE 2o Ue A pEEE | o

A o 7 ¢eigood a little) 2.7

ﬁ‘é,}aﬁ 2 21 Y FHE fittingd T 63
o}, R* Ztol A Aol 2] £ rotation®] 89.7% i i
£ B AL AYSIE 0% o4E Bl fiting | L Dvery good) 59
HT7} O 2SS o 2= 9] =3] <ek&tgHextremely good) 69
3.2 A7t B A} goj2] BH 3.3 = A

2 d7dMe T ARy gl g A% £ dFelxe felM AdFe 9709 category F
BHEE magnitude estimation % free modulus ‘T3] RN REAE, F A% BHE =
WS ARSSl Brksilenz ofE ket 53} 717 T F9S < F9eE JPgEla, & 29
Mool HES ire *Hi% HE VES 8 A A AE olgste Z B TR ¢ F
gtk webA, B dpelMe A BEx —’r‘%é ZPHAE AL 4] HE Y category
U g *F%OPD%, category scalingols % o Pk BT BIE YT dof SYHs
o] AMEElE 9709 categoryZ HBE}IA} dhh grol <t F2pELI AAE ddh & T AM)
ol HeiM AFo] B Fol| AP} HrIgH (neutral position)ollA HellM &t ZHAZAA7}
B 34 24E BoFa, 2plo] Bk B et TP "k AA7)M, ARG 4G 0] 83}

= ol 2A%A 99 categorydl siEEe of 73 SPWSxY ol S2EYY dARE
HEE FqsA sk o1& Tl ShellM 9t o) Hojg At 1 g FAEYY dARZ A
HA HEE 3 oy, 7B TS 7otk olE 9l a1, 0B &8 A9 e B BAGE
9] categoryoll d|@ele BHE #Foz 7143 002 it} (o] Bg= Foi categorydl 3F3}
Aok 971A, AFEE 9709) categorye ‘53] B T e A7 EABIA ¥es g, o
ey, s EU, BHY, ‘25 BUY, 'BE A ke olfv < BFEAY BARe]

o
‘Fa A, Ay, wie o=y, ‘58 = A A FAHAE Hojue AL dadez
¥ Solth olE categoryell tigh ¥WlEg=Z e} oqu)7} Q7] wiEolty z A F&o] Uik k=t
d BARe Zrle o # 39 AEEo] ith SRS o H 40 AElFo] Stk BollM 2
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E 4 UE Sxof okt Sahel
A 2} A S |
I % [o] Q Q [e]
Rl PP ‘—@[Tﬁ?” %3(*2?‘5 T e %Ta}f@ %?2?” WA2)
= = 0~ 72 7 100 0~ 72 72 1.00
P A 0~ 57 65 0.83 0~ 60 65 0.92
D T NS I 0~ 29 29 1.00 0~ 28 29 0%
= Z A ¥ 0~ 49 50 093 0~ 50 50 1.00
Z & 0~145 145 1.00 0~145 145 1.00
B2 | supination 0~ & 119 0.71 0~114 119 0.96
pronation 0~ &7 87 1.00 0~ &7 37 1.00
2 = 0~132 184 0.72 0~103 184 0.56
Al A 0~ 41 72 057 0~ 35 7 0.49
U A 0~ 29 44 0.66 0~ 23 44 0.52
of 7
9] A 0~ 78 132 0.59 0~ 67 132 051
2 A 0~ 92 116 0.79 0~ 74 116 0.64
<] A 0~ 22 32 0.69 0~ 12 32 0.38
Z = 0~ 67 69 0.97 0~ 66 69 0%
o Al il 0~ 61 % 0.64 0~ 52 % 055
B rotation 0~ 71 71 1.00 0~ 67 71 0.4
lateral bending 0~ 49 51 096 0~ 46 51 0.90
Z = 0~ 53 115 0.46 0~ 4 oY 057
- Al A 0~ 12 36 0.33 x * *
° | rotation 0~ 73 % 0.76 0~ 42 70 0.60
lateral bendin 0~ 17 3 0.45 0~ 16 35 0.46
Z = 0~ 23 80 0.29 0~ 10 45 0.22
Al A 0~ 14 51 0.27 x * x
hip Bl Kl 0~ 14 28 0.50 * * *
] A 0~ 15 61 0.25 0~ 23 77 0.30
B A 0~ 10 48 021 0~ 14 42 0.33
9] A 0~ 6 43 0.14 0~ 11 32 0.34
72| 2 3 0~ 57 116 0.49 x * x
Z = 0~ 31 36 0.86 0~ 33 36 0.92
N %l 0~ 33 36 092 0~ 36 36 1.00
R A 0~ 29 38 0.76 0~ 36 38 095
9 Kl 0~ 37 41 0.90 0~ 41 41 1.00
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A% H7ke AY 959 DAY Qe RS 24 8]

