
Femoral bone defects due to aseptic loosening, mechani-
cal instability of the prosthesis, infection, and iatrogenic 
bone loss are important issues in revision hip arthroplasty 
(RHA), and there are several differences in the methods 
used to achieve successful results. In the case of suffi-
cient femoral bone (diameter ≤ 18 mm), methods using 

a cementless extensively porous-coated precoated femo-
ral stem have been used.1) However, the loss of femoral 
bone stock with ectatic metaphysis or diaphysis remains 
a major challenge in RHA. It is difficult to obtain initial 
stable fixation of the femoral revision stem and long-term 
survival. Impaction bone grafting (IBG) is an established 
reconstruction technique used to restore severe bone loss 
in RHA. While IBG is technically demanding and adverse 
events have been reported,2-4) it is now recognized that 
there are distinct advantages of the technique, including 
both preservation of the bone and remodeling of IBG into 
living bone.5-8) We report clinical and radiologic long-term 
results of using IBG and a standard-length cemented col-
larless, polished, tapered (CPT) stem for RHA in patients 
with extensive bone deficiency. 
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Background: To report the long-term clinical and radiologic results of impaction bone grafting and standard cemented polished 
stem for femoral revision arthroplasty in patients with extensive bone deficiency.
Methods: We retrospectively reviewed 47 hips that underwent femoral revision hip arthroplasty using an impaction-morselized 
allograft with a standard cemented polished stem. The average age at the time of revision hip arthroplasty was 55 years (range, 
39–75 years). The modified Harris hip score (HHS) was used for clinical evaluation. The radiologic evaluation focused on stem sub-
sidence, stem position, progressive radiolucent lines, bone remodeling, and the incorporation of allografts.
Results: The modified HHS improved from an average of 55.04 (range, 25–79.5) preoperatively to 90.1 (range, 81–93.2) at the 
last follow-up. The mean follow-up duration was 13.5 years (10.9–17.8 years). The radiographic analysis revealed stable stems. 
Femoral stems showed an average subsidence of 3.2 mm (range, 2–8 mm) in the cement mantle. However, there was no mechani-
cal failure or subsidence of the cement mantle in the femurs. The stem position was neutral or varus less than 5°. No progressive 
radiolucent line or osteolysis was observed. Evidence of cortical and trabecular remodeling was observed in all cases. There were 
four cases of intraoperative cracks and four cases of distal femur splitting.
Conclusions: Initial stem stability using impaction bone grafting and a standard cemented polished stem in femoral revision ar-
throplasty resulted in good outcome. Delicate impaction grafting techniques and intraoperative crack and splitting fixation are the 
points that need attention for successful long-term results.
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METHODS
Study Subjects
The research protocol was approved by the Institutional 
Review Board of Wonkwang University Hospital (No. 
WKUH 2019-07-013), which waived the informed con-
sent of patients. We included patients with extensive bone 
loss involving more than one third of the proximal femoral 
area, no initial stem stability with a cementless long stem 
bypassing the deficient area, and young patients needing 
biologic restoration for future re-revision. We retrospec-
tively reviewed 47 hips (43 patients) that underwent RHA 
using IBG and standard cemented polished stems for 
extensive femoral bone defects in our hospital between 
July 1997 and February 2012. There were 37 men and 
10 women with an average age of 55 years (range, 39–75 
years) (Table 1). The mean time between primary hip re-
placement and revision surgery was 9 years (range, 1–12 
years). In most cases, the diagnosis at the time of primary 
hip replacement was osteoarthritis and avascular necrosis. 
Overall, 39 cases of cemented femoral stems and 8 cases of 
cementless femoral stems were revised in this series. The 
mean follow-up duration was 13.5 years (range, 10.9–17.8 
years). The causes of revision were aseptic loosening (n = 
38), septic loosening (n = 5), and periprosthetic fractures 
(PPF) (4 cases). Femoral loosening with bone defect ac-
cording to the Endo-Klinik classification9) was grade II (12 

cases), generalized radiolucent zones, endosteal erosion 
and widening of the medullary cavity; grade III (16 cases), 
expansion of the proximal part of the femur; and grade IV 
(11 cases), gross destruction of the upper two-thirds with 
involvement of the middle third. Sclerotic radiolucent 
lines > 1 mm around the femoral stem were defined as a 
dissociation occupying > 50% of the femoral zones. 

