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POLYETHYLENE AND METAL DEBRIS GENERATED BY

NON-ARTICULATING SURFACES OF MODULAR

ACETABULAR COMPONENTS

OLGA L HUK, MANJULA BANSAL FOSTER BEll’S, CLARE M. RIMNAC,

JAY R. LIEBERMAN, MICHAEL H. HUO, EDUARDO A. SALVATI

From the Hospitalfor SpecialSurgery, New Yorl#{231}USA

We report a prospective study of the liner-metal
interfaces of modular uncemented acetabular compo-

nents as sources of debris. We collected the pseudo-
membrane from the screw-cupjunction and the empty
screw holes of the metal backing of 19 acetabula after
an average implantation of 22 months. Associated
osteolytic lesions were separately collected in two
cases. The back surfaces of the liners and the screws
were examined for damage, and some liners were
scanned by electron microscopy. The tissues were
studied histologically and by atomic absorption spec-
trophotometry to measure titanium content.

The pseudomembrane from the screw-cup junc-
tion contained polyethylene debris in seven specimens
and metal debris in ten. The material from empty
screw holes was necrotic tissue or dense fibroconnec-
tive tissue with a proliferative histiocytic infiltrate and
foreign-body giant-cell reaction. It contained poly-
ethylene debris in 14 cases and metal in five. The two
acetabular osteolytic lesions also showed a foreign-
body giant-cell reaction to particulate debris.

The average titanium levels in pseudomembranes
from the screw-cup junction and the empty screw
holes were 959 �.tg/g (48 to 11 900) and 74 ptg/g (0.72 to

0. L Huk, MD, FR�S C, Clinical Lecturer
HOpital H#{244}tel-Dieu de Montr#{233}al, 3840 Rue St-Urbain, Montr#{233}al, Qu#{233}bec,
Canada H2W 1T8.

M. Bansal, MD, Attending Pathologist
F. Betts, PhD, Director of Trace Metal Laboratory
C. M. Rimnac, PhD, Associate Scientist, Department of Biomechanics
E. A. Salvati, MD, Clinical Professor of Orthopaedic Surgery
Hospital for Special Surgery, affiliated with the New York Hospital and
Cornell University Medical College, 535 East 70th Street, New York, NY
10021, USA.

J. R. Lieberman, MD, Assistant Professor of Orthopaedic Surgery
Department of Orthopaedic Surgery, UCLA School of Medicine, Center for
Health Sciences, 10833 La Conte Avenue, Room 76-134 CHS, Los Angeles,
California 90024, USA.

M. H. Huo, MD, Attending Orthopaedic Surgeon
Waterbury Hospital Joint Replacement Center, Waterbury, Connecticut,
USA.

Correspondence should be sent to Dr 0. L. Huk at Clinique D’Orthop#{233}die
Saint-Urbain, 3875 rue-St-Urbain, Suite 209, Montr#{233}al, Qu#{233}bec, Canada
H2W 1W.

331) respectively. The tissue from the two lytic lesions

showed average titanium levels of 139 and 147 �.tg/g

respectively.
The back surfaces of the PE liners showed surface

deformation, burnishing, and embedded metal debris.
All 30 retrieved screws demonstrated fretting at the
base of the head and on the proximal shaft.

Non-articular modular junctions create new
interfaces for the generation of particulate debris,
which may cause granulomatous reaction.
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Modular uncemented acetabular components (MUACs)

with screw fixation introduced new and unforeseen
problems. These included component dissociation at the

liner-cupjunction (Bueche, Herzenberg and Stubbs 1989;

Brien et al 1990; Kitzinger, DeLee and Evans 1990) and
reduction of polyethylene (PE) thickness to under 6 mm
(Bartel, Wright and Edwards 1983). Collier et al (1992)

also reported fretting between the PE liner and the metal

cup, gaps between the liner and its backing allowing
increased stress transmission, fretting at the screw-cup

junction, micromotion and macromotion between the
liner and the backing, and third-body wear both at the

articular surface and at the liner-backing interface due to
metal debris from plasma-sprayed surfaces. It is well
known that PE and metal debris are potentially osteolytic
(Willert and Semlitsch 1975; Goldring et al 1983; Agins

et al 1988; Howie 1990; Huo et al 1992).

