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ABSTRACT

Monson’s sphere has been used as a reference for prosthetic reconstruction of the posterior dentition,
Recent studies have reported that the radius of Monson’s sphere differs greatly in individuals, but little
researches has been conducted on factors related to the Monson’s sphere, Therefore, this study aimed
to generate Monson's sphere using newly developed algorithm and evaluate the relationship between
the Monson’s sphere and correlated factors, Mandibular dental casts from 71 young adult Korean were
scanned and rendered as virtual dental models with a 3-D scanner, Twenty and six landmarks were
digitized on the virtual dental models using a custom made software program. The Monson's sphere
was estimated by fitting a sphere to the cusp tips using a least-squares method. Using specialized
software program, arch radius, arch angle, arch length, arch width and buccolingual cusp angle of
mandibular posterior teeth were measured. Mann-Whitney Test were performed to test gender difference
and correlation coefficients were investigated to verify the correlation between Monson’s sphere and
correlated factors (a=,05), The mean radius of the sphere was 111,47 mm (4,39 inch), There was
significantly difference between males and females in the radius (p{.001). Arch angle in canine (ICA), arch
length (IIC, 1IM), arch width (ICW, IMW) and all buccolingual cusp angle measurements (CA) except
for left first premolar were correlated to the radius of Monson's sphere, respectively (p¢.05). Especially,
buccolingual cusp angles of molar showed the highest correlation coefficients among the factors, with -
0.533 - -0.276 (p{.05). It was concluded that the radius of Monson’s sphere was greater than the
classical 101,06 mm (4 inch) value and buccolingual cusp angles of molar can be considered as one of
the main factors correlating with the radius of Monson’s sphere,
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Figure 1, Virtual dental moael and reference points

Cusp tps (P13 P14) were identified on canines, Buccal
cusp tips (P9 P11, P15 and P17) and lingual cusp tjps
(P10, P12 P16 and P18) were identified on premolars,
Mesio-buccal  cusp tips (P1, P5, P19 and P23)
disto-buccal cusp tips (P2, P6, P20 and P24), mesio-lingual
cusp tips (P83, P7, P21 and P25) and disto-lingual cusp
tps (P4, P8 P22 and P26) were identified on molars,

112.62 mm
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Figure 2. An example of fitted Monson's sphere
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Table 1, Measurements related to arch form

Measurement parameters

Description

Radius ICR the radius of the circle made by 3 points the midpoint between the mesial incisal
parameters  (incisor to canine radius) tips of both mandibular central incisors, and the most occlusal points of both canines
IMR the radius of the circle made by 3 points the midpoint between the mesial incisal
(incisor to molar radius) tips of both mandibular central incisors, and the points just below the buccal pit of
each first molar
Angle ICA the angle formed by the 2 vectors connecting the midpoint between the mesial
parameters  (incisor to canine angle) incisal tips of both mandibular central incisors and the highest point of each canine
IMA the angle formed by the 2 vectors connecting the midpoint between the mesial
(incisor to molar angle) incisal tips of both mandibular central incisors and the points just below the buccal
pit of each first molar
Arch length IIC the shortest distance from the midpoint between the mesial incisal tips of both
parameters  (incisor to intercanine ling)  mandibular central incisors to the line connecting the most occlusal point of both
canines (not necessarily the canine if worn)
[IM the shortest distance from the midpoint between the mesial incisal tips of both
(incisor to intermolar ling) mandibular central incisors to the line connecting the points just below the buccal pit
of each first molar
Arch width  ICW the length of the line connecting the most occlusal point of both canines
parameters  (intercanine width)

IMW (intermolar width)

molar

the length of the line connecting the points just below the buccal pit of each first

*Point1: -8.32483, 1841669, 3
"Point2: 646473, 2441251, 088810
*Point3: 2138116, 1818841,
*Center: 675790, 1.27180, 573358
* Rodius : 2362413 mm

* Arc Length . 33.60728 mm

(c)

* Large Angle : 139 22588 deg

* Small Angle :40.76401 deg
*Vector1: 082475, 034898, -0.14046
*Vctor2: -094318,

(e)

033213, 001038

* Distance : 20 69686 mm

* Solacted Point: 646473, 2441264, 098810
* Projected Point : 758023, -514060, 218716
* Normal of Vector - -0.88714, -0.03489, 0.08711

(b)

(d)

)

