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Fig. 1.1: Structure of hip joint. Left: Original hip joint. Right: Artificial hip joint.




Fig. 1.2: 2D preoperative planning method - implant templating.



Fig. 1.3: Interactive 3D preoperative planning system - HipOp
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Fig. 1.4: Visualization of distance map on implant surface.
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Fig. 2.1: Relation of pelvis (left) and femur (right)
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(b) Secondary osteoarthritis case.

Fig. 2.2: Anatomical structure of acetabulum. (A) Hip joint center. (B) Original hip joint
center before deformation. (C) Original socket before deformation. (D) Superior-lateral
deformation.
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(a) Primary osteoarthritis case.

Pelvis

(b) Secondary osteoarthritis case.

Fig. 2.3: Acetabular replacement with cup.
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Patient data Implant data
Segmented pelvis model

Planning result

Fig. 2.4: Diagram of automated planning system.
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Anterior superior iliac spine (a)

Most anterior point of
symphysis pubis (b) Upper point of obturator foramen (c)‘

(a) Frontal view (Anterior-Posterior direction).

Anterior superior iliac spine (a)

Most ante;ior pqint of z_axis
symphysis pubis (b)

(b) Side view (Lateral-Medial direction).

Fig. 2.5: Definition of anatomical pelvic coordinate system.
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Abduction angle 6

Anteversion angle o

Fig. 2.6: Definition of acetabular cup orientation.
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Cup center

E Host bone thickness

Coronal

Fig. 2.7: Search for host bone thickness (Coronal plane).
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(a) Acetabular region on pelvis model.

Posterior wall Anterior wall

Medial wall

(b) Division of acetabular region on cup.

Fig. 2.8: Division of acetabular region.
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Teardrop

(a) Definition of Cup - teardrop line (frontal view).

Inferior edge of cup

‘ Cup - teardrop line

displacement

\ ~

(b) Measurement of cup - teardrop line displacement (frontal view).

Fig. 2.9: Cup - teardrop line displacement.
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Fig. 2.10: Division of acetabular region.
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Fig. 2.11: Axial plane (xy-plane) which includes point of cup center.
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Acetabular rim

Mid-point
(Cup candidate center)

7

Acetabular rim

(a) Spatial relationship between pelvis and cup placed by surgeon in the xy-plane.

Cup rim

Cup center

Cup rim

(b) Estimation of cup center and size by selecting two points on acetabular rim.

Fig. 2.12: Estimation of initial cup center and size.
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Initial position

Searching Zone

Searching axis

. Host bone thickness > 1.5 mm

. Host bone thickness < 1.5 mm

1.0 mm

1.0 mm

Fig. 2.13: Distribution of host bone thickness and searching zone.
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Table 2.1 Comparison of proposed automated planning with surgeons.

Difference
Surgeon (a) Surgeon (b)
Case No. [ Position (mm) | Size |Status] Position (mm) | Size | Status
1 3.22 2|A 436 110
2 1.93 2|1A 1.89 210
3 3.26 110 251 110
4 6.72 2|1A 7.95 0f x
5 2.95 1A 6.74 0O
6 0.96 11O 3.87 110
7 3.34 0|10 6.89 0O
8 5.98 0|O 2.73 0|O
Mean 3.54] 1.13 462 0.88

Table 2.2 Comparison between surgeon 0 ' s planning and surgeon O ' s.

Difference

Case No. | Position (mm) Size
1.64
2.53
2.68
1.41
3.89
2.97

3.6

44
Mean 2.89

O dojo B JWIN |—=

u|lo olo|l= v o|lo]|—=

o
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‘:L%_Rgv:'» 4

ihe

(a) Case 6. Left: Computer result (o O o ). Center: Surgeon A’ s planning. Right:
Surgeon B’ s planning.

(b) Case 4. Left: Computer result (O O x ). Center: Surgeon A ’ s planning. Right:
Surgeon B’ s planning.

Fig. 2.14: Comparison of cup positioning and size selection.
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Table 2.3 Comparison of cup - teardrop line displacement threshold parameter with
experienced surgeon (CTD = Cup - Teardrop line Displacement).

Maximum | Planned Mean difference
limit of cases Surgeon (a) Surgeon (b)
CTD (mm)| (N=8) |Position (mm)|Size Position (mm) [Size
5 6 5.04 15 5.97 1
10 8 3.36 088 413 0.5
15 8 3.54 1.13 4.62 0.88

35



(a) CTD=15.0 mm. (b) CTD=10.0 mm. (c) Surgeon A ’ s planning. (d) Surgeon B’ s
planning.

