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Table 1. Numbers of subjects by age and gender in malocclusion group

Age (year) 0 - 10 11 - 20 21 - 30 31 - 40 41 - 50 Total
Male (%) 45 (7.1%) 113 (17.8%) 66 (10.4%) 16 (25%) 8 (1.3%) 248 (39.0%)
Female (%) 72 (11.3%) 144 (22.6%) 114 (17.9%) 42 (6.6%) 16 (2.5%) 388 (61.0%)
Total (%) 117 (18.4%) 257 (40.4%) 180 (28.3%) 58 (9.1%) 24 (3.8%) 636 (100%)
- gl ggmel NEelA gojur] Ry mie Bote] @9l ggmantel 71 og
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wetHo| F7i2t = HAH (Table 2)

BdudAbre wiy Avle] PHE 7445 +
262.6 No|L3L, 5 WAl Pt 242 + 82 mm’
olitt, FEAFHwI Ao wdE =) HHFE

o= Yt p < 0.05).

Table 2. Comparison of occlusal force and contact
area between normal occlusion and malocclusion
groups

Normal )
s Malocclusion
occlusion
= 636) i
(n = 15) i Sig

Mean + SD Mean + SD

+

Occlusal force (N) 7445 + 2626 439.0 + 2299
Contact area (mm?) 242 + 82 124 + 10.7

*

SD, Standard deviation; Sig, significance; p < 0.001.

6 *
o] H2 4123 + 2336
Nollar, H&E WA HHFS 117 £ 9.8 mm™©]%]
ot WA AR vl wet Ay @Akt wEt
s

ol A7) HF WA o] ofarhY FAHCR
FolatAl 2 o2 UehEth (p < 0.05)
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ANB anglecl] W& =44 [ II, g2 w9
o] AVIE ZARE A, 1Fole i 4269 +
2252 N, IFA+= 4174 £ 249.7 N, MIFNA+=
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Angle 1, IIH, IF< &S

Table 3. Comparison of occlusal force and contact area according to gender (a) and different age groups (b)

a.
Male (n = 248) Female (n = 388)
Gender Sig
Mean + SD Mean * SD
Occlusal force (N) 480.8 + 2179 412.3 £ 2336 T
Contact area (mm? 136 + 120 117 + 98 *
b.
0-10 m=11711-20n=25721 -30(n=180)31 -40 (n=58)41 -50 (n=24)
Age (year) Sig
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Occlusal force (N) 408.3 + 214.3 4379 + 216.2 450.3 + 246.8 4722 + 2559 4353 + 249.1 NS
Contact area (mm?) 99 + 5% 119 + 10.2° 13.0 + 80" 151 + 9.0° 19.3 + 32.2°

SD, Standard deviation; Sig, significance; NS, not significant; ‘p < 0.05; f p < 0.001; different letters mean statistical

difference between * and .
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Table 4. Comparison of occlusal force and contact area among different antero-posterior relationships of the maxilla
and the mandible

Class I (n = 97) Class II (n = 136) Class II (n = 84)

A-P relationship ANB (°) 1< <3 5 < < -1 Sig
Mean + SD Mean = SD Mean = SD

Occlusal force (N) 4269 + 2252 4074 + 249.7 4477 £ 192.1 NS

Contact area (mm’) 119 + 71 113 + 74 121 + 6.2 NS

A-P, Antero—posterior; SD, standard deviation; Sig, significance; NS, not significant.

Table 5. Comparison of occlusal force and contact area among different Angle’s classification of the first molar

Class I (n = 27) Class II (n = 11) Class III (n = 32)

Angle’s classification Sig
Mean * SD Mean + SD Mean + SD

Occlusal force (N) 4866 + 2258 4394 + 1577 471.0 + 2420 NS

Contact area (mm?’) 136 £ 6.7 109 £ 39 125 £ 6.9 NS

SD, Standard deviation; Sig, significance; NS, not significant.

Table 6. Comparison of occlusal force and contact area among different vertical relationships (a. mandibular plane
angle, b. gonial angle)

a.

