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Development of 2D-3D Image Registration Techniques for Corrective Osteotomy for
Lower Limbs
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Lower limbs deformity is a congenital disease and can also be occurred by an acquired factor.
This paper suggests a new technique for surgical planning of Corrective Osteotomy for Lower
Limbs (COLL) using 2D-3D medical image registration. Converting to a 3D modeling data of
lower limb based on CT (computed tomography) scan, and divide it into femur, tibia and fibula;
which composing the lower limb. By rearranging the model based on the biplane 2D images of X-
ray data, a 3D upright bone structure was acquired. There are two ways to array the 3D data on
the 2D image: Intensity-based registration and feature-based registration. Even though
registering Intensity-based method takes more time, this method will provide more precise
results, and will improve the accuracy of surgical planning.
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Fig. 1 2D-3D Registration

¥ Digitally reconstructed radiograph(DRR)E A4
ate] 2D imageot A4 wugth F GG AA
Bl 3st7]  wjiEo]  HA|  FAHo]  Feature-based
registration®l] H]3}e] Q@] AT AWk segmentation®]
Ao oA gAY dd gl& FE dow A
Aoz Agaltte 3ol At % ol A=
CT #< AI}E Xeray imaged] %A AAHAA
A 9= A9 14 3D HolHE 5849 X-ray
o CTo W& Hetstal 29 A& A W
o Age s A AgE AeE T UEF grh

2. B A UY

S 24 3D model 2D imagedl ¥ 3}
A2 BHE Al ]611:} —}F—Et Ijr 7} 7”:}

e sne o
92 s & Adel 34 3D
vt 2o 2 e Fig 13 &
om &9 AA HolHE Xray 29 A=z I
53t 2D imageEs YWENIL ofHES AP dHolH
+ 3D modelS UYEAT 2D, 3D HoJH EF
Femur, Tibia, Fibula®8 & #2]s}o] A Asl= A W

AN e
A GAE A g GAZ 3D models 2 -
$EE 2D imagedt Vst A= AdEI9

orientation®] UXFEF AH3] FHHAZI HFH
woz 3 GANM 2D imageot 1A7F LA 3t
=% 3D model& °]EAlZIth 3 A, o]Fo] &4
Z} 3D modelS ThA] el dlolH =2 AW HF:
Moz A gl Adel 3D dolHE F5T & gl
th A g SA = Fig 29k 2t



ok

F2HU 2SR H 30 93 pp. 991-999

September 2013 / 993

1. Create DDR by
rotating 3D-model Repeat

2. Comparison principal for the rest

axis angle between of the bones

the X-ray and the DDR

Reconstruct 3D-model
using CT data

|

Combine several
X-ray data

I

Separate the bone
segments

I

Save the | |
Reconstruct 3D-model

Reintegration
the separated
bone

Get the
stand 3D-data

1. Create DDR by
translating 3D-model
2. Comparison position
between the X-ray and
the DDR
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Fig. 3 Deciding Threshold Values

Fig. 4 Separated X-ray Data (X-ray target)
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Fig. 5 Separated 3D Objects
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Fig. 7 Process of the getting DRR target

Table 1 Angles, Areas and Locations from the DRR

Target
Front Side
Angle 85.9548° 98.5818°
Area 10790 9712
Boundary(x) 608 539
Boundary(y) 489 489

[\ -

Fig. 8 After Rotation and Translation
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Table 2 Optimal Values for Each Bones

Transform Femur Tibia Fibula
X 2.82 0.249 0.009
Rotation Y 2.642 1.919 1.954
Z | -1.563 5.674 4.058
X -39 -37 -35
Translation Y -47 -49 -45
Z -14 -16 -20
Table 3 Errors between Target and DRR
. Boundary | Boundary
View Angle X ~
Femur | Front | 91.6505 550 469
Target | Side 91.3503 535 471
Femur | Front | 91.6505 550 470
DRR Side 91.3505 535 470
Error 0.0001937 2
Tibia | Front | 91.4669 557 474
Target | Side 93.9341 544 474
Tibia | Front 91.4658 557 474
DRR Side 93.934 544 474
Error 0.001059 0
Fibula | Front | 94.0366 548 460
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Fibula | Front | 94.0373 548 459
DRR Side 94.1455 559 459
Error 0.0007862 1
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Fig. 9 Comparing Results with X-ray Data
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