Notably, 37 cases were Exeter (Howmedica, London, 
UK) and 10 cases were CPT (Zimmer, Warsaw, USA) used 
for revision of the femoral side. Acetabular cup revision 
was performed in 39 cases, acetabular roof reinforcement 
ring with hook (Ganz, Proteck, Baar, Switzerland) was 
used in 9 cases, cementless HG II (Zimmer) was used in 5 
cases, CLS expansion (Sulzer Orthopaedic, Baar, Switzer-
land) was used in 7 cases, and Trilogy (Zimmer) was used 
in 18 cases. It was observed that 42 patients underwent 
one-stage reconstruction for aseptic loosening or PPF 
and all 5 patients with bacterial infection underwent two-
stage reconstruction. The modified Hardinge approach (39 
cases) in the lateral position was used as in the primary 
approach; however, when a wide field of view was re-
quired, the trochanteric slide approach (8 cases) was used.
The mean usage of allogeneic femoral head was 3, wire 
mesh and Dall-Miles cable in 17 cases, only Dall–Miles 
cable in 8 cases, and strut allograft and Dall–Miles cable 
in 11 cases. Commercialized strut allografts and femoral 
head allografts (fresh frozen) from a patient who had un-

Table 1. Patient Data and Bone Defects

Variable 
Bone defect

p-value
Grade II (n = 12) Grade III (n = 16) Grade IV (n = 11) Total

Age (yr) 52.7 (43–64) 55.3 (39–75) 54.7 (44–66) 54.3 (39–75) 0.205*

Male : female 5 : 7 7 : 9 5 : 6 17 : 22 0.831†

Right : left 6 : 6 7 : 9 5 : 6 18 : 21 0.718†

Original diagnosis -

   Osteoarthritis 7 11 7 25

   Avascular necrosis 2 3 3 8

   Hip Fracture 2 2 1 5

   Other 1 0 0 1

Number of revisions 0.373†

   First 11 13 9 33

   Second  1  3 2  6

Values are presented as mean (range) or number.
*Mann-Whitney U-test, unless otherwise stated. †Pearson chi-square test.
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dergone hip arthroplasty for a femoral neck fracture or 
osteoarthritis were used. Femoral allobones were kept fro-
zen at a minimum of –80 °C or below for use, and before 
freezing storage, aerobic and anaerobic tissue cultures of 
tissues collected from the bone, synovium, and joints were 
performed. The grafted bone was cut into 5–10 mm in size 
using a milling machine, rongeur, cutter, etc., and several 
irrigation procedures were performed. After removing as 
much water as possible, powdery cephalosporin (some-
times vancomycin) was added. The dissociated femoral 
stem and bone cement were removed. If infected, the joint 
capsule and fibrous tissue were thoroughly removed and 
cleaned with pulsatile irrigation. Subsequently, an acrylic 
plug was placed 2 cm distal to the osteolytic site to block 
the distal femur. In case of segmental defects in the cor-
tex or calcar and a large ectatic metaphysis or diaphysis, 
a metal mesh or additional reconstruction with strut al-
lografts for IBG was performed using Dall-Miles cables 
(Fig. 1).

