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We report the results of 79 patients (81 hips) who underwent impaction grafting at revision 
hip replacement using the Exeter femoral stem. Their mean age was 64 years (31 to 83). 
According to the Endoklinik classification, 20 hips had a type 2 bone defect, 40 had type 3, 
and 21 had type 4. The mean follow-up for unrevised stems was 10.4 years (5 to 17). 

There were 12 re-operations due to intra- and post-operative fractures, infection (one hip) 
and aseptic loosening (one hip). All re-operations affected type 3 (6 hips) and 4 (6 hips) bone 
defects. The survival rate for re-operation for any cause was 100% for type 2, 81.2% (95% 
confidence interval (CI) 67.1 to 95.3) for type 3, and 70.8% (95% CI 51.1 to 90.5) for type 4 
defects at 14 years. The survival rate with further revision for aseptic loosening as the end 
point was 98.6% (95% CI 95.8 to 100). The final clinical score was higher for patients with 
type 2 bone defects than type 4 regarding pain, function and range of movement. Limp was 
most frequent in the type 4 group (p < 0.001). The mean subsidence of the stem was 2.3 mm 
(SD 3.7) for hips with a type 2 defect, 4.3 mm (SD 7.2) for type 3 and 9.6 mm (SD 10.8) for type 
4 (p = 0.022).

The impacted bone grafting technique has good clinical results in femoral revision. 
However, major bone defects affect clinical outcome and also result in more operative 
complications.

Good clinical results have been reported using
a cementless extensively porous-coated stem in
femoral revision surgery in patients with an
endosteal canal with a diameter of less than
18 mm1-3 but severe stress shielding in the
proximal femur has been a major concern for
long-term outcome.4 Impacted bone grafting
and cement have been used to reconstitute defi-
cient bone stock in the proximal femur in revi-
sion total hip replacement (THR) with good
results,5-14 and even with acceptable results in
patients with massive femoral defects.15,16

New bone formation has been reported in
histological17-20 and positron emission tomo-
graphy studies.21 The infrequency of the call
for this technically demanding procedure has
resulted in early failures of impacted bone
grafting with frequent complications such as
femoral fractures and stem subsidences of
more than 5 mm.11,22-24

Most series with impacted bone grafting in
femoral revision surgery have not considered
differences in survival between grades of bone
defect. Accordingly, we have examined
whether the intra-operative bone defect can
affect the survival and fate of femoral recon-
struction with impacted bone grafting. We
investigated: 1) whether reconstructions

performed using this technique and a cemented
stem have a satisfactory medium-term out-
come and whether the outcome can be related
to the size of the bone defect; 2) the relation-
ship between any complications of the tech-
nique and different degrees of bone defect; and
3) whether the radiological findings can also be
related to the bone defects. 

Patients and Methods
Between 1993 and 2005, 79 consecutive
patients (81 hips) underwent femoral impacted
bone grafting during revision THR prior to
cementing of an Exeter stem (Stryker,
Howmedica International, Staines, United
Kingdom). The impacted bone grafting tech-
nique was introduced in our institution in 1993.
The criteria for impacted bone grafting were:
age < 70 years or in older patients the presence
of moderate to severe proximal cortical bone
loss, especially if the width of the endosteal
canal exceeded 18 mm. Although no patient has
been excluded from the survivorship analysis, a
minimum five-year clinical and radiological
follow-up of unrevised stems was required for
inclusion in the study. No hips were lost to
follow-up and no patients died from causes
unrelated to the operation before five years.
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There were 48 women and 33 men and with a mean age of
64 years (31 to 83). The mean time between the initial THR
and the revision surgery was 11 years (1 to 16). The diagno-
sis at the time of the primary THR was osteoarthritis in most
cases. A variety of cemented (45) and cementless (36) THRs
were revised in this series. The cause of revision was aseptic
loosening in 70 hips (86.4%), septic loosening in eight
(9.9%) and periprosthetic fracture in three (3.7%). The
impacted bone grafting revision was the first revision in
55 hips (67.9%). Femoral bone status was classified during
the operation according to the Endoklinik classification25

and included 20 Type 2, 40 Type 3 and 21 Type 4 hips. Each
revised stem was individually assessed; eight (9.9%) only
underwent femoral revision and 73 (90.1%) underwent revi-
sion of both components. The mean follow-up for unrevised
stems was 10.4 years (5 to 17). Patient data regarding the
bone defects are detailed in Table I.

