
The results of revision total hip
arthroplasty (THA) are difficult to
interpret for a number of reasons.
There is no standard method of
reporting results.  Some authors
report re-revision rates, while others
report rates of radiographic loosen-
ing and still others report the number
of stems that are loose and symp-
tomatic.  The number of cases
reported in revision series is much
lower than that in corresponding
series dealing with primary THA, and
the patients are more heterogeneous
because of their past history of one or
more hip operations and the variabil-
ity of the corresponding bone and soft-
tissue loss.  Finally, results change as
techniques evolve, and certain tech-

niques have different outcomes
depending on whether they are used
on the femoral side or the acetabular
side.  For this reason, it is easier to
interpret results by focusing on the
technique involved and the time
frame of the report and by reporting
acetabular and femoral results sepa-
rately.  This article will focus specifi-
cally on the results of cemented and
cementless femoral revision.

Cemented Femoral
Revision

Early Results
The initial results with revision

THA were poor.  Direct application of

the primary cementing techniques of
the 1970s to femoral revision yielded
poor results, which were often evident
in the short term.  Hunter et al1 reported
a dismal 32% infection rate after 140
revision procedures, and resection
arthroplasty was eventually necessary
in 22% of cases.  Amstutz et al2 also
reported discouraging results in 66
patients at a mean follow-up of 2.1 years.
The re-revision rate was 9%, and loos-
ening was expected in an additional
29% of cases on the basis of radiologic
changes.  They also noted an alarming
rate of complications, including femoral
fracture in 6.0% of cases, dislocation in
10.6%, and infection in 1.5%.

Three subsequent studies reported
more extensive experience with
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Abstract

The initial results with cemented femoral revision stems were disappointing, with
high early loosening rates.  The application of second-generation cementing tech-
niques improved results markedly, with loosening rates of 10% at 10 years in a num-
ber of series.  Bone quality and patient age also appear to be important factors in
predicting the success with a cemented revision stem.  The use of a long stem is not
necessary to obtain these improved results.  On the basis of early reports, a recently
described technique in which a revision stem is cemented into impacted cancellous
allograft appears promising.  Results with proximally coated uncemented revision
stems have been variable, with failure rates of 4% to 10% reported at only 2 to 4
years.  Initial stability must be obtained if proximal coating is to be utilized.  Exten-
sively coated revision stems provide initial stability through an interference fit
between the porous coating and the diaphysis.  With this technique, 10-year survival
rates of 90% have been achieved, and the clinical results appear to be equivalent to
those obtained with cemented revision stems and modern cementing techniques.
Diaphyseal fixation has also been achieved without porous coating, either with mod-
ular revision stems or with long, textured titanium stems.  Isolated early reports
with such stems have been promising, but 10-year results are not yet available.
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cemented revision stems.  Pellicci et
al,3 Kavanagh et al,4 and Callaghan et
al5 reported re-revision rates ranging
from 4.3% to 6.0% after mean follow-
up intervals of 3.4 to 4.5 years.  The
incidence of radiographic loosening
ranged from 12% to 44% (Table 1).
When Pellicci et al6 examined their
original group of patients an average
of 8.1 years after revision, the re-revi-
sion and radiologic loosening rates
had more than doubled—-from 5.4%
to 19% and from 13.6% to 29%, respec-
tively.  Kavanagh et al7 reported a
similar experience; at the 10-year fol-
low-up of their patients they found
that 64% of stems either had been
revised or were loose.  The probabil-
ity of revision increased from 18% at
3 years to 39% at 11 years.  Important
factors in predicting success or fail-
ure included the quality of the bone-
cement interface, bone quality, and
patient age.

Similarly, Kilgus et al8 reported a
5-year failure rate of 9% with good

cementing technique but a threefold
higher rate with inadequate cement-
ing.  They confirmed that age was a
factor; patients under 55 had a 33%
failure rate, compared with 10% in
those over 65.  When these two vari-
ables were combined, the failure rate
with good cementing technique in
patients over 65 was 0%.

