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Accuracy of multi-slice spiral CT images assisting mini-implant anchorage surgery
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Abstract

BACKGROUND: Compared with traditional orthodontic anchorage, bone implant anchorage displays advantages in treating
intractable cases. However, the failure rate exists. To extend and apply the miniscrew anchorage system, the key methods
improved the stability of miniscrews, which is based on accurate diagnosis and analysis to the local alveolar bone.

OBJECTIVE: To evaluate the accuracy of various multi-slice spiral CT (MSCT) images assisting implant anchorage surgery and
explore the factors associated with the accuracy.

METHODS: Following design of the implant anchorage angles in various MSCT images accurately, 32 titanium miniscrews were
implanted in procine skull. The anchorage angles on MSCT images again and the buccalingual breaths of alveolar process by
insert angle were measured. The skulls were dissected, and the implant anchorage angles and the breadths of alveolar process
were measured on anatomic bone samples. The various MSCT images data and pits’ skull sample data were compared.
RESULTS AND CONCLUSION: Their concordance correlations between MSCT length and angle measurement data and the
anatomic bone samples were good. But all MSCT data were smaller than the anatomic samples data. The accuracy of 2D images
was better than 3D images. The measurement accuracy of angles was better than lengths. The accuracy of axial sections were
better than that of cross-sections in 2D and 3D MSCT images. MSCT images can provide accurate quantity information in the
ration 1:1 to material object. It is accurate and reliable that MSCT images assist implant anchorage surgery. On measurement, the
2D axial and 2D cross-sectional images play the most important role on clinical application. The measurement accuracy of
cross-sectional images is affected by scanning plane of MSCT radio active rays.
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a: a angle on the axial image

b: B angle on cross-sectional image

Figure 1 Preoperative angle design of miniscrew
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a: Length measurement on the b: Angle measurement on the axial
axial image image

L] o
c: Length measurement on the
cross-sectional image

d: Angle measurement on the
cross-sectional image

f: Buccalingual length measurement
on the cross-sectional SVR images

e: Angle measurement on the
axial SVR images

Figure 2 Postoperative measurement
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a: Axial section b: Cross section

Figure 3 Measurement of the anatomic alveolar bone
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Table 1 Comparison of multi-slice spiral CT postoperative
measurement angles with anatomic bone samples

measuring angles @)
| MSCT measurement angle Sample measurement angle
tem
X s X s
Axial 2D 95.093 8 5.360 3 95.343 8 56717
section 3D 94.750 0 5.8915 95.343 8 56717
images
Cross 2D 73.2188 13.020 4 73.000 14.052 9
section 3D 72.453 1 14.653 7 73.000 14.052 9
images
Iltem P rc u
Axial section images 2D 0.385 4 0.956 6 10.5197
3D 0.062 6 0.949 6 9.638 1
Cross section images 2D 0.8559 0.979 2 9.025 4
3D 0.143 5 0.989 0 14.345 6
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Table 2 Comparison of multi-slice spiral CT
(MSCT)postoperative measurement buccolingual
breadths with anatomic bone samples
corresponding measurement breadths (mm)

MSCT measurement ~ Samples measurement

Item breadth breadth
X s X s
Axial section 2D 14.664 0 3.2923 14.732 0 3.265 6
images 3D 144417 34424 14.7320 3.2656
Cross secton 2D  18.613 8 3.896 6 18.945 0 3.770 5
images 3D 18.4531 3.701 2 18.9450 3.770 5
Iltem P rc u
Axial section images 2D 04418 0.989 1 13.661 5
3D 0.0056 09836 11.8710
Cross section images 2D 0.0056 0.9884 12.0851
3D 0.0010 09798 13.5793
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Table 3 Concordance correlation and deviation stations of
measurement on different images compared to
anatomic bone samples
_ Deviation
Deviation
Item P rc mean mean
(%)
Angle 2D axial 03854 09566  -0.25°  -0.23
section images
2D cross 06566 09792  -0.22° 061
section images
3D axial 00626 09496  -049°  -0.51
section images
3D cross 01435 09890  -0.55°  -0.85
section images
Breadth 2D axialsection 4418 09891 -0.07mm 042
images
2D cross 00032 09844 -003mm -2.19
section images
3D axial 00056 09836 -0.33mm -1.92
section images
3D cross 00010 09798 -049mm -2.60
section images

23 HeESMEMNEHELER O YFHEBGIN
R T SRR @ R = YEARCT
PRI A 20/ T SO o D7 LM XOKS 0 38 i T2
Bt @Joie ek —4Es2 AR, Bl BRI KRS L
T i R

