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Abstract We report the results of impaction bone grafting
of the femoral side in revision total hip arthroplasty in
Asian hips (South Korean patients) in which the surgery
was performed with the Exeter stem. The minimum
follow-up was 39 months (mean, 48.4; range, 39–66).
There was subsidence of the cement-graft interface
(<1 mm) in three hips (5%), of the stem-cement interface
(<1 mm) in 12 hips (21%) and of the stem-cement
interface (1–2 mm) in 14 hips (25%). Five hips (9%)
developed intraoperative femoral fracture and two hips
(4%) femoral perforation in revision. The complications
of femoral fracture and subsidence did not have an
adverse effect on the final clinical outcomes. The
impaction of fresh-frozen allograft and use of a cemented,
polished, tapered stem (Exeter stem) were also successful
with good clinical and radiographic outcomes in our study
of Asian hips (South Korean patients). However, we used
smaller stems than the usual ones used for Western
patients because of the smaller femur sizes.

Résumé Nous reportons les résultats de la technique
d’Exeter avec greffons impactés dans les reprises totales
de hanche, étude réalisée sur des hanches asiatiques et sur
des patients sud coréens, avec utilisation de la tige d’Exeter.

Le suivi minimum a été de 39 mois (48.4 à 39.66). La
migration à l’interface ciment greffe a été inférieure à 1 mm
dans 3 cas, 5%. A l’interface tige ciment, (<1 mm) dans 12
hanches (21% des cas) et enfin à l’interface tige ciment,
cette migration est comprise entre 1 et 2 mm dans 14
hanches (25% des cas). 5 hanches (11%) ont présenté
durant l’intervention des complications avec une fracture
fémorale dans 5 cas (9%) et une perforation fémorale dans
2 cas (4%). Ces complications ainsi que la migration de la
tige n’ont pas entraîné de problèmes cliniques. La technique
utilisant des allogreffes compactées cryoconservées et
l’utilisation d’une tige cimentée et polie de type Exeter
ont donné, dans cette étude, de bons résultats, tant sur le
plan clinique que sur le plan radiographique. Cependant,
nous avons dû utiliser des tiges beaucoup plus petites
qu’habituellement en Europe compte tenu de la petite taille
des fémurs asiatiques sud coréens.

Introduction

Among the many methods of reconstruction for dealing with
femoral components in the setting of the loss of proximal
bone stock, impaction bone grafting has the advantage of
having the potential to achieve the stability of an implant with
the use of a compacted, morselised bone graft. It subsequently
allows the incorporation and remodelling of living bone stock
in the host skeleton. Based on the original reports [9], a
number of authors have published favourable results [7, 13,
18, 24, 25], though others have reported serious problems [3,
15, 16, 20]. Furthermore, the technique used with the Exeter
stem has evolved since it was first reported in the original
series [9, 21]. However, so far there are no published reports
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about impaction bone grafting with cement used with the
Exeter stem in Asian hips.

We present the clinical results of the first 56 hips that
underwent impaction cancellous allograft into the proxi-
mal femoral canal for a component inserted with cement
with a minimum of 39 months follow-up in South Korean
patients.

Materials and methods

Patients

From March 1998 to March 2003, we performed 56
consecutive femoral revisions in 43 South Korean patients.
The mean age of 42 women and 14 men at the time of the
surgery was 63 years (53 to 77). The average height of the
patients was 157 cm (150 to 176); the average weight was
56 kg (48 to 82) at the time of the surgery. They were
followed up for a minimum of 39 months (mean, 48.4;
range, 39–66). The indication for the revision of the femoral
component was aseptic loosening in 55 hips and septic
loosening in one, with severe bone loss in all patients. This
was the first revision procedure. One hip with septic
loosening was treated with a two-stage procedure, with
systemic antibiotics appropriate to the infecting organism
administered for at least 6 weeks until the serum C-reactive
protein level fell to normal prior to reimplantation. The
original diagnoses were osteoarthritis secondary to osteo-
necrosis (30 hips), primary osteoarthritis (17 hips), hip
dyplasia (4), femoral neck fracture treated by hemi-
arthroplasty (2), secondary osteoarthritis to childhood
tuberculous arthritis (2) and miscellaneous causes (1).

