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Abstract

Due to the brain’s intricate structure within the rigid, opaque skill, accurate in vivo brain tissue
localization and targeting remain challenging. Neuronavigation systems are increasingly being
adopted in clinical practice to enhance surgical precision and safety, with optical tracking systems
gaining popularity due to their procedural flexibility and board applicability. In veterinary
neurosurgery, fiducial-based registration (FBR) is widely used. However, it is invasive and
technically demanding. Surface-based registration (SBR) offers a non-invasive, simplified
alternative, yet its accuracy in canine applications has not been evaluated. This study evaluated the
feasibility and accuracy of SBR compared to FBR using the NaviVet® optical neuronavigation

system in canine cadaver models.

Eight canine cadaver heads were used. Four Steinmann pins were implanted at the bilateral
zygomatic arches, the paramedian region of the frontal sinus, and the external occipital
protuberance, followed by preoperative computed tomography (CT) scanning. Phantom targets
were then created using imaging software and imported into the NaviVet® system for trajectory
planning. For each head, 3—6 pairs of bilaterally symmetrical targets were created in the left and
right cerebral hemispheres, resulting in a total of 72 targets in the study (36 pairs across
hemispheres). SBR was performed for the targets in the right hemisphere by acquiring 200 surface
points via a tracked probe for point cloud generation and registration. A spinal needle stylet was
then navigated into each target under navigation. Once positioned, it was fixed to the skull surface
with hot melt adhesive, then partially cut to leave the distal end exposed. In contrast, FBR was
performed for the targets in the left hemisphere using the four implanted pins as fiducial markers,

followed by navigating spinal needle stylet to corresponding targets using the same navigation
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protocol. After all the stylets had been navigated to their targets, fixed with hot melt adhesive and
partially cut, postoperative CT scans were acquired and coregistered with preoperative images to
calculate target registration error (TRE), defined as the Euclidean distance between planned target
coordinates and actual stylet tip positions. RMSE (root mean square error), trajectory length, and

registration time were also recorded and analyzed.

The results revealed no significant difference in TRE between SBR (3.22 £ 1.71 mm) and FBR
(3.74 £ 1.75 mm; p = 0.158), indicating comparable navigation accuracy. SBR required significantly
less registration time than FBR (10.63 £2.17 vs. 22.37 + 5.68 minutes; p < 0.05), highlighting its
procedural efficiency. In both methods, RMSE and TRE were weakly to moderately correlated
without statistical significance, suggesting that RMSE alone may not reliably predict navigation
accuracy. For the SBR group, trajectory length was significantly and negatively correlated with
TRE (r =-0.358, p <0.05), indicating shorter trajectories may paradoxically lead to higher targeting
errors. No significant differences in TRE were observed among different brain lobes in either

method.

In summary, this study is the first to validate SBR feasibility for intracranial targeting in canine
cadaver heads using an optical neuronavigation system. SBR achieved accuracy comparable to FBR
while offering advantages in simplicity and minimal invasiveness, supporting its potential for
clinical application. Future studies with larger sample sizes, diverse lesion locations, and alternative
scanning strategies are warranted to evaluate the clinical robustness of SBR in veterinary

neurosurgery.

Keywords: surface-based registration, neuronavigation, canine, brain biopsy, CT
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o BB EIL AR EEEL > fEFES - AR L R
ML » B &S BUTATIE L2 s B B TFIE(T) -

BB R 0 — B E AR E RN TP R RN AL AT ENY
£ (re-registration) > H ¥ LAt ¥ A8 % & (intraoperative ultrasound, iUS) ~ 47 %
T RGBT & 37 4% (intraoperative CT, iCT) A 4fF P a2k % (intraoperative MRI,

iMRI) E#HMr&x A ER -

iUS B 1990 /XA Bp ik J& A 749 42 H AL (60) » sAn#h i 7T K8 ey A8 5 0k
I I 2D %1% (Bmode) - HE@MAT AN F EZoytaR 1@ H 5 8Ex o oo
EITEI LT R B ILE MBI B 0 L BIASERSMLAS o AW 0 BEFRBEXIR
#eaR s bR (low signal-to-noise ratio) @ %R E|Z R ~ R XY MR F E £ &4
YTk AU EHRBMATHBNE  REERETERE 4R 3IDBE
B AAT(61) o sbAHr B A AMRER ~ T R B BAFHT F B oA b Hhik €42 3D 14 %1%
Ho AR TELEAMNRS FHEFIHE - A $RERFE
(isoechoic) REJB &Y PERAE N A IR > B bR SO ki ik 69 55 BALA IR T s F 48
B ¥HE 2 H(62,63) °

AL Z T 0 iCT $2 iIMRI 42 £ R 45 H 69 1% o § L EEEPRAE S 2 ICT T Heig
BUF S MM EHE R GB ARENEES B XS RREigau¥
3 (64) ; IMRI B B3 B ey sk an Bk b a3y /- BA N PR e 32
(65) ° 2R > IMRI % SUAREEG H 407 S50 48 B R A ~ BRIIFHFERRAD
ERIAR c B WmE o BE RN P BB A HAS R 0 FZHKER
RNORAFEE > BATERRERAN SRR EER T ()
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MEmT  HETRASGE TFTHNERXKERRERS S HRLREXR
My ZILH A EHE T ~ RBINAR RN TR R > RSB B SRR e
BT AT FE - BERABAELE AR CBB&—% 0 BidrdiE

I 3P e B K AR R R BLAT AT 1R B R X R 6y R H A B 4% -

B —H IR H AT A TR BB E T LT EH MR A

Hst ARkt ey A AR A BEABAR —ERENEETMALTEN=BH R
15
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s MEBERAKYERRR

RRARERARBEA IR CMA L HATEA— TR = %2R EAk
TR EAFEMMAIBEAET RN EHEZ G ZHHEMG - AR LA
AHREAFE EARA (=) % RITAT AL BT P RAF Y EAZER]

(=) #riEmEEEEH et (=) BFLERSaLERagAm
K ZRLHH(T) -

\\\

F—IR S RMTAT G EAT P BRAF 09 AR E R

FAERKX ALY > SAIE R T AMAT A Z BT PIREER LR 5
HEE - MARBEX AL T MEBILEEREEZ A4 B1EEMH (image
space) #¥fxibE Rl (digitizer space) ° H ¥ BEZHE BB EE
(voxel) ~¥1h BE (slice thickness) $247 k F1¥E (interslice spacing) % 4% »
BB R SR > 3 0B AR o T B BB A BA B 4
T EARRME  RREAMEA B E LA RRE » TFUANH B ET -

% =38 ~ 3B AT % R 2 R Y A B 44

EXALAAGHECESEEREN R EHABL  L2RERMRE—RETE
BT AR FHARE - GNERERFFEAN DR EMATR FHZRE » BT
BHEIRNFZIHMGEZHEWG MBEXLZAT  BEEHEARMICZRR
Jit ARG 0 HL/AER TR EHHE3EM (patient-to-image
registration) | ¥ A M E 2 M MIRIERE T, . > AL HIERME o BT U
AL 2 B P AE — AR (X, Vo) Zas) EAIB % (rigid body
transformation) > #HEEZ PG EM T EAE (X, Vis Zis) © SLBIRESEA G
% (3D -F# ) -