We studied the liner-metal and screw-cup interfaces
of MUACs to test the hypothesis that they generate debris
which may cause osteolysis and prosthetic loosening.

MATERIALS AND METHODS

We collected 19 MUACs at revision operations in 19
patients from 1991 to 1992; details are given in Table I.

In two cases of femoral component loosening there were
acetabular osteolytic lesions. In case 8 the lysis had been
progressive from 1 1 months, starting at the screw-cup



Reason for revision

PE liner

Femoral head
diameter
(mm)

Duration
in situ
(mth)

Thickness
(mm)

Damage
score
(max 84)

Dislocation 12 9 5 28

Dislocation 15 12 12 28

Case

Sex/age (yr)
at THR Diagnosis*

Acetabular
component

I M/26 AVN HG2

2 M/39 Post-traumatic
arthritis

HG1

3 F/48 Post-traumatic AVN HG1

4 F/69 OA HG2

5 F/66 OA HG2

6 F/28 CDH HG2

7 F/58 OA ATH

8 M/39 AVN H02

36

24

10

5

2

38

8

9 M/61 OA HG2

10 F/62 OA Mallory-Head

11 F/52 OA Opti-Fix

12 M/56 OA HG2 Infection 18

13 F/54 AVN HG2 Dislocation 24

14 M/62 OA HG! Thigh pain 48

15 M/34 Post-traumatic AVN HG1 Acetabular and femoral osteolysis 72

16 F/44 AVN HG2 Infection 25

17 F/33 CDH HG2 Aseptic loosening, femoral component 20

18 M/44 AVN APR Infection 34

19 Ff35 RA ATh Thighpain 15

* AVN, avascular necrosis; OA, osteoarthritis; CDH, congenital dislocation of hip; RA, rheumatoid arthritis

7 7 28

Fig. la Fig. lb

Figure la - Case 8. Radiograph showing an
osteolytic lesion (arrow) in zone 2 at 38
months after THR. Figure lb - Case 15.
Multiple acetabular osteolytic lesions (ar-
rows) 72 months after THR.

All 19 metal cups were of titanium alloy (Ti-6Al-

4V). Ten were Harris/Galante 2 (HG2) prostheses
(Zimmer, Warsaw, Indiana), 4 Harris/Galante 1 (HG1)
(Zimmer, Warsaw, Indiana), 1 Opti-Fix (Richards, Mem-
phis, Tennessee), 1 Mallory-Head (Biomet, Warsaw,

junction in zone 2 (Fig. la). In case 15, thigh pain had

developed at 72 months and there were multiple acetabular

osteolytic lesions around screw-cup junctions in all three
acetabular zones (Fig. ib), with a large endosteal lesion
at the tip of the femoral stem.
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Table I. Details of 19 cases in which polyethylene liners were revised

Infection

Dislocation

Dislocation

Dislocation

Dislocation

Aseptic loosening, femoral component,
acetabular osteolysis

Dislocation

Dislocation

Dislocation

12 6 32

9 12 26

5 14 28

5 11 22

9 5 28

8 14 28

8 9 28

4 2 28

5 6 32

11 15 28

6 12 28

9 13 28

7 16 28

6 10 28

9 9 22
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Indiana), 1 APR (Intermedics, Austin, Texas) and 2 ATh
(Kinamed, Newbury Park, California). In nine cases both

liner and metal cup were retrieved; in the other ten only

the liner was removed. Most of the revisions were for
dislocation, and therefore standard liners were exchanged
for those with elevated rims without removal of the metal

cup. Thirty titanium cancellous fixation screws were
retrieved from 12 cases.

The pseudomembrane (PM) from the screw-cup

junction and that from the empty screw holes were

collected separately. The two patients with acetabular
osteolysis had loose fixation screws which were taken out
from stable cups, leaving holes through which the foreign-

body granulomata of the osteolytic lesions were curetted.
Soft tissues were studied histologically, and Ti levels

were measured by atomic absorption spectrophotometry

(AAS). All retrieved metal cups and screws were
examined for damage. The retrieved PE liners were

assessed for damage and some of their back surfaces were
examined by SEM.

