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Abstract
To current date, the relationship between the applied impact force and zygomatic fracture
development and displacement has not been clear. Therefore, in order to identify a rather clear
relationship, we performed mechanical experiments using impact force and applying it to
human dry skull. The Impact forces were produced by allowing various weights to free-fall
from various heights.Those impact forces were applied to four different points; The front,
center and rear of the zygomatic bone and the zygomatic arch.Dynamic strain gauges were
placed at the zygomaticomaxillary suture, zygomaticofrontal suture, zygomaticotemporal
suture, zygomatic bone and the zygomatic arch.Dynamic strains were recorded as voltage and
the data was analyzed using a dedicated conversion software. The impact loading values were
varied by using different weights at different free-fall heights.The sampling frequency was
10kHz and the maximum impact energies were measured at the point of fracture of the
bones.From the study above the impact force developed Zygoma bone crack fracture became
clear that 65~100kgf,and Impact force developed excursion fractures zygoma bone at

medium energy fracture was revealed to be a 190kgf.

Key word : zygomatic fracture,dynamic strain,impact force



i

il

JEE BT, BEEEEEE YO CIEPEEE IS E S, R TH D0
T E FEEEAEITE LT AV oEFEHEmE T E AL TRET DY .
F I EYERAL & BT LI E RO X0 6 AU %E (Knight & 7)) Shub.
IS OFIIEOSFIL CT TEOEAIZ LY A[RRIZR -2 b O T, lEEHOIE
PRI T T 5 BMIE L5 T OBEEHFEOBRPICENL > TWD Y |

SEE B ITIIRERE DB I 2L Z &ML Y, S OICHE CHEBROE I 2 0%
LTWaAHEAELHY Y, EIROER O KTl  HAEESCMIBEIC X 5 BB A IHE
DAREME S & D720, ZERFORYL, ThRb b EITZ 5| & 2 TIE S 724 10 F5 1
RO ENME, AW SN R —DORE SEHRET D Z L3, 2N 5 OATHE
DAEELZHER T2 L TEETHD V. O OUAE TIEEE BT, B H ORI
PRRIEIC KX VR XNV F—IMG (ROLDD 72 ET) |, k¥ —4ME (RALOK
B, @mT R —IME (R TV STV A LA LR —
DR E SRFEEFNTHOWT O BARBIEE 1T 20,

SR X R, BTEEE, WIS AT K 0 B L, %5 IR E S, NERICIX
IR, EIEARES & E A, T OMaE A R RO B IR S 4T 0D 98 AR AR TR A AEHE
IZLTn5EEZLND Y. LA L, ZORAERKTH L/ DKE S LA MHF
AL & TS X DI OIRALIT A0 HTERRE & D BIELZ DV CiE, 2V E TICHf 8
AR CEFROT I L RFT S el 13 dh 503, R 2 L X —FTOBHOT
HDFEAARDUZ DN TIEI S22 > TV, 72, BB IR A U Dl x v
F—DORE S LBIHERBROREEIZOWTETE LIZHIES 2.

ARIFFECIE, b MBS S 2 O TR RV —F i & o 3L F— g4 & 54k
SHELHEREZRNLF—LZDOBRITELL2FBHOTHORE S, BIOEEZH 600
T 5 B CHERE F CONFRNEREIT- 72,



MoB & 7k

1B & B IIRIR D 7 4H

FEEBRIZ AWM EHIFIRRGR O iR BR B S CPUR B S AEABIZEET) 30 THh 5.
BEERAE R D HERICAFEI I RFE CThd L. BRM EAMIC KV, [ LS, e A
B, W RTEERE S, M5, & 5 WITIREEEIC K & 22 WAL & PR 7 W I 28 A Uiz ke
AR F—EYr& Lz (Figl) . FERIEE LS, 18 MISake s, R i
WA DOTXTOMAE TEI LB RN EEICRHM L EE6 2 P x X —g#rL L
7z (Fig2) .JE = EAM CIIIEE OB R Z £ LG a b r L X —45
re L7 (Fig 3) . #UBRIA 30 M8 DM, 20 il 40 ] 2K 1)L & —F #r3kERIZ, 10 & 10
% = )L —B BRI L7z

2. M B MRF B DR A & AT
EEBE AT EOAMIE, 282 BEICAE ST LK S 100 m@OAR Y 1 —ARx— Mo
A TRNE, O ER L ETOGE S ZBRERICHEMSER08 5, OB
HRTODLOICHEABE ST LIk 7o/ (Figd) BHZFIEHR LICHIEE
BT 7 VNV Y L S CEE L. EERE, 8 525 a7 8 O T FE
WZAES 2 X9 I B R 2 & ICHRE T O E L Z LS.