In a recent report, Retpen and
Jensen9 examined predictive factors
of success in cemented revision
stems and confirmed that age and
use of optimal cementing technique
are predictors for success with a
cemented revision stem.  They also
reported that long stems were asso-
ciated with a higher success rate.

Turner et al10 also reported rela-
tively good results with cemented
long stems. At an average of 7 years
postoperatively, the re-revision
and pending revision rates were
only 5%.  

These studies contributed to the
popularity of long-stem cemented

revisions in the 1980s.  However, dif-
ficulty with revising stems when the
prosthesis and cement extend
beyond the isthmus has dampened
the initial enthusiasm for cemented
long revision stems.

Collis11 recently reported on 110
cemented femoral revisions, of
which only 3.6% required re-revi-
sion at follow-up averaging 4.6
years.  Utilizing survivorship analy-
sis with stem revision as the end
point, a 5-year survival of 89% and a
10-year stem survival of 84% were
predicted.  Long stems were used in
only 10% of cases.  In subsequent
studies in which modern cementing
techniques were used, comparable
or even better results were obtained,
even though long stems were used
in a very small number of cases.

Recent Results
The preceding compilation of

results indicates that the introduc-
tion of second-generation cementing
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Amstutz et al2

Pellicci et al3

Pellicci et al6

Kavanagh et al4

Kavanagh et al7

Callaghan et al5*
Rubash and Harris12*
Estok and Harris13*
Katz et al17

Izquierdo and Northmore-Ball15

Huo and Salvati16

Collis11*
Kilgus et al8

Pierson and Harris18*

   2.1 (mean)
   3.4 (mean)
   8.1 (mean)
   4.5 (mean)
10.0 (mean)
   3.6 (mean)
   6.2 (mean)
11.7 (mean)
10.0 (minimum)
   6.5 (mean)
   4.1 (mean)
   4.6 (mean)
   5.1 (mean)
   8.5 (mean)

Follow-up,
yrAuthors

Table 1
Results of Cemented Femoral Revision

   66
110
   99
166
210
139
   43
   38
   82
112
113
110
   92
   29

No. of
Hips

. . .
60
63
52
. . .
66
72
58
. . .
. . .
83
93
. . .
86

Good/Excellent
Results,

%

   9.0
   5.4
19.0
   6.0
30.0
   4.3
   4.0
10.5
   6.0
   3.6
   3.0
   3.6
   9.0†

   6.9

Re-revision
Rate,

%

29.0
13.6
29.0
44.0
. . .
12.0
11.0
10.5
10.0
   7.7
16.0
   5.0
. . .

   3.8

Radiographic
Evidence of

Femoral
Loosening,

%

*A second-generation cementing technique was used.
†Combined revision plus loosening rate.



techniques and modifications in
implant design have significantly
improved the results with cemented
stems in revision THA.  The use of a
medullary plug, pulsatile lavage irri-
gation, and the delivery of cement in
the doughy phase by a cement gun
with pressurization have clearly
improved the durability of cemented
stems in primary surgery.

Improved results with these tech-
niques in revision were observed by
Rubash and Harris12 in their series of
43 hips.  After an average postopera-
tive surveillance period of 6 years,
only 1 hip (2.3%) required re-revision,
and an additional 6 hips (14%)
appeared loose radiographically.  At
further follow-up averaging 11.7
years, 4 of 38 hips (10.5%) had been
revised, and another 4 (10.5%)
showed radiographic evidence of
loosening.13 The 15-year follow-up of
this cohort revealed an 18.6% revision
rate.14

A number of other authors have
reported analogous results with
improvement in cementing tech-
nique.15-18 For example, a 10-year fol-
low-up study by Katz et al17 reported
a re-revision rate of only 6%.