Histological examination. Specimens were fixed in 10%
buffered formalin and embedded in paraffin, then 5 �im
sections were cut and stained with haematoxylin and

eosin. These were studied by light and polarised micro-
scopy by a senior pathologist (MB) who was unaware of
the site of origin of the tissue. Histological characteristics
were graded by the modification of Agins et al (1988) of
the method of Willert and Semlitsch (1975) for the

presence of histiocytes, foreign-body giant cells, PE and
metal debris, using grade 0 for none, and grades 1, 2 and

3 for mild, moderate, and severe degrees. The same

grading was used for tissue response.

Trace-element analysis. Specimens for trace-element
analysis were deep frozen at -20#{176}C.For analysis they
were thawed, homogenised and digested in nitric acid,
then examined by flameless AAS using a Zeeman 5000
graphite furnace (Betts and Yau 1989). The results in test
specimens spiked with known amounts ofTi-alloy powder
ranged from 95% to 104% of the true value.

Four primary total hip replacements served as a

control group. The irrigation fluid from each was collected
after impacting the metal cup, and again after screw
fixation before the liner was inserted. The irrigation fluids

were analysed for Ti content.

PE liners. Retrieved liners were cleaned with mild
detergent and their outer surfaces examined by stereo-
microscopy at a magnification of 10. The outer surface of

each liner was considered as four quadrants, each quadrant
being graded on a 0 to 3 scale for the presence and extent
of seven types of surface damage. These were surface
deformation, pitting, embedded polymethylmethacrylate
(PMMA) debris, scratching, burnishing, abrasion and

delamination (Hood, Wright and Burstein 1983). All our
cases were uncemented, and we therefore recorded the
presence of embedded metal debris rather than embedded

PMMA debris. Grades 0, 1, 2 and 3 recorded zero, 10%,
10% to 50%, and over 50% respectively, of the surface

area of each quadrant, giving a maximum total score for
damage of 84 points per quadrant.

As a control group, we used HG2 PE liners which
were impacted into the metal backing and immediately
removed. They were later examined to determine damage
caused by liner impaction alone.

Scanning electron microscopy. Selected liners, repre-
sentative of the various types of PE damage of the outer

surface, were examined by SEM at magnifications ranging

from 10 to 200.

RESULTS

Histological examination. Specimens from the liner-cup
interface were yellowish in colour with localised areas of

black staining. The tissue from the two areas of acetabular
osteolysis was similar, but showed no black staining.

In all 15 satisfactory specimens from the screw-cup

junction, light microscopy showed eosinophilic, amor-
phous, acellular necrotic debris, with metal debris appear-
ing as opaque black particles. Under polarised light, PE

appeared as strongly birefringent irregular shards and the

metal debris was speck-like. The percentage and average

grade of PE and metal debris at the various sites are

shown in Table II. There was PE debris at the screw-cup
junction in seven specimens (47%) at an average grade of
1 (mild). Metal debris was found in ten specimens (67%)

also at an average grade of 1.

Of 16 adequate specimens from empty screw holes
eight (50%) showed only necrotic acellular debris. In the
other eight the PM appeared to be viable, dense

Table II. Percentage and mean histological grading of polyethylene and metal debris in pseudo-
membrane according to site

Site

PE debris Metal debris

(% ofspecimens) Average grades (% ofspecimens) Average grade#{176}

Screw-cupjunction

(n = 15)

47 1
(0 to 1)

67 1
(0 to 1)

Empty screw hole
(n = 16)

88 1
(0 to 2)

31 1
(0 to 1)

Acetabular osteolytic
lesion (n = 2)

100 1 50 1

* 0, none; 1, mild; 2, moderate; 3, severe
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Figure 2a - Photomicrograph of the pseudomembrane from an empty screw hole. There is a granulomatous reaction to black intracytoplasmic speck-like
particles of metal debris (open arrow) and shard-like PE debris (closed arrow), with histiocytes and foreign-body giant cells (haematoxylin and eosin x13).
Figure 2b - The same field under polarised light shows to better advantage the metal and PE debris (haematoxylin and eosin, polarised x13).

