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Reproducibility of Maxillofacial Anatomic Landmarks on 3-Dimensional MRI
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Compared with CT, MRI has distinct advantages. Unlike CT, MRI does not involve the use of X-rays
and therefore does not have the associated health hazards. However, three-dimensional ( 3 D) measurement
andor analysis techniques using MRI have not been established for the maxillofacial region. We studied the ac-
curacy of maxillofacial anatomic landmarks with 3D MRI and determined a 95 % confidence ellipse.

An Achieva 1.5 Tesla (Philips Electronics, Tokyo, Japan) MRI system was used. The imaging tech-
niques used were three-dimensional turbo field echo (3D TFE) and sensitivity encoding (SENSE) high-speed
MR imaging. Volumetric slice image data of 21 subjects were acquired. Image quality for objective hard and
soft tissue structures was evaluated visually. Then eighteen anatomical landmarks were plotted on 3D MR im-
ages and the coordinate value of each landmark was acquired. Scatterplots and the 95 % confidence ellipses
were produced three-dimensionally, and the diameter and flattening ratio of the ellipses were calculated for
evaluating the reproducibility of landmarks.

Regarding the depiction of anatomical structures, 3D MR images made using the SENSE technique
(sagittal slices of 1 mm thickness) were superior to other techniques. The plotting reproducibility of each land.-
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mark showed characteristic features. In SENSE 3D MR 1mages, the long axis of 95 % confidence ellipses for
the sella (Se) point was approximately 5mm. Among the three reference planes, 95 % confidence ellipses on

the sagittal plane revealed the smallest flattening ratio.

Although further studies are necessary, maxillofacial morphologic analysis using 3D MRI may be useful

in dentistry.

Key words: 3-dimensional imaging, MRI, maxillofacial anatomic landmarks, reproducibility

i

FHE AR O REFHANZ L, JEH X S EE (v
TrUsIA) RIELOE LM X BEENHW
LT &7z 2WITOIEH, MO E» S =kt
JERE % SR ORI 2 RS 2 TS A F b A B L
7278, M XBE R R B2 13 K 4 il
W95 X HEAMHEROLEHY &b 020, TEREN
THEMICTEAZNG LB TH Y, 2 ROFE)
O RS O ZZH A E 2 AT A I IE RIS D
L0E S HOBEREGEMOERICLY, ekl
P OO MR 155 H, 7 L CFOmERE!
WiEZE 2o ¥ a— 5 WS 2HAMREE 2 D, B
AT LT3 %It (3D) WG HNELD &
HTlkbkpoibt,

av¥a— s (CT) (T EF0E L
T E L L CaMIcE R L, willo CT ##&E 1%
R 2= AT — Y 2R T 5 2 L PHETH o 72
25, 1990 ED W e 3 CT OE K215, K% 7% 3D
BRAVERTE B R 2 — A7 — ¥ DR HAL Ok
R TS REE e o 72, S HIZEETHEH
cone-beam CT (CBCT) &KL, #EHZBIT 5 CT
WROERISAE, OPEARFRrS A4 77 2 b,
RN, BRSNS ) D0 d 55,

DIARTEIEE (2wt TERAE b 5T & o 7o FHEE AR AR
D3DFHIIY 27 2, BUEE— KO/ X—v F Loy
Ca—4 &V 7 8727 2HWT, ZfiThofEc
REFHM R AT DS RE L e > T & 727, LA L CTH
BT — % ORAFIIZLT X MkE S 720,
HiFH Lo MEDSHIR SN D &\ o Z-END S 5.