Surgical technique

One surgeon (S.J.Y) performed all the operations using the
technique described by Gie et al. [9]. A posterolateral
approach with or without a trochanteric osteotomy was
used in all hips. Prior to impaction cancellous bone
grafting, the femur was reinforced with cerclage cables in
33 hips, metal mesh in 11 hips and a metal plate in 1 hip.
Fresh-frozen femoral head allografts were obtained from
LifeLink tissue Bank (Tampa, FL), where they had been
deep frozen at −70°C after being irradiated with 2.5
megarads. The bank is accredited by the American
Association of Tissue Banks [6]. After thawing in a warm
(50–60°C) saline solution for approximately 20 min, the
articular cartilage was removed and fresh-frozen femoral
heads were milled with the use of a bone mill (Tracer
Designs Inc., Santa Paula, CA). This mill was used to
produce bone chips of approximately 3 mm in size. The
bone chips were used unrised.

We used a standard collarless double-tapered and
polished Exeter stem and X-change Revision Instruments
System (Howmedica International, Ltd., London) in all
hips. Impacting allografting and trial reduction were then
achieved; the trial stem was withdrawn and Simplex bone
cement (Howmedica International Ltd, Rutherford, NJ) with
antibiotics in low viscosity was then injected into the
neomedullary canal in a retrograde fashion. After pressuri-
zation of the cement, a standard Exeter stem with a
centraliser on the tip was inserted.

Postoperatively, intravenous antibiotics (three doses of
1 g of cefazolin for 3 days and two doses of 0.25 g of
Amikacin for 1 day) and subcutaneous low-molecular-
weight heparin for 14 days were given for prophylaxis
against infection and thrombosis, respectively. Almost all
patients were allowed to sit up by leaning on the bed within
2–4 postoperative days, and to walk with two crutches for
3 months. Weight bearing was restricted for the first
6 weeks, followed by a gradual increase in weight bearing.

Clinical and radiographic examinations were performed
preoperatively, at 6 weeks, 3 months, 6 months and 1 year
after surgery, and yearly thereafter.

Clinical follow-up

The Charnley modification of the Merle d’Aubigné-Postel
classification [1, 17] was used to evaluate pain, function
and movement (scoring 1–6 points, with 6 being the best)
in all patients. Patients had Charnley category A (unilateral
hip disease; 20 hips), Charnley category B (bilateral hip
disease; 28 hips) and Charnley category C (hip disease and
concomitant disease such as rheumatoid arthritis, hemiple-
gia and cardiovascular or respiratory disability; 8 hips).

Radiographic follow-up

The radiographic analyses were carried out by three
orthopaedic surgeons (S.J.Y., M.Y.K. and Y.S.S.) in
consensus preoperatively, postoperatively and at the
follow-ups.

On preoperative radiographs, the deficiency of the bone
stock was graded radiologically according to the Endo-
klinik classification [5]. In this study, 24 hips were grade II,
28 hips were grade III, and 4 hips were grade IV.

On postoperative radiographs, anteroposterior and lateral
radiographs were reviewed to determine the migration of
the stem, the incorporation of the graft and the presence of
radiolucent lines through the use of digitised X-rays and the
Orthochart system.

In this study, radiostereometric analysis (RSA) was not
available, so the accurate measurement of migration of the
stem and the finding the exact location was difficult [14].
However, the geometry of the stem was suitable for
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reasonably accurate assessment of subsidence of the stem
cement and cement-graft as described by Fowler et al. [8],
and it was possible to measure the subsidence of the stem
cement and cement-graft accurately. The radiolucent line
between the cement and the bone was scored with the use
of the classification system of Gruen et al. [12]. Any
resorption in relation to the wire or cables was not included
in the grading of the classification system of Gruen et al.
[12]. The incorporation and trabecular bone formation in
the grafts were evaluated using the criteria of Gie et al. [9].

Statistical analysis

The statistical analysis was performed using the statistical
computer software SPSS 11.0 (SPSS Inc, Chicago, IL). For
estimation of the comparison of clinical outcomes, the
Wilcoxon matched pairs signed rank sum test was used. P-
values below 0.05 were considered significant.

