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Figure 1. The RULA scoring procedure
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Table 1. The mean angle during Scaling treatment )
.. posture | Rightarm  Leftarm  Right elbow Left ebow  Neck  Trumk Trunk lateral
Statistes . | abduction  abductin  fleson  flesion  flexon fleion _bending
mean 26.18 25.21 63.28 65.20 82.19 81.21 131
SD 13.76 12.86 17.47 15.28 14.30 511 261
Max 3.1 70.85 134.2 115.1 130.16 91.16 16.62
Min 0.00 0.00 19.64 21.15 @233 627 0.00
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Figure 2. Posture score A (n=994)
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Table 2. RULA score & Treatment region

rula

J Korean Acad Dental Hygiene Education Vol. 3, No. 1, 2003

right upper arm 223+1.18 2294082 278+1.39 287+1.33 2394098 247+1.07

right low 2971018 2221042 30 296+024 227+0.44 291+0.29

right wrist 4+0 410 4+0 440 4+0 440

right wrist twist 240 1.91+0.29 240 1.98+0.14 1.96+0.19 1.97+0.18 0.2135
right neck 455+060 398+069 4.34+078 4.21+0.69 4+0.7.3 427+0.64 0.0001*
right trunk 2.71+0.66 2.56+0.72 2.82+0.69 2.719+0.60 2.51+0.55 2.711+0.5 0.0001*
right RULAA 488+095 4424072 538+1.33 540+1.35 453+0.20 54091 0.0001*
right RULAB 3544095 2891088 2.89+0.88 3.21+0.88 2.85+0.82 3.13+0.87 0.0001*
right final RULA 4541094 3844067 4.79+1.20 460%1.13 3891084  4.35+096 0.0001"
left upper arm 2.36+1.09 1.78+085 255%1.34 221%1.2 1.62+094 208+1.06 0.0001"
lower arm 297+0.18 2.22+0.42 3+0.16 294+024 2274044 2911029 0.0001*
left wrist 4+0 4+0 4+0 4+0 4+0 4+0

left wrist twist 1.99+0.10 1.91+0.29 1.96+0.43 1.95+0.22 1.95+0.22 1.93+0.26 0.3578
left neck 4.55+0.60 3.98+0.69 4.35+0.76 421070 4+0.73 4.27+0.64 0.0001*
left trunk 2774066 256+072 283+069 279+0.60 252+055 2.71+0.56 0.0035"
left RULAA 4.86+0.79 3.89+0.88 5.19+1.22 4,79+1.01 3.75+1.01 465+0.89 0.0001*
left RULAB 354+095 289+088 3.45+1.02 321+088 285082  3.12+0.86 0.0001*
left final RULA 458+1.02 3.58+062 4.71%1.10 424+1.02 3.54+0.83 4,08+0.94 0.0001*

*P<0.05

L (Table 3)3} 7t}
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Table 3. RULA score & Treatment position (n=1497)
h'""""?-i.‘;’f_smc’n 8 position 9 position 10 position 11 position 12 position 13 position  p-value
rula _
right upper arm | 4.47+0.77 262+1.40 226+1.03 250+102 227+085  3+0.82 0.0004"
right low 340 3+0 340 3%0 2.06+0.27 3+0 0.0001*
right wrist 4+0 440 4+0 4+0 4+0 4+0
right wrist twist | 1.9940.37 240 240 1.98+0.13  1.94+0.24 240 0.6030
right neck 436+06  4.33+069 4594059  4.2+0.71 3.94+07  467+052 0.0001*
right trunk 368+048 2654059  3+058  285+051  2.47+0.65 3+0 0.0001*
right RULAA 7014124 5274128  486+077 5074082 4.29+080  5+091 0.0001*
right RULAB 4.11+081 3234092 368+089 3114084 278+0.86  3.57+053 0.0001*
right final RULA | 6.21+1.13  456%1.11 4604094 436+076 3.72+070 4.71+0.76 0.0001*
left upper arm 1054023 227+1.16 249+1.15 262+121 1.45+066 1.43+053 0.0001*
lower arm 340 3+0 340 3+0 2044020 2.86+0.38 0.0001*
left wrist 4+0 4+0 4+0 440 440 4+0
left wrist twist 240 1.96+020  1.99+0.11  1.89+031  193+0.25 2+0
left neck 436+06  4.33+069 459+059  4.2+0.71 394407 4674052 0.0001*
left trunk 3.68+0.48 265+059  3+058 2.85+051 2474065 3+0 0.0001*
left RULAA 4.05+023  487+089 5054092 5134104 348+070 4.29+0.76 0.0001*
left RULAB 411+08  323+092 368+0.89 3.11+084 2.80+0.86 3.57+053 0.0001*
left final RULA 4214071 430101  479+099 443+108 3.36+050  4+0.82 0.0001*
* P<0.05
Table 4. Accoding to region among the time position
.,......,‘,..._,___‘Al'egionV maxilla maxila  maxilla mandible  mandible  mandible total
position - right anterior ~ left left anterior right
8~9 position k] 1 46 53 0 40 183
(46.7) (2.2) (58.2) (51.0) (0.0) (40.8) (36.8)
10~11 position 46 7 32 44 20 40 189
(50.0) (15.6) (40.5) (42.3) (25.3) (40.8) (38.0)
12~13 position 3 37 1 7 59 18 125
(33) (82.2) (1.3) (6.7) (74.7) (18.4) (25.2)
total 92 45 79 104 79 98 497
(18.5) (9.1) (15.9) (20.9) (15.9) (19.7) (100.0)

