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Table 1. Number of elements and nodes in the finite element model

Elements Nodes
Control group 35128 8503
Vertical osteotomy group 35126 8437
Stepwise osteotomy group through symphysis 34932 8535

Table 2. Mechanical properties of tooth, periodontal membrane, cortical bone, trabecular bone, and distraction device

Material Modulus of elasticity (kgf/mm?) Poisson's ratio
Tooth 2.0 x 10 0.300
Periodontal membrane 0.0007 x 10° 0.490
Cortical bone 1.2 x 10’ 0.330
Trabecular bone 0.018 x 10° 0.450
Distraction device 2.14 % 10 0.300

Table 3. Direction of muscular orthogonal components derived as unit vectors (i.e., direction cosines) from single vectors
of muscular attachment

Right Side Left Side

COS—X cos—y cos—z COS—X COX—Yy cos—z
Superficial Masseter -0.207 0.419 -0.844 0.207 0.419 -0.844
Deep Masseter -0.546 -0.358 -0.758 0.546 -0.358 -0.758
Medial Pterygoid 0.486 0.373 -0.791 -0.486 0.373 -0.791
Anterior Temporalis -0.149 0.044 -0.988 0.149 0.044 -0.988
Middle Temporalis -0.222 -0.500 -0.837 0.222 -0.500 -0.837
Posterior Temporalis -0.208 -0.855 -0.474 0.208 -0.855 -0.474
Inferior Lateral Pterygoid 0.630 0.757 0.174 -0.630 0.757 0.174
Anterior Digastric -0.244 -0.940 0.237 0.244 -0.94 0.237
Mylohyoid -0.259 -0.966 0.174 0.259 -0.966 0.174

When seen from frontal view, the x-y plane was parallel to the floor, with the +x axis oriented toward the right, the +y
axis oriented forward (anteriorly), and the +z axis running down.

McGuinness 5] A& Za= 39 on, sfeta 2718 ARSI skelol BA|sheE ulke] A E
A9 FA o] B E g3t shFol L WEo] gl o] AF, WEeED, d5E2 9, A5
AR 840 A Folagla 7h A e A T, ST, FET oolEe] AE, opAdE
o NE AN 2= PAsda stetE Ael & Kim®9] 7)ol wel YX TS e ste] shet
Ao H3E e Yo 49 JA REHEE Fo] AARPACR &%a, Tl i s ie
A8tk (Table 2). 2 Koriothe} Hannam®<] o1kl whe} S4A 5

Al WRE s 2o B 9715 SRR &
FExAL Rof ofatglom, epdEtd 250 No.x o] 4& F7}

(]

AlA AEE W36kt (Tables 3 and 4).
slola Aek F-97F Al F2dl Aol A 3
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Table 4. Weighting and scaling factors, magnitude of total muscle force assigned to muscles

Weighting Scaling factor Magnitude of total muscle
factor Right Left force (Newton)
Superficial Masseter 190.4 0.27 0.27 54.40
Deep Masseter 81.6 0.26 0.26 21.21
Medial Pterygoid 174.8 0.76 0.76 132.84
Anterior Temporalis 158.0 0.07 0.07 11.06
Middle Temporalis 95.6 0.06 0.06 5.73
Posterior Temporalis 75.6 0.06 0.06 4.53
Inferior Lateral Pterygoid 66.9 0.14 0.14 9.36
Anterior Digastric 40.4 0.38 0.38 15.35
Mylohyoid 250 1.00 1.00 250
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Fig 2. Hybrid type distraction device.
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Fig 3. Bone-borne type distraction device.
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Fig 4. Tooth-borne type distraction device, horizontally
angulated by 30°.
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Fig 5. Reference points of control group.
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Fig 6. Reference points of vertical osteotomy between Fig 7. Reference points of stepwise osteotomy through
lower central incisors. symphysis.

Table 5. Control and experimental groups

Osteotomy area

. . ; No osteotomy Vertical osteotomy Stepwise osteotomy
Distraction device

Tooth-borne Control 1 Experimental 1 Experimental 5

Hybrid Control 2 Experimental 2 Experimental 6

Bone-borne Control 3 Experimental 3 Experimental 7

Tooth—-borne 30 Control 4 Experimental 4 Experimental 8

Tooth-borne 30, tooth borne type horizontally angulated by 30°.