We used a posterolateral approach in all hips. Because of
the difficulty of removing the cement or osseointegrated
cementless stems in problematic cases, we began using an
extended trochanteric osteotomy with increasing frequency
to reduce the risk of cortical perforations (eight hips). The
stem and all cement, debris and fibrous membrane were
removed from the femoral canal before excising the mem-
brane and sending it for histological and bacteriological
study. Before introducing the morcellised allograft and
cement, segmental defects in the cortex or calcar were
reconstructed with metallic meshes and cerclage wires
designed to retain the allografts (X-Change; Stryker,

Howmedica International). In nine hips, only prophylactic
cables were placed around a thin calcar or cortical bone
and to prevent fracture during impaction. A Dall-Miles
plate (Stryker, Howmedica International) was also added in
five hips to reinforce the cortical bone, especially in cases
with a pre-operative periprosthetic fracture. The femoral
canal was occluded distally by an acrylic plug placed 3 cm
distal to the most distal area of bone lysis. Using a bone mill
(LereBone Mill; Johnson & Johnson, DePuy, Warsaw, Indi-
ana), unwashed cancellous chips 2 mm to 5 mm in diameter
were prepared from fresh-frozen femoral heads, obtained
from microbiologically screened donors who had previ-
ously undergone primary THR. The graft was vigorously
impacted with a trial prosthesis from X-Change instru-
ments according to the Exeter technique.5,7 A collarless
double-taper polished Exeter stem was introduced with
antibiotic-loaded cement (Palacos with gentamicin; Merck,
Darmstadt, Germany), which was injected in a retrograde
manner and pressurised with a proximal seal. A standard-
length stem has been used in most cases (69 hips, 85.2%). A
long stem has been used since 1998 in cases with severe dis-
tal bone loss to bypass the deficiency and reduce the risk of
periprosthetic fracture (12 hips). Operative data regarding
the bone defect are detailed in Table II.

The post-operative management in our early patients
included bed rest for 14 days.5 Beginning in 1997, patients
spent five days in bed with the leg in abduction, and then,
depending on the quality of the bone and the nature of the
reconstruction, partial weight-bearing started at six weeks

Table I. Patient data and bone defects25

Bone defect

Grade 2 Grade 3 Grade 4 Total p-value*

Mean age (years) (range) 66.3 (43 to 79) 64.9 (31 to 82) 60.0 (32 to 83) 64.0 (31 to 83) 0.177
Male:female 8:12 15:25 10:11 33:48 0.745†

Right:left 12:8 23:17 12:9 47:34 0.979†

Original diagnosis
Osteoarthritis 14 26  8 48
Developmental 
dysplasia of the hip

 2  6  2 10

Rheumatoid arthritis  1  1  5  7
Avascular necrosis  2  1  3  6
Hip fracture  1  3  2  6
Developmental arthritis -  1  1  2
Other -  2 -  2

Cause of revision
Aseptic loosening 19 36 15 70 0.057†

Septic loosening 
(resection-arthroplasty)

 1  4  3  8

Pre-operative 
peri-prosthetic fracture

- -  3  3

Revision number
First 16 29 10 55 0.232†

Second  3  8  8 19
Third or more  1  3  3  7

* Mann-Whitney U test, unless otherwise stated
† Pearson chi-squared test
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with a gradual return to full weight-bearing after three
months. Antibiotic prophylaxis (1 g cefazolin every six
hours) was discontinued at 48 hours. Subcutaneous hepa-
rin was used as a routine thromboprophylaxis until the
patients were fully mobile.
Clinical and radiological assessment. Clinical evaluation
including pain, function, and range of movement was
assessed using the Merle D'Aubigné and Postel score (range
1 to 6 in each domain)26 at six weeks, 12 weeks, six
months, one year, and annually thereafter. Levels 5 and 6
are considered a good clinical result and levels 4 and lower,
a poor result. Clinical failure was defined as the require-
ment for further revision or removal of the femoral compo-
nent for any reason, pain (level 4 or worse), or both. Thigh
pain was considered evidence of failure, and groin and but-
tock pain were recorded as signs of acetabular loosening.27

Standard anteroposterior (AP) and lateral radiographs of
the pelvis were undertaken for all patients immediately
after surgery and at every follow-up examination. All post-
operative and follow-up radiographs were made at our
institution following the same protocol.28 Measurements
were made by a single author (EGR) who had not been
involved in the surgery. The position of the stem was
defined as neutral, valgus (lateral deviation of ≥ 3 mm) or
varus (medial deviation of ≥ 3 mm). Grades of initial pack-
ing and cement filling were classified according to Gie et al5

as excellent, good, fair, poor and defective. We also graded
the later appearance of the grafts according to Gie et al5 as
no change, progress of radiolucent lines (RLLs), localised
resorption, cortical repair and trabecular remodelling.

