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Chapter 1
General introduction and
outline of the thesis

Chapter 1

GeneRAl InTRoDUCTIon
Because it is one of the most successful procedures in the modern medical world,
total hip arthroplasty (THA) is even called “the operation of the century”.1 It
is one of the most cost-effective medical interventions, providing predictable
improvements in pain and quality of life.2-4
The first total hip arthroplasties were implanted in elderly patients with severe
osteoarthritis, but as a result of the success of total hip arthroplasties and the
increasing possibilities in hip surgery the indications for total hip arthroplasties
have largely expanded these days. Unfortunately, the survival of hip prostheses is
not unlimited. The main reason for loosening of hip implants is aseptic loosening.
Wear particles from materials used in hip arthroplasty can induce a granulomatous
inflammation process, which will lead to resorption of bone surrounding the
prosthesis and in the end cause loosening of the implant.5 Other factors that
may induce prosthetic loosening include infection, fractures or implant-related
problems (e.g. stress shielding).
Growing revision burden
When loosening of hip implants occurs, in most cases revision surgery becomes
inevitable. Therefore, a growing number of hip revisions can be expected in the
near future. A study by Kurtz et al6 in 2007 estimated that in the period 2005 2030, the demand for primary total hip arthroplasties in the United States will
grow by 174% to 572,000. In addition, they stated that the demand for hip revision
procedures is projected to double by the year 2026.
In the Netherlands, the number of implanted THA’s has risen tremendously
over the past decades as well. In 1980 a number of 6,750 THA’s were
implanted, which has increased to 16,000 in 1994 and to over 25,000 in 2013.
As a result of this rise, the number of revisions has increased also. The
numbers of the recent years in the Netherland are presented in table I.

Table I
Number of primary and revision THA’s placed in the Netherland in the period 2010-2013. Source LROI:
LROI-rapportage 2012; 2013. Nederlandse Orthopaedische Vereniging, ‘s-Hertogenbosch.

Number of primary THA’s

Number of revision THA’s

Revision burden

2010

22932

2940

11.4%

2011

23510

3192

11.8%

2012

24889

3708

13.0%

2013

25642

3454

11.9%

THA’s = total hip arthroplasties; the revision burden is the number of revision total hip arthroplasties
divided by the total number of hip arthroplasties (primary and revision).
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Chapter 1

Types of fixation
In general, two types of prosthetic fixation are being used in total hip arthroplasty.
The first is the use of cemented implants. This technique was developed in the
late 60’s and early 70’s by Sir John Charnley,11 who nowadays is considered
to be the founder of the modern total hip arthroplasty. Two-component acrylic
bone cement is used not to glue the implant to the bone, but rather to fill the
irregular gaps between the bone and implant, because a perfect anatomical fit of
the prosthesis to the surface of the bone is simply not feasible. However, early
studies reporting the results of cemented revision total hip arthroplasties were not
encouraging with high rates of clinical and radiological implant failure.12-14 Since
then improvements in the cementation technique have been developed and
therefore, throughout the time, different generations in cementation can be
distinguished, which are summarized in table II.15,16
As an alternative for the cemented total hip arthroplasties, uncemented
components were developed by for example Ring et al.17 In uncemented implants,
the fixation is based on the principle of the ingrowth of host bone into the surface
of the implant. Also for this philosophy, multiple improvements in technique
have been made throughout the years. Increasingly diverse designs have been
introduced with new ingrowth surfaces and materials.
femoral bone defects
The type of revision technique used for femoral reconstructions depends on the
extent of the bone defects found at surgery. To classify these femoral bone defects,
the classification of the Endoklinik is used most frequently (Table III).18 In femora

Table II
Harris’s definition of first, second, and third-generation cementing techniques according to Wixson and
lautenschlager.15,16
first generation
(<1980)

Second generation
(1980 to 1990)

Third generation
(>1990)

Venting of femoral canal

Distal cement restrictor

Distal cement restrictor

Hand-mix cement

Minimal canal preparation
Irrigate and suction canal

Hand-mix cement

Brushing and pulsatile irrigation
of canal
Irrigate, pack, and dry canal

Manual cement insertion with fingers Retrograde injection with
cement gun
Manual positioning into neutral
stem position

10

Manual positioning or early distal
centralization methods

Vacuum mixing of cement
Brushing and pulsatile irrigation of
canal

Irrigate with pulsatile lavage, pack
with adrenaline-soaked sponges,
and dry canal
Retrograde injection with cement
gun and pressurization

Distal and proximal centralizers for
an even cement mantle and neutral
position
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Chapter 1

have been published for these augments used in combination with uncemented
trabecular metal shells38 and with cemented polyethyelene cups in combination
with bone impaction grafting.39-41
history of bone impaction grafting
The use of morselized bone grafts was first published in the seventies by Hastings
and Parker.42 They reconstructed cavitary defects of the acetabulum in patients
with rheumatoid arthritis using morselized bone grafts and a cemented vitallium
cup. Subsequently, McCollum et al43 adapted this technique using wafers of bone.
From the eighties, animal experiments were being performed on both the acetabular
side and the femoral side by Slooff et al. at the Radboudumc in Nijmegen to
provide additional scientific support for this reconstruction method.44-47 A study
in goats was designed to histologically evaluate the processes involved in graft
incorporation. The surgical technique was comparable to that used in the
human procedures. This experiment demonstrated that rapid union of the graft
with host bone occurred using this method. From 24 weeks onward, very little of
the original graft bone remained, and a new immature trabecular bony
structure was formed. In the course of time, no signs of resorption or collapse of
the reconstruction were seen. The results of this study encouraged more extensive
clinical use of this biologic reconstruction method. It has been introduced in
clinical practice on the acetabular side since 1979 and on the femoral side since
1987 with satisfying clinical results.21,32-34 With the incorporation of these bone
grafts a unique and strong construction of the prosthesis, cement, impacted grafts,
and host bone is created.
Operative technique of bone impaction grafting
During acetabular revision surgery,35 after removal of the old component and the
cement (Fig. 1-A), segmental defects of the acetabular rim and/or medial wall
are reconstructed with metal wire meshes, which are trimmed and adapted with
scissors. These meshes are fixated with at least three screws (Fig. 1-B). When full
containment with the wire meshes is achieved, a cavitary defect remains. Remaining
sclerotic areas of the host bone are perforated with multiple small drill holes to
enhance better vascularization of the graft. The host acetabulum is cleaned using
pulse lavage and trabecular bone chips of 7-10 mm are placed in the defect and
impacted tightly using specially designed impactors. The use of smaller chips on the
acetabular side will produce inferior stability.48 The bone chips are made of allograft
femoral heads. These femoral heads are morselized with a special bone mill or
by hand using a large rongeur, after removal of the cartilage of the heads using a
specially designed reamer set. Step by step, the impactors increase in size. The size
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(Fig. 2-B). A femoral plug with a guide wire attached is then
inserted in the femoral shaft at least 4-5 cm below the most distal defect. Over
economic aspect of hip revisions
All the above mentioned complexities in revision surgery combined with the fact
that frequently more expensive and complex implants are necessary, result in
considerably higher hospital costs for revision procedures compared to primary
total hip replacements. Bozic et al8 found that the mean total hospital costs were
significantly higher for the revision procedures compared with the primary
procedures ($31,341 versus $24,170; p<0.0001). However, despite these higher
costs, revision total hip arthroplasty has shown by health economic standards to be
an excellent cost-effective procedure, reducing pain and improving function and
most importantly quality of life for patients with loose or otherwise malfunctioning
hip prostheses.9
Goals of revision surgery
To achieve the clinical goals of long-term pain relieve, improved function and
quality of life it is essential that surgical goals are fulfilled in the first place. In hip
revision surgery, these goals are to (1) restore and maintain long lasting mechanical
stability, (2) restore normal hip biomechanics, (3) prevent further bone loss and
10
before
ideally (4)
new bone formation.
Fig.promote
1-A
Fig. 1-B Hereby, as mentioned Fig.
1-C the major
problem is the loss of bone stock on both the femoral and acetabular side due to
figure
the 1loosening process and the procedures to remove failed implants. For both
Acetabulum with a peripheral and central cavitary (bone volume loss) and segmental (through the acetabular
sides
numerous
techniques
have(Fig.
been
described.
wall)
bone
defects afterdifferent
removal ofrevision
the old acetabular
component
1-A);
during the reconstruction the
defects are closed by a metal mesh, which is fixated with screws, after which a defect in the wall of the
acetabulum remains (Fig. 1-B); this cavitary defect is filled with morselized bone graft that gets impacted to
a stable layer; after this a polyethylene acetabular component is cemented (Fig. 1-C).35
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this guide wire, a phantom implant is used to impact the morselized bone grafts
in the femoral shaft (Fig. 2-C). The bone grafts used in the distal femoral canal
are 50% smaller than the ones used in the acetabular reconstruction (2-5 mm).
For the proximal part of the femur, larger morselized grafts can be used and these
are solidly impacted around the phantom with special small impactor creating
rotational stability of the final implant. Cement is injected retrograde using a
syringe with a narrow nozzle that allows reaching the distal grafted area without
damaging the graft reconstruction. Finally the femoral implant can be inserted and
cemented into the newly reconstructed femur (Fig. 2-D).

Fig. 2-A

Fig. 2-B

Fig. 2-C

Fig. 2-D

figure 2
femur with bone defects of the wall and the calcar region after removal of a total hip arthroplasty (fig.
2-A); to close the defects a metal mesh is fixated around the femur (Fig. 2-B); after this the femoral cavity
is filled with morselized bone graft, which is impacted against the wall of the femoral cavity (Fig. 2-C);
after this a femoral component is cemented (Fig. 2-D).49
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patients younger than 55 years. (Chapter 10 )
7. Evaluate if it is a safe choice to perform hip revision surgery in patients of 80
years and older by describing the peri- and postoperative complications and
survival of revisions in these elderly patients. (Chapter 11)
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primary THA’s. Almost three-quarters of the revisions in the study of Bozic et al8
were performed on patients with acetabular bone deficiencies, wheareas slighty
less than a quarter of the patients treated with a primary procedure had acetabular
bone loss (p < 0.0001). More than half of the patients treated with a revision had
femoral bone loss, compared with only 3% of the patients treated with a primary
procedure (p < 0.0001).

economic aspect of hip revisions
All the above mentioned complexities in revision surgery combined with the fact
that frequently more expensive and complex implants are necessary, result in
considerably higher hospital costs for revision procedures compared to primary
total hip replacements. Bozic et al8 found that the mean total hospital costs were
significantly higher for the revision procedures compared with the primary
procedures ($31,341 versus $24,170; p<0.0001). However, despite these higher
costs, revision total hip arthroplasty has shown by health economic standards to be
an excellent cost-effective procedure, reducing pain and improving function and
most importantly quality of life for patients with loose or otherwise malfunctioning
hip prostheses.9
Goals of revision surgery
To achieve the clinical goals of long-term pain relieve, improved function and
quality of life it is essential that surgical goals are fulfilled in the first place. In hip
revision surgery, these goals are to (1) restore and maintain long lasting mechanical
stability, (2) restore normal hip biomechanics, (3) prevent further bone loss and
ideally (4) promote new bone formation.10 Hereby, as mentioned before the major
problem is the loss of bone stock on both the femoral and acetabular side due to
the loosening process and the procedures to remove failed implants. For both
sides numerous different revision techniques have been described.
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femoral component
revision with use of
impaction bone-grafting
and a cemented polished
stem
A concise follow-up, at fifteen to
twenty years, of a previous report
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J Bone Joint Surg [Am] 2012;94:e1731-1734.

Chapter 2

ABSTRACT
We previously reported our results for thirty-three consecutive femoral component
revisions with impaction bone-grafting, performed with the X-change femoral
revision system and a cemented polished Exeter stem, at a minimum of eight years
of follow-up. The present updated study shows the results after fifteen to twenty
years. One stem was revised again for mechanical reasons during a rerevision of
an acetabular cup. The probability of survival at seventeen years was 96% (95%
confidence interval [CI], 72% to 99%) with a femoral rerevision for any reason
as the end point and 100% (95% one-sided CI, 69% to 100%) with rerevision for
aseptic loosening as the end point. The average subsidence was 3 mm and stable
relative to our previous report. Although three early femoral fractures occurred
after this surgery, in this update no additional fractures were seen. In conclusion,
the probability of survival of femoral component revisions with impaction bonegrafting and a cemented polished stem was excellent at a mean of seventeen years.
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Table I
patient demographics.
patients and hips

number in series
Sex

33

Female

24

Male

Type of bone-stock defects according to Endoklinik classification*

9

Grade 1

3

Grade 3

12

Grade 2

14

Grade 4

Deaths during follow-up period
Re-revisions during follow-up
Due to septic loosening

Due to aseptic loosening

Due to mechanical problems (cortex perforation)

4

19
1
0
0
1

*The Endoklinik classification of femoral bone stock loss3:
Grade 1 = Radiolucent lines limited to the proximal half of the cement mantle in combination with clinical
signs of loosening.
Grade 2 = Complete radiolucent lines around the cement mantle with endosteal erosion around the
proximal part of the cement mantle resulting in widening of the medullary cavity.
Grade 3 = Widening of the medullary cavity around the loose implant due to endosteal erosion and
expansion of the femur.
Grade 4 = Gross destruction of the proximal third of the femur with involvement of the middle third,
precluding the insertion of even a long-stemmed prosthesis.

equal radiodensity of graft and host bone, with a trabecular pattern throughout,
according to Conn et al.4 Subsidence of the femoral stem was determined with
the method of Fowler et al,5 and radiolucent lines between the cement and the
bone were scored with use of the classification system of Gruen et al.6 As of
the last review in 2011, all living patients with surviving hips had had clinical
and radiographic examinations and a Harris hip score had been obtained. All
patients who died during the period of follow-up were followed on a regular basis
until their death, and their data were included in this report. Failure was defined
clinically as the need for rerevision of the femoral component for any reason.
Radiographic failure was defined as a circumferential radiolucent line in all seven
Gruen zones evaluated on anteroposterior radiographs of the proximal part of the
femur.
Kaplan-Meier analysis was performed with four different end points: a
rerevision of the femoral component for any reason, a rerevision of the femoral
component for aseptic loosening, a femoral reoperation for any reason, or
subsidence of ≥5 mm. Kaplan-Meier survivorship analysis was performed for the
whole group of hips treated with femoral reconstruction and included 95% CIs.
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figure 1
Preoperative anteroposterior (Fig. 1-A) and faux profil (Fig. 1-B) radiographs of the femoral component with
a distal cortical perforation at the tip of the prosthesis (arrow) after thirteen years follow-up. No signs of
loosening or fracture can be observed. One year postoperative anteroposterior (Fig. 1-C) and faux profil
(Fig. 1-D) radiographs after re-revision of the femoral component with an Exeter Short Revision Stem. By
inserting this shorter stem the perforation of the femoral cortex could be closed with cement (arrow).

subsidence at the time of follow-up. Of the six hips with radiolucent lines described
in our first report, only one hip had lines that were progressive. In this patient, an
osteolytic defect situated in Gruen zone 1 had increased in size from 10 x 4 mm
at the time of our first report to 16 x 6.5 mm at the current report. One patient
had new radiolucent lines in Gruen zones 1 and 2. None of the hips demonstrated
a circumferential radiolucent line. Signs of trabecular incorporation and cortical
bone remodeling were difficult to quantify as metal meshes often obscured these
interfaces. The zones that could be evaluated demonstrated evidence of trabecular
incorporation in 90% (167 of 186) and cortical remodeling in 29% (fifty-four of
186).
Additional reoperations and complications
As noted in our previous report, four additional reoperations on the femoral
side were performed. Since our previous report, one acetabular rerevision was
performed because of aseptic loosening of the cup; in this case, the stem was
exchanged with the cement-in-cement technique (Table I).
Survivorship analysis
Kaplan-Meier analysis showed the probability of survival of the femoral
component, with rerevision for any reason as the end point, at seventeen years was
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(95% CI, 72% to 99%) (Fig. 2-A). The probability of survival at seventeen
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duration of follow-up was 10.4 years (range, eight to thirteen years). The KaplanMeier analysis showed that the probability of survival of the femoral component
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision
of the femoral component for any reason as the end point and 85% (95% CI, 72%
to 99%) with reoperation for any reason as the end point.1 The average subsidence
of the femoral stem within the cement mantle was 3 mm, with seven stems that
migrated ≥5 mm. There were three postoperative femoral fractures, which all
healed after surgery with use of plate fixation, and none of these stems had failed
at the time of follow-up. The purpose of the present study was to update the
clinical and radiographic results of our previous report after a mean duration of
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS

Fig. 2-A

Fig. 2-B

The study was approved by our institutional review board. Between March 1991
and February 1996, thirty-three consecutive femoral revisions were performed
with the impaction bone-grafting technique, with use of the X-change femoral
revision system and a cemented polished Exeter stem, in thirty-three patients
(Table I). The surgical technique has been previously described in detail.2 In
addition to the standard technique, the calcar region was reinforced with metal
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect
was also augmented with metal mesh in seven of them. In another seven hips,
only cerclage wires were used to support the weakened proximal cortical bone to
prevent fracturing during the impaction process. Thirty-one acetabular cups were
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum followFig. 2-C
Fig. 2-D
up period of fifteen years. All patients were prospectively followed annually or
figure 2
bienniallysurvival
for at curves
least fifteen
years
or of
until
rerevision
or death.
Kaplan-Meier
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aseptic
loosening
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2-B),
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of for
the
any reason (Fig. 2-C) and subsidence ≥5mm (Fig. 2-D). The broken lines indicate the 95% confidence
3
Endoklinik. Radiographic evidence of bone-graft incorporation was defined as
intervals.
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Table II
Probability of survival for different periods of follow-up and end points, with 95% confidence interval.
5-Year

Rerevision for any reason
Rerevision for aseptic loosening
Reoperation for any reason
Subsidence ≥5 mm

10-Year

15-Year

17-Year

Survival
(95% CI)

n

Survival
(95% CI)

n

Survival
(95% CI)

n

Survival n
(95% CI)

100%
(90-100)

29

100%
(89-100)

25

96%
(72-99)

18

96%
(72-99)

100%
(90-100)

91%
(74-97)

88%
(70-95)

29
26
23

100%
(89-100)

87%
(69-95)

78%
(57-90)

25
22
16

100%
(85-100)

83%
(63-93)

73%
(51-87)

18
16
12

100%
(69-100)

83%
(63-93)

73%
(51-87)

8
8
7
4

CI = confidence interval, n = number of patients at risk
C

ConClUSIonS
To our knowledge, this is the first clinical study with a fifteen to twenty-year
clinical and radiographic follow-up of the results of femoral revisions performed
with use of this relatively new, instrumented impaction bone-grafting technique.
Compared with the results of our previous study,1 the survival rates remain
excellent and the survival did not deteriorate with a longer follow-up period.
Only one femoral component was rerevised with use of a cement-in-cement
technique during a rerevision of the cup. However, the overall clinical scores had
deteriorated. This result probably reflects the relative higher age of the patients
and, as a result of that, the lower level of function.
A limitation of our study is that, as a result of the long duration of follow-up after
femoral revision, only fourteen patients were alive at the final review in February
2011. However, the follow-up was nearly complete, including for the patients who
had died, and the fate of every reconstruction was known. Unfortunately, not all
radiographic files were complete.
The probability of survival of 100% (95% one-sided CI, 69% to 100%) at
seventeen years, with an end point of rerevision of the femoral component for aseptic
loosening, is comparable with other long-term reports. Ornstein et al7 reported an
excellent survivorship at fifteen years of 99.1% (95% CI, 98.4% to 99.5%) in an
impressive group of 1305 revisions identified from the Swedish registry. Seventy
rerevisions were performed during follow-up. However, in their study, there was no
analysis of clinical scores or radiographs, so potential failures or early radiographic
signs may have been missed. Wraighte and Howard8 reported results of a series
of seventy-five revisions reviewed at a mean of 10.5 years. Survivorship with any
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femoral operation as the end point was 92% (95% CI, 82% to 97%).
In conclusion, the probability of survival was excellent at seventeen years
Previously,
we reported
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and radiographic
outcomes
of the impaction
first thirtyfollowing
femoral
revisionthe
with
the X-change
femoral revision
system,
consecutive
femoral
revisions,
including
learning curve,
performed
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fresh-frozen
bone
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the impaction
bone-grafting
technique
use of the
X-change
femoral
revision
technique
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useful for the
purposewith
of restoring
bone
stock in
patients
with
system defects
(Stryker
Newbury,
Kingdom)
andtwenty
a cemented
femoral
thatHowmedica,
require revision
total hipUnited
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For over
years,
1
Thisasprocedure
wasfemoral
the firstrevision
femoraltechnique
revision in
in patients
fourteen
polished
Exeter
we
have used
this stem.
technique
our standard
patients,
the bone-stock
second in eighteen
with
femoral
loss. patients, and the third in one patient. The average
duration of follow-up was 10.4 years (range, eight to thirteen years). The KaplanMeier analysis showed that the probability of survival of the femoral component
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision
of the femoral component for any reason as the end point and 85% (95% CI, 72%
to 99%) with reoperation for any reason as the end point.1 The average subsidence
of the femoral stem within the cement mantle was 3 mm, with seven stems that
migrated ≥5 mm. There were three postoperative femoral fractures, which all
healed after surgery with use of plate fixation, and none of these stems had failed
at the time of follow-up. The purpose of the present study was to update the
clinical and radiographic results of our previous report after a mean duration of
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS
The study was approved by our institutional review board. Between March 1991
and February 1996, thirty-three consecutive femoral revisions were performed
with the impaction bone-grafting technique, with use of the X-change femoral
revision system and a cemented polished Exeter stem, in thirty-three patients
(Table I). The surgical technique has been previously described in detail.2 In
addition to the standard technique, the calcar region was reinforced with metal
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect
was also augmented with metal mesh in seven of them. In another seven hips,
only cerclage wires were used to support the weakened proximal cortical bone to
prevent fracturing during the impaction process. Thirty-one acetabular cups were
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum followup period of fifteen years. All patients were prospectively followed annually or
biennially for at least fifteen years or until rerevision or death.
Femoral bone-stock defects were classified with use of the system of the
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as
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Previously, we reported the clinical and radiographic outcomes of the first thirtythree consecutive femoral revisions, including the learning curve, performed with
the impaction bone-grafting technique with use of the X-change femoral revision
system (Stryker Howmedica, Newbury, United Kingdom) and a cemented
polished Exeter stem.1 This procedure was the first femoral revision in fourteen
patients, the second in eighteen patients, and the third in one patient. The average
duration of follow-up was 10.4 years (range, eight to thirteen years). The KaplanMeier analysis showed that the probability of survival of the femoral component
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision
of the femoral component for any reason as the end point and 85% (95% CI, 72%
to 99%) with reoperation for any reason as the end point.1 The average subsidence
of the femoral stem within the cement mantle was 3 mm, with seven stems that
migrated ≥5 mm. There were three postoperative femoral fractures, which all
healed after surgery with use of plate fixation, and none of these stems had failed
at the time of follow-up. The purpose of the present study was to update the
clinical and radiographic results of our previous report after a mean duration of
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS
The study was approved by our institutional review board. Between March 1991
and February 1996, thirty-three consecutive femoral revisions were performed
with the impaction bone-grafting technique, with use of the X-change femoral
revision system and a cemented polished Exeter stem, in thirty-three patients
(Table I). The surgical technique has been previously described in detail.2 In
addition to the standard technique, the calcar region was reinforced with metal
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect
was also augmented with metal mesh in seven of them. In another seven hips,
only cerclage wires were used to support the weakened proximal cortical bone to
prevent fracturing during the impaction process. Thirty-one acetabular cups were
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum followup period of fifteen years. All patients were prospectively followed annually or
biennially for at least fifteen years or until rerevision or death.
Femoral bone-stock defects were classified with use of the system of the
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as
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ABSTRACT
We report the clinical and radiographic outcomes of 208 consecutive femoral
revision arthroplasties performed in 202 patients (119 women, 83 men) between
March 1991 and December 2007 using the X-change Femoral Revision System,
fresh-frozen morcellised allograft and a cemented polished Exeter stem. All
patients were followed prospectively. The mean age of the patients at revision
was 65 years (30 to 86). At final review in December 2013 a total of 130 patients
with 135 reconstructions (64.9%) were alive and had a non re-revised femoral
component after a mean follow-up of 10.6 years (4.7 to 20.9). One patient was
lost to follow-up at six years, and their data were included up to this point. Reoperation for any reason was performed in 33 hips (15.9%), in 13 of which the
femoral component was re-revised (6.3%). The mean pre-operative Harris hip
score was 52 (19 to 95) (n = 73) and improved to 80 (22 to 100) (n = 161) by the
last follow-up. Kaplan–Meier survival with femoral re-revision for any reason as
the endpoint was 94.9% (95% confidence intervals (CI) 90.2 to 97.4) at ten years;
with femoral re-revision for aseptic loosening as the endpoint it was 99.4% (95%
CI 95.7 to 99.9); with femoral re-operation for any reason as the endpoint it was
84.5% (95% CI 78.3 to 89.1); and with subsidence ≥ 5 mm it was 87.3% (95% CI
80.5 to 91.8). Femoral revision with the use of impaction allograft bone grafting
and a cemented polished stem results in a satisfying survival rate at a mean of ten
years’ follow-up.
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System.
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forwhom
whomthis
thisprocedure
procedurewas
wasperformed,
performed,with
witha afollow-up
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overthe
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worldhave
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publishedpromising
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thesame
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Theaim
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betweenMarch
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1991and
andDecember
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theinstrumented
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X-Change
X-ChangeFemoral
FemoralRevision
RevisionSystem,
System,fresh-frozen
fresh-frozenmorcellised
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approvedbybyour
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Between
Between1991
1991and
and2007,
2007,208
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meanage
ageofof6565years
years(30
(30toto86).
86).The
Themean
meanheight
heightofofthe
thepatients
patientsatatthe
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mean body mass index was 26.5 (18.6 to 41.7); 115 procedures were performed on
the right side (55.3%).
This was a consecutive unselected series, including the learning experience
of the very first revisions, and all patients were followed prospectively. Our
policy has been to perform all femoral component revisions associated with bone
stock loss using this technique. Patients in whom a femoral component revision
was performed for oncological reasons were excluded. A total of six surgeons
were involved, and 189 (91%) of the operations were performed by three of the
authors (JWMG, AvK and BWS). The indications for the femoral component
revisions and the primary hip arthroplasties are shown in Table I. In 137 hips
(65.9%) it was the first revision, in 62 (29.8%) it was the second revision and
in nine (4.3%) the third revision. In 155 hips (74.5%) a revision of both femoral
and acetabular components was performed, and in 37 hips (17.8%) an isolated
revision of the femoral component was performed. In the remaining 16 hips
(7.7%) a hemiarthroplasty was converted to a THA, with revision of the femoral
component. Of the 36 hips with septic loosening 30 were treated with a twostage revision procedure, with systemic antibiotics administered for at least six
weeks prior to second-stage re-implantation. The diagnosis of septic loosening
in the remaining six hips was made post-operatively, based on positive bacterial
cultures taken during a one-stage revision for what had initially been thought to
be a revision for aseptic loosening. These infections were treated with systemic
antibiotics for at least six weeks.
Surgical technique
All revisions were performed with the X-change Femoral Revision System. The
surgical technique has previously been described in detail.17 The posterolateral
approach was used in all hips. A standard length (150 mm) polished Exeter femoral
component was used in 185 revisions (88.9%) and in 23 revisions (11.1%) a long
polished Exeter component was used, ranging from 205 mm to 260 mm in length.
The results of these long stems with impaction bone grafting were recently also
included in a study reporting the results of all long stemmed revisions (with
and without the use of impaction bone grafting) performed at our institution.18
A cemented femoral component was revised in 163 hips and an uncemented
component in 45 hips. Owing to the difficulty of removing the cement or osseointegrated cementless stems, a full-length Wagner osteotomy19 was used in 21
revisions (10.1%). In ten revisions (4.8%) a small distal cortical window was used to
remove the distal cement, plug or the distal part of a broken stem, and in one revision
(0.5%) a Charnley transtrochanteric osteotomy was performed. Before performing
the impaction allograft bone grafting, segmental cortical defects, perforations
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Table I
InTRoDUCTIon
Indications for the 208 primary total hip arthroplasties/hemiarthroplasties and revisions.
Indications for primary total hip arthroplasty/hemiarthroplasty