Hyperdivergent (n = 155) Normal (n = 131) Hypodivergent (n = 74)

Vertical relation

: ) < 30 3 < < 38 42 < Sig
Mandibular plane angle (°)
Mean + SD Mean + SD Mean = SD
Occlusal force (N) 369.1 + 217.2° 4327 + 219.3 5529 + 258.3 T
Contact area (mm?) 99 + 6.4° 115 + 6.7° 164 + 90° T

High angle (n = 84) Normal (n = 136) Low angle (n = 51)

Vertical relation

; X 131 < 119 < < 125 < 113 Sig
Gonial angle (°)
Mean = SD Mean = SD Mean £ SD
Occlusal force (N) 3729 + 210.8" 4446 + 212.4° 4962 + 2836 T
Contact area (mm?) 98 + 66° 126 + 11.6* 151 + 97°

SD, Standard deviation; Sig, significance; ‘p < 0.05; Tp < 0.001; different letters mean statistical difference between

9 4% WAL 2 A%, wgEe e A% > 00
4 + 157.7 N, 1III

FollA 4710 + 2420 N2 EAH o2 §o3t 2} 2. FAA BAo w2 miE =7)9] zto] (Table 6)

o7} giglth HE: WA w3k 1994 136 £ 6.7
mm?, T5-1A] 10.9 + 3.9 mm?%, MIFolA 125 + 6.9
mm’ 2 X E wg BAo] 2§93 2jo]rt gl
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Fig 1. Correlation between occlusal force and contact area (A, normal occlusion group; B, malocclusion group).

UEFStE. Normal¥} Hyperdivergentw2] w32
fAFsE 2 U, Hypodivergent= U2 5 ol H]
gl frelatdl & ngEs BT (p < 0.05).

Gonial angle®l] w2t Ui 2F & 3 nggel =7]
+ High anlge 3729 + 210.8 N, Normal 444.6 =+
212.4 N, Low angle 496.2 + 283.6 N°|%lt}. Normal
Z} Low anglexw 7+e] w3t {AlskSl v, High
anglew > T2 7 ool vlal] frelshAl 2h why
= B9t p < 0.05).

Ae AAandAd LT 2 ugdAtol fols
[e]

X
1

ot
o
[o
Bt
i
uf
3L
i)
S)
AN
o
S

BE HHS SHlet JEfolMel 224 HElie Wt

2% 2RIl E 2@l A
T §A719] g Qo] Fasttn 2xEd
Sol= BT ABAL 259 olel g Holgt
ow], @=elel A% @it Aol whe wH o

%) dental prescale systemS ©]-&35Fo] gh=<l H A}
TS PRI mHe) 272 Zgall
H] 2 5}$3 T}, Dental prescale system®] 7-$- 0.097 mm
T2 gk U3 sheetS o] &3te] wEHo A
715 &% ehe WHOE, sheete A%} Co F 719
502 FAH] Utk A BE2 vt b=e)
ANM HAES mlg] tE nA] AR AH o] 1
olen, ¢ A5 Al 4Ak Fol Eolde Aa
o} Th} w7t A4S Y= g gtk qtelo] 7}
7 Bol= Wit o7 WA ™, CCD camera
= gJelo] WA ele) WA helel 28 B
=317 © ). Dental prescale system< Z742] nlg}
8 279 Wk gl Aokl nEe s SPe
A ez, Aot wd FEXE BT F e
S0l otk vsd SA4E e ndEY 54 0
WO = T-scan (Tekscan Inc., South Boston, MA,
USA)°] +=Hl, T-scan o] 7lsix|™ 7] A

