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Abstract

Background Despite stem subsidence being a major

complication of femoral impaction bone grafting in

cemented revision hip arthroplasty, few studies have dis-

tinguished subsidence at the prosthesis-cement interface

from that at the cement-bone interface. It is unknown how

technique developments intended to improve the procedure

influence stability of the stem.

Questions/purposes We used a sensitive technique to

measure subsidence of a cemented polished collarless

double-taper stem at each interface after femoral impaction

grafting and compared subsidence, radiographic loosening,

complications, and reoperations over three series of hips

defined by technique developments.

Patients and Methods Three series were defined: Series 1

(n = 23, irradiated allograft), Series 2 (n = 12, double-

washed, size-profiled graft, nonirradiated bone, long stems

as required), and Series 3 (n = 21, modular tamps). Stem

subsidence was analyzed with Ein Bild Röntgen Analyse

software. Radiographic loosening, complications, and

reoperations were also determined.

Results The median subsidence at 12 months for Series 1,

2, and 3 were 2.1, 0.5, and 0.7 mm at the prosthesis-cement

interface and 1.3, 0.1, and 0.1 mm at the cement-bone

interface. There were two postoperative Vancouver B

periprosthetic fractures in Series 1, four hips were revised

for loosening in Series 1, and there were no fractures or

loosening in Series 2 and 3 at minimum 2 years’ followup.

There were no surviving hips radiographically classified as

possibly or probably loose.

Conclusions Evolution in techniques of femoral impac-

tion grafting in this study were associated with reduced

subsidence of the stem at both the prosthesis-cement

interface and cement-bone interface when compared to the

original series. Concurrent with reduced stem subsidence

was the absence of periprosthetic fracture, radiographic

loosening, and complications requiring rerevision.

Level of Evidence Level II, prognostic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Femoral impaction bone grafting (IBG) in revision THA

(rTHA) has potential advantages, including the restoration

of bone and the need for long stems in young and middle-

aged patients [39]. However, stem subsidence of greater

than 5 mm and up to 31 mm [9, 15, 18, 24, 25, 33, 41, 42]

and postoperative femoral fracture with a prevalence of up

to 15% [6, 10, 12, 25, 29] have been reported for femoral

IBG in rTHA.

Impaction bone grafting has evolved with advances in

technique and instrumentation aimed at simplifying the
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procedure and reducing these complications [40]. These

advances have led to improved reports of femoral stem

survival to rerevision when a cemented collarless double-

taper stem has been used for femoral IBG [16, 22, 30, 34].

Using the end point aseptic loosening of the stem, survival

of 97% at 4.7 years [22], 99% at 10 to 11 years [16], and

99% at 15 years [30] have been reported.

The polished collarless double-taper femoral stem is

designed to undergo self-limiting subsidence within the

cement to enhance stability and compressive load distri-

bution through to the bone for effective fixation at the

cement-bone interface [13, 44]. Excessive subsidence at

the prosthesis-cement interface may suggest inadequate

cement thickness or poor support of the cement by inade-

quately packed graft [7, 15, 40, 44], which may lead to

complications, including dislocation, cement fracture,

aseptic loosening, and periprosthetic fracture [8, 9, 24].

Excessive subsidence at the cement-bone interface may

suggest poor cement interdigitation in the graft, inadequate

support by the bone graft, poor graft impaction, or poor

graft biology [5, 7, 15, 16].

Although measures of total stem subsidence are routine,

few studies have distinguished stem subsidence at the

prosthesis-cement interface from that at the cement-bone

interface so as to properly describe the pattern of subsi-

dence after femoral IBG [8, 10, 14, 25, 45]. These studies

suggest that stem subsidence within the cement mantle

occurs in a predictable pattern and support the use of this

technique. However, they are limited because manual

measurements using plain radiographs were used to dis-

tinguish site of subsidence and values were only reported at

latest followup, which varied across series. Manual tech-

niques cannot accurately detect subsidence [3, 23] and have

a measurement error of ± 5 mm. Recent studies have used

more sensitive techniques, such as radiostereometric

analysis (RSA) [21, 29, 42], to distinguish subsidence at

each interface. However, RSA studies of IBG have only

reported prosthesis movement relative to femoral bone [27,

38]. Without sensitive measures of subsidence that distin-

guish movement at each interface, it is difficult to evaluate

the mechanism of failure of stems and how technique

changes might reduce subsidence.