Radiographs of hips with cancellous graft adjacent to
cement were difficult to interpret, so these headings were
empirical only.5 Subsidence of the stem was measured
according to the method of Fowler et al,29 using the tip of
the greater trochanter as the reference point. Subsidence
was classified as minimum (< 5 mm), medium (between
5 mm and 10 mm), and massive (> 10 mm). Radiological
failure was defined as a circumferential RLLs in all seven
Gruen zones30 on the AP view.10 All measurements were
corrected for magnification using the known dimensions of
the femoral head. 

Operative fractures were categorised radiologically
according to Farfalli, Buttaro and Piccaluga31 as: fractures
of the greater trochanter, proximal vertical cracks; meta-
physeal fractures; intra-operatively diagnosed complete
diaphyseal fractures or incidental perforations. Diaphyseal
fractures and stem perforations that were not diagnosed
pre-operatively but identified post-operatively were
included in the radiological analysis.
Statistical analysis. Qualitative data are expressed as
counts and percentages and quantitative data by mean and
standard deviation (SD) or range. Kaplan-Meier survivor-
ship analysis, with 95% confidence intervals (CI), was used
to estimate the cumulative probability of not having a fur-
ther revision for any reason in the entire series of 81 hips in
relation to different defect grades.32 Kaplan-Meier survi-
vorship analysis was also used to estimate the cumulative
probability of not having a further revision of the for asep-
tic loosening, in 76 hips after excluding five stems revised
for intra-operative complications. Differences in survival

Table II. Operative data and bone defects25

Bone defect

Grade 2 Grade 3 Grade 4 Total p-value*

Surgical approach
Posterior 18 34 21 73 0.175
Extended trochanteric 
osteotomy

 2  6 -  8

Metallic meshes and Dall-
Miles plates used during 
surgery

No mesh 18 27 8 53 0.011
Calcar mesh  1  5  3  9
Diaphyseal mesh  1  3  3  7
Calcar and diaphyseal 
meshes

-  5  2  7

Plate and diaphyseal mesh - -  5  5
Number of femoral heads 
per allograft used during 
surgery

One femoral head  3  1 -  4 0.001
Two femoral heads 13 31  8 52
Three femoral heads  4  8 13 25

Exeter stem used during 
surgery

Standard stem 19 35 15 69 0.268
Long-stem  1  5  6 12

* Pearson chi-squared test
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were determined using the log-rank test. Qualitative data
were compared with use of the chi-squared test and quan-
titative data were compared with use of the Kruskal-Wallis
test. The level of significance was p-value < 0.05. Statistical
analysis was performed using the statistical package
SAS 9.1 (SAS Institute Inc., Cary, North Carolina).

Results
The final Merle D’Aubigné and Postel clinical score was
higher for type 2 bone defects than type 4 regarding pain,
function and range of movement. At the most recent
follow-up evaluation 75 hips (92.6%) were pain-free or
had mild pain (Fig. 1), three (3.7%) moderate pain and
three (3.7%) severe pain and limitation. The number of
patients requiring the use of crutches or who limped and
the extent of leg-length discrepancy were higher in type 4

than the other groups (Table III). With the number of avail-
able hips no significant differences were found in post-
operative pain, function and range of movement
(p = 0.541, 0.750 and 0.402, respectively, Mann-Whitney
U test). Failures included six post-operative femoral frac-
tures, three non-diagnosed stem perforations, one non-
diagnosed intra-operative femoral fracture adjacent to the
tip of the stem, one hip with aseptic loosening and one deep
infection (Table IV). All 12 patients requiring re-operation
for any cause had type 3 or type 4 bone defects. No patient
with a type 2 defect required re-operation. At 14 years, the
Kaplan-Meier analysis for cumulative probability of not
having a re-operation for any cause for the whole series was
81.8% (95% CI 72.2 to 91.5). In relation to different
grades of bone defect, at 14 years, the cumulative probabil-
ity of not having a re-operation for any cause was 100% for

Fig. 1b

Radiographs of a 44-year-old man a) at presentation with a loose cementless total hip prosthesis performed for arthritis secondary to an acetabular
fracture, b) anteroposterior radiograph of the same hip one year after revision, c) anteroposterior and d) lateral radiographs 17 years post-
operatively, showing a stable stem and trabecular remodelling.