309



gho] Wl Wik ek oke A E wEhd Al
oldl AAA wFHEE st V7=, FAAIL
o7 witEol =79 wd AL g 5+ 9
= o] Atk o] F e wEe] AV S
FHollde 25 Q3P 5% oW FEAS 714
H, A5 A3 M= ugE He gellies 2
2P 9] 5% oldle] &S 7t WA 25
W ZHo AL £ Jde TS WMoY
T-scane Pt AAME ALgaA wEE S =43
of stE 2, Aol o m Y] RES Uiger

st7loll Alghe] o] B Aol A= dental prescale
system< ©]&3to] AFE 313

2 ATl S-S B AduEAte] weEe] A7)
E 7445 NO.2 Wolol A 243k o] o] A5+
o HlaiA = o] tha =4 YeRTh oA
o] ol 55 HE 2F8S SHUITE n
gk Alolo] YAAFI e =M X HE o] fAIZ] A
oA w3 =33 Zlol ¥]3|, prescale> F7

fu)

7} 0.097 mm= gFo} Apd def o] vl T2l o
AT AHCM ndEE SHE AW WE

(<3}
poS
o7 y7tEn w3 REele B I

=

st

& A7) well, 715 ATl Hls|
2k Y 24 239 Aoz gudn. o
/3 C 2 dental prescale system= ©]-8-3]
249 A7l E FAnAel mEee

7} 42327 NO.2 o[ Ao AHrT} e
5 ue A%, Bad, 244 Aot wg

kO ]
9Fe F 5 Ut 4 ¢ 5 Uk

o A A} TRt wed A7]e
T2 4390 N2 FAwetrte] 7445 Nol| H|sf
59.0%°l EFstAtt ol daH o m HF WA 9
2ol A 1 o] & FE F U=, G n gt
HEWA 242 mm’ol Bl&] FHuEANE 124
mm’2 g FAre] 512%Ah T w AN =
g At vls) o A& g9 Aoyt HF38hA
U, AE8hs Ao} Tl HuwFHSo] o] Fof
AR ot AF WAl v AAl YelgS o= A
21t ol HEFWUA ] Aorw uFHe A7
7} ZthE Ingervall® Minder*e] AFolw A x|&}
o Bakke”= w3 A5 2 bl Fo] uHA
7F de= Wel v ok 2 AT E wEE e
a71¢F J5 WA ko] =& FAWAE A

tlo o 10 oX ml W

S

oot rfT
B D (i oL AR |V T |
2 N

k

Hir

310

CHXIwA| 402 5%, 2010¢

AU

Al == Aol 2 wite A7) Zpold #
dMe tda o dFdse] EusEu Utk
Ingervall#} Minder’ = 3 2d oA dalo A= md
go] A7]|e} Arjo] FHAA T} glot ARl =
ARBA7E Avka 31931, Helkimo 57°& 18 0]
7Vl whel w2 fhAsh oyl At
Azl A T FElsitha stk kAR o2 71A]
AA 840k wiHE 2he] FAAAE A Braun
579 AT ngEe A7E Aoy BY-
A, A S BAVE glcka a0, Linke 57
T A9 dole] oddo]E} ARle] wFtE o] v
Swoltha st HelS U ez 3 2
Tl E 104 o]k}l 10T, 20th, 30tH, 40th 2]
HAugArE el wgE 2719 a7t gle A

= Ueht olef @ Aztel ISt w15

_

40l A of2 Aol vldl folshA ZA Y
gon, o]AL nfRe o HEH WA T8
7] WjEo = AyztEv, witE el AV J3ge =
e 2 S7hs obd Ze® Btk AW uwe
wEHE o] A7)E I} 480.8 N, oI =17} 412.3 N&
2 @A AxEY ta A dYelgEd ol H e
A olde] AT Aot x| o)
dnk o g2 dxpe]l ZEo] oxtHT}t 7] wj <l
Aoz AWEAY, B AFdEs FalolM e
A% AAo] Azt dddos Ave H E
g wAE 4 gl

wEEe] A duEAIPE E w3ty &
HA Jed &3] 11 dFS s A |
ofstm] AMZIE & 7H AlEE mEo] Aty &
212 9lt}. Throckmorton 5'& w3 & €19] lever