fibroconnective tissue with a proliferative histiocytic

infiltrate and a foreign-body giant-cell reaction to parti-
culate debris (Figs 2a and 2b). There was PE debris in 14

specimens (88%) at an average grade of 1, with fragments

of from 1 to 200 �.tm in length. The smaller particles in

the range of 0.1 to 5 �.tm were usually within histiocytic

cytoplasm; the larger ones were within foreign-body giant

cells or were extracellular. Metal particles were present

in five specimens (31%) at an average grade of 1, and

were much smaller (0.1 to 5 p.tm in diameter).
Both the acetabular osteolytic lesions showed

dense fibroconnective tissue with marked histiocytic and

foreign-body giant-cell reactions to particulate debris. In

case 8 both PE and metal debris were graded at 1 . In case
15 only PE debris was found, also at grade 1 . This tissue

was microscopically indistinguishable from the viable

PM found in 50% of the specimens from empty screw

holes.
Trace-element analysis. Pseudomembrane from the

screw-cup junction and empty screw holes was examined

for Ti in 17 and 19 cases respectively, since two of the
revised cups did not have screw fixation. Two specimens
from each of the acetabular osteolytic lesions and

irrigation fluid from the four control cases were also
analysed for Ti. The results are given in Table III.

Titanium was present in all specimens. The average
level at the screw-cup junction was 959 � (48 to
11 900) and in empty screw holes 74 �tg/g (0.72 to 331).

The extremely high Ti level of 1 1 900 � was from the

screw-cup junction of a hip revised for infection; but the

three other infected cases showed lower levels. The

specimens from the lytic lesions contained levels of 138

and 147 �.tg/g.
Control fluid collected before liner insertion at

primary operations contained undetectable levels of Ti,

suggesting that Ti debris is not left behind at the index

operation.
PE liners. Eighteen liners were graded for damage, one

being lost at that stage. The average damage score was

9.6/84 (2/84 to 16/84). There were three types of damage:

surface deformation, burnishing, and embedded metal

debris. The damage patterns and scores of the liners

retrieved at revision for dislocation (8.8/84) did not differ
significantly from those retrieved for other reasons (11.2/

84), although they showed either anterior or posterior lip

indentations to indicate the direction of dislocation.

All liners had been damaged by exterior surface

deformation, causing permanent deformity on their back

surfaces. Local deformation had been caused by the edges

of the screw holes in the metal backing and by the heads

of the screws themselves. In ten liners (7 HG2, 3 HG1)

the outlines of all the screw holes were visible; in the

other eight (3 HG2, 2 ATh, 1 Mallory-Head, 1 Opti-Fix,

1 HG1) such deformation was visible in the superior
quadrant only. Surface deformation from the head of the

screws was seen in ten of 16 screwed liners (8 HG2,

2 HG1). In deformed areas machining lines on the surface

had been completely obliterated.

Table ifi. Mean titanium levels (�sg/g)

Ti level

Screw-cupjunction (n = 17) 959
(48 to 1 1 900)

Empty screw hole (n = 19) 74
(0.72 to 331)

Acetabular osteolysis (n = 2) 143

(138 and 147)

Burnishing was present in 17 of 18 cases: these

showed highly polished areas (Fig. 3). This type of
damage was described as ‘ ‘high wear’ ‘ by Dowling et al

(1978) and ‘ ‘wear polishing’ ‘ by Rostoker, Chao and

Galante (1978). Burnishing was consistent in the areas
between screw holes where there had been direct contact
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The back surface of a PE liner showing burnishing, with complete
obliteration of machining lines between the sites of screw holes (x8).

Scanning electron photomicrograph showing the edge of an area of
deformation on a PE liner caused by a screw hole. There is tufting and
tearing of PE fibrils from the surface of the liner (xlOO).

with the metal backing, and was especially severe around
the deformities caused by screw holes.

Embedded metal debris was seen as shiny particles

on the PE surface which could not be removed either by
routine cleaning or by a jet of air, and was found in 13
liners (72%; 9 HG2, 3 HG1, 1 Opti-Fix), always on the
liner surface that was in direct contact with the metal

backing. No separated metal beads were seen.
The two control PE liners, which had been impacted

and then immediately removed, showed a damage score

of 1/84. One had a faint deformity caused by screw-hole
edges in the superoposterior quadrant, and the other had

been deformed by a screw head. Normal concentric
machining lines were present elsewhere on the surface.