BT B O AR, FER TS0 L TR R 2@ 58 1T, BSEREE S
(IR Moz i@m o8 L) EE R (ReZeR) | B EEES (JEE R

RIEEHES) TSR (REHR) O 4 xE L (Fig b).

\ud

3. BT AEmOFH
FEROFTLHEOEHNIE O T — (KFR-1-120-C1-11, LFfnE¥) |, #HH0#:

BRI (=% A b CC-35, ) Z MW\ THEE LS, JERsaE S, E



IBERER, K, JEE I HE LR L7z (Fig 6). 77— Y OREFRIZZE N E O
B LFARES LEB (CHL) , @faE L3HEa T (CH2), QffE AiEHES (CH3), @HaE AilEA
Zeikd FLJECHS (CH4) , @JEE 1A T35 (CHB) , @48 - Sa#%E A58 (CHB) , DIEE = H ik
(CHT), ®FFH HARER (CH) & L7z, T A7 — IR HIE £ TIZ 24 R UL =80k
HFIZHE L TWbp b =— 0 Vi L.
O HET, HEMETRLF 2RI ERP MY IR LFH L, (Ko x)L %
— B E L =RV —B IR U TR OB RO T 2 & JEMFO T B & 51 L 72,
OTHT—IIC BEEME L TR SNTEBHOT R, V—FENS 7Y v
Ry 7 A (DB-120T-8, FEH¥) # 0 L COT A EBERES— K (CDV-40B, 3Fn
BE) ICANESE, o7y N e
==L L a—4— (EDX-100A, LFMEZE) TIEL, FHOT7T—ZZH#HY 7
(DSC-100A, FLFnEE3E) 2 W THEMT L7=. o 7 ) o Z TR HUE 10kHz & L7z,
B E M OFE R FHR E 1L one-way ANOVA THE T - 72354, Tukey’s multiple
comparisons test Z17 > 7=. 2 BER] O FLigid Student’s t-test 2 AW TIT > 7=, gt Y 7 b

I% Graph Pad Prism 6 (GraphPad Software Inc., San Diego, CA) Zf{#H L 7=.

4. EERATE B OB E L At OFH

ERAEEIIOHOEREE TORI A IEDL T IR BRI E &
T B AER OB VX — (B) 13FHEA

E=12mv® ()

BB LT, 7277 L mi 8 0B & (kg), v=N 2gh, g: B A1 E m/sec® h: @ & (m), T
HD.

F 7o, ) (F) 13 A

F=mv/At MBHEH L7z

72120, At X8 DOEZERAMED G T £ TORE & L, 10kHz Thet L 72 OV &3



EABRBBNSIER T 5 TORRME LTEHIL7Z. $770bb At [Fa= =P/ L=
— A —=TRESNTEBOT HRIE N ERE T L X —D /M & b7 - THRRITR

L — 27Dk z 1 555D 1 AL TR LEE LT,



w2k
1. Rz —F el

L)HREE A Hh o A B

FIBEOT % (Fig 7) : S@E (At i B CIIsE s LBk B30I i Rk @ 10.0x10°pstrain
L7, DWW CIEE MIEERE A 81T 2.68x10%ustrain A FHI L 7=, $EEF 2008 E 1T
one-way ANOVA THE Td Y (P<0.05),Tukey’s multiple comparisons test Z47->7- & Z
A CHL1 & CHE I D FHARRAL & AR 72 K& 72O T A&\ Tdh - 7. (P<0.05)

JERE O 2 (Fig 8) 1 FEMEOT 2 A FBROT BT H A, /NS 7o 72, CH3, CHS, 35 &
Y CH7 T 1.0x10%ustrain F2E O A IR & 22 EANGHA S hur-.

