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A Study on Maximum Occlusal Force of Korean Adults with
Normal Occlusion According to Cephalometric Measurements

Jae Hwy Lee and Young Bok Song'

Department of Dentistry, Ajou University School of Medicine, Suwon, Korea
'Department of Occlusion, Yonsei University College of Dentistry, Seoul, Korea

The purpose of this study was to obtain values of maximum occlusal force after lateral and posteroanterior
cephalometric analysis. The normal values of lateral and posteroanterior cephalometric analysis were set up
with 118 Korean adults with normal occlusion(63 males and 55 females), and the maximum occlusal forces
were measured by occlusal force system(MPM 3000).

The results obtained with Korean adults with normal occlusion were as follows;

1) The values of maximum occlusal force were : incisor region 15.1 kg in male and 13.3 kg in female;
canine region 21.2 kg in male and 19.0 kg in female; premolar region 29.5 kg in male and 29.4 kg in female;
molar region 48.3 kg in male and 36.2 kg in female.

2) There were significant differences between right and left sides and between male and female in incisor,
canine, and molar regions except premolar region(p<0.05). The maximum occlusal forces in male were
significantly greater than in female except premolar region of right side, and they were more stronger in right
side than in the left except canine, premolar, and molar regions of male.

3) The lateral and posteroanterior cephalometric measurements representing facial skeletal morphology,
particularly mandibular morphology, correlated well with the values of maximum occlusal force in premolar
and molar regions(p <0.05).
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Fig. 1. Location of 20 landmarks required for lateral cephalometric analysis.

Sella; Center of sella turcica

Porion; Most superior point of external auditory meatus
Basion; Most inferior point of the occipital bone

Hinge Axis; Center of rotation of the condyle

Pterygoid: Eleven o'clock position of the pterygoid fissure

Nasion; V' notch of frontal and nasal bone

Orbitale; Most inferior point of the orbital contour

ANS; Tip of the anterior nasal spine
PNS; Tip of the posterior nasal spine

A-Point; Deepest point between ANS and the upper incisal alveolus

B-Point; Deepest point between pogonion and the lower incisal alveolus

PM; Point where curvature changes between B-point and pogonion

Pogonion; Most anterior point of the symphysis

Menton; Most inferior point on the symphyseal outline

Comus Left; Left point of a tangent of the inferior border of the corpus

Ramus Down; Lower point of a tangent of the posterior border of the ramus
Articulare; Intersection of inferior cranial base surface and posterior surface of condyle
R3; Most inferior point of the sigmoid notch of the ramus

R1; Deepest point on the curve of the anterior border of the ramus

Occlusal Plane; Midpoint between upper and lower first bicuspid, or upper and lower incisor



2gYe Agze) 25 U 4T A 238 5 9
E 71F0] g § Qlo] 2AE A A AT 4
WE Hrhshed Qe ol 88T glod, Ade A%
3 @50l o) wARE W Jeldeh 2ol B
A% Photo-occlusionsl] 2|3+ xjo} HEHe] 43m|’,
sound transmission' & o] &% =3 4%, a2y
25 BAEe BAT, Z@ER Qg DA
Ao} WAL o Sixshe] FEBA™ ol choksiA vl
ZxolA gkt

Wb FuelF ez e Fstods AHET
0, A%ED, 2R 9 AF 5ol BE oI5
Byl Qo8 fFe ez A]sgiﬂ— A+E
ot 23He 24 gAY dax, FR5
FEo| AFA got AAZ 4ol N Agstldle vlF

o r N
<44 ot

olAF - FFF ¥ AHY Al =2¥F AT 69

3%, i ZAYH, SAE 71, a2 Atad
Sol A g2 wsrh glo] AA9 Ao Hd
2ol glo} He)7} gt

2 QA7e ddZAgdel wE 234 e FR3471 4
o] Agsglon, dx4e AR F2 % A
2 R4 AZel wE Ao 2y ZYAE A
Fote] 5 APIFQ oAt 718, HBA Aol f=}
o NaAd¥F Ao 2] vadF Tl FLIF V1=

ST A W Wy

2 Q7AE AY4RPAEA duYelst 24
b a3, TR A goll FaE PIATY

Zygomatic Suture Right\ ( )
Zygomatic Arch Right / N

Zygomatic Arch Left

! A‘ ‘Zygomaﬂc Suture Left

P

Nasal Cavity Right

Jugular Process Right

Antigonial Notch Right

I Nasal Cavity Left

Jugular Process Left

Antigonial Notch Left

Menton

Fig. 2. Location of 12 landmarks required for posteroanterior cephalometric analysis.