x?=262.322, df=10, p<0.01
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Table 5. General characteristics of study subject

Characteristcs ~ Mean  SD.
Age(yrs) 26.0 281
Height(cm) 160.75 487
Weight(kg) 50.41 4.20
Career(yrs) 4.46 3.37
Duty hours(hours) 8.71 0.84
Scaling time(min) 31.91 10.59
Scaling patient(n/week) 2218 16.37

160.75+4.87 cm, ¥FA& 5041+420kgo| 5 &
o, TFAZHE 8711084417, 27 Al€A]
7+ 319111059417y, 243 FF F738
AR 22.18+16.379 o] ¢} Table 5).
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# 93 AFRAE B HeE 9F g
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Average body discomfort

1. neck 2. R. shoulder 3. L. shoulder 4. R, back 5. R. wrist
6. R. hand, L. back 8. R. lower arm 9. R. upper arm, R. leg, R. ankle

Figure 5. Average body discomfort survey
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Table 6. Kendall comelation analysis for Body discomfort & Angle Prameters

Angle Right Left _Right Left . Neck Trunk  Trunk
- Body Arm _ Arm Elbow _Eibow\. Flexion Elaston . Latel
discomfort Abduction Abduction Flexion Flexion Bending
Neck 0.26 0.17 0.12 -0.45" 0.13 -0.26 0.26
ShoulderR 0.31 0.31 0.12 -0.28 0.19 -0.37 0.21
ShoulderL 0.29 0.30 -0.12 -0.39 0.10 -0.52" 0.48"
Uparm-R 0.33 0.68" -0.39 -0.16 -0.19 -0.28 0.22
Uparm-L 0.43" 0.75* -0.16 -0.41 -0.15 -0.44 0.37
LowarmR -0.10 0.09 -0.32 0.25 -0.06 0.16 -0.27
LowarmL 0.56" 0.69" -0.35 -0.40° 0.00 -0.05* 053"
Elbow-R 0.24 0.38 -0.35 -0.45 0.49* -054" 0.40
Elbow-L 0.24 0.38 -0.35 -0.45 0.49* -0.54" 0.40
Wrist-R 0.00 0.02 0.09 0.15 -0.05 =013 0.09
Wrist-L 0.30 0.58" -0.22 -0.43 0.1 -0.54* 0.52"
Hand-R 0.31 0.14 -0.12 -0.03 0.16 -0.15 -0.11
Hand-L 055" 0.57" -0.23 -0.53" 0.20 -0.50" 0.40
Back-R 0.03 0.15 -0.01 -0.07 0.18 -0.20 0.09
Back-L 0.07 0.18 -0.09 -0.14 0.09 -0.24 0.16
Thigh-R 0.09 0.57" -0.26 -0.14 0.24 -0.41 0.34
Thigh-L 0.00 0.46* -0.27 -0.26 0.27 -0.44 0.44
Leg-R 0.12 0.42 0.03 -0.25 0.08 -0.23 0.17
Leg-L 0.07 0.36 0.10 -0.22 0.05 -0.14 0.09
Ankle-R 0.06 0.29 0.03 -0.21 0.00 -0.16 0.1
Ankle-L 0.07 0.37 0.01 -0.22 0.07 -0.15 0.11
Feet-R 0.25 0.58" 0.03 -0.29 0.03 -0.25 0.22
Feet-L 0.16 0.48" 0.01 -0.40 0.06 -0.27 0.31
*P<0.05

