
The need for revision total hip arthro-
plasty (THA) continues to grow
yearly.  Fixation of the acetabular com-
ponent in this circumstance remains a
challenge to the orthopaedic surgeon,
and many methods have been tried
with varying success.  To understand
fully the problems that can arise with
acetabular revisions, the history and
results of primary acetabular replace-
ment must be partially reviewed.

Historical Review

John Charnley’s initial attempt to
find a bearing surface for his low-fric-
tion arthroplasty was a failure.  Poly-
tetrafluoroethylene (PTFE), despite
its characteristic slipperiness, was ill
suited to the demands of a human hip
joint.  Cemented PTFE cups wore
quickly, and the wear particles were
associated with large, amorphous
periprosthetic granulomas.  The
resultant osteolysis resulted in cata-
strophic bone destruction and early
implant loosening.  Discouraged, but
not defeated, Charnley discovered
that high-molecular-weight polyeth-

ylene had better wear characteristics
than PTFE.  Acetabular components
were fashioned from this material
and first implanted in 1962.1

The technique for implanting
polyethylene cups required ream-
ing of the native acetabulum, with
removal of all articular cartilage and
subchondral bone.  Later the tech-
nique evolved to include multiple 6-
mm-deep anchor holes to improve
cement fixation.  Other investigators
demonstrated the importance of the
subchondral acetabular bone as a
weight-bearing structure and rec-
ommended preservation of this
bone in acetabular preparation.2

Within 6 months after implanting
the polyethylene cup, Charnley noted
some radiographic demarcation
between acetabular bone and cement
and described this as a radiolucency.
Radiolucencies were not present
around the femoral component, and
Charnley worried that they might be
indicative of early cup loosening or
infection.  Despite his concerns, the
patients with radiolucencies did well
clinically, and initially the radiolucent
lines did not appear to be progressive.3

In 1976, DeLee and Charnley4

reviewed the results in 141 patients
with cemented cups after an average
of 10 years.  These patients were
derived from Charnley’s initial expe-
rience with the all-polyethylene cup
from 1962 through 1965.  Over 69% of
the cups showed radiolucent demar-
cations of varying thickness between
the cement and the bone of the
acetabulum, and 13% of the implants
had migrated.  Overall, 9.2% of the
cups in the total series had loosened
at the 10-year surveillance.  DeLee
and Charnley attributed this often
symptomless demarcation to techni-
cal causes during initial implantation
and believed that improved surgical
techniques could halt it.

Review of Recent Literature

In a retrieval study in 1992, Schmalz-
ried et al5 documented a cause for
the radiolucencies around cemented
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Abstract

Intermediate and long-term results of revision total hip arthroplasty performed
with the use of a cemented acetabular component have been disappointing, with
high rates of radiographic and clinical failure.  Other methods of acetabular revi-
sion involving the use of threaded cups and bipolar implants have also met with
high failure rates.  Although the long-term results of revision arthroplasty with
uncemented acetabular components, especially in terms of polyethylene wear and
pelvic osteolysis, are not yet available, the intermediate results have been excellent.
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acetabular cups.  They examined
implants from 23 revisions, most of
which were performed because of
pain, and 11 autopsy specimens
from patients who had been
asymptomatic.  All had some evi-
dence of periprosthetic bone loss.
Loosening appeared to be biologic
in nature, and the investigators
concluded that it was a result of a
physiologic reaction to small par-
ticulate polyethylene debris.  They
observed a “cutting wedge” of
bone resorption, beginning at the
periphery of the cup and contigu-
ous with the joint space.  The areas
that corresponded to radiographic
radiolucencies were filled with a
fibrous membrane.  Histologic
examination of the membranes
revealed polyethylene wear debris
within macrophages.  Ultimately
these membranes extended to the
dome of the component associated
with eventual component loosen-
ing.  This study and others have
substantiated Charnley’s initial
concern about acetabular radiolu-
cencies.