The technique of femoral IBG has evolved with the aim

of improving early implant stability [19] through better

impaction, shear strength, and remodeling potential of the

graft. This evolution includes the method of graft prepa-

ration, such as the removal of fat by washing, size profiling

of the bone particles [7, 28, 40], the use of nonirradiated

bone graft [16, 18], and the use of modular tamps.

The purposes of the study were to determine whether (1)

developments in technique reduced femoral stem subsi-

dence at the prosthesis-cement and cement-bone interfaces

among three sequential series of rTHAs performed with

femoral IBG; and (2) developments in technique were

associated with a reduced number of patients with post-

operative periprosthetic diaphyseal fracture, radiographic

loosening, and other complications requiring further

surgery.

Patients and Methods

We reviewed 53 patients (56 hips) who have been pro-

spectively studied since undergoing IBG at rTHA with a

cemented collarless double-taper stem (Fig. 1) between

May 1993 and June 2007. No hips were excluded from

review. The criteria for IBG were age younger than

70 years or active older patients with moderate to severe

proximal cortical bone loss. In older inactive patients,

distal fixation cementless stems were used. The main

Fig. 1A–C (A) A preoperative

AP hip radiograph shows a loose

Charnley stem in a 64-year-old

man in Series 3. AP radiographs

show the same hip (B) postoper-

atively after IBG and revision to

a cemented collarless double-

taper CPT1 stem and (C) at

3 years postoperatively.
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diagnosis at revision was aseptic loosening of the femoral

stem in 49 hips (88%). Using the nomenclature of the

Endo-Klinik [11], the majority of hips had Types 2 and 3

femoral deficiencies (Table 1).

We defined three series as Series 1, 2, and 3, based on

the timing of technical changes to the IBG technique

(Table 1). In Series 1 (n = 23), the original femoral IBG

technique was used [26, 36]. Fresh-frozen femoral head

allograft was sterilized by a dose of 25 kGy gamma-irra-

diation for 10 hours. Bone chips sized 1 to 3 mm were

prepared using a Tracer mill (Tracer Designs, Inc, Santa

Paula, CA) and manually impacted with a monobloc tamp.

Series 2 (n = 12) was defined by changes to the bone graft

preparation. Fine bone chips (2 to 3 mm) for distal

impaction, a mixture of fine and coarse bone chips (3 to

4 mm) for the bone mantle around the midstem, and coarse

bone chips and croutons (5 to 10 mm) for the proxi-

mal femur up to the neck cut were prepared using the

Noviomagus mill (Spierings Medische, Nijmegen, The

Netherlands) [40]. The graft was double washed in warm

saline, drained with a sieve, and manually impacted [40].

Also, from Series 2 onwards, nonirradiated allograft bone

was used, and long-length stems [31, 35] and proximal

calcar mesh support [2] were used more commonly. From

Series 2, the milled bone chips were mixed with vanco-

mycin in a dose of 0.25 g per femoral head. In Series 3

(n = 21), modular impaction tamps were introduced to

replace monobloc tamps (Zimmer, Inc, Warsaw, IN)

(Fig. 2). The technical advantages of the modular tamps

were that they allowed for a quicker build of the bone graft

mantle in the midstem area, the loss of desired stem

anteversion during proximal impaction was avoided since

the modular proximal tamp is guided by the distal tamp,

and they facilitated the use of long stems.

One consultant surgeon (DWH) performed the majority

of revisions; however, two additional consultant surgeons

(SG and AM) carried out 11 of the earlier cases. A pos-

terior approach was used. Extended femoral osteotomies

were used as necessary to extract ingrown or fractured

stems. Before IBG, fractures or osteotomies were secured

with cables or wires and cortical defects were contained

with wire mesh and, in some cases, strut allograft and

cables. There were three (13%), two (17%), and one (5%)

intraoperative diaphyseal femoral fracture in Series 1, 2,

and 3, respectively. One femoral cortical perforation

occurred in Series 2 and two in Series 3. After femoral

canal preparation, a trial reduction determined the position

of the implant at the neck cut. A guide wire for the tamp

was inserted with the distal plug or into a preexisting plug,

such as a bone pedestal or old cement plug. Bone graft was

then progressively introduced in the femoral canal and

impacted with the tamp to build a bone graft mantle. The

Fig. 2 A photograph showing a set of modular tamps used for Series

3. Tamps were available for standard length and long stems, and there

were size and neck angle options. The distal tamp acts as a guide for

proximal impaction, while maintaining position and length.