2 T o o qr R

>

L |
system= HFJ S22 gonial angleo] AZALFE A%
o] g 223k 3o FHo] w3t HHol| 77

o2 ZALste wHgy Aol FoErta st
%3} Finn™-& normal faceZ 7171 Al2ho] dolichoface
£ 7 AMRED T o) e 2 FRE agE e
72 )AL brachyfaceE 7171 Al o]Hth o &
WS 2t glvka 819, Choist Kim™ = Al
29 wEE-e AdH nAHo| #HSFE Uk

o Steint s Al 24 Fejek wd
g A719] vladMe ZREAE A Fagle

RE Py
tll, Denzinger' & ANB$} wdtd o] =7|&
gt sl om, Barun 57& wge o] A7]9 o
2l FRASA sk A dAE 9 T
ofzt3t shet P Aw F FH A



Vol. 40, No. 5, 2010. Korean J Orthod

o

A 7F 9o ANBSF Wits & WA
werdE o AAdAA 7 vtz 5k
AME ol fAlet AE A
A 24E e TollAe g
7]°ﬂ frolgh Afo] 7t gle v A AR o
& FolMe wEE =7 EﬁlﬁOE ol g
x}0]7} ATk Hypodivergentdt d=5 7} Al
AN mH o] FoJsiAl Z1 2™, normal faces 7H
AF = hyperdivergent3t =2 717 Al HETE B
A Frojabe AR wFE o] F gkl T
ot gonlal angleo] & Alghe] witeo] A =&

At Aewunt e 49E gl o

= b

ro I

to =)

ox

r_N_ e

;O

_°,

1__

'4J
HUJE>-\1

H i 2
‘HE &

o 4FHe 5
Felelqe) 24 Felst mel AT S ol
T} ohsl Ad

=

2ol b Wi Ao #ojdtin Ak
Kwon 5°% @20l S pigos e wity =
4712 ol getel myele] 271 SPgit B

T 1,423 N2 ¥ A3 Azpuc tia =7 Jelyt
o Aol W W B Alolel matEle] 2l
zto]7F Sl Xé—o—i ] Fo] Kol o] Kwon 52

Oﬂ‘—rLoﬂ 7L°1 g, | EE2 ol AT ﬁ%«l
2 4= 9tk B3 Kwon 59
Ao 5&"45} RS AFEYE AL xopr =
9z, 59 —"i—%*ﬁ;}Ol Ae AHEER A
wate] Awet e
°ﬂ w}% 7]l Xﬂ/\]lﬂﬂ gSkth & A 23
AzaAol By paluls wWijn $x#o 27
Zfolo] met @ el =717h Pebivks AL 1
e 244 g, wi oo 9@ watel A
o5 wjAlE 4 ¢1& Aotk EF Kwon 5 & A
S R e
A SHEHANES 7FeAS ATtk 1 ddle
2, B35 Aok} A) w2 o Bk B %
o FHAAHE ¢+ (false positive) L EHHS-
S TE 2= o Ay AZE A0 AW 7|Ex%
A At T 53 Utk B AFdA = o)y
ARG ulge 2 AA e o@ P wEhkgol

o

J

=20l M2

F_I
ot
Jm
1o
=
El

HE 712 AFo]A] AFEE Occluzer™ FPD 7035.th
A&FE 2dol Occluzer® FPD 707 AM&-3H%iT).
o} e H|Fo] & ujj o] Aol J Az
& AuniAd 3y 219 7124 Aok
Aol Bge Aew Yztair,

oI A7 Fal FgaAel wgeel =7l
N#E vhsgon, PYage f79 27 7
=9 4% WA agHe 27)o YL A
AL S5 AU olF EUR 23 BAE A
SHoz AN wd Aag B, e 24T
28 WYL duATE B BUSE 182
Fol w2719 We PPS Fow B
e A7) A9 A%, 24 Ao BRE Qo)
= Yo BRd F gom, g Aw F AR P
e Aot UE Bgo] @ Aoz Aan

