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For comparison of hip endoprostheses with AI203 combinations of the gliding surfaces with 
other material combinations, pseudocapsules and soft tissue membranes around hip 
endoprostheses retrieved at revision surgery or at autopsy were histologically investigated. In 
all tissue specimens around loosened prostheses, ceramic wear particles were found, in 50% 
of cases high-grade ceramic wear was seen. In contrast, only half of the autopsy cases 
revealed ceramic wear. Cases with AI203-AI203 combinations showed less villdus 
transformation of the synovial tissue, a thinner synovial layer and reduced necroses in 
comparison to AI203-polyethylene and metal-polyethylene combinations. These differences 
appeared more pronounced in the autopsy cases. The result of this study confirm the 
hypothesis, that a high ceramic wear rate in loosened prostheses develops mainly as a 
consequence of loosening. For that reason, biologically fixation of implants with spongious 
structured surfaces and without bone cement fixation seems a logical consequence. Modular 
systems are necessary not only for stem and ball, but also for the acetabular component of the 
hip endoprostheses. 

1. I n t r o d u c t i o n  
AlzO 3 on A1203 combinations as a bearing material 
for hip endoprostheses were introduced after tribo- 
logical measurements had shown superior wear resist- 
ance and less friction between the gliding surfaces than 
in other material combinations [1-6].  Friction is 
markedly reduced in comparison to A1203 polyethyl- 
ene combinations. The wear rate with alumina was 
found to be 500 times lower than in metal 
polyethylene combinations [7]. 

2. Mater ia l  and m e t h o d s  
From a total of 4882 hip joint endoprostheses in- 
serted, 254 were with Al203 on A1203 combinations 
of weight bearing surfaces. 

Tissue specimens of 14 cases with AlzO3-A1203 
combinations, A1203-polyethylene combinations and 
metal-polyethylene combinations, obtained during re- 
vision surgery, were thoroughly histologically invest- 
igated including semiquantitative grading of the 
amount  of wear particles and histologic alterations. In 
the same way pseudocapsules and soft tissue mem- 
branes at the bone-cement interface of six autopsy 
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cases with lifetime functioning and stable protheses 
were investigated. For  comparison, seven autopsy 
cases with A1203 polyethylene combinations and 17 
cases with metal-polyethylene combinations (5 to 15 
years in situ) were examined. 

Loosening required revision of 13 cemented spher- 
ical sockets after 6-12 years. The revision case 14 
(Table I) was a loosened cement-free Mittel-meier 
prosthesis 8 years after surgery. 

In contrast to normal use it is remarkable that 
permanent load reduction (walking with crutches after 
poliomyelitis) results in solid size of a screwed conical 
socket without any sign of lossening after 14 years. 

2.1. Microscopic evaluation 
Tissue specimens of defined localizations were pre- 
served during revision surgery or autopsy. About 600 
sections of each localization were stained in HE- 
Goldner's trichrome and Prussian blue. 

The following parameters were graded semiquant- 
itatively: ceramic wear particles, bone cement wear 
particles, villous transformation of the synovial tissue, 
necroses and the extent of fibrosis. Grading of the 
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T A B  L E  I Ce ramic  a nd  bone  cement  wear  and ce ramic  abras ion  of  14 revision cases; 1 13 socket cemented,  14 cementless 

Pat ient  Years Ce ramic  Cemen t  Abras ion  ball Abras ion  socket 

after surgery  wea r  g rade  wear  g rade  (gin) (gm)  

1 7 2 9 15 5 

2 "'b 7 10 3 1300 3200 

3 c 12 10 4 260 200 

4 8 6 8 10 5 

5 8 2 9 5 2 

6 8 9 6 - - 

7 7 4 2 - - 

8 9 5 8 - 

9 8 10 2 - - 

10 8 10 8 - - 

11 9 5 6 - - 

12 8 1 9 - 

13 6 8 0 - - 

14 8 8 - 25 8 

"Socket pro t rus ion  a nd  dislocation.  

b Stem fracture.  

c Figs 1, 2 and  4. 

bone cement wear was performed by counting the 
zirconium oxide particles visible in HE-Sections. 