Pierson and Harris18 reviewed the
use of second-generation cementing
techniques in revisions in 29 patients
in whom femoral osteolysis was asso-
ciated with a primary cemented stem.
After an average follow-up interval
of 8.5 years, osteolysis recurred in
only 2 patients (6.9%), and 25 compo-
nents (86%) remained well fixed.
These findings indicate that lysis is
not an idiosyncratic response to poly-
methylmethacrylate and that its pres-
ence is not a contraindication to the
use of cement in a revision stem.

While improved cementing tech-
niques have lowered the failure rate
of revision stems to approximately
10% at 10 years and 15% to 20% at 15
years, the results do not approach
those obtained with primary
cemented femoral stems, for which
10-year failure rates less than 5%

have been reported.  These differ-
ences have been attributed to the
limited ability to obtain macrointer-
lock of the polymethylmethacrylate
with cancellous bone in femoral-
stem revisions.

Dohmae et al19 found a dramatic
reduction in the resistance to shear
forces at the bone-cement interface in
laboratory simulations of femoral
revision.  In their study, a simulated
first revision underwent a reduction
in interface shear strength to 20.6% of
its primary strength, and a second
revision had only 6.8% of the pri-
mary strength.

These findings are consistent with
those of Barrack et al,20 who evalu-
ated new cementing techniques on
the basis of the radiographic appear-
ance immediately postoperatively.
In their classification, complete fill-
ing of the medullary cavity by
cement (a so-called white-out at the
bone cement interface) is designated
grade A; slight radiolucency of the

bone-cement interface, grade B;
radiolucency involving up to 99% of
the bone-cement interface, grade C;
and radiolucency at the bone-
cement interface of 100% in any pro-
jection or failure to fill the canal to
prevent or correct abutment of the
stem against the cortex, grade D.
Barrack et al found grade A or B
cementing in 100% of the primary
procedures in their series, compared
with only 60% in the revision cases
reported by Estok et al.13 This diffi-
culty with cementing may ultimately
limit the results that can be expected
with cemented revision stems given
the current state of technology (Fig. 1).

Two novel approaches have
recently been described for cemented
femoral revision.  The first involves
the unusual circumstance of a well-
fixed stem and an intact cement man-
tle and bone-cement interface.
Usually, stem removal is necessary
for exposure to revise an acetabulum
and/or adjust neck length.  In con-
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Fig. 1 A, Preoperative radiograph of a loose uncemented femoral stem.  B, Revision with
grade A cementing.
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trast, with the cement-within-cement
technique, the component is tapped
out, leaving the mantle intact, and is
then recemented into the mantle.
Lieberman et al21 have reported 19
such cases in which this technique
was used and found no stem loosen-
ing after 5 years.

The second approach involves the
more common circumstance of prox-
imal osteolysis and bone loss where
it is uncertain whether the remain-
ing bone can support a cement man-
tle.  Gie et al22 have described the
impacted grafting technique, which
has the objective of restoring the
deficient proximal femoral bone
stock.  The surgical technique
includes thorough debridement of
the proximal femur and medullary
canal to remove all residual cement
and membrane.  Any proximal
femoral cortical defects are covered
with bone graft and/or mesh, and
the entire proximal femur is packed
with morcellated cancellous allo-
graft bone.  A channel is then
impacted through the graft with use
of a tapered wedge broach.  The dis-
tal canal is occluded, pressurized
bone cement is applied, and a pol-
ished collarless stem is inserted (Fig.
2).  Short-term results with this tech-
nique reported by Gie et al22 have
been promising, with reconstitution
of proximal bone often occurring;
however, there was an occasional
shaft fracture, which is a concern.

Elting23 performed 100 femoral
revisions utilizing this method and
reported similarly optimistic results
at the 2-year follow-up of 31 cases.
Results must be considered prelimi-
nary at present, however, since fol-
low-up is short.