Results

Clinical results

The Charnley modification of the Merle d’Aubigné-Postel
scoring for pain, function and movement was improved at
the final follow-up in all patients (Table 1). In Charnley
categories A and B, the pain, function and movement

scores were improved significantly at the final follow-up
(P<0.05, respectively). In Charnley category C, the pain,
function and movement scores were improved at the final
follow-up. However, there were no significant differences
between the preoperative and the final follow-up scores
(P=0.17). Eight patients with Charnley category A and
seven patients with Charnley category B had no pain
(scoring for pain, 6), respectively.

Radiographic results

The immediate postoperative anteroposterior radiographs
showed the stem insertion in a neutral position in 48 hips
(86%, 48/56). Five hips were in a varus position. Cortical
repair and trabecular incorporation were seen in all hips at a
mean of 5.8 months, and trabecular remodelling in 38 hips
(68%, 38/56) at a mean of 21.7 months (Table 2). The
cement mantle was complete in 54 hips (>2 mm), and in
two hips (<2 mm). The radiolucent line at the cement-stem
interface was in Gruen zone I in three hips (5%, 3/56). The
line was not progressive during the follow-up.

Subsidence of the cement-graft interface (<1 mm)
occurred in three hips (5%, 3/56) and was not progressive
at the final follow-up; it was not seen in the remaining hips
at the final follow-up. Subsidence of the stem-cement
interface (<1 mm) occurred in 12 hips (21%, 21/56), and
subsidence of the stem-cement (1–2 mm) in 14 hips (25%,
14/56) that were seen at the final follow-up. Most

Table 1 Comparison between the preoperative and postoperative Charnley scores for patients who underwent femoral impaction grafting in
revision hip arthroplasty

Charnley score Pain Function Movement

Preop Postop P-value Preop Postop P-value Preop Postop P-value

A 1.0 5.8 0.02 1.7 5.5 0.03 1.8 5.2 0.02
B 1.5 5.9 0.01 1.8 5.5 0.01 1.4 5.3 0.01
C 0.5 5.0 0.18 0.5 5.5 0.16 1.0 5.0 0.16
Mean score 1 5.5 1.3 5.5 1.4 5.2

Table 2 Radiographic findings of the graft-host bone reaction in
patients who underwent femoral impaction grafting in revision hip
arthroplasty

Radiographic findings of the graft host bone reaction Number
(% of group)

No change 0 (0)
Localised resorption 0 (0)
Cortical repair 56 (100)
Trabecular remodelling 38 (68)
Trabecular union 56 (100)
Cortical repair and trabecular remodelling 38 (68)
Cortical repair and trabecular union 56 (100)

Table 3 Comparison between the final-outcome Charnley scores and
stem subsidence

Subsidence Final Charnley score

Pain Function Movement

No subsidence 5.3 5.1 5.1
Graft-cement
(<1 mm)

5.2 5.3 5.0

Stem-cement
(<1 mm)

5.3 5.5 5.2

Stem-cement
(1–2 mm)

5.2 5.3 5.2
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subsidence was seen within the first 2 years after the
operation.

Complications

There were five intraoperative fractures of the proximal
femur (9%, 5/56) and two perforations of the femora by the
tip of the stem (4%, 2/56). All proximal fractures were
discovered during surgery, two during the removal of the
cement before impaction bone grafting and three during the
impaction of the allograft. Proximal fractures were stabi-

lised with cerclage cables (four hips) or additional structural
allografts (one hip). Two perforations of the femora were
covered with mesh fixed with cerclage cables and a plate.

At a minimum of 39 months of follow-up, none of the
stems had been re-revised, and none of the hips had
infection.

Discussion

Impacted allograft has been used for more than 20 years to
fill defects created by the loosening process at the time of
revision hip surgery. Femoral impaction allografting with
cement was first reported using the Exeter stem [9]. This
stem design includes a double-tapered geometry, the
absence of a collar and a highly-polished stem surface.
The advocates of this stem design in revision with impacted
allograft have suggested that the design permits gradual
subsidence of the implant within the cement mantle because
of plastic deformation of the cement and even viscoelastic
deformation of the graft [10]. This leads to a self-tightening
that allows restabilisation within the cement [4, 9] and
provides a beneficial compressive load to the allograft [19].
However, other authors question whether subsidence of a
polished stem can be beneficial or if relatively high
subsidence of a stem can lead to clinical failures [3, 15,
16]. In this study, subsidence of the cement-graft interface
(<1 mm) occurred in three hips (5%, 3/56), subsidence of
the stem-cement interface (<1 mm) in 12 hips (21%, 21/56)