number
(%)
Loss of femoral and acetabular bone stock is a major consequence
of loosening
in
65
31.3
failed total
hip arthroplasty (THA). Impaction bone grafting
Childhood
hip diseases
40 using allograft
19.2 bone is
1,2
anCongenital
attractive
biological method of reconstruction, as it can address
this bone
hip dysplasia
33
15.9 loss.
Slipped
capital femoral
epiphysis
4
1.9
Impaction
grafting
with allograft bone for the acetabulum
in combination
with
Perthes’ disease
3
1.4
3,4
of
a
cemented
acetabular
component
has
been
performed
since
1979,
insertion
Trauma
55
26.4
of that procedure,
we
and in the
1980s, based on the favourable short-term results
Rheumatoid
arthritis
14
6.7
Osteonecrosis
4.3
At
began to use this technique on a small scale for femoral9 component revisions.
Secondary osteoarthritis after Bechterew’s disease
4
1.9
the same time we performed animal experiments to optimise the technique before
Infectious
3
1.4
5-7
attempting
the large-scale clinical introduction of this method.
Miscellaneous causes
3
1.4
The Exeter group was the first to use clinically the15impaction bone
Unknown
7.2 grafting
Indications
for femoral
revision
method for
femoral
component revision on a regular basis, using oversized femoral
Aseptic loosening
158
75.9
stems to impact the allograft bone. From this early experience
they noted
a high
Septic loosening
36
17.3
8
As
a
consequence
incidence
of
varus
malalignment
of
the
femoral
components.
Trauma
1
0.5
Pain
2.9 unit, in
of this initial clinical experience, in 1991 the Exeter6 group and our
Protrusio acetabuli of the head of a hemiarthroplasty
2
1.0
association with Howmedica International (now named Stryker Howmedica,
Malposition of the femoral component
2
1.0
Newbury, United Kingdom), developed the X-change Femoral
Revision
System.
Fractured femoral component
1
0.5
We have previously reported9 the long-term results for1 our first 33 consecutive
Dislocation
0.5
Damaged
head of a this
monoblock
stem during
acetabular
revision with1 a follow-up 0.5
patientsfemoral
for whom
procedure
was
performed,
of 15 to 20
years. Meanwhile, other centres from all over the world have published promising
results using the same technique.10-16
and The
fractures
aim were
of this
reconstructed
study was to
with
further
metal validate
meshes and
this cerclage
revision wires
technique
(Tableby
II).
reporting
All the allografts
outcomeswere
in the
fresh-frozen
largest patient
femoral
group
headstofrom
reach
ourten
institutional
years’ survival
bone
bank,
following
with surgery.
between We
one report
and three
the clinical
femoral and
heads
radiographic
used per case.
results,
After
survival
thawing,
rate
the
andcartilage
complication
was removed
rate of all
and208
the consecutive
heads were milled
femoralwith
revisions
use of performed
a Novio Magus
at our
bone
institution
mill (Spierings
between March
Medische
1991Techniek,
and December
Nijmegen,
2007The
using
Netherlands).
the instrumented
This
mill
X-Change
produces
Femoral
bone chips
Revision
with System,
a diameter
fresh-frozen
of 2 mm tomorcellised
5 mm. Surgical
allograft
Simplex
and a
bone
cemented
cementpolished
(Stryker)
Exeter
was used
stem in
(Stryker).
all hips. The post-operative regimen included
the administration of systemic antibiotics, 1 g cefazolin intravenously at eight
hourly intervals for 24 hours, and indomethacin (50 mg three daily dosages) was
given
for seven
days
to prevent heterotopic ossification. All patients received
pATIenTS
AnD
MeThoDS
anticoagulation with Coumadin (warfarin) or low molecular weight heparin for
venous
thromboembolism
prophylaxis
for was
a minimum
ofby
sixour
weeks.
This historical,
prospective
cohort study
approved
institutional review
Primary osteoarthritis

board.
Post-operative
Between 1991treatment
and 2007, protocol
208 consecutive femoral impaction bone grafting
The
post-operative
treatment
protocol
during the
period
and was
revision arthroplasties were performedevolved
in 202 patients
(119study
women,
83 men)
with
also
dependent
the complexity
themean
femoral
andofacetabular
reconstruction,
a mean
age of on
65 years
(30 to 86).ofThe
height
the patients
at the time of
ifsurgery
performed.
In general,
first
years
of weight
this series
patients
was 170
cm (148 in
to the
196),
their
mean
was all
76 kg
(51 to had
129)bed
and rest
their
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Table I|
Reconstructive materials used.
Method of reinforcement

number

None

120

57.7

Only distal cortical

10

4.8

Metal Meshes

Only proximal (calcar/major trochanter region)
Combination proximal and distal

Circumferential whole proximal femoral shaft
Cerclage wires

63
11
4

30.3
5.3
1.9

None*

100

48.1

4 to 6

34

16.3

1 to 3

63

>7

11

30.3
5.3

n three re isions old wires were alread in situ

for six weeks, with passive movement of the operated hip starting 24 hours postoperatively in bed. During the second six-week period, toe-touch weight-bearing
was allowed, and the third six-week period patients were permitted to load 50% of
body weight on to the affected hip using two crutches, before full weight-bearing
was allowed. With increased experience of the impaction grafting technique the
duration of bed rest was reduced, and currently patients start toe-touch weightbearing two days after surgery.
ollow-up protocol
A standard post-operative follow-up protocol was used, with physical and
radiographic examination after six weeks, three months, six months and one year,
and annually or biennially thereafter. The data of deceased patients up to the date
of their death were included.
linical evaluation was performed using the arris hip score ( S worst
score 0; best score 100)20 and the xford hip score ( S worst score best score
48),21 measured pre-operatively and at all subsequent examinations.
Visual analogue scales (VAS)22 were used for pain at rest and during physical
activity on a scale from 0 (no pain) to 100 (unbearable pain), and a VAS score for
satisfaction on a scale from (not satisfied at all) to 1 (complete satisfaction).
All these scores were determined during the post-operative follow-up.
Radiological review
nteroposterior ( ) radiographs of all hips were evaluated at the final follow-up
and compared with all earlier pre- and post-operative radiographs by two of the
authors (MTS and BWS), who agreed a consensus opinion. Loss of bone stock was

38

208
femoral
revisions
with
impaction
bone
grafting
208
femoral
revisions
with
impaction
bone
grafting

InTRoDUCTIon
determined
on pre-operative radiographs and on the basis of the intra-operative
findings and classified according to the Endoklinik system, as was described in
Loss
of femoral
boneclassified
stock is aasmajor
loosening
in
Bone loss was
gradeconsequence
1 in 71 hips of
(34.1%),
grade
the
study
by Gie etand
al.8acetabular
hip arthroplasty
(THA).
Impaction
bone
grafting
usingWe
allograft
bone is
2failed
in 70total
(33.7%),
grade 3 in 54
(26%)
and grade
4 in
13 (6.3%).
determined
an attractive
biological
method of reconstruction,
as it can
this bone
stem
migration,
graft incorporation
and the presence
ofaddress
radiolucent
lines.loss.
To1,2
was used, and
Impaction
withthe
allograft
for the by
acetabulum
combination
with
determine
stemgrafting
subsidence
methodbone
described
Fowler etin
al23
cemented acetabular
has in
been
performed
since 1979,
insertion of a (complete
radiolucencies
radiolucentcomponent
lines ≥ 2 mm
width)
were scored
using3,4
24
based on
favourable
short-term
results
of
that of
procedure,
we
andclassification
in the 1980s,system
Signs
t rabecular
the
of the
Gruen,
McNeice
and Amstutz.
a small to
scale
for femoral
component
began to usewere
this technique
incorporation
evaluated on
according
the criteria
of Conn
et al.25 revisions. At
defined
as
a circumferential
radiolucent
in
all
to optimise
the technique
before
theRadiographic
same timefailure
wefailure
performed
animal
Radiographic
waswas
defined
as aexperiments
circumferential
radiolucent
line inline
all seven
5-7
seven
Gruen
zones
on an
APclinical
view and/or
stemofsubsidence
≥ 5 mm.
attempting
large-scale
this≥method.
Gruen
zones the
on
an
AP
view
and/or
aintroduction
stemasubsidence
5 mm.
The Exeter group was the first to use clinically the impaction bone grafting
method for femoral
component revision on a regular basis, using oversized femoral
Statistical
analysis
stemsanalysis
to impact
allograft
early experience
they(IBM
noted Corp.,
a high
Data
wasthecarried
outbone.
usingFrom
SPSSthis
version
20.0 software
a consequence
incidence
of varus
theversion
femoral5.03
components.
Armonk,
New
York)malalignment
and Graphpadof
Pris
(Graphpad8 As
Software
Inc., La
of thisCalifornia).
initial clinical
in 1991 the Exeter
group
and ourincluding
unit, in
Jolla,
We experience,
performed Kaplan-Meier
survival
analysis,
association with
Howmedica
International
(now for
named
Stryker Howmedica,
determination
of 95%
confidence
intervals (CI)
the following
endpoints:
Newbury,
United Kingdom),
developed
the X-change
Femoral
Revision
System.
femoral
re-revision
for any reason,
femoral
re-revision
for aseptic
loosening,
9
the long-term
for our≥ first
33 consecutive
We have
previously for
reported
femoral
re-operation
any reason,
and stemresults
subsidence
5 mm.
Lastly, we
patients for awhom
this procedure
was performed,
a follow-up
of 15 to 20
calculated
worst-case
scenario,
defining with
re-revision,
post-operative
years. Meanwhile,
otherradiographic
centres from failure
all overortheloss
world
have published
promising
periprosthethic
fracture,
to follow-up
as a collective
10-16
results using the same technique.
endpoint.
The aim of of
thisthe
study
was to
validateEndoklinik
this revision
technique
by
Comparisons
survival
of further
the individual
groups
and the
reporting outcomes
the largest
to reach
ten years’
survival
standard-length
stems in
versus
the longpatient
stemsgroup
were also
performed
for all
these
followingusing
surgery.
the A
clinical
and< radiographic
results, survival
rate
endpoints
the We
log report
rank test.
p-value
0.05 was considered
statistically
and complication rate of all 208 consecutive femoral revisions performed at our
significant.
institution between March 1991 and December 2007 using the instrumented
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a
ReSUlTS
cemented polished Exeter stem (Stryker).
Clinical
At the final review in December 2013, 130 patients with 135 reconstructions
(64.9%)
were AnD
alive MeThoDS
and had a non-re-revised femoral component after a mean
pATIenTS
follow-up of 10.6 years (4.7 to 20.9). One patient (0.5%) was lost to follow-up
approximately
years aftercohort
the revision
surgery
and by
those
until thisreview
last
This historical,six
prospective
study was
approved
ourdata
institutional
follow-up
were
included.
Two
patients
died
in
the
immediate
post-operative
board.
period
(1%), one
from
acute 208
cerebrovascular
days post-operatively
Between
1991
andan2007,
consecutive accident
femoral 14
impaction
bone grafting
and
the
other
17
days
post-operatively
from
multiple
organ
failure
caused
bywith
an
revision arthroplasties were performed in 202 patients (119 women, 83 men)
undiagnosed
lymphoproliferative
disorder.
a mean age of
65 years (30 to 86).
The mean height of the patients at the time of

surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their
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The mean pre-operative HHS was 52 (19 to 95) (n = 73), which had improved
to 80 (22 to 100) (n = 161) at the last follow-up. The mean pre-operative OHS was
23 (9 to 42) (n = 39) and this improved to 37 (10 to 48) (n = 146). The mean VAS
for satisfaction was 81 (0 to 100) (n = 150) at the last follow-up; the VAS for pain
at rest was 10 (0 to 80) and during exercise was 19 (0 to 85) (both n = 149).
ntra-operati e complications
A total of 12 femoral fractures occurred as a consequence of the revision surgery.
Of these, nine intra-operative femoral fractures occurred during surgery and
were recognised at the time. One femoral fracture occurred during the dislocation
of the old hip prosthesis, three occurred during the removal of cement and two
during the removal of an uncemented femoral component. In one hip during the
impaction phase a pre-existing fissure extended into a fracture. ne fracture
occurred during the insertion of the trial prosthesis, and one when the stability of
the reconstructed hip was tested after reduction. All these fractures were treated
with appropriate reconstructive techniques and materials (i.e. meshes and cerclage
wires). In a further two patients a distal blow-out fracture of some bone graft and
cement was identified on the first post-operative radiographs. These patients were
successfully treated with a conservative treatment protocol of six weeks’ bed rest.
A further patient (number 24 in Table III) sustained a dislocated, intra-operative,
peri-prosthetic fracture that was unrecognised during the index revision. Three
weeks after the index revision procedure the patient underwent further surgery
and the fracture was stabilised with a metal mesh and cerclage wires.
emoral re-operations and re-re isions
In 33 patients a further femoral re-operation was performed (15.9%). In 13 of these
the femoral component was re-revised (6.3%). The details of these 33 patients are
listed in Table III.
ost-operati e peri-prosthetic fracture
In 13 patients (6.3%) re-operation for a post-operative peri-prosthetic femoral
fracture was performed (femoral re-revision for patient and plate fixation for
patients 12 to 23 in Table III). In two patients a fracture of the greater trochanter
occurred following a fall. These were treated conservatively.
ost-operati e infection
In 12 patients a femoral re-operation and/or re-revision was performed for deep
infection ( . ) (patients to 11 and
to 9 in Table ) seven patients with
first-time deep infection (3. ) (patients to 9 and and 9), two who developed
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a InTRoDUCTIon
re-infection following a two-stage revision arthroplasty for previous infection
(patients 25 and 27), one who developed an infection following an acetabular
component
re-revision
(patient 10),
one
whoisdeveloped
an infectionofafter
repairin
Loss of femoral
and acetabular
bone
stock
a major consequence
loosening
offailed
a nonunion
of
a
greater
trochanter
fracture
with
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subsequent
acetabular
total hip arthroplasty (THA). Impaction bone grafting using allograft bone is
component
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a haematogenous
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method of
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this bone loss.1,2
infection
following
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post-operative
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insertion
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to a permanent
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procedure, we
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to use thisfive
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was
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with
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of
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Although
the same time we performed animal experiments to optimise the technique before
these
patientsthe
hadlarge-scale
good function
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final follow-up,
have5-7ongoing chronic
attempting
clinical
introduction
of this four
method.
peri-prosthetic
The Exeterinfections.
group was the first to use clinically the impaction bone grafting
method for femoral component revision on a regular basis, using oversized femoral
Dislocation
stems to impact the allograft bone. From this early experience they noted a high
8
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in 12 patients
of these
treated
As were
a consequence
incidence ofoccurred
varus malalignment
of the(5.8%).
femoralSeven
components.
conservatively
and
in
five
patients
further
surgery
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one
patient
wasin
of this initial clinical experience, in 1991 the Exeter group and our unit,
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to a with
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excisionInternational
arthroplasty, one
a femoral
re-revision
with
association
Howmedica
(nowhad
named
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Howmedica,
the
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component
being
cemented
1.5
cm
higher,
two
acetabular
components
Newbury, United Kingdom), developed the X-change Femoral Revision System.
9
were
and in reported
one patient
a modular
femoral
the
long-term
resultshead
for was
our exchanged.
first 33 consecutive
We re-revised,
have previously
patients for whom this procedure was performed, with a follow-up of 15 to 20
Radiological
outcome
years. Meanwhile,
other centres from all over the world have published promising
10-16
Radiological
follow-up
complete
for 174 revisions (83.7%), but in the other 34
results using the samewas
technique.
patients
follow-up
radiographs
were missing
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these
Thesome
aim of
this study
was to further
validate(16.3%).
this revision
technique
by
patients
were
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in
the
analysis.
Radiolucent
lines
were
observed
in
43
hips
reporting outcomes in the largest patient group to reach ten years’ survival
(20.7%):
25surgery.
patients We
hadreport
radiolucent
lines and
in one
Gruen zone,
14 insurvival
two zones,
following
the clinical
radiographic
results,
rate
and
four
patients
in
three
or
more
zones
(three,
three,
four
and
five
zones,
and complication rate of all 208 consecutive femoral revisions performed at our
respectively).
In 22 ofMarch
43 hips1991
theseand
radiolucent
lines
were
progressive.
The two
institution between
December
2007
using
the instrumented
femoral
components
that
were
re-revised
for
aseptic
loosening
showed
radiolucent
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a
lines
in nonepolished
and oneExeter
zone only.
total of 12 hips showed evidence of osteolysis.
cemented
stem A
(Stryker).
In seven hips (3.4%), progressive osteolysis was present and in five hips (2.4%)
it was non-progressive. A cyst was present in four hips (1.9%), all in zone 1. The
mean
subsidence
of MeThoDS
all femoral components was 2.8 mm (0 to 55): 21 patients
pATIenTS
AnD
(10.1%) had subsidence ≥ 5 mm. Two of these 21 hips, with subsidence of 8 mm
and
25historical,
mm, respectively,
underwent
further
arthroplasty.
The remaining
This
prospective
cohort study
wasrevision
approved
by our institutional
review
19board.
hips were still functional at the time of review or died without re-revision. In
the patients
were
re-revised
and had not
died shortly
afterbone
the grafting
femoral
Betweenwho
1991
andnot
2007,
208 consecutive
femoral
impaction
revision,
of the total
Gruenin zones
could (119
be scored
trabecular
revision 1245
arthroplasties
were 1344
performed
202 patients
women,for
83 men)
with
incorporation
(92.6%),
while
99
zones
were
obscured
by
metal
meshes.
a mean age of 65 years (30 to 86). The mean height of the patients at theSigns
time of
of
trabecular
incorporation
were
seen
in
1163
of
these
1245
zones
(93.4%)
at
the
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their
latest follow-up. A radiological example is shown in Figure 1.
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2

1

femoral revision
indication

pt

2.6

1.6

13.0

5.9

11.7

fU

Plate fixation peri-prosthetic fracture after a fall

Plate fixation peri-prosthetic fracture after a fall

Repair old nonunion greater trochanter

Debridement infection 17 days after acetabular
component re-revision

Closure skin and fascial defect

Debridement infection

Debridement infection

0.4

11.4

1.5

8.7

1.1

0.04

0.7

Re-revision: permanent excision arthroplasty for infection 3.6

Re-revision: 2-stage for infection

Re-revision: cementing femoral component 1.5 cm
higher for recurrent dislocations

Re-revision: femoral component for malpositioning

Re-revision: aseptic loosening stem and peri-prosthetic
fracture after a crush injury

Re-revision: aseptic loosening both components

irst femoral re-re ision re-operation

emoral re-operations in which the femoral component was re-re ised during follow-up

Table I||
n
total hip arthroplasties THA one or more femoral re-operations were performed. n
performed.

Re-revision: permanent excision arthroplasty
for recurrent dislocations

Re-revision: femoral component for nonunion of the fracture

Re-revision: permanent excision arthroplasty
for infection after acetabular component rerevision

Re-revision: Two-stage for infection after
acetabular component re-revision

Re-revision: Two-stage for infection

Re-revision: Two-stage for infection

0.05

2.9 & 6.2

5.4

12.8

12.6

9.8

1.3

Re-revision: permanent excision arthroplasty, 1.4
new infection

-

-

3rd-revision: Two-stage for infection. After
that stem fourth revision for dislocation

-

Leg amputation through the hip joint infection 7.3

-

fU

hips a re-re ision of the femoral component was

ater femoral re-re ision re-operation
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8.6
Readjustment irritating mesh proximal femur

10.1
Removal of irritating cerclage wire at greater trochanter
Aseptic loosening THA

Aseptic loosening THA

Pt, patient; FU, follow-up in years from index femoral revision

-

0.01
Post-operative bleeding

-

Aseptic loosening THA

Remove loose Kirschner-wire greater trochanter

3.0

6.5

Aseptic loosening THA
29

Aseptic loosening THA

Debridement infection

0.1

Biopsy greater trochanter for suspicion of malignancy

-

7.6

-

Excision sinus tract and chronic antibiotics

0.1

0.1

Debridement infection

Aseptic loosening THA

Septic loosening THA
27

28

Debridement infection

-

-

8.5

4.7

Debridement haematogenous infection after dental
procedure

Debridement infection

Aseptic loosening femoral
component

Septic loosening THA

26

-

-

Aseptic loosening THA

Aseptic loosening THA
23

Plate fixation peri-prosthetic fracture after a fall

Mesh & cerclage wires for peri-prosthetic fracture which
had occurred intra-operatively

0.1

-

1.2

-

8.9

3.7

Aseptic loosening THA

Septic loosening THA

22

21

Protrusion/ migration
hemiarthroplasty
20

Aseptic loosening THA
19

Aseptic loosening THA

Aseptic hemiarthroplasty

Aseptic loosening THA

17

Aseptic loosening THA
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Septic loosening THA

Plate fixation peri-prosthetic fracture after a crush injury

Plate fixation peri-prosthetic fracture after a fall

0.4
Plate fixation peri-prosthetic fracture after a fall

Plate fixation peri-prosthetic fracture after a fall

-

0.4

Plate fixation new peri-prosthetic fracture
distal to old plate

-

0.2

-

0.4
Plate fixation peri-prosthetic fracture after a fall

1.1
Plate fixation peri-prosthetic fracture after a fall

Plate fixation peri-prosthetic fracture after a fall

1.4

-

6.4
New plate fixation non-union old fracture

0.3
Plate fixation peri-prosthetic fracture after a fall

Plate fixation peri-prosthetic fracture after a fall

1.9

-

fU
First femoral re-operation

fU

Femoral re-operations in which the femoral component could be retained during the follow-up

Later femoral re-operation

Loss of femoral and acetabular bone stock is a major consequence of loosening in
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with
insertion of a cemented acetabular component has been performed since 1979,3,4
and in the 1980s, based on the favourable short-term results of that procedure, we
began to use this technique on a small scale for femoral component revisions. At
the same time we performed animal experiments to optimise the technique before
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting
method for femoral component revision on a regular basis, using oversized femoral
stems to impact the allograft bone. From this early experience they noted a high
incidence of varus malalignment of the femoral components.8 As a consequence
of this initial clinical experience, in 1991 the Exeter group and our unit, in
association with Howmedica International (now named Stryker Howmedica,
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive
patients for whom this procedure was performed, with a follow-up of 15 to 20
years. Meanwhile, other centres from all over the world have published promising
results using the same technique.10-16
The aim of this study was to further validate this revision technique by
reporting outcomes in the largest patient group to reach ten years’ survival
following surgery. We report the clinical and radiographic results, survival rate
and complication rate of all 208 consecutive femoral revisions performed at our
institution between March 1991 and December 2007 using the instrumented
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a
cemented polished Exeter stem (Stryker).
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This historical, prospective cohort study was approved by our institutional review
board.
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting
revision arthroplasties were performed in 202 patients (119 women, 83 men) with
a mean age of 65 years (30 to 86). The mean height of the patients at the time of
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their
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Fig. 1-A

Fig. 1-B

Fig. 1-C

figure 1
Radiographs of a man aged 73 years at the index femoral revision, which was already the third revision
of the femoral component. Image shows A) before revision for aseptic loosening of the stem, showing
extensive femoral bone stock loss, B) six weeks after revision with a 205 mm long stem to bypass the
weak distal cortical bone; three morcellised fresh–frozen femoral heads were used; and C) 11 years after
the index revision, 40 years after the primary total hip arthroplasty was undertaken. The stem is well fixed
and the graft is incorporated. Some heterotopic ossification can be observed.

Survival analysis
Kaplan–Meier analysis showed that the survival rate of the femoral component,
with re-revision for any reason as the endpoint, was 94.9% (95% CI 90.2 to
97.4) (Fig. 2-A). At ten years for femoral re-revision for aseptic loosening the
survivorship was 99.4% (95% CI 95.7 to 99.9) (Fig. 2-B) and for femoral reoperation for any reason 84.5% (95% CI 78.3 to 89.1) (Fig. 2-C). With subsidence
of the femoral component ≥ 5 mm as the endpoint the survivorship was 87.3%
(95% CI 80.5 to 91.8) (Fig. 2-D) at ten years, and for the worst-case scenario the
survival was 79.3% (95% CI 71.8 to 85.0) (Fig. 2-E). There were no significant
differences between all these endpoints when we compared the survival of
the individual Endoklinik groups using the log rank test. Also, no significant
differences were detected between the standard sized stems and the longer stems
for these endpoints. The survival of the 208 femoral revisions for different periods
of follow-up is shown in Table IV.
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Loss of femoral and acetabular bone stock is a major consequence of loosening in
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with
insertion of a cemented acetabular component has been performed since 1979,3,4
and in the 1980s, based on the favourable short-term results of that procedure, we
on a small scale for femoral Fig.
component
revisions. At
began to use thisFig.technique
2-A
2-B
the same time we performed animal experiments to optimise the technique before
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting
method for femoral component revision on a regular basis, using oversized femoral
stems to impact the allograft bone. From this early experience they noted a high
incidence of varus malalignment of the femoral components.8 As a consequence
of this initial clinical experience, in 1991 the Exeter group and our unit, in
association with Howmedica International (now named Stryker Howmedica,
Newbury, United Kingdom), developed the X-change Femoral Revision System.
our2-D
first 33 consecutive
We have previously
reported9 the long-term results for Fig.
Fig. 2-C
patients for whom this procedure was performed, with a follow-up of 15 to 20
years. Meanwhile, other centres from all over the world have published promising
results using the same technique.10-16
The aim of this study was to further validate this revision technique by
reporting outcomes in the largest patient group to reach ten years’ survival
following surgery. We report the clinical and radiographic results, survival rate
and complication rate of all 208 consecutive femoral revisions performed at our
institution between March 1991 and December 2007 using the instrumented
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a
cemented polished
Exeter stem (Stryker).
Fig. 2-E
figure 2
Graphs showing Kaplan–Meier survival curves with 95% confidence intervals shown for the endpoints A)
femoral
re-revisionAnD
for any MeThoDS
reason, B) femoral re-revision for aseptic loosening, C) femoral re-operation for
pATIenTS
any reason, D) stem subsidence of ≥ 5 mm and E) a worst-case scenario (defining re-revision, postoperative
peri-prosthetic fracture, radiographic failure or loss to follow-up as a collective endpoint).