Aoz 4A gla,

AN 23] ABAAE Fo| FoiA
I o] 7 AAE Hsted, )T M=
AAE & FH & 7keA |z, 53
A Aol e AL o2 A v A
F5 BNE 7HHE FEo ¥91 vuHw
31';]_15)'

A#ejarel A3 zh3ALE HAte s AN
AR F ol A 7ol 5w, o] e
of Xztgule] gulE AL X HRofe]
45 ATl Ag 28] BRI 3
Ao, AAFE 24 o]g T3l gu}

£ AEAAE ZES o)l W A4da F
87} 9o siehn Adskn S,

2 AFdNE AeAY ARNAES 2
A3 AeA v Boi& B A A2 2
A9 $4EAT 92384 £AY RULA
checklist® 4 §3le] Al&AHo] A AL
SrAsssh 249 AeA AHd oe A4
¥WsE Yelugiom, 7312 AR 2
5% m#4oz 33 AEeaAge = 4
HAE ARs 248 AN 2ol A
N2ARE PR £ Hua Bt

A AAE oF 165679 0 W5l 5%



82 ] Korean Acad Dental Hygiene Education Vol. 3, No. 1, 2003

deom, £ 479 A AR d9L 260+
2872 ZR7AEL 4464337902 Jeh}
o)®ucte XHAsAALe] Aol G Aoz
et

273 AEAZHE FF 319183l ey SD
1059822 et 243 $ate] F3A
of @} zo|7} Yehts Zloz Moy, A
B} 32 F7AAE QA FF-E 2218 ]
don SDE 163794202 zlo|: X|Foehy
o, AL, AHgR ¢ 2AEI7) dEez
Bl

273 ANEA ATz ¥ JHE 8%
o QB 7§ 40~799°0|A A BI} o] FoA]
' AL A8 B EZNA FAY
A= 7748 N&A Jepgen Straker®: 0°
ol A 45°¢] oj7) FF¢ F/he o EUEE
Bgon, Cailliet?: 9A}e] ¥o|2HE 7B
=9 ¥ol7} YF FohAd 19 Ae] A
AN A4 2gE FAY o7t 9= &
g7 Ho] $x120 44 A YA
o] 40° A=} HA A5 o] 70%2 A3
€ By, =% 2Rzt vF 2 H5d %
o] oz A$AA He FHst okxA HA
Y o7zl ¢EH cllFoez HAM T{el
5%5¢ w7 993 F3sd. o2 d 2o
AR =E Aghe oj7)d AAE T8 AT
g & op7|A7 2 &S ¢ 4 T

243 A€ $iA el w2 RULA 84] A<
o] QEZ YFASLE 4471077, 10A] 9ZF9
HFASE 24911158 Moy 114] Abst
282 JFHSE 251112, 84 A =9
HYFASE 1.05£0238 2o YFF 2 EZo
A A A Aelg Molmz AU 0EF
RULA A4 22740859 9% RULA A4
14540663 B3l 124] $|A oA A|&st= Ao
AlA =g AU 4 U Zez 474dq.

SFA] FFAME 20~110° oA gt
WM Alge] o]Fojoan E REE of
Z2NINFE 4 glen, 2899 A4 AsITTE
ol43le ARE 33, J&ELE F2 #AY F
FE& WA 3l AlolE HuEy] wfos ¥
el '

E FFL 60~1099°9 HHAN AleA &
Azt ZAej Rt x&F o] glen, 110° o]4te
FIE BolE AL AeA] £ IF wsie
2 FEWA Ales7lel olE T #Ado] et
3 9len A3 Ae A G2 F 39
RULA A4 AF, 2EF9 13A]4A 467+
0528 Mo 134 $|X i 3944078 Bel
124] 1M Algshs Ao £& ez A}
2449,