Cementless Femoral
Revision

The use of cementless stems in revi-
sion THA gained popularity as a
result of the initial poor outcomes

with cemented revision stems.
However, in the late 1980s this initial
enthusiasm was tempered because
of a number of studies that analyzed
short-term results of cementless
revisions24-27 (Table 2).  Failure rates
of 4% to 9.5% were noted at follow-
up intervals of 1 to 4 years.  These
results were marginally better than
those in early reports on cemented
revision stems, but were far inferior
to the results with revision stems
inserted with optimal cementing
technique.

In addition, certain design fea-
tures of uncemented revision stems
have not had a good track record, in
particular, proximally coated collar-
less stems.  Malkani et al28 reported
an 8% rate of early failure, and
another 20% of patients had painful
subsidence 2 to 5 years after implan-
tation.  The simple addition of a col-

lar to a proximally coated stem did
not resolve these problems.  Trous-
dale and Morrey,29 Rivero et al,30

and Hussamy and Lachiewicz31

reported re-revision rates as high as
10% and subsidence rates ranging
from 30% to 56% with a collared
femoral component (BIAS, Zimmer,
Warsaw, Ind) after an average fol-
low-up interval of 4.2 to 4.5 years
(Table 2).  Recently, Woolson et al32

reported on proximally coated BIAS
and Harris-Galante (Zimmer, War-
saw, Ind) prostheses for femoral
revision.  At an average 5.3-year fol-
low-up, 16% had been re-revised,
50% had subsided, and the results
with 22% were clinically rated as
poor.

The high rates of subsidence
observed in many series made it
clear that proximal coating alone is
not adequate to ensure initial stabil-
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Fig. 2 A, Preoperative radiograph demonstrates proximal femoral bone loss.  B, Postoper-
ative radiograph shows polished collarless stem inserted with impacted grafting technique.
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ity in many cases.  This led others to
redesign the geometry of the
femoral stem.  In reviewing his
experience with a double-wedge
collared design, Dorr33 reported
that only 1 of 75 revision implants
subsided, compared with a 50%
subsidence rate with a previous
design with geometry that did not
impart initial stability.

One approach to achieving stabil-
ity with proximal coating is through
the use of a modular stem, such as
the S-ROM prosthesis (Joint Medical
Products, Stamford, Conn).  This
design allows a porous-coated
metaphyseal segment to be press-fit-
ted proximally and mated with a
slotted diaphyseal segment, which
can provide initial stability through
distal fixation.  After an average fol-
low-up of 5 years, McCarthy et al34

found a re-revision rate of only 1.5%
and a subsidence rate of only 4%
with this design, which represented
an improvement compared with
other proximally coated designs
available at the time.  While the
potential for wear and corrosion

products from these modular com-
ponents remains a concern, clinical
experience has yet to demonstrate
that this is a significant problem.

Another approach to achieving
initial stability consistently is to use
an extensively coated prosthesis.
The longest-term results reported in
the literature to date with unce-
mented revision femoral stems are
those for such a prosthesis.  Law-
rence et al35 recently reported on 174
cementless revisions performed
with the AML prosthesis (Depuy,
Warsaw, Ind).  The postoperative
surveillance averaged 8.4 years
(range, 5 to 13 years).  The re-revi-
sion rate was 5.7%, and survivorship
at 10 years was calculated as 90.6%.
Their results are therefore equiva-
lent to the reported survival of
femoral revisions performed with
contemporary cementing techniques
(Fig. 3).  As with cemented revisions,
they found a correlation between the
clinical and radiologic results and
the extent of bone-stock damage.
With stem revision taken as the end
point for failure, patients with mild

and moderate bone damage had suc-
cess rates of 100% and 97.8%, respec-
tively, but the group with severe
bone damage had a rate of only
76.9%.  

Paprosky et al36 have also re-
ported results with extensively
coated revision stems.  In a series of
311 cases with an average follow-up
interval of 5.8 years, only 6% of the
stems had to be re-revised.  More-
over, the use of extensively coated 8-
or 10-inch stems was clinically suc-
cessful even in the face of significant
proximal bone loss.