Fig. 1a Fig. 1c Fig. 1d

Table III. The Merle D'Aubigné and Postel26 clinical results by bone defect25 (mean values (SD))

Bone defect

Grade 2 Grade 3 Grade 4 Total p-value*

Pre-operative score
Pain 2.6 (0.51) 2.5 (0.51)  2.4 (0.67)  2.5 (0.05) 0.573
Function 2.3 (0.44) 2.2 (0.42)  2.2 (0.40)  2.2 (0.42) 0.267
Range of movement 2.2 (0.41) 2.1 (0.36)  1.9 (0.22)  2.1 (0.35) 0.054

Post-operative score
Pain 5.9 (0.22) 5.9 (0.49)  5.3 (1.3)  5.8 (0.79) 0.004
Function 5.7 (0.44) 5.7 (0.59)  4.9 (1.37)  5.5 (0.91) 0.005
Range of movement 5.4 (0.75) 5.5 (0.67)  4.5 (1.17)  5.2 (0.95) < 0.001

Patients using crutches - 1  7  8 < 0.001†

Patients with limp 2 5 15 22 < 0.001†

Length discrepancy (mm) 0.4 (0.62) 0.5 (0.88)  1.3 (0.91)  0.7 (0.91) < 0.001

* Mann-Whitney U test, unless otherwise stated 
† Pearson chi-squared test
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type 2, 81.2% (95% CI 67.1 to 95.3) for type 3, and 70.8%
(95% CI 51.1 to 90.5) for type 4 (p = 0.0751, log-rank test)
(Fig. 2). If we excluded the five revised stems for surgical
complications from the whole series, the cumulative prob-
ability of not having a further revision for aseptic loosening
was 98.6% (95% CI 95.8 to 100) (Fig. 3). 
Technique-related complications. Metaphyseal and dia-
physeal femoral fractures were more frequent in patients
with type 4 defects. All intra-operative fractures occurred
during the removal of cement at the beginning of the use
of this technique. These were all treated by cerclage wires.
In one patient an unrecognised femoral fracture occurred
at the level of the tip of the stem; it was treated non-
operatively and healed with some varus malalignment.
Although the stem was stable with bone graft remodelling,

the stem was revised at 63 months post-operation because
of discomfort at the level of the femoral deformity. The
three hips with an incidental femoral perforation detected
post-operatively were revised. There were six post-
operative femoral fractures sustained in a fall (7.4%),
three occurred at the tip of the stem and all had poor or
defective initial graft packing, and in three the fracture
was distal to the tip of the prosthesis (Vancouver type C
fractures33). No fracture was associated with loosening of
the stem; all were treated successfully with open reduction
and plate fixation without femoral revision and all healed
in less than six months.

Table IV. Intra-operative complications and bone defects25

Bone defect

Grade 2 Grade 3 Grade 4 Total p-value*

Greater 
trochanter 
fracture

4 10 2 16 0.353

Proximal 
vertical cracks

1  2 4  7 0.143

Metaphyseal 
fracture

1  2 5  8 0.045

Diaphyseal 
fracture or stem 
perforation

-  2 6  8 0.003

Non-diagnosed 
intra-operative 
fracture

- - 1  1 0.595

Non-diagnosed 
stem perforation

-  1 2  1 0.232

* Pearson chi-squared test
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Fig. 2

Kaplan-Meier survivorship curves showing the cumulative probabil-
ity of not having a re-operation for any reason for each classification
of bone defects.
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Fig. 3

Kaplan-Meier survivorship curves with 95% confidence intervals
showing the cumulative probability of not having a revision of the
femoral stem for aseptic loosening.

Table V. Radiological findings showing the graft status by bone defect25

Bone defect

Grade 2 Grade 3 Grade 4 Total p-value

Initial graft 
packing

Excellent 11 18 5 34 0.054*

Good  8 16 10 34
Fair  1  1  3  5
Poor or defective -  5  3  8

Later appearance of 
the grafts5

No change  1  1  2  4 †

Progress of 
radiolucent lines

-  1  1  2

Localised
resorption

 1  3  2  6

Cortical repair  1  5  5 11
Trabecular 
remodelling

16 29 11 56

Not evaluated 
(due to 
diaphyseal mesh)