Zygomatic Suture Right; Zygomatic—frontal suture at intersection of orbits right
Zygomatic Suture Left; Zygomatic—frontal suture at intersection of orbits left

Zygomatic Arch Right; Zygomatic center of root of zygomatic arch right

Zygomatic Arch Left; Zygomatic center of root of zygomatic arch left

Nasal Cavity Right: Nasal cavity at the widest area right

Nasal Cavity Left; Nasal cavity at the widest area left

Jugular Process Right; Intersection of zygomatic buttress and outline of tuberosity right
Jugular Process Left; Intersection of zygomatic buttress and outline of tuberosity left
Antigonial Notch Right; Antigonial notch right

Antigonial Notch Left; Antigonial notch left

Anterior Nasal Spine; Tip of anterior nasal spine

Menton; At inferior border of symphysis
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Table 1. Lateral cephalometric analysis by Quick Ceph ImageTM computer program

Anterior Cranial Base (mm); Nasion to cross point of basion-nasion plane and facial axis
Posterior Facial Height (mm); Gonion to cross point of Frankfort horizontal plane and pterygoid vertical plane
Cranial Deflect (dg); Basion-nasion plane to Frankfort horizontal plane

Porion Location (mm); Porion to pterygoid vertical plane

Ramus Position (dg); Frankfort horizontal plane to corpus left cross point of Frankfort horizontal plane and pterygoid

vertical plane

Maxillary Depth (dg); Frankfort horizontal plane and nasion to A point
Maxillary Height (dg); Nasion, cross point of Frankfort horizontal plane and pterygoid vertical plane to A point

SN-Palatinal Plane (dg); Sella-nasion plane to palatal plane
Facial Depth (dg); Facial plane to Frankfort horizontal plane

Facial Axis (dg); Facial axis to basion-pasion plane

Mandibular Plane (dg); Mandibular plane to Frankfort horizontal plane

Total Facial Height (dg); Facial plane to basion-nasion plane

Facial Taper (dg); Mandibular plane to facial plane
Convexity (mm); A point to facial plane

Corpus Length (mm); Corpus left to PM
Mandibular Arch (dg); Corpus axis to condylar axis

Lower Facial Height (dg); ANS and corpus left to PM

Maxilla 1 to APo (mm); Incisal tip of upper central incisor to A point-pogonion plane
Maxilla 1 to FH (dg); Incisal tip of upper central incisor to Frankfort horizontal plane
Maxilla 6 to PTV (mm); Distal point of upper first molar to pterygoid vertical plane
Mandible 1 to APo (mm); Incisal tip of lower central incisor to A point-pogonion plane
Mandible 1 Inclination (dg); Long axis of lower central incisor to A point-pogonion plane
Mandible 1 Extrusion (mm); Incisal tip of lower central incisor to Frankfort horizontal plane

Hinge Axis Angle (dg); Corpus axis to basion-nasion plane

Interincisor Angle (dg); Long axis of upper central incisor to lower

Molar Relation (mm); Distal point of upper first molar to lower by occlusal plane
Incisor Overjet (mm); Cusp tip of upper canine to lower by occlusal plane, horizontal
Incisor Overbite (mm); Cusp tip of upper canine to lower by occlusal plane, vertical

Lower Lip Esthetic Plane (mm); Lower lip to esthetic plane

mm: milimeter
dg: degree
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Table 2. Posteroanterior cephalometric analysis by Quick Ceph Image™ computer program

Facial Width (mm); Right zygomatic suture point to left

Nasal Width (mm); ANS to right-left zygomatic suture plane

Maxillary Width (mm); Right jugular process point to left

Maxilla-Mandible Width (mm); Jugular process to frontal facial plane

Molar Relation Right (mm); Distal point of upper first molar to lower, right
Molar Relation Left (mm); Distal point of upper first molar to lower, left
Intermolar Width (mm); Distal point of right lower first molar to left

Molar to Jaw Right (mm); Distal of lower first molar to frontal jaw plane, right
Molar to Jaw Left (mm); Distal of lower first molar to frontal jaw plane, left
Mandibular Width (mm); Right antigonial notch to left