This historical, prospective cohort study was approved by our institutional review
board.
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting
revision arthroplasties were performed in 202 patients (119 women, 83 men) with
a mean age of 65 years (30 to 86). The mean height of the patients at the time of
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their
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Table IV
Probability of survival of the 208 femoral revisions for different periods of follow-up and endpoints.
5 yrs

Re-revision for any
reason (Failures = 13)

10 yrs

Survival
(95% CI)

n

Survival
(95% CI)

n

100

97.0
(93.5 to 98.6)

175 94.9
(90.2 to 97.4)

94

175 99.4
(95.7 to 99.9)

94

Re-operation any reason
(Failures = 33)

88.2
(82.9 to 91.9)

158 84.5
(78.3 to 89.1)

82

Worst case scenario*
(Failures = 40)

86.4
(80.8 to 90.5)

137 79.3
(71.8 to 85.0)

66

Re-revision for aseptic
loosening (Failures = 2)

Subsidence ≥ 5 mm
(Failures = 21)

93.4
(88.9 to 96.1)

143 87.3
(80.5 to 91.8)

68

15 yrs

Survival
(95% CI)

n

20 yrs

Survival
(95% CI)

n

88.0
25 88.0
3
(78.3 to 93.5)
(78.3 to 93.5)

97.9
25 97.9
3
(90.9 to 99.5)
(90.9 to 99.5)
78.6
21 78.6
3
(69.8 to 85.1)
(69.8 to 85.1)

85.0
17 85.0
2
(76.4 to 90.7)
(76.4 to 90.7)

67.5
16 67.5
2
(54.1 to 77.8)
(54.1 to 77.8)

*Worst case scenario with re-revision, post-operative peri-prosthetic fracture, radiological failure or loss
to follow-up as a collective endpoint
CI, confidence interval; n, number of patients at risk

DISCUSSIon
This study has shown that good long-term results can be obtained in revision
arthroplasty using a cemented polished Exeter femoral component combined with
impaction bone allografting. The mean pre-operative HHS was 52 (19 to 95),
improving to 80 (22 to 100) by the final follow-up, and the ten-year survival rate
with the endpoint of re-revision for any reason was 95% (95% CI 90.2 to 97.4); with
the endpoint of further femoral surgery regardless of cause the rate was 85% (95%
CI 78.3 to 89.1). In our opinion, the key factor in revision surgery is adequately
management of the defects in bone stock. Impaction bone allografting is an
attractive biological method of reconstruction, as it can restore such bone loss.1,2
In other series10-16 the reported survival rates of femoral impaction bone
allografting, with re-revision for any reason as the endpoint, are generally > 90%,
with mean follow-up ranging from 6.7 to 12.8 years (Table V). Ornstein et al10
reported an excellent 15-year survival rate of 94% in a series of 1305 revisions
identified from the Swedish registry: in all 70 re-revisions were performed during
the follow-up period in that series. However, there was no analysis of clinical
scores or radiographs in that study, so potential failures or early radiographic
signs could have been overlooked. The post-operative complication rates in our
patients are similar to those in the literature (Table V). Additionally to these
clinical series, Gehkre et al26 published a short overview article on this valuable
femoral revision technique.
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7.2% fracture
5.8% dislocation
5.8% infection

7.1% fracture
4.7% dislocation
7.1% infection

90% re-revision for any reason
64% failure for any reason
(mechanical failure, revision or
clinical failure)

99% re-revision for aseptic loosening
95% re-revision for any reason
85% re-operation for any reason

2.7% fracture
4.0% dislocation
2.7% infection
92% re-operation for any reason

12.9% fracture
3.2% dislocation
NS infection

3.8% fracture
2.6% dislocation
2.6% infection
98% re-revision for aseptic loosening
93% re-revision for any reason

7.4% fracture
1.2% infection
NS dislocation

5.4% fracture
4.1% dislocation
3.9% infection
98% re-revision for aseptic loosening
84% re-operation for any reason

2.5% fracture +
infection
NS dislocation

Post-operative
complications
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100% re-revision for any reason
77% re-operation and subsidence
≥ 15 mm
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10.6
(5 to 21)
185 standard stems
23 long stems
65 (31 to 95)

F, female; M, male; NS, not specified

208/202

Current study

119:83

31/29

Ten Have et al16
(2012)

23:6

1 Grade 1
11 Grade 2
9 Grade 3
11 Grade 4

71 Grade 1
70 Grade 2
54 Grade 3
13 Grade 4

12.6
(10 to 14.7)
Standard stems
65 (35 to 82)

7.5
All long stems
74 (49 to 89)

42/40

Sierra et al15
(2008)

26:14

2 Grade 1
4 Grade 2
25 Grade 3
9 Grade 4

10.5
(6.3 to 14.1)
Standard stems
68 (35 to 87)

75/75

Wraighte et al14
(2008)

35:40

2 Grade 1
19 Grade 2
50 Grade 3
4 Grade 4

51 standard stems
27 long stems
67 (33 to 84)

0 Grade 1
22 Grade 2
42 Grade 3
14 Grade 4
32:39
78/71

540/487

1305/1188

Garvin et al13
(2013)

pATIenTS AnD MeThoDS
number of
hips/patients

12.8
(10 to 18.8)

99% re-revision for aseptic loosening
100% re-operation for any reason
(Grade 2), 81% (Grade 3) and 71%
(Grade 4)
10.4
(5 to 17)
69 standard stems
12 long stems
64 (31 to 83)

0 Grade 1
20 Grade 2
40 Grade 3
21 Grade 4

NS
297:243

NS
650:538

48:33

473 standard stems
67 long stems

71 (29 to 94)

70 (31 to 95)

Age at surgery Implants used
(yrs) (range)
endoklinik
scores
Gender
F:M

Table V
femoral impaction bone grafting results from recent different studies.

1081 standard stems 8.1
145 long stems
(5 to 18)
79 unknown

6.7
(2 to 15)

Follow-up
femoral component survival
(yrs) (range)

99% re-revision for aseptic loosening
94% re-revision for any reason

Loss of femoral and acetabular bone stock is a major consequence of loosening in
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with
insertion of a cemented acetabular component has been performed since 1979,3,4
and in the 1980s, based on the favourable short-term results of that procedure, we
began to use this technique on a small scale for femoral component revisions. At
the same time we performed animal experiments to optimise the technique before
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting
method for femoral component revision on a regular basis, using oversized femoral
stems to impact the allograft bone. From this early experience they noted a high
incidence of varus malalignment of the femoral components.8 As a consequence
of this initial clinical experience, in 1991 the Exeter group and our unit, in
association with Howmedica International (now named Stryker Howmedica,
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive
patients for whom this procedure was performed, with a follow-up of 15 to 20
years. Meanwhile, other centres from all over the world have published promising
results using the same technique.10-16
The aim of this study was to further validate this revision technique by
reporting outcomes in the largest patient group to reach ten years’ survival
following surgery. We report the clinical and radiographic results, survival rate
and complication rate of all 208 consecutive femoral revisions performed at our
institution between March 1991 and December 2007 using the instrumented
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a
cemented polished Exeter stem (Stryker).
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al11 (2011)

Ornstein et al10
(2009)

Study

This historical, prospective cohort study was approved by our institutional review
board.
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting
revision arthroplasties were performed in 202 patients (119 women, 83 men) with
a mean age of 65 years (30 to 86). The mean height of the patients at the time of
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their
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We believe the detail of our prospective follow-up data and the loss of only one
patient (0.5%) to follow-up is a major strength of our study. Our study population
was not as large as that of Lamberton et al11 (540 hips in 447 patients), but we
believe that the 208 revisions in our study help validate this revision technique
and support the conclusions of other groups. We also had a longer mean follow-up
than Lamberton et al (10.6 vs 6.7 years).
A limitation of our study was the difficulty of evaluating trabecular
incorporation and cortical remodelling in a number of Gruen zones owing to the
use of reconstruction meshes, which obscure radiographic visualisation of the
underlying bone. Unfortunately, data collection was incomplete, with a low rate
of pre-operative scoring and incomplete follow-up data. The early revisions were
performed at a time when our clinical protocols were still being developed. In
addition, radiographic analysis was incomplete in 34 hips (16.3%).
Although we could not detect any significant differences between the outcomes
for individual Endoklinik groups in our study, we agree with Garcia-Cimbrelo et
al12 that major bone defects may affect the clinical outcome. They reported on
81 hip revision procedures and compared the survival rates for the individual
Endoklinik groups. The survival rate for the endpoint of ‘re-operation for any
cause’ was 100% for grade 2, 81.2% for type 3 and 70.8% for type 4 after a mean
follow-up of 10.4 years. Femoral impaction bone grafting with the X-Change
Revision System is a technically demanding surgical technique, particularly in
severely damaged femora (Endoklinik grades 3 and 4). Before attempting this
technique in cases with more severe bone loss, experience with Endoklinik cases
grades 1 and 2 is recommended for inexperienced surgeons.
Patient compliance in the post-operative period is also essential for a successful
outcome using the femoral impaction allograft bone grafting technique. We
believe that for good incorporation of the graft with the host bone a period of
partial weight-bearing is necessary, and the patient must be able to comply both
physically and mentally. Even though our post-operative protocol has allowed
earlier weight-bearing over the years, owing to increased experience with the
technique, the prolonged restricted weight-bearing rehabilitation process can be
quite challenging for some patients.
Some promising new treatment options for femoral revision arthroplasty with
impaction allograft bone grafting have been published in recent years. Two studies
performed by Nickelsen et al27 and Wimmer et al28 reported promising mid-term
results of femoral revision using impacted morcellised allografts combined with
an uncemented stem after a mean follow-up of respectively 4.6 and 4.4 years,
and Masterson, Lidder and Scott29 found comparable survival outcomes between
an uncemented and a cemented femoral impaction grafting revision arthroplasty
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after a mean follow-up of 9.8 years for the uncemented and 6.2 years
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incidence of varus malalignment of the femoral components.8 As a consequence
of this initial clinical experience, in 1991 the Exeter group and our unit, in
association with Howmedica International (now named Stryker Howmedica,
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive
patients for whom this procedure was performed, with a follow-up of 15 to 20
years. Meanwhile, other centres from all over the world have published promising
results using the same technique.10-16
The aim of this study was to further validate this revision technique by
reporting outcomes in the largest patient group to reach ten years’ survival
following surgery. We report the clinical and radiographic results, survival rate
and complication rate of all 208 consecutive femoral revisions performed at our
institution between March 1991 and December 2007 using the instrumented
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a
cemented polished Exeter stem (Stryker).

pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review
board.
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting
revision arthroplasties were performed in 202 patients (119 women, 83 men) with
a mean age of 65 years (30 to 86). The mean height of the patients at the time of
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their
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patients for whom this procedure was performed, with a follow-up of 15 to 20
years. Meanwhile, other centres from all over the world have published promising
results using the same technique.10-16
The aim of this study was to further validate this revision technique by
reporting outcomes in the largest patient group to reach ten years’ survival
following surgery. We report the clinical and radiographic results, survival rate
and complication rate of all 208 consecutive femoral revisions performed at our
institution between March 1991 and December 2007 using the instrumented
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a
cemented polished Exeter stem (Stryker).

pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review
board.
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting
revision arthroplasties were performed in 202 patients (119 women, 83 men) with
a mean age of 65 years (30 to 86). The mean height of the patients at the time of
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their
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ABSTRACT
Introduction
Despite improvements in the technique of femoral impaction bone grafting,
reconstruction failures still can occur. Therefore, the aim of our study was to
determine risk factors for the endpoint re-revision for any reason.
Methods
We used prospectively collected demographic, clinical and surgical data of all
202 patients who underwent 208 femoral revisions using the X-change Femoral
Revision System (Stryker-Howmedica), fresh-frozen morcellised allograft and a
cemented polished Exeter stem in our department from 1991 to 2007. Univariable
and multivariable Cox regression analyses were performed to identify potential
factors associated with re-revision.
Results
The mean follow-up was 10.6 (5-21) years. The cumulative re-revision rate was 6.3%
(13/208). After univariable selection, sex, age, body mass index (BMI), American
Association of Anesthesiologists (ASA) classification, type of removed femoral
component, and mesh used for reconstruction were included in multivariable
regression analysis. In the multivariable analysis, BMI was the only factor that was
significantly associated with the risk of re-revision after bone impaction grafting
(BMI ≥30 vs. BMI <30, HR = 6.54 [95% CI 1.89-22.65]; p = 0.003).
Conclusions
BMI was the only factor associated with the risk of re-revision for any reason.
Besides BMI also other factors, such as Endoklinik score and the type of removed
femoral component, can provide guidance in the process of preclinical decision
making. With the knowledge obtained from this study, preoperative patient
selection, informed consent, and treatment protocols can be better adjusted to the
individual patient who needs to undergo a femoral revision with impaction bone
grafting.
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used the X-change femoral instrumented revision system (Stryker-Howmedica)
in all hips.
In patients who need to undergo a femoral revision without bone stock defects
and have an intact cement mantle below the lesser trochanter, we generally choose
to perform a cement-in-cement revision.10 In femoral revisions without bone stock
loss, or in patients with bone stock loss and a weak physical condition and/or very
old age, we generally choose to perform a cemented revision with a polished stem
without bone impaction grafting. These patients were excluded from the current
study.
Characteristics of study cohort
Between March 1991 and December 2007, 202 patients (119 female [57%])
underwent 208 consecutive femoral revisions using bone impaction grafting and

Table I
Demographic features of the study cohort.
Variable

Total
(n=208)

Sex
Female
Male

122 (59%)
86 (41%)

Age (range)

65 (30 to 86)

BMI, kg/m2 (SD)

BMI category, kg/m2
< 30.00
≥ 30.00
ASA classification
1
2
3

Indication femoral revision
Aseptic loosening
Septic loosening
Other*

Type femoral revision
Total hip arthroplasty
Only femoral component
Conversion hemi-arthroplasty
Preoperative Endoklinik score
1
2
3
4

26.5 (3.9)

175 (84%)
33 (16%)
68 (33%)
101 (48%)
39 (19%)
154 (74%)
36 (17%)
18 (9%)
155 (75%)
37 (18%)
16 (8%)
71 (34%)
70 (34%)
54 (26%)
13 (6%)

Pre- or intraoperative femoral fracture# or cortex deficiency
No
Yes

150 (72%)
58 (28%)
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risk factors, the results of this valuable technique in revision hip arthroplasty can
be further improved.
ReSUlTS
The
cumulative incidence of the endpoint femoral re-revision for any reason
MeThoDS
was 6.3% (13/208 patients). The most common reason for a re-revision was a
postoperative
(7/13 patients, 53.8%). In Table II a comprehensive
Selection ofinfection
study cohort
overview
these 13 re-revisions
is presented.
The clinical
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preoperative
and postoperative
data
on all
6
analyses
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patient cohort
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patientsofwho
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component
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The results
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analysesinare
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[95%This
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presented
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III.March
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HR = 2.122007.
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to perform all femoral revisions with bone stock loss with this technique, and we
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Table II
Overview of the 13 femoral re-revisions for any reason.
Femoral re-revisions for any reason
Pt.

Indication index revision

Indication femoral re-revision for any reason

2

Aseptic loosening THA

Aseptic loosening and periprosthetic fracture after a crush injury

1
3
4

Septic loosening THA

Aseptic loosening THA
Septic loosening THA

5

Aseptic loosening THA

7

Aseptic loosening THA

6

8
9

10
11

12
13

Malpositioning femoral
component

Aseptic loosening

Two stage revision for infection

2.6

Permanent excision arthroplasty for infection

1.4

Two stage revision for infection

1.3

Recementing femoral component 1.5cm higher for recurrent
dislocations
Permanent excision arthroplasty for infection

Aseptic loosening THA

Two stage revision for infection

Aseptic loosening stem

Aseptic hemiarthroplasty

5.9

13.0

Two stage revision for infection

Aseptic loosening THA
(combined with a preoperative
femoral fracture)

11.7

Malpositioning femoral component

Aseptic loosening stem

Aseptic hemiarthroplasty

FU

Permanent excision arthroplasty for infection

Non-union of a postoperative periprosthetic fracture

Permanent excision arthroplasty for recurrent dislocations

1.6

3.6

0.05
9.8

12.6

12.8
5.4

Pt. = patient; THA = total hip arthroplasty; FU = follow-up in years after the index femoral revision when
the re-revision was performed

BMI <30, univariable HR = 5.21 [95% CI, 1.75-15.52]; p = 0.003), ASA (ASA
grade 2 vs. ASA grade 1, univariable HR = 4.68 [95% CI, 1.01-21.66] and ASA
grade 3 vs. ASA grade 1, univariable HR = 1.34 [95% CI, 0.12-15.01]; p = 0.09),
type of removed femoral component (cemented vs. uncemented, univariable HR =
0.42 [95% CI, 0.14-1.28]; p = 0.13), and mesh used for reconstruction (univariable
HR = 2.11 [95% CI, 0.69-6.46]; p = 0.19) were included in multivariable regression
analysis. BMI (BMI ≥30 vs. BMI <30, HR = 6.54 [95% CI, 1.89-22.65]; p = 0.003)
was the only factor that was significantly associated with femoral re-revision for
any reason in multivariable analysis (Table III and Fig. 2).
DISCUSSIon
In order to improve the results of femoral revisions performed with impaction
bone grafting, our goal was to determine which demographic, clinical and
surgical characteristics were associated with the risk for a re-revision for any
reason. The most important finding in the present study was that patients with a
BMI of ≥30 have a higher risk for re-revision for any reason compared to patients
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Table III
InTRoDUCTIon
Univariable and multivariable-adjusted risk of re-revision for any reason following cemented femoral
revision with use of impaction bone grafting.

Femoral impaction bone grafting
is a biological
reconstruction which replenishes
Total
Re-revision Univariable hazard Multivariable
(n=208)
(n=13)
ratio (95%
CI)
model hazard ratio
bone stock defects in revision total hip arthroplasty
(THA)
by impacting
fresh(95% CI)
frozen
morcellised
allograft
within
the
femoral
medullary
canal
before
insertion
Sex
p = 0.18
p = 0.09
ofFemale
a cemented stem.
122
7 (6%)
Male
86
(0.70 - 6.38)
3.08 (0.86 – 11.09)
Long-term follow-up data are
now6 (7%)
available2.12
showing
excellent
survivorship
Age
208
13 (6%)
p = 0.048
p = 0.21
for the endpoint re-revision for aseptic loosening,
ranging
100%
0.96 (0.93
- 1.00) from
0.9798%
(0.93 –to
1.02)
1-70.003
p=
p = 0.003
Body
mass
index, kg/m
after
a mean
follow-up of between 7 and 17 years.
< 30.00
175
7 (4%)
Nevertheless, despite technical
like(1.75
the–use
of specially
≥ 30.00
33 improvements
6 (18%)
5.21
15.52)
6.54 (1.89 –designed
22.65)
ASA
classification femoral revision systems (introduced
p = 0.09
= 0.11
in 1991) andp longer
stems to
instrumented
1
68
2 (3%)
for any4.68
reason
bypass
weak cortical areas,8,9 re-revisions
2
101
10 (10%)
(1.01 – still
21.66)occur
4.21 with
(0.86 – survival
20.58)
3
39
1 (3%) are quite
1.34 (0.12
– 15.01)
0.95
(0.08 – 10.89)
results
acceptable,
however
in our
ranging
from 93% to 96%.1,5-7 These
Indication femoral revision
p = 0.68
opinion
further improvements154of this9 (6%)
valuable technique for femoral revision
Aseptic loosening
Septic loosening
36
2 (6%)
0.92
(0.20 factors
– 4.25)
surgery
can be achieved by proper
identification
of risk
for re-revision.
Other
18
2 (11%)
1.92 (0.42 – 8.92)
The only study that reported on factors passociated
with re-revision in
Type femoral revision
= 0.30
Total hip arthroplasty
155
9was
(6%) performed by Lamberton et al.3 They
femoral
impaction grafting revisions
Only femoral component
2 (5%)
1.02 (0.22 – 4.75)
concluded
that the indication 37
for femoral
revision
surgery and the use of any
Conversion hemiarthroplasty
16
2 (13%)
3.47 (0.71 – 16.95)
kind of reinforcements
were factors that significantly
Preoperative
Endoklinik score
p = 0.47increased the risk of failure
1
71
6 (8%)
for
any reason. However, several
potential
important
risk factors for re-revision
2
70
4 (6%)
0.65 (0.18 – 2.31)
1 (2%) classification,
0.23 (0.03 – 1.89)
in3 femoral revisions, such as 54Endoklinik
American Association
4
13
2 (15%)
1.34 (0.27 – 6.74)
of Anesthesiologists (ASA) classification and the type of the removed femoral
Pre- or intraoperative femoral fracture or
p = 0.58
component
cortex
deficiency were missing.
No
150
10 (7%)
Therefore, we designed this
study
to identify
demographic, clinical and
Yes
58
3 (5%)
0.69 (0.19 – 2.52)
surgical
risksurgeries
factorsonfor
re-revision for any reasonp =in0.98
femoral revisions performed
Number
of earlier
affected
hip
with
use of impaction bone grafting.
Our
rationale was that by identifying these
1-2
127
8 (7%)
risk
technique0.94
in (0.28
revision
3-4 factors, the results of this valuable
63
4 (6%)
– 3.13)hip arthroplasty can
5 or more
18
1 (6%)
0.83 (0.10 – 6.66)
be further improved.

Variable

2

Earlier femoral component revision
No
Yes
Removed femoral component
MeThoDS
Uncemented
Cemented

137
71

8 (6%)
5 (7%)

45
163

5 (11%)
8 (5%)

Femoral component used
Selection
ofstem
study cohort 185
Standard length
Long
stem
(>205mm)
23
We used prospectively collected

12 (6%)

p = 0.83

1.13 (0.37 – 3.45)
p = 0.13

p = 0.54

0.42 (0.14 – 1.28)

0.67 (0.19 – 2.40)

p = 0.92

1 (4%)
0.90
– 7.03)
preoperative
and(0.12postoperative
data on all
Mesh used
p = 0.19
p = 0.25
patients
who
underwent
a
femoral
component
revision
with
use
of
a cemented
No
120
5 (4%)
Yes
88
8
(9%)
2.11
(0.69
–
6.46)
2.04
(0.61
– 6.82)
polished Exeter stem (Stryker-Howmedica) and impaction bone allografting
in our
Femoral osteotomy performed
p = 0.80
department
between
March
1991
and
December
2007.
This
study
is
a
consecutive
No
176
11 (6%)
unselected
series, including the32learning
curve of0.83
the(0.18
very– 3.73)
first cases. Our policy is
Yes
2 (6%)
to perform all femoral revisions with bone stock loss with this technique, and we
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Table III, continued
Table
III, continued
Variable
Variable

Total
(n=208)
Total
(n=208)

Re-revision
(n=13)
Re-revision
(n=13)

Univariable hazard
ratio (95% CI)
Univariable hazard
ratio
(95% CI)
p = 0.25

Multivariable
model hazard ratio
Multivariable
(95%
CI)
model hazard ratio
(95% CI)

Cerclage wires used
No
100
4 (4%)
Cerclage
p = 0.25
Yes wires used
108
9 (8%)
2.01
(0.62 – 6.53)
No
100
4 (4%)
Yes
108
9 (8%)
2.01 (0.62 – 6.53)
n = number of patients; CI = confidence interval; ASA = American Society of Anesthesiologists
Overall multivariable model fit: LR χ2 (7; representing df) = 29.25, p < 0.001)
n = number of patients; CI = confidence interval; ASA = American Society of Anesthesiologists
Overall multivariable model fit: LR χ2 (7; representing df) = 29.25, p < 0.001)

figure 2
Kaplan–Meier curves showing re-revision free survival for patients with BMI <30 and BMI ≥30. Uncertainty
figure
2 by 95% CIs and the numbers-at-risk at the bottom of the graph.
is
shown
Kaplan–Meier curves showing re-revision free survival for patients with BMI <30 and BMI ≥30. Uncertainty
is shown by 95% CIs and the numbers-at-risk at the bottom of the graph.
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used femoral component), and the use of prospectively collected data.
Some limitations have to be discussed. First, we dichotomised a number of
variables (e.g. BMI). By the use of various cut points in different studies results
may be difficult to compare. In addition, information is lost, e.g. every value
above the cut point is considered equal, and so the statistical power to detect a
relation might be reduced.16 Second, the number of re-revisions in our patient
population was rather low (13 cases), potentially reducing the statistical power to
detect a relationship. Rules of thumb, such as that logistic and Cox models should
be used with a minimum of 10 outcome events per predictor variable, are useful
signals for potential inaccuracies (e.g. reduction of statistical power).17,18 However,
it has also been reported that these numbers might be a bit too conservative.19
In conclusion, BMI was the only factor associated with the risk of rerevision for any reason. We acknowledge that a BMI ≥30 is no hard evidence
for a negative outcome after a femoral revision using impaction bone grafting,
but a factor that can be used as guidance in the process of preclinical decision
making. Nevertheless, also factors that were nonsignificantly associated with the
risk of re-revision, such as the higher failure rates for Endoklinik grade 4 and the
revisions of uncemented stems, can obviously provide valuable information in
this process. With the knowledge obtained from this study, preoperative patient
selection, informed consent and treatment protocol can be better adjusted to the
individual patient who needs to undergo a femoral revision with impaction bone
grafting.
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a femoral component revision with use of a cemented
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polished Exeter stem (Stryker-Howmedica) and impaction bone allografting in our
department between March 1991 and December 2007. This study is a consecutive
unselected series, including the learning curve of the very first cases. Our policy is
to perform all femoral revisions with bone stock loss with this technique, and we
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Chapter 5

ABSTRACT
In this retrospective study, we investigated the results of revision total hip
replacement (THR) using a cemented long-stemmed Exeter femoral component,
with a minimum length of 205 mm in patients with extensive femoral bone defects.
The study included 37 consecutive patients with a mean age of 76 years (39 to 93)
and a mean follow-up of nine years (5 to 16). A total of 26 patients (70%) had a
pre-operative Endo-Klinik score of 3 or 4. Impaction bone grafting was used in 24
patients (65%). At the time of evaluation, 22 patients (59%) were still alive and were
evaluated clinically and radiologically. A total of 14 patients died during followup and their data were included until the time of their death. One reconstruction
failed after five years and five months owing to recurrent dislocation: the hip was
converted to an excision arthroplasty. Intra-operative fractures or fissures were
encountered in nine patients (24%), but none occurred during impaction of the
bone graft. Post-operative peri-prosthetic fractures occurred in two patients (5%);
both were treated with plate fixation. At nine years, survival with the endpoint of
all-cause re-revision was 96.3% (95% CI 76.4 to 99.5); including re-operations
for any reason, it was 80.7% (95% CI 56.3 to 92.3%). There were no re-revisions
for aseptic loosening.
The survival of long stem cemented femoral components following revision
THR is satisfactory in a fragile population with extensive femoral defects.
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patient demographics
There were 17 men (46%) and 20 women (54%) with a mean age of 76 years
(39 to 93) at the time of surgery. The indications for femoral revision were:
aseptic loosening in 23 (62%), septic loosening in five (14%), dislocation in
two (5%), chronic pain in two (5%), and aseptic loosening with fracture of the
component in one (3%). The remaining four patients (11%) underwent revision
for peri-prosthetic fracture; two had a fracture following trauma, and two had a
pathological fracture secondary to aseptic loosening. According to the Vancouver
classification,6 one fracture was type B2 and two were type B3. We were unable
to classify the last fracture as the patient was referred from elsewhere and no preoperative radiographs were available at the time of review.
All patients with a proven pre-operative infection or intra-operative suspicion
of an infection were treated with a two-stage procedure, and systemic antibiotics
appropriate to the infecting organism were administered for at least six weeks prior
to the revision. In total there were six patients treated with a two-stage revision. In
one of these the cultures were negative.
The demographics of the patients are shown in Table I.
Operative technique
We used a posterolateral approach in all patients. All revisions with IBG were
performed using the X-change Revision System (Stryker) as described by Schreurs
et al.7 The OSCAR (Orthosonics, Maidenhead, United Kingdom) ultrasonic device
was used to remove cement from the femoral cavity. A total of 27 wire meshes
were used in reconstructions in 22 patients (59%). Most of these were used in
the calcar region (17 hips in 17 patients). Femoral strut grafts (one patient) and
prophylactic femoral plating (one patient) were used if the degree of femoral bone
loss was excessive. All four available lengths of the Exeter femoral component
were used. The 205 mm component was used in 30 patients (81%), 220 mm in
four (11%), 240 mm in two (5%) and 260 mm in one (3%). The primary acetabular
components were stable in eight patients (22%); the component was revised in 18
patients (49%) for aseptic loosening and in five (14%) for septic loosening. The six
remaining patients (16%) underwent conversion from hemiarthroplasty to THR.
All revisions were performed using Simplex Bone Cement loaded with 500 mg
erythromycin and 3000000 IU colistin (Stryker).
Post-operative protocol
The post-operative protocol changed during the study period as a result of
increased experience with the IBG technique. In early cases, all patients had
six weeks of bed rest with passive movement of the hip, followed by six weeks’
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Table I
patient characteristics.
No

Gender

Age
(years)

Indication

Type of revision Type of implant

Previous
femoral
revisions /
previous
operations
(n/n)

EndoKlinik

1

F

77

Aseptic loosening + fracture

Stem

Exeter 205 mm
44 mm nr2

2/4

4

2

M

54

Septic loosening

THA

Exeter 205 mm
44 mm nr2

0/5

4

3

F

78

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2

2/3

3

4

F

79

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2

1/3

3

5

F

86

Aseptic loosening + fracture

Stem

1/2

4

F

84
52

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2

3

F

Conversion to
THA

0/1

7

Dislocation of the
hemiarthroplasty

Exeter 205 mm
44 mm nr2

6

Exeter 205 mm
44 mm nr2

0/2

3

8

F

84

Trauma

Stem

0/1

3

9

F

83

Aseptic loosening + stem
fracture

THA

Exeter 205 mm
44 mm nr2

Exeter 205 mm
44 mm nr2

1/4

3

10

F

85
82

Aseptic loosening

Stem

Exeter 205 mm
44 mm nr2

2

M

Conversion to
THA

0/1

11

Aseptic loosening of
hemiarthroplasty

1/2

3

12

M

82

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2

0/1

2

13

M

73

Aseptic loosening

Stem

Exeter 205 mm
44 mm nr2

2/4

3

14

F

65

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2
Exeter 205 mm
44 mm nr2

0/2

3

15

M

78

Aseptic loosening

THA

1/2

2

16

F

73

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2
Exeter 220 mm
44 mm nr3

1/4

4

17

F

80

Aseptic loosening

THA

0/1

2

18

M

88

Trauma

THA

Exeter 205 mm
44 mm nr2

1/2

3

19

F

86

Chronic pain

Conversion to
THA

Exeter 240 mm
44 mm nr3

0/1

3

Exeter 260 mm
44 mm nr3

No, patient; F, female; M, male; THA, total hip arthroplasty; n, number; IBG, impaction bone grafting; Y, yes; N, no
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Table I, continued
No

Gender

Age
(years)

Indication

Type of revision Type of implant

Previous
femoral
revisions /
previous
operations
(n/n)

EndoKlinik

20

M

85

Aseptic loosening

Stem

0/2

2

21

F

80

22

M

39

Aseptic loosening of
hemiarthroplasty

Septic loosening

Conversion to
THA

THA

Exeter 205 mm
44 mm nr2

0/2

2

Exeter 205 mm
44 mm nr2

1/4

2

23

F

66

Chronic pain

THA

Exeter 205 mm
44 mm nr2

0/1

3

24

M

71

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2

0/1

3

25

F

72

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2

1/2

3

26

M

70

Septic loosening

THA

Exeter 205 mm
44 mm nr2

0/4

3

27

F

84

28

M

87

Dislocation of the
hemiarthroplasty

Aseptic loosening

Conversion to
THA

Exeter 220 mm
44 mm nr3

0/1

3

THA

Exeter 205 mm
44 mm nr2

1/2

3

29

M

71

Aseptic loosening

Stem

Exeter 220 mm
44 mm nr3

0/1

2

30

F

86

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2

0/1

2

31

M

71

Septic loosening

THA

Exeter 205 mm
44 mm nr2

1/3

2

32

M

73

Aseptic loosening

Stem

Exeter 205 mm
44 mm nr2

0/1

3

33

F

93

34

M

85

Aseptic loosening of
hemiarthroplasty

Septic loosening

Conversion to
THA

Exeter 220 mm
44 mm nr3

0/1

4

THA

Exeter 205 mm
44 mm nr2

0/2

2

35

M

70

Aseptic loosening

THA

Exeter 205 mm
37.5 mm nr1

0/1

4

36

M

53

Aseptic loosening

THA

Exeter 205 mm
44 mm nr2

1/5

3

37

F

76

Aseptic loosening

THA

0/1

3

Exeter 240 mm
44 mm nr3

Exeter 205 mm
44 mm nr2

No, patient; F, female; M, male; THA, total hip arthroplasty; n, number; IBG, impaction bone grafting; Y, yes; N, no
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6 weeks toe-touch, 6
weeks 50%

Functional mobilisation
Functional mobilisation

YThis N
0
N was approved
Y
2by our institutional
5.09
Nreview6 board.
weeks bed
rest,
6
retrospective
study
All
patients
weeks toe-touch, 6
undergoing femoral revision between September 1996 and August
weeks 50%2007 were
Yeligible
Y

1
Nexcept for
N those0 undergoing
5.44revision
N for tumour,
6 weeks toe-touch,
for inclusion,
which 6were
weeks 50%
excluded. No patients were excluded based on the extent of pre-operative bone loss.
Y
N
1
N
N
0
4.78
N
6 weeks toe-touch, 6
During the study period, 281 femoral revisions were performed.
weeks 50%The Exeter
long-stemmed femoral component (with a length of at least 205 mm) was used
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%).
The remaining 13 either had sufficient bone stock pre-operatively, medical
comorbidities which contraindicated a prolonged operating time, or were too
elderly to consider a biological reconstruction.
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Statistical analysis
Kaplan–Meier survival analysis15 was performed for four different endpoints:
re-revision for any reason, re-revision for aseptic loosening, radiographic failure
(subsidence ≥ 5 mm), and re-operation for any reason. Analyses were performed
using Prism v.4.0 (GraphPad Inc., La Jolla, California).
ReSUlTS
The mean follow-up was nine years (5 to 13), at which time 22 patients (59%)
with a mean age of 80 years (47 to 100) were alive. Clinical scores, which were
available for ten pre-operative patients and 30 post-operative patients, are given
in Table II. One patient (3%) was lost to follow-up after approximately six years,
and the data collected were used until this point.
A total of three elderly patients (8%) aged between 84 and 86 years died
within the first two months after revision surgery. One patient, with significant
comorbidity (ASA 3), underwent revision for peri-prosthetic fracture and died
of acute pulmonary oedema in the immediate post-operative period. A second
patient, also ASA class 3, had pre-existing congestive heart failure and underwent
revision for protrusion of a hemiarthroplasty into the pelvis. The patient died of a
myocardial infarction 13 days after surgery. The third patient (ASA 2) underwent
revision for aseptic loosening but died following a stroke 14 days after operation.