- -  2  2

* Kruskal-Wallis test
† analysis was not performed due to the small number of cases
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There were 62 stems positioned in neutral, three in
varus and 16 in valgus. Although radiological interpreta-
tion was not always easy as the viability of the impacted
graft adjacent to the cement and its capacity for remodel-
ling were unclear, RLLs were very infrequent but were
present in nine hips. In two hips (the hip with aseptic loos-
ening and the infected hip) the lines were progressive and
circumferential. The initial graft packing was excellent or
good in 64 hips (79%) and was better in type 2 defect hips
than in the other types. Graft remodelling was difficult to
assess as metallic mesh often obscured these interfaces.
However, trabecular incorporation was seen in 56 hips
(69%). Cortical healing was found in 11 hips in which
cortical bone had been compromised at the time of impac-
tion grafting. Localised resorption was found in six hips.
No definite change or a difficulty in interpreting the
appearances, such as when obscured by mesh or cement,
was noted in six hips (Table V). The mean subsidence of
the stem was 2.3 mm (SD 3.7) for hips with a type 2 defect,
4.3 mm (SD 7.2) for type 3 and 9.6 mm (SD 10.8) for type
4 (p = 0.022, Kruskal-Wallis test). A total of 57 stems
(70.4%) had migrated < 5 mm, 12 (14.8%) had migrated
between 5 mm and 10 mm and 12 (14.8%) had migrated
> 10 mm. Massive migration was more frequent in hips
with a type 4 defect. Migration < 5 mm was seen within
the first six months after the operation (mean 3.2 months,
SD 4.3), while migration between 5 mm and 10 mm was
seen at 17.5 months (SD 15.5) and > 10 mm migration at
a mean of 19.8 months (SD 27.3) after surgery (p < 0.001,
Kruskal-Wallis test). The mean time of appearance of the
stem subsidence for the whole series was 7.8 months
(SD 14.1) (Fig. 4). Despite the migration, these patients
were asymptomatic with remodelling of the grafts. 

Discussion
Whilst impacted bone grafting and cement have been used
successfully in femoral revision surgery5-10,13,14 it is essen-
tial that the graft is fully contained within the medullary
canal. Histological studies have shown that allografts are
largely replaced by viable cortical bone with bone remodel-
ling and at least partial restoration of bone stock after revi-
sion surgery.17,19,20,34 The tight packing of bone graft and
cement may help to stabilise the entire composite in con-
junction with radial compressive loads of appropriate mag-
nitude produced by a polished and tapered stem while
offering the potential to restore bone stock around the
arthroplasty.19 The key to success with this procedure is
intra-operative stability of the stem, especially in torsion.5

However, different authors report that femoral impacted
bone grafting is technically demanding and time-
consuming with frequent complications such as femoral
fractures and stem subsidence,35,36 although aseptic loosen-
ing has been notably uncommon.7,9,10,37 

As in other series,5-14 our results show a good clinical
result and a good radiological fixation in most hips. No sig-
nificant differences were found between the number of pre-
vious revisions and the final clinical outcome in this series.
Pain, function and range of movement were better in type 2
than in type 4 defects and no type 2 hip required re-opera-
tion. Despite good results reported using lateral cortical
strut grafts,38 these were not used in this series. Different
authors support the view that metal meshes do not affect
the viability of the bone grafts.5,10,34,39 Bolder et al39 in an
animal study in goats, report that wire mesh allowed more
revascularisation than a strut in impaction grafting. Biop-
sies obtained from two patients at 24 and 33 months after
the revision with impacted bone graftings contained by
metal mesh at the calcar showed reparative changes after
revascularisation similar to the findings reported in allo-
graft contained by cortical host bone.34 

With impacted bone grafting, complications are rela-
tively frequent, including trochanteric-related problems,
femoral canal perforations or intra-operative fractures dur-
ing removal of the cement. In our series, there were no com-
plications in patients with type 2 bone defects. Vigorous
packing of the graft is essential to ensure stability of the
stem but carries the risk of intra-operative fracture.8,10,23

Although a number of both intra- and post-operative com-
plications have been described, many have been shown to
be of little or no consequence to the long-term results31,40

and aseptic loosening is notably uncommon.7,10,37 Intra-
operative fractures and incidental perforations are frequent
complications during the initial experiences with impacted
bone grafting and are associated with removal of the
cement rather than the reconstructive technique, so this
complication is usually technique-related and should be
avoidable with adequate pre-operative planning.30,41 In
contrast, post-operative femoral fractures are less likely to
be related to the technique and more to the poor quality of
the bone. There is an increased risk of periprosthetic
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Scatter-plot showing the post-operative duration for the appearance
of stem subsidence (< 5 mm; 5 mm to 10 mm; and > 10 mm).
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fractures in patients who had an incidental perforation dur-
ing surgery and in those with severe bone defects.31

Fractures usually occur distal to a standard-length stem in
an area of weakened bone that has been left inadequately
supported.37 No fracture was associated with loosening of
the stem, but all were treated successfully with open reduc-
tion and plate fixation without femoral revision. Two
strategies have been adopted to reduce the incidence of
femoral fractures: the use of cortical struts8,31 and of longer
stems.7,37 However placement of cortical onlay requires
extensive stripping of the femur, may adversely affect the
blood supply to bone, and thus may affect revascularisation
of the graft.42 Although an Exeter standard-length stem has
been used in most cases, since 1998 a long stem has been
used in cases with a severe distal bone loss to bypass the
bone deficiency and avoid a periprosthetic fracture.37,43 