In 1988, Hodgkinson et al6

reported a definite correlation
between radiographic demarcation
and component loosening.  They
found that 94% of cups with a con-
tinuous radiolucent line were loose
at subsequent revision and con-
cluded that radiolucencies around a
cemented socket were a sign of even-
tual failure.  These findings, coupled
with those of Schmalzried et al5 and
others,7-13 changed opinions about
radiolucencies and the eventual fail-
ure of cemented acetabular cups.

Despite the dire predictions, most
total hip prostheses with cemented
all-polyethylene cups that have not
migrated have functioned well.  At a
minimum follow-up of 20 years,
Schulte et al7 examined 94 cemented
Charnley hips.  While 22% of the
acetabula showed radiographic evi-
dence of loosening, only 10%
required revision for aseptic loosen-

ing.  This finding points out the rela-
tive “forgiveness” of the acetabulum
in THA and the fact that a loose cup
does not necessarily indicate a need
for revision (Table 1).  However,
longer follow-up has corresponded
with higher failure rates for
cemented all-polyethylene acetabu-
lar components, as documented by
radiographic evidence of loosening
(Fig. 1) and the need for revision
surgery.7,8,11-13

Acetabular Revision With
Cement

Soon after the popularization of
THA, revision procedures became
necessary.  Initially, acetabular
revisions relied on recementing a
new polyethylene component into
the pelvis with the use of the same
technique employed for primary
arthroplasty.  Cemented acetabular
revision was a less-than-optimal
treatment for several reasons.  The
acetabular bed was frequently scle-
rotic without normal trabecular
architecture for cement fixation.
Osteolysis and motion of the loose
component within the acetabular
bed often had destroyed large
amounts of the anterior and poste-
rior column and dome of the
acetabulum.  Therefore, acetabular

component fixation, which can be
difficult to achieve under optimal
conditions in a primary THA, was
bound to have more frequent fail-
ures after revision procedures.
Later investigations have con-
firmed this prediction (Table 2).
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No. of
Patients

  0
  3.3
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15
14
22

  1.5
  0.91
  3.0
  1.65
  2.0
  7.2
10

Rate of
Loosening, %

Revision
Rate, %Study

Table 1
Results With Charnley Cemented All-Polyethylene Acetabular
Components

Follow-up,
yr

Fig. 1 Ten-year follow-up radiograph of a
loosened cemented all-polyethylene acetab-
ular component in a patient scheduled for
revision THA. Note the continuous bone-
cement radiolucency, the crack in the bone
cement, and the evidence of superior cup
migration (zone III).



Kavanagh et al14 evaluated 166
cemented acetabular components
with an average follow-up of 4.5
years after revision.  Fewer than 2%
required another revision, but 25%
were characterized as probably
loose at this early review.  Using the
stricter criterion of Hodgkinson et
al,6 which requires only a complete
radiolucency independent of its
thickness or location, 53% of these
cups would be defined as loose.

In a review of 66 revisions for
aseptically loosened total hip pros-
theses, Amstutz et al15 noted a 3%
rate of further revision after a mean
of only 2 years.  Even more alarming
was the observation that 10% of
patients had a complete radiolu-
cency around the cup immediately
after surgery.  By 2 years, this rate
had increased to 71%.

Similarly, Pellicci et al16 reviewed
110 revisions at a mean of 3.4 years
and found that 1.8% required further
revision.  However, radiographs
taken immediately after the revision
procedure revealed radiolucent
lines in all but nine patients.

At a mean follow-up of 3.6 years,
Callaghan et al17 found that 34.2% of
revised cemented acetabular compo-
nents had circumferential radiolu-

cencies; 9% of these cups had
migrated.  Similar findings were
noted in the studies by Snorrason
and Kärrholm,18 Engelbrecht et al,19

Goodman and Schatzker,20 and
Marti et al.21 The findings of
Kavanagh and Fitzgerald22 in
patients requiring multiple revisions
were even more alarming:  69% of
the cups they examined had radio-
graphic signs of loosening after a
second revision, and the loosening
rate among patients requiring a
third revision was 100%.  Clearly,
other methods were needed for
acetabular component fixation in
revision procedures.