L oY FFo viEE Sl &
15° o] HE A= 8§ 3= A4
& 24 A g3 J8E )= AS T
A 55 izl ¥4 393 dged, o
FEo A, AAY AReM:= F3 o7)e
£, AlA Y sRoME T} F& % 49
olo] WA= FFo] AHFANEE ¥IH5EHA
P93 B3sly gle] £ BHEE F9|7)
AsME FUEAY Aleats] oae HAE
3 2453 Ydv|EE AH4dte A Fo

T& 29 4 Uk A

BE 239 4% 97 Z=s} s121°gle
o, A 35 60~699°2] ZxF Rol: AL
s EAA $AY 22ZFF Ao vjzR iy
oA A8F 3, A FolEF ARG
E Ee ¥ZFoz SouM Aletrezd ve
UE Zleg neld.

5 339 A% A% 15~199°9 ZI=E
BolE 7L ¥ Aled fFHEAAY Ale
o] A ANV BTG F3 §& EoA
8A XA AdHEZE A €3] Wiz



XM T3] K| : M3A M1E, 2003

Bzl

RULAS] 1§ A4 F2 49 59 H4E
1gen, 21§ BHSE 29 49 H4E By
HZEH4 49 59 AS4E do] 2X4E 2. 39
FFEo2 F7HHQ AL HR3ly W7o &
T3 e A2 A =AM W] &F
HE Al2gE 194

o]V X9 YAts} w|d AAME HI}E
2] ALe] RULA Z2Ao M 2243 29 1
o] AFe] Zte] W EYE BoFT glo] TFF
A ANE 4 4 e B2 A9 A
dem Mg dF9 HAe] e RAF
3 Qled. XFHeAake] RULA A& 379
dREE A& FAHFAAT XA
RULA £A& 37} AAE AeA 45497
gEoz welg

AAY A FRAE dAAE FAHo=
¥ 22%, 9%9 HF RULA F49 333
$r Aot XA 479+123} 471+1102
A debded AAREE AeAdde £
F5E vEA T3 94 HA "oz E A}
43t E3 %52 RULA 471 22 394+
07, 247+0658 B3l 124] $X|A A|&sl=
Zo] & 7oz ¥a4g.

273 AeA $Xd @& RULAS HFA
4 HFE dFAME 104 HFAN 479+
0998 Bglen, 2EZ9 3F RULA H$9
g2 8A HANA 621+£1.13¢ B ¥
A H3E JMAEE 4 4 olsled 9F, ¢
€% 2F 124 AN HF 336+05, 372
+07& B AAF AEA] 124] $IHAM A
€< 3 AgREE Y F el A

£52 RULA A4 37 L2F, dZdN
4+0% e 229 LI RFFZY FAl
&5 sl

AlA BHE AL §, 28F o7, 9

83

Z o7, 2EF §9 €22 yeh} 23 A
€A AR Fe BT} FloH, §29 X9
A 22AA AAFAAME &, 32ES, o
R 59 ¢o2 Jelton, A ZHFE
o] Ao @ AN ¥z A7 uv)
Ay AFEAAM i AR AA R
H BT &9E ol & &5, 5 & A
o] #o2 Yehygd.

AegH oz AANYAY] 24 A€ A
A FH=E v Y| BT A, o
2 333 AH & AL Hae, gA e
A4 5o ZEAE AAHA g3 A8FE &
ofsl: EAlo| 9le]. A8 A A3 w9} %
< o933 HEHAA HY o7t &zt
Az 7 AleA ez Qe FA7He] A
AAE fAS o T AL E 4 9l

X 2o 57| Hel] LH-3H= A FHHAYAHENA
YA s AA BHEs A B 23}
t AS AFSNAA AR B opg
TR AR Z7E agHezs H
4 den s AAAe] Hojxm HEY
A z7] EHAL st AAH &AL
A& 4 Sl

XA ALY AlA BHEE owElr] ¢
Me AFgulel olelA QAlFEHe AdA <}
uhe AleAAS AAY F4 Fo| Foy
olel w3t A&4=H< &3 Fust P,
=3 AFHYAS] D8R FE AEAdx 2]
F37h Qlemz oo mE AlM ¥¥HE AF
7b % de3oh

o] A7 ATHL XA 24 A
A8 AN oz HubHel {58 A
Aol ofln FARAEAMA 224 FHEAL
gt HZeA FARALY HAA|e] 2)Esly
ooz 334 FARHE st AUY EAo)
4% Zog.