The appearance of the graft is difficult to interpret radio-
logically. We found evidence of trabecular remodelling in 56
hips (69%) and cortical healing in 11 hips where there had
previously been some cortical compromise. Graft remodel-
ling has been confirmed in most series.5,9,10,12 There has been
no focal femoral lysis. In an in vitro study it was found that
BMP-7 is released from fresh-frozen femoral head cancellous
bone in proportion to the strain applied to the bone.44 It has
been suggested that the impaction process itself may contrib-
ute to the biological process of remodelling and bony incor-
poration. Allograft remodelling has previously been
reported17-20 and angiogenesis and new bone formation
around the femoral component after impacted bone grafting
have also been found in positron emission tomography stud-
ies.21 Concern has been expressed about subsidence of the
stem in femoral impacted bone grafting5,23,45,46 but it does
not seem to correlate with clinical results.5 Gokhale et al45

report that most subsidence occurs during the first three
months after surgery and that age, femoral canal diameter,
stem design and density of the graft at the tip of the stem all
affected subsidence. The small but continued subsidence
reported by Wraighte and Howard11 may represent creep
occurring within the cement. However, Eldridge et al22

reported massive early subsidence in 11% of patients and
consider it predictive of early failure. Wraighte and
Howard11 reported that the pre-operative bone defect had a
significant correlation with long-term subsidence. The major
factor in controlling subsidence has been stated to be good
surgical technique, with the use of larger bone chips in capa-
cious canals, tighter compaction of these chips, and in cases
with severe bone loss, the use of longer stems.7 Most of the
subsiding stems in our series were inserted during the first
years of our experience or were in hips with type 3 or 4 bone
defects and poor cement packing.

There were several limitations to our study. The primary
limitation is the relatively small cohort available due to the
infrequency of the procedure. We performed no analysis of
inter- and intra-observer variability for the radiological
measurements. The investigating surgeon studied the
radiographs and entered the data on the day of assessment in

the clinic. Additionally manual radiological measurement of
the subsidence of the stem is less accurate than other meth-
ods used in different series such as computer assisted techno-
logies.35,47,48 We lacked a control group of patients with
similar ages and femoral defects who were operated on with
other techniques with which to compare our observations.
Finally, we also lack biopsies and autopsy retrieval of femora
reconstructed with this technique to confirm the bone graft
remodelling and new bone formation. 

We conclude, however, from our experience that the
impacted bone grafting technique with the X-change femo-
ral revision system and the Exeter stem provides good clin-
ical results. The benefits of predictable relief from pain
support the continued use of this technique because of its
potential to restore bone stock. However, major bone
defects affect the outcome and also result in more operative
complications. Careful attention to the technical details
and the use of long-stemmed prostheses may help reduce
the incidence of complications.

Supplementary material
Tables showing the data of hips requiring re-operation
for any cause and the radiological subsidence of the

stem by bone defect are available with the electronic version of
this article on our website at www.jbjs.org.uk 

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

References
1. Lawrence JM, Engh CA, Macalino GE, Lauro GR. Outcome of revision hip arthro-

plasty done without cement. J Bone Joint Surg [Am] 1994;76-A:965–973.
2. Paprosky WG, Greidanus NV, Antoniou J. Minimum 10-year-results of exten-

sively porous-coated stems in revision hip arthroplasty. Clin Orthop 1999;369:230–
242.

3. Sporer SM, Paprosky WG. Revision total hip arthroplasty: the limits of fully coated
stems. Clin Orthop 2003;417:203–209.

4. Garcia-Cimbrelo E, Garcia-Rey E, Cruz-Pardos A, Madero R. Stress-shielding
of the proximal femur using an extensively porous-coated femoral component without
allograft in revision surgery: a 5- to 17-year follow-up study. J Bone Joint Surg [Br]
2010;92-B:1363–1369.

5. Gie GA, Linder L, Ling RS, et al. Impacted cancellous allografts and cement for
revision total hip arthroplasty. J Bone Joint Surg [Br] 1993;75-B:14–21.

6. Piccaluga F, González Della Valle A, Encinas Fernández JC, Pusso R. Revision
of the femoral prosthesis with impaction allografting and a Charnley stem: a 2- to 12-
year follow-up. J Bone Joint Surg [Br] 2002;84-B:544–549.

7. Halliday BR, English HW, Timperley AJ, Gie GA, Ling RS. Femoral impaction
grafting with cement in revision total hip replacement: evolution of the technique and
results. J Bone Joint Surg [Br] 2003;85-B:809–817.