CT &7 — % 2 H\7- 3D JEREEHINC I, HHhiZ
2 M OEHEAZ KDL H DR 2 ODEMTHERL S5
MEERDODLLDONL, N7 MVEHELERET L 40
I COMRA SIS ST E T,

Fesx HLY ATV D DI, CT D% Wi F i
% (Multiplanar reconstruction: MPR) LT+ 7 7 1
SOHTICHE L 723k (S Fv—2) 270y FLT
3TN B (x,y,2,) &KD, Kb HEEMH
o R SR FRHE ST | 2 FE D\ P R Y R R OB

14

JEREIZ 24 L CEFii s 2 7k CTh 4. AR 7
YRV = ARG D CHRE LR & 3
FHAS O EEZRET S 2 LT, HoImEHSE
EHBEEEONG I EDHEPO LN T VB,

Katsumata 58 & N Maeda 5'21%, ik o J5 i
T 3 RILHY 70 AR SE ] & B s~ D B A SR 6D,
SRR T AL AR O FEx B & % 3§ L Cv2 5. Muramatsu
5B XU Kimura 5%, B3Nz %£T Y Fv—
7 OEBEORBME, 7 7u I ARIZT YR
Y= RBET DA OBISEENRED L\ ITEISE
12855 % 53 5 72 90 BV 5 95 % FE s I o0 T30 %
ZWRTCIZHEGR LT L 72,

—77, WA S (MRD & X k& kb g
T R S R R & RO & L C19804E S A K D)
FERISHAMA T Y, SGEICE Rk L 72", PH 5 T fE I8
B TIIIES G , FHBET IR O Z W Asn]
HECTHDIEDOMEOEHEIHRE SN TNRDY,
FEIC BB B LB E IR AL OB WIS B L 4 B
728, MRI W% % Fl V72 E sl Aa b TB b,
BAEREH, TrHE, BAERSEHIRAVEALE v o 2ol 2 3
H A S O A E % FF M L 2SS s
%7 MRIIZ & % 3D FERiZ, a2 & 12
LTI & DA ICERA SN T & 7225, ST
W CIXIDHDPHEA TV, Bl e ¢, CT Tig,
FRE A EEICH LTIy T A Mo THCHI
ENBLDIR LT, MRITIE, 225 EF U CRm
BHIR L7200 I NI W EREITENS. I
A CHREFEPELS B2 BT 5720, KEHICL S
T—FT777 ek L3, CTERUWHERT ~
N~ — 7 % SRR E 2R o T 3 RTT i B %
FHlS 2 C LA EENT AL, RSN Tniewn,
N E Tid, MRI THAGEH 2 T 5 7290121322 H
SREER T Y N T A M REHIIE S R Lo 72
B, AR, BEEREHEAMOESIZ LY, L) Bl G
THeE 2 )RR 2 — A F— ¥ %155 2 & L ]hE
b0 T&7, 22T, EROCT 77— 2723
POLEERHI O FFEE W, MRIARY 2 — 4 7 —
5 B GBI O 3 KT 2479 & & 2SI RE T
LwnhkEZ I

-
—



3 RIt MR Eif§ % F W72 RRERHIE IS B U 2R 70 T © N~ — 27 ok

ARWFZED HIGIE, MR B{§R) 2— A7 =% 20550
FRTHT RIS 0D T I 15 % VR L C 3 IR T i R ASE % X
"L, 7Y F~—27 OFHBEICO VT %EREN %
FAWTEHiT+562 & TH D,