Table II
Clinical scores at a mean follow-up of six years.
Clinical score

n

Pre-operative

HHS

57 (19 to 84)

10

Post-operative

HHS

72 (29 to 94)

30

OHS

26 (12 to 41)

VAS rest

7 (0 to 60)

VAS activity

15 (0 to 80)

VAS satisfaction

79 (15 to 100)

Follow-up (years

6* (1 - 13)

n, number of patients with available scores; HHS, Harris hip score; OHS, Oxford hip score; VAS, visual
analogue scale.
*For some patients no clinical scores could be obtained during last follow-up, thus the follow-up for the
clinical scores is shorter than for the overall mean follow-up.
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treated with antibiotics alone. Dislocation of the revised THR occurred in three
patients, two of whom were successfully treated with a Newport anti-dislocation
brace (Orthomerica Inc., Orlando, Florida). The third patient was scheduled for
tenotomy of the adductor and iliopsoas muscles, but owing to signs of general
sepsis of unknown origin, this operation was cancelled. The patient died one
month later as a result of the general sepsis.
Radiological analysis (fig. 2)
Complete radiological follow-up was available for 32 patients (86%). Radiolucent
lines were observed in one or more Gruen zone in 12 patients (32%); five patients
(14%), one of whom had a persistent chronic infection, had radiolucent lines in
three or four Gruen zones. Overall, radiolucent lines were observed in 27 (10%)
of the 259 Gruen zones.
There was no migration of the cement mantle relative to the cortical bone in
any patient. Migration of the femoral component relative to the cement was noted

Fig. 2-A

Fig. 2-B

Fig. 2-C

figure 2
Anteroposterior radiographs, A) pre-operatively showing lysis around a loose cemented femoral
component and bulging of the femur in zones 2 to 3; B) immediately post-operatively showing
reconstruction with a 205 mm stem, impaction bone grafting and a mesh. Reconstruction of the
acetabulum was also performed, C) nine years postoperatively, showing incorporation of the graft. Both
femoral and acetabular components are radiologically stable and show no signs of loosening.
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Fig. 3-A

Fig. 3-B

figure 3
Graphs showing A) Kaplan–Meier survival curves with the endpoints of re-revision of the femoral
component for any reason, and B) re-revision of the femoral component for aseptic loosening.

available had an Endo-Klinik score of 3 or 4 (85%), whereas Howie et al20 reported
that 71 of their 137 long stemmed revisions had an pre-operative Endo-Klinik
score 3 or 4 (52%). In our population, 70% had an Endo-Klinik score of 3 (54%)
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the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most
common reason for further surgery following revision.1 The incidence of periprosthetic fractures following revision using cemented components varies between
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One
such system is the Exeter long-stemmed femoral component (Stryker, Newbury,
United Kingdom), which was introduced specifically for revision surgery in 1992.
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision
surgery under the following circumstances: in patients with extensive destruction
of bone in the proximal and middle third of the femur; in those with osteolysis at
the tip of the initial component; after distal intra-operative cortical perforation or
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral
component.5
The purpose of this study was to analyse the survival of the Exeter longstemmed femoral component following revision hip surgery, and to quantify the
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients
undergoing femoral revision between September 1996 and August 2007 were
eligible for inclusion, except for those undergoing revision for tumour, which were
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter
long-stemmed femoral component (with a length of at least 205 mm) was used
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%).
The remaining 13 either had sufficient bone stock pre-operatively, medical
comorbidities which contraindicated a prolonged operating time, or were too
elderly to consider a biological reconstruction.
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ABSTRACT
Background and purpose
Very little has been published on the outcome of femoral cemented revisions using
a third-generation cementing technique. We report the medium-term outcome of a
consecutive series of patients treated in this way.
patients and methods
This study included 92 consecutive cemented femoral revisions performed in our
department with a third-generation cementing technique and without instrumented
bone impaction grafting between 1996 and 2007. The average age of the patients
at revision was 66 (25–92) years. None of the patients were lost to follow-up. At
review in December 2013, 55 patients were still alive and had a non-re-revised
femoral revision component in situ after a mean follow-up of 11 (5–17) years.
Results
The mean preoperative Harris hip score was 50, and improved to 73 at final followup. 2 patients died shortly after the revision surgery. 1 stem was re-revised for
aseptic loosening; this was also the only case with radiolucent lines in all 7 Gruen
zones. A femoral reoperation was performed in 19 hips during followup, and in 14
of these 19 reoperations the femoral component was re-revised. Survivorship at
10 years, with femoral re-revision for any reason as the endpoint, was 86% (95%
CI: 77–92). However, excluding 8 patients with reinfections after septic index
revisions and 1 with hematogenous spread of infection from the survival analysis,
the adjusted survival for re-revision for any reason at 10 years was 92% (95% CI:
83–96). With re-revision for aseptic loosening as endpoint, the survival at 10 years
was 99% (95% CI: 90–100).
Interpretation
Femoral component revision with a third-generation cemented stem results in
acceptable survival after medium-term follow-up. We recommend the use of this
technique in femoral revisions with limited loss of bone stock.
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figure 1
figure
1 chart showing the identification of eligible patients for the study. aProximal femoral replacement
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reasons of
or eligible
because
the bone
loss was
too extensive
to perform a
prosthesis
placed
for
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women) with a mean age of 66 (25–92) years. The average weight of the patients
women) with a mean age of 66 (25–92) years. The average weight of the patients
was 73 (40–116) kg, their average height was 168 (147–198) cm, and their average
was 73 (40–116) kg, their average height was 168 (147–198) cm, and their average
body mass index (BMI) was 26 (15–44).
body mass index (BMI) was 26 (15–44).
The index femoral revision was the first in 79 of the cases, the second in 11, and
The index femoral revision was the first in 79 of the cases, the second in 11, and
the third in 2. In 69 hips, the surgery performed was a revision of both components
the third in 2. In 69 hips, the surgery performed was a revision of both components
of the THA, in 10 hips only the stem of the THA was revised, and in the remaining
of the THA, in 10 hips only the stem of the THA was revised, and in the remaining
13 hips a conversion of a hemiarthroplasty to THA with exchange of the femoral
13 hips a conversion of a hemiarthroplasty to THA with exchange of the femoral
component was performed. 87 of the 92 revision operations were performed by 1
component was performed. 87 of the 92 revision operations were performed by 1
of the 2 senior faculty surgeons (JWMG and BWS). 25 of the 29 hips with septic
of the 2 senior faculty surgeons (JWMG and BWS). 25 of the 29 hips with septic
loosening were treated with a 2-stage procedure, using systemic antibiotics to
loosening were treated with a 2-stage procedure, using systemic antibiotics to
eradicate the infecting organism for at least 6 weeks before reimplantation. The
eradicate the infecting organism for at least 6 weeks before reimplantation. The
diagnosis septic loosening in the remaining 4 hips was based postoperatively on
diagnosis septic loosening in the remaining 4 hips was based postoperatively on
bacterial cultures taken during a 1-stage revision for presumed aseptic loosening.
bacterial cultures taken during a 1-stage revision for presumed aseptic loosening.
Because many infections that occurred during follow-up after a septic index
Because many infections that occurred during follow-up after a septic index
revision were multi-microbial, in most cases it was impossible to state whether
revision were multi-microbial, in most cases it was impossible to state whether
this was a new infection with a different organism or a persistent infection with
this was a new infection with a different organism or a persistent infection with
the same organism. We therefore used the following definition of reinfection in
the same organism. We therefore used the following definition of reinfection in
this study: all infections (persistent infection with the same organism, infection
this study: all infections (persistent infection with the same organism, infection
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InTRoDUCTIon
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The postoperative regimen included systemic antibiotics (3 intravenous doses
of 1g cefazolin) for 1 day and indomethacin for 7 days to prevent heterotopic
ossification. All patients received anticoagulation with Coumadin (warfarin) or
low-molecular-weight heparin for venous thromboembolism prophylaxis for a
minimum of 6 weeks.
Clinical evaluation
A standard postoperative follow-up protocol was used, with physical and
radiographic examination at 6 weeks, 3 months, 6 months, and 1 year, and then on
an annual or biannual basis.
Clinical evaluation was performed using the Harris hip score (HHS: worst
score 0; best score 100), the Oxford hip scores (OHS: worst score 60; best score
12),11 visual analog scales (VAS)12 for pain at rest and during physical activity on
a scale from 0 (no pain) to 100 (unbearable pain), and a VAS for satisfaction on a
scale from 0 (not satisfied at all) to 100 (complete satisfaction).
Radiographic evaluation
Anteroposterior radiographs taken during the last follow-up were evaluated
and compared with earlier postoperative and preoperative radiographs. The
radiographs were scored by 2 of the authors (MTS and BWS) by consensus.
Bone stock loss was determined on preoperative radiographs and on the basis
of the intraoperative findings, and was classified according to the system of the
Endoklinik13 as grade 1 in 70 hips, grade 2 in 9, grade 3 in 12, and grade 4 in 1. To
determine the stem migration, we used a method as described by Fowler et al;14
radiolucencies (complete radiolucent lines ≥ 2 mm in width) were scored with
use of the classification system of Gruen. Radiographic failure was defined as a
circumferential radiolucent line in all 7 Gruen zones on an anteroposterior view.
Statistics
We performed a Kaplan-Meier survivorship analysis, including determination of
95% confidence intervals (CIs), using femoral re-revision for any reason and rerevision for aseptic loosening, femoral reoperation for any reason, and subsidence
of ≥ 5 mm as the endpoints. Comparisons of the survival of the different Endoklinik
groups, and of the standard stems and the long stems, were performed with the
log-rank test. We used the Wilcoxon signed rank test to compare the preoperative
and postoperative HHS and OHS.
Analysis of the data was carried out using Graphpad Prism software version
5.03 (Graphpad Software Inc., La Jolla, CA).
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InTRoDUCTIon
ethics
This study was approved by our institutional review board.
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs)
published before 1985 were not encouraging.1-3 However, once better cementing
ReSUlTS
techniques became available, the results of revisions on the femoral side
remarkably improved. Proper preparation of the femoral canal with complete
Clinical
results placement of a distal cement plug, and optimal pressurization of
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Table II
n
hips
.
one or more femoral reoperations were performed. n
the femoral component was performed
.
.

of these cases a re-revision of

emoral reoperations in which the femoral component was re-revised during the follow-up

Pt.

Revision indication

1

Septic loosening

2

Malpositioning stem

3

First femoral re-revision /
reoperation

FU

Loosening cup + femoral
mismatch

14.12

Debridement infection*

2.64

Aseptic loosening

Refixation pseudoarthrosis
greater trochanter

9.07

4

Aseptic loosening

2.66

5

Septic loosening

Permanent excision arthroplasty
infection*

4.12

7

Septic loosening

Permanent excision arthroplasty
infection*

8

Septic loosening

9

Septic loosening

10

Septic loosening

12

Septic loosening

13
14

6

Malpositioning stem

11

Two-stage rerevision infection#

2.05

Permanent excision arthroplasty
infection#

1.62

Permanent excision arthroplasty
infection#

3.81

Femoral component reimplanted
1.5 cm higher for recurrent
dislocations

0.80

Permanent excision arthroplasty
infection#

1.05

Two-stage revision infect#

2.59

Plate fixation spontaneous
periprosthetic fracture

3.84

Aseptic loosening

Debridement infection*

0.11

Septic loosening

Permanent excision arthroplasty
infection#

0.48

First femoral reoperation

FU

0.04

Recurrent dislocations

Later femoral re-revision /
reoperation

FU

Permanent excision
arthroplasty

4.71

Two-stage re-revision
infection (hematogenous
spread after open ankle
fracture)@

10.12

Re-revision femoral
component for
pseudoarthrosis
periprosthetic fracture

4.66

Re-revision for aseptic
loosening

emoral reoperations in which the femoral component could be retained during the follow-up
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Revision indication

16

Septic loosening

Debridement infection#

18

Aseptic loosening

19

Septic loosening

Plate fixation periprosthetic
fracture after fall

15
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Debridement infection#

Plate fixation periprosthetic
fracture after fall

Reconstruction of fissure greater
trochanter during cup revision

0.05

FU

0.56
5.78
0.55
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs)
published before 1985 were not encouraging.1-3 However, once better cementing
techniques became available, the results of revisions on the femoral side
remarkably improved. Proper preparation of the femoral canal with complete
cement removal, placement of a distal cement plug, and optimal pressurization of
an adequate amount of cement are essential steps for improvement of the outcome
of femoral cemented revision.
2-A improvements in cementing technique,
Fig. 2-B
As a result ofFig.
these
studies investigating
the use of these modern cementing methods in patient cohorts ranging in size from
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However,
the outcome of femoral revisions using a third-generation cementing technique
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug,
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun,
and solid pressurization) is still poorly documented. Only 2 groups have reported
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and
all the stems used were long,8 and the other group reported the results of 83 hips
after a mean of 3.6 years.9
We analyzed
the clinical and radiographic outcome,
Fig. 2-C
Fig. 2-D survivorship, and
complication
rate of all 92 consecutive cemented femoral revisions performed
Figure
2
Kaplan-Meier survival curves with re-revision of the femoral component for A) any reason, B) aseptic
with a third-generation cementing technique in our department between January
loosening, C) femoral reoperation for any reason, D) or subsidence of ≥ 5 mm as the endpoint.
1996 and December 2007.
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the survival
was 98% (95% CI: 91–99) (Fig. 2).
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reasons (patients 2–10 and 13–16 in Table II). However, 8 of these 13 patients
had reinfections after septic index revisions and 1 had a hematogenous spread
of infection (originating from an infected open ankle fracture; patient 3 in Table
II). When we excluded these 9 patients from the survival analysis, the adjusted
survival for re-revision for any reason at 10 years was 92% (95% CI: 83–96),
while the survival for reoperation for any reason was 89% (95% CI: 79–94).
Dislocations
Dislocations occurred in 12 patients. 9 of these were treated nonoperatively and
a reoperation was performed in 3 patients: in 1 patient a re-revision of only the
acetabular component was performed, in 1 a Trident constrained liner (StrykerHowmedica, Newbury, UK) was implanted, and in the last patient (no. 11 in Table
II) the femoral component was reimplanted 1.5 cm higher using a cement-incement technique. 1 patient had the femoral head exchanged for one with a larger
offset.

figure 3
) 4 -year-old woman at presentation with a loose cemented hemiarthroplasty with protrusion of the
head. B) Directly after the conversion to a total hip arthroplasty (the acetabulum was reconstructed with
metal meshes and bone impaction grafting). C) 11 years postoperatively, showing a stable femoral and
acetabular component without any signs of loosening.
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96
1st + 2nd + 3rd

2nd

97 / NS
42 F
55 M

219 / 211
121 F
98 M

Haydon
(2004)6

Howie
(2007)7

Cemented
femoral
revisions
with bone
impaction
grafting

1305 / 1188
650 F
538 M

Garcia-Cim- 81/79
48 F
brelo
33 M
(2011)21

Ornstein
(2009)20

So (2013)8

3rd

3rd

3rd

2nd

84 / 81
54 F
27 M

Gramkow
(2001)5

34 / 33
29 F
4M

2nd

399 / 283
149 F
250 M

Cemented
Raut
femoral
(1996)4
revisions
without bone
impaction
grafting

Generation
cementing
technique used
/ fixation method
uncemented
stem

Number
of hips /
patients &
sex

Study

Table III
esults of studies with a minimum mean follow-up of
grafting and uncemented femoral components.

64
(31-83)

71
(29-94)

64
(53-78)

72
(30-90)

68
(39-86)

69
(39-88)

65
(29-92)

Age at surgery (years
with range)

69 standard stems
12 long stems

1081 standard stems
145 long stems
79 unknown

All long stems (mean
stem length 176mm
(140-250))

82 standard stems
137 long stems

41 stems <210mm
56 stems 210mm

All long stems (210340mm)

All standard stems

Length of used implants

10.4
(5-17)

8.1
(5-18)

11.3
(9-15)

6
(2-18)

10.3
(5-23.2)

11.4
(7.915.0)

7.4
(3-NS)

99% re-revision for aseptic loosening
100% re-operation for any reason
(Grade 2), 81% (Grade 3) and 71%
(Grade 4)

99% re-revision for aseptic loosening
94% re-revision for any reason

100% re-revision for any reason
87% radiological stem loosening

98% re-revision for aseptic loosening
long stems, 93% standard stems

91% re-revision for aseptic loosening
87% re-revision for any reason

81% re-revision for aseptic loosening
78% re-revision for any reason

94% re-revision for any reason
92% radiological stem loosening

Follow-up Survivorship
length
(years
with
range)

7.4% fracture
NS dislocation
1.2% infection

2.5% fracture +
infection
NS dislocation

2.9% fracture
11.7% dislocation
NS infection

1.4% fracture
13.7% dislocation
3.2% infection

2.1% fracture
3.1% dislocation NS
infection

4.9% fracture
NS dislocation &
infection

0.8% fracture
1.7% dislocation
0.5% infection

Postoperative complications

ve years on femoral revisions using cemented femoral components with and without bone impaction
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100% survival (no loosening)

1.1% fracture
12.9% dislocation
1.1% infection

0% fracture
0% dislocation
3.8% infection

97% re-revision for any reason

10.8
(10-12)

NS fracture
9.7% dislocation
4.9% infection

0.6% fracture
1.3% dislocation
0% infection

100% survival ( no loosening)

6
(2.5-13)

9.1% fracture
0% dislocation
0% infection

4.5% fracture
27% dislocation
0% infection

98% re-revision for aseptic loosening
93% re-revision for any reason
12.8
(10-18.8)

3.8% fracture
2.6% dislocation
2.6% infection

100% re-revision for aseptic loosening
96% re-revision for any reason
17
(15-20)

5.4% fracture
4.1% dislocation
3.9% infection
98% re-revision for aseptic loosening
84% re-operation for any reason
6.7
(2-15)
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Femoral
revisions
using
aa
third-generation
cementing
technique
Femoral
revisions
using
third-generation
cementing
technique

F = female; M = male; NS = not specified; HA = hydroxyapatite; CAD/CAM = computer-assisted design/computer-assisted manufacture

10.7
99% re-revision for aseptic loosening
(4.6-16.6) 86% re-revision for any reason
(after excluding re-infections and hematogeneous spread infection 92%)

78 standard stems
13 long stems
1 short stem
66
(25-92)

94% re-revision for any reason
98% re-revision for aseptic loosening
14
(10-18)
Extensively
porous-coated

93 /84
36 F
48 M
Thomson
(2013)29

69
(33-86)

All long stems

92% re-revision for any reason
97% stem failure

13.9
(10.415.8)
All long stems

Rough blasted,
fluted and tapered, distally
fixed

41 / 41
29 F
12 M
Regis
(2011)28

61
(29-80)

5.7
(4-11)
All long stems

72
(NS)

Standard stem
proximally HA
coated, long
stem total HA
coated

158 / 158
61 F
97 M

Proximally
porous-coated

3rd

92 / 90
58 F
32 M

26 / 26
13 F
13 M
Amanatullah (2011)27

Current
study

22 / 22
NS F
NS M

Uncemented Adolphson
femoral
(2009)25
revisions

9787

Muirhead-Allwood
(2010)26

NS

78 / 71
32 F
39 M
Garvin
(2013)24

Te Stroet
(2012)23

33 / 33
24 F
9M

540 / 487
297 F
243 M

3rd

All surgeries were performed between January 1996 and December 2007. All data
were collected prospectively. The inclusion process for this study is shown in
Figure 1.
At our institution, we use cemented femoral components in all revision cases.
However, when there is femoral bone stock loss preoperatively or intraoperatively,
we generally use the femoral bone impaction grafting technique to reconstruct
these defects.10 All these femoral revisions, combining cement and bone impaction
grafting, were excluded from the current study. We also excluded cement-incement femoral revisions. All 92 “cement-only” femoral reconstructions were
included in this study. Osteoarthritis was the most common reason for the primary
arthroplasty and aseptic loosening was the most common reason for the revision
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them

Lamberton
(2011)22

NS

pATIenTS AnD MeThoDS

Modular, porous
plasma coated

63
(35-86)

All CAD/CAM standard stems and long
stems (numbers NS)

Standard stems and
long stems (numbers
NS)
69
(55-80)

51 standard stems
27 long stems
67
(33-84)

All standard stems

63
(33-82)

70
(31-95)

473 standard stems
67 long stems

Outcome reports of cemented revisions of failed total hip arthroplasties (THAs)
published before 1985 were not encouraging.1-3 However, once better cementing
techniques became available, the results of revisions on the femoral side
remarkably improved. Proper preparation of the femoral canal with complete
cement removal, placement of a distal cement plug, and optimal pressurization of
an adequate amount of cement are essential steps for improvement of the outcome
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating
the use of these modern cementing methods in patient cohorts ranging in size from
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However,
the outcome of femoral revisions using a third-generation cementing technique
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug,
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun,
and solid pressurization) is still poorly documented. Only 2 groups have reported
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and
all the stems used were long,8 and the other group reported the results of 83 hips
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and
complication rate of all 92 consecutive cemented femoral revisions performed
with a third-generation cementing technique in our department between January
1996 and December 2007.
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beyond 38–40 mm have not been clearly demonstrated.19
As mentioned earlier, where there is preoperative or intraoperative loss of
femoral bone stock, we generally choose to perform femoral bone impaction
grafting to reconstruct these defects, combined with a cemented stem.10 Recent
studies from several centers have shown that this femoral bone impaction grafting
technique can be rewarding in femoral revision cases with bone stock loss (Table
III).20-24 Excellent survival rates have been reported with re-revision for aseptic
loosening as the end point, generally with a survival of greater than 98%. Despite
this superior technique, we sometimes choose to perform a cemented revision
without bone impaction grafting even in case of extensive femoral bone defects
in weak or very old patients. In the current study, 13 of the 92 patients had a
preoperative Endoklinik score of 3 or more and would normally have had a bone
impaction grafting - but did not get it because of their weak physical condition
and/or very old age. No significant differences in the outcomes could be detected
between the various Endoklinik groups in our study.
Another promising option for the revision of loose femoral components is
the use of uncemented stems. Recent studies of uncemented stems with
several different fixation mechanisms have shown survival outcomes ranging
from 92% to 100% after medium-term follow-up (Table III).25-29 However,
possible drawbacks of using these uncemented components are extensive stress
shielding 25,29 and subsidence.28 Long-term results will have to prove whether
these findings can lead to complications such as loosening or fractures.
In summary, the results of cemented femoral component revisions show
acceptable survival at medium-term follow-up. We recommend the use of this
technique in femoral revisions with limited loss of bone stock and in patients who
cannot tolerate more extensive surgery with bone grafting due to their physical
condition and/or very old age. When a femoral revision must be performed in a
younger patient with extensive loss of bone stock, we recommend bone impaction
grafting using the instrumented X-change revision system.10,23
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs)
published before 1985 were not encouraging.1-3 However, once better cementing
techniques became available, the results of revisions on the femoral side
remarkably improved. Proper preparation of the femoral canal with complete
cement removal, placement of a distal cement plug, and optimal pressurization of
an adequate amount of cement are essential steps for improvement of the outcome
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating
the use of these modern cementing methods in patient cohorts ranging in size from
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However,
the outcome of femoral revisions using a third-generation cementing technique
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug,
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun,
and solid pressurization) is still poorly documented. Only 2 groups have reported
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and
all the stems used were long,8 and the other group reported the results of 83 hips
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and
complication rate of all 92 consecutive cemented femoral revisions performed
with a third-generation cementing technique in our department between January
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data
were collected prospectively. The inclusion process for this study is shown in
Figure 1.
At our institution, we use cemented femoral components in all revision cases.
However, when there is femoral bone stock loss preoperatively or intraoperatively,
we generally use the femoral bone impaction grafting technique to reconstruct
these defects.10 All these femoral revisions, combining cement and bone impaction
grafting, were excluded from the current study. We also excluded cement-incement femoral revisions. All 92 “cement-only” femoral reconstructions were
included in this study. Osteoarthritis was the most common reason for the primary
arthroplasty and aseptic loosening was the most common reason for the revision
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them

101
87

66

Chapter 7
Cement-in-cement
femoral revisions using
a specially designed
polished short revision
stem
24 consecutive stems followed for
five to seven years

Martijn A.J. Te Stroet, Sander G. Moret-Wever, Daniël C.J. de Kam,
Jean W.M. Gardeniers, B. Willem Schreurs
Hip Int 2014;24:428-433.