F R EM Y R &0 42 2 232 M (fiducial-based registration ) $2 & & 3

('surface-based registration ) °
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TREEMAN B EMA LR FHRAGHEM T A2 —(42,46) 0 L CEZERA
NEER - HFERE © RN B PREE VD ZERE L s (fiducial
points) T A RRIRAEBIARIE ~ FERE N JE 094% %8 0 RERM N ER R 69 B B4R

(k0% 47) 5 BRAFMRAGT A A SR big it B R A S o2
Rl agir g o SArskp e A A " & =F*% (least square method ) | 3t H ks
(66,67) » A Mud 2R P H R T A B e 7% £ $E 8 (residual distance) (B -+

—a=<c) °

FARRBEEMER S F12 0 AURE AR SEBBEFREZ MRS - ARERE
& @R B R T F(68) © I iE M BRET B RupiR e H T HR S B @
FRBN R BDEBE 0 B FHT T AE R T B HIREH(3,52,59) (B +=d-f) RFHLF
H12(66,69) (B +=) #a8k R LB EEH (pointcloud) » Ak Efx
2R T —F k@R - EHRKBELA A ERRLEEZZ (iterative
closest point, ICP) - 3t B ik » RF MEB AR PG 2 M PHEFEADIE
Z ey IEBER £ 0 K E R mE R BEAE 0 RAERE65) ICP EEEEE—X
BRF O FEERA RN RERTEAEERIS > EhaEERER ML -

+ = a—c~ #2@2EM (fiducial-based registration ) A2 ° a. AT & F 1% %= i
FARC R Legh % XARR (1-7) o b, fir ¥ SABHIRETEL s e 2h 4 T A8
2RO E (1-7) cc FIRARAMEBIRILERHEBOME » TARER

+ = d-f: &k @mEM (surface-based registration) A2 o d. MATHBL T E&
AR EABWE e T REHIREHEHERL AT HREE - f HiTTHTH
BATAT O BAE R @ > ARG RAEERY - (7)
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B+= - i'*%ﬁ#%(&MOﬁﬁ*%EQ&F%@E% P Y 4
S LEDAEA S SEE - AE - %3 T Fazer HHEZAR AR E
25 E - (69)

— B MR AR ZHAL AR E AR F TR o R ENNT P A A
% RBIBBEIPRA - HRFAMEEN > RERANBAFTTUEIREAL » B
FHrENFHM T RFHEE o AUIRILRE > SHEHFLAGTHRIRE —ETHE
B SERKE > BT R EBAF(TO)RBARLESG)  EHEBEHAMBIE > 2HT
HEOBBBIRT oy 0 WHIEAR (X Vis 7hs) w0 ATHIRE B A B
(Xas) Vas Zas) > LPEBRF 8 Ty &6 HARBRBHRER

Tiotar = Tas'sas T Tas—is

F=7R - BEMHMLERZALHH

EHAEER R YR E R BB Ty, EXTAREL  BPTHS T
B o BRBF 0 B R SR ERS R B BT R F 5] TR Z R -

Roberts % AFFRA4 69 BAE X F AL & G S BB MBI > BB —BRRE
#4142 % (miniature cathode ray tube ) $2% R 558 % (beam splitter) * B4 E
WMAR B E FHTRAMBERE P42) (B+wa) - THETE 14 &4 8 m BB
B @ — R ® 0 AR RS S IS BT B (heads-up display,
HUD) MK 2Z# -
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Watanabe % APTE 4569 % S A4E A — BT > X084 —THMioeqr &
15~ # 4t (pointing probe ) (46) ° K4 R B G B o8t 2 AE 2 /) - L4
ey BRSET R @ LA+ FAZ T 2R - B AT A SHAKRTEAL T
=% (pointer) %3 ° ZI T HARBBH > THiTHEN FHPREEER > I
AUBAACBENFEME - FMAL TR THE TS RMPBEARTOHE
g ETMHREFRABX = EETEBAFAESH® (B+wb) -

PRI TR R E FI ST TEBREBHEE > LA B EMRE
(5) ° hwdb— R > BRRIBA FHBRE T O BT > RN HEE
#Mzb o RI-FFHEERBERE -

B+w - HEEHRTHERY

%53 ~ERE -

a. BB FHTBAMEEM R > Rkt

?‘J‘Ti (lc) & 2T AR
BL v+ FABRMEES

(m) At ARAREEAE B AZ

eRE (dit) -

b. @A 4A%Em T

T EF R AT e B B kg R
ZHERAET o (T)
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B8 LR BT A S T RIS I P TALAE S AR RTRREE PR ¢
(=) MHEFRBRIN G RFGZETR 0 NP HEBEEE R G T A
HH (=) BFBRERES B ABBTTFULRIE  HERESFHBRAEF
B > i M3 A KRR ©

&3 F 3t (augmented reality, AR ) F47 B SL AR L PR A1 6978 /1 o H =T #5407

AT A% PP B B o B X B ARSI L > AENRIFF 2R E AT (B +
F) o ER 0 AR CAE AR IR (72,73) ~ B FA4HT(T4) ~ B EFR
(75,76) ~ BE3R A M (T7) LR He F4#7(78) % % A& A &8 S A F AT P » T Besg ik K
E(75,76) (B+X) ~BRBALAIKFERLEZR  BOFEXRTFHRERLER
BRBE BTSSRI ARARBERRRET LR HRA MM B4 @ERRE
AT R T £ R QBT IER(T]) (Bl FBSMLAS ~ RE K BB REER
B) e A ERAFHEETH TRAESKEAKFTIGRER T @ MERAELR
R EEMBERNERT @ -

B+ 2~ TR (AR) “THHTAT 4B o B o it B F MARS £ > BAHENR
B ZREMEMN (o CEAR) °(71)
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B+  ERAEEERABEEETE (AR) S TABATH T3 MM - (A)
BT B EMMBEMBNTMERL G - ECERAR TR LEeTR AT
oo (B) 82 (C) AMIIBGARHEBE - FLeTRYEREE > AT7F
IRt BB o (D) BRI AEHAEE  Bre2 T Eamyg
®EE © (76)

SEE > BEANEEALT T RLGREEMT X > R EMELG
EM o A AR ARARMER  BIEHITRHIREENRSERETRE
OHEREZSGI - BRLE - RO EE T EMREMELANRE - Bt &
B AR JE A A Rk b o SRABATAREM 0k A AT L RN - 43T MR
ERAE - Hit— S RARFEFHEMBEE Ly 2R > F—ZH 54K 3484
Xk BB AERERAAYLERE -
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B8~ iRk maEMmAEReEEmIAAER

ABEAARC RN 0 R E@EMAH SRR BT NHANRERLE AT
BEABEHH O BELLAARLEE - MELLERA LMY FLHHEL
AABpARAE A MR X > BRB A ARSI BRAEEE LR
(3,8,59,66,67,69,79-83) °

