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Retrieval analysis of 20 acetabular cups
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Cup analysis: Patient 1

1 Femoral head size 32 mm

2 Type of head Alumina

3 Cup type UHMWPE - Osteal
4 Crosslink No

5 Amount of linear wear +1.1mm

6 Duration in vivo 13 years and 7 months
7 Size of wear debris from pathologist 10— 30 pm

8 Visible discoloration Yes (Figure 1)

9 Metal backing No

10 Thickness of poly 9 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow No

14 Scratches No (visually)

15 Adhesion wear Yes

16 Wear particles embedded in base material No

17 Flaking No
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Patient 2

Visible cracks on rim of cup

Figure A3

Figure Ad

Visible scratches

Figure A5
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Cup analysis: Patient 2

1 Femoral head size 32 mm

2 Type of head Alumina

3 Cup type UHMWPE - Osteal
4 Crosslink No

5 Amount of linear wear + 0.8 mm

6 Duration in vivo 17 years

7 Size of wear debris from pathologist 20— 110 ym, avg. 40 um
8 Visible discoloration Yes (Figure 1)

9 Metal backing No

10 Thickness of poly +7 mm

11 Mechanical damage Yes

12 Cracks in material Yes

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear No

16 Wear particles embedded in base material No

17 Flaking No
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Patient 3

Figure A6

Figure A7
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Cup analysis: Patient 3

1 Femoral head size 26 mm

2 Type of head Alumina

3 Cup type UHMWPE - Aesculab
4 Crosslink No

5 Amount of linear wear + 0.4 mm

6 Duration in vivo 6 years

7 Size of wear debris from pathologist 10 - 50 um

8 Visible discoloration Yes (Figure 6)
9 Metal backing No

10 Thickness of poly 9 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking No
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Patient 4

Figure A8

Figure A9
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Figure A10
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Cup analysis: Patient 4

1 Femoral head size 32 mm

2 Type of head Alumina

3 Cup type UHMWPE - ARD
4 Crosslink No

5 Amount of linear wear + 4.5 mm
6 Duration in vivo 12 years

7 Size of wear debris from pathologist 10 - 90 um
8 Visible discoloration No

9 Metal backing Yes

10 Thickness of poly +5mm

11 Mechanical damage Yes

12 Cracks in material Yes

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking No
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Patient 5

Piece of steel

"L

Figure A1l

Figure A12
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Cup analysis: Patient 5

1 Femoral head size 32 mm

2 Type of head Stainless

3 Cup type UHMWPE - ARD

4 Crosslink No

5 Amount of linear wear + 5mm

6 Duration in vivo 9 years and 5 months
7 Size of wear debris from pathologist 100 — 800 pm, avg. 600 um
8 Visible discoloration No

9 Metal backing No

10 Thickness of poly 7 mm

11 Mechanical damage Yes

12 Cracks in material Yes

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking No
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Patient 6

Figure A13

Embedded particle

Figure A14
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Cup analysis: Patent 6

1 Femoral head size 22 mm

2 Type of head Stainless

3 Cup type UHMWPE — Charnley
4 Crosslink No

5 Amount of linear wear + 3mm

6 Duration in vivo 8 years

7 Size of wear debris from pathologist 60 — 140 um

8 Visible discoloration No

9 Metal backing No

10 Thickness of poly 14 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow No

14 Scratches Yes (figure 14)
15 Adhesion wear Yes (figure 14)
16 Wear particles embedded in base material Yes (figure 14)
17 Flaking No
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Patient 7

Plastic flow

Figure A15

Wear particles

Figure A16

Figure A17
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Cup analysis: Patient 7

1 Femoral head size 30 mm

2 Type of head Stainless steel

3 Cup type UHMWPE - ARD

4 Crosslink No

5 Amount of linear wear + 5mm

6 Duration in vivo 23 years and 5 months
7 Size of wear debris from pathologist 20— 180 um

8 Visible discoloration No

9 Metal backing No

10 Thickness of poly 9 mm

11 Mechanical damage Yes

12 Cracks in material No

13 Plastic flow Yes (figure 15)

14 Scratches Yes (figure 16 & 17)
15 Adhesion wear Yes (figure 16 & 17)
16 Wear particles embedded in base material Yes (figure 16)

17 Flaking No
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Patient 8

Figure A18

Figure A19

Figure A20
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Cup analysis: Patient 8

1 Femoral head size 30 mm

2 Type of head Stainless steel

3 Cup type UHMWPE - ARD
4 Crosslink No

5 Amount of linear wear + 5mm

6 Duration in vivo 16 years and 4 months
7 Size of wear debris from pathologist Not known

8 Visible discoloration Yes (Figure 18)

9 Metal backing No

10 Thickness of poly 9 mm

11 Mechanical damage Yes

12 Cracks in material Yes

13 Plastic flow Yes

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking No
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Patient 9

Figure A21

Figure A22

“Figure A23
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Cup analysis: Patient 9