Chapter 7

ABSTRACT
Femoral cement-in-cement revisions are attractive if the cement bone mantle is
well fixed. However, most available cemented stems are too long to fit in the
existing cement mantle. We evaluated the medium-term outcomes of the 125
mm short tapered polished stem (Exeter Short Revision Stem (SRS)) with a 44
mm offset specifically designed to facilitate cement-in-cement revisions of hip
arthroplasties. The Exeter SRS was clinically and radiographically evaluated in
24 consecutive femoral cement-in-cement revisions (11 men, 13 women) between
July 2005 and February 2008 after a mean follow-up of six years (5-7). The mean
age at operation was 67 years (54-83). No hip was lost to follow-up, but two
patients (two hips) died. None of the deaths were related to the surgery. KaplanMeier survival analysis was performed.
Four femoral components (17%) were removed for septic loosening after a
mean of 2.4 years (0.8-4.9). Three of these hips were revised again in a twostage revision, and one was converted to a permanent excision arthroplasty. The
probability of survival with re-revision for any reason was 82% (95% CI: 58-93)
and survivorship with aseptic loosening as the endpoint was 100% at six years.
There were no additional radiological failures.
The Exeter Short Revision Stem is a valuable option for simplifying cementin-cement revisions. Despite the short stem length, at mid-term there were no
signs of instability or aseptic loosening.
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Thirteen patients were women and 11 were men, with a mean age of 67 years
(54-83). Their mean body mass index (BMI) was 26.7 kg/m2 ( 8. -33.9). Eight
femoral components were implanted on the left and 16 on the right side. The
cement-in-cement revision was the first femoral revision in patients, the second
in seven and the fourth in one patient. The mean interval since the most recent
previous operation was 10.8 years (0.4-24.1). The types of femoral components
that were removed during surgery are presented in Table I.
The indication for revision using the cement-in-cement technique was aseptic
loosening at the prosthesis cement interface in 11 patients, early proximal
loosening observed intraoperatively during acetabular revision in five, recurrent
dislocation in three, femoral stem fracture with an intact distal mantle in two,
the need to alter the version/offset of the femoral component during acetabular
revision in two and to exchange a monobloc stem with a damaged head in one
patient. In 21 patients an acetabular revision with impaction bone-grafting and a
cemented cup was performed.
Operative technique
All operations were performed through a posterolateral approach without
trochanteric osteotomy. After collecting cultures, cefazolin 2 grams were
administered intravenously. If positive gram stainings or frozen sections suspicious
for infection were seen, an excision arthroplasty was performed. After removing
the proximal cement above the shoulder of the femoral component, the original
stem was removed.

Table I
femoral implants removed.
Type of implant

Number

Chamley Elite Plus

7

Chamley Elite

Chamley Monobloc with 22 mm
fixed head

Müller Curved stem with 32 mm
fixed head

Müller Straight Stem

Osteonics Prosthesis

Exeter Standard Prosthesis

Stanmore Prosthesis
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(%)

29%

8%

2

8%

3

13%

1

3

5

1

24

4%

13%

21%

4%

100%
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If indicated, an acetabular revision was performed, and then the femoral
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ReSUlTS
Clinical results
During follow-up, two patients died (two hips) at seven and 36 months after the
index operation from causes not related to the surgery and none had a re-operation.
Clinical data were available until their time of death and are included in the
review. One patient was interviewed by telephone because she was too old to visit
our hospital, and her hip was functioning well. All other patients were followed
clinically and radiographically for a minimum of five years and no patient was lost
to follow-up. The mean follow-up was six years (5-7).
The mean HHS improved from 56 (24-99) points (n = 19) to 85 (52-100) points
(n
8) at final follow-up. The mean H s improved from 34 ( 3-53) points (n
= 19) to 19 (12-33) points (n = 18). The mean postoperative VAS for pain at rest,
pain during physical activity, and satisfaction were 8 (0-40) points, 10 (0-60) and
87 (50-100) points (all n = 18), respectively.
Surgical results
The mean surgical time was 169 minutes (79 to 260), including acetabular revision
surgery in 21 cases. In three cases only a femoral cement-in-cement revision was
performed, the operating time was 79, 96 and 135 minutes; in two of the three
patients a small hatch was created in the femoral cortex to remove the distal part
of a bro en stem. This was filled with the removed cortical bone and strengthened
with cerclage wires (Fig. 1). In four femora the short stem was combined with
impacted bone grafting proximally to reconstruct proximal bone stock loss. There
was one intraoperative complication in which a small perforation of the femoral
cortex occurred. No cement escaped.
Re-revisions
Four femoral components (17%) were removed for septic loosening after a
mean of 2.4 years (0.8-4.9). Three hips failed because of septic loosening with
coagulase negative Staphylococci (C S) at , 9 and 2 months. The first septic
loosening occurred in a patient who also had positive cultures for CNS at the
cement-in-cement revision surgery and despite antibiotic treatment failed. The
second infection occurred in a very fragile patient who had a femoral arterial
reconstruction in the groin using an artificial bypass on the same side as the
revision. This arterial reconstruction became infected as well as the underlying
hip arthroplasty. The third patient had septic loosening at 26 months after surgery.
These three hips were re-revised in a two-stage revision. A fourth hip was
converted to a permanent excision arthroplasty because of a low grade infection
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InTRoDUCTIon
Traditionally, in femoral revisions, the failed stem with the cement mantle were
removed and then a new prosthesis was inserted. However, cement removal is
difficult, time consuming and associated with cortical perforations, fractures and
bone stock damage.1,2
reenwald et al3 were the first to examine biomechanically the cement-incement technique, in which a new prosthesis is recemented within the old cement
mantle. Clinical studies of this cement-in-cement technique with short to medium
term follow-up have shown very few femoral re-revisions for aseptic loosening
and have supported the use of this technique in femoral revision surgery, provided
the cement mantle is well fixed radiologically and intra-operatively.1,4-9
In our hospital, femoral cement-in-cement revisions have been performed
routinely for many years and for several indications. However, for proper insertion
of the new stem, which has in most cases more or less the same dimension and
length as the failed stem, distal drilling of the cement and plug was often needed,
which is technically demanding and prone to complications.
In 2005, a special tapered polished short revision stem of 125 mm and with
a 44 mm offset designed for cement-in-cement revisions was introduced (Exeter
Short Revision Stem (SRS), Stryker-Howmedica, Newbury, United Kingdom).
The shortened length allows, in most cases, easy insertion into the femoral cement
mantle cavity, sometimes after some proximal cement reshaping but without
the need for distal drilling of the cement mantle. The 44 mm offset facilitates
Fig. 1-A
Fig. 1-B
reconstruction of the original anatomy and hence reduces the risk of recurrent
figure 1
dislocation, and offset issues can be addressed. However, it is uncertain if the
A) Pre-operative: 69-year-old male with a broken Charnley Elite 40 stem and aseptic loosening and
polyethylene
wear
of the
cup.polished
B) Postoperative:
Exetercement-in-cement
Short Revision Stem and
extensive
stability of
this
short
stem after
revision
is acetabular
sufficient
reconstruction and cup revision. A small hatch was created in the femoral cortex to remove the distal
to
prevent
aseptic
loosening
or
stem
fracture.
part of the stem and this was filled with the removed cortical bone and strengthened with a cerclage wire.
This historical prospective cohort study was performed to evaluate both
the clinical and radiological outcome of this stem using the cement-in-cement
with
a Staphyloccocus epidermidis 59 months postoperatively, which in retrospect
technique.
also was the cause of the loosening process during the first revision.
Radiological
MATeRIAlSresults
AnD MeThoDS
Radiographs of all 24 cases were available for analysis, but were incomplete in
one
patient because she could not visit the hospital as result of her old age. For this
patients
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the latest
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were
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In February
2013radiographs
all 24 consecutive
hips
in 24
patients who underwent a cementThere was
an average
the in
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thebetween
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our within
institute
uly 2 of51.1
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stem with
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Clinically
this hip was functioning very well (HHS 92 and VAS satisfaction 100).
after surgery.
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In five patients radiolucent lines were seen between the cement mantle and the
bone: two patients had stable lines in ruen ones and , one had a stable line
in zone 1, one had a stable line in zone 7 and one had a progressive line in zone 1.
One patient had a stable radiolucent line between the cement mantles in zone 1.
In two patients a stable osteolytic defect of 2 x 5 mm was situated in ruen
zone 1. This defect was already present preoperatively in one patient.
In
patients heterotopic ossification occurred, which was not present
preoperatively. These were classified according to roo er as class I in four, class
II in five and class III in one case.
Other complications and re-operations not related to the stem
ne patient was successfully treated with antibiotics for a superficial wound
infection. Another patient had positive cultures with CNS postoperatively
although a one stage revision was performed, because there was no suspicion of
septic loosening. This patient was treated succesfully with antibiotics and the hip
arthroplasty was saved.
Two patients needed an acetabular re-revision, one for recurrent dislocation,
and the other because of aseptic loosening of the cup.
There were no other dislocations, except the case surgically treated.
Survival analysis
The Kaplan-Meier survival analysis with re-revision of the femoral component
for any reason as the endpoint was 82% (95% CI: 58-93) at six years ( ig. 2- ).
No re-revisions for aseptic loosening were performed; hence the survival with
aseptic loosening as the end-point was 100% (Fig. 2-B).
DISCUSSIon
The Exeter Short Revision Stem simplifies cement-in-cement revision, without
the need for distal reaming or drilling. An advantage of the stem is that despite
being short it still has a 44 mm offset.
Excluding cases of septic re-revision, there were no rerevisions and no stem
fractures, as observed by O’Neill et al.15 In one asymptomatic case there was
slowly progressive subsidence, but the significance is unclear at the moment. The
short-term results of this new implant for hip revisions are promising.
A limitation of our study is that the follow-up is relatively short. However, a
minimum follow-up of five years is acceptable to define whether this new implant
for cement-in-cement revisions is likely to have acceptable outcomes. The number
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InTRoDUCTIon
Traditionally, in femoral revisions, the failed stem with the cement mantle were
removed and then a new prosthesis was inserted. However, cement removal is
difficult, time consuming and associated with cortical perforations, fractures and
bone stock damage.1,2
reenwald et al3 were the first to examine biomechanically the cement-incement technique, in which a new prosthesis is recemented within the old cement
mantle. Clinical studies of this cement-in-cement technique with short to medium
term follow-up have shown very few femoral re-revisions for aseptic loosening
and have supported the use of this technique in femoral revision surgery, provided
the cement mantle is well fixed radiologically and intra-operatively.1,4-9
Fig. 2-A
In our hospital, femoral cement-in-cement revisions have been performed
routinely for many years and for several indications. However, for proper insertion
of the new stem, which has in most cases more or less the same dimension and
length as the failed stem, distal drilling of the cement and plug was often needed,
which is technically demanding and prone to complications.
In 2005, a special tapered polished short revision stem of 125 mm and with
a 44 mm offset designed for cement-in-cement revisions was introduced (Exeter
Short Revision Stem (SRS), Stryker-Howmedica, Newbury, United Kingdom).
The shortened length allows, in most cases, easy insertion into the femoral cement
mantle cavity, sometimes after some proximal cement reshaping but without
the need for distal drilling of the cement mantle. The 44 mm offset facilitates
reconstruction of the original anatomy and hence reduces the risk of recurrent
2-B
dislocation, and offsetFig.
issues
can be addressed. However, it is uncertain if the
stability
of this short polished stem after cement-in-cement revision is sufficient
figure
2
Kaplan-Meier survival curves with endpoints re-revision of the femoral component: A) for any reason; B)
to
prevent
aseptic loosening or stem fracture.
for aseptic loosening (95% confidence intervals in broken lines).
This historical prospective cohort study was performed to evaluate both
the clinical and radiological outcome of this stem using the cement-in-cement
technique.
of patients in our series is not large, but the follow-up is complete with all clinical
data available and no patients lost to follow-up.
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cement mantle adaptations needed. In addition, as a trial stem is available, stability
can be tested before final insertion of the stem. The offset of 44 mm is attractive
as most slim standard implants which are available on the market (which could be
used for the same application) have smaller offsets related to the stem size, and
using these stems for cement-in-cement revisions can result in higher dislocation
rates. In our study the dislocation rate (we had one recurrent dislocator, 4%)
was similar to other cement-in-cement studies and less than revision of total hip
prosthesis in general.4-6,8,9 In addition, it is easy to change the stem position to
more or less anteversion while doing revisions in recurrent dislocators.
In this study, the probability of survival with re-revision for aseptic loosening
at five years (
%), was comparable to other clinical cement-in-cement studies,
which also report no aseptic loosening of the femoral component.1,4-9 Duncan et
al1 reported the largest number of patients and longest follow-up and described
survival with rerevision for any reason of 97.8% at three years follow-up. The
other studies show similar survival rates of 95-100% at short term follow-up. The
lower overall survival in our study relates to the four cases in which removal of
the prosthesis was needed because of an infection, which is a higher rate compared
to the other cement-in-cement studies.4-6,8,9 However, two of these four cases
were (retrospectively) classified as septic revisions based on the intra-operative
cultures. s expected, there was significant improvement of all clinical outcome
measurements at latest follow-up.
This study confirms that the Exeter Short Revision Stem is a valuable new
design for the orthopaedic armamentarium to improve the outcome of cement-incement femoral revisions. Despite the short stem length, at mid-term there were no
signs of instability or aseptic loosening. We will continue to follow these patients
as longer follow-up is needed to define the true clinical value of this new stem.
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Chapter 8

ABSTRACT
We present the results of 62 consecutive acetabular revisions using impaction
bone grafting and a cemented polyethylene acetabular component in 58 patients
(13 men and 45 women) after a mean follow-up of 27 years (25 to 30). All patients
were prospectively followed. The mean age at revision was 59.2 years (23 to 82).
We performed Kaplan–Meier (KM) analysis and also a Competing Risk (CR)
analysis because with long-term follow-up, the presence of a competing event (i.e.
death) prevents the occurrence of the endpoint of re-revision.
total of 48 patients (52 hips) had died or had been re-revised at final review
in March 2011. None of the deaths were related to the surgery. The mean Harris
hip score of the ten surviving hips in ten patients was 76 points (45 to 99).
The KM survivorship at 25 years for the endpoint ‘re-revision for any reason’
was 58. % (95% confidence interval (CI) 38 to 3) and for re-revision for aseptic
loosening’ 72.1% (95% CI 51 to 85). With the CR analysis we calculated the
KM analysis overestimates the failure rate with respectively 74% and 93% for
these endpoints. The current study shows that acetabular impaction bone grafting
revisions provide good clinical results at over 25 years.

116

Acetabular
revisions
with
impaction
bone
grafting
Acetabular
revisions
with
impaction
bone
grafting

InTRoDUCTIon
InTRoDUCTIon
The
Thesurgical
surgicalmanagement
managementofofthe
thebone
bonedeficient
deficientacetabulum
acetabulumisisone
oneofofthe
thegreatest
greatest
11
challenges
challengesininhip
hipsurgery.
surgery. The
Theaims
aimsofofacetabular
acetabularrevision
revisionsurgery
surgeryinclude
include
the
therestoration
restorationofofhip
hipbiomechanics,
biomechanics,the
theprevention
preventionofoffurther
furtherbone
boneloss
lossand
and
ideally
ideallytotopromote
promotenew
newbone
boneformation.
formation.Impaction
Impactionallograft
allograftbone
bonegrafting
graftingisisanan
2,32,3
attractive
attractivebiological
biologicalmethod
methodofofreconstruction,
reconstruction,since
sinceititcan
canrestore
restorethe
thebone
boneloss.
loss.
Impaction
Impactionbone
bonegrafting
graftinghas
hasproven
provenitsitsvalue
valueatatover
over3030years
yearssince
sinceintroduction
introduction
44
5-95-9
and
We
andthe
thesuccess
successhas
hasbeen
beenreproduced
reproducedwidely.
widely.
Wehave
have
bybythe
theNijmegen
Nijmegengroup
group
previously
previouslydescribed
describedthe
theoutcome
outcomeofofthe
theacetabular
acetabularrevisions
revisionswith
withimpaction
impaction
allograft
allograftbone
bonegrafting
graftinginincombination
combinationwith
witha acemented
cementedacetabular
acetabularcomponent,
component,
10-12
10-12
Nevertheless,
Nevertheless,only
only
with
withacceptable
acceptableresults
resultsupuptoto2525years
yearsofoffollow-up.
follow-up.
continued
continuedlong-term
long-termclinical
clinicalfollow-up
follow-upcan
canshow
showthe
thetrue
truevalue
valueofofa atechnique.
technique.
This
Thisstudy
studyprovides
providesananupdate
updateononthe
theoutcome
outcomeofofthis
thisseries
seriesofofpatients
patientsatat2525toto
3030years
yearsafter
aftersurgery.
surgery.However,
However,with
withvery
verylong
longfollow-up,
follow-up,the
thecommonly
commonlyused
used
Kaplan–Meier
Kaplan–Meier(KM)
(KM)survivorship
survivorshipanalysis
analysisintroduces
introducespotential
potentialbias
biasbybyignoring
ignoring
the
the‘competing
‘competingevents’
events’that
thatcan
canoccur
occurduring
duringthe
theextended
extendedfollow-up
follow-upperiod
period(i.e.
(i.e.
death
deathfrom
fromunrelated
unrelatedcauses).
causes).Therefore,
Therefore,ininaddition
additiontotosurvivorship
survivorshipanalysis
analysiswe
we
have
havealso
alsoperformed
performeda aCompeting
CompetingRisk
Risk(CR)
(CR)analysis,
analysis,ininorder
ordertotoassess
assessififthis
this
method
methodindicates
indicatesbetter
betterthe
therisk
riskofofneeding
needingfurther
furtherrevision
revisionsurgery.
surgery.
pATIenTS
pATIenTSAnD
AnDMeThoDS
MeThoDS
Between
BetweenJanuary
January1979
1979and
andMarch
March1986,
1986,6262acetabular
acetabularrevision
revisionarthroplasties
arthroplasties
were
wereperformed
performedusing
usingimpacted
impactedmorsellised
morsellisedbone
boneallografts
allograftsand
anda acemented
cemented
acetabular
acetabularcomponent
componentinin5858patients
patientswith
witha afailed
failedtotal
totalhip
hiparthroplasty
arthroplasty(THA).
(THA).
All
Allpatients
patientswere
wereprospectively
prospectivelyfollowed.
followed.Revision
Revisionsurgery
surgerywas
wasundertaken
undertakenonon4444
cemented
cementedand
andsix
sixun-cemented
un-cementedTHAs,
THAs,nine
ninedouble-cup
double-cupresurfacing
resurfacingarthroplasties
arthroplasties
and
andthree
threefailed
failedhemi-arthroplasties
hemi-arthroplastieswith
withmigration
migrationofofthe
thefemoral
femoralhead
headinto
intothe
the
acetabulum.
acetabulum.The
Theoriginal
originaldiagnosis
diagnosiswas
wasprimary
primaryosteoarthritis
osteoarthritis(OA)
(OA)inin2929hips
hips
and
andsecondary
secondaryOA
OAinin29,
29,mainly
mainlyasasa aconsequence
consequenceofofchildhood
childhoodhip
hipdisorders,
disorders,
and
andininfour
fourhips;
hips;rheumatoid
rheumatoidarthritis.
arthritis.The
Theindication
indicationfor
forrevision
revisionsurgery
surgerywas
was
either
eitheraseptic
aseptic(58
(58hips)
hips)ororseptic
septic(four
(fourhips)
hips)loosening.
loosening.Previous
Previousrevision
revisionsurgery
surgery
had
hadbeen
beenundertaken
undertakeninintwo
twopatients,
patients,once
onceand
andtwice,
twice,respectively.
respectively.The
Thegroup
group
comprised
comprised1313men
menand
and4545women
womenwith
witha amean
meanage
ageatatrevision
revisionofof59.2
59.2years
years(23
(23toto
82).
82).AAtotal
totalofof3737(60%)
(60%)procedures
procedureswere
wereleft
leftsided.
sided.

117
117

88

Chapter 8

erative techni ue
The posterolateral approach was used in all patients. After removal of the
components, samples from the tissue interface, between the components and bone,
ere sent for fro en section and ram staining to detect ossible infection t o
stage procedure was performed in the four hips with known septic loosening and in
seven hips with suspected infection. All debris and interface tissue were removed
and segmental defects in the wall of the acetabulum were reconstructed with the
use of metal meshes (Stryker, Newbury, United Kingdom). In nine early cases,
autografts from the iliac crest were used. Later in the series, auto- and allografts
were combined in 16 hips and allografts alone were used in 37. In eight of the
nine revisions from surface replacement arthroplasties, bone grafts were taken
from the remains of the resected femoral head. All grafts were morcellised with a
rongeur during the operation to provide cancellous chips with a diameter of 5 mm
to 10 mm. These chips were impacted with trial acetabular components and the
use of a metal hammer. The last trial component used was at least 2 mm oversized
relative to the polyethylene acetabular component to guarantee a cement mantle
of sufficient thic ness The aim as to reconstruct the original centre of rotation
of the hip. Cement was pressurised on top of the impacted bone graft using a seal.
In all cases either a 32 mm diameter all polyethylene Müller or Allopro acetabular
component (Sulzer, Winterhür, Switzerland) was introduced using antibioticloaded bone cement alacos ith gentamicin erc
armstadt erman
ed
rest was prescribed for two to six weeks with passive movement of the operated
hip starting 24 hours postoperatively, partial weight-bearing was allowed at six
weeks and full weight-bearing after three months.
Clinical review
t final re ie of this series in arch
the series outcomes ere u dated
with a minimum follow-up of 25 years from the revision surgery. At review, 48
patients (52 hips) had died or had been re-revised within 25 years of THA. None
of the deaths were related to the hip surgery. Nearly all patients had been followed
annually in detail, but some elderly and frail patients were seen at more irregular
intervals.
The Harris hip score13 (HHS) and a visual analogue scale (VAS) of satisfaction
not satisfied at all
com lete satisfaction ere used for clinical e aluation
Radiological review
Anteroposterior views of the pelvis were assessed by two authors (MTS and
cetabular defects ere assessed b com aring the re o erati e and first
post-operative radiographs and the operative record according to the American
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Radiological outcome
Of the 11 hips in 11 patients which were revised for septic or aseptic loosening,
RLLs were present in all zones. Three other hips (three patients) showed evidence
of radiological loosening at seven, 11 and 13 years after surgery, but had a
clinically well-functioning THA. These patients died without re-revision. Two
hips (two patients) of the nine hips for which the radiological data were available,
at a minimum of 25 years follow-up, showed radiological loosening, but were
not revised because of only mild symptoms. f these nine hips, five hips in five
patients showed a radiological stable appearance without RLLs or migration. Of
the remaining two hips in two patients one had a stable RLL in zone III and one
had progressive RLLS in zone I and III (Fig. 1).
Complications and re-operations
Post-operative complications included dislocation in two patients, which were
treated conservatively. Two patients were treated for superficial wound problems
and a suspicion of infection. One patient developed haematogenous infection
of their THA following a dental procedure, at 28 years post-revision. Surgical
debridement and retention of implants was performed and the patient was treated

Fig. 1-A

Fig. 1-B

figure 1
Radiographs of a 21-year-old woman A) four months after revision of a failed resurfacing hip prosthesis
with impaction bone grafting and a cemented acetabular component. A metal mesh was placed on top
of the graft (a technique no longer recommended); and B) 30 years after the reconstruction showing the
position of the acetabular component to be unchanged. There is progressive osteolysis in zone I and at
the inferior margin of zone III, but overall, the component is well-fixed. E, code for the patient; 7/81, July
1981; p.o., post-operative; 6/11, June 2011.
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in 58 patients
withacetabular
a failed total
hip arthroplasty
(THA).
atacetabular
ten years.component
When we excluded
an early
component
re-revision
for
All patients were
prospectively
followed. Revision
surgery
wasfurther
undertaken
on 44
malpositioning
at three
weeks post-surgery,
survivorship
with
acetabular
cemented and
six un-cemented
nineasdouble-cup
resurfacing
arthroplasties
component
revision
for aseptic THAs,
loosening
the endpoint
was 100%
(95% CI
hemi-arthroplasties
with underwent
migration of
the femoral
into the
37and
to three
100). failed
Another
acetabular component
a third
revisionhead
for aseptic
acetabulum.
The original
diagnosisInwas
primary
osteoarthritis
(OA) trabecular
in 29 hips
loosening
12 years
post-operatively.
all nine
surviving
re-revisions,
and secondary
in 29, mainly
as a consequence
incorporation
wasOA
observed
in the absence
of RLLs. of childhood hip disorders,
and in four hips; rheumatoid arthritis. The indication for revision surgery was
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery
DISCUSSIon
had been undertaken in two patients, once and twice, respectively. The group
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to
resulted
in an increasing number of failing
The
successprocedures
of THA20 has
82).popularity
A total ofand
37 (60%)
were
left sided.
THAs requiring revision surgery. THA is increasingly being offered to younger
patients and combined with increased life expectancy, the burden of revision
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InTRoDUCTIon
The surgical management of the bone deficient acetabulum is one of the greatest
challenges in hip surgery.1 The aims of acetabular revision surgery include
the restoration of hip biomechanics, the prevention of further bone loss and
ideally to promote new bone formation. Impaction allograft bone grafting is an
attractive biological method of reconstruction, since it can restore the bone loss.2,3
Impaction bone grafting has proven its value at over 30 years since introduction
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have
previously described the outcome of the acetabular revisions with impaction
allograft bone grafting in combination with a cemented acetabular component,
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only
continued long-term clinical follow-up can show the true value of a technique.
This study provides an update on the outcome of this series of patients at 25 to
30 years after surgery. However, with
very long follow-up, the commonly used
Fig. 3-A
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring
the ‘competing events’ that can occur during the extended follow-up period (i.e.
death from unrelated causes). Therefore, in addition to survivorship analysis we
have also performed a Competing Risk (CR) analysis, in order to assess if this
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties
were performed using impacted morsellised bone allografts and a cemented
acetabular component in 58 patients with a failed total hip arthroplasty (THA).
All patients were prospectively followed. Revision surgery was undertaken on 44
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties
and three failed hemi-arthroplasties Fig.
with
migration of the femoral head into the
3-B
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips
figure 3
and secondary
OA in
29,comparison
mainly asof atheconsequence
of childhood
hipA) disorders,
Kaplan–Meier
(KM) curves
of the
cumulative incidence
for endpoint
acetabular
re-revision
surgery
for any
reason and B)arthritis.
re-revisionThe
for aseptic
loosening
with
both the was
KM
and in four
hips;
rheumatoid
indication
forcalculated
revision
surgery
estimator and the Competing Risk method. The discrepancy between the lines represents the bias, which
aseptic
(58 hips)
orofseptic
hips) loosening. Previous revision surgery
iseither
introduced
by erroneous
usage
the KM (four
analysis.
had been undertaken in two patients, once and twice, respectively. The group
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to
82). A total of 37 (60%) procedures were left sided.
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surgery will undoubtedly increase.21 A reliable and durable revision technique,
for failed THA, is therefore very desirable. Our study shows that impaction
allograft reconstruction of the acetabulum offers a durable and successful method
for revision THA. The cumulative failure rates in our study, with use of the CR
analysis, were 24.2% for the endpoint ‘re-revision for any reason’ and 14.5%
for the endpoint re-revision for ‘aseptic loosening’ after a mean follow-up of 27
years (25 to 3 ). e believe that our findings are important as this is the longest
outcome study to date following revision of a failed THA.
wing to our long follow-up, comparison of our results with others is difficult.
Recent studies from other centres show that impaction bone grafting remains a
valuable technique in acetabular revision surgery, these studies in general show
promising results but with shorter follow-up (Table I).5-9
Compared with our previous study12 the longer-term survival deteriorated
because of two additional re-revisions (one for aseptic loosening and one for
wear) (Table I).22
significant limitation of our study is that few patients were alive at the
final review in arch 2 . The outcome, however, of every reconstruction was
known, including those patients who had died. Moreover, the clinical outcome of
all patients is also known producing a ‘loss-to-follow-up’ quotient of zero, which
is considered ideal.23 In addition to that we believe that our survival outcome
remains accurate with ten hips in ten patients available at latest follow-up (16% of
the original cohort). Pocock, Clayton and Altman24 stated that KM analysis may
become unreliable when the number of patients available for analysis falls below
10% of the original patient population.
We have also evaluated the outcome of the 11 acetabular impaction grafting rerevisions after the acetabular reconstructions of this current study failed. These 11
re-revisions were recently described.25 We have shown that acetabular re-revisions
are possible, using the same reconstruction technique and once more a standard
cemented polyethylene component. We could not detect a relationship between
the type of acetabular defects found at the index revision and the risk of a further
re-revision. This was probably because our initial study cohort of 62 revisions
was too small to detect a relationship. Nevertheless, in revision cases with
reconstruction of very extensive defects, a further re-revision is often relatively
straightforward, as most of the original bone graft placed during revision will
have incorporated, despite the loosening process. We believe bone grafting during
revision surgery facilitates successful future re-revision.
However, with all acetabular reconstructive techniques, it has been shown
that the outcome of impaction bone grafting is less successful in larger defects:
ilbody et al9 have suggested that for Paprosky22 grade I and II defects impaction
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grafting
with a cemented acetabular component allows reliable restoration of
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provide good clinical results at over 25 years of follow-up. We have also shown,
after long-term follow-up, the KM analysis over estimates the probability of
revision
surgery
byMeThoDS
ignoring CRs. CR analysis gives a better estimate of the
pATIenTS
AnD
longer-term risk of re-revision.
Between January 1979 and March 1986, 62 acetabular revision arthroplasties
were performed using impacted morsellised bone allografts and a cemented
acetabular component in 58 patients with a failed total hip arthroplasty (THA).
All patients were prospectively followed. Revision surgery was undertaken on 44
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties
and three failed hemi-arthroplasties with migration of the femoral head into the
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips
and secondary OA in 29, mainly as a consequence of childhood hip disorders,
and in four hips; rheumatoid arthritis. The indication for revision surgery was
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery
had been undertaken in two patients, once and twice, respectively. The group
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to
82). A total of 37 (60%) procedures were left sided.
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Table I
outcomes of recent acetabular impaction grafting studies from several centres.
Study