Table 4 Exeter stem size in patients who underwent femoral
impaction grafting in revision hip arthroplasty

Stem size Number
(% of group)

AP1
(30 mm)

1 (2)

AP2
(33 mm)

11 (20)

Small CDH
(35.5 mm)

25 (45)

Large CDH
(37.5 mm)

13 (23)

No. 1
(37.5 mm)

4 (7)

No. 2
(37.5 mm)

2 (4)

Fig. 1 Serial radiographs
showing cortical repair and tra-
becular remodeling: (a) preop-
erative, (b) postoperative and
(c) 4-year postoperative
radiographs of impaction bone-
grafting femur. Cortical repair
and trabecular remodeling
are visible in all areas around
the proximal femur (c). There
is no radiolucent line at the
cement-bone interface
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and subsidence of the stem-cement (1–2 mm) in 14 hips
(25%, 14/56). These findings are in agreement with the
results reported by Orstein et al. [21]; migration of the
Exeter stem at the stem-cement interface was found in
primary hip arthroplasties and in revisions with impacted
allografts, and additional migration was observed at the
cement-graft interface in revisions. In most of our cases, we
could not find a relationship between the observed
subsidence and the clinical outcomes as was reported in
other studies [13, 18] (Table 3). Most of the subsided stems
had been inserted during the first 2 years and subsided
below 2 mm. Accordingly, the massive subsidence
(>10 mm) found in 9 of the 79 cases reported by Eldrige
et al. [3] and 7 of the 35 cases by Masterson et al. [15] seem
to have been caused by the surgical technique, the nature of
the graft and the geometry of the stem. However, we have
considered that massive subsidence may be related to
splitting of the cement mantle and some movement between
the cement and graft and that early massive subsidence may
result from a failure to obtain initial stability.

Concerning the sizes of the stems, we used two smaller
stems [AP1 (30 mm), AP2 (33 mm)] that were developed in
Hong Kong for small femurs in Asian patients [2] (Table 4).
The body weights and heights of the South Korean patients
in our study (average: 56 kg and 157 cm, respectively) were
smaller than those of Western patients; femur stems smaller
than the usual stem [no. 1, 2 (37.5 mm)] are needed to leave
space for a cement mantle thickness of at least 2 mm [23].

Femoral fracture and perforation are the most common
devastating complications of femoral impaction bone
grafting. Most of the reports on this technique that include
a section on complications have been highlighted; the
prevalence has ranged from 5 to 24% [4, 9, 11, 15, 16, 20,
24]. In our study, intraoperative proximal fractures occurred
in two hips during the removal of cement prior to impaction
bone grafting, while intraoperative proximal fracture hap-
pened in three hips during impaction. Fortunately, none of
the postoperative diaphyseal fractures that are the most
serious complications of impaction allograft occurred, and
all intraoperative fractures were discovered during the
operation. In this respect, we support the recommendations
for preventing the disastrous complications of impaction
graft reported by Gore [11].

There is controversy about whether the femoral impac-
tion bone-grafting method is best performed using a
polished, tapered Exeter stem. In our study with a minimum
39-month follow-up, no progressive subsidence was seen at
the final follow-up, and cortical repair and trabecular
incorporation were observed in most of the cases (Fig. 1).
We believe that impaction allograft bone may substitute the
living bone in the host skeleton and that a polished stem
may provide the graft with a radial load that is beneficial to
the bone remodelling.

In conclusion, despite the relatively short-term follow-up
compared with other reports in Western patients [11, 13, 18,
24], the impaction of fresh-frozen allograft and use of a
cemented, polished, tapered stem were also successful with
good clinical and radiographic outcomes in our study of
Asian hips (South Korean patients). Furthermore, the
complications of femoral fracture and subsidence had no
harmful effects on the final clinical outcomes. However, we
used two smaller stems [AP1 (30 mm); AP2 (33 mm)] than
the usual stems (nos. 1 and 2 (37.5 mm)] for Western
patients because of the smaller femurs.
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