W ES AR RS ¥ E A RASAZ B HRBEE (root mean square
error, RMSE ) #2 B #Z::#3% £ (target registration error, TRE) ° H % > RMSE T
R 22 M ey At EAZ & 0 ™ TRE B A3 R 8k 47 B AR B IR R A oy 2k
B RLEBRTHTEAAR

RMSE & — 3 FE AR T RELZ BRI HZ - 2 EMAKT > FHA
REACEM B T AT A HA B ey P ARMRE > FARMBREREZE
(goodness of fit) #93F4EH K (8) ° H#M P AR KFE T

1
RMSE =\/NZ |Rx; +t — y;|?

By x, By, o RES i aHBAERER P E > N ABHMEHR
T RARBER > t HFHBEE o bSO A MY > A dh FH1% 8
YR ETEBET A RECEY 0 BHRE 0 RBBHE M ey E R EHERE -
ERmA AR HERD  REAEEIMREQIKEGY)  ATHUKTHT
R TERTEAIEZE (computer estimated error, CEE) | —3 » A2 4@ % £ 5
"Hr iz MRS FHME o SR A AKX o Bk &% CEE #2 RMSE £
A LSRRG EARE > R F AT ERBEA TRIERAEE > RERTH
L5

TRERI#EHZER P BRME > BEREIAI T TAMTT TR EM T A7
EXEBRMENRE > RRBEH L APDEERIER &R B S 154
®)c HEMFAZLR > BASIREEREANLS - FHRTTR " TEHE
BI3% % (real estimated error, REE) | $2 " ¥ 53% £ (real error, RE) | %4735 -
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HE £ TREAE > SHEBEZNEREHM PERMEA DG S| EX Mayk
£ MFR > ABHMRC S %—3 A TRE 1F AIZ £ 4735 -

LAA

REEZXBREKTR (k—) " BEESARAERIALEMALE Y X
WA E R K@M AR E L REZ LI M o AR E BT S A @ik

b SEEF B 7Y R B SRR B AT B S Y B~ BRI B A IR I e T
B R HRAR 0 DARGRER B AR B RATH K HE(82,83,85,86) ©
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K- - RAEALEHR AL TIZ 0B E & @IEME & Z i

% Fir 4 ERL Mk (EHEBEH) HIBHERE
* 3 CEE":
22285 1.81£0.1 mm
. *AZwE (RER) #® 1.9£0.2 mm
Germano et al., 1999(59) 10 48 StealthStation c B @ (4 « 33 REE' :
23 gL 1.7120.2 mm
#® 2.3+0.3 mm
* 35 CEE :
Z 2,2k 2.7120.2 mm
. . *AZwE (RBER) g+ @ 1.170.1 mm
ﬁ M~ ™~
Villalobos et al., 1999(79) 26 4 StealthStation k@ (FEAD) . 3 RE::
22285 1.61£0.1 mm
Z2pg+%& W 2.910.3 mm
* F345 TRES :
| Cmes (A ) 4
Willems et al., 2001(8) 30 4 STN c B @ (4 22285 3.61£1.6 mm
A % 9.4%6.6 mm
* 345 RMSE' :
222k 1.120.53 mm
. . * A2 (RER AEAY) #®@ 1.361£0.34 mm
4
Schlaier et al., 2002(66) 16 # VectorVision c B @ (EHAR) © 3 TRE :
12322 1.311£0.87 mm
*%® 2.77+1.64 mm
* 3 RMSE :
* 1Z2E N
Hoffmann et al., 2005(80) 254 VectorVision . ;; ?;iffg 2302 0.38120.01 mm
<L E A %@ 1350.14 mm

24
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* 73 TRE :

22225 0.9910.15 mm
* @ 2.0810.49 mm

* 3 RMSE :
12322 0.7-1.9 mm
. * A2 (BER AEAM) %@ 1.0-1.1 mm
Mascott et al., 2006(81 30 4 StealthStat T
ascott et al., (81) ea ation c E @ (D) « 34 TRE :
2302 1.7-3.7 mm
* ® 4.2-4.3 mm
* 35 RMSE :
22228 1.0 mm
. . *ZwE (BR) & 1.8 mm
. il ™
Schicho et al., 2007(69) 20 StealthStation c B @ (TR « 34 TRE :
2222k 1.4 mm
% @ 3.0 mm
. @;‘ag&; (EJEH) ¢ ":I}_ié] TRE :
Woerdeman et al., 2007(82) 50 %4 StealthStation . ;@( = éjr) 12222 2.49+1.07 mm
H AT £ 5.03%2.30 mm
* 735 TRE :
Stryker * AZwE (BER) .
4 T8 1.27-1.
Paraskevopoulos et al., 2011(67) | 10 48 VectorVision c 2@ (A RTHI) 123225 1.27-1.45 mm
* @ 2.51-2.61 mm
* *F3# TRE :
StealthStation * iZwEs (BER)
K4 T 2025 2.4910.
Mongen et al., 2019(83) 11 & Curve c E @ (D) F30 8 2.49120.86 mm

% @ 5.35+1.64 mm

*CEE, computer estimated error ( B T8#R]3% £ ) ; 'REE, real estimated error ( § X F8813% £ ) ; IRE, real error ( E%3% £ ) ; STRE, target
registration error ( B AZ3:#M3% £ ) ; IRMSE, root mean square error (347 3% £ )
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sesh > % B %45 0 RMSE £ TRE R & 28 % 48 (8,67,69,79,81-83) ° B4k
RMSE =T F % #] 7 7R 3] 32 7% o] o4 S 43 22 28 M AB 95(82) > M2 R K A% 3945 5 132 1
Z B BT B2 > SR RBEMITE PR S 0 A 22 R Ay B (69) © 4
T % > Bp{E RMSE #ER /> BT R FHTEAZE R QAN EMEEN > M F R
TRE# K - Bt > KL BT RER Y » RMSE % ¥4 #8157 TRE °

BB » Woerdeman ¥ A 4530, » AR F > R @3EMe) TREE A 1.64
+0.78 mm > & M7 B AR E A BESP LA £ 5.0352.30 mm(82) © AE I 0 RER
R THR B QI RIF IR T OBER EH ~ @I RAER 0 ARMATHEE
ZEBATHEABDMOEZEERE -

e LR THMEBANMRES © (=) TRE A RFEE0E AL
RO ERIE  (Z) MABEBSRRT i 6k L FRRE R AR E BT -

BRI R EEMZEREE 0 RGPS R B SN E ST R Chigh
resolution laser scanner) > AEHEIIRIM T EH+ B EEABE > B ETERER
RBEUAL > mBEERIHE > L TRABRNESL T 2 E A 8 FHibey
#2 & (automated registration) (87-94) (B +-+t) o IRyHF IR E RATH B EEL 89
BE & @ 0 A %R A IMRL 28K £(87,88) © Bl B A B BRAENE H 58
2R Y B $915(92-94) °
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B+t P ESRFHERASGERHETER M PE8EH TR ARG BR
3R 21,000 Bl & @2 (KRE) > EEITATIRE L BEIEROBIEA BRI (&
25) EATEYH - (91)