84 J Korean Acad Dental Hygiene Education Vol. 3, No. 1, 2003

5.4 £

X AALe] 277 AeA AlA EUEE
Zo|ln AA I W 7|xARE vl
A & dFeME A A 179¢ o
Aoz 2AAY AeA v & 23 F3
FHE 53 ¢ oA, 9FX 2 5 2. §
F 23 8% 53¢ 3Adx An3EH
2AMuly el RULA Checklist® E3) A]&AHA
o] SPgA L Frlsle 2A4EE AYsdH
243 AeA A4z AA #H=E 4
HEAslgen AAY AleA Wiz 3743
2 YARE FAo2d AeR4E ANOVA
A3t
A#}e g3 2o
1 243 A&A 234 FAEAME 29
AL 40~799°, B9 FZL& 20~110°,
& F3& 50~100°, 5 332 60~80°,
5 332 5~199°9 WA A&l
o] Foix 2 U

2. RULAY ZAdlMe A A, £59
IF A9 HPAAME 49 59 H4 =
s} %, 8% 9§ =& 1§ BY HS$
M 29} 49 HLE B HFHS, 49
58] HA4E do] =ASFE 2 39 H4Th
s} AleAlel] o2 ZAZE ZEFAA Aol
o Egel ¥ob F7H4A =AU 98
g3 DAY zAbsl WA 2 7EE &
4 A=

3. 243 NgA FRAR dARE FAL
28 Aot $2, AR, A4S, et
H2, oA, ssEe 2%, 4F9
A A &, 5 1¥F A 1% B HF
RULA A$9 #9% o7t AU
(P<0.05).

4, 278 A&A $1X]o] @& 84, 94], 104],

114], 124], 13A]= 2%, 4% A,
A, =, 3, 21§ A I1¥ B FF
RULA A4, %9 A<t A §, 5,
IF A 1% B, 3% RULA H49 #9)
& o] 7} A (P<0.05).

5. TN €l ©E Alewdfe] ¥x i
olx ot Aoz Yephd(P<0.01).

6. A4 EHE ZEAMIME §, L2F oA,
AZ o7), LEZ §F, 28F £59 &0
2 Jeiyg.

AeH oz AAY XA AM EUEE F
o]7] YslME: RULA HEH$7 ¥ 849
10A] WEnc= 2 2%, A%< RULA FH
$7F $A Jelbd 124] BN AlEde A
o] $& 7o2 Boly, vy Heln ¥
AN E AsA Do XA TFAA A
dubg $18 wfo] Yo oz Held.

AmEpt

1 o8, Aste AARAE R A2BF
AZEHA B4 AR AEE. 2§
obe & of 34, 1999.

2. Milerad E, Ericson MO, Nisell R,
Kilbom A. An electromyographic study
of dental work. Ergonomics 1991: 34:
953-962.

3. AtE, AFE o1FA. 1A, AFH
AFA Y A3ejAbge] A 9434 Aol
de zAL ABAIGGIA 20015 13:
55-63.

4. Armstrong TJ, Chaffin DB. Carpal tun-
nel syndrome and selected personal
attributes. Occup Med ] 1979: 21: 481-



BHRR[{ YRS X H3A AM1Z, 2003

10.

11

12.

13.

486.

. Satow A, Taniguchi S. The develop-

ment of a motor performance method
fo the measurement of pain. Ergono-
mics 1989: 32: 307-316.

. Rundcrantz BL, Johnsson B, Moritz U.

Occupational cervico-brachial disorders
among dentists. Analysis of ergonomics
and locomotor functions. Swed Dent ]
1991: 15: 105-115.

AR A 2hxlF e 2544 Ale s}

#HA2q. 7HEYH TR AR
89]3=%4 2000: 13: 95-112.

AR 471F Agel oE AAYA

SILBRZFF A3} dF. AFAEY &
=23 1995; 16-20.