Threaded Cups

Threaded metal cups that screwed
into the acetabular bed gained popu-
larity in the 1980s, but initial enthusi-
asm was soon tempered by early
failures.  Engh et al23 found that 45% of
such cups of various designs were
loose an average of 4.4 years after
implantation.  Engelbrecht et al19

noted that 83% of the titanium-
threaded cups used in revision arthro-
plasty had migrated after an average
of 7.4 years.  Emerson et al24 found

that 61% of the threaded cups they
had placed were loose at an average
of 3.4 years; four required rerevision.  
Others25,26 obtained equally poor
results using threaded cups for
revision.

Bipolar Implants

As a possible solution, Scott27 and
others proposed the use of bipolar
implants with acetabular bone graft-
ing.  However, 61% of acetabular
reconstructions performed with the
use of bipolar prostheses at the Hos-
pital for Special Surgery had failed
by 3 years, and the technique was
recommended for salvage proce-
dures only.28 Emerson et al24 found
a 49% rate of migration and a 68%
incidence of loosening in bipolar
components at a mean of only 28
months after revision; clinical results
were also poor.  Scott et al29 noted
that 10 of 19 components had
migrated after 2 to 4 years.

Outstanding results recently
were reported for cemented fe-
moral components affixed with the
use of new cementing techniques
in both primary and revision
arthroplasty.30-32 Although these
reports have increased enthusiasm
for cemented femoral components,
the results obtained with newer
cement techniques and metal-
backed sockets have not shown
similar improvement.33-35

Acetabular Revision With
Bone-Ingrowth Prostheses

Bone-ingrowth prostheses became
popular in the United States for both
primary and revision procedures in
the early 1980s and were seen as the
solution to the problem of the mis-
named “cement disease.”  The pub-
lished results of revisions with
uncemented components (Table 3)
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Table 2
Results of Cemented Acetabular Revision

Follow-up,
yr*

*Values are means except as noted.



favor the use of hemispheric compo-
nents with some additional form of
supplemental fixation, be it fins,
spikes, or screws (Fig. 2).

Hedley et al36 performed 61
acetabular revisions for infection
and mechanical loosening using the
porous-coated anatomic ingrowth

cup (PCA Hip; Howmedica, Ruther-
ford, NJ).  Bone slurry was placed in
the bed of each acetabulum before
impaction of the component.  Al-
most half of the procedures also
required structural bone grafts.
After 20 months, four cups (6.6%)
were loose, but only one (1.6%)
required further surgery.  Clinical
results were excellent or good in 56
patients despite the presence of radio-
lucencies at the bone-implant inter-
face in 60.7% of cases.

Emerson et al24 reviewed the
results of 46 acetabular revisions in
which a hemispheric porous-
coated, titanium plasma–spray cup
with four fins had been used.  After
an average of 22 months, seven
cups (15.2%) had migrated mini-
mally; none of these was revised.
Four of the seven had required
structural allografting at the index
procedure.  

Engh et al23 reported the results in
34 revision THAs in which a hemi-
spheric porous-coated acetabular
component with three spikes had
been used.  They found that only one
acetabular component was loose
after an average of 4.4 years.

Harris et al37 identified a need for
particulate bone grafting to the
acetabular bed in more than 80% of
60 acetabular revisions in which a
titanium-mesh ingrowth cup (HGP
I; Zimmer, Warsaw, Ind) had been
used.  After follow-up averaging 17

months, only one cup had a com-
plete radiolucent line.

Tanzer et al38 reported the 41-
month results for 140 acetabular
revisions in which titanium-mesh
ingrowth prostheses with supple-
mental acetabular screws had been
used (HGP I and HGP II; Zimmer).
Bone grafting was necessary in 127
revisions; in most of these cases,
contained defects were filled with
particulate graft material.  None of
these grafts was used for major
structural support of the implant.
Only two cups (1.4%) were loose,
and in both cases the patients had
major pelvic discontinuity at the
time of the operation.  Five compo-
nents demonstrated a continuous
radiolucency, but none had mi-
grated; these were not considered
loose.