T 1)L ¥ — (Table 1) @ AP RATE IRV F—FH 2R ESE LD

FA 72 8 = ) L B — |33 T 221x10°) Th o 7-.

2) JEB N SERE B0 i B

FIEEONT A (Fig 9) @ M E MBS HAMEREOSEOT AT CH1 & CH2, BLT
CH 6 THERIFHITAERNL & A ISR & ZE2NFHA S 417z (P<0.05) . i KRAR 1345 H
FERE G D 1.19%x10%ustrain T - 7=

JEMEONT A (Fig 10) @ - MEHES AT ERF O EM OF 25RO T A L D /&<
CH7 T K-1.02x10° Th - 7=

EEE T 1)L % — (Table 2) HHHMEHESHIME TR AL X —FH 2L L IELD

IR BB (L — (X T 210X 10°] TH - 7-.

3) SR SO Ay
IR0 2 (Fig 11) 0 LS EREE A HF O 55RO 2013 CHL THK

1.23x10%pstrain Z ZHAI L 72. DU T CH2, CHE6 TR & 2O HBFHIl S -, #E78



X 2D O 3FNLITMOFRA LY b AEICKE 22 EEZ R LT (P<0.05).
FEAE O 7 (Fig 12) 1 BB R R ERF O EMOT LT EOTH L0 b
INSVWMEZ 7R L7z, CHT THR TOW T CH3 & CHE ML O FHANE & A& 2% 7R
L.
EE T rLF — (Table 3): LPAFIEEEERWE R AT —EHE2LELSHE

2 DI 7 E e R )L ¥ — 3T 0.171) Th o 7-.

4) B e

FIEOT 2 (Fig 13) 1 #8E ZEAFEIED 53R O 7113 CH7 The K T 13.3x10°pstrain
T -1z £7- CH8 Tl 12.8x10°ustrain Z #Hll LI S ERIC K E A2 O FHA4E LT
72. OUNT CH6 T 8.28x10%ustrain Z 7+ L7=. 24U 5 3 FHHLS O OF A &I 5
ROME & BB 2%~ LT2(P<0.05).

JERFOT 7 (Fig 14) 1 J8E S 0 ERFOJERF O 713 CH7 Tt k—2.22x10%pstrain
T, GIIROTAHAI VIS RETH - 7.

EEE T R L X — (Table 4): FEESME CIEKZ R LX—FTZ24E L DDA

TRfEEE T R L — 1T 135%10°%) ThH Y A M E AT RV THh o 1.

SR R ¥ —F I HEREOE R = R L X — O H A M COL#k (Fig 15)
INETTEE T ST HOICE LI EREE XL X —% 4 ffE A CHERT 5 LI R
JERRFE AN K T 221x107°%) Th - 7=, DOV T RIEERE S # 4 T 210x10°%) , DU
T B E RS SRR EO 171x10°%) Th - 7=, i ST E T3 135x10° L i Th - 72
. Tukey’s multiple comparisons test T3 H 4= o S fif B 36 K OVEEAIEERE S 07 2 & 38
BEMERE CTEREND Y, EDWECT/NMITEZREIELT-OOFE R X LY
—BNAEFEIT/N SV (P<0.05) Z E R L N E o7,



2. =R X —F iR

U EDIRE RN —FIT 23 E S5 FERCORROB RV XF —20ELE L
JEE R AR IS K D P =Rk L F — B I ER AT - 7. 10 BRIE TOE R L F
— DEYfEIE 414%10°) Td - 7= (Table 5).

JEE R R B C = ROV X — IR A LB OB O A BI35 RO H 0 ME
AL T (Figl6) ,CH1,CH2,CH3,CH6 DiEH JEH DA A THEIC R E <FHllE
(P<0. 05), RIEBAL T OFEI A U TV, e KOO B 3B MBS 5 TR S
7= 26.2x10%strain C, DU TS EEARES T T 22,713 pstrain, 845 RS FEET
22.2x10%ustrain, fEE AITEEREES T 20.5%10%ustrain 2N FH S 7=, 205 4 (T O FHAIA

DOONT B BT OEFRNL TOfE & ik L CTHEIZKE 22> 72(P<0.05).