sfel HA Afoje] FHT (Fig 6) (vertical A7 Agstaich 3 Ads 9130 8ot skl

osteotomy between lower central incisors) & v23 7 A AR o] v &5 FHow A
AT afot FHA HEH spl Aol A Al ahdtt. o] "ol Zhzke] Al FAE fAIS

gato] afotar shAZMA Ao w HFAldHel B o Aoz At

Al Al on, A5 o] HEHES Al 1, Aok FF A, AT 5 2, EFE A, A

shelth. o] Aol Zhzhe] AQl A S F- et A 6, 3, = TH A, AP 7, 4, Ao} A&

Ao A3, A E 30° AAAA YA, AT 8.
1, Ao} o)&d AX|, AT 1; 2, 5 FA], A A o7 B Ao thxa 4714, AT

a2, 3, = oY A, AT 3; 4, Ao} o]EY 87HA 2 T4t (Table 5).
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>

A
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=
(stepwise osteotomy through symphysis) st X|ofo] o)F Y Y EEE Golr
A FAAGE 918 stet #5 SHEX S AX 7] e A HEEA s AAsksit stet
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2] dgate] stet ahd 12 A 7HA] 73Sl @ o, aketzt, Al of AllthaA] 395 AR
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Table 6. Total displacement and von Mises stress on control groups

Total Displacement (mm)

Von Mises Stress (Kpa)

Minimum Maximum Minimum Maximum
Tooth-borne 0.00 5.39 0.08 317.58
Hybrid 0.00 3.77 0.02 561.76
Bone-borne 0.00 4.02 0.03 484.87
Tooth-borne 30 0.00 4.65 0.06 524.34
Tooth-borne 30, tooth borne type horizontally angulated by 30°.
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Fig 8. X-axis displacement of control groups (mm).
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Table 7. Total displacement and von Mises stress on groups of vertical osteotomy between central incisors

Total Displacement (mm)

Von Mises Stress (kPa)

Minimum Maximum Minimum Maximum
Tooth-borne 0.00 4.91 0.00 72.83
Hybrid 0.00 5.47 0.01 63.84
Bone-borne 0.00 6.29 0.01 74.41
Tooth—borne 30 0.00 4.61 0.00 98.20

Tooth-borne 30, tooth borne type horizontally angulated by 30°.
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AL 2919 &5 W7 SR A
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Fig 11. Displacement contour of experimental group 1
(tooth borne type in vertical osteotomy between central
incisors)
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Fig 13. Von Mises stress contour of experimental group 1
(labial view).
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Fig 12. Deformed and undeformed pattern of experimental
group 1.
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Fig 14. Von Mises stress contour of experimental group 1
(lingual view).
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Fig 15. X-axis displacement of groups of vertical
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osteotomy between central incisors (mm).
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Table 8. Total displacement and Von Mises stress on groups of stepwise osteotomy through symphysis

Total Displacement (mm)

Von Mises Stress (kPa)

Minimum Maximum Minimum Maximum
Tooth—borne 0.00 4.21 0.00 87.13
Hybrid 0.00 4.24 0.00 76.77
Bone-borne 0.00 5.05 0.00 82.38
Tooth—borne 30 0.00 4.43 0.00 124.80

Tooth-borne 30, tooth borne type horizontally angulated by 30°.

6.00

4.00

2.00
a Tooth-bome

8 Hybrid

12 3 4 5 7 9 1 13 ® Bone-home
—2.00 ® Tooth-bome 30
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Fig 18. X-axis displacement of groups of stepwise
osteotomy through symphysis (mm).
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A 3-D finite lement analysis on the mandibular
movement pattern and stress distribution
during symphyseal widening

Do-Hoon Lee, DDS, MSD,* Hyun-Sil Hong, DDS, MSD,*
Jong-Moon Chae, DDS, MSD, PhD,? Jin-Hyung Jo, DDS, MSD,”
Sang-Cheol Kim, DDS, MSD, PhD¢

Objective: The objective of this study was to evaluate the displacement pattern and the stress
distribution of the finite element model 3-D visualization during symphyseal widening according to the
osteotomy position, osteotomy type, and distraction device. Methods: The kinds of distraction devices
used were tooth-borne type, hybrid type, bone-borne type and tooth-borne type 30° angulated, and the
kinds of osteotomy design were vertical osteotomy line between the central incisors and step osteotomy
line through the symphysis. Results: All reference points of the mandible including the condyles were
displaced laterally irrespective of the osteotomy position, osteotomy method and distraction device. The
anteroposterior or vertical displacements showed small differences between the groups. The widening
pattern of the osteotomy line in the tooth-borne type of device was v shaped, and that of bone-borne
type was a reverse v shape. However, the pattern in the hybrid type was parallel. The lateral
displacement of the mandibular angle by the bone-borne device was more remarkable than the other
types of devices. The displacement by the 30° angulated tooth-borne type was different between the
left and right sides in both the transverse and anteroposterior aspects. Conclusion: The design of the
distraction devices and osteotomy line can influence the displacement pattern and the stress distribution
during mandibular symphyseal distraction osteogenesis procedures. (Korean J Orthod 2008;38(1):13-30)
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