SRR S BT 0 AR & AT T 4T 5 BUIT AT R @M T A4S TRE [ 2
2mm AT AP —RHEEEEAEMEEGEEER+E004) Bl > F AR
AR EMEAT AR ERRY SRS AR - KM SR T %R
# > MARER H A AR S F ko PRI RS R AR F AR

EERFH Y AmEMEHENZL SAGRRS > 845 ARBRT
BFWARE - LREHE  MEFHROBNEH - BEALFEELETHE X
B BB LB EIL®3) - Bt BEBMBERLARS > 0FE LS BRE HEH
% AERE R @M IR AT P ey A T S

S EPRIL > R AR RIFHERHE N EM Y ZBEECHE EZHEHS 2
BNy B2 P o AR HAE D o B T AR A BAT B B B R 6 JE
AR F— Z 8 A 4 H 8K B Av 2 A eh 48 B XBRIEAT R 32 2 547 -
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Fwadh ~ AEEH L LA By B 2 648 B SRR

E‘\:

F—A -~ BRARJEA $AL

BMEBAANEEAR IR BE AR Biaray i RS g - BB =+
R > Coffey ¥ AZBH R KopfER A L 4% & (David Kopf Instruments,
Tujunga, California) > ¥ HEABEN CT L8R EFEA(9) - btk > SR &L
IER B BER KX SR T K BrEE R 0 446 CT 3 MRI #4F > 2B - X8
KIEE R ERA PR LA EE(95-100) © 7 A & T REAT T EERRER > 3745
R RX A Sl K &R AR DB E RATE 6F 8% 5 4 £(95,101-103) (B +
N) o BEMRBETIEEZRAAAOTREEETE 093 mm ; BRARSETEHER A
91-97% > HF#E AF 4 R AN 12-26% © R > AMER K BRA] T FHrR I ik
ANBEEFZE > BATEARER RS IUES A AE  E7 D BRER AL
ER X L S ESE KT (NanoKnife® ) AT AR ARG 69 R =T 14 & F 7L A Adif

(irreversible electroporation ablation ) (104,105) °

B+~ REMIFARAEROERA LB EMEE - (A) MRIABEIHESE -
MAEBMBEEY  HFLABBRATRERNKRERE - (B) FxA%sE%E
ETABE AR CTHGEEEA - (C) BAMBET A4 st > £ A R4E
e (F AR 2E@E ) © (102)
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BEFHABEHEBERXTMAS > SHHREBERE KM E—FBRE
FEREE - B AL S HA AL TN > B0AF M I X BB G2 HA

WP E RS (i) - EXRBHRTY L4 S RERE ST RIAL
RHEILES] 245 T BAR(106-108) » HTEHRIELWESE » S8 F
(transsphenoidal ) A5 % 36 % A% %£(109,110) (Bl =+ ) - AT IREREE
o BREARMIF AR TEAARABALTMALERAN M EHE

4748 BAmz R %% (transcranial magnetic stimulation, TMS) (11,12,111)%2 5% % 2R &
# (deep brain stimulation, DBS ) (112) > 43 AW K& B4 HM M (idiopathic
epilepsy ) 6 Loy B AERABE - RBE AT LM R HRIMERE R ENREMR
AP AERE R 0 Rt B TR K EARER L T e R AR

2 4=\
//l.'f, lf's

B+h BREXAZWEEF LMt 2400 SHREBAETH (a)
#HEA (b) ~FBHEEE (c)  MERAHAMMGH () ~ 5%
(e) » MAHEFIES (f) - (1)
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Bt FAEMAGCHET I ZMTER - ZBAANE TS|
R BEARKBCTH G - BMTBAMTERGOSAKL  LEELE S

BT EMEME - (110)

WER - BRBAABIF WA A AL TH A K ST REMETB TR (cone
beam CT, CBCT)  § 3R 8 #H1buy #1432 M4 (automated registration) > 5%
WH A BEN R A F AT P A T B E3,113,114) (B=+—) - sboh > Zeky
& TRYER ARSI AR B F AT P 0 B 5 BT RAF A AR

B—+— M REKERBITH (CBCT) BEH A4 FHERE BT A
MEAEH R E KRR » HeEIEZNRARE - B THTEGHILEM > L6 8
BATTELNGERE R ERNER LA 28 CBCTHR B LY BEIIZ R -

(13)
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EEERA IR A AEETREBARNE LR L RBBAEE 28
EXEAL AW HR  RREBE R RO ARER B s L AEE o L
SRR AL A Sk A S R BB R 0 B SRR R R ER R B2
AR B EHA RN ER T2 — -
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FE s REAPEHGERM Y X200 8RR

RAOREERARL I LA im0 M > AR ERECEIBARBETHK
# (%(=) (106,107,109,110,112,115) & f > B ATHED H X B4t H EAt 4 4P 4R
BRI EI1E » TARRTH A B4R M3% %2 (TRE) X Re9MBME - 28
Gutmann ¥ A$RE 3% 4 2 3232 £ (registration error) 77 0.07-0.21 mm > {2
ERXREFEFRX > R BEHABRTHENABEBRT TRAHHTRZE
(RMSE) -

REAANBATHER LORREZBANR T @SR - REEFABMNA
BER DA T asSs) SRR A RS EERMENEFAD -
Bk > /5K & B HAR B S A B AR E K E o ke T RS
WE R > RAFATHAREHAI AT » LUF4TIE A B R 94R2 8 > F AR AR
waEF (B=t=) - @@ REBCEEMBRILABEHE N > #HIo K
& o4 i 0 R T AL R -

A FRAALEMAGTAR L EMIAFEE

: EER I .
4 v SFy E ou H o f R BE
FH o R | HRAHR B on (0B BB H) Shuks £ A
Chen et al., o 123026 - .
2012(107) 17 Brainsight | o o s ¥34 TRE" 1.79£0.87mm
Taylor et al., . LT o
2013(106) 56 Omnisight 6 18/ F 1 34 TRE 3.6 mm
Long et al., LT
. . hgy -+
2014(112) 6 Brainsight | & e e | F3 TRE 4.6+£1.5 mm
Owen et al., L T EL
2018(110) 20 Brainsight | 0" s i\ srspm @ 2 & # i # TRE 3.533 mm
Gutmann et al., 50 NAV1 F g 3EFR £ 0.07-0.21 mm
2023(109) 4 18/ % 4T % 4 2 TRE 1.57 mm
Shinn et al., L 202k
2024(115) 10 Brainsight | 0 s e m # £ #t TRE 3.28 mm

"TRE, target registration error ( B 4R 3£ 3% £ )
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B=—t= - REZFCBHBHBEEZTX - (A) FH (BowE) BAETETE
(FCHTEE) - BWARCI A BEA AR B 2L > BEBRMER T2 %
B TRAEBHIFHHE - (B) THREGE HLOPH LA TH -
(C) RS L@ WRFTET (ZB) » 2R ERBEFTIRM -BELT T
RIBFME > RBRMFERRKR © (107,109,110)