Distal porous coating is not the
only strategy for achieving initial
stability or successful clinical results
in the face of significant proximal
femoral bone loss.  Wagner37 has
reported success with a long, fluted
titanium-alloy stem that is textured
(corundum-blasted) rather than
porous-coated.  Immediate stability
is achieved through diaphyseal fixa-
tion; porous coating and distal
ingrowth are not utilized.  Wagner
reported proximal bone regenera-
tion with this implant as well, but
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Hedley et al24

Engh et al25

Gustilo and Pasternak26

Harris et al27

Malkani et al28

Trousdale and Morrey29

Rivero et al30

Hussamy and Lachiewicz31

Dorr33

McCarthy et al34

Lawrence et al35

Paprosky et al36

1  (minimum)
4  (mean)
2.8 (mean)
2  (minimum)

2-5
4.2 (mean)
4.2 (mean)
4.5 (mean)

. . .

. . .
5  (mean)
8.4 (mean)
5.8 (mean)

Follow-up,
yrAuthors

Table 2
Results of Cementless Femoral Revision

   61
127
   57
   23
   74
   96
   48
   43
100
   75
133
174
311

No. of
Hips

PCA
AML
BIAS
Harris-Galante
Omnifit
BIAS
BIAS
BIAS
APR (collarless)
APR (collared)
S-ROM
AML
Solution

Component*

9.5% femoral loosening
4.0% femoral loosening
4.0% femoral revision
4.0% femoral loosening
8% failure, 20% painful subsidence
10% re-revision, 37% subsidence >2 mm
4% re-revision, 31% subsidence ≥4 mm
0% re-revision, 32% subsidence (mean, 8 mm)
50% re-revision, 50% subsidence
<1% re-revision, 0% subsidence
1.5% re-revision, 4% subsidence
5.7% re-revision, 90.6% survivorship (10 yr)
6% re-revision

Results

*Proprietary names and manufacturers: AML, DePuy, Warsaw, Ind; APR, Intermedics, Austin, Texas; BIAS, Zimmer, Warsaw, Ind; 
Harris-Galante, Zimmer; Omnifit, Osteonics, Allendale, NJ; PCA, Howmedica, Rutherford, NJ; Solution, DePuy; S-ROM, Joint 
Medical Products, Stamford, Conn.



long-term results in a large series of
patients have yet to be reported.

The approaches advocated by
McCarthy et al,34 Lawrence et al,35

Paprosky et al,36 and Wagner37 have
in common the goal of obtaining
immediate tight fit and mechanical
stability, which is consistently

achieved through diaphyseal fixa-
tion with or without porous coating.

Summary

The results with femoral stem revi-
sion, while improved in recent years,

are not as good as those with primary
stems in THA.  Stem loosening rates as
low as 10% have been achieved at 10
years with both cemented and
cementless techniques.  Modern
cementing achieves a good radio-
graphic appearance in a much lower
percentage of revision cases than pri-
mary cases due to the relative lack of
cancellous bone with which to achieve
cement intrusion.  Cementing a long
stem is generally to be avoided
because of the difficulty of applying
current cementing techniques with a
long stem as well as the extreme diffi-
culty of revising a stem cemented past
the isthmus.  There is consensus that
cemented revision stems are best
suited for older patients with ade-
quate bone quality.

Proximally coated stems have been
generally inadequate in the revision
situation.  Immediate stability must
be obtained, and this has been most
consistently achieved with an exten-
sively porous-coated stem.  The only
large series of cementless revisions
with results beyond 10 years involves
such an implant.  Extensively coated
stems are particularly applicable in
younger patients and those with sig-
nificant proximal bone loss.  The use
of cement in conjunction with
impacted cancellous grafting appears
to hold promise as a stem-revision
technique when there is substantial
proximal bone loss; in that setting,
results of both cemented and cement-
less femoral revision have been sub-
optimal.
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Fig. 3 A, Preoperative radiograph of a loose cemented stem.  B, Postoperative radiograph
of revision with use of an extensively coated stem.
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