Number of hips /
patients

Gender

Pre-operative
bone stock

Type of graft used

Comba5

149/137
performed (six
patients lost
to follow-up,
so 142/131
included)

90 female,
41 male

AAOS14 I 12
AAOS II 61
AAOS III 69

Fresh–frozen

76/73 performed
(71 hips
available for
review)

NS

AAOS14 I 13
AAOS II 17
AAOS III 35
AAOS IV 6

Fresh–frozen

69.1
(32.8 to 91.4)

AAOS14 I 27
AAOS II 63
AAOS III 28
AAOS IV 5

Irradiated

64.3
(26 to 97)

208/181 (27
hips were
excluded for
several reasons
(of whom nine
patients died
and 13 were lost
to follow-up) so
181/165 were
included)

120 female,
61 male

Paprosky22 IIIA 98
Paprosky IIIB 83

Fresh–frozen

Paprosky 3A 67.5
(28 to 89)/
Paprosky 3B 64.3
(31 to 86)

185 female,
107 male

Paprosky22 7
Paprosky IIA 82
Paprosky IIB 93
Paprosky IIC 49
Paprosky III 49
Paprosky IIIB 24

Fresh–frozen
70.3
(144), Pasteurised (34 to 95)
(57), Irradiated
(29), mixture (48),
not recorded (26)

AAOS14 II 39
AAOS III 23

Fresh–frozen

59.2
(23 to 82)

AAOS14 II 39
AAOS III 23

Fresh–frozen

59.2
(23 to 82)

Van Haaren6

Emms7

Garcia-Cimbrelo8

Gilbody9

Previous study12

Current study

123/110
55 female,
performed (86/74 55 male
reviewed both
clinically and
radiologically, 28
patients died and
five were lost to
follow-up)

304/292 (136
patients died,
two patients
were lost to
follow-up)

62/58 performed 45 female,
(15 patients
13 male
with 16
reconstructions
still alive, no hips
lost to follow-up)

62/58 performed 45 female,
(ten patients
13 male
with ten
reconstructions
still alive, no hips
lost to follow-up)

AAOS, American Academy of Orthopaedic Surgeons; NS, not specified
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in hip surgery.1
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deficient
acetabulum is Post-operative
one of the greatest
survivorship
complications
The aims of acetabular revision surgery include
4.3
Six re-revisions: aseptic loosening in Re-revision for any reason 95.8% Nine dislocations, three
the
restoration
of
hip
biomechanics,
the prevention of further bone loss and
(2 to 13)
three, deep infection in three
(95% CI 92.3 to 99.1) and 97.9% deep infections
ideally to promote new bone formation.
Impaction
allograft bone grafting is an
excluding
infected cases
attractive biological method of reconstruction, since it can restore the bone loss.2,3
Impaction bone grafting has proven its value at over 30 years since introduction
7.2
25 re-revisions: aseptic
loosening in Aseptic loosening 72% (95% CI
NS, five
the success
has been reproduced Dislocation
widely.5-9
We have
by the Nijmegen
group4 and
(1.6 to 9.7)
18, deep infection in five, following
54.4 to 80.5)
deep infections
previouslytrauma
described
the outcome of the acetabular revisions with impaction
in two
allograft bone grafting in combination with a cemented acetabular component,
10.3
19 re-revisions: aseptic loosening
Re-revision 83.3% (95% CI 68 to Three dislocations, nine
10-12
only
acceptable
results
upin nine,
to 25 years
ofyears
follow-up.
(5with
to 16.4)
in seven, deep
infection
89) at ten
and 71.3% (95% Nevertheless,
deep infections
dislocation in three
CI 59 to 84) at 15 years.
continued long-term clinical follow-up can show the true value of a technique.
This study provides an update on the outcome of this series of patients at 25 to
30 years after surgery. However, with very long follow-up, the commonly used
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring
7.5
12 re-revisions: 11 aseptic
eight years 84%
Four dislocations, one
the ‘competing
events’ that can occurRe-revision
during atthe
extended follow-up
period (i.e.
(0.3 to 17.7) loosening, one deep infection
(95% CI 61 to 100) for Paprosky deep infection
death from unrelated causes). Therefore,
addition
totosurvivorship
analysis we
3A andin
82%
(95% CI 68
100)
for Paprosky 3B
have also performed a Competing Risk
(CR) analysis, in order to assess if this
method indicates better the risk of needing further revision surgery.
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12.4
37 re-revisions: 33 aseptic
(10.0 to 16.0) loosening, deep infection one,
dislocation in three

88
Re-revision for aseptic loosening Ten dislocations, one
was 85.9% (95% CI 81.0 to 90.8) deep infection
at 13.5 years

Between January 1979 and March 1986, 62 acetabular revision arthroplasties
were performed using impacted morsellised bone allografts and a cemented
acetabular13component
in 58 patients Re-revision
with a failed
total hip arthroplasty
(THA).
22.2
re-revisions: aseptic loosening
for any reason was
Two dislocations, two
(20
to
25)
in
eight,
deep
infection
in
two,
75%
(95%
CI
62
to
88)
and
for
deep
infections
All patients were prospectively followed. Revision surgery was undertaken on 44
polyethylene wear in two, and a
aseptic loosening 87% (95% CI
cemented acetabular
and six component
un-cemented
THAs,
resurfacing arthroplasties
re-revision
for 76nine
to 97) double-cup
at 20 years
femoral
mismatch
in
one
and three failed hemi-arthroplasties with migration of the femoral head into the
acetabulum.
The original diagnosis was
primary osteoarthritis
(OA) in 29 hips
27
15 re-revisions: aseptic loosening
Re-revision for any reason was
Two dislocations, two
(25
to
30)
in
nine,
deep
infection
in
two,
58%
(95%
CI
38
to
73)
and
for
deep
and secondary OA in 29, mainly as a consequence of childhoodinfections
hip disorders,
polyethylene wear in three, and an
aseptic loosening 72% (95% CI
and in four
hips;
rheumatoid
arthritis.
The
indication
for
revision
surgery was
acetabular component re-revision for 51 to 85) at 27 years.
femoral
mismatch
in
one
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery
had been undertaken in two patients, once and twice, respectively. The group
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to
82). A total of 37 (60%) procedures were left sided.
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previously described the outcome of the acetabular revisions with impaction
allograft bone grafting in combination with a cemented acetabular component,
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only
continued long-term clinical follow-up can show the true value of a technique.
This study provides an update on the outcome of this series of patients at 25 to
30 years after surgery. However, with very long follow-up, the commonly used
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring
the ‘competing events’ that can occur during the extended follow-up period (i.e.
death from unrelated causes). Therefore, in addition to survivorship analysis we
have also performed a Competing Risk (CR) analysis, in order to assess if this
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties
were performed using impacted morsellised bone allografts and a cemented
acetabular component in 58 patients with a failed total hip arthroplasty (THA).
All patients were prospectively followed. Revision surgery was undertaken on 44
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties
and three failed hemi-arthroplasties with migration of the femoral head into the
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips
and secondary OA in 29, mainly as a consequence of childhood hip disorders,
and in four hips; rheumatoid arthritis. The indication for revision surgery was
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery
had been undertaken in two patients, once and twice, respectively. The group
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to
82). A total of 37 (60%) procedures were left sided.
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Chapter 9

ABSTRACT
Introduction
or the revision of failed acetabular components impaction bone grafting (I )
with a cemented cup is a well known technique. Claims have been made that this
is a biological reconstruction technique, restoring the bone stock loss and thereby
facilitating future revisions. However, there are no scientific data proving this
claim.
patients and Methods
In this study, we present the clinical and radiographic outcome of 11 consecutive
acetabular re-revisions in patients with again I
and a cemented polyethylene
cup observed in a previously reported cohort of 2 acetabular I
revisions.
All data were prospectively collected. Kaplan-Meier survivorship analysis was
performed.
Results
The mean follow-up after re-revision was 10 years (5-15) and 28 years (26-30)
after the primary revision. No patients were lost to follow-up. The mean HHS
improved from 3 ( 2-49) points to (4 -95) points at final follow-up. Survival
with further cup revision for any reason as endpoint was 9 % (95% confidence
interval (CI) 51-99) at 10 years. When excluding one early cup re-re-revision for
malpositioning 3 weeks postoperative, survivorship with further cup revision for
aseptic loosening as endpoint was 100% (95% CI 37-100) at 10 years. Survival
with further cup re-operation for any reason as endpoint was 82% (95% CI 4595). In all surviving re-revisions trabecular incorporation was observed without
radiolucent lines.
Conclusion
This study shows that, due to restoring the bone stock, even successive acetabular
reconstructions using I
and a cemented cup are possible with satisfying
years survivorship.
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Radiological evaluation
Anteroposterior views of the pelvis were assessed by two authors (MAJS, BWS)
based on consensus opinion. Acetabular defects were assessed by comparing the
preoperative and first postoperative radiographs and the surgical record according
to the merican cademy of rthopaedic Surgeons classification5: all hips had
combined cavitary and segmental defects. Radiolucent lines, defined as lines
greater than 2 mm in width, were scored in the 3 zones of DeLee and Charnley.6
Migration of the acetabular component was estimated in relation to the line
between the teardrops.7 Trabecular incorporation was evaluated with use of the
criteria of Conn et al.8 Radiological failure was defined as migration more than 5
mm in any direction or progressive radiolucent lines in all 3 zones.
Statistics
For statistical analysis we used Kaplan-Meier survivorship analysis with the 95%
confidence interval (CI). Endpoints used were further revision of the cup for any
reason, for aseptic loosening and further re-operation of the cup for any reason.
ReSUlTS
Clinical results
At review in December 2011, the 4 still living patients with an intact acetabular
re-revision were assessed after a mean follow-up of 10 years (5-15). The mean
follow-up after their primary revisions was 28 years (26-30).
Two cups had been revised again. In the first a re-re-revision was performed
for aseptic loosening at 12 years after the index re-revision. In the second an early
re-re-revision was performed 3 weeks after the index re-revision for recurrent
dislocations. Intraoperatively, the cup that was placed 3 weeks earlier was well
fixed, but positioned in a high inclination angle ( ig. - ). This caused the
dislocations. The cup was removed and more bone graft was used to reconstruct
the superolateral defects, hereby placing the new cup in more neutral inclination
( ig. -E). This reconstruction was still functioning well at the moment of review
in December 2011, 11 years after the re-re-revision (Fig. 1-F).
The mean HHS improved from 37 (12-49) points (n = 7) to 71 (40-95) points
(n ) at final follow-up. The mean postoperative S for pain at rest, pain during
physical activity, and satisfaction were 12 (0-40) points, 18 (0-55) points and 88
(70-100) points (all n = 6), respectively.
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InTRoDUCTIon
The main problem in revision hip arthroplasty is the loss of bone stock caused by
the loosening process and subsequent procedures to remove the prosthesis and, if
appropriate, the cement.
Impaction bone grafting (I ) is an attractive biological reconstruction
method in revision hip surgery because it can restore the bone loss.1,2 Previously,
we have described the long term outcome of the acetabular revisions with I
in
combination with a cemented cup, with acceptable results at 20 to 25 years.3
During this long term follow-up a number of these acetabular revisions failed.
s it has been claimed that by using I
future revisions are facilitated, we
decided to study the outcome of the re-revisions. All these cup re-revisions were
again performed with I
and a cemented cup, as this is our standard approach
for all acetabular reconstructions with bone stock loss.
The aim of this study was to report the clinical and radiographic outcome of
acetabular re-revisions with use of I
and a cemented polyethylene cup after a
follow-up of 5 to 15 years.
figure 1. A) Anteroposterior radiograph of a double cup prosthesis 6 years postoperative. Both these
components were revised for aseptic loosening; B) 2 years after the revision, performed with IBG and
a medial mesh; C) 13 years after the revision. It was decided to re-revise the cup because of starting
aseptic
loosening in zone
1; D)
Direct after the re-revision again performed with IBG and a medial mesh.
MATeRIAlS
AnD
MeThoDS
Unfortunately, the cup was placed in a high inclination angle causing dislocations. Therefore, a re-rerevision was performed 3 weeks later; E) 3 months after the re-re-revision during which the cup in situ was
removed,
and a new reconstruction was performed with an additional metal mesh and IBG superolateral.
patients
By doing this, the new cup was placed in a more neutral inclination; F) 11 years after this re-re-revision.
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3
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I
and a cemented polyethylene cup in 58 patients. We reviewed this

original series in December 2011 to estimate the number of cups that were re-revised
since implantation. Two revisions failed early because of septic loosening. Both
were not reconstructed again but converted to permanent excision arthroplasties.
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women with a mean age at re-revision of 67.5 years (43 to 83). A total of 7 (64%)
Complications
re-operations
procedures were and
on the
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Postoperative complications included dislocation in 3 patients. One patient was
treated with an early cup re-re-revision 3 weeks postoperative as mentioned
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before. Another dislocating hip was re-operated 2 weeks after the index rerevision because on plain radiographs there was possible soft tissue interposition
between the femoral head and the cup. However, intraoperatively no soft tissue
interposition was found but a bony exostosis in the intertrochanteric region which
caused the dislocations. This was resected and no further dislocations occurred.
The third dislocating hip also had a high inclination angle after the index rerevision. Initially, also for this patient a re-operation was considered but because
of severe systemic comorbidities it was decided to postpone this re-operation,
and the hip became stable. The patient died 9.5 years after the index re-revision
without further re-operations.
One patient had a fracture of the greater trochanter caused by a fall 3 years
postoperative. This fracture was treated conservatively.
Survivorship analysis
The Kaplan-Meier survival analysis at 10 years for the endpoint further cup
revision for any reason was 91% (95% CI 51-99). When excluding the re-rerevision for cup malpositioning 3 weeks postoperative, the survival for further
cup revision for aseptic loosening was 100% (95% one-sided CI 37-100). Survival
for further cup re-operation for any reason was 82% (95% CI 45-95).
DISCUSSIon
With the current trend of using primary hip implants in ever younger patients,
surgeons have to consider what to do after failed revisions. To our knowledge,
this is the first clinical study that describes the satisfying results of successive
acetabular re-revisions using I
and a cemented cup after a previous acetabular
revision with the same technique.
This outcome seems to confirm our previous claims that with I
and
cement the bone stock loss can be restored and the normal biomechanics can be
reconstructed, thereby facilitating future revisions. In all patients the technique
could be used again, so no special implants were needed and hence a relatively
inexpensive standard cup implant was used.
A limitation of our study is that the number of patients is small, as the focus
was on the 11 acetabular re-revisions seen within the original study population
of 2 cup revisions. s a result of this the confidence intervals in the aplaneier analysis are wide. However, we believe that our findings are significant
as this is the first outcome study of acetabular re-revisions and the follow-up is
acceptable. The clinical and radiological follow-up was complete including the
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This study shows that, due to restoring the bone stock, even successive
acetabular reconstructions using I
and a cemented polyethylene cup are
possible with satisfying 10 years survivorship. Impaction bone grafting seems to
be especially attractive in younger patients, as these have a long life expectancy
and possibly will outlive even their revision implants.
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ABSTRACT
Background
The increasing number of total hip arthroplasties (THAs) performed in younger
patients will inevitably generate larger numbers of revision procedures for this specific
group of patients. Unfortunately, no satisfying revision method with acceptable
survivorship 10 years after revision has been described for these patients so far.
Questions/purposes
The purposes of this study were to (1) analyze the clinical outcome; (2) complication
rate; (3) survivorship; and (4) radiographic outcome of cemented revision THA
performed with impaction bone grafting (I ) on both the acetabular and femoral
sides in one surgery in patients younger than 55 years old.
Methods
During the period 1991 to 2007, 86 complete THA revisions were performed
at our institution in patients younger than 55 years. In 34 of these 86 revisions
(4 %), I
was used on both the acetabular and femoral sides in 33 patients.
Mean patient age at revision surgery was 46.4 years (SD 7.6). No patient was
lost to followup, but three patients died during followup. None of the deaths were
related to the revision surgery. The mean followup for the surviving hips was 11.7
years (SD 4.6). We also analyzed complication rate.
Results
The mean Harris hip score improved from 55 (SD 18) preoperatively to 80 points
(S
) at latest followup (p
. 9). Six hips underwent a rerevision ( 8%): in
four patients, both components were rerevised; and in two hips, only the cup was
revised. 10-year survival rate with endpoint rerevision of one or both components for
any reason was 8 % (95% confidence interval CI , % 95%) and with endpoint
rerevision of one or both components for aseptic loosening, the survival rate was
97% (95% CI, 80%–100%). In total six cups were considered radiographically
loose, of which four were rerevised. Three stems were radiographically loose, of
which none was rerevised.
Conclusions
I
is a valuable biological revision techni ue that may restore bone stoc in
younger patients. Bone stock reconstruction is important, because these patients
likely will outlive their revision implants. Bone reconstruction with impaction
grafting may facilitate future revisions.
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(40%), IBG was used on both the acetabular and femoral sides in 33 patients. The
52 other revisions were performed without IBG or with only acetabular or femoral
IBG.
The mean age of the 19 women and 14 men at the time of the revision surgery
was 46.4 years (SD 7.6). One woman was operated on both hips. The mean weight
of the patients at the time of the surgery was 78.4 kg (SD 16.7); mean height
was 172 cm (SD 10); and the mean body mass index was 26.4 kg/m2 (SD 5.1).
Eighteen procedures (55%) were performed on the right side.
At the time of our latest review (January 2013), no patient had been excluded
or was lost to followup. Three patients died during the study - two after 4 years
and one after 7 years of followup (9%); none of the deaths was related to the
surgery and data for the three patients were included in our final analyses. The
mean followup of the surviving hips was 11.7 years (SD 4.7).
The indication for the primary THA was trauma in 13 hips, osteoarthritis (OA)
after childhood hip diseases in seven hips, primary OA in four hips, OA secondary
to osteonecrosis in three hips, rheumatoid arthritis in three hips, septic coxitis in
one hip, coxitis tuberculosa in one hip, and unknown for two hips.
The indication for revision was aseptic loosening of both components in
19 hips, septic loosening in 14, and, in one, stem malpositioning with aseptic
loosening of the cup.
In 19 hips this was the first revision procedure, nine hips already were revised
once or more in our department, and six hips were already revised in another
hospital. All of these earlier revisions were for aseptic reasons.
It was the first acetabular revision in 22 hips, the second in 10, and the third
in two. On the femoral side, it was the first revision in 26 hips and the second in
eight hips.
Twelve of 14 hips with septic loosening were treated with a two-stage procedure;
all patients were given systemic antibiotics guided by the intraoperative cultures
for at least 6 weeks before reimplantation. The diagnosis of septic loosening in
the remaining two hips was based on bacterial cultures taken during a one-stage
revision for what had been thought to be aseptic loosening. These two patients
also were treated with systemic antibiotics.
Four surgeons participated in this study; two of the authors (JWMG, BWS)
performed 20 and 11 reconstructions, respectively.
The surgical technique of IBG has been described in detail before for both the
acetabular17 and femoral18 sides. In all hips, a posterolateral approach was used. If
infection was suggested, a two-stage revision was performed.
Segmental acetabular and femoral bone defects were reconstructed using metal
meshes and wires. In acetabular reconstructions, a medial wall mesh was used in
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intraoperative findings using the classification as described by Paprosky et al22 for
the acetabular side and by Della Valle and Paprosky23 for the femoral side (Table I).
All radiographs were scored on a consensus basis by two of the authors (MAJS,
BWS). Radiolucencies of ≥ 2 mm were scored around the acetabular component
in the three zones of DeLee and Charnley24 and on the femoral side with use of
the seven zones described by Gruen et al.25 Migration or tilting of the acetabular
component was estimated in relation to the line between the teardrops.26 Femoral
subsidence was determined with the method of Fowler et al.27 When radiolucent
lines ≥ 2 mm wide were present in all three acetabular or seven femoral zones,
component migration was ≥ 5 mm, and/or tilting was ≥ 5°, the component was
considered radiographically loose. Trabecular incorporation was evaluated with
use of the criteria of Conn et al,28 defined as equal radiodensity of graft and host
bone with a trabecular pattern throughout.
We performed Kaplan-Meier survivorship analyses, including 95% confidence
intervals (CIs), for the complete revision THAs (acetabular and femoral
component) considering any rerevision of one of the components a “failure.” The
endpoints used were rerevision of one or both components for any reason, for
aseptic loosening, and reoperation for any reason. Patient survival outcomes for
all endpoints were also determined separately for both the acetabular and femoral

Table I
Classifications—preoperative bone stock defects.
Acetabular defects as described by Paprosky et al22
Type

Definition

1

Minimal destruction of the acetabular rim and bone lysis localized to cement
anchor holes

2A
2B

2C
3A

3B

Number of hips at
risk (%)
3 (9)

Generalized enlargement of the acetabulum with minimal osteolysis of the dome
and slight superior and medial migration of the cup

7 (20)

Defects involve destruction of the medial wall with generalized rim enlargement

3 (9)

Similar to type 2A defects, but more destruction of the dome is present

14 (41)

Bone loss patterns involve the superior rim of the acetabulum from the 10 o’clock
to the 2 o’clock position and often display medial wall deficiency

4 (12)

Similar to type 3A defects, but the rim defects span from 9 o’clock to the 5 o’clock
position

3 (9)

1

Minimal loss of metaphyseal cancellous bone with an intact diaphysis

8 (23)

3A

The metaphysis is damaged severely and nonsupportive; a minimum of 4 cm of
intact cortical bone is present in the femoral isthmus

6 (18)

Femoral defects as described by Della Valle and Paprosky23

2

3B
4

Extensive loss of metaphyseal bone with an intact diaphysis

The metaphysis is severely damaged with some intact cortical bone present distal
to the isthmus (< 4 cm)
Extensive metadiaphyseal damage in conjunction with a widened femoral canal
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of 55
one
for traumatic loosening (3%), and one for recurrent instability (3%). Of the
years.
five nonseptic procedures, two were complicated by subsequent periprosthetic
infection. During followup, a rerevision was performed in six patients (18%); in
pATIenTS
MeThoDSwere rerevised, and in two patients, only the cup
four
patients, AnD
both components
was revised (Table II).
The
study
was approved
our institutional
review board.
were
Three
patients
underwentbydébridement
and antibiotic
therapyAll
for patients
reinfections
followed
prospectively,
andperformed
the data were
retrospectively
Only
after
indexuptwo-stage
revision
for septic
loosening.analyzed.
These three
patients with aare
minimum
followup
5 yearsare
from
one singlewell,
academic
center
reconstructions
still in situ
and theofpatients
functioning
although
theyin
Thesuppressive
Netherlands
were included.
use
antibiotics.
Patients
undergoing
revision
of failedOne
primary
insertedconservatively
for oncologic
Two
patients
experienced
dislocations.
patientTHA
was treated
reasons
wereand
excluded.
is our was
policy
to perform
IBG in revision
combination
with
with
success
the otherItpatient
treated
with a femoral
for stem
cemented components
in all revisions
with acetabular or femoral bone stock loss,
malpositioning
with recurrent
instability.
including
in younger
patients.
One patient
had a fracture
of the greater trochanter after a fall, which could be
During
the period 1991 to 2007, 86 complete THA revisions were performed
treated
conservatively.
at our institution in patients younger than 55 years. In 34 of these 86 revisions
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Table II
Indications for rerevision in 6 patients.
Components rerevised

Indication for rerevision

4 rerevisions of both
the acetabular and
femoral component

1 aseptic loosening
1 septic loosening (conversion to permanent excision arthroplasty)
1 stem rerevision for malpositioning causing recurrent dislocations
(with later rerevision of both components for septic loosening)
1 cup rerevision for traumatic loosening after fall
(with later rerevision of both components for septic loosening)