R @EMER A AR T LR B MR G B RE 0 M B SR SN AT HT AT
BGFN > BERERIAABRELERN - REABAARN XK @SS & @
AR R AR TR AR ROERAE > AREBEABALARE - AR
ZFREATAL HRAHHUREETEABDEMBERZGTEHAR
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F=F- HREEH

AARBEARERBAHBAY > RAAZANE T L & KA R @M

AR TAT M » I BAR T B SEA AT R -
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fwmE -~ FTRMHBEYX

B KwH R

RARAAERZARAFRERILZEREENETRER BRI XM ER
(ATHBERHMBIR) X RERM - FHARBE AL RIFTG - L YHERX
SR EHRARN N AR FEREBELEERTE  BE AR ZET 0 A
T OAHERR o &N S BT A2 RAURKE R Y BBAR AT E R © AT A BBEARA
HEALRGEREATE RERRASREMNTERE OO ERERE K
BRI ALLEBE IRE G R TARIERE -

AR G AR A BEMEAR R MRSy AR - N B ATE
BAASR 2 A B XK AR 2 R & (effect size) 65 > AR5 ABARRT
BARPLUE Bk st 2 R AE ARAE o £ Woerdeman % AZ 7 ¥ (82) » A& 32t
AEBREINRELZRBE LR > BEABEBRA RS BB REAEA
1.274 ; M Paraskevopoulos % A#Ak A $D » (2 R 2 4 B A8 & H Al SUBRAR <F
(0.818) (67) ° k4% G*Power v3.1.9.7 (Heinrich-Heine-Universitit Diisseldorf,
Diisseldorf, Germany ) (116)# a8 i4% » X TR E K E a=0.05 ¥EH (power) =
0.8 » Woerdeman % A $Z Paraskevopoulos % AFf % Z 4B EHAR AN 5 7] A 8 Hi2
15 % -

32 E 8 A > Woerdeman AR RKRES » AN HE S0 H - %
RBXARALBARS L E  CHRATEHEOCEATEE  $— IMAER TR
Bk @M AR R B ML > RN REAZE T X (KB L R S A0 3 A 3 4%

) 0 BEFBERR (CTEMRI) RmtaE (ATHEEREEIEATHAER
) FEE O RFRARABAFERBFANN - = BREABTTHRAES
RIS (external validity) 2 R HEREFGBARNEIR - $= 0 %
x#H TRE TheX AR EH4 > R FYH - FHERERR > BB HFER
B BBABABT AN HEER LR  RALRETHK -

sEgh o B 2K Paraskevopoulos 5 A4 2 % R = A B AT SUEK F A IR > &
MERAREL 108 - AEARER D ZRERBES 154 -
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BNAARAERIERNREZATHML RS - ARERALAERIESN » &
HABRRFTZHRE (dz=0.818) #ATHE - EFTREEKED 15 HikR (B 30
BE3 BT mEREERTX) -
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B8~ TR
$—18 - WEEHF LS

RF AR A AR R R4 L E AL & 4 NaviVet® (EPED Inc., Kaohsiung,
Taiwan) ° %4 KB EEH R ER/mPM - BRIMKBZ TR - BHELE
Az CABAIE R ~ THIRE ~ SMEM B R BERAREIRATAR - KEZ
35~ EHIFS - BHEMBRASMREAR LS B E AR B R EHLHET 09 RA L
B T RAH MR SRR R AR B AN SR (Bt
=) o
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e

TR S

B —+= - NaviVet® L2 Ef 2 s~ E@ - (A) 2% QBB
()~ HREMEBZEHQ) - BHEAELMBQ)ZANEEEE) » UELEH
H4 (B) ~ BMEME (C) ~ BMARER (D) ~ RETME ~ THIRS -
BT B RREAR LR A RALERE (RENEZ) -
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¥ =R~ HrAT My AR B SR B BN F 5] B AR

BRIBERBAL > NEBHH T EREE > HIBREE R EATE LRI - R EM
FERERG ~ MEZBET I THRETREN -

# 2| A E4 (SKIL, Taiwan Robert Bosch Co., Taipei, Taiwan ) #§ v 4R & 47
(Steinmann pin, @1.4 mm x 150 mm) S ENLEE#BEFT 5 - BE LT T REF
BHEERE  BAREN 2em EAFATH TR S4I5 REBED 12
om ° SLEIARF ATVE A AR B X R ALES o FATHAA B @R T E e (B

—F+mA) -

TR LS BRE 0 SABR LA 160 b3R5k X & B BT 8 47 48 4 (Aquilion Prime SP,
Canon Medical Systems Corporation, Tochigi, Japan ) #4734 - S8 A 135
kVp ~ 250 mA ~ ¥1 A B & (slice thickness) 0.5 mm ~ & 3E (pitch) 0.625 - £ &

(collimation) 160 x 0.625 mm > 4 K-]» (matrix) & 512 x 512 > B K& &
(voxel size ) /% 0.5x0.30x0.30mm £ 0.5x0.43 x0.43 mm Z i - EEZ 1%
B3k A B #5 4% (bone kernels ) © AT#F %1% LA DICOM #& XA 47

T AT #5145 F B B %1% # 88 Horos v3.3.6 (Horos Project, US) » 34 A 4

=N

BT AERBENEF] BAR - BB T3] B4R 3.0 x 3.0 x 2.0 mm 5B 2K A8 237 > 4K
SEEAR T MRMER EALEHBEE I 0HBAZ (FP6-1218842) > B RS
ARE TBE -BEAME ARXFAREIREBEALRDEMET] - £ K
B F 2Rk B AR R BRAR B E M 5] - RARBARR T 0 HBILEAN NaviVet® THL sk
B B AR A AT EMBHEX F I BAE o BRI RIERENET R
o HBHERREFe RS ERMESK S RT A% TETEMREL
EHAEMNE A HBETABDEBR PO ARIERE > KikA THIBBERE
(B=+wB-D) -
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Bl —tw BB AARTHAIAREZE  (A) FwRFier (2B ) BAEE
k@ (B)#H CT 4 > % Horos Sk a4 B T AR B 55| BAZ (&% & 475 ) -
(C) EANaviVet® 241 > 122 & B2 (@) #RB%E (EL) - (D)
BHABETARLI-6HEAZE (B 6-12 BBZ) ey E 4R -
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% =718 - NaviVet®4 #3% & 8 B 3EM

# NaviVet® MM BN FH2ATH > HBRHE X M8 T4 8 RN IESESEHE N H
# 80 cm & RE » FE b /F 2 M RN BB ZAAAT 7 70-90 cm > SAFEAR AL
B o

FIH B R 8 Mayfield S22 F B E T Fil75 £ SREET IUNBELE L2 =
AR BRIEZLTEI R - A A BRERB THBIE CiEE > REFLETMBEREN
#FE (B=+x) -

(B) . .