Padgett et al39 conducted a
prospective study of 124 consecu-
tive acetabular revisions in which a
titanium-fiber metal cup with
screws (HGP I) was used.  At 44
months, no revisions for loosening
had been performed, but 4% of
arthroplasties had a continuous
radiolucent line.  

The use of cemented acetabula
for primary THA still has its sup-
porters.  Long-term review (for
more than 10 years) of the use of
ingrowth cups for primary arthro-
plasty is awaited, but at intermedi-
ate follow-up of 5 to 7 years,
ingrowth cups are producing
results equal to or better than those
obtained with cemented cups.40

Although the short length of fol-
low-up remains a point of con-
tention in the comparison of
cemented and ingrowth primary
acetabular reconstruction, the same
does not appear to be true for revi-
sions.  Although the short-term
results with recemented acetabula
have been disappointing, they still
are used in rare circumstances (e.g.,
patients who require extensive allo-
grafts or who previously under-
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Table 3
Results of Uncemented Acetabular Revision

Mean
Follow-up

mo

Fig. 2 Anteroposterior radiograph of a tita-
nium-mesh ingrowth-cup (HGP I) unce-
mented acetabular component used for
acetabular revision. At 8-year follow-up,
there is no evidence of migration, radiolu-
cencies, or pelvic osteolysis. Note the asym-
metric polyethylene wear of the cup liner
with the 32-mm femoral head.



went irradiation of the acetabular
bed).  In comparable follow-up
periods of 3 to 5 years, ingrowth
cups are performing better in revi-
sion circumstances.  Initial enthusi-
asm, however, must be tempered
by the fact that these results are
early.  Early experience with
cemented total joint implants and
the nearly exponential failure of
cemented all-polyethylene cups
after 10 years indicate that low early
failure rates cannot be extrapolated
to 20 years.7,8

Modes of Failure
In addition to aseptic loosening

and mechanical failure, other
modes of failure are occurring with
uncemented implants.  A recent
investigation by Maloney et al41

documented the occurrence of
severe pelvic osteolysis related to
uncemented acetabular reconstruc-
tion performed with a variety of
implants.  The largely asympto-
matic osteolysis was noted an aver-
age of 5.5 years after the initial
arthroplasty, and particulate poly-
ethylene was implicated as its
cause.  Radiographic evaluation
revealed wear of the polyethylene
liner in 80% of the hips.  The liner
was 8 mm thick or less in 80% of the
hips, and the femoral head size was
32 mm in 11 of 15 patients.  Pelvic
osteolysis is becoming a more fre-
quent indication for revision, and
its incidence will most likely con-
tinue to increase with long-term
studies.

Modular-cup polyethylene as-
semblies with thin (measuring less
than 8 mm) press-fit liners and 32-
mm femoral heads are all potential
causes of increased polyethylene
wear.  In particular, holes in cups
may provide access for particulate
polyethylene to migrate to the
pelvic area from the dome of the
acetabulum.  With uncemented
cups, access to the implant-bone
interface can also occur at the

periphery of the acetabulum.  This
may be one of the reasons for the
continued occurrence of peripheral
radiolucencies in the reported stud-
ies on uncemented components and
is partially responsible for the recent
popularity of underreaming and
press-fitting acetabular components
into the slightly smaller acetabular
bed.

Modular polyethylene assem-
blies are also available with aug-
mented and extended-lip liners.
These constructs have been advo-
cated to improve femoral-head cov-
erage and hip stability.  In some
instances, they may be a liability
because they can decrease the effec-
tive range of motion and increase
the chance of dislocation by
impingement of the femoral neck on
the buildup.

While the long-term results with
ingrowth cups are pending, thus far
their use has proved to be a success-
ful and reproducible method of revi-
sion acetabular reconstruction.