3. EE )
S BT, BYOT HEHU ORRRFRIREER D O B L7 B IR DO At 2 W T, 8 )
Z:RkH7- (Table 6,Fig 17) .

R L — 5 2 54 S BRI, I8 5 R i B T 1.03x10°%kgf & K& <,
OUNTIEE RIFERE A 55 8 0.0982x10°kgf, b BHB #8222 & 47 # 0.0788x10°kgf T &
v, JEE SE T E 0.0652x10°%kgf & D T o 7-. LavL, 20D 4 ff i CldHar
FINCHEZIT o T

JEE AR P B R B O L X — 5 T A R ST 013 0.193kx10%f & (K=

IV —FIREOEE 1D 1.87 [ Th o -, P A EZ 2D 7= (PL0. 05).



I
b

SEEEHTIE, FEEEITICX oy S, B TH 5 WIdEE e ES eI S LT3
BT EEE BT OR TR FEB BTN THEER &V L E BT R,
RTSE, (EEE 72 & EEGICR VBB L TR Y, B EIC IR b0V bp 53y |
VAERTHELD EWVOIFBAER L TWBHTO, [RIEIZZNL LD/ Ny b L RAEEEEE
TLHZENEELRD V. ZOTDBEEEE LB ORMREL BEE S S0

SEBRREINTHE D 2 —F T, BEBETERSLEENE D, 5 VITIEIE B E & 8L
INZAT O I E D I BRIRT D EE L BE ST 7R ERH 5. Thb bR R LX—F
Ir ULV 72uvigdr) |, e F—Fdr (RALORE 28 , ;T rx—adr
BRI I SN TV D B R X —FIFICH L CREIZRATH Y, b
AT —BP TR LIy b L ABOBEFEERLEL 7225 O Flomz R ¥
—HI I LB BT AR, K0 R CHEME B EE AL e D Y L
STIZIDZRAF—DRE S L D0FUNTIRRIEORI & BE L= F Ao\
FIELZ A0, TOBERMBEDTDICARENIZZ R F—DRE SIZTONTOH
RAEEIR T 72, e S 7o s 1372 0.

FEE B P ORABET & 1 P0G L 7oA JRIE, ST AN FCREE S LR

DERZFHFOT R =V T LR 203 S 50, BIr@EmE ik~ TAL
D120, TR MT ATV D LIV R 720,

IR E 2B IT Le Fort OIS W3 ® 0, EKEEE & N~ — CTREFT L T
I E OB PrIRILE LeFortl B - AL - MALZ/HME L7 AL RS TH DN EE S OX
E ST DWW TIIRLIR 3 720,

BRI OF T FBRIC K- THYMREZ B 5 2N LIZFREE IR OB mI A v 37
BB THENNAE LD EmEZE LSS PR3 e 5. BN EL D ETHVIEL
WHEEZ NI FETEIO LS WEAFHE SN TB Y, S5 O FdrinET



178kg L SN TND Y RIFROFER L HEBRFTIERZOH HHETHSH. L
L, BT LB OFNLRRAE U O T AER B OWTTMmF ST,

AFIE CITHZ IR B O E BT TEITRIE CH WAL, 2 E Tt Sk
ZEDRWVENOT AT — VAT LT, E M EAONE 2B ST, B AR
OEOT HEAFHN L2 IR0, FERATEE &R AER O E &g HPHOZ
TARREIZ DWW CREMICAFTE 24T 5 Z E N TE 2. B OT RPERF O R R T — ¥
2 B BREIZ I8 AT 2 E 8 ) O BRI 2> D& THEME T (AY) ZHETE 2 &
L0, EEHMICO TRHAITE 72

¥, AREIOERIIEIHES & RBEE L THWE2Y, Huelke & ' 13 fE B
HNIBT 8 5E LIREE TOOTAOMITITENMIEALERNoT2E LTEY,
FH SN ICEHBOTHMEITAH R T -2 ThoHEEZBND,