3 itig

LG E W ST, IR SR Y A 191
HIFFA LA TIE S B (AIRET FIRIAEE — KK
B s R RS BN 2% LI T, T 5%
WAIBAT VR Sk “4axt3ce” it — 54

S ) T B BT R T 1 6 it PR 2% S ol L IX R R £
OO RN R R B A R X A S B
AN . SRSl R R, ARSI S, TR
R OBET RN (R o 53 A5 005 ) B TR 4 21 4
QAR A SR A A B A R 20 R Bk
WIS R o T CAE BRI RT, Sl X 1) i A 5
KSR VT A 3T 061 52 S 85 R VA T 7 9 S A T B AT 1R
0 AIE W S BT AT AR T2, B v RO S P K
B BEAR. BOH BRI R IR, O L
UOEIPN=D 11015 1L N N NG L et

WG A WA L T AR B B Tk
FURT™ L, AFEANFIFLRL RO ;7 AR 45 ) 2 o7
ANHERf; ANRESRALIE 1 R B ToEA RO
J3E, BT LALE BN T 5 S TR e, oGt T8 ) 5 R e

4025



@'27:2 wcrrero

B2, S5 ZEMRIE CT SN L DA HIRT 0

T P H RVR PR BEMEIR WA AEAR R IR SR R 1 22 )2
IRECT IR B BRI B LR, BENF XL
I AR A A 5 S AR o (R 9 AR AT I IR IR 2 R IR
FECT =4 d el Fe (5 SR R At e S 2 2 5 T4,
EEFAT R 2 )2 IR CT AN [ B 5 AN RS (2 5
A RED Sy ol g SRR B R D BT S ) AL R g — HEAT B
B IR AR ORI T AN LA, T
Wi A3 o A SEH S BGEARARIE DS 22 S5, S PR 1 Lh
A, AR, R 2 SR R e CT AR A4 B T Ffrhi
BB R e ST AT R AN R AR 1 B
I, N IGRN IR LA S . LU VIR

A2 I i i A B R 5 2 2 T E A ) — o P B % =
AN I AR R B RESRAT S S L C 1
K2k BRI A D, W] 22 JR MR CT 4k Je — 2 ST 4K [
BRI 5 S AT A D B R RIS PUE L BT
AR . (HEETHERERN], oA IR R BUN i
J AR BT P GRS B B, B A i GRS 1 B 4 v
TR R T, R E RS R R
R ey S o2 ARVA LN B (K S0l e B <
BBAE Tk AEHT TR 2 1 s MRS B =4EE
AL RIS E SRR T LA R, Z4ipig
W1 AT A0 S AR R, At 2k =
Y ST ARG AR AL T g O W T 2 T DI, RIS
WSAR N TR a R A S i, D RERS 21 S 44D & -+
I RS R AR . (HAaR R R PR X R,
TMAESR, R EHUE R, 75 @R Rk
TE, B AT AR, AR oAy TS N T i 5t
FURT, AR A S s A P 5 B 2 2= 1 S 2 (1 00 B 1]
QAT AR FE S BRI I PR I F AN e K

ARSI o Rl CT T A5 P -2 R H5 s s T 5 4 )
{8, MATHFIUA = 4ENEE> S, AT
=D AR <SR < AR R A B
RALMIRZE S BRI S T N FAT K. B ZFE N RS
KGRI CTHUR R TN R 20
S, B E N IE S

WELEERERY], Toie —duid2 =4I, il
FSWRE T B 1K DERTFUI 58 AN 70 # S A
W OAWFFTN N L BEN - n € (0 A RE & — o
SERLRZEN o AEEAESr SR AR I, A S £ B
SRR R VI O RRERE A R T RE A7, B A PR IO Bz Ay
P AL 18] 5E 1 XS IRZESE RN . @K CTH R
LR LU T AT 22, SOOI I P {5 T REH DL e R
IRE, VI L, RGO R BOER T A 5
bb, Jovle —HEIE = HERIGR, il e 5 ) A 5 ke Bl
o FRORE B P 350 v T O W v P45, T AT T e i ) B i 7
JBUR 3 AR 5317 22 S 0 e CTHA M U 4 KL Y1 114 ik
P MBS ) 3 E R K AR BN 6 A

4026

XS A 1 AR O 16 P AR AT R . AT IR AR
G R TA0M, SR ZE I KT 1530%. 1FE W
TR R T AR TP I APAT, SRAFAT T
T I R X R 5236 25 R Bk 22 JR IR e CT 4% 1 (501
EAEI IR T B, XRYMER RN Z )R
WEHE CTHI RS UE T 1 & A R o (HSEI0 25 AR HER, 6
Ve Bal Ay SEM AL, Al P 4500 2 G A 58 e 00
TFTs 3K W TURT =11 (1 P TR b A dd A )
I, wIRE T ST A A e O . iR
R AR AR TR AR AT 2 SR IR C T4, A7 0 2
T RS TR BN S FEMEF- T (KL 7%

4 SETH

[1] King KS, Lam EW, Faulkner MG, et al. Vertical bone volume in the
paramedian palate of adolescents: a computed tomography study.
Am J Orthod Dentofacial Orthop.2007; 132(6):783-788.