8. Cabanela ME, Trousdale RT, Berry DJ. Impacted cancellous graft plus cement in
hip revision. Clin Orthop 2003;417:175–182.

9. Mahoney CR, Fehringer EV, Kopjar B, Garvin KL. Femoral revision with impaction
grafting and a collarless, polished, tapered stem. Clin Orthop 2005;432:181–187.

10. Schreurs BW, Arts JJ, Verdonschot N, et al. Femoral component revision with
use of impaction bone-grafting and a cemented polished stem. J Bone Joint Surg [Am]
2005;87-A:2499–2507.

11. Wraighte PJ, Howard PW. Femoral impaction bone allografting with an Exeter
cemented collarless, polished, tapered stem in revision hip replacement: a mean fol-
low-up of 10.5 years. J Bone Joint Surg [Br] 2008;90-B:1000–1004.

12. Ornstein E, Linder L, Ranstam J, et al. Femoral impaction bone grafting with the
Exeter stem: the Swedish experience: survivorship analysis of 1305 revisions per-
formed between 1989 and 2002. J Bone Joint Surg [Br] 2009;91-B:441–446.

13. Kerboull L, Hamadouche M, Kerboull M. Impaction grafting in association with
the Charnley-Kerboull cemented femoral component: operative technique and two- to
16-year follow-up results. J Bone Joint Surg [Br] 2009;91-B:304–309.



1464 E. GARCIA-CIMBRELO, E. GARCIA-REY, A. CRUZ-PARDOS

THE JOURNAL OF BONE AND JOINT SURGERY

14. Ornstein E, Linder L, Ranstam J, et al. Femoral impaction bone grafting with the
Exeter stem - the Swedish experience: survivorship analysis of 1305 revisions per-
formed between 1989 and 2002. J Bone Joint Surg [Br] 2009;91-B:441–446.

15. Van Kleunen JP, Anbari KK, Vu D, Garino JP. Impaction allografting for massive
femoral defects in revision hip arthroplasty using collared textured stems. J Arthro-
plasty 2006;21:362–371.

16. Buttaro MA, Comba F, Piccaluga F. Proximal femoral reconstruction with bone
impaction grafting and metal mesh. Clin Orthop 2009;467:2325–2334.

17. Ling RS, Timperley AJ, Linder L. Histology of cancellous impaction grafting in the
femur: a case report. J Bone Joint Surg [Br] 1993;75-B:693–696.

18. Linder L. Cancellous impacting grafting in the human femur: histological and radio-
graphic observations in 6 autopsy femurs and 8 biopsies. Acta Orthop Scand
2000;71:543–552.

19. Nelissen RG, Bauer TW, Weidenhielm LR, LeGolvan DP, Mikhail WE. Revision
hip arthroplasty with the use of cement and impaction grafting: histologic analysis of
four cases. J Bone Joint Surg [Am] 1995;77-A:412–422.

20. Ullmark G, Obrant KJ. Histology of impacted bone graft incorporation. J Arthro-
plasty 2002;17:150–157.

21. Sörensen J, Ullmark G, Långström, Nilsson O. Rapid bone and blow formation in
impacted morselized allografts: positron emission tomography (PET) studies on allo-
graft in 5 femoral component revisions of total hip arthroplasty. Acta Orthop Scand
2003;74:633–643.

22. Eldridge JD, Smith EJ, Hubble MJ, Whitehouse SL, Learmonth D. Massive
early subsidence following femoral impaction grafting. J Arthroplasty 1997;12:535–
540.

23. Meding JB, Ritter MA, Keating EM, Faris PM. Impaction bone grafting before
insertion of a femoral stem with cement in revision total hip arthroplasty. J Bone Joint
Surg [Am] 1997;79-A:1834–1841.

24. Pekkarinen J, Alho A, Lepistö J, et al. Impaction bone grafting in revision hip sur-
gery: a high incidence of complications. J Bone Joint Surg [Br] 2000;82-B:103–107.

25. Engelbrecht E, Heinert K. Klassifikation und Behandlungsrichtlinien von Knochen-
substanzverlusten bei Revisionoperationen am Hüftgelenk - mittlefristige Ergebnisse.
In Endo-Klinik (ed). Primär- und Revisions: alloarthroplastik Hüft- und Kniegelenk. Ber-
lin: Springer-Verlag, 1987:189–201 (in German).

26. D’Aubigné RM, Postel M. Functional results of hip arthroplasty with acrylic pros-
thesis. J Bone Joint Surg [Am] 1954;36-A:451–475.