FEERTIFEVOT B ORRNE 2 A + 519RO M7 [0 THIE L7223, ERRITWT 7o
W EFEBR T HERERHIBIROT HNEATH Y, 5IIROT HOKRE S & FITELE
DORIGEE Ul E 7B IFERETRE 2 i U CORIREMRV & SN TR Y, Bk
BIERMINADAEL L W e SN TV DD, BIIROTHORE S THRAP AR THD L&
z bz

L =47, D BARM O 2 VT I AR, i HR L B0 A O FHAE D

BESEL T, JE B (A P e i B O RS RERIC AR K 10. 0X 10° 4 strain %, 3@ B IEH

=1

O TR B IR I EERE B0 11.9x10%pstrain, HEE FEERES L¥FIC 11.7x10%pstrain,
JEE EBAREA THBIC 8.03x10%ustrain %, b BAE KA E 22§ B CIEE LBERE S EERIC
12.3x10%ustrain, JEH 5 S T EBIZ 6.43%x10%ustrain %, JEE =5 fir 8Os = oL &h
(2 13.3x10%pstrain, HEE HARELIC 12.8x10°pstrain, HEHEHIEERE A0 8.28x10%ustrain %
SHAIL 72 ARBZO 22 VBT 2N AR L 72 B O B O B B 3 R KA TR % & 8.03%10°
/75 13.3x10%pstrain T, 72721372 <, 2R S DT HENBIE T OF/AET DI
EWEORRZERD EZEZ LN, OFTAIFFHSR O DE I N0, 1%L L8



10

A% 1.0x10%strain & EFR SN TE Y, OFHAEMD S 1% 1~1.3%D LT TARMN
CHZEnEZBLNT.

Fo, FHAI SN OTHEDO AN D, EHAHOT X TONNy FLRITHEHRZET
RPN E AU MBERE AW E CH H Z E NI B L 7o o 7. BRIRAVIZ I3 T
SN OATEERL S & OB T LI 0L S0, BHHEE TOs)
DAL & B HFRORAETNL & ZHERT DREOB B IR DR THD LEZ L. JE
B A B TS ORTETIZNT TOTHENRE L \EZEINEM TR Z 5
RIS 10 L —8 LT .

(K RV X — B 7 2 F A S8 5 7 3L — (0 A S0 i B T 221%107°0,3
"B RIS 5 4 C 2101070 &R & <, DT RS SR E T E 171x10°%), JHE
P 135%10°%) Th o 7o B BB D R OV E R XL F—TAE T TR, ¥
FHECH B AZRO T2 2 L 00, 5 I8 e R a9 L0 bBEDOHN )T
U2 ZENERMICHIEH S L.

S A HH S A B C R R L B T, R BIEE RS S ML L 7 TR
DEYOT A BIL, J80E e A 3T 22.2x10%pstrain, 88 _FEEREAS TH T
22.7x10°pstrain, 35 AITEERE A E5 T 20.5%x10%ustrain, 1 MIFERE G T 26.2x10%pstrain T
Hol. NN —FBIRERO 2ERETH Y, BB ET LIEOOT &L
25.0x10%pstrain & L TWAHHE DL —H LTMETH -7~ ZORITOTHDOEEND
95 & 2.5 EOEENELCTNWALZ LT b, FO0THANRRKE Gl ENT-EE
ROEFADOE & DA THEIT L TEY, @ F —g iR gz 40 5 &
D VIEE AR NESCIEE RTE SR IR TR E R O TR SN o 7. F
T LT LR F L X B IR A FH S - T )13 0.193x10%kgf %
0.103x10°kgf T#7 1.88 5 T~ 7.

AEOEBRTAt ZIXUD THEAUTEZZ LICXVERENREICHL R EGE ) %
HET D2 ENTE R ART RN X —F PR CIIIEE R P I 8 T 102, 9 23K
THEE S T/ 0.652x10°kgf Td - 7= ff B AL TRERHEANIC 22T R 0 - T2 28,

WEE ORIEYTINE U A E /1% 65.0~100.0kgf TH 2D Z ENBHLMNE R o2 £



11

2 ROV — B T I AR I3 S A P i B2 C 0.193x10°kgF OB ) % FHI L 7273,
BAL DL ISR SN TV AIE L IIEREE TH Y, 185 ORAE P14 U 5
BINL10kgF REETHDH Z LN b N E 7T,



12

b RZEREEEE A RBRR L U C, ERATE T R & T S RBEE, allsE e, Mg
H & OREEGER L OEERHMOBOT A7 b R XL F—FH, F= ¥ —F
FNVE U BB L F— 2 3 L, £ 72O P AR AEORIE RS At 230 LE
A HARERE AR LT, LT O ma 57,

L BIRAEROBOT I ROT AR EERTH 7.