Surgical Technique for Porous
Ingrowth Revision

Our technique for acetabular
revision using a hemispheric tita-
nium-mesh cup is as follows:  A
modified lateral approach to the hip
is used.  Trochanteric osteotomy is
not routine unless it is needed to
facilitate exposure and dislocation.
If the femoral component is unsta-
ble, it is removed; if it is stable, it is
displaced posteriorly to allow
access to the acetabulum.  All
fibrous capsular tissue surrounding
the component is removed to pro-
vide access to the bone-cement-
implant interface.  Osteotomes are
used to separate the polyethylene
cup from the underlying cement.
The contour of the cup is followed
closely to prevent unnecessary bone
loss or intrapelvic perforations.
Osteotomes, chisels, and curettes
are used to remove all cement from
the acetabular side.  Cement within

anchor holes is also removed with
great care.  The acetabular mem-
brane is totally removed.  Every
attempt is made to preserve the
acetabular rim.

Power reamers are used to
enlarge but not deepen the acetabu-
lum.  Once rim contact has been
obtained, fitting of the component is
tried with the size of the last reamer
used.  Depending on the bone qual-
ity and the size of reamer, a cup that
is 2 to 4 mm larger than the reamed
acetabulum is chosen.  Before final
cup placement, all acetabular
defects are filled with particulate
bone graft (autograft or allograft)
and reverse-reamed for concentric-
ity.  A positioning device is used to
impact the component into the
acetabulum in 45 degrees of abduc-
tion and 15 to 20 degrees of antever-
sion.  “Bottoming out” of the dome
of the component into the acetabu-
lum is recommended, along with
the rim press-fit.

Stability is then assessed by man-
ual manipulation.  If the cup appears
to be unstable, two screws are placed
into the safe zones of Wasielewski et
al.42 A 28-mm-head polyethylene
liner is then placed.  A smaller head
size may be needed for smaller cup
diameters.  Each system is different,
and the surgeon must be familiar
with the options available.

This technique, although not
greatly different from our primary
acetabular reconstruction technique,
can have pitfalls in revisions.
Overzealous reaming can result in loss
of the anterior and/or posterior
columns.  Padgett et al39 found that
retention of the load-bearing posterior
column was of the utmost importance
for successful reconstruction.  Ante-
rior-column defects and contained
cavitary defects, whether preexisting
or reamer-induced, can be managed
with a particulate bone graft.  Struc-
tural defects of the posterior column
or dome often require large (jumbo)
acetabular components, bulk allo-

Vol 3, No 1, Jan/Feb 1995 19

Pasquale Petrera, MD, and Harry E. Rubash, MD



1. Charnley J:  Low Friction Arthroplasty of
the Hip: Theory and Practice. New York:
Springer-Verlag, 1979, pp 3-15.

2. Kobayashi S, Terayama K:  Radiology
of low-friction arthroplasty of the hip:
A comparison of socket fixation tech-
niques.  J Bone Joint Surg Br 1990;72:
439-443.

3. Waugh W:  John Charnley: The Man and
the Hip. New York:  Springer-Verlag,
1990, pp 113-138.

4. DeLee JG, Charnley J:  Radiological
demarcation of cemented sockets in
total hip replacement.  Clin Orthop
1976;121:20-32.

5. Schmalzried TP, Jasty M, Harris WH:
Periprosthetic bone loss in total hip
arthroplasty: Polyethylene wear debris
and the concept of the effective joint
space.  J Bone Joint Surg Am 1992;74:
849-863.

6. Hodgkinson JP, Shelley P, Wroblewski
BM:  The correlation between the
roentgenographic appearance and
operative findings at the bone-cement
junction of the socket in Charnley low
friction arthroplasties.  Clin Orthop
1988;228:105-109.

7. Schulte KR, Callaghan JJ, Kelley SS, et
al:  The outcome of Charnley total hip
arthroplasty with cement after a mini-
mum twenty-year follow-up: The
results of one surgeon.  J Bone Joint Surg
Am 1993;75:961-975.

8. Stauffer RN:  Ten-year follow-up
study of total hip replacement: With
particular reference to roentgeno-
graphic loosening of  the compo-
nents.  J Bone Joint Surg Am 1982;64:
983-990.