Table 1. Patient and clinical characteristics

Variable Series 1 Series 2 Series 3 All hips

Number of hips 23 12 21 56

Age (years)* 66 (46–82) 56 (27–75) 60 (41–88) 63 (27–88)

Male:female 19:4 10:2 13:8 42:14

Reason for stem revision�

Loosening:infection:peripros#:stem# 22:0:1:0 11:1:0:0 16:3:1:1 49:4:2:1

Exeter:CPT stem 22:1 2:10 0:21 24:32

Standard:long-length stem 22:1 8:4 14:7 44:12

Endo-Klinic classification 1:2:3:4 2:8:11:2 0:7:3:2 0:12:7:2 2:27:21:6

Followup (years) 8–15 5–10 2–5 2–15

* Values are expressed as mean, with range in parentheses; �peripros# = periprosthetic fracture; stem# = femoral stem fracture.
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stem, with a wingless stem centralizer, was cemented in

place by retrograde insertion of hand-mixed Simplex1

antibiotic cement (Howmedica International, Staines, UK;

Stryker UK, Newbury, UK) with a gun, a proximal seal,

and cement pressurization.

Collarless double-taper polished stems used were the

stainless steel ExeterTM (Stryker Howmedica Osteonics,

Berkshire, UK) modular stem in the first 24 hips. Stainless

steel CPT1 stems (Zimmer) were used in eight hips and

the cobalt-chrome CPT1 modular stem (Zimmer) in the

last 24 hips (Fig. 1). Twelve long-length CPT1 stems were

used. The acetabular component was revised to an unce-

mented PCATM (Howmedica) component in eight cases, an

uncemented VitalockTM component (Howmedica) in 15

cases, an uncemented Trilogy1 component (Zimmer) in 15

cases, an uncemented Trabecular MetalTM component

(Zimmer) in one case, and a cemented ZCA1 (Zimmer) in

one case. In 16 hips, the acetabular liner was exchanged

only. All patients received prophylactic antibiotics and

were mobilized postoperatively on Day 1, with partial

weightbearing of 10 to 15 kg for the first 6 weeks pro-

gressing to full weightbearing over the next 6 weeks.

Scheduled clinical reviews were at 3, 6, and 12 months

and then 2 to 3 yearly thereafter. No patients were recalled

specifically for this study. Eight patients in Series 1 (35%),

one patient in Series 2 (8%), and two patients in Series 3

(10%) have died. One patient each in Series 1 (4%) and

Series 3 (5%) died within 2 years of IBG. One patient in

Series 1 was lost to followup at 8 years after emigration.

One patient in Series 3 was lost to followup after hospital

discharge. One patient in Series 1 refused further followup

after a postoperative periprosthetic fracture at 11 months,

but the clinical status of this patient was known. Subsi-

dence data at 1 year or longer were available for 18, 11,

and 15 hips in Series 1, 2, and 3, respectively. After

excluding deaths, rerevisions, and loss to followup, the

clinical status of 10, 9, and 19 hips in Series 1, 2, and 3,

respectively, were known. Due to age, distance to be

traveled, or comorbidity, telephone interview was used to

determine the survival status of three, one, and no hips in

Series 1, 2, and 3, respectively, at latest followup. The

mean clinical followup time of patients surviving more

than 2 years was 10 years (median, 12 years; range,

2–15 years), 7 years (median, 7 years; range, 2–10 years),

and 3 years (median, 2 years; range, 2–5.5 years) in Series

1, 2, and 3, respectively.

Radiographs were taken at the time of clinic review. Total

stem subsidence (prosthesis-bone) and subsidence at the

prosthesis-cement and cement-bone interfaces were

measured using Ein Bild Röntgen Analyse (EBRA) (EBRA-

Digital software; University of Innsbruck, Innsbruck,

Austria) software using digitized radiographs. EBRA was

performed on AP hip radiographs or, where these were

inadequate, on AP pelvis radiographs by one independent

investigator who was not a treating surgeon (SAC). The use

of EBRA in femoral component migration analysis has a

reported accuracy of 1.5 mm and Cronbach’s coefficient

alpha for interobserver reliability of 0.84 [3, 4]. The method

had a specificity of 100% and a sensitivity of 78% compared

with RSA for the detection of migration of over 1 mm [3].