Intercanine Width (mm); Cusp tip of right lower canine to left

Denture Midline (mm); Deviation of midmine of upper and lower central incisors
Maxilla-Mandible Midline (dg); ANS-menton plane to right-left zygomatic suture plane

mm: milimeter
dg: degree

Fig. 3. A view of MPM 3000 for recording maximum occlusal
force.
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Table 3. Values of lateral cephalometric analysis

Table 4. Values of posteroanterior cephalometric analysis

M+SD M=SD
Variables Variables

Male(N=63)  Female(N=55) Male(N=63)  Female(N=55)
Anterior Cranial Base(mm) 6243+272  5837+2.58* Facial Width(mm) 134.7749.65  132.47+8.61*
Posterior Facial Height(mm) 58224235  57.91+2.03* Nasal Width(mm) 29.82+3.20 27.96+3.44%
Cranial Deflect(dg) 27.88+174  27.65+187 Maxillary Width(mm) 65.84+6.46 63.22+5.38%
Porion Location(mm) 36.68+2.11  3643+2.15 Maxilla-Mandible Width(mm)  10.98+3.27 10.42+4.21
Ramus Position(dg) 7656+327  76.51+4.36 Molar Relation Right(mm) 1434132 1.40+1.22
Maxillary Depth(dg) 88.7314.69  88.55+3.87 Molar Relation Left(mm) 1.48+1.87 145+1.74
Maxillary Height(dg) 6335+3.18  61.93+2.98* Intermolar Width(mm) 57.49+5.66 56.38+6.72*
SN-Palatinal Plane(dg) 7.17+0.47 7.12+0.34 Molar to Jaw Right(mm) 6.12+2.36 598+3.12
Facial Depth(dg) 88.92+4.76  87.71+4.19* Molar to Jaw Left(mm) 6.45+3.11 6.02+3.08
Facial Axis(dg) 85571433  8529+438 Mandibular Width(mm) 90.27+7.93 88.62+6.58*
Mandibular Plane(dg) 2587+184  27.17+2.18* Intercanine Width(mm) 26.74+4.36 25.12+4.74%
Total Facial Height(dg) 6205+2.92  61.97+2.36* Denture Midline(mm) 0.78+0.56 0.65+0.73
Facial Taper(dg) 64711304  64.13+2.76 Maxilla-Mandible Midline(dg)  0.92+1.13 1.07+1.04
Convexity(mm) 1.44+0.83 1.99+0.81*
Corpus Length(mm) 79.75+424  71.96+4.38* M=SD: Mean 1 standard deviation
Mandibular Arch(dg) 30224197 2884+176+ - Between male and female, p<0.05
Lower Facial Height(dg) 4832+188  48.11+1.76
Maxilla 1 to APo(mm) 6.65+1.34 6.61+1.25
Maxilla 1 to FH(dg) 113.89+5.78 113.75+5.87
Maxilla 6 to PTV(mm) 21.96+1.17 17.34 £0.94* AR A|= Table 6, 7oA} Zon, AutA oz T
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Table 5. Values of maximum occlusal force of Korean adults with normal occiusion

M+SD
Variables Male(N=63) Female(N=55)
Left Mean Right Left Mean
Incisor(kg) 15.4+32 147+3.7" 15.1+34 135+25 132+2.6" 13.3+2.5*
Canine(kg) 209+5.7 2154637 212+59 19.6+6.9 183+7.1° 19.0+6.7*
Premolar(kg) 29.4+83 29.7+75 29.5+7.9 295+74 293+79 29.4+7.6
Molar(kg) 482486 485+9.17 483+89 36.7+8.5 355+7.8" 36.2+8.2%

M=+ SD: Mean = standard deviation
*: Between male and female, p<0.05
": Between right and left, p<0.05

Table 6. Correlation coefficients between values of lateral cephalometric analysis and maximum occiusal force