I MRI KV 2 — &5 — ¥ BUEOMKES

1. M%B LU0k

1) M5

XF5IE, 20084 3 H 7225 20104E 6 H T TIZZEBIETIHB
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1.5Tesla (PHILIPS Electronics, Tokyo, Japan) % fii
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HRES, FHBIETR O MRS % 8523 5 MPR Wi{% % 1F
B LT AR A LR B L 22, BRI w22
MPR Wi{4(%, SEEIME CITEALMITR, TS < ldn
A S LTV 2 RIEITH, BB L ORRCid b
THEAREBRHH S NS A EOJRETE, FABIE Tl
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#1 MRIRIEDOINT A =%
TFE-Ax-15 |SPIR-Ax10 | SPIR-Sag10 | SPIRSag-l5 | SPIRSag-20 | SPIR-Sag-30
Pulse 713p.1p | PD-3D-SPIR | PD3DSPIR | PD-3DSPIR | PD-3D-SPIR | PDW-TSE-SPIR
sequence SENSE SENSE SENSE SENSE SENSE
TR/TE 40/4.6 1500/15 1500/15 1500/30 1500/30 1500/30
Slice Axial Axial Sagittal | Sagittal | Sagittal Sa gittal
direction
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Number of | ¢, 4, 180 140~200 80~90 75 50
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(mm) X 0309 X 0,247 X (0,247 x0.371 X 0,494 X (258
Aoqt‘figl N fmi5s~Tm51s 5m25s 4m13~6m0ls | 2m25s~2m43s ml6s 1m3ls
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e £ R MREIE + DEE
Se Sella TEARBEDHRE
Na Nasion S EHEREMORATR
Or Orbitale REERCREERTH
Po Porion RNEEDRBEEED L
Ba Basion F20AHE B S P R
ANS Anterior nasal spine FISRORRINR
CdA Anterior point of THABEETEE D R ATIH
the condylar head
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the condylar head
CdL Lateral point of T SAREETEE O SMAITR
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F4 BISENEERENORE

Cd Go Po L6 ué L1 Ul | Me| ANS| Na | Se | Or | Dim
XY (B3 Brmm) | 29 | 5.2 | 6.0 | 8.1 60 | 60 | 68 [60|11.7 102 (51 |85 | 75

YZ(R4iKKnmm) | 66 | 64 [ 64 [103 | 56 [ 6.0 | 44 |60 [112 | 85 |51 [6.0 | 49

XZ (Ri%EMWrm) | 68 | 68 | 35 | 94 [ 60 | 60 | 68 [6.0[186 |102 |51 (7.7 ] 7.9

(BA{sZmm)

£5 HEEHORTPER (n=21)

CdL| Go | Po | L6 | U6 | L1 Ul | Me |ANS| Na | Se | Or | Dim | F#| SD.

XY (EH{sL )| 0.06 [0.59 |0.56 |0.72 [0.58 |0.70 | 0.65 [0.76 |0.59 | 0.53 [0.45 |0.44 | 0.37 [0.54 | 0.18

YZ (&JKHErE)| 0.20 [0.40 |0.50 | 0.00 [0.23 |0.19 |0.19 [0.21 |0.22 |0.27 [0.07 |0.18 |0.36 | 0.23 | 0.13

XZ (FiT%EMrE )| 0.15 | 0.67 |0.14 [0.49 [0.49 | 0.68 |0.69 |0.72 |0.71 [0.61 [0.47 |0.31 |0.19 | 0.49 | 0.22

1 0.14 [0.56 |0.40 [0.41 ]10.43 [0.52 |0.51 |0.56 [0.51 |0.47 [0.33 |0.31 [0.31

S.D. 0.07 |10.14 10.22 |0.37 [0.18 [0.29 (0.27 |0.31 |0.26 |0.18 |0.23 [0.13 [0.10
< o D Sella < o] 2 H D Menton
20 (Se) 20+ (Me)
7 S /'..\\' 604 /'/' '-' \ | _‘ \
0 ;\_: Y, a:/w ~ . ‘..:‘,
80 \\\ Y,
204 Iy e/
60 4'0 2'0 0 72‘0 6 2'0 100 Bb 6‘0 40 —2‘0 6 2‘0
-80
: Lateral point of . .
o R o Gonion
\ - ) the condylar head * Ny
) ] ) g (Go)
A (cdL)
~404 // EaN 2\
N /‘ \ s 40 \\.7'7. // /
6 &3 = 3 = I T R I
Y X

K7 21%40WEREICBIT 25T~ F~—27 D95%HEHFEM
CAL O FERIIm O /N E 5% MR 3 PFEICBW TR HIZEWESR LT
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