Stem subsidence at 1 year between the three series were

compared using the nonparametric Kruskal-Wallis test and

the Dunn’s post-test using GraphPad Prism1 software

(Version 4.01; GraphPad Software Inc, San Diego, CA).

Radiographic loosening was assessed at latest radiographic

review using the criteria of Harris et al. [17] by one inves-

tigator who was not a treating surgeon (NCR).

Results

Total stem subsidence (p \ 0.001) and subsidence at the

prosthesis-cement interface (p \ 0.05) and cement-bone

interface (p \ 0.01) at 12 months were greater for hips in

Series 1 than for hips in Series 2 (Table 2). Similarly, total

stem subsidence (p \ 0.001) and subsidence at the pros-

thesis-cement interface (p \ 0.05) and cement-bone

interface (p = 0.05) at 12 months were greater for hips in

Series 1 than for hips in Series 3 (Table 2). There were no

differences in total, prosthesis-cement, or cement-bone

subsidence at 12 months between hips in Series 2 and 3.

Subsidence at the prosthesis-cement interface progressed

Table 2. Rerevisions, complications, stem subsidence, and Harris pain and hip scores

Series Number

of hips

Stem rerevision for Vancouver

A or B

postoperative

fracture

Subsidence (mm) at 12 months*

Aseptic

loosening

Infection Prosthesis-

bone interface

P value� Prosthesis-

cement interface

P value� Cement-bone

interface

P value�

1 23 4 1 3 4.1 (0.3–13.1)� 1v2 \ 0.001 2.1 (0.1–7.2)� 1v2 \ 0.05 1.3 (0–5.9)� 1v2 \ 0.01

2 12 0 1 0 1.0 (0–1.6) 2v3 [ 0.05 0.5 (0–2.5) 2v3 [ 0.05 0.1 (0–0.9) 2v3 [ 0.05

3 21 0 0 0 0.8 (0–4.2) 1v3 \ 0.001 0.7 (0–1.6) 1v3 \ 0.05 0.1 (0–1.8) 1v3 \ 0.05

* Values are expressed as median, with range in parentheses; �nonparametric Kruskal-Wallis test; �excludes cases revised for loosening.
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over time in all series (Fig. 3). Three surviving hips that

had an intraoperative or postoperative fracture and four

other hips in Series 1 subsided in the cement by more than

5 mm at up to 2 years (Fig. 3). The maximum prosthesis-

cement subsidence in the three hips with intraoperative

fracture in Series 2 or 3 at 2 years was 2.7 mm. Excluding

the hips in Series 1 rerevised for aseptic loosening or

infection, five hips in Series 1 and no hips in Series 2 and 3

were definitely loose at latest review, defined as subsiding

greater than 5 mm at the cement-bone interface (Fig. 4). In

Series 2 and 3, cement-bone subsidence was minimal at

12 months, and for the majority of stems, subsidence

remained at less than 1 mm over the period of implantation

(Fig. 4). No hips were classified as possibly or probably

loose at latest radiographic followup.

Major stem rerevision involving removal of stem and

cement was required due to stem loosening in four hips at

14, 22, 32, and 41 months after IBG. At the time of index

femoral IBG, an extended trochanteric osteotomy was

required to extract an ingrown stem in one hip and a second

hip had an intraoperative diaphyseal fracture. Subsidence at

the prosthesis-cement interface at 12 months for these hips

were 4.1, 1.2, 0, and 3 mm (median, 2.1 mm), respectively.

Subsidence at the cement-bone interface at 12 months were

0, 10.9, 14.7, and 35 mm (median, 12.8 mm), respectively.

One hip in Series 1 underwent major rerevision for infec-

tion at 10 months. In one hip, cement-within-cement stem

exchange was performed to assist with the revision of a

loose acetabular component at 12 years. In Series 2, there

has been one major stem revision for infection at

61 months. There have been no stem revisions in Series 3.