27. Pupparo F, Engh CA. Comparison of porous-threaded and smooth-threaded acetab-
ular components of identical design: two- to four-year results. Clin Orthop
1991;271:201–206.

28. Johnston RC, Fitzgerald RH Jr, Harris WH, et al. Clinical and radiographic eval-
uation of total hip replacement: a standard system of terminology for reporting
results. J Bone Joint Surg [Am] 1990;72-A:161–168.

29. Fowler JL, Gie GA, Lee AJ, Ling RS. Experience with the Exeter total hip replace-
ment since 1970. Orthop Clin North Am 1988;19:477–489.

30. Gruen TA, McNeice GM, Amstutz HC. “Modes of failure” of cemented stem-type
femoral components. Clin Orthop 1979;141:17–27.

31. Farfalli GL, Buttaro MA, Piccaluga F. Femoral fractures in revision hip surgeries
with impacted bone allograft. Clin Orthop 2007;462:130–6.

32. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am
Statist Assn 1958;53:457–481.

33. Duncan CP, Masri BA. Fractures of the femur after hip replacement. Instr Course
Lect 1995;44:293–304.

34. Buttaro M, Araujo GS, Araujo ES, Comba F, Piccaluga F. Viability of impacted
bone allografts under metal mesh at the calcar in revision surgery of the hip. J Bone
Joint Surg [Br] 2008;90-B:228–231.

35. Ornstein E, Franzén H, Johnsson R, et al. Hip revision using the Exeter stem,
impacted morselized allograft bone and cement: a consecutive 5-year radiostereo-
metric and radiographic study in 15 hips. Acta Orthop Scand 2004;75:533–543.

36. Morgan HD, McCallister W, Cho MS, Casnellie MT, Leopold SS. Impaction
allografting for femoral component revision: clinical update. Clin Orthop
2004;420:160–168.

37. Sierra RJ, Charity J, Tsiridis E, Timperley JA, Gie GA. The use of long cemented
stems for femoral impaction grafting in revision total hip arthroplasty. J Bone Joint
Surg [Am] 2008;90-A:1330–1336.

38. Kim YH. Cemented revision hip arthroplasty using strut and impacted cancellous allo-
grafts. J Arthroplasty 2004;19:726–732.

39. Bolder SB, Schreurs BW, Verdonschot N, Veth RP, Buma P. Wire mesh allows
more revascularization than a strut in impaction bone grafting: an animal study in
goats. Clin Orthop 2004;423:280–286.

40. Ornstein E, Atroshi I, Franzén H, et al. Early complications after one hundred and
forty-four consecutive hip revisions with impacted morselized allograft bone and
cement. J Bone Joint Surg [Am] 2002;84-A:1323–1328.

41. Leone WA Jr, Naughton M, Gratto-Cox G, et al. The effect of preoperative plan-
ning and impactation grafting surgical technique on intraoperative and postoperative
complication rate for femoral revision patients with moderate to severe bone loss
mean 4.7-year results. J Arthroplasty 2008;23:383–394.

42. Oakes DA, Cabanela ME. Impaction bone grafting for revision hip arthroplasty:
biology and clinical applications. J Am Acad Orthop Surg 2006;14:620–628.

43. Tsiridis E, Narvani AA, Haddad FS, Timperley JA, Gie GA. Impaction femoral
allografting and cemented revision for periprosthetic femoral fractures. J Bone Joint
Surg [Br] 2004;86-B:1124–1132.

44. Board TN, Rooney P, Kay PR. Strain imparted during impaction grafting may con-
tribute to bony incorporation: an in vitro study of the release of BMP-7 from allograft.
J Bone Joint Surg [Br] 2008;90-B:821–824.

45. Gokhale S, Soliman A, Dantas JP, et al. Variables affecting initial stability of
impaction grafting for hip revision. Clin Orthop 2005;432:174–180.

46. Hassaballa M, Mehendale S, Poniatowski S, et al. Subsidence of the stem after
impaction bone grafting for revision hip replacement using irradiated bone. J Bone
Joint Surg [Br] 2009;91-B:37–43.

47. van Doorn WJ, ten Have BL, van Biezeb FC, et al. Migration of the femoral stem
after impaction bone grafting: first results of an ongoing, randomised study of the
Exeter and Elite Plus femoral stems using radiostereometric analysis. J Bone Joint
Surg [Br] 2002;84-B:825–831.

48. Howie DW, Callary SA, McGee MA, Russell NC, Solomon LB. Reduced compo-
nent subsidence with improved impaction grafting in revision hip arthroplasty. Clin
Orthop 2010;468:3314–3321.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