CEHA. AR DAY 533

o ARRA AT HAAAEE A F
G ALE e e, 1999,
Grandjean E, Huning W, Pidermann M.
VDT workstation design: preferred set-
tings and their effect. Human Factor
1983; 25: 161-175.

Leon S, Kerry ], Jenni M. A compari-
son of the postures assnmed when
using laptop computers and desktop
computers. Appl Erg 1997: 2: 263-268.
McAtamney L, Corlett EN. RULA: sur-
vey method for the investigation of
work related upper limb disorders.
Appl Erg 1993: 24: 91-99.

Fernandez ]. Ergonomic training manu-

al Beech Aircraft Corporation. 1990.

14.

15;

16.

17.

18.

19.

20.

23.

24,

AGA. 4717 Argel e

85

Taboun SM. Cumulative trauma disor-
ders. Advances in Industrial Safety
11,1990: 277-284.

Kilbom A, Persson J. Work technique
and its consequences for musculoskletal
disorders. Ergonomics 1987: 30: 273-
279

Murtomaa H. Conception of dentists
and dental nurses about ergonomics.
Ergonomics 1983; 26: 879-886.

of 3 2} 9] A ALY 3]. www. kdha.or.
kr/menu-06-02.html 2001. 02. 28

AR Y. A9 ALY mEA = o)
1A 8. A ohAke 1995: 20.

Straker L, Miller ], Mangraram ], Baste
M, Pollock C. Performance effects of
Postural Changes at a VDU work sta-
tion. work with Display Umits. Insti-
tute for Abrbeitswissenschaft, 1992.
Caillite R. Shouler Pain. F.A Davis,
1981.

LB AA Aol BT A7 AN

FA=E A Aedge AFAqd,
1991.

A 41 4 A2
STAZET BY 7. AFAEY L
=23 1995:16-20.
34 N AFaty 2Egast 2
AA AtEAne BJY AN
F oA Fddstz nAdYE, 199.
A%Y. ML AFH AAo| we =g
A 2 AAEARAE 9T HAS =R
A Foldigtm djahel, 1999.



86 J Korean Acad Dental Hygiene Education Vol. 3, No. 1, 2003

Abstract

The ergonomic analysis on dental hygienists’ scal-
ing treatment posture based on two dimensional
motion

You-Sun Jung

Depatment of Dental Hygiene, Suwon Scince College

Key words: abduction,body discomfort,flexion, RULA(rapid uppe limb assessment), 2D(two
dimensional motion)

This study was performed on 17 female dental hygienists to find an appropriate method to
reduce the hygienists’ body discomfort while scaling, and provide a foundation to educate
them how to posture during the process. To assess the arm abduction, elbow flexion, neck
flexion, trunk flexion and trunk lateral bending through Video 2D(two dimensional motion)
analysis and assessing the risk through the Action level of RULA(rapid upper limb assess-
ment) checklist, an ergonomic analysis method. Correlation analyses on the posture angles
and on body discomfort were performed. ANOVA analysis on scaling treatment position and
the scaling treatment region of patients was also performed.

The results are as following.

1. 2D analysis while scaling, arm abduction was 40~79.9°, elbow flexion 20~110°, neck

flexion 50~100°, trunk flexion 60~80°, and trunk lateral bending 5~19.9°.

2. The Action level of RULA was 2. 3 resulted from scores 4 and 5 of group A which
includes upper arm, lower arm, wrist, and scores 2 and 4 of group B which includes
neck, trunk, legs. It means that the scaling treatment posture causes a high incidence rate
of musculoskeletal that an additional investigation and improvement should be followed
without hesitation.

3. There were significant differences among the maxilla right, maxilla anterior, maxilla left,

mandible left, mandible anterior, and mandible right of a patient of the right and left
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upper arm, lower arm, neck, trunk, group A, group B, final RULA score while scaling

treatment.

4. There were significant differences among the time position of 8, 9, 10, 11, 12, 13 of the
right and left upper arm, lower arm, neck, trunk, group A, group B, final RULA score
while scaling treatment,

5. As for the body discomfort, neck, right shoulder, left shoulder, right back, right wrist etc.

were listed on top.

As a conclusion, performing the time position of 12 which shows low right and left final
RULA scores is better than the time position of 8 and 10 which show high final RULA

scores to reduce the body discomfort while scaling treatment.