2 cup rerevisions

2 aseptic loosenings

Followup
(years)
11.7
3.6
1.6
2.9
8.7
9.8

2.6 and
10.8

Survivorship
Kaplan-Meier analysis showed that the survival rate of the revision THA with
rerevision of one or both components for any reason as the endpoint was 87%
(95% CI, 67%–95%) at 10 years (Fig. 1-A). With rerevision of one or both
components for aseptic loosening as the endpoint, patient 10-year survival was
97% (95% CI, 80%–100%; Fig. 1-B) and with reoperation for any reason as the
endpoint 78% (95% CI, 59%–89%; Fig. 1-C). We also analyzed the survival rate
for different periods of followup and for the separate acetabular and femoral
components (Table III).
Radiographic Analysis
Acetabular Side
Radiolucencies were observed around 12 cups (35%). In four cups, radiolucencies
were seen in all three zones; three of the four cups were rerevised; the fourth
patient was chronically infected. Four cups had radiolucencies in two zones; one
of these was rerevised. Five nonrerevised cups had radiolucencies in one zone.
In six hips, migration and/or tilting of the cup was observed; four of these were
rerevised. The other two cups gradually tilted 5° and 13°, the latter, again, a
chronically infected patient.
So, in total six cups were considered radiographically loose, of whom four
were rerevised. In the nonrerevised acetabula, trabecular incorporation could be
scored in 83 of 84 (99%) zones; one was obscured by a metal mesh. In 70 of 83
zones (84%), incorporation was seen.
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Table III
InTRoDUCTIon
Survival for different followup times and endpoints.
5 years
10 years
15 years
The increasing number of THAs
performed in patients
younger than
55 years will
Survival
Number of Survival
Number of Survival Number of
inevitably generate a larger number
revision
procedures
for
group
(95% CI) of
patients
at (95%
CI) patients
at this
(95%specific
CI) patients
at
of patients. Unfortunately, data on theriskrecent results ofriskrevision THA inriskyounger
Survival complete revision THA (acetabular and femoral component)
patients are limited, and survivorship
data
from87%
studies 18
of younger
patients
are not
Rerevision for any reason
91%
28
75%
5
1-3
(events
= 6)
(75−97) survival study
(68−95)
(51−89)
The single long-term
reports a disappointing
outcome
encouraging.
Rerevision for aseptic loosening
97%
28
97%
18
84%
5
3
of 63% at 10 years for patients
when the
endpoint
was rerevision
for any reason.
(events = 3)
(80−100)
(80−100)
(57−95)
Although
use of highly
polyethylene
Reoperation
for any the
reason
82% crosslinked
25
78%
18 and alternate
68%
5 bearings
(events
=
9)
(64−92)
(59−89)
(46−82)
appears to have reduced the occurrence of severe osteolysis and bone loss,
Survival acetabular components only
managing bone loss represents
a substantial
challenge
in revision
hip5 surgery.
Rerevision for any reason
91%
28
87%
18
75%
(events
=
6)
(75−97)
(68−95)
(51−89)
This is particularly true for patients with older designs of hip implants and for
Rerevision
aseptic loosening
97% patients
28
84%
5and may
youngerforpatients,
because these
have97%
a long18life expectancy
(events = 3)
(81−100)
(81−100)
(57−95)
require repeated
revisions. 82%
Reoperation
for any reason
25
78%
18
68%
5
(events
= 9)
(64−92)is a biological
(59−89)
(46−82)
Impaction
bone grafting (IBG)
reconstruction technique
that can
Survival femoral components only
4,5
restore bone defects. It was first described for the acetabulum in 1984 by Slooff
Rerevision for any reason
94%
29
89%
18
83%
6
subsequently, for (78−98)
the femur, in 1993,
by Gie et al.7 Satisfying
results
et al6= and
(events
4)
(69−97)
(58−94)
Rerevision
for
aseptic
loosening
100%
29
100%
18
93%
6
have been reported from several centers with up to 25 years of followup on the
(events = 1)
(59−99)
8-11
12-16
20 years 26
on the femoral
side.
In75%
our opinion,
the
acetabular
side
Reoperation
for any
reasonand up to 85%
81%
18
6
(events
=
7)
(68−94)
(62−91)
(53−88)
IBG technique may be a valuable treatment option in revision THA in patients
younger than 55 years.
CI = confidence interval
We therefore chose to analyze the clinical outcome, complication rate,
survivorship, and radiographic outcome of cemented revisions using impaction
allografting
on both acetabular and femoral sides in patients under the age of 55
femoral
Side
years.
Radiolucencies were observed around 11 stems (32%); these were seen in one
Rerevision

zone in five patients, in two zones in five patients, and in five zones in one patient.
The mean subsidence of the stem within the cement mantle was 2.6 mm (range,
pATIenTS
AnD stems
MeThoDS
0–8.8
mm). Three
subsided between 5 and 10 mm. In two of these, the
subsidence was progressive. None of these three stems needed rerevision. In the
The study was
by total
our 210
institutional
review
board.
Allbe
patients
nonrerevised
hips,approved
198 of the
Gruen zones
(94%)
could
scored were
for
followed
up
prospectively,
and
the
data
were
retrospectively
analyzed.
Only
trabecular incorporation; 12 zones were obscured by metal meshes. Incorporation
patients
with
a minimum
of 5 years
from one single academic center in
(Fig.
2) was
seen
in 181 of followup
the 198 zones
(91%).
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic
reasons
were excluded. It is our policy to perform IBG in combination with
DISCUSSIon
cemented components in all revisions with acetabular or femoral bone stock loss,
including
in younger
The
increasing
numberpatients.
of THAs performed in younger patients will inevitably
During
the period
1991
2007, 86
complete in
THA
performed
generate
a larger
number
of to
revision
procedures
thisrevisions
group ofwere
patients.
This
at
our
institution
in
patients
younger
than
55
years.
In
34
of
these
86
revisions
is the first study that describes satisfying results of revision THA performed in
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figure 1
Kaplan-Meier survival curve shown for complete revision THAs (acetabular and femoral components)
with A) rerevision of one or both components for any reason; B) rerevision of one or both components for
aseptic loosening; and C) reoperation of one or both components for any reason as the endpoint.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will
inevitably generate a larger number of revision procedures for this specific group
of patients. Unfortunately, data on the recent results of revision THA in younger
patients are limited, and survivorship data from studies of younger patients are not
encouraging.1-3 The single long-term survival study reports a disappointing outcome
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings
appears to have reduced the occurrence of severe osteolysis and bone loss,
managing bone loss represents a substantial challenge in revision hip surgery.
This is particularly true for patients with older designs of hip implants and for
younger patients, because these patients have a long life expectancy and may
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results
have been reported from several centers with up to 25 years of followup on the
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the
IBG technique may be a valuable treatment option in revision THA in patients
figure 2
A)younger
preoperative
of a female patient, about to undergo ThA, showing aseptic loosening
thanradiograph
55 years.
and bone loss of both the acetabulum and proximal femur. The patient had previously undergone total
We revision
therefore
chose The
to revision
analyzecomponents
the clinical
complication
cemented
implantation.
were inoutcome,
situ for 11 years.
The patient rate,
was
19survivorship,
years old when the
total hip prosthesis
wasof
implanted
after revisions
a coxitis. The
primary
THA was
andprimary
radiographic
outcome
cemented
using
impaction
revised after 15 years. B) Radiograph after the index revision surgery with IBG of both the acetabulum and
allografting
on both
andtime
femoral
sides in
patients
under
theof age
of 55
the
femur. The patient
was 45acetabular
years old at the
of the revision.
Segmental
bone
defects
the medial
and
lateral acetabular wall were reconstructed with metal meshes and screws. on the femoral side, a
years.
distal cortical perforation was covered with a metal mesh and cerclage wires, and the dorsal calcar region
was also reconstructed. C) Radiograph at final followup 19 years after the index revision with IBG. Both
revision implants are stable with incorporation of the bone grafts, although a small osteolytic area can be
seen in Gruen Zone 1 of the femur. The patient was 64 years old at last followup and still has an excellent
pATIenTS
AnD
MeThoDS
functioning
hip (HHS
95) 45
years after the first THA.

The study was approved by our institutional review board. All patients were
followed up prospectively, and the data were retrospectively analyzed. Only
patients
55 years. This
studyoffills
a gap
in the
THA literature,
patientsaged
with <a minimum
followup
5 years
from
one revision
single academic
center in
because
the reported
in younger patients have been disappointing until
The Netherlands
wereresults
included.
1-3
The 10-year
survivorship
forprimary
rerevision
for inserted
aseptic loosening
and
now.Patients
undergoing
revisionwas
of 97%
failed
THA
for oncologic
87%
for rerevision
for anyItreason.
reasons
were excluded.
is our policy to perform IBG in combination with
This study
has a in
number
of limitations.
First,or itfemoral
was bone
impossible
to
cemented
components
all revisions
with acetabular
stock loss,
radiographically
evaluate
trabecular incorporation in a number of acetabular
including in younger
patients.
(1%)During
and femoral
(6%)
zones
that were
treated with
reconstruction
the period
1991
to 2007,
86 complete
THA extensive
revisions were
performed
with
meshes.
However,
we did
not findthan
a difference
or survivorship
at our
institution
in patients
younger
55 years. in
In clinical
34 of these
86 revisions
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outcomes for these cases. Additionally, also the evaluation if a component is
radiographically loose, sometimes is difficult when using this revision technique.
Nevertheless, with the criteria we defined for component loosening, we were able
to assess the loosening of the components adequately. Second, we were missing
patient preoperative OHS and VAS scores because during the early phase of the
study, our structured preoperative screening was still in the developing stage.
Third, our number of patients seems to be relatively small. Nevertheless, the
clinical outcome of all patients had been reported, resulting in a loss-to-followup
quotient of zero, which is, according to Murray et al,29 ideal. Also the radiographic
followup was nearly complete (97%). We chose to study only those patients who
had complete IBG revision of both the acetabular and femoral sides in one surgery
because the outcome of only a cup or stem revision will always be influenced
by the component left in situ at the partial revision. Fourth, in the majority of
the included revisions, no extensive bone stock defects were present. When we
had included only patients with Paprosky grades > 3 on both the acetabular and
femoral sides, the results would probably have been worse than now.
The mean HHS at final followup in our study had improved 25 points. This is
comparable to the improvement in clinical scores reported by other revision series
performed in younger patients. Adelani et al2 reported a mean improvement in HHS
of 19.2 points and Lee et al3 reported an improvement of 36 points in the modified
HHS (no physical examination is necessary for this modified scoring system).
Regarding the postoperative complications, we reported a postoperative
periprosthetic fracture in one patient (3%), dislocations in two patients (6%), and
a reoperation for a deep infection in four patients (12%). Of the studies on the
revision THAs in young patients, only Lee et al3 specified their postoperative
complications. They observed 10 periprosthetic fractures (5.5%), 11 dislocations
(6.1%), and two deep infections (1.1%). An explanation for the high percentage of
reoperations for infections in our study could be the relatively high percentage of
index revisions that were performed for septic loosening (14 procedures [41%]).
Our hospital is a tertiary referral center for the treatment of prosthetic infections
and complex hip surgery. As a result, in our study group of younger patients, the
indication for primary THA in only four patients was standard with primary OA.
Most patients had undergone more than one previous operation on their hip for
traumatic, congenital, or other complex hip problems before the index revision
was performed. The mean number of previous operations was 4.3 for the 14 septic
revisions compared with two for the 20 aseptic revisions. This higher number of
previous operations certainly can explain the high rate of infectious cases.
In two patients, an acetabular fracture occurred during the impaction process
(6%). Once recognized, this problem can be solved by fracture fixation using an
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additional
plate or mesh. These fractures have not deteriorated the outcome as was
InTRoDUCTIon
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ext to IBG, other treatment modalities could be of use in revision THAs
in young patients. In case of large acetabular defects jumbo cups30 or modified
cup shapes31,32 are possible treatment options. Also custom-made implants can
be promising, although only short-term results have been reported until now.33
In cases with femoral bone stock loss for example, cementless modular stems34
can be inserted. However, when using all these techniques, the bone stock loss is
not replenished and none of these techniques up until now have been reported to
produce good results in a specific young patient group.
In conclusion, IBG is a valuable biological revision technique that may
restore bone stock with satisfying long-term results and seems to be an especially
beneficial option in younger patients because of their longer life expectancy.
Younger patients will even outlive their revision implants and, hence, face future
revisions. The amount of bone stock is essential to facilitate future revisions in
these still relatively young patients.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will
inevitably generate a larger number of revision procedures for this specific group
of patients. Unfortunately, data on the recent results of revision THA in younger
patients are limited, and survivorship data from studies of younger patients are not
encouraging.1-3 The single long-term survival study reports a disappointing outcome
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings
appears to have reduced the occurrence of severe osteolysis and bone loss,
managing bone loss represents a substantial challenge in revision hip surgery.
This is particularly true for patients with older designs of hip implants and for
younger patients, because these patients have a long life expectancy and may
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results
have been reported from several centers with up to 25 years of followup on the
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the
IBG technique may be a valuable treatment option in revision THA in patients
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate,
survivorship, and radiographic outcome of cemented revisions using impaction
allografting on both acetabular and femoral sides in patients under the age of 55
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were
followed up prospectively, and the data were retrospectively analyzed. Only
patients with a minimum followup of 5 years from one single academic center in
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic
reasons were excluded. It is our policy to perform IBG in combination with
cemented components in all revisions with acetabular or femoral bone stock loss,
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed
at our institution in patients younger than 55 years. In 34 of these 86 revisions
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ABSTRACT
purpose
It is often a difficult decision whether it is safe to perform revision hip surgery in
a patient of 80 years and older. Therefore we evaluated the results of cemented
revisions in these elderly patients.
Methods
Clinical data, radiographs and complications of 49 consecutive cup and/or stem
revisions in 48 patients were prospectively collected. The average age of the
patients at surgery was 84 years (range, 80–92). We performed Kaplan-Meier
(KM) analysis and also a competing risk (CR) analysis because in this series the
presence of a competing event (i.e. death) prevents the occurrence of endpoint
rerevision.
Results
Twenty-nine patients (30 hips) died without rerevision during follow-up and
their data was included. The average follow-up of the 16 surviving patients was
eight years (range, six to 13). Six reoperations were performed, of which three
were rerevisions. ight year survivorship was 91.
(9
confidence interval
(CI) 76–97 %) for endpoint rerevision for any reason. With the CR analysis we
calculated that due to the increasing number of competing events, the KM analysis
overestimates the failure rate with 32 % for this endpoint. The average Harris hip
score improved from 49 to 74. Mortality within three months after surgery was 6
%. One postoperative fracture occurred and six hips dislocated.
Conclusion
Cemented revisions can provide satisfying results in patient of 80 years and older
with acceptable survivorship and complication rates.
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figure 1
All acetabular and femoral components analysed in this study.
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All operations were performed through the posterolateral approach by
two of the authors ( W G, BWS). Both are experienced hip revision
surgeons. A third generation cementing technique was used in all hips with
Surgical Simplex (Stryker Howmedica-Osteonics, Newbury, United Kingdom)
antibiotic-loaded bone cement. Impaction bone grafting (IBG) was used to
reconstruct bone stock deficiencies in 1 acetabuli and 15 femora. The IBG
technique has been described in detail before.6,7 The postoperative regimen
included administration of systemic antibiotics (three intravenous doses of 1 g of
cefazolin) for one day. All patients received anticoagulation therapy for at least
six weeks. All five hips with septic loosening were treated with a two-stage
procedure, with administration of systemic antibiotics appropriate to the
infecting organism for at least six weeks prior to reimplantation.
Patients were mobilized one or two days after surgery using two crutches and
full weight-bearing was immediately allowed. This protocol was adapted when IBG
was performed depending on the type and extent of the defect and reconstruction.
Follow-up protocol
A standard postoperative follow-up protocol was used, with physical and
radiographic examination after six weeks, three months, six months, one year and
afterwards on an annual or biennially basis.
Clinical evaluation
Clinical evaluation was performed by an independent research assistant using the
Harris hip score (HHS: worst score 0, best score 100),8 the Oxford hip score (OHS;
worst score 0, best score 48)9 and visual analogue scales (VAS).10 VAS scores were
determined for pain at rest and during physical activity (no pain 0; unbearable
pain 100) and for satisfaction (not satisfied at all 0 complete satisfaction 100). All
these scores were determined during the postoperative follow-up, and the HHS
and OHS were also determined preoperatively.
Radiographic evaluation
The latest preoperative and all postoperative anteroposterior radiographs were
analysed by three of the authors ( A TS, SAG, BWS). The preoperative
radiographs were used to determine femoral and acetabular bone stock loss using,
respectively, the Endoklinik11 and American Academy of Orthopaedic Surgeons
(AAOS) classifications.12 The Endoklinik grade was I in 11 hips, II in ten hips,
III in 12 hips and I in two hips. Acetabular bone stock deficiencies AAOS type
II were present in six hips and type III were present in 18 hips. Acetabular bone
defects were absent in six hips.
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Intra-operative complications
Two intra-operative femoral fractures occurred—one during performance of a
transfemoral Wagner osteotomy for removal of a cemented stem and the other
during leg rotation when the stability of the reconstruction was tested. Both were
successfully treated with plate fixation.
postoperative mortality
Three patients (three hips) died within three months after revision. The first
patient (patient (Pt.) 21 in Table I) had an intraoperative cardiac arrest. She
was successfully resuscitated, but died despite adequate treatment on the first
postoperative day. The second patient (Pt. 32) developed myocardial infarction
intraoperative. Thirteen days postoperative the patient died due to cardiac failure.
The third patient (Pt. 41) died due to an acute cerebrovascular accident two weeks
postoperative. Twenty-nine other patients died during follow-up due to reasons
not related to the revision surgery.
Rerevisions
Three rerevisions were performed. In the first hip (Pt. 11) during the index revision
a Trident constrained cup was inserted for dislocations. Unfortunately, three years
postoperative a traumatic cup loosening occurred after a fall. During the rerevision
a new constrained cup was placed successfully. In the second hip (Pt. 12) another
IBG cup rerevision was performed six years postoperative for aseptic loosening.
In the third hip (Pt. 46), in which the index revision was performed for
dislocations, five new dislocations occurred within the first ten postoperative
months. Therefore the stem was recemented 1.5 cm higher with a cement-incement technique. Unfortunately the dislocations continued to occur till the
patient died four years later. None of the primary placed components were revised
during follow-up.
Reoperations
Three other reoperations were performed. In the first hip (Pt. 13) an infection
was suspected and debridement was performed 20 days postoperative. The
intraoperative cultures ultimately were negative. The patient functioned well till
she died five years later. In the second hip (Pt. 1 ) the dislocations, which were the
indication for the index femoral revision, continued to occur so it was decided to
ream the well-fixed polyethylene cup out of the existing cement mantle and place
a Trident constrained cup with a cement-in-cement technique. This successfully
prevented further dislocations. In the third hip (Pt. 28) a periprosthetic fracture
Vancouver type B1 occurred after a fall 17 months postoperative. The fracture was
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Fig. 2-A

Fig. 2-B

Fig. 2-C

figure 2
Radiographs of a revision in which meshes and impaction bone grafting were used. The patient was
87 years old at time of surgery. A) preoperative anteroposterior radiograph of an uncemented total
hip arthroplasty with aseptic loosening and extensive bone loss of the acetabulum and femur. B)
Anteroposterior radiograph two months after the revision total hip arthroplasty. First, the extensive
acetabular defects were reconstructed with a medial and superolateral rim mesh to create contained
defects. After that, acetabular impaction bone grafting was performed with three morselized allograft
femoral heads. Because the patient already lost three liters of blood at the time of the surgery and was
88 years old, it was decided to cement the new femoral component without performing impaction bone
grafting to replenish the bone stock loss in the femoral cavity. C) Anteroposterior radiograph after eight
years follow-up. The patient is 95 years old. Both the acetabular and femoral component are totally stable,
and on the acetabular side complete incorporation of the graft took place.

shown in Figure 3 and overestimation of failure by KM analysis compared to CR
analysis is shown in Figure 4.
DISCUSSIon
This study shows that the results of revision total hip arthroplasties performed
with a third-generation cementing technique are satisfying in patients of 80 years
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Fig. 3-A