%]
rh

1. FdwdAte] wgeel A7]= 7445 + 262.6
N, & W22 242 + 82 mm’ 2.2, T wgz}

9] 439.0 + 2299 N, 12.4 £ 10.7 mmol] H]&|

agHel 275k 4% WAl felshl Ack

2. ¥ATFATE AY P w25
A& u Aol e ;P 2719 Aol A
ok, @A el Wlal 2 g A 9l

ol = UERR] %%

o, AR 24 FHE TS mandibular
plane angle, gonial angle®] & 73-%-, W& o] F
oletAl 23ttt

4. AFuFA T} 4w x}:.loﬂ/q w3 =
71et A& WA e] FBATE 094, 06602
leglo] 379 HE WA 7ro|= ko] AT
7F AR eH, HE A TAG AejddAe =
2 et wge A7) Aololl= o whek A
HdEAZE AU Th

Hnes

1. Throckmorton GS, Finn RA, Bell WH. Biomechanics of dif-

311



10.

11.

14.

15.

ferences in lower facial height. Am J Orthod 1980;77:410-20.

. Rios HF, Ma D, Xie Y, Giannobile WV, Bonewald LF,
Conway SJ, et al. Periostin is essential for the integrity and
function of the periodontal ligament during occlusal loading in
mice. J Periodontol 2008;79:1480-90.

. Proffit WR, Fields HW, Nixon WL. Occlusal forces in normal-
and long-faced adults. J Dent Res 1983;62:566-70.

. Ringqvist M. Isometric bite force and its relation to di-
mensions of the facial skeleton. Acta Odontol Scand
1973;31:35-42.

. Kurusu A, Horiuchi M, Soma K. Relationship between oc-
clusal force and mandibular condyle morphology. Evaluated by
limited cone-beam computed tomography. Angle Orthod
2009;79:1063-9.

. Terespolsky MS, Brin I, Harari D, Steigman S. The effect of
functional occlusal forces on orthodontic tooth movement and
tissue recovery in rats. Am J Orthod Dentofacial Orthop
2002;121:620-8.

. Keles A, Tokmak EC, Erverdi N, Nanda R. Effect of varying
the force direction on maxillary orthopedic protraction. Angle
Orthod 2002;72:387-96.

. Melsen B, Bosch C. Different approaches to anchorage: a sur-
vey and an evaluation. Angle Orthod 1997;67:23-30.

. Diedrich P. Different orthodontic anchorage systems. A critical

examination. Fortschr Kieferorthop 1993;54:156-71.

Brudevold F. A basic study of the chewing forces of a denture

wearer. J Am Dent Assoc 1951;43:45-51.

Yurkstas A, Curby WA. Force analysis of prosthetic appliances

during function. J Prosthet Dent 1953;3:82-7.

. Anderson DJ. Measurement of stress in mastication. II. J Dent
Res 1956;35:671-3.

. Linderholm H, Wennstrom A. Isometric bite force and its rela-

tion to general muscle forge and body build. Acta Odontol

Scand 1970;28:679-89.

Flgystrand F, Kleven E, Oilo G. A novel miniature bite force

recorder and its clinical application. Acta Odontol Scand

1982;40:209-14.

Gibbs CH, Mahan PE, Lundeen HC, Brehnan K, Walsh EK,

Holbrook WB. Occlusal forces during chewing and swallowing

as measured by sound transmission. J Prosthet Dent 1981;46:

443-9.

. Harada K, Watanabe M, Ohkura K, Enomoto S. Measure of
bite force and occlusal contact area before and after bilateral
sagittal ramus osteotomy of the mandible using a new pres-
sure-sensitive device: a preliminary report. J Oral Maxillofac
Surg 2000;58:370-3.

312

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

CHXIwA| 402 5%, 2010¢

Hirasawa T, Hirano S, Sugita H, Jibiki H, Mori R. Dental ap-
plication of pressure measuring sheet (author’s transl). Shika
Rikogaku Zasshi 1978;19:298-300.

Iwase M, Sugimori M, Kurachi Y, Nagumo M. Changes in bite
force and occlusal contacts in patients treated for mandibular
prognathism by orthognathic surgery. J Oral Maxillofac Surg
1998;56:850-5.