B—+z SABEEXFTXA~EE - (A) EABRTRG=MRmBRS (224
> HE

—) HEFIRE luﬁﬁ%wﬁﬁl&ﬁ%ﬁﬁ (B) AERMBRH
NBEEEZTER -

BIGEM S B WA R E AR SR B A B X IRW R BB 0 AR B
EREM - BAFSHEMEETHAERERE > A FR4 (19G x 89 mm,
TOP Corporation, Tokyo, Japan) Z 4+ (stylet) FEAEF  # %518 SHARIE
R ERIREASHNZEMEMEL LN (B=1x) -
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B=—+x- (A) AEHiRS (B) ARXASMERMBZAHST a4 S Db
M BRS W E o BB RR R IRER EARRE 2 WA meﬁw%f?»
SRR BN AR REMMAEEM (C) ; B3 FERARERAF 895
BN AR EMA M (D) - (E) (F) AFE:xEMEL > (G) (H)
R 5 A B H AR B SR EA S BRIER EY R LR -

$wE - A@EMAREBZET] B4

# NaviVet™ 8 25# B2 F4#7 & EAT 7 > s AR EF e ) B AR R AR 28 A 35
BEHIRSZRART] - R @EM D ARSI HRELELAEER

® in¥ifr (mapping) @ WA 3D TMEE L o R BB ERIR A E R
ME R =ABF S > FEEP A S AR ST H R E BN E  REI P %
Rl > 1E AAf tm BL oy Aedb 5% -

®  HIFIFHS (track scanning) : 4§ HAUIRET RIB AN FABER @ > HRE TS
I E AR TR IR R WP AR AT R B2 F R BRBAER 200 18 & @B > 4 AR B
ZHEAY (B=t++t) - A dEMERBNEnEA B Licd 25 88K
BEEBATAT 3D AR EATIL Y > BRPRREERIg T RFEE (RMSE) 1 A8t 6
15A% °

L]
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B+t R@mEMZARE o LUARIFHE (%) EAmBLHm LS
(%25) AT HE  BEER THRESEN LA BITFH (&) > EXF
EoL T (4%22E) 0 BEGEREHRILY 3D A R AR

TR K @EMAR > LIS SRR E B P &R b1 B 3L K| B RIBRAL 0 ST A R
B oo % NaviVet® F M @ERAARB T BARZRHL T 8E - HERKEKAFS
MEMBZWABEERE T REIE  TRAAFHNELIBAZAY (B=+
AN) TR I EREHMEREB/AEEEH > 2B OBAITSMEM > 4T
AR EMEMSAHE RO AEME > RILER LSBT TAEA
SRR R R EAR MR X REME  AE SRR LS R AERETI A
2o UARANSAEARARIBEHHEHE > BHETEEIEOEBAME > RE
REMME (FPFERERHAZRTOME) - BEBFERAERBEDERRLITN
FIoET RAE R BABMEME » NG FERERE

B+~ (A) BEEZEL2%; (B) @rEA BSMEM BHRIBEAIH4HE
ZBABHEEE > BN XERMAEREFE -
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BE FEEHCEAER  AE4REMEBET AR (WLHEEMHRTE
BAER) > ERERERCHEABET R DAL EAMHMEMHSY
{# A Micro 100 drill £.%4% (Hall Surgical, ConMed, FL, US) A2 R4 H 4 3
mm HAE &N B GIEA  BBER I 0 BHTLR AR 0 HK
BAeEs (BPBART S LSS T eREB/AEMAN) ;| BIFHMARTRME

BodE SH X MR R AL 0 AR FTAR BT R AT R AR PR SR R 3 B AR A ¥
g AAREABIITETRAIES B TS E - B AATid 3 mm $47L
ZEREF R DAL ER AR FATHE G 6 A EHEAN—RF 4T (Steinmann pin,
P1.0mm x 150 mm) ZEAF ¥ 2-3 mm RE > ERGFLrohEBRFT 1-2 cm > TiH
HERF 4T - AR UABBUR S S T TR BB R BEET @ > A SETEE
fbt% > B STE - FE34em S ERET > 2T E—BEXEI AL (B
=+nr) -

RATAT R BN 69 5] BAR S E A L lld 4k > 2 KBS F 3T A 3-6 18 B AR &

oooooo

(B) ,
B=+/a~ (A) BEREMLEA SWMTME  TH ¥ BB~ 408 &
(BBaEECHA) HEAFEAT E@ALAMARERS 0 & LA LHSHR
B> MRApab#ErE—2% - (B) g4 NIKEBARE » N FLZ A
BEER@mANOLOmm F47T (BEZSHEA) > RERBIEB I E LT S kst
N (BERCHE) S WP HBRBNAMBE THERE -
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FRIA~ 2B RS BAZE G| 4k

Z 22 ZE3E M NaviVet® ki /) dm ik 47 > En ¥ sk i (3 42
WEEM AR T E A THATBATHEANE | it TSR A LT RIBEEE
A ERER ) o

BARARRAEETE 3D FABEEA I EMATEAZ YR O1.4 mm F 4T K%
(EABET BELFRMFBRRE %) > ZIBABYEEAZ - MEATA
RHE —BELS T AMYENETRME KL ZRaESmt (B=+) © 4
%@ =Rk (least-squares) T HEH G BT MM Z R BiksE® > R
T H AR E (RMSE) 1 A#AF4Z -

B =+ - RusamzigE  HEARAEa TR (L8) 0 AR eH
BUbEEAE A S B (485 ) 0 AUAESIHIEMAAE TR EAZHAL o

MR KB AR R EEE 0 RA T AR R @RS
R AFRNDEREF] BAREERE  AERFXRERER LGSR ERAS
T BAR > RS AR RTRRBIIBAC MRS > ARTNSTEE ~ AL~ ERHEA
SRR TS A OLOmm FETHBIE T 0 RANBIBBHE BT REHY S
BRER o ARMTRT AL B 69 F 5] BAR S E T4 L 4R4F - BP R AR A KBS £ 3K 3-6 18 B 4%
43
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B

ENTA TR AR IZE T IR E S

I

WEF kit BEEEEH THEE > BRAR—TIKE R FHEKRAEEF
14 S B BUIHTIE 1% o BHTAT ~ #7144 DICOM #4% 5 %) 323k A NIfTI 42 R, - E#
MATLAB R2024b ( MathWorks, Natick, Massachusetts, US) “F4 E#]H SPM12

i

17771 (Wellcome Centre for Human Neuroimaging, University College London,

London, UK) (117) R &AM AT ~ 714 89 %4 $ 4 (co-registration) (B =+—) -

AL 7% AR Z %5147 MRIcron v1.0.20190902 ( University of South Carolina,
US) (118)& 48~ (overlay) ° B AR T A LEMTATRE BAZ T O EAR (x,
y,z) B E S RERER (x,Y,7)° MRIcron 4l MNI B2 4 4 > 45 £k