Fig. 2.15: Comparison of cup - teardrop line displacement (CTD) threshold (Case 1).
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Fig. 2.16: Comparison of CT imaging parameter.
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Fig. 2.17: Comparison of CT imaging parameter.
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Fig. 2.18: Cup planning (CT slice thickness 1 mm and reconstructed pitch 1 mm).

Fig. 2.19: Cup planning (CT slice thickness 5 mm and reconstructed pitch 5 mm).
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Fig. 3.3: Variation of head offsets.
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Flexion

Extension

(a) Flexion and extension.

90° 1\ 90°

00

External rotation Internal rotation

(b) Internal rotation and external rotation.
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(¢) Adduction and abduction.

Fig. 3.4: Hip joint movement.
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Hip joint center
of rotation

FE
*«mid FEs

FE

Fig. 3.5: Definition of joint coordinate system and movement.
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Hip joint center
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FE
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Fig. 3.6: Definition of joint coordinate system and movement with implants.
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Fig. 3.7: Collision (impingement) between pelvis and femur.
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Fig. 3.8: Femoral components (Freeman stem, head, and femur).
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(a) Femoral neck cutting plane defined on stem model.

(b) Femur after femoral neck cut.

Fig. 3.9: Automatic femoral neck cutting.
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Superior pelvis model Inferior pelvis model Virtually drilled pelvis
clipped out by sphere clipped out by cylinder

Fig. 3.10: Virtually drilled pelvis model based on cup planning.

Fig. 3.11: Virtual hip joint.
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(a) Osteophyte.

(b) Osteophyte cutting plane.

Fig. 3.12: Automatic osteophyte cutting.
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Fig. 3.13: Definition of lim length (frontal view).
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Fig. 3.15: Internal rotation at flexion 90 degrees (frontal view).
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Table 3.1: Results of vertical optimization.

O Lim length
Case No. | difference (mm)
1 0.50
2 1.10
3 0.86
4 3.17
Mean 1.41
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Fig. 3.16: Frontal view of artificial hip joint planning of which vertical direction was opti-
mized.
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Table 3.2: Results of vertical optimization.

O Lim length
Case No. | difference (mm)

1 1.22

2 4.11

3 1.46

4 2.42

5 0.97

6 1.13

7 4.87

8 1.12

9 7.38

10 0.66

11 0.27
Mean 2.33
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(a) Planning which took minimum lim length difference (Case 11).

Lim length difference

(b) Planning which exceeded threshold of lim length difference (Case 9).

Fig. 3.17: Frontal view of artificial hip joint planning of which vertical direction was opti-

mized.
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Table 3.3: Results of medial-lateral optimization.

O Lim length Internal rotation Lateral
Case No. | difference (mm) angle (deg.) displacement
1 0.50 45.0 0
2 1.10 34.0 5
3 0.86 30.0 2
4 3.17 23.0 9
Mean 1.41 33.0 4
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(a) Before optimization.

(b) After optimization.

Fig. 3.18: Medial-lateral optimization.
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(a) Before optimization.

(b) After optimization.

Fig. 3.19: Medial-lateral optimization.
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Fig. 3.20: Variations of internal rotation angle and cup coverage ratio (Case 1).
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Fig. 3.21: Variations of internal rotation angle and cup coverage ratio (Case 2).
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Fig. 3.22: Variations of internal rotation angle and cup coverage ratio (Case 3).
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Fig. 3.23: Variations of internal rotation angle and cup coverage ratio (Case 4).
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Table 3.4: Results of medial-lateral optimization.

O Lim length Internal rotation Lateral
Case No. | difference (mm) angle (deg.) displacement
1 1.22 30.0 9
2 4.11 27.5 )
3 1.46 41.5 0
4 2.42 36.5 0
5 0.97 32.0 3
6 1.13 41.0 0
7 4.87 45.0 0
8 1.12 36.5 0
9 7.38 37.5 1
10 0.66 43.5 0
11 0.27 32.5 0
Mean 2.33 36.7 1.63
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(a) Before optimization.

(b) After optimization.

Fig. 3.24: Medial-lateral optimization (obtained ROM: 32.0° ).
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(a) Before optimization.

(b) After optimization.

Fig. 3.25: Medial-lateral optimization (obtained ROM: 27.5° ).
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Fig. 3.26: Variations of internal rotation angle and cup coverage ratio (Case 3).
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Fig. 3.27: Variations of internal rotation angle and cup coverage ratio (Case 5).
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Fig. 3.28: Variations of internal rotation angle and cup coverage ratio (Case 2).
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Fig. 4.4: Flowchart of preparation for joint motion simulation.
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Fig. 4.5: XML-3D preoperative planning viewer.
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