Correlation Male Female
coefficients
Variables Incisor Canine Premolar Molar Incisor Canine Premolar Molar
Anterior Cranial Base 0.230 0214 0.016 0.156 0.109 0.262 0.290 0.173
Posterior Facial Height 0.151 0.254 0.109 0.132 0.174 0.241 0.290 0.209
Cranial Deflect 0.221 0.241 0.231 0.122 0.233 0.409 0.290 0.083
Porion Location 0.206 0.211 0.258 0.172 0.289 0.341 0.290 0.011
Ramus Position 0.155 0.141 0.364* 0.326* 0.096 0.107 0.414* 0.351*
Maxillary Depth 0.241 0.209 0.145 0.211 0.206 0.245 0.191 0.142
Maxillary Height 0.179 0.210 0.129 0.209 0.199 0.053 0.054 0.243
SN-Palatinal Plane 0.108 0.108 0.291 0.067 0.124 0.246 0.204 0.143
Facial Depth 0.220 0.241 0.129 0.323* 0.133 0.051 0.022 0.343*
Facial Axis 0.141 0.209 0.028 0.122 0.232 0.164 0.156 0.239
Mandibular Plane 0.244 0.243 0.338* 0.384* 0.224 0.283 0.364* 0.307*
Total Facial Height 0.302* 0.345* 0.335* 0.402* 0.325* 0411* 0.324* 0.359*
Facial Taper 0.271 0.293 0.129 0.272 0.256 0.136 0.243 0.219
Convexity 0.202 0.043 0.143 0.154 0.083 0.234 0.034 0.119
Corpus Length 0.180 0.221 0.332* 0.434* 0.180 0.177 0.342% 0.332%
Mandibular Arch 0211 0.102 0.225 0.142 0.147 0.126 0.220 0.124
Lower Facial Height 0.253 0.222 0.353* 0.412* 0.245 0.153 0.421* 0.357*
Maxilla 1 to APo 0.252 0.211 0.146 0.143 0.284 0.294 0.223 0.245
Maxilla 1 to FH 0.266 0.263 0.247 0.124 0.155 0.245 0.132 0.227
Maxilla 6 to PTV 0.179 0.235 0.236 0.204 0.243 0.249 0.248 0.162
Mandible 1 to APo 0.167 0.063 0.132 0.245 0.232 0.183 0.270 0.137
Mandible ! Inclination 0.121 0.243 0.113 0.133 0.105 0.226 0.150 0.272
Mandible 1 Extrusion 0.103 0.243 0.277 0.242 0.134 0.232 0.134 0.278
Hinge Axis Angle 0.277 0.344 0.150 0.342 0.139 0.235 0.207 0.268
Interincisor Angle 0.122 0.210 0.301 0.238 0.032 0.253 0.327 0.270
Molar Relation 0.129 0.109 0.240 0.235 0.107 0.153 0.227 0.042
Incisor Overjet 0.220 0.135 0.017 0253 0.270 0.204 0.254 0.262
Incisor Overbite 0.198 0.073 0.179 0.153 0.256 0.156 0.136 0.276
Lower Lip Esthetic Plane 0219 0.254 0.251 0.237 0.036 0.145 0.240 0.231

* p<0.05
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Table 7. Correlation coefficients between values of posteroanterior cephalometric analysis and maximum occlusal force

Correlation Male Female

coefficients
Variables Incisor Canine Premolar Molar Incisor Canine Premolar Molar
Facial Width 0.231 0367 0.337" 0.302 0.137 0.302° 0.365" 0.324"
Nasal Width 0.237 0.148 0.106 0.106 0.151 0.068 0.191 0.173
Maxillary Width 0.109 0.204 0.116 0.127 0.208 0.142 0.208 0.176
Maxilla-Mandible Width 0.199 0.107 0.206 0.260 0.256 0.262 0.102 0235
Molar Relation Right 0.223 0.207 0.206 0.149 0.143 0.256 0.255 0.135
Molar Relation Left 0.230 0.280 0.214 0.111 0.244 0.156 0.240 0.145
Intermolar Width 0.160 0.062 0.209 0.231 0.181 0.108 0.268 0.240
Molar to Jaw Right 0.201 0.293 0.124 0.360 0.122 0.201 0.363" 0.319"
Molar to Jaw Left 0.287 0.109 0.408" 0.318" 0.204 0.135 0.134 0.308"
Mandibular Width 0.209 0.241 0.363" 0.312° 0.269 0.243 0.364" 0.342°
Intercanine Width 0.197 0.279 0.109 0.208 0.119 0.227 0.185 0271
Denture Midline 0.114 0.101 0216 0.259 0.109 0.212 0.126 0.193
Maxilla-Mandible Midline  0.165 0274 0.116 0.106 0.239 0.202 0.190 0.287
* p<0.05
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