© R} Zo| &, BER|, B HE @A Yo
Ue ti2e] 58 A=Y O s3de
2919 80% oS ARBI 9l ol FA
Az EHRrt g8 #d 2l vigle Hes o
F Aok 224, hip? S(back)l ¢} FEEY
T TSN ARskE viFe] o}, Aujzoz
a7k 5 ¢ 7 ok E 4edXe BE 7R
Qe FAAE AABIA U, AAE A4S o]
B3 bE £ FHY T (isocomfort
range of motion)%= 7& 4= i}

4. EO| 3 &=

2 drdMe QAlY 8 B -&5, 3EX)
olf, £ F(5/SD), hip, F-EF FEIM dout
© WY & Az ud ok s
AT 2 B B2 AR ke FA9)
st i, 2 Aol gt 3)AHAE AAE
Hdsks w50 g FHY FAEAE AL &
QA sl 1 FRAEE AT st &E
TR, g 78 FAEY e FHo] o
g FARE A glen, 53 hip #Ee
FHAHoE TR wWE A7 BHRL A ok
SRS AA Jebsth oleish B ol A
g zh B Qg T s A9
HAE S A7 AMeg 71&9 A AME
BK o] 71Eo R ARREHAE & S Aol
ol m3il) thgh ket FRPHAY s 3l
= 48l =Rl T4 4 548 Uehlle
T8 A52 882 F UL A0 VUt
&5 B9 54 ART § . ZHE 239
Fol <tet FAPHS} SR 7Y, ol59)
Zt BT ohe AHe-S vl e, o]
&2 CTS(carpal tunnel syndrome) 23
e F2 9o deiA Slof, AzkEEd A

ook

g,

e a2

A ARdle o5 T35 7Feshd Haslsloo}
gohal =] giok(Sanders & McCormick, 1993).
A3 AgME olE T A BEHEIL Hol
A A AoF ofidsle] olzjdt 529 93
doll thgh b wSo] awEn sk ey,
olejg A |7t BHEe &4 Ao &o B
3HE 7hstA] @st7] WEoz Aztsy wiek By
£ 34T 9 R35 71 A9= 319 A
g BEAEr} AdiEes A oz oiso
AT MFe b = S Aol

2 d7elXe BHT e HNE Auiie] )
dog Be 133 el oA B8 &5
o W& A7 BHEE FAsd, 72+ BHe &
Aol e ke FAHAE AASAY. 28
U, Zhang et al.(1996)2 B33} Qkgke Aulr)o
7Rgol ohdel, 3ol At tgho] Fkshe
23A NES AAEET webA, olzE Az
& gl 2AT e FEREYC g a7t
ool & Aoz Mzidr B dAFdMe 13+
Toll thek ¢t FAEAE AAEIYO, ke
s)5eta 540 22 oj4ke] FAto] dojud
M2 FEE A AolBZ 227% olde F3t
of thgh <kt TSl gk Avvl eubEch
ag]y, & dAfexe FoR 57 ARES Y
m ol olFd Fate sbekA] gokont, R3le
a718 A7 Az e} Az gEEs g2l
Zolng ofdf gt ¥ ATE Qlojof & Ao
2 AZbEk

£

=

g1 g

rek

(1] 71=%, “AHdFqe] 4 A4S A% 27}
= 29 289 247, oy
A 15(2), 15~24, 19%.

2] 71=%, 24 E SEAEE 183 reach
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