(mm) - AF X HHE—BRXBFEMHEL (TRE) -

TRE = V{(x =%+ (' = y)* + (' = )}

B=t— dA2Z2E55 AT 8%  HERBE  URHRBEZBEHGE -
TRE 235 XA ERHMR (FE&+F) 25382 P (LB Fv) 2Ry
¥E B o
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B0~ it o d

P A 43t 47 % 42 A IBM SPSS Statistics 30 (IBM Corp., Armonk, NY, USA )
%A% ° B J0UA Shapiro-Wilk A& & 3746 " BAZ:EME £ (TRE) 4 ~ "#3]8%2 K
G~ THHRrmE (RMSE) | & M) | woad g FEM -
ZEBAATRBEFEMRTERZR S B ALMFE > TP E AR
BE M TOS%EBERM | 27 2ERIZHRMBE > Bl T Pust (Wi
BE) 2R -

K m

~

=0

BB AR S s (R @EMAAREEEM) HEIHENRE ARt
A TRE AR %% > 2 —FH MRS HMEEA (linear mixed model, LMM) ° 3%
BAL DMk ABRHE 0 4 T SABR% SR (Head No.) | 45 % AREMA
BB UMEIER] —SABAN S EE 5] BAR EM BRI E R E AR o AL HE
T PRI R4 3T (restricted maximum likelihood, REML ) #4765 » 4 — ¥k
LB RMIEZ AR (WA mE2 AT £) ~ AR %E%R (standard error, SE) ~
BUzBERRERpE > & pEIN005AEREER -

sesh 0 B3F4E RMSE A F THE A S50 93642 » 5 548 & @ M AR e B
MR a o T E AR RMSE ¥ A7 A 734 TRE &9 & M A48 # 4 3t
(Pearson correlation coefficient, r) $2¥1 JE &4 p 18 © 48 B 14 #L K/ AR 0.3 B4
REARR] ~ 03-0.7 B P EAR > &7 0.7 B AZEAM ; % p a7 0.05 B B2
FipeAaR o

FleF > AR E] BARNBRERERATHETIHE 235k @247
CEEMRA T T E SRS BRI T Ba Rk ERLHE TRE My & A A&
48 Bl 14 3% (Pearson correlation coefficient,r) > A EHE 2 p @ - MG EHAK

N2 FI R Ty AR — S R AR )

B BRAREMBEHEINREZEE  ANLELERBEFEROER LA
#yx—% LMM > A TRE A% % > "H¥E (sT@a¥ -BE -BE %) 1%
BE RN BRI EAEMBIE TERKE TISE | 2 REn s
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BA% (pfd <0.05) > Bl —35 X Bonferroni #E AT M bb X > SAfEH] R g2
# % (family-wise error rate ) £ 0.05 BAP ©

wig o St EBHEEEY " MAEEMIE RMSE 248 ) 8 " WA AR AR B R
EE ) > BRITFEMRE - FEMGHFEFE > ARA paired sample t test AT H
EH ARG LLER 5 R A A R SRR AR & 0 B 2LL Wilcoxon signed-rank test

HATIE > R RMOE » & p 0 0.05 AlEME £ R -
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FRE~ MREER

AARLEMANS AR EHEBIEA XL T2MEEF B4R ¥ AL REF
HE36MEBAR - BARS 7w EAE - AL (224) ~TR¥E (1818) ~ A% ¥
(1618) BAE (1618) - FrAERS AL REFRER R @EME > AKX
B F R AL AR ST B SRR AT R RS Sk 2 H 3] -

RO TFHRERTE N A 23781193 cm (k=) - BARZEMBREE
(TRE) -~ ¥HAR3%£ (RMSE) A 34k o K = 38 3% 4% % #0428 Shapiro-Wilk
WEE  FHEFTESH (p>0.05) @ AFHETIRE £ F 95%F R E R & w
(km) ; BEEFNBEREARE (p<0.01) > APaH (wyiE) &5
(&) -

M}“

R~ BHEBEEAZRERTERNELER
SEBR 4% 1 2 3 4 5 6 7 8

& (cm) 1798 20.69 2681 20.71 2741 20.6 28.59 26.81

ZE (cm) 11.05 10.67 13.52 10.66 13.36 10.61 13.81 11.73

kg~ MAEEM A B B ST

BEE ($4) EM R PHETARRE 95%1% 48 & FH]
TRE (mm) ° & 3.22+1.71 2.64-3.80
2308k 3.74%+1.75 3.15-4.34

RMSE (mm) ¥ & 0.830.28 0.35-1.23
12302 0.70+0.31 0.32-1.22

BAFRER (94%) g 10.63+2.17 8.81-12.44

Z 30,25 22.37+5.68 17.62-27.18

"TRE, target registration error ( B 423£#}3% £ ) ; TRMSE, root mean square error ( 34
FARFHE)
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RA - EAERMERZIEMELIIRERE

B 4a) kS xR FalgekE (mm)

HRBFR ATEAE 8 29.02 (25.2-32.07)
B¥ 9 13.3 (11.54-24.28)
RE 8 14.15 (11.6-15.79)
b B 11 10.98 (9.14-14.22)

ERMFR  ATEE 8 27.91 (24.82-32.35)
B¥ 9 12.95 (11.63-23.45)
RE 8 13.67 (12.35-14.2)
Mo ¥ 11 9.65 (8.75-14.39)

AP (wyiE) ko7

BB R EM A TRE ey £ & A GRS EEEE (LMM) #4T
DA o BEREET 0 R miEMAEEMZ R B M fE £ B A 053 mm (SE =
037> 95% 128 & M [-1.26-0.21] > p=0.158) » &~ %k @EMe) TRE tLAZ 2
SEMHK 0.53 mm © 82K % R BT & @EM A6 T3 TRE %AK > {2 ffEsE My iz
MikEBE£E (B=+=) -

p=0.158
10.00 ; .
8.00
E 6.00
m
I~
|
4.00 g
&
2.00 %
.00
AR I BE S & @ 3E At

B=+= - Lbs ey a2 BA23EM3R £ (TRE) - 4% B 818 A2
BEEH L& @ 3EM AT AT X TRE 44 - BB 25K & — 18 B 126 TREME * &
PHRETPRE  E4&IFREF25BE 5B HEEWNE 15w
SALIEAN B BAE 43t AT BT RE TRE 85 282 (p=0.158) -
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&% MAEEM k2 M e 45 F 05 ) £ B9 RMSE £/ %88 % Bk T o {2
£ FHRAHAL 8 FATABA  AH R IEHE L AR F 49 Wilcoxon signed-rank test # 4T Lo
B ARSI R £ Q)RR o AT R 0 & BE MR 09 5 1 0 B B A AR
WEEMIE (p=0.012) > FHT44 11.74 »4& (B=+=) - @4 RMSE ¥
wo mAEEMAZ M ABRELE (p=0575) (B=+wm) -

S 0 5B 4T AR SEM A RMSE 2 TRE 8948 Bl 47 > BT E{E B A
BEFPEHEAMLS R ERERMEMM (AR BEM r=0.344 > p=0.404 ;
A ®@EM r=0284°p=0495) (A=+%) °