1 Femoral head size 32 mm

2 Type of head Zirconium

3 Cup type UHMWPE — Aesculab
4 Crosslink Yes

5 Amount of linear wear + O0mm

6 Duration in vivo 3 years and 9 months
7 Size of wear debris from pathologist Not available

8 Visible discoloration No

9 Metal backing Yes

10 Thickness of poly 19 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow No

14 Scratches Yes (figure 22)

15 Adhesion wear Yes

16 Wear particles embedded in base material No

17 Flaking No
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Patient 10

Figure A24

Figure A25
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Cup analysis: Patient 10

1 Femoral head size 28 mm

2 Type of head Alumina

3 Cup type UHMWPE — Aesculab
4 Crosslink Yes

5 Amount of linear wear + 0mm

6 Duration in vivo 7 Months

7 Size of wear debris from pathologist Not available
8 Visible discoloration No

9 Metal backing Yes

10 Thickness of poly 23 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow No

14 Scratches No

15 Adhesion wear No

16 Wear particles embedded in base material No

17 Flaking No
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Patient 11

Figure A26

Figure A27

Figure A28
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Cup analysis: Patient 11

1 Femoral head size 28 mm

2 Type of head Zirconium
3 Cup type UHMWPE — Aesculab
4 Crosslink Yes

5 Amount of linear wear + 0mm

6 Duration in vivo 14 months
7 Size of wear debris from pathologist 10 — 40 um
8 Visible discoloration No

9 Metal backing Yes

10 Thickness of poly 9 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear No

16 Wear particles embedded in base material Yes

17 Flaking No
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Patient 12

Figure A29

Figure A30

Figure A31 .
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Cup analysis: Patient 12

1 Femoral head size 28 mm

2 Type of head Zirconium
3 Cup type UHMWPE - de puy
4 Crosslink No

5 Amount of linear wear + 3.5mm
6 Duration in vivo 10 years

7 Size of wear debris from pathologist 20 — 80 um
8 Visible discoloration Yes

9 Metal backing No

10 Thickness of poly 9 mm

11 Mechanical damage Yes

12 Cracks in material Yes

13 Plastic flow Yes

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material No

17 Flaking No




University of Pretoria etd — Burger, N D L (2006)
A25

Patient 13

Figure A32

Plastic flow
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Figure A33
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Cup analysis: Patient 13

1 Femoral head size 32 mm

2 Type of head Zirconium

3 Cup type UHMWPE — Aesculab
4 Crosslink No

5 Amount of linear wear + 3.5mm

6 Duration in vivo 9 years and 3 months
7 Size of wear debris from pathologist 20 — 100 ym, avg. 60 um
8 Visible discoloration No

9 Metal backing No

10 Thickness of poly 12 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow Yes

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking No
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Patient 14

¢

Figure A34

Flaking

Figure A35
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A28

Cup analysis: Patient 14

1 Femoral head size 22 mm

2 Type of head Zirconium

3 Cup type UHMWPE — Aesculab

4 Crosslink No

5 Amount of linear wear + 5mm

6 Duration in vivo 7 years

7 Size of wear debris from pathologist Not available

8 Visible discoloration Yes (Figure 34)

9 Metal backing Yes

10 Thickness of poly 11 mm

11 Mechanical damage Yes (serious impingement —
see figure 34)

12 Cracks in material Yes

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking Yes
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Patient 15

Mechanical damage

Figure A36

Figure A37

Plastic flow
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Figure A38



University of Pretoria etd — Burger, N D L (2006)

A30

Cup analysis: Patient 15

1 Femoral head size 32 mm

2 Type of head Alumina

3 Cup type UHMWPE — Aesculab
4 Crosslink No

5 Amount of linear wear + 0.2mm

6 Duration in vivo 15 years

7 Size of wear debris from pathologist 20 — 140 ym, avg. 80 um
8 Visible discoloration Yes (Figure 36)

9 Metal backing No

10 Thickness of poly 7 mm

11 Mechanical damage Yes (figure 36)

12 Cracks in material Yes

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking No
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Patient 16

Figure A39

Embedded particle

: Plastic flow
O

Figure A40

Figure A41
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A32

Cup analysis: Patient 16

1 Femoral head size 28 mm

2 Type of head Zirconium

3 Cup type UHMWPE — Aesculab
4 Crosslink No

5 Amount of linear wear + 3.5mm

6 Duration in vivo 10 years

7 Size of wear debris from pathologist 20 — 350 um

8 Visible discoloration Yes (Figure 39)
9 Metal backing No

10 Thickness of poly 11 mm

11 Mechanical damage Yes (figure 39)
12 Cracks in material No

13 Plastic flow Yes

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking No
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Patient 17

Figure A42

Figure A43
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A34

Cup analysis: Patient 17

1 Femoral head size 22 mm

2 Type of head Stainless Steel

3 Cup type UHMWPE — Charnley, de
Puy

4 Crosslink No

5 Amount of linear wear + 6 mm

6 Duration in vivo 10 years and 6 months

7 Size of wear debris from pathologist Not available

8 Visible discoloration Yes (Figure 42)

9 Metal backing No

10 Thickness of poly 13 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear No

16 Wear particles embedded in base material No

17 Flaking No
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Patient 18

Figure A44

Figure A45



University of Pretoria etd — Burger, N D L (2006)

