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Abstract -

The displacement of human dried facial bone was measured and considered

by real time holographic interferometry, when the loads of various directions and amounts

were applied on the zygomatic bone and maxilla. The relations between places subjected

to the loads and their deformations were discovered from consideration of the fringe
pattern. The fracture patterns of maxilla and zygomatic bones were classified into 12
groups according to the loading areas. For the orbital floor, the fracture patterns were
summarized in 4 groups. These results give suitable aspects for surgical treatment of the

fracture of mid-facial bone.
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Fig. 1. Setup for measuring deformation of the
object.
O : Skull, IL : Illuminating wave, R : Ref-
erence wave, M . Mirror, L. : Lens, HM :
Half Mirror, D : Density filter, P : Process
camera for thermoplastic film, S . Shutter,
H : Hologram recorded on the thermo-
plastic film, C : Controller for process cam-
era, HR : Hard printer, MO : Monitor, V :
CCD camera.
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Fig. 3. Loading method. N ' .. ' -
S : Fulcrum, PU : Pully, W : Water, Fig. 5-1. Real time holographic interferograms
SP : Box type block, D : Skull obtained for various loads. (A :1.5N
B : Bottle B:3.0N,C:4.5N and D: 6.0N).

Loading point( << ) : No. 2 in Fig. 4
( < ) : Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 1.

% *
No.1 2No.‘l 3

(¥

z
Fig. 4. Loading points. Fig. 5-2. Rotational displacement ot the maxilla
No. 1-13 : maxillary bone and zygoma induced by the load to the
No. 14-19 : zygomatic bone loading point (No. 2).
No. 20 : temporal bone ha : Horizontal axis of rotation,

No. 21, 22 : frontal bone va . Vertical axis of rotation.
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Fig. 6-1. Real time holographic interferograms
obtained for various loads. (A :1.5N,
BI3.0N,C:4.5N and D : 6.0N).
Loading point ( << ) : No. 10 in Fig. 4
(<) Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : dried human skull of No. 1.

===x» : after rotational displacement

4

Fig. 6-2. Rotational displacement of the maxilla
and zygoma induced by the load to the
loading point (No. 10).
ha ! Horizontal axis of rotation.

THRAELLLZEIKFHEADOLEELTCEFEBE LT
WSRRTFHABIZE S h, FENEERAR BTS2
DOHEBZE LI (Fig. 7-1). * 7, WEA No. 5, No.
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Fig. 7-1. Real time holographic interferograms
obtained for various loads. (A :1.5N,
B:3.0N,C:4.5N and D: 6.0N).
Loading point ( <) : No. 5 in Fig. 4
( < ) Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 3.

===== : after rotational displacement

z

Fig. 7-2. Rotational displacement of the maxilla
and zygoma induced by the load to the
loading point (No. 5).
ha : Horizontal axis of rotation, oa :
Oblique axis of rotation.
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Fig. 8-1. Real time holographic interferograms
obtained for various loads. (A : 1.5N,
B:3.0N,C:4.5N and D : 6.0N).
Loading point ( <<) ! No.13 in Fig. 4
( < ) Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 3.

FITLLITETT

==sxx : after rotational displacement

z

Fig. 8-2. Rotational displacement of the maxilla
and zygoma induced by the load to the
loading point (No. 13).
ha : Horizontal axis of rotaion,
ob : Oblique axis of rotation.
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BEINK.
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Fig. 9-1. Real time holographic interferograms
obtained for various loads. (A :1.5N,
B:3.0N,C" 4.5N and D : 6.0N).
Loading point ( << ) : No. 6 in Fig. 4
( < ) : Movement of the same fringe
orde number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 3.

z

Fig. 9-2. Rotational displacement of the maxilla
and zygoma induced by the load to the
loading point (No. 6).
ha : Horizontal axis of rotation,
va . Vertical axis of rotation.
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Fig. 10-1. Real time helographic interferograms
obtained for various loads. (A :1.5N,
BI3.0N,C:4.5and D: 6.0N).
Loading point ( << ) : No. 15 in Fig. 4
( < ) ! Movement of the same fringe
order number on the real time hologra-
phic interferogram. Material : Dried
human skull of No. 1.

===« : after rotational displacement L

z

Fig. 10-2. Rotational displacement of zygoma in-
duced by the load to the loading point
(No. 15).
va ! Vertical axis of rotation.
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Fig. 11-1. Real time holographic interferograms
obtained for various loads. (A :1.5N,
BI3.0N,C:4.5and D: 6.0N).
Loading point ( << ) : No. 14 in Fig. 4
(<) ! Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 3.

===x= : after rotational displacement

z

Fig. 11-2. Rotational displacement of zygoma in-
duced by the load to the loading point
(No. 14).
ha : Horizontal axis of rotation.
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NEEIh, THELI3EEDO EF~BEHL, LEIOR
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Fig. 12-1. Real time holographic interferograms
obtained for various loads. (A :1.5N,
B:3.0N, C:4.5N and D : 6.0N).
Loadig point ( << ) : No. 16 in Fig. 4
( < ) ! Movement of the same fringe
order number on the real time hologra-
phic interferogram.
Material : Dried human skull of No. 3.

: after displacement

z

Fig. 12-2. Displacement of zygoma induced by the
load to the loading point (No. 16).

A

BErTEHLE0FACETOE IR D bh, BEID
HENFED L EPBEE I hc@Fig. 11-D.
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BffiAwr 75 & X5 EER

Fig. 12-1 R d X 5, BEEERCEEAKFEH I
EWERROTE L ERBE I hich, FEER IO

Fig. 13-1. Real time holographic interferograms
obtained for various loads. (A :1.5N,
B:3.0N,C:4.5and D:6.0N).
Loading point ( << ) : No. 18 in Fig. 4
( < ) i Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 1.