The grading parameters (grade 1-10) were defined 
in the following manner: 

1. Small granular foreign material (bone cement and 
AlzO 3 wear particles) 

Grade i-2: 

Grade 3-4: 
Grade 5-6: 

Grade 7-8: 
Grade 9-10: 

Average amount of 100 particles per 
visual field (HPF) (HPF = high po- 
wer field: diameter 0.45 mm) 
100-200 particles per HPF 
0.5-5 particles per histiocyte (aver- 
age amount) 
6-10 particles per histiocyte 
more than 10 particles per histiocyte 

2. Villous transformation of the synovial tissue 
Grade l-2: Several villous structures at the syn- 

ovial surface (max. 20%) 
Grade 3-4: Villous transformation of 20-40% of 

the synovial surface 
Grade 5-6: Villous transformation of 40-60% of 

the synovial surface 
Grade 7-8: Villous transformation of 60-80% of 

the synovial surface 
Grade 9-10: Nearly total villous transformation 

of the synovial surface 

3. Necroses 
Grade 1-2: 

Grade 3-4: 

Grade 5-5: 

Grade 7-8: 

Grade 9-10: 

Up to 15% necrotic tissue in the 
synovial section 
15-30% necrotic tissue in the syn- 
ovial section 
30-45% necrotic tissue in the syn- 
ovial section 
45-60% necrotic tissue in the syn- 
ovial section 
More than 60% necrotic tissue in the 
synovial section 
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4. Scar-like fibrosis 
Grade 1-2: Up to 15% scar-like fibrosis in the 

synovial section 
Grade 3-4: 15-30% scar-like fibrosis in the syn- 

ovial section 
Grade 5-6: 30-45% scar-like fibrosis in the syn- 

ovial section 
Grade 7-8: 45-60% scar-like fibrosis in the syn- 

ovial section 
Grade 9-10: More than 60% scar-like fibrosis in 

the synovial section 

The thickness of synovial tissue was measured with an 
eye-piece graticule at 12 defined points per quadrant 
of the pseudocapsule. 

The abrasion rates are measured at the Cerasive 
company, former Feldm/ihle AG, Plochingen. 

3. Results 
Ceramic wear particles were found in all of the newly 
formed joint capsules and soft tissue membranes 
around the loosened components. In 21% of cases we 
found small amounts of ceramic wear particles; in 
29% moderate ceramic wear; and in 50%, high-grade 
ceramic wear. 

In cemented protheses comparable amounts of 
bone cement wear were seen. Zirconium oxide par- 
ticles (contrast medium of the bone cement), which 
served as a marker for the amount of bone cement 
wear, can be distinguished from ceramic wear particles 
by their round configuration and mainly smaller dia- 
meter (about 0.5 gin). Ceramic fragments appear as 
sharp-edged polygonal yellow-brown particles up to 
5 gm diameter. All smaller granular wear particles are 
seen predominantly within the histologic appearance 
of the pseudocapsules, and soft tissue membranes at 
the bone-cement interface were characterized by in- 
filtrates of histiocytes rich in cytoplasm. In cases with 
larger amounts of bone cement wear degenerative 
changes and single cell necroses were found. 



TAB LE I ! Ceramic and bone cement wear and ceramic abrasion of six autopsy cases with lifetime functioning implants 

Patient Years Ceramic Cement Abrasion ball Abrasion socket 
after surgery wear grade wear grade (gm) (gm) 

1 7 0 2 - 3 

2" 8 0 8 - - 
3 7 0 10 15 12 
4 8 4 8 25 3 
5 8 6 8 135 5 
6 b 9 8 2 - - 

"Fig. 4. 
b Fig. 6. 

TABLE III  Autopsy specimens with prostheses > 5 years in situ 

Material combination 

Cer-Cer Cer-PE Metal-PE 
6 specimens 7 specimens 17 specimens 

Synovial layer 2.1 mm 2.5 mm 3, 1 mm 
Villous transformation graded 1, 5 3, 9 6, 0 
Histiocytes graded 6, 0 6, 9 7, 4 
Necroses graded 3, 3 8, 1 7, 5 
Fibroses graded 7, 5 8, 0 7, 9 

Figure 1 Revision case 2. Synovial tissue with high-grade ceramic 
and bone cement wear. Extended infiltrates of histiocytes, rich in 
cytoplasm (dark stained) containing wear particles. Top: prolifera- 
ting synovial lining cells (HE: x 160). 

These a l te ra t ions  were no t  seen within the tissues 
su r round ing  non-cemen ted  prostheses.  This difference 
could  be an express ion of  the super ior  b iocompa t ib i l -  
ity of the ceramic  wear  par t ic les  in compa r i son  to 
bone  cement  and  metal l ic  wear, as A120 3 wear par-  
ticles release no toxic substances.  