Two periprosthetic Vancouver B1 fractures occurred

postoperatively in hips in Series 1. Both fractures were

sustained at 11 weeks and were treated with open reduction

internal fixation without stem revision. One Vancouver A

fracture occurred in Series 1 at 8 years, after multiple

Fig. 3A–B Graphs show stem subsidence at the prosthesis-cement

interface, measured by EBRA, for unrevised hips at last followup

from (A) Series 1 and (B) Series 2 and 3. Cases of intraoperative and

postoperative periprosthetic fracture are identified. (A) In Series 1, the

extent of stem subsidence at the prosthesis-cement interface is

variable and progresses over time and, in nearly 1/2 of the hips,

exceeds 5 mm. (B) In contrast, in Series 2 and 3, the extent of

subsidence at the prosthesis-cement interface is more consistent

between hips. While there is some progression of subsidence over

time, no hips exceed 5 mm of subsidence at latest followup.

Fig. 4A–B Graphs of stem subsidence at the cement-bone interface,

measured by EBRA, for (A) Series 1 and (B) Series 2 and 3. Cases of

intraoperative and postoperative periprosthetic fracture are identified.

(A) In Series 1, the extent of stem subsidence at the cement-bone is

variable and, in the majority of hips, exceeds 1 mm. (B) In contrast, in

Series 2 and 3, the cement-bone subsidence data are more consistent

between hips, and for the majority of hips, subsidence was less than

1 mm over the followup period.
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dislocations, and was managed nonoperatively. In Series 2

and 3, there were no postoperative periprosthetic fractures.

One or more dislocations occurred in four hips, two hips,

and no hips in Series 1, 2, and 3, respectively.

Discussion

Despite stem subsidence being a major complication of

femoral impaction bone grafting in cemented revision hip

arthroplasty, few studies have distinguished subsidence at

the prosthesis-cement interface from that at the cement-

bone interface. Due to the site of subsidence not being

adequately reported, it is unknown how technique devel-

opments aimed at improving the procedure influence

stability of the stem. We, therefore, used a sensitive mea-

surement technique to compare femoral stem subsidence

at the prosthesis-cement and cement-bone interfaces

among three consecutive series of rTHAs performed with

femoral IBG, with each series being defined by technique

developments. We also determined the prevalence of

postoperative periprosthetic diaphyseal fracture, radio-

graphic loosening, and complications requiring further

surgery to evaluate whether developments in technique

were associated with a reduction in these complications.

This study has several limitations. First, the prospective

series are small and heterogeneous. Despite each series

being defined by distinct technical changes that aimed to

improve early graft and implant stability, normal variations

in patient and clinical characteristics existed within and

across series, which may have confounded the subsidence

and complications results. These include the instrumenta-

tion used, the need for femoral osteotomy, diagnosis, and

the use of long-length stems, proximal calcar mesh, and

prophylactic cerclage. The differences in patterns of

subsidence and the prevalence of complications cannot,

therefore, be attributed definitively to the defined technique

changes. Second, as a low frequency procedure, learning

curve effects may have also been important, particularly in

Series 1 as a new procedure. Ornstein et al. [30], in their

study of 1305 IBG procedures, attributed their finding that

year of implantation predicted rerevision to both learning

curve and technique improvements. Third, we acknowl-

edge recent studies report subsidence of the polished

double-taper stem in IBG using RSA, which has supe-

rior accuracy over EBRA [21, 29, 42] (Table 3). The latter

relies on manual identification of bone landmarks, which

contributes to its inferior accuracy compared with RSA.

RSA was, however, not available for Series 1 and 2.

Fourth, the length of followup is not equal among groups.

Although rerevisions occurred at up to 4 years in Series 1,

these failures were evident radiographically or clinically by

12 months. These features have not been observed in

Series 2 and 3 by 12 months.

Using sensitive measures of stem subsidence that dis-

tinguish movement at the prosthesis-cement and cement-

bone interfaces, our data suggest evolution in the technique

of femoral IBG is associated with reductions in total stem

subsidence and subsidence at both the prosthesis-cement

and cement-bone interfaces. In Series 3, the consistent

stem subsidence data and the minimal complications of

Series 2 were maintained after the introduction of modular

impaction tamps. What have historically been the main

complications of femoral IBG at rTHA, early gross subsi-

dence leading to rerevision and postoperative periprosthetic

diaphyseal fracture seen in Series 1, did not occur in Series

2 and 3.