Carlsson GE. Bite force and chewing efficiency. Front Oral
Physiol 1974;1:265-92.

Jenkins GN. The physiology of the mouth. Oxford: Blackwell
Scientific Publications; 1966.

Kim KH, Choy KC, Kim HG, Park KH. Cephalomertic norms
of the hard tissues of Korean for orthognathic surgery. J
Korean Assoc Oral Maxillofac Surg 2001;27:221-30.

Bachus KN, DeMarco AL, Judd KT, Horwitz DS, Brodke DS.
Measuring contact area, force, and pressure for bioengineering
applications: using Fuji Film and TekScan systems. Med Eng
Phys 2006;28:483-8.

Kitafusa Y. Application of “prescale” as an aid to clinical diag-
nosis in orthodontics. Bull Tokyo Dent Coll 2004;45:99-108.
Ingervall B, Minder C. Correlation between maximum bite
force and facial morphology in children. Angle Orthod 1997;
67:415-22.

Bakke M. Mandibular elevator muscles: physiology, action, and
effect of dental occlusion. Scand J Dent Res 1993;101:314-31.
Helkimo E, Carlsson GE, Helkimo M. Bite force and state of
dentition. Acta Odontol Scand 1977;35:297-303.

Braun S, Bantleon HP, Hnat WP, Freudenthaler JW, Marcotte
MR, Johnson BE. A study of bite force, part 1: Relationship
to various physical characteristics. Angle Orthod 1995;65:367-
72.

Linke PG, Dette KE, Hoppmann I. Die Entwicklung der
Kaukraft bei Kindern in Abhangigkeit von Geschlecht, Alter,
Korpergrosse und Gewicht. Arztl Judendk 1971;62:338-49.
Finn RA. Relationship of vertical maxillary dysplasias, bite
force and integrated EMG. In: Abstracts of conference on cra-
niofacial research. Ann Arbor, Michigan: University of Michi-
gan Center of Human Growth and Development; 1978.

Choi WC, Kim TW. Relationship between maximum bite force
and facial skeletal pattern. Korean J Orthod 2003;33:437-51.
Denzinger FW. A study of the correlation of incisal biting
force and cephalometric patterns. Indianapolis, Indiana: Indiana
University School of Dentistry; 1971.

Kwon HK, Yoo JH, Kwon YS, Kim BI. Comparison of bite
force with dental prescale and unilateral bite force recorder in
healthy subjects. J Korean Acad Prosthodont 2006;44:103-11.



ORIGINAL ARTICLE

Comparisons of occlusal force according to occlusal relationship,

skeletal pattern, age and gender in Koreans

Hye-Rim Yoon, DDS, MSD,* Yoon-Jeong Choi, DDS, MSD, PhD,” Kyung-Ho Kim, DDS, MSD, PhD;’
Chooryung Chung, DDS, PhD’

Objective: The aim of this study was to evaluate the occlusal force and contact area and to find its associating
factors in Koreans. Methods: Occlusal force and contact area in maximum intercuspation were measured using
the Dental Prescale® system in 651 subjects (15 with normal occlusion, 636 with various malocclusions divided
into subgroups according to the skeletal pattern, Angle’s molar relationship, age and gender). Results: Occlusal
force of the normal occlusion group (744.5 + 262.6 N) was significantly higher than those of the malocclusion
group (439.0 £ 229.9 N, p < 0.05). Occlusal force was similar regardless of differences in ANB angle or Angle’s
molar classification, however the increase in vertical dimension significantly reduced occlusal force (p < 0.05).
Conclusions: Occlusal force was significantly lower in the malocclusion group compared to the normal occlusion
group, and in females compared to males, but it was not affected by age, antero-posterior skeletal pattern or
molar classification. Although a hyperdivergent facial pattern indicated lower occlusal force compared to a hypo-
divergent facial pattern, the differences in skeletal pattern were not the primary cause of its decrease, but a sec-
ondary result induced by the differences in occlusal contact area according to the facial pattern. (Korean J Orthod
2010;40(5):304-313)
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