2. JE R P a7 B O R BRRE A BRI A K @ 10.0x10%pstrain & FHII L 7-.

3. B B A AT B C IR BB A LU Fe KA 11.9x10%strain 2 FHAI L 7=,

4. FERE IR ZE S i B IR RS EERIC R K 12.3x10°ustrain £ FHEI L 7=

5. YA YT BB O A TP e (2 B K 13.3%10%pstrain & FHHI L 72

6. (KT /X — i 2 R4 S8 DT L X — | THEE R T SRR E T 221x10°),
W RIEERE A ER R B T 210x107°%) & KX <, DWW T LB e 22 e T B 171x107), 48
B E 135x10°% Th - 7-.

7. JEE AR I E TR )L BT, b BIAEIRDEE SMRAL LT E i
FEDB O B BT, 308 EBERE S LB T 2.22x10%ustrain, EE _LEEHEA FTE T
2.27x10%ustrain, FEH BiEERE A E5 T 2.05%10%ustrain, JE 5 HIEERHE S H5 T 2.62x10%ustrain T
b7z,

AR R X —EH &L P RN X —BIFOREICHLEREFET R L —DRE S %
WA THE Lz L 24, HEHEIZAE Th - 72(P<0.05).

9. WEE OBIVEITINAE L DHEEE /11 65.0~100kgf &\ H ZE RSN E R ST

10. = RV X —F P TREE OO BT E U HHE 1% 190.0kgf FRETH H Z &M

BN o Tz,



13

i

WMz A DICHIEY, 6 T80 5 THRE, TRllZHY £ UIERERAF 1R
JERRHERM B R AR, W SRR R B BdR, JWRR
DWHBIRER LR T B REZEIRICR OB ER L ET.



7 | 3Tk
1) Ochs MW and Tucker MR: Management of Facial Fractures. In: Contemporary oral and
maxillofacial surgery. Hupp, JR, Ellis,E 11l and Tucker MR, Eds, Sixth ed, Elsevier, St Louis,
pp491-518, 2014
2) Knight JS and North JF: The classification of malar fractures: an analysis of displacement
as a guide to treatment.BR J Plast Surg 13, 315-320, 1961
3) Karabekir HS and Gocmen-Mas N and Emel E and Karacayli U and Koymen R and Atar
EK and Ozkan N: Ocular and periocular injuries associated with an isolated orbital fracture
depending on a blunt cranial trauma: anatomical and surgical aspects. J Craniomaxillofac
Surg 40 189-93, 2012
4) Salentijn EG and Peerdeman SM and Boffano P and van den Bergh B and Forouzanfar T:
A ten-year analysis of the traumatic maxillofacial and brain injury patient in Amsterdam:
incidence and aetiology. J Craniomaxillofac Surg 42,705-10,2014
5) Jonathan SB: Management of Zygomatic complex Fractures. In: Peterson’s Oral and
Maxillofacial surgery Vol 1. Miloro M, Ghali GE, Larsen P, Waite P, Eds, 3rd ed, PM-PH
USA, Shelton, pp465-482, 2012
6) Manson PN and Markowitz B and Mirvis S and Dunham M and Yaremchuk M: Toward
CT-based facial fracture treatment. Plast Reconstr Surg 85,202-12,1990
7) Zingg M and Laedrach K and Chen J and Chowdhury K and Vuillemin T and Sutter F and
Raveh J: Classification and treatment of zygomatic fractures: a review of 1,025 cases. J Oral
Maxillofac Surg 50,778-90,1992
8)Perry M and Holmes S: Fractures of the Cheek: Zygomaticomaxillary complex. In: Atlas of
operative maxillofacial trauma surgery, Perry M and Holmes S, Eds, Springer, London,
pp277-358, 2014.
9) SHMIT ANNHER, = AL PR SR— A JE R LRSS, A R E
P D FZERAIITFE I P e B R EACEE 9, 223-229, 1980
10) Haggerty CJ and Demian N and Marchena JM: Zygomaticomaxillary complex fractures.
In: Current therapy in oral and maxillofacial surgery Bagheri SC, Bell RB, Khan HA, Eds,
Elsevier, Missouri, pp324-333, 2012
11) Le Fort R: Etude experimentale sur les fractures de la machoire superior. Rev Chir 23,
208-227, 1901
12) A — 50 - NME D2 E M-S -, SHMFZERT RD L B = —, 27, 15-26, 1992
13)Huelke DF and Harger JH: Mechanics in the production of mandibular fractures: an
esperimental study. J Oral Surg 26,86-91, 1968
IHWEH 5 TERSHEE I O R AR IS DS FROBTIE. AR A 4EEE
32,1372-1381,1986
15) AW Hifd - JEE) &, In: ERGEB) 7 v 7T A0 KME B R, TR,
B, pp47-55, 2005