AR > 5B MEAT A AR 5 0 B 3] 9545 K JE R TRE 948 MM S 47 > &5 288
?’Eﬁﬁ%3%¢’%%@ﬁ%%ﬁ%ﬁ(ﬁ&ﬁbp=%%):@E%@
M B3| RKEMTRE ZREZ T EEMAM (r=-0358>p=0.032) -
RS RMTARELEESOEIRE (B=+x) -

PEATA IR # @ 3EfMt
p<0.05
8 8
7 7
6 6
z s 5 ?
'g (=7
3. ‘%
3 3
2 2
1 1
30.00 20.00 10.00 00 10.00 20.00 30.00

B (248)

B=+= - b EMI ARG —FAEEE%S IR (Head No.) ¥ &94R/E6FR] o
P AGEEK T R B A TR (248)  ARAZLEER HRAX
&M o & @ E MR R R AR B RMAZ B M (p<0.05) o (3£ AZEs
M AR Z A THTATFATHEAGR | Ak TR B4 A ST RAZ LI E
PR BER ) )
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p=0.575
1.20
1.00
g
£ 80
25
[72]
= 60
~
40
20
.00
12T B IE M F @ 3EM

B=+w - b mfEEmy iy T R%EZ (RMSE) L& £ E - A B LLE
T30 BhIE AT 82 R ®iE M AR IEMAZ A P 89 RMSE 5 B - BB E B &k —RE
ey RMSE & » &P G A TP @453 REE258BE 75 B M 5
BHIWE 1S Bw BN #ME - %3t 548~ R% RMSE 882 £ 8 (p
=0.575) -

6.00 (OF:£8 321
@ & @3t

TRE (mm)

2.00 " * °

.25 .50 75 1.00 1.25
RMSE (mm)

B=+% 33F5#®#%Z (RMSE) £ 84232 (TRE) X[ R M - B
YA E o ZRAR M (BEe) SATEM (e) MEFETHE
FHEE > F AR E SFARAT AR S o AT I A @EM P 0 RMSE # TRE
SR 2P ERMAEEAR (r=0344 8£1r=0.284) -
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10.00

8.00

6.00

TRE (mm)

Q = Esi
@. & @iE M

15.00 20.00 25.00

%358 kA& (mm)

5.00

l +ﬁ~%ﬂ%wFX@aﬁﬁ%ﬁ§(ﬂm)zm%ﬁ%ﬁ BBV &

uﬁﬁ@ﬁﬁ%mi% AR BT 0 AZCEEEM P

% (r=0.151) ; MEA@EM P WL E2RBEZVE
0.032) -
Rh o ARABEMELETHESR

LMM * A5 AEI RS 2 ey TRE £ £ - & REETw 0 §
RESER) A @m3EMm (& AKER)

SR ZBAZ R EM (B e ) Ak @M (26) RES FTHERE I
B3 gEAE TRE &89 88

a4 (r=-0358p=

GIBE  FARARAELE R FREBEL

SmkAETEEm (£

 RISE M TREE 8B E£E (AKX

BSFEK p=0.503; HERKEFHK p=029) (B=++t) -
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10.00 A RBFR (AR EEEM)
’ & KRB FR (R@Em)
p=10.503
p=0.29
8.00
E 600
m
-4
= °
4.00
2.00 ‘
WK B T T3

B=4+t AL RBMFRERRDKMEMNBAZES®E (TRE) - B A

wAEKMFIR (IRegf Bé) B RMFR (R@3EM > £E) HRE

B3 (ATZR%E ¥ - TRE - #A¥E) BB TRE 2 AN - SEEBKLE
—BAZG TREM » &P @& TV 0E > &4 55REF 258 F 758 s>
HREWE | SEOyRIEAN MG > BE SR AR - DHE LA EM

4 TRE § AEHMF £ R (ARMFIK p=0503; HKRMFHK p=

029) -
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EAE HE

AARARERBAEAHBY - BA LS XAVE T A & 0 35K @M BT
PRSI HAR T 2T AT > B RAR I MR AT I ME AR ARER AR
A H o

2K
nﬁ.

e

REERBT 0 A NaviVet® E /L 4 ST R @3EM > 5/ EE (TRE)
SRR EEME aAt LERE > BABRERELEBEREY - THALD AR
Mk Bz 4151% (RMSE) ¥ ExERFEARREIHEGIEE L KA
FEEME N RABBERREE - R > HA 31 BEKEHE TRE M AEER
R@EMY  BAREETRE ZB¥ a4 0 A gB A0 > RMT RS
H3mE WA -

TR T (=) 2y A S BE Rtz ST (2) 4
13k £ TAR PR R (Z) BREMAIEEAR T -
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B8 EMAFEHEIREABEREZIBE

B AT ER B AR IR R S 88 T A F AT AT AR AR R Y R AR B A K ABREHR
AR REBRAAZEMA KNG BAZF 5% £ (TRE) AR P H
% %3 1.57-4.6 mm #9465 B 79(106,107,109,110,112,115) = KB %45 A NaviVet® %
Ak HEATIR T BEEM (374175 mm) & @M (3.22F51.71 mm) AAHEZ
TRE > 2 H 4 XK ¥ 48 FAZ 2B M AN R ERGER E 3| ot R FAa M - B %
HERRO T THRAAREE BN EAREFEEI BT A AT
IR ABREREBRTCHTAGHMEZE > WBFEHFBTILR -

B B ATER BAR R Y R4 K QTR @M B R o) E MR » AR
BEAN T &R @ E MR 0 AR S ER R BT 36 R A 69 AR 3T B SR A BT R AT L
B R R @EMARR EXTATM o AR UK $ 3R A & @ R B4R
WEEMME > KM AR EREEM T A2 MERBEEE (p=0.158) - %
FRBERILEROERATRARATKA NI LHRZERD A M - West FAR
ABXRFEREAFZCBEERR - BHRIRCBHEED RPN 5@ LB S AU
LB WiRe B B HRAFE R BB HEAR o s RRBERENE
'R LR~ B G A 0 T BARCEEBRG) PO JERE T B AR(119) © LB A
B BRI AL R E R E AR A > LA B LB AARE S E1RL BT
SEHH(120) ©

BREBABH AU B LR EFARBEITLAANMAR > ERSEART LB
% A 41822 E4232.85(10,106,107,109,110,112) - /£ &M Z > —AER
RETINA® S fi 4 /TR E IR T3 9% > ARG > BIEATHRA IR A
AR Z NaviVet® 2 S BB —F & » HAR2 288 & 818 » FHtsEETE 2.95
+0.85 mm(108) ° 1% % NaviVet® 4 % U HF RIKAZ LB E A 418 > B AL EATH)
A 2B BRI IR 4 H A UK 48 AL > (B R R R R ER R IE A AEE 8 K E R A
E0 SRR AR R o ABXRRIE 0 BRIME A AR IR BE A A ARE BT i —F
REEHFEE2]) - HIEERE > FEREZE SBER LB LZ0E (4o
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