A36

Cup analysis: Patient 18

1 Femoral head size 32 mm

2 Type of head Alumina

3 Cup type UHMWPE - Aesculab
4 Crosslink No

5 Amount of linear wear + 5mm

6 Duration in vivo 6 years and 6 months
7 Size of wear debris from pathologist Not available

8 Visible discoloration Yes

9 Metal backing No

10 Thickness of poly 12 mm

11 Mechanical damage Yes

12 Cracks in material No

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking No




University of Pretoria etd — Burger, N D L (2006)
A37

Patient 19

Figure A46

Figure A47
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A38

Cup analysis: Patient 19

1 Femoral head size 28 mm

2 Type of head Alumina

3 Cup type UHMWPE - BARC
4 Crosslink No

5 Amount of linear wear + 2mm

6 Duration in vivo 15 years and 6 months
7 Size of wear debris from pathologist Not available

8 Visible discoloration Yes

9 Metal backing No

10 Thickness of poly 10 mm

11 Mechanical damage Yes

12 Cracks in material Yes

13 Plastic flow Yes

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material Yes

17 Flaking Yes
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Patient 20

Figure A48

Figure A49

Figure A50
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A40

Cup analysis: Patient 20

1 Femoral head size 32 mm

2 Type of head Zirconium

3 Cup type UHMWPE - Aesculab
4 Crosslink Yes

5 Amount of linear wear + O0mm

6 Duration in vivo 2 years and 4 months
7 Size of wear debris from pathologist Not available

8 Visible discoloration No

9 Metal backing No

10 Thickness of poly 7 mm

11 Mechanical damage No

12 Cracks in material No

13 Plastic flow No

14 Scratches Yes

15 Adhesion wear Yes

16 Wear particles embedded in base material No

17 Flaking No
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ANNEXURE B

Electron microscope analysis of white deposits in acetabular cups
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ANNEXURE C

Electron microscope investigation into Brown discolouring in acetabular cups
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ANNEXURE D

Electron microscope investigation into structure of UHMWPE
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ANNEXURE E

Electron microscope investigation into micro wear
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Figure E2: Adhesion wear

Figure E3: Adhesion wear
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Figure E4: Adhesion wear
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Figure E7: Patch with adhesion wear

Figure E9: Patch with adhesion wear
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Figure E10: Remaining flake after adhesion wear
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Figure E12: Scratches on bearing surfaces
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Figure E15: Scratches on bearing surfaces
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Figure E17: Scratch on bearing surface
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Figure E18: Wear particle
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Figure E21: Plastic flow
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Figure E24: Crack after adhesion wear
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ANNEXURE F

Electrophoresis analysis of particles retrieved from brown deposit in acetabular

cups and synovial fluid
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Figure F1: SDS-PAGE analysis of samples as trial study. Lane 1 is the
molecular mass markers with mass indicated in kDa, on left hand side, line 2 and
3 is two different samples from different retrievals
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Figure F2: SDS-PAGE analysis of fresh retrievals. Lane 1 is the molecular mass

indicated in kDa on left hand side. Lane 2 to 6 is a sample from a patient after 8

years in-vivo with lane 2 the synovial fluid. Lane 8 to 12 is a sample from patient
after 4 years in-vivo



University of Pretoria etd — Burger, N D L (2006)

ANNEXURE G
Mass spectrometric analysis of particles retrieved from brown deposit in
acetabular cups and synovial fluid
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ANNEXURE H
Lubricity analysis of retrieved synovial fluid
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Patient 3
Test done at 50Hz and 1mm stroke
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Patient 5
Test done at 50Hz and 1mm stroke
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Patient 7
Test done at 50Hz and 1mm stroke
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Patient 8
Test done at 50Hz and 1mm stroke

- 700

-+ 600

[N] peo

o o
o (=)
[Te) <
I I
t t

- 300

-+ 100

ST
JA
- ot
| 9T
§'GT
| 6T
L SpT
| 6°€T
v'ET
| 8etT
2T
| 8TT
€TT
| 60T
€01
| 86
S2'6
8'8
+2e8
| LLL
€L
| v2'9
t 629
| LG
ST'S
| L9V

Ty

| 12€
6T'E
| vz

+ S§T'¢

LT
TT
| 90

0.6

0.4 1

,
«
o

1900 uonol4

0.2 4

c0

Time [min]

Load ‘

50°C ——60°C

Figure H8

|[—3eecC



Friction coef

University of Pretoria etd — Burger, N D L (2006)
H5

Patient 9
Test done at 50Hz and 1mm stroke
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Patient 10
Test done at 50Hz and 1mm stroke
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Patient 11
Test done at 50Hz and 1mm stroke
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Test done at 50Hz and 1mm stroke
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