===== : after rotational displacement

Fig. 13-2. Rotational displacement ot zygoma in-
duced by the load to the loading point
(No. 18).
va . Vertical axis of rotation.
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mOLEREML=EFig. 12-1).

(9) MEAELLTEBD No. 18 IC@ELEDSE
FAr 75 A X DB FES

Fig. 14-1. Real time holographic interferograms
obtained for various loads. (A :1.5N,
B:3.0N,C:4.5and D: 6.0N).
Loading point ( << ) : No. 17 in Fig. 4
(< ) Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 2.

[
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===s= : after rotational displacement

X

Fig. 14-2. Rotational displacement of zygoma in-
duced by the load to the loading point
(No. 17).
va ! Vertical axis of rotation.
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DOFH L E O AITRE 2B KFEHF AL L &

Fig. 15-1. Real time holographic interferograms
obtained for various laods. (A : 1.5N,
B:3.0N,C:4.5and D: 6.0N).
Loading point ( <€) : No. 20 in Fig. 4
(< ) Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 2.

===== : after rotational displacement
Q{J

X

Fig. 15-2. Rotational displacement of zygoma in-
duced by the load to the loading point
(No. 20).
va ! Vertical axis of rotation.
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3

Fig. 15-1 &Rt X 5, AEBEEEETGEES)

interferograms

Fig. 16. Real time holographic
obtained for various loads. (A :1.5N,
B:3.0N,C:4.5and D:6.0N).

Loading point ( <€) : No. 22 in Fig. 4
( <« ) Movement of the same fringe
order number on the real time hologra-
phic interferogram.

Material : Dried human skull of No. 3.

Fig. 17. Real time holographic interferograms of
the orbital region obtained for various
points (1 : No. 1,2 : No. 3,3 : No. 10,4 :
No. 16 in Fig. 4) under the load of 3.0N.
( <€) : Concentric circular fringes.
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Fig. 18. Loading areas (D~@®) obtained for the
maxillary and zygomatic fracture pat-
terns.
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Table 1. Absorbed fringe order numbers counted at of the bone suture
(Loading points 1-22 are shown in Fig-4)

Loading point : : ;
————— 1 | 2 3 4 v 5 16 7 8 19 10 ¢+ 11

Bone suture Dry skull ! ' ' ' H H
fronto- No. 1 2 4 3 3 3 3 3 : 2 3 3 2
maxillary s 1 2 2 2 2 2 1 . 1 2 2 2
2 3 4 3 12 3 3+ 3 4 3 4
fronto- ¥ 105 5 516 4 516 4 5 ¢
zygomatic s 3 : 2 3 3 ‘ 3 2 3 : 3 2 2 2
7 ¢+ 7 8 6 : 5 5 3 1 4 5 3 4

temporo-

zygomatic s : : ; :
2ygomatico- 0 0 0 0! 0 0 0 0 0 0 0
maxillary s 0 0 0 0 0 0 0 0 0 0 0
1 1 0 1 0 0 1 1 0 1 1

Loading point ! ! : ! : ! '
12 7 13 1 14 1 15 ¢ 16 ¢ 17 ¢ 18 ¢ 19 : 20 ! 21 | 22

Bone suture Dry skull ' : )

fronto-  No.l | 2 04 0315 1212 2 @ %11
;Zg;mys o Nez 1z ieisiai2iziriziwili
No. 3 4 05 08 16137 L6 5 w2l
fonto- b No.1 | 06 406131 4413311
. _No.2 | SR U U 2 e A O 2 D O A N A
zygomatic s " No.3 6 6 i 5 17 16 17 {2 i41i3 9 i

temporo-  |----- No.1 . J L0

zygomatics ~ |f----- No.2 ] > 1 7 ;

No. 3 9 P12l i
sygomatico- __ Nol | 010 10010307050 %! 0:0
maxillary s ooon No.2 00 0 oo b0 oo xioo
No. 3 1 1 0 1 0 1 1 1 0 % 0 0

ELrz. BIRL EREA L\ 3 ERETCOREFRN
BuvTw3EELZbh5. ThbDEREY Table 1 1TR
3. R X Y% Dry skull & b AUBEBEEREI ORI
LEXREI RS L, BHELEEFRAMCORINL X
Bfb oI R T b Dled ot Eiz, BEN
BT HRBEIEAIEIN TN B 2 & e & 5 SR E
A TID I - 1o, B, B EHBEEH R~
DIEE LT B 12D I KA T OREFA M- T
%&FE 2 bh b (Table 1).

B

U=}

BEEYBRT 5 LEER I CEROREL X 55H
WEZRFH AR 75 7 4 FHECLIVFTWFEHELED
RE =V hb, WMEFEEOEGIC b HEEE OB
K212 2 1 7, BEROLEH < F — 134 2 1 T IBE
TE5EE2DbR. Z0Z 23, SHOTPEEERE
FORBKIR I OWBEO—BI L b :E L bR 5.

RWRXOBER L 2 EFHREE 1 4 2 7 = 7 %L
(1994 5 12 A, HFO, 49 [0l A A nERtEL B4 (1995

F4A, BRERWTRELL.
i i

MER2BIHrch, BB HHEIEE L MEMYE

D ¥ Lic REABIEREBEENIECER L X h EHoE

BRULITEE DI, HEME, HBEEXEY T LB 24

BIEBER AR b O RBIF R E VS TR

WRHEB L ETFET. SOERBRORTICHi» THK

AHTEERN O AN E TR A HM TR
FREREIBEI D X ) RS L E T
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