O t h e r  tissue changes  in the form of m a r k e d  vil lous 
t r ans fo rma t ion  of the pseudocapsule ,  ex tended  ne- 
croses and  scar- l ike fibrosis,  f ibrin exsudates ,  scat tered 
lymphocy t i c  infi l trates and  m i c r o h a e m o r r h a g e s  were 
found in near ly  all cases. 

In  con t ras t  to the f indings in revision cases the 
tissue specimens f rom au topsy  cases with lifetime 
stable pros theses  revealed in only half  of the cases 
ceramic  wear;  in two cases m o d e r a t e  and  in one case 
h igh-grade  ceramic  wear  was found (Table  II, F igs  3 
and  5). 

Figure 2 Revision case 2. Histiocytes with Al203 and zirconium 
oxide wear. Polygonal sharply edged, mainly larger, A1203 particles 
besides smaller round zirconium oxide particles (HE: x 470). 

Macroscop ica l ly  as well as his togical ly  the synovia l  
tissue showed less vil lous t r ans fo rma t ion  in com-  
par i son  to prostheses  with o ther  mate r ia l  combina -  
tions. The  synovia l  layer  a p p e a r e d  thinner.  Necroses  
and  villous t r ans fo rmat ions  are reduced significantly 
in the A1203-A120 3 cases. The  differences appea red  
more  p ronounc e d  in the au topsy  cases. However ,  a 
smoo the r  surface and th inner  newly formed capsule  
was seen macroscop ica l ly  dur ing  revision surgery too. 

Wi th  respect  to bone  cement  wear  and  o ther  his to-  
logical  a l tera t ions ,  no differences between A120 3- 
A120 3 combina t ions  and  A I 2 0  3-  po lye thylene  combi-  
na t ions  were found. The  greater  reactive i n f l ammato ry  
changes  in cases with AlzO3-po lye thy lene  combina -  
tions, and  especial ly in me t a l -po lye thy l e ne  combina -  
tions, are main ly  due to foreign body  react ions  a r o u n d  
polye thylene  wear part icles,  which a p p e a r e d  in all 
pseudocapsu les  inc luding the au topsy  cases with life- 
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4. D i s c u s s i o n  
Whereas hip prostheses with AI203-A1203 combina- 
tions showed excellent laboratory results, clinical res- 
ults seemed to be variable. Many investigations have 
shown predominantly good clinical results [8-14]. 
Some authors, however, reported a higher rate of 
ceramic components from postheses retrieved at revi- 
sion surgery [15]; excessive wear is initiated when 
ceramic grains are torn from the high-gloss polished 
articular surfaces. Other authors have viewed this high 
wear rate as a consequence of loosening 1-9, 16]. 

Figure 3 Autopsy case 2. Pseudocapsule with synovial tissue. Right: 
Degene rated hyalinized connective tissue, no ceramic wear 
(HE: x 150). 

Figure 4 Revision case 2, 8 years in situ, dislocated and loosened; 
shows the greatest ceramic wear in the revision group (Table I). The 
width of the socket rim is segmentally reduced from 8 m m  to 5 mm. 

Figure 5 Autopsy case 6, 9 years (lifetime) without loosening in situ; 
shows the most  ceramic wear in the autopsy group (Table II). 

time stable prostheses. Ceramic wear was never seen in 
AlzO3-polyethylene combinations. Especially high 
polyethylene wear rates can be provoked by larger 
bone cement particles, if they get between the gliding 
surfaces. 
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5. Conclusions 
The results of this study showed that in cases with 
lifetime stable prostheses, considerably less wear par- 
ticles were found, confirming the hypothesis that high 
wear rate in loosened prostheses develops mainly as a 
consequence of loosening, sometimes with dislocation 
of the cup. Another precondition for the appearance of 
ceramic wear is malpositioning of the socket, steep 
position leading to dry friction of the socket rim 
[9, 16]. Further, fracture of the ceramic components 
and protrusion of the screwed conical socket are of 
importance. 

Missed safety aspects in manufacturing and in the 
intraoperative handling of the fixation of ceramic balls 
on the conical metal stems, and poor design features 
are responsible for breakage of the balls I-2, 3, 7]. 

To avoid the problems of the A1203-A1203 combi- 
nation, we favour modular systems with cementless 
biologically fixation by spongious structured surfaces 
of the implants [18]. 
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