Adequate stem fixation at the prosthesis-cement and

cement-bone interfaces has now been achieved when

modern techniques of IBG are used. The range of total

Table 3. Literature review of subsidence of cemented collarless double-taper stems 12 months after impaction bone grafting and after primary

THA

Study Cemented collarless

double taper stem,

(technique)

Number

of hips

Method Subsidence at 12 months (mm)*

Total

(prosthesis-

bone)

Prosthesis-

cement

Cement-bone

Howie et al. [current study] Exeter (irradiated) 16 EBRA 4.4 (2.8–6.0) 2.9 (1.7–4.1) 1.6 (0.8–2.5)

Exeter/CPT (nonirradiated, washed) 12 EBRA 0.9 (0.6–1.2) 0.8 (0.3–1.3) 0.3 (0.1–0.5)

CPT (modular tamp) 17 EBRA 1.2 (0.6–1.8) 0.8 (0.5–1.0) 0.4 (0.2–0.7)

Wraighte and Howard [43] Exeter (nonirradiated) 38 Manual 2.0� (1.0–3.0)�

Ornstein et al. [29] Exeter (nonirradiated, washed) 15 RSA 2.3§

van Doorn et al. [42] Exeter (nonirradiated) 11 RSA 1.3 (0.8–2.2)k

Alfaro-Adrian et al. [1] Exeter Primary THA 14 RSA 1.1 (0.8–1.4) 0§

Stefánsdottir et al. [37] Exeter Primary THA 14 RSA 1.2� (1.0–1.5) 0.02� (�0.1– 0.1)

* Values are expressed as mean, with 95% confidence interval in parentheses, except where noted; �median; �interquartile range; §estimate from

graph; krange; EBRA = Ein Bild Röntgen Analyse; RSA = radiostereometric analysis.
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subsidence values at 1 year, reported for Series 2 and 3,

compares closely to the 0.8 to 2.2 mm, determined by

RSA, reported by van Doorn et al. [42] and is slightly

lower than the values reported by Ornstein et al. [29]

(Table 3). The pattern of stem fixation achieved is also

comparable to that reported for primary THA using the

same stem design [1, 37] (Table 3). Most of the subsidence

occurred at the prosthesis-cement interface and is compa-

rable to the 1 to 2 mm of self-limiting subsidence reported

for primary stems which have 100% survival with revision

of the stem for aseptic loosening at ten years’ follow-up

(Table 3) [1, 44]. The amount of subsidence at the pros-

thesis-cement interface is also comparable for cement-

alone rTHA with the same stem design [20]. As also

reported by Ornstein et al. [29] using RSA, subsidence at

the prosthesis-cement interface continued to progress after

1 year and up to 5 years, albeit minimally in Series 2 and 3

without complication. Despite the majority of unrevised

hips in Series 1 subsiding more than 1.5 mm at the cement-

bone interface by 1 year, they remained unrevised at latest

followup. These include the hips with intraoperative frac-

tures and those radiographically defined as definitely loose.

These findings agree with the results of Yim et al. [45] who

found femoral fracture and early subsidence in their series

of 56 hips with femoral IBG did not necessarily lead to

failure at an average of 39 months’ followup. For the

majority of stems in Series 2 and 3, cement-bone subsi-

dence was less than 2 mm at 12 months and at up to a

maximum of 8 years. The stability of this subsidence data

is consistent with the findings of Wraighte and Howard

[43], in their review of 75 IBG hips, showing excellent

fixation at 1 year was maintained with longer-term fol-

lowup for the majority of hips.

In Series 1, two of the 23 patients had a postoperative

periprosthetic diaphyseal fracture. This compares to a rate

reported in previous studies of femoral IBG [25, 32] but is

markedly higher than the 0.5% reported for standard rTHA

using a cemented collarless double-taper stem and no IBG

[20]. Both fractures in Series 1 occurred at 11 weeks

postoperatively, during the period when patients are tran-

sitioning from partial weightbearing to full weightbearing.

With modification of technique in Series 2 and 3 aimed at

achieving a stronger stem-graft-bone construct and more

frequent use of prophylactic cerclage and long stems, there

were no cases of postoperative periprosthetic fracture.

Our data show developments in techniques of femoral

IBG are associated with reduced subsidence of the femoral

stem at both the prosthesis-cement and cement-bone

interface. Subsidence after rTHA with IBG are now similar

to those reported for primary THA using the cemented

collarless double-taper stem. Associated with this minimal

subsidence is a reduction in postoperative mechanical

complications requiring further surgery.
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