“Point1: 646473, 2441254, 098810 |
*Point2: 2129927, 815095, 4 14048
*Point3: 3884730, 418148, 0.20466
“Center: 724190 421974, 217845
* Radius : 28 66760 mm

“ArcLengh 19446386 mm

* Point 1 1 -2120327, 615005, 414046
*Point2: 3684736, -4.16148, 029468
* Distance : 57.30483 mm

* Displacement . 57.14088, 198847, -384580

Figure 3, lllustration of measurements related to arch form

(a) ICR (incisor to canine radius), (b) IMR (incisor to molar radius), (c) ICA (incisor to canine
angle), (d) IMA (incisor to molar angle), (e) /IC (incisor to intercanine line), lIM (incisor to

intermolar Iing), (1) ICW (intercanine width), IMW (intermolar width)
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Table 2, Measurements of cusp angle
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Measurement parameters

Description

CA4 the angle formed by the vector connecting the most occlusal points of both buccal /
(cusp angle of the first premolar) lingual cusp of the first premolar and virtual fitted plane

CA5 the angle formed by the vector connecting the most occlusal points of both buccal /
(cusp angle of the second premolar) lingual cusp of the second premolar and virtual fitted plane

CABM the angle formed by the vector connecting the most occlusal points of both
(mesial cusp angle of the first molar) mesiobuccal / mesiolingual cusp of the first molar and virtual fitted plane

CABD the angle formed by the vector connecting the most occlusal points of both
(distal cusp angle of the first molar) distobuccal / distolingual cusp of the first molar and virtual fitted plane

CATM the angle formed by the vector connecting the most occlusal points of both
(mesial cusp angle of the second molar) mesiobuccal / mesiolingual cusp of the second molar and virtual fitted plane

CA7D the angle formed by the vector connecting the most occlusal points of both

(distal cusp angle of the second molar)

distobuccal / distolingual cusp of the second molar and virtual fitted plane

All measurements were performed in both right and left sides,

* Large Angle - 169.43053 deg
* Srall Anghe : 10.56847 dog

* Normal of Veetor: 080885, -0.38453, -0.14760
" Normal of Plane : 004324, 018797, 0DO7925

* Large Angle : 164.38143 deg
* Small Angle : 15.61857 deg
* Normal of Vector : -0.89545, -0.41887, -0.15072
* Nommal of Plane : 0.04324, 018787, 087926

Figure 4, llustration of measurements of cusp angle

(a) virtual approximate plane, (b) the vectors connecting the most occlusal points of both buccal / lingual cusp of each
tooth, (c) (d) examples of cusp angle measurement
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Figure 5, Radius of Monson's sphere in males (43 subjects)
and females (28 subjects)

Statistical significance were tested by Mann-Whitney fest
between male and female groups (o 007)

Table 3, Descriptive statistics for mandibular arch form and cusp angle and correlations between the radius of Monson's

sphere (43 subjects)

Correlation for Monson’ s sphere

e e e AEE (1) Correlation coefficients? p-value
ICR (mm) 2337 (7.84) -0.195 103
IMR (mm) 2748 (1.26) 0180 132
ICA (°) 14171 (9.98) -0.242 042"
Arch form IMA (°) 9502 (4.04) -0.157 192
IC (mm) 467 (132 0.333 005
(IM (mm) 2553 (2.26) 0,292 014*
ICW (mm) 26.75 (2.16) 0.350 003
IMW (mm) 5461 (2.33) 0,242 042*
R_CA4 (°) 27,71 (9.19) -0.198 097
R_CA5 (°) 1553 (6.53) -0.340 004
R_CABM (°) 8.03 (4.84) -0.362 002+
R_CA6D (°) 947 (457 -0,505 (001
R_CATM (°) 1522 (6.20) -0.533 (.001*
R_CA7D () 1547 (5.57) -0.464 (.001*
Cusp angle L CA4 () 2504 (8.41) -0.290 014
L_CA5 (*) 1493 (6.68) -0.266 025
L_CABM (°) 8.01 (4.02 -0276 020
L_CA6D (°) 917 (4.21) -0.329 005
L_CATM (*) 1414 (6.22) -0.416 (001
L_CA7D (°) 14,24 (5.99) -0.323 006"

*0¢.05, *p(.01
R indicates right side and L indicates left side.
®Pearson's correlation coefficients were given,
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