9. Eftekhar N:  Charnley “low friction
torque” arthroplasty: A study of long-
term results.  Clin Orthop 1971;81:
93-104.

10. Griffith MJ, Seidenstein MK, Williams
D, et al:  Eight year results of Charnley
arthroplasties of the hip with special
reference to the behavior of cement.
Clin Orthop 1978;137:24-36.

11. Hozack WJ, Rothman RH, Booth RE Jr,
et al:  Survivorship analysis of 1,041
Charnley total hip arthroplasties.  J
Arthroplasty 1990;5:41-47.

12. Older J:  Low-friction arthroplasty of
the hip: A 10–12-year follow-up study.
Clin Orthop 1986;211:36-42.

13. Kavanagh BF, Dewitz MA, Ilstrup
DM, et al:  Charnley total hip arthro-
plasty with cement:  Fifteen-year
results.  J Bone Joint Surg Am 1989;71:
1496-1503.

14. Kavanagh BF, Ilstrup DM, Fitzgerald
RH Jr:  Revision total hip arthro-
plasty.  J Bone Joint Surg Am 1985;
67:517-526.

15. Amstutz HC, Ma SM, Jinnah RH, et al:
Revision of aseptic loose total hip
arthroplasties.  Clin Orthop 1982;170:
21-33.

16. Pellicci PM, Wilson PD Jr, Sledge CB, et
al:  Revision total hip arthroplasty.  Clin
Orthop 1982;170:34-41.

17. Callaghan JJ, Salvati EA, Pellicci PM, et
al:  Results of revision for mechanical
failure after cemented total hip replace-
ment, 1979 to 1982: A two to five-year
follow-up.  J Bone Joint Surg Am
1985;67:1074-1085.

18. Snorrason F, Kärrholm J:  Early loos-
ening of revision hip arthroplasty: 
A roentgen stereophotogrammet-
r i c  analysis.   J  Arthroplasty 1990;
5:217-229.

19. Engelbrecht DJ, Weber FA, Sweet MBE,
et al:  Long-term results of revision
total hip arthroplasty.  J Bone Joint Surg
Br 1990;72:41-45.

20. Goodman SB, Schatzker J:  Revision
hip surgery using the straight-stem
Muller prosthesis.   J  Arthroplasty
1987;2:83-88.

21. Marti RK, Schüller HM, Besselaar PP, et
al:  Results of revision of hip arthro-
plasty with cement: A five to fourteen-
year follow-up study.  J Bone Joint Surg
Am 1990;72:346-354.

22. Kavanagh BF, Fitzgerald RH Jr:  Mul-
tiple revisions for failed total hip

arthroplasty not associated with infec-
tion.  J Bone Joint Surg Am 1987;69:
1144-1149.

23. Engh CA, Glassman AH, Griffin WL, et
al:  Results of cementless revision for
failed cemented total hip arthroplasty.
Clin Orthop 1988;235:91-110.

24. Emerson RH Jr, Head WC, Berklacich
FM, et al:  Noncemented acetabular
revision arthroplasty using allograft
bone.  Clin Orthop 1989;249:30-43.

25. Apel DM, Smith DG, Schwartz CM, et
al:  Threaded cup acetabuloplasty:
Early clinical experience.  Clin Orthop
1989;241:183-189.

26. Shaw JA, Bailey JH, Bruno A, et al:
Threaded acetabular components for
primary and revision total hip 
arthroplasty.  J Arthroplasty 1990;5:
201-215.

27. Scott RD:  Use of a bipolar prosthesis
with bone grafting in acetabular recon-
struction.  Contemp Orthop 1984;9:35-41.

28. Brien WW, Bruce WJ, Salvati EA, et al:
Acetabular reconstruction with a bipo-
lar prosthesis and morseled bone
grafts. J Bone Joint Surg Am 1990;72:
1230-1235.

29. Scott RD, Pomeroy D, Oser E, et al:  The
results and technique of bipolar revi-
sion hip arthroplasty combined with
acetabular grafting.  Orthop Trans
1987;11:450.