J
§ BIRIEERAE - WEM 7, T350-0283 By EEIKATHITROXE 1-1 WP 2R
HEFZ WA ot L SE R 1 AR 520 B



Table 1 The impact energy and speed when the central of the zygomatic body applied force

height energy speed
weight (g) (cm) ) (m/s) At

material 1 20 100 0.196 4.429 0.0012
material 2 30 70 0.206 3.705 0.0011
material 3 30 80 0.235 3.961 0.0010
material 4 20 90 0.177 4.201 0.0010
material 5 40 80 0.314 3.961 0.0010
material 6 20 70 0.137 3.705 0.0012
material 7 30 90 0.265 4.201 0.0012
material 8 30 70 0.206 3.705 0.0010
material 9 40 90 0.353 4.201 0.0011
Material10 20 60 0.118 3.430 0.0011

mean 28 80 0.221 3.950 0.00109

tablel



Table 2

The impact energy and speed when the zygomaticotemporal suture applied force

height At
weight (g) (cm) energy(J) speed (m/s)
material 1 20 70 0.137 3.705 0.0011
material 2 30 80 0.235 3.961 0.0011
material 3 20 70 0.137 3.705 0.0013
material 4 20 90 0.177 4.201 0.0010
material 5 20 70 0.137 3.705 0.0010
material 6 40 90 0.353 4.201 0.0011
material 7 30 90 0.265 4.201 0.0012
material 8 40 80 0.314 3.961 0.0010
material 9 20 70 0.137 3.705 0.0010
Material10 30 70 0.206 3.705 0.0011
mean 27 78 0.210 3.905 0.00109

table2



Table3  The impact energy and speed when the zygomatic processus of maxilla applied force

weight height energy speed
(g) (cm) Q)] (m/s) At
material 1 20 70 0.137 3.705 0.0010
material 2 30 70 0.206 3.705 0.0011
material 3 30 80 0.235 3.961 0.0012
material 4 20 90 0.177 4.201 0.0010
material 5 30 90 0.265 4.201 0.0012
material 6 20 70 0.137 3.705 0.0011
material 7 20 90 0.177 4.201 0.0012
material 8 20 60 0.118 3.430 0.0012
material 9 20 70 0.137 3.705 0.0012
Material10 20 60 0.118 3.430 0.0010
mean 23 75 0.171 3.825 0.00112

table3



Table4  The impact energy and speed when the zygomatic arch applied force

weight height energy speed At
(g) (cm) ) (m/s)

material 1 20 100 0.196 4.429 0.0012
material 2 20 60 0.118 3.430 0.0012
material 3 20 60 0.118 3.430 0.0013
maerial 4 20 90 0.177 4.201 0.0010
material 5 20 70 0.137 3.705 0.0011
material 6 20 70 0.137 3.705 0.0010
material 7 20 60 0.118 3.430 0.0010
material 8 20 60 0.118 3.430 0.0013
material 9 20 60 0.118 3.430 0.0013
material10 20 60 0.118 3.430 0.0010
Mean 20 69 0.135 3.662 0.00114