All of the 30 screws examined microscopically

showed fretting at the base of the head and on the
proximal screw shaft corresponding to the area in contact

with the metal backing.
Scanning electron microscopy. By contrast with their

complete preservation opposite empty screw holes,

machining lines were obliterated in burnished areas. SEM

also showed tufting and tearing of PE fibrils in the local

areas of surface deformation (Fig. 4).

Statistical analysis. Linear regression analysis showed a

positive correlation between total damage score and

duration in situ (p < 0.05).

DISCUSSION

It is known that prosthetic articular interfaces are sources

ofboth PE and metal debris. Wroblewski (1985) calculated
that the linear wear rate of a Charnley-type PE cup was
0. 1 mm per year. Metal debris from Ti-bearing surfaces

may cause metallosis and prosthetic loosening (Agins et

al 1988; Nasser et al 1990).

Our results support other reports that non-articular
prosthetic junctions are sources of debris. Wroblewski et

al (1987) described wear on the outer surface of cemented

PE cups as a result of abrasion against acetabular bone,

and Collier et al (1992) have shown fretting, porous
coating detachment leading to abrasive third-body wear,

and corrosion at modular head-trunion junctions. Krygier
et al (1992) showed that the modular junction between
the sleeve and stem of an S-ROM femoral component
releases hundreds of thousands of metallic particles after
in vitro cyclical loading of the prosthesis. Peters et al

( 1992) reported the same phenomenon in modular
uncemented total knee arthroplasties, and showed that
liberated metallic debris was contributing to osteolysis at

screw-bone interfaces.
The tissue which we obtained from acetabular

osteolytic lesions was histologically identical to that
harvested from empty screw holes. The osteolytic poten-
tial of a debris-induced granulomatous reaction has been

well described (Charosky, Bullough and Wilson 1973;
Goldring et al 1983; Amstutz et al 1992), and we suggest
that PE and metal debris generated at the liner-cup

interface may be pumped by cyclical loading through the
holes in the metal cup into the prosthetic-bone interface
(Fig. 5)where they induce an osteolytic response. Maloney

Diagram to show the proposed mechanism of osteolysis induced by
non-articular wear debris. PE and metal wear debris generated at
the liner-cup interface (A) and the screw-cup interfaces (B) are
pumped by cyclical loading through the holes into the metal-bone
interface (arrows). This debris induces an osteolytic foreign-body
response (inset) mediated by histiocytes and giant cells.
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et al (1993) have recently reported a series of severe

pelvic osteolytic lesions in association with uncemented

acetabular components. Any metal debris remaining in

the liner-cup interface may accelerate the generation of

debris by third-body wear.
We detected titanium in every specimen removed

from empty screw holes, although polarised microscopy

detected it in only 83% ofthe screw-cupjunction material,

64% of specimens from empty screw holes and one of

two specimens from osteolytic lesions. Light microscopy

can only detect metallic particles over 0. 1 �tm in diameter,

as confirmed by Lee et al (1992) who compared the results

of light microscopy and those of SEM. Light microscopy

underestimates the amount and incidence of metallic

debris generated by component interfaces.

The overall mean level of damage in our series was

low because the average duration in situ was only 22

months, but there was a significant positive correlation

between the damage and duration. Wright, Burstein and
Bartel (1985) found a similar correlation in cemented

acetabular components retrieved at an average of 70

months. We found enough early damage to indicate that

the debris generated extra-articularly by modular compo-

nents may constitute a significant factor in causing local

tissues to recruit macrophages and release inflammatory

mediators.
The surface deformation that we found suggested

motion between the liner and its metal cup; this is

occasionally visible macroscopically at the time of

implantation. The surface deformation caused by empty

screw-hole edges and screw heads is probably caused by
cyclical micromovement in an axial direction on weight-

bearing. Any subsidence of the metal shell will make

fixation screw heads more prominent, and increase
deformation of the back surface of the liner. Several

studies have confirmed micromotion in primary unce-

mented acetabular components (Curtis et al 1992; Perona

et al 1992). Any incongruency and any gaps between the
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