[2]  Zhou M,Chen SL,Chen JL,et al.Shiyong Yiji Zazhi.2005;12(6):
1562-1563.

JE O WRAA S R R, S B E CTAE S PR AR AR BV R B o v (1
FH[J]. 52 H B2 7% 7%,2005,12(6):1562-1563.

[3] Kwon TG, Park HS, Ryoo HM, et al. A comparison of craniofacial

morphology in patients with and without facial asymmetry-a three
- dimensional analysis with computed tomography. Int J Oral
Maxillofac Surg. 2006;35(1): 43-48.

[4] Honey OB, Scarfe WC, Hilgers MJ, et al. Accuracy of cone-beam
computer tomography imaging of the temporomandibular joint:
Comparisons with panoramic radiology and linear tomography.
Am J Orthod Dentofacial Orthop. 2007;132(4):429-438.

[5] Ma XC.Beijing:Renmin Weisheng Chbanshe.2002:214-218.

Thef B 1 I AT S A5 2 Wi 22 M. 3 At AN R TR HE A,
2002: 214-218.

[6] Xiao W,Zeng N,Hu F,et al.Zhonghua Kougiang Zhengjixue Zazhi.
2009;16(3):126-129. )

P2, 5 g, L, A5 OB T S B R ) [ N LE G R BB FECT
HEAMAT[J] A i TE I 22 2k, 2009,16(3):126-129.

[71  Liu YX,Xu JP.Linchuang Jianyanxue Zazhi.1998;16(6):379-381.
KB TG AR AT B AR AR (K — B G vt 20 W 07 VR[] I ARG 56 A
%,1998,16(6):379-381.

[8] Tseng YC, Hsieh CH, Chen CH, et al. The application of
mini-implants for orthodontic anchorage. Int J Oral Maxillofac
Surg.2006;35(8):704-707.

[9] Kyung HM, Park HS ,Bea SM, et al. Development of orthodontic
micro-implants for intraoral anchorage.J clin Orthod.2003;37(6):
321-328.

[10] Kang FW,Lu J,Pan KF.Tongji Daxue Xuebao:Yixueban.2006;
27(1):31-33.

BT,y 2 T XL DB R 5 5 S PR A SRS ) 3 AT )
SEMAL]. R R 2244 B 24 i, 2006,27(1):31-33.

[11] Wang Q,Fang W.Guowai Yixue:Kougiangxue Fence.2006; 33(2):
106.

B, B3 (28 ). ZE 1L IR ) AR R UINBRET R A B e R ANE)
N [J].1E A= 2 = 2% 43 i, 2006,33(2): 106.

[12] Dequchi T, Nasu M, Murakami K, et al. Quantitative evaluation of
cortical bone thickness with computed tomography scanning for
orthodontic implants. Am J Orthod Dentofacial Orthop. 2006;
129(6):721.e7-12.

[13] Miyawaki S, Koyama |, Inoue M, et al. Factors associated with
the stability of titanium screws placed in the posterior region for
orthodontic anchorage. Am J Orthod Dentofacial Orthop. 2003;
124(4): 373-378.

[14] Swennen GR, Barth EL, Eulzer C, et al. The use of a new 3D
splint and double CT scan procedure to obtain an accurate
anatomic virtual augmented model of the skull. Int J Oral
Maxillofac Surg.2007;36(2):146-152.

[15] Han YS,Ye Q.Linchuang Fangshexue Zazhi.2008;27(6):937-839.
R AR, 5816 208 e CTRRME — 4 £ 77 125 43 BT [J]. I AC TS S 2 2%
7%,2008,27(6):837-839.

[16] Niu YS,Li ZJ.Xiandai Kougiang Yixue Zazhi.2010;24(1):75-77.
A1l AR F U A T (VA O R S LR R Y FH ], BRAR
k254 7,2010, 24(1): 75-77.

[17] Park SH, Yu HS, Kim KD, et al. A proposal for a new analysis of
craniofacial morphology by 3-dimensional computed tomography.
Am J Orthod Dentofacial Orthop.2006;129(5):600.e23-34.

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