Fig. 3-B

Fig. 3-C

figure 3
Kaplan-Meier survival curves showing the probability of revision component survival for endpoints A)
rerevision for any reason, B) rerevision for aseptic loosening and C) reoperation for any reason. The 95
% confidence intervals are included.
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Fig. -C
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figure 4
Comparison of the cumulative incidence for endpoint A) rerevision surgery for any reason, B) rerevision
for aseptic loosening and C) reoperation for any reason calculated with both the Kaplan-Meier estimator
and the competing risks method. The discrepancy between the lines represents the bias, which is
introduced by erroneous usage of the Kaplan-Meier analysis.
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we started to insert constrained liners for recurrent dislocating hips in 2004. In
this present study six constrained liners were placed, all successfully treating the
recurrent dislocations.
Pain relief is the main reason in the elderly patients to perform revision of a
failed hip arthroplasty.4 The average postoperative VAS pain scores in our study
group were 5 in rest and 4 during activity on a scale of 0 to 100. Despite the fact
that we did not have any preoperative VAS scores to compare with, we think it is
reasonable to conclude that revision surgery in our study was effective in relieving
pain in these elderly patients.
Although the number of patients in our group is not extensive, we think our
data are significant. e present a homogenous group of cemented revisions after
a mean follow-up of eight years, all our data were collected prospectively and no
patients were lost to follow-up.
A limitation of this study is that due to the very high average age of the patients
at time of the revision a large number of patients (65 %) was deceased at last
review. However, all data of these patients was reviewed until the time of their
death and included in this study. We also did not provide a younger control group
of cemented revisions.
The Kaplan-Meier analysis is a valid method to estimate component survival
when no competing events have occurred. However, it is better to use competing
risk analysis whenever competing risks are present, because the use of the KM
estimator then will introduce bias.16,17 The resulting bias is greater when the
“competition” is heavier, i.e. when the hazard of the competing events is larger. In
this study, we showed that because of the high number of competing events, the
KM analysis overestimates the failure rate with 32 % for endpoint rerevision for
any reason and with 26 % for endpoint reoperation for any reason. For endpoint
rerevision for aseptic loosening the overestimation is 70 % because there are more
competing events (i.e. the rerevisions for other reasons than aseptic failure).
In conclusion, this study shows that cemented total hip arthroplasty can
provide satisfying results in patients of 80 years and older with acceptable
survival outcomes and complication rates. Nevertheless, revision surgery in this
elderly group can be very complex and the patients are in general very fragile.
Therefore each patient deserves extensive consideration of all options including
non-surgical treatment and, when surgery is necessary, an individual surgical
treatment strategy.
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10 patients with again acetabular bone impaction grafting and a cemented cup was
analyzed. These 11 hips were all failed acetabular revisions of the cohort of 62
acetabular revisions with bone impaction grafting whom were followed up for 25
to 30 years after surgery as described in Chapter 8.
The mean follow-up after re-revision was 10 years (range 5-15) and 28 years
(range 26-30) from the primary revision. Kaplan-Meier survivorship for the cup
with re-re-revision for any reason as endpoint was 91% at 10 years (95% CI 5199). xcluding 1 re re revision for cup malpositioning 3 wee s postoperative,
survivorship for aseptic loosening at 10 years was 100% (95% CI 37-100).
This study shows that, due to replenishing the bone stock, even successive
acetabular reconstructions using impacted morsellised bone chips and a cemented
cup are possible with satisfying clinical results and low re-re-revision rates. The
outcomes of acetabular re-revisions with bone impaction grafting and a cemented
cup are even comparable with results of acetabular revisions performed with the
same technique, as reported in Chapter 8.
3. Assess pre- and intraoperative risk factors for endpoint re-revision for
any reason after femoral bone impaction grafting revisions using Cox
regression analysis.
Despite technical improvements, like the use of specially designed instrumented
femoral revision systems and longer stems to bypass weak cortical areas, failure of
the reconstruction still can occur after a femoral bone impaction grafting revision
is performed. Therefore the aim of Chapter 4 was to determine predictors for the
endpoint re-revision for any reason after femoral revisions with bone impaction
grafting.
We used prospectively collected data of all patients who underwent a femoral
revision with bone impaction grafting in our department from 1991 to 2007. The
clinical and radiographic results of this group are already described in Chapter 3.
202 patients underwent 208 consecutive femoral revisions with bone impaction
grafting and a cemented stem. The mean follow-up was 11 (range 5-21) years. 1
patient was lost to follow-up after 6 years (0.5%). Univariable and multivariable
Cox regression analysis were performed to identify potential factors associated
with re-revision.
The cumulative incidence for re-revision for any reason was 6.3% (13/208).
After univariable selection, sex, age, body mass index (BMI), American Association
of Anesthesiologists (ASA) classification, type of removed femoral component, and
mesh used for reconstruction were included in the multivariable regression analysis.
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Very little has been published on the outcome of femoral cemented revisions using
a third-generation cementing technique. Therefore the purpose of Chapter 6 was
to analyze the clinical outcome, survivorship, complication rate and radiographic
outcome of all 92 consecutive ‘cement only’ femoral revisions performed with a
third generation cementing technique in our department between January 1996 and
December 2007. The average age of the patients at revision was 66 (range 25-92)
years. No patients were lost to follow-up. At review in December 2013, 55 patients
(60%) were alive and did not had a re-revision of the femoral component after a mean
follow-up of 11 years (range 5-17). The mean preoperative Harris Hip Score was
and improved to 3 at final follow up. patients died shortly after the revision
surgery. 1 stem was re-revised for aseptic loosening; this was also the only case with
radiolucent lines in all Gruen ones. A femoral re operation was performed in 19
hips during follow-up, and in 14 of these 19 re-operations the femoral component
was re-revised. Survivorship at 10 years, with femoral re-revision for any reason
as the endpoint was 86% (95% CI 77-92). However, excluding 8 patients with reinfections after septic index revision and 1 with hematogenous spread of infection
form the survival analysis, the adjusted survival for re-revision for any reason at 10
years was 92% (95% CI 83-96). With re-revision for aseptic loosening as endpoint,
the survival at 10 years was 99% (95% CI 90-100).
The conclusion of Chapter 6 is that femoral component revisions with a third
generation cemented stem results in acceptable survival after mid-term follow-up.
We recommend the use of this technique in femoral revisions with limited bone
stock loss.
In case the femoral cement bone mantle is well fixed, and for example an offset
problem needs to be addressed, femoral cement-in-cement revisions are an
attractive treatment option. However, most available cemented stems are too
long to fit in the existing cement mantle. In Chapter 7, we evaluated the
medium term outcomes of the 1 mm short tapered polished stem ( xeter Short
Revision Stem (SRS); Stryker-Howmedica, Newbury, United Kingdom) with a
44 mm offset specifically designed to facilitate cement in cement revisions of hip
arthroplasties. The xeter S S was clinically and radiographically evaluated in 24
consecutive femoral cement-in-cement revisions (11 men, 13 women) between July
2005 and February 2008 after a mean follow-up of 6 years (range 5-7). No hip
was lost to follow-up, but 2 patients (two hips) died. None of the deaths were
related to the surgery. 4 femoral components (17%) were removed for septic
loosening after a mean of 2.4 years (range 1-5). 3 of these hips were revised again in
a two-stage revision, and 1 was converted to a permanent excision arthroplasty. The
probability of survival with re-revision for any reason was 82% (95% CI 58-93)
and survivorship with aseptic loosening as the endpoint was 100% at 6 years.
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When failure of a total hip arthroplasty occurs in patients of 80 years and older,
it is a difficult decision whether it is safe to perform revision surgery because
the complications rate has been reported to be high.8-12 Therefore in Chapter 11
we present the survival outcome and peri- and postoperative complications of
cemented revisions in patients of 80 years and older at time of surgery.
Clinical data, radiographs and complications of all 49 consecutive cemented
revision procedures of the acetabular and/or femoral component in 48 patients
between April 1997 and December 2007 were prospectively collected. The
average age of the patients was 84 years (range 80-92). Kaplan Meier survival
analysis was performed.
32 patients (67%) died or had a re-revision during follow-up, their data was
included until latest follow up. At final review, the average follow up of the 1
living patients with their revision in situ was 8 years (range 6-13). In 6 hips a
re-operation was performed (12%), and in 3 of these re-operations one of the
components was re-revised (6%). Probability of survival at 8 years follow-up was
92% (95% CI 76-97) for endpoint re-revision for any reason and 96% (95% CI 77100) for endpoint re-revision for aseptic loosening. The average Harris Hip Score
improved from 49 preoperative to 4 at final review. ortality within 3 months
after the revision surgery was 6%. There were no intraoperative deaths. In 2 hips
(4%) a femoral fracture occurred during surgery and in 1 (2%) a postoperative
fracture. In 6 cases the hip dislocated (12%).
The conclusion of Chapter 11 is that revision total hip arthroplasty can provide
satisfying results in patients of 80 years and older with acceptable survival
outcome and complication rates. Nevertheless, revision surgery in this elderly
patient category can be very complex and each patient deserves an individual
treatment strategy.
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that, by replenishing the bone stock, even re-revisions are possible with acceptable
long term results using bone impaction grafting and a cemented component. In
our opinion this is the great advantage of the biological way of thinking by using
bone impaction grafting in revision surgery, compared to other – non-biological –
revision methods. However, we are aware of the fact the non-biological revision
methods also can have certain advantages compared to bone impaction grafting
revisions, like a shorter operative time and the possibility to fully bear weight with
the revised joint directly postoperative.
Nevertheless, we think that especially in young patients it is of great value
to replenish the bone stock, because these patients will probably outlive even
their revision total hip arthroplasty and therefore will need to undergo more future
revisions. In patients at a higher age or with a weak general health condition also
cemented revisions without bone grafting can provide acceptable results.
In summary, every patient who needs to undergo revision surgery of one or
more of the components needs an individual treatment strategy. When using a
cemented revision technique, almost all cases can be treated succesfully. However,
what remains largely unclear is the outcome of revisions with extensive bone
stock loss on both the femoral and acetabular side. In our cohort with 208 femoral
bone impaction grafting revision we could not detect any significant differences
between the Endoklinik grades regarding the survival. In the literature it is
suggested that the results of bone impaction grafting on both sides are worse when
the bone stock defects are greater.6,15 We agree with this suggestion, and think that
there certainly are cases in which bone impaction grafting in combination with a
cemented component is not the best treatment option.
We think that there are some important factors which need to be addressed when
performing a revision with bone impaction grafting in these patients with extensive
bone defects. First, when performing the bone impaction grafting technique, there
is a considerable learning curve. We recommend that before performing difficult
revisions, experience with the procedure is gained in relatively easier revisions
with less extensive bone stock defects. Furthermore compliance of the patient
to the postoperative regime is essential in these extensive revisions. In our
opinion a period of non-weight-bearing, with sometimes even some weeks of
bed rest, is essential for the bone graft to incorporate, especially in larger
defects.16
In conclusion, this thesis shows that satisfying mid- to long-term results can
be achieved in revision surgery using cemented components, with and
without the use of bone impaction grafting. We think that, even in these times of
growing use of uncemented components in primary and revision total hip
arthroplasty,17 cementing is an essential technique in the armamentarium of a
present-day hip replacement surgeon.
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that especially after such a long term follow-up, the KM analysis overestimates
the probability of revision surgery severely due to ignoring competing risks.
specially for a revision technique with a proven long term follow up, patients
should have fair information on their chance of having future revisions. CR
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone
impaction grafting with a cemented cup is a suitable technique, with acceptable
results at over 25 years. Claims have been made that bone impaction grafting is
a biological reconstruction technique, restoring the bone and facilitating future
revisions. However, there are no scientific data proving this claim. Therefore, in
Chapter 9 the first clinical study that describes the outcome of acetabular re
revisions with impacted morsellised cancellous bone grafting and a cemented
acetabular component after a previous acetabular revision with bone impaction
grafting is presented. In this study the outcome of 11 consecutive re-revisions in
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a cemented polished stem result in an satisfying long term survival rate in femora
with bone stock deficiencies that need to be reconstructed.
Next to the use in femoral revisions, bone impaction grafting also is a valuable
technique in acetabular revision hip surgery used by many centers from all over
the world,3-6 at over 30 years after its introduction.7 In Chapter 8 we present the
results of 62 consecutive acetabular revisions using bone impaction grafting and
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years
(range 25-30). All patients were prospectively followed. The mean age at revision
was 59 years (range 23-82). We performed Kaplan-Meier (KM) analysis and also a
competing risk (CR) analysis because in this series the presence of a large number
of competing events (i.e. death) prevents the occurrence of endpoint re-revision.
48 patients (52 hips) had died or had been re-revised at final review. None of the
deaths were related to the surgery. The mean Harris Hip Score of the 10 surviving
patients was 76 (range 45-99). The KM survivorship at 27 years for endpoint rerevision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic
loosening 72% (95% CI 51-85). With the CR analysis we calculated that due
to the high number of competing events after this long term follow-up, the KM
analysis overestimates the failure rate with respectively 74% and 92% for these
endpoints. The conclusion of this study is that acetabular bone impaction grafting
revisions provide acceptable clinical results at over 25 years. We also showed
that especially after such a long term follow-up, the KM analysis overestimates
the probability of revision surgery severely due to ignoring competing risks.
Especially for a revision technique with a proven long term follow-up, patients
should have fair information on their chance of having future revisions. CR
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone
impaction grafting with a cemented cup is a suitable technique, with acceptable
results at over 25 years. Claims have been made that bone impaction grafting is
a biological reconstruction technique, restoring the bone and facilitating future
revisions. However, there are no scientific data proving this claim. Therefore, in
Chapter 9 the first clinical study that describes the outcome of acetabular rerevisions with impacted morsellised cancellous bone grafting and a cemented
acetabular component after a previous acetabular revision with bone impaction
grafting is presented. In this study the outcome of 11 consecutive re-revisions in
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SUMMARY IN DUTCH / NEDERLANDSE SAMENVATTING
Dit proefschrift beschrijft de middellange tot lange termijn resultaten van
verschillende behandelmodaliteiten binnen de gecementeerde femorale en
acetabulaire revisiechirurgie, met een speciale focus op het gebruik van de bone
impaction grafting techniek. We hebben zeven onderzoeksdoelen vastgesteld die
in dit hoofdstuk zullen worden samengevat en bediscussieerd.
1. Het beschrijven van de klinische en radiologische resultaten van patiënten
die een femorale of acetabulaire heuprevisie hebben ondergaan met de
bone impaction grafting techniek, om zo de lange termijn survival van
deze biologische reconstructie methode te evalueren.
Hoofdstuk 2 beschreef de resultaten van de eerste 33 opeenvolgende femorale
bone impaction grafting revisies die werden uitgevoerd in het Radboudumc,
tussen maart 1991 en februari 1996. Al deze revisies werden uitgevoerd met
het X-change femorale heuprevisie systeem, gemalen spongieuze donor
botsnippers en een gecementeerde gepolijste Exeter steel. Deze studie was een
update van een eerdere publicatie, waarin we nu de lange termijn resultaten na 15
tot 20 jaar follow-up presenteerden. Gedurende de follow-up werd 1 steel gerereviseerd vanwege mechanische redenen tijdens een cup re-revisie. De
survival na 17 jaar follow-up met als eindpunt ‘femorale re-revisie om welke
reden dan ook’ was 96% (95% betrouwbaarheidsinterval (BI) 72-99) en met ‘rerevisie voor aseptische loslating’ als eindpunt 100% (95% BI 69-100). Er
ontstonden 3 vroege femorale fracturen na deze chirurgie, die allen met
plaatfixatie konden worden behandeld.
Als een vervolg op deze eerste studie hebben we de onderzoekspopulatie
uitgebreid met alle daaropvolgende femorale bone impaction grafting revisies
uitgevoerd tot en met december 2007. De resultaten van deze grotere patiëntengroep
van 208 femorale revisies werden beschreven in hoofdstuk 3. Ook bij deze
patiënten werden het X-change femorale revisie systeem, gemalen spongieuze
donor botsnippers en een gecementeerde gepolijste Exeter steel gebruikt. Alle
patiënten werden prospectief gevolgd. Er was 1 patiënt lost to follow-up na 6 jaar,
de data van deze patiënt werden geïncludeerd tot aan dit punt. Na een gemiddelde
follow-up van 11 jaar (range 5–21) was een femorale re-operatie uitgevoerd in
33 heupen (16%). Bij 13 van deze re-operaties werd het femorale component
gere-reviseerd (6%). Kaplan-Meier survival met ‘femorale re-revisie om welke
reden dan ook’ was 95% (95% BI 90-97) na 10 jaar follow-up, met ‘femorale
re-revisie voor aseptische loslating’ als eindpunt 99% (95% BI 96-100), met
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2. Vaststellen of door het aanvullen van de botvoorraad met acetabulaire
bone impaction grafting, ook opeenvolgende reconstructies in één en
dezelfde patiënt mogelijk zijn met de combinatie van bone impaction
grafting en een gecementeerde cup.
Hoofdstuk 8 liet zien dat voor de revisie van gefaalde cups van totale heupprothesen
bone impaction grafting met een gecementeerde cup een geschikte techniek is,
met acceptabele resultaten na meer dan 25 jaar follow-up. Er zijn claims gemaakt
dat bone impaction grafting een biologische reconstructie techniek is, waarmee
de botvoorraad kan worden aangevuld en waarmee zo ook toekomstige revisies
gefaciliteerd kunnen worden. Er is echter geen wetenschappelijke data die deze
claims onderbouwt.
Daarom beschreven we in hoofdstuk 9 de eerste klinische studie die de
uitkomsten presenteert van acetabulaire re-revisies met geïmpacteerde spongieuze
botsnippers en een gecementeerd acetabulair component, uitgevoerd na een
eerdere acetabulaire revisie met bone impaction grafting. In deze studie werden
de uitkomsten geanalyseerd van 11 opeenvolgende re-revisies uitgevoerd in 10
patiënten met opnieuw acetabulaire bone impaction grafting en een gecementeerde
cup. Deze 11 heupen waren allemaal gefaalde acetabulaire revisies uit het cohort
van 62 acetabulaire revisies met bone impaction grafting met een follow-up van
25 tot 30 jaar zoals beschreven in hoofdstuk 8. De gemiddelde follow-up na de
re-revisies was 10 jaar (range 5-15) en 28 jaar (range 26-30) na de primaire bone
impaction grafting revisie. Kaplan-Meier survival met ‘re-re-revisie om welke
reden dan ook’ als eindpunt was 91% op 10 jaar (95% BI 51-99). Wanneer
we één vroege re-re-revisie voor malpositie van de cup 3 weken postoperatief
excludeerden, was de survival voor eindpunt ‘aseptische loslating’ 10 jaar
postoperatief 100% (95% BI 37-100).
Deze studie liet zien dat, door het aanvullen van de botvoorraad, opeenvolgende
acetabulaire revisies mogelijk waren met het gebruik van geïmpacteerde spongieuze
donor botsnippers en een gecementeerde cup met acceptabele klinische resultaten
en lage re-re-revisie percentages. De uitkomsten van de acetabulaire re-revisies
zijn zelfs vergelijkbaar met de uitkomsten van de acetabulaire revisies uitgevoerd
met de zelfde techniek, zoals beschreven in hoofdstuk 8.
3. Pre- en postoperatieve risicofactoren vaststellen voor het eindpunt rerevisie voor elke reden na femorale bone impaction grafting revisies met
behulp van een Cox regressie analyse.
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Endo-Klinik score van 3 of 4 hadden. Bone impaction grafting werd toegepast bij
24 patiënten (65%). Ten tijde van de laatste review waren nog 22 patiënten (59%)
in leven. 14 patiënten overleden gedurende de follow-up, 3 hiervan kort na de
operatie; alle data van deze 14 patiënten werd geïncludeerd tot aan het overlijden.
Na 4 jaar en 5 maanden faalde 1 reconstructie vanwege recidiverende
luxaties: het implantaat werd verwijderd en de heup werd geconverteerd naar een
Girdlestone situatie. Intraoperatieve fracturen en fissuren traden op bij 9 patiënten
(24%), geen van deze fracturen ontstond echter gedurende de impactiefase van
het bottransplantaat. Postoperatieve periprosthetische fracturen traden op bij 2
patiënten (5%); beiden werden behandeld met plaatfixatie. De survival voor het
eindpunt ‘re-revisie om welke reden dan ook’ was 96% (95% BI 76-100), voor
‘re-revisie voor aseptische loslating’ 100% (95% BI 74-100) en voor ‘re-operatie
om welke reden dan ook’ 81% (95% BI 56-92) na 9 jaar follow-up.
Concluderend liet hoofdstuk 5 zien dat de survival van lange gecementeerde
gepolijste femorale implantaten acceptabel was in deze populatie van fragiele
patiënten met uitgebreide femorale botdefecten. Een revisie met een steel van
normale lengte zou in dit studiecohort, waarin de meerderheid van de patiënten
een insufficiënte preoperatieve botvoorraad had, waarschijnlijk geleid hebben tot
een hoger aantal postoperatieve fracturen.
5. De klinische en radiologische resultaten beschrijven van femorale revisies
waarbij alleen cement zonder bottransplantaat is gebruikt, uitgevoerd
in patiënten met minimaal femoraal botverlies, en femorale cementin-cement revisies, uitgevoerd in patiënten met een intacte femorale
cementmantel in situ.
Er is zeer weinig gepubliceerd over de uitkomsten van femorale gecementeerde
revisies uitgevoerd met een derde generatie cementeringstechniek. Daarom was
het doel in hoofdstuk 6 om de klinische uitkomsten, survival, complicaties en
radiologische uitkomsten te analyseren van alle 92 opeenvolgende gecementeerde
femorale revisies die binnen onze afdeling werden uitgevoerd met een derde
generatie cementeringstechniek in de periode januari 1996 tot december 2007. De
gemiddelde leeftijd van alle patiënten ten tijde van de revisie was 66 (range 2592) jaar. Geen patiënten waren lost to follow-up. Ten tijde van de laatste review in
december 2015 waren nog 55 patiënten (60%) in leven en hadden geen re-revisie
gehad van hun femorale component na een gemiddelde follow-up van 11 jaar
(range 5-17). De gemiddelde preoperatieve Harris hip score was 50 en verbeterde
naar 73 ten tijde van de laatste follow-up. Er overleden 2 patiënten kort na de
revisiechirurgie. Er werd 1 steel gere-reviseerd voor aseptische loslating; dit was
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6. Beschrijven van de klinische en radiologische resultaten van
gecementeerde revisies van zowel het femorale als het acetabulaire
component gecombineerd met bone impaction grafting in patiënten
jonger dan 55 jaar.
Het toenemende aantal geplaatste totale heupen bij jongere patiënten zal er
onvermijdelijk voor zorgen dat er grotere aantallen revisieprocedures moeten
worden uitgevoerd in deze s eci e e groe jonge ati nten. Er is echter helaas
nog geen geschikte revisiemethode voor deze patiënten beschreven met een
acceptabele follow-up van meer dan 10 jaar. Daarom was het doel van hoofdstuk
10 om de klinische en radiologische uitkomsten van totale gecementeerde revisies
van zowel het acetabulaire als het femorale component met aan beide zijden bone
impaction grafting te beschrijven in 34 patiënten jonger dan 55 jaar (gemiddelde
leeftijd ten tijde van de operatie 46 jaar), geopereerd tussen 1991 en 2007.
Geen ati nt was lost to ollow-u maar
ati nten overleden gedurende de
ollow-u . Geen van deze doden was gerelateerd aan de chirurgie en data van deze
patiënten werd geïncludeerd tot aan het overlijden. De gemiddelde follow-up was
12 jaar (range 5-21). In 6 heupen was een re-revisie van één of beide componenten
noodza elij ( 8%) in ati nten werden beide com onenten gere-reviseerd en
in twee heupen alleen het acetabulaire component. De 10 jaars survival met als
eindpunt ‘re-revisie om welke reden dan ook van één of beide componenten’ was
87% (95% BI 67-95), met als eindpunt ‘re-revisie voor aseptische loslating van
één of beide componenten’ 97% (95% BI 80-100), en met ‘re-operatie om welke
reden dan ook’ 78% (95% BI 95-89).
De conclusie van hoofdstuk 10 was dat de survival van totale heuprevisies
uitgevoerd met zowel acetabulaire als femorale bone impaction grafting
resulteerden in acceptabele resultaten na 10 jaar follow-up. Bone impaction
grafting is een aantrekkelijke reconstructietechniek waarmee de botvoorraad
kan worden aangevuld bij jonge patiënten, die nog een lange levensverwachting
hebben en waarschijnlijk gedurende hun leven nog meerdere revisies moeten
ondergaan.
7. Het evalueren van de survival en peri- en postoperatieve complicaties bij
heuprevisies in patiënten die 80 jaar of ouder zijn ten tijde van de revisie.
Wanneer een totale heupprothese faalt en de patiënt is 80 jaar of ouder, is het
een moeilijke beslissing of het veilig is om nog revisiechirurgie te verrichten
aangezien het complicatiepercentage in deze leeftijdsgroep dat in de literatuur
wordt beschreven hoog is. Daarom presenteerden we in hoofdstuk 11 de survival
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de lange follow-up periode, met de Kaplan-Meier analyse de kans op falen werd
overschat met respectievelijk 74% en 92% voor deze eindpunten.
De conclusie van deze studie was dat acetabulaire bone impaction grafting
revisies resulteerden in acceptabele klinische resultaten na meer dan 25 jaar
survival. We lieten tevens zien dat vooral na een dergelijk lange follow-up, de
Kaplan-Meier methode de kans op revisiechirurgie ernstig overschat doordat
competing events niet worden meegenomen in de analyse. Vooral voor een
revisietechniek met een bewezen lange termijn follow-up is het belangrijk dat
patiënten juiste informatie krijgen over hun kans op toekomstige extra revisies.
Competing risk analyse is zeer geschikt voor dit doeleinde.
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AlGehele DISCUSSIe
Dit proefschrift laat zien dat goede middellange tot lange termijn resultaten
bereikt kunnen worden in zowel femorale als acetabulaire revisiechirurgie met
verschillende gecementeerde behandelmodaliteiten. De survival was in alle studies
acceptabel met een gemiddelde survival van boven de 90% voor het eindpunt
‘re-revisie om welke reden dan ook’ bij een gemiddelde follow-up van 10 jaar.
Ook verbeterden de klinische scores in alle studies gedurende de follow-up en
waren de radiologische uitkomsten van de reconstructies goed. Over het algemeen
werd incorporatie van de grafts gezien aan zowel acetabulaire als femorale zijde,
wanneer deze werden gebruikt. Het beoordelen van deze graft op conventionele
röntgenfoto’s blijft echter moeilijk. Niettemin werden in geen van de studies
zorgelijke radiologische kenmerken vastgesteld, zoals bijvoorbeeld uitgebreide
vroege loslating van de com onenten osteol se o stress shielding. Er was s ra e
van meer femorale subsidence in de revisies uitgevoerd met bone impaction
grafting ten opzichte van de revisies uitgevoerd met alleen cement (2.8 mm versus
1.5 mm), maar dit leek geen effect te hebben op de klinische uitkomsten. De 10
jaars survival voor het eindpunt ‘re-revisie voor aseptische loslating’ was 99%
voor zowel de femorale bone impaction grafting revisies als de femorale revisies
met alleen cement.
Uit de Cox regressie analyse van de femorale bone impaction grafting revisies
blee dat obese ati nten een signi cant hoger risico hadden o een re-revisie
voor elke reden vergeleken met niet obese patiënten. Dit kan mogelijk worden
verklaard door het feit dat een hoger BMI resulteert in chronisch verhoogde
biomechanische belasting van de reconstructie. Lübbeke en Pulos lieten ook zien
dat obese ati nten die een totale heu revisie hadden ondergaan een signi cant
hoger risico hadden op een postoperatieve infectie, wat de hoofdreden voor rerevisie was in onze studiepopulatie. We zijn van mening dat het belangrijk is de
patiënt te informeren over dit hogere risico in de preoperatieve fase, en het valt
zelfs te overwegen eerst het overgewicht te behandelen voordat de heuprevisie
wordt uitgevoerd.
De studies in dit proefschrift laten zien dat er verscheidene behandelopties
mogelijk zijn wanneer een gecementeerde heuprevisietechniek wordt gebruikt,
voor zowel de acetabulaire als de femorale zijde. Wanneer er sprake is van een
intacte cementmantel en er een revisie moet worden uitgevoerd voor bijvoorbeeld
een stabiliteitsprobleem (zoals het veranderen van de femorale offset of anteversie)
kan een cement-in-cement revisie een aantrekkelijke behandeloptie zijn. Wanneer
er tekenen zijn van radiologische en intraoperatieve loslating van de bestaande
cement mantel, of wanneer een ongecementeerd component wordt verwijderd
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Daarnaast denken we dat er een aantal belangrijke factoren zijn waar rekening
mee gehouden moet worden wanneer een revisie met bone impaction grafting
wordt overwogen bij deze patiënten met zeer uitgebreide botdefecten. Ten eerste
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heeft de bone impaction grafting techniek een aanzienlijke leercurve. We raden
aan eerst ervaring met de procedure te verkrijgen door het uitvoeren van relatief
makkelijke revisies met minder botverlies voordat wordt begonnen aan revisies
met zeer uitgebreid botverlies. Daarnaast is het erg belangrijk dat de patiënt
zich kan houden aan het postoperatieve behandelplan bij deze revisies met zeer
uitgebreid botverlies. Naar onze mening is een periode waarin het gewricht in zijn
geheel niet wordt belast, soms zelfs met een aantal weken bedrust, essentieel voor
de incorporatie van het bottransplantaat, speciaal bij deze grote defecten.
Concluderend laat dit proefschrift zien dat goede middellange tot lange
termijn resultaten kunnen worden bereikt in revisiechirurgie met het gebruik van
gecementeerde componenten, met of zonder de toevoeging van bone impaction
grafting. We zijn van mening dat, zelfs in deze tijden van het groeiend gebruik
van ongecementeerde componenten in primaire en revisie heupchirurgie,
het cementeren een essentiële techniek is die niet mag ontbreken binnen het
behandelpalet van de hedendaagse heupchirurg.
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‘femorale re-operatie om welke reden dan ook’ als eindpunt 85% (95% BI 78-89)
en met subsidence van ≥ 5 mm 87% (95% BI 80-92). Er waren geen additionele
radiologisch gefaalde stelen.
De conclusie van de twee studies, gepresenteerd in hoofdstukken 2 en
3, was dat femorale heuprevisies uitgevoerd met bone impaction grafting
en een gecementeerde gepolijste steel resulteerden in een acceptabele lange
termijn survival in femora met botdefecten die gedurende de revisiechirurgie
gereconstrueerd moeten worden.
Naast het gebruik in femorale revisies, is bone impaction grafting ook een
waardevolle techniek in acetabulaire revisie heupchirurgie die, meer dan 30 jaar
na de introductie ervan, door vele centra over de gehele wereld wordt gebruikt. In
hoofdstuk 8 presenteerden we de resultaten van 62 opeenvolgende acetabulaire
revisies met bone impaction grafting en een gecementeerde polyethyleen cup in
58 patiënten na een gemiddelde follow-up van 27 jaar (range 25-30). Al deze
patiënten werden prospectief gevolgd. De gemiddelde leeftijd ten tijde van de
revisie was 59 jaar (range 23-82). We voerden een Kaplan-Meier analyse uit
en tevens een competing risk analyse, aangezien in deze serie een groot aantal
competing events aanwezig waren (de overleden patiënten gedurende de lange
follow-up) die het optreden van het eindpunt re-revisie onmogelijk maakten. Op
het moment van de laatste review waren 48 patiënten (52 heupen) overleden of
hadden een re-revisie gehad. Geen van deze overlijdens was gerelateerd aan de
chirurgie. De gemiddelde Harris hip score van de 10 overlevende en niet gerereviseerde patiënten was 76 (range 45-99). De 27 jaars survival voor het eindpunt
‘re-revisie om welke reden dan ook’ was 58% (95% BI 38-73). Met de competing
risk analyse berekenden we dat, door het hoge aantal competing events gedurende
de lange follow-up periode, met de Kaplan-Meier analyse de kans op falen werd
overschat met respectievelijk 74% en 92% voor deze eindpunten.
De conclusie van deze studie was dat acetabulaire bone impaction grafting
revisies resulteerden in acceptabele klinische resultaten na meer dan 25 jaar
survival. We lieten tevens zien dat vooral na een dergelijk lange follow-up, de
Kaplan-Meier methode de kans op revisiechirurgie ernstig overschat doordat
competing events niet worden meegenomen in de analyse. Vooral voor een
revisietechniek met een bewezen lange termijn follow-up is het belangrijk dat
patiënten juiste informatie krijgen over hun kans op toekomstige extra revisies.
Competing risk analyse is zeer geschikt voor dit doeleinde.
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C
Hoewel het mijn naam is die op de voorkant van dit proefschrift prijkt, zijn
er veel mensen betrokken geweest bij de totstandkoming ervan. Het moge
duidelijk zijn dat ik dit proefschrift niet zonder de inzet van anderen heb kunnen
voltooien. raag wil i iedereen hiervoor hartelij bedan en
En ele van de e mensen ou i hier in het bij onder willen benoemen
Co-promotor dr. B.W. Schreurs, beste Wim, jij stond aan het begin van
mijn carrière binnen orthopedisch onderzoeksland. Vanaf het moment dat
ik als tweedejaars broekie begon bij het Klinisch Scorestation zijn we gestart
met een aantal kleine onderzoekjes. Dat dit tot een heus proefschrift zou leiden
had ik aan het begin nooit durven dromen. Jij bent de afgelopen jaren een
luisterend oor voor mij geweest, zowel voor werk- als privézaken. Jouw open
houding, nuchterheid en aanstekelijke enthousiasme gemengd met de nodige
humor zijn voor mij een voorbeeld.
Co-promotor dr. W.H.C. Rijnen, beste Wim, hartelijk dank voor al je hulp bij
het verwezenlijken van dit proefschrift. Ook bij jou kon ik altijd binnenlopen
voor vragen. Jouw heldere commentaren op de manuscripten hebben deze
zeker naar een hoger niveau getild.
Promotor prof. dr. Van Kampen, beste Albert, bedankt dat je mijn
promotor wilde zijn. Mede dankzij jouw snelle feedback en adviezen heb ik de
vaart in dit promotieonderzoek kunnen houden.
Leden van de manuscriptcommissie, prof. dr. J.A. Jansen, prof. dr. W.B. van
den Berg en prof. dr. I.C. Heyligers, hartelijk dank voor de nauwkeurige
beoordeling en goedkeuring van mijn proefschrift.
r. annin beste erjon samen hebben we de ox regressie analyse
voor hoofdstuk 4 op poten gezet. Ook voor andere statistische problematiek
kon ik altijd laagdrempelig bij je terecht. Ik heb onze samenwerking als
zeer prettig ervaren.
Dr. Hendriks, beste Jan, jouw scherpzinnige vragen over de gebruikte
statistische analyses zetten mij aan het denken en hebben gemaakt dat ik nog
kritischer ging kijken naar de correctheid ervan.
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Davey, dat we beiden bezig zijn met promotieonderzoek binnen de heupchirurgie
heeft ons een aantal mooie tripjes opgeleverd. In Londen en Stockholm hebben we
beide mooie resentaties gegeven en hiernaast oo in genoten van de steden.
Mannen van co-groep 112, Hilko, Jan, Kevin, Ruben en Wouter. Samen hebben
we onze coscha en o geleu t met menig lm- en eetavondje. ooi dat we el aar
nog regelmatig treffen nu iedereen zijn eigen weg binnen de geneeskunde heeft
gekozen.
TUD-ers, Jadran, Koen, Lennart, Maarten en Niek. Met wat wij allemaal hebben
meegemaakt in ruim 15 jaar kun je een boek vullen dat het formaat van dit proefschrift
overtreft. Ik ben blij dat onze vriendschap er na al die jaren nog steeds is.
Chema, Jens, Sander en Sean, al in het eerste jaar van onze Nijmeegse geneeskunde
tijd zijn wij op de achterste rij van de collegezaal uitgegroeid tot een hechte
vriendengroep. Naast het educatieve gehalte van de colleges had het samenkomen
daar ook altijd een hoog sociaal gehalte. Voor mij was dat minstens zo belangrijk.
Naast onze opleiding tot arts zijn we allemaal ook vroeg begonnen met onderzoek,
de één maakte de ander enthousiast. Mooi te zien dat we allemaal al ver gevorderd
zijn met onze promotieonderzoeken. Ik zal de komende jaren ook maar wat graag
jullie promoties vieren.
‘Schoonouders’ Paul en Bernadette, in wat een warm nest ben ik terecht gekomen
bij jullie thuis. De deur staat altijd open en er is altijd gezelligheid. Het is heerlijk
toeven o de boerderij echt een ins irerende omgeving. enig nishing touch
van een artikel is bij jullie in de tuin tot stand gekomen.
Alexander en Michelle, Rogier en Judith, en Iris. Wij zijn al zo lang een clubje dat
jullie inmiddels een soort broers en zussen voor mij zijn geworden. Ik zou me een
leven zonder jullie me niet meer voor kunnen stellen.
Mijn paranimfen, Joost en Thijs.
Joost, inmiddels meer dan 10 jaar geleden leerden wij elkaar kennen tijdens
de introductie. Jij als beginnend student biomedische wetenschappen en ik als
eerstejaars geneeskunde. Ondanks dat onze wegen op het gebied van de studie al
vrij snel uit elkaar begonnen te lopen, hebben wij het toch klaargespeeld elkaar
gedurende al die jaren praktisch elke twee weken te zien en vrijwel altijd dezelfde
overvolle ovenschaal met vette wraps weg te werken. Dat er nog maar velen
mogen volgen
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We hebben
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en vooral veel gelachen. Ik hoop dat dat voor altijd zo mag blijven.
Artsen van het maatschap Chirurgie / Orthopedie Rijnstate. Bedankt voor de leuke en
leerzame jaren die ik tot nu toe bij jullie achter de rug heb, eerst als ANIOS orthopedie,
daarna tijdens mijn vooropleiding bij de heelkunde, en nu als AIOS orthopedie.
Pepijn, onze trip naar de AAOS in Las Vegas zal ik niet snel vergeten.
Indrukwekkende stad en indrukwekkend groot congres. Het cruisen door de
woestijn in de Mustang cabriolet had ik voor geen goud willen missen.
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daarna tijdens mijn vooropleiding bij de heelkunde, en nu als AIOS orthopedie.
Pepijn, onze trip naar de AAOS in Las Vegas zal ik niet snel vergeten.
Indrukwekkende stad en indrukwekkend groot congres. Het cruisen door de
woestijn in de Mustang cabriolet had ik voor geen goud willen missen.
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Martijn Te Stroet werd geboren op 17 april 1987 in Doetinchem. Hij behaalde
zijn gymnasium diploma in 2005 aan het Ludger college in Doetinchem, waarna
hij geneeskunde ging studeren in Nijmegen. Voordat hij kon beginnen aan
zijn coschappen heeft hij in 2008 een half jaar gewerkt op het Klinisch Score
station op de polikliniek orthopedie van Radboudumc te Nijmegen. Hier werd
de eerste hand gelegd voor de verdere stappen binnen de orthopedie. Zijn senior
coschap vond plaats op de afdeling traumachirurgie in het Radboudumc en zijn
keuzecoschap op de afdeling orthopedie van de Sint Maartenskliniek te Nijmegen.
De afsluitende wetenschappelijke stage vond plaats binnen de afdeling orthopedie
van het Radboudumc onder begeleiding van dr. Wim Schreurs.
In 2012 behaalde hij zijn artsexamen en startte daaropvolgend met
promotieonderzoek dat werd voortgezet uit zijn wetenschappelijke stage. Na dit
8 maanden te hebben opgestart heeft hij driekwart jaar gewerkt in het Rijnstate te
Arnhem als arts-assistent orthopedie niet in opleiding. Nadat hij was aangenomen
voor de opleiding tot orthopedisch chirurg heeft hij in de volgende anderhalf
jaar zijn promotieonderzoek grotendeels afgerond alvorens te beginnen aan de
vooropleiding chirurgie in januari 2015 in het Rijnstate (opleider dr. M.M.P.J.
Reijnen). Per juli 2016 is hij gestart met het orthopedie gedeelte van zijn opleiding,
tevens in het Rijnstate (opleider dr. W.J. Rijnberg).
Martijn Te Stroet woont samen met Lenny Hilderink.
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