table4



Table5 Impact energy that occurred middele energy fractures when the force was applied to the central of
the zygomatic bone

weight height energy speed
(g) (cm) Q) (m/s) At
material 1 50 100 0.490 4.429 0.0010
material 2 40 100 0.392 4.429 0.0010
materila 3 40 80 0.314 3.961 0.0011
material 4 80 90 0.530 4.201 0.0010
material 5 50 80 0.392 3.961 0.0011
material 6 50 70 0.343 3.705 0.0012
maetrial 7 50 90 0.441 4.201 0.0011
maetrial 8 50 80 0.392 3.961 0.0010
material 9 40 90 0.353 4.201 0.0011
Material10 50 100 0.490 4.429 0.0013
mean 50 88 0.414 4.148 0.0011

table5



Table6 It is shown in table an impact force that causes the fracture at each site

kgf
Middle energy
Low-energy fracture fracture
Zygomatic
The central of  Zygomaticotempo processus of the Zygomatic The central of
zygomatic body ral suture maxilla arch zygomatic body
material 1 74 67 74 74 221
material 2 101 108 101 57 177
material 3 119 57 99 53 144
material 4 84 84 84 84 336
material 5 158 74 105 67 180
material 6 62 153 67 74 154
material 7 105 105 70 69 191
material 8 111 158 57 53 198
material 9 153 74 62 53 153
Material10 62 101 69 69 170
Mean 102.9 98.2 78.8 65.2 192.5

table6



Figl Lowe-energy fractures that developed in zygomatic arch

Fig2 Medium-energy fractures in the zygoma body is deviated

Fig3 Medium-energy fractures in the zygoma arch is deviated

Figd The methods of fixing material and applied of imapact force

Figs The point of appling imapact force

(D The processus of the zygomaticus maxillae (the line through the center of the infraorbital
border)

@ The center of the zygoma body(The most salient points)

@ zygomaticomaxillary suture (The zygomaticotemporal processus )

@ The center of the zygomatic arch (The most salient points)

Fig6 The measure point of dynamic strain

(D Zygomaticomaxillary suture top : CH1

@ Zygomaticomaxillary suture under : CH2

(® Zygomaticofrontal suture : CH3

@ Processus frontalis base of zygomatic : CH4

® Zygoma body : CH5

©® Zygomaticotemporal suture: CH6

(@ The center of zygoma arch: CH7

Zygomatic arch base:CH8

Fig7 Comparision of the tensile strain when the central of the zygomatic body applied force

a:b=significant(p<0.001)

a,b:c=significant(p<0.0001)

Fig8 Comparision of the tensile strain when the central of the zygomatic body applied force
a:b=significant(p<0.001)

Fig9 Comparision of the tensile strain when the zygomaticotemporal suture applied force
a:b=significant(p<0.001)

Figl0 Comparision of the compressive strain when the zygomaticotemporal suture applied
force

a:b=significant(p<0.001)

Figll Comparision of the tensile strain when the zygomatic processus of maxilla applied
force

a:b=significant(p<0.001)

a,b:c=significant(p<0.0001)

Figl2 Comparision of the compressive strain when the zygomatic processus of maxilla
applied force

a:b=significant(p<0.001)

a,b:c=significant(p<0.0001)

Figl3 Comparision of the tensile strain when the zygomatic processus of maxilla applied
force



a:b=significant(p<0.001)

a,b:c=significant(p<0.0001)

Fig1l4 Comparision of the compressive strain when the zygomatic arch applied force
a:b=significant(p<0.001)

a,b:c=significant(p<0.0001)

Figl5 Impact energy when a low-energy fractures occurred

a:b=significant(p<0.05)

b:c=significant(p<0.05)

a:c=significant(p<0.001)

Figl6 Comparision of tensile strain of middle energy fracture that occurred to impact force
applied to the central of the zygomatic body

a:b=significant(p<0.001)

a,b:c=significant(p<0.0001)

Figl7 To determine the impact force by using At during fracture calculated from
chronological record of dynamic strain measurements

*:**=gjignificant(p<0.001)
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Impact energy when a low-energy fractures occurred
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