30. Mulroy RD Jr, Sedlacek RC, O’Connor
DO, et al:  Technique to detect migra-
tion of femoral components of total hip
arthroplasties on conventional radi-
ographs.  J Arthroplasty 1991;6(suppl):
S1-S4.

31. Rubash HE, Harris WH:  Revision of
nonseptic, loose, cemented femoral
components using modern cementing
techniques.  J Arthroplasty 1988;3:
241-248.

32. Oishi CS, Walker RH, Colwell CW Jr:
The femoral component in total hip
arthroplasty: Six to eight-year follow-
up of one hundred consecutive patients
after use of a third-generation cement-

20 Journal of the American Academy of Orthopaedic Surgeons

Revision Total Hip Arthroplasty

References

graft, and ancillary internal fixation of
the acetabular column and a graft.
Pelvic discontinuity remains an
unsolved problem in revision surgery.

At present, acetabular compo-
nents for primary THA are being
produced without screw holes.  The

rationale is to prevent polyethylene
wear debris from gaining central
access to the bone-implant interface
through holes.  Investigations are
proceeding to assess the efficacy of
these press-fit acetabula without
screws in revision procedures.

Conclusion

We are entering a very exciting
period for THA.  The next 10 years
will bring forth answers to questions
asked by Charnley more than a gen-
eration ago.



ing technique.  J Bone Joint Surg Am
1994;76:1130-1136.

33. Mulroy RD Jr, Harris WH:  The effect of
improved cementing techniques on com-
ponent loosening in total hip replacement:
An 11-year radiographic review.  J Bone
Joint Surg Br 1990;72:757-760.

34. Harris WH, Penenberg BL:  Further fol-
low-up on socket fixation using a
metal-backed acetabular component
for total hip replacement: A minimum
ten-year follow-up study.  J Bone Joint
Surg Am 1987;69:1140-1143.

35. Ritter MA, Keating EM, Faris PM, et al:
Metal-backed acetabular cups in total
hip arthroplasty.  J Bone Joint Surg Am
1990;72:672-677.

36. Hedley AK, Gruen TA, Ruoff DP:  Revi-
sion of failed total hip arthroplasties
with uncemented porous-coated
anatomic components.  Clin Orthop
1988;235:75-90.

37. Harris WH, Krushell RJ, Galante JO:
Results of cementless revisions of total
hip arthroplasties using the Harris-
Galante prosthesis.  Clin Orthop 1988;
235:120-126.

38. Tanzer M, Drucker D, Jasty M, et al:
Revision of the acetabular compo-
nent with an uncemented Harris-
Galante porous-coated prosthesis.  J
Bone Joint Surg Am 1992;74:987-994.

39. Padgett DE, Kull L, Rosenberg A, et
al:  Revision of the acetabular compo-

nent without cement after total hip
arthroplasty: Three to six-year follow-
up.  J Bone Joint Surg Am 1993;75:
663-673.

40. Petrera P, Rubash HE:  Fixing the cup.
Instr Course Lect 1994;3:393-407.

41. Maloney WJ, Peters P, Engh CA, et al:
Severe osteolysis of the pelvis in asso-
ciation with acetabular replacement
without cement.  J Bone Joint Surg Am
1993;75:1627-1635.

42. Wasielewski RC, Cooperstein LA,
Kruger MP,  et  a l :   Acetabular
anatomy and the transacetabular fix-
ation of screws in total hip arthro-
plasty.  J Bone Joint Surg Am 1990;72:
501-508.

Vol 3, No 1, Jan/Feb 1995 21

Pasquale Petrera, MD, and Harry E. Rubash, MD


	Abstract
	Historical Review
	Review of Recent Literature
	Acetabular Revision With Cement
	Threaded Cups
	Bipolar Implants
	Acetabular Revision With Bone-Ingrowth Prostheses
	Conclusion
	References
	JAAOS Home Page
	Table of Contents
	Search
	Help