From the distal part of the femoral bone, we placed 
a morselized allobone while using a packing device with 
strong pressure on the plug. After reaching the proximal 
femur around the trochanter area approximately 8–10 cm 
from the distal end, the slightly larger morselized allobone 
(> 5 mm) was firmly pressed against the inside of the fem-
oral canal with assembled femoral tamps 2 mm larger than 
the final one, and the neo-medullary canals were recon-
structed. After the trial stem reduction, morselized allo-
bone filling and pressure were repeatedly applied until the 
proximal portion was filled. Strong pressure was applied 
to maintain stem stability. After satisfactory reduction, 

the trial stem was removed and the new bone marrow 
was dried. Bone cement containing antibiotics (Simplex-
P, Howmedica) was filled into the new bone cavity using 
the retrograde method with a cement gun. After the en-
trance was sealed, the bone cement was distributed into 
the grafts. Compression was maintained until the viscosity 
of the bone cement was adequate, and a standard polished 
femoral stem that was 2 mm smaller than the trial stem 
was inserted. Intraoperatively, preventing cement leakage 
around the periprosthetic femoral fracture like crack or 
splitting and severe bone defect was done by cerclage wir-
ing with metal mesh and struct allograft to make a con-
tained type. Postoperatively, bed rest was recommended 
for 1–2 weeks; after 3 weeks, wheelchair ambulation and 
weight-bearing were progressively increased with two 
crutches for 1–3 months with partial weight-bearing walk-
ing.

Research Methods
The clinical results were analyzed using the modified Har-
ris hip score (HHS) by observing the preoperative and 
last follow-up results. Thigh pain was assessed at the last 
follow-up visit. Radiologically, anteroposterior and lateral 
radiographs at the time of surgery and at the last follow-
up were compared and analyzed. The following radio-
logic reviews were recorded: subsidence of the stem, stem 
alignment, periprosthetic fracture or fracture of the stem, 
radiolucent lines by zones at the stem-cement, cement-
bone interface, fracture of the cement mantle by zones, 
cortical repair and trabecular remodeling, and incorpora-
tion of allobone grafts. The subsidence was measured on 
the shoulder of the stem. The degree of subsidence was 
classified as less than 5 mm (minimal), 5–10 mm (moder-
ate), or >10 mm (massive). The femoral component was 
divided into sections by Gruen et al.10) The recovery of the 
cortical bone was defined when the thin and eroded cortex 
was restored to the same thickness as the normal cortical 
structure. Trabecular remodeling was a case in which the 
shape of the graft was changed by trabecular movement in 
the diagonal direction from the femoral endomembrane 
to the cement.11) We observed other complications during 
and after surgery.

RESULTS
Clinical Results
The modified HHS improved from an average of 55.04 
(range, 25–79.5) preoperatively to 90.1 (range, 81–93.2) 
at the last follow-up. Sixteen cases were excellent, 25 were 
good, and 6 cases were normal. Mild thigh pain was ob-

A B C D

Fig. 1. (A) Preoperative radiograph of a 64-year-old man who showed 
aseptic loosening and osteolysis in all femoral zones and extending into 
the diaphysis. (B) Postoperative radiograph of femoral reconstruction using 
a mesh and an impacted cancellous allograft with a standard cemented 
stem. (C) Radiograph at 3 months postoperative showing trabeculation and 
cortical bone repair. (D) At 13 years, radiograph showing 2-mm subsidence, 
trabecular remodeling of the grafts, no loosening, no osteolysis.
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served in 3 cases at the final follow-up. However, the pain 
did not limit daily activities.

Radiological Results
Stem-cement subsidence was 5 mm (minimal) in 22 cases, 
5–10 mm (moderate) in 5 cases, and > 10 mm in 1 case 
(Table 2). Femoral stems showed an average subsidence of 
3.2 mm (range, 2–8 mm) in the cement mantle. There was 
no subsidence between the cement and grafts. The stem 
alignment was neutral in 24 cases and varus in 4 cases. 
Varus stem alignment was within 7°, and no progressive 
or dissociated findings were observed. There were 23 cases 
of cortical bone repair and 30 cases of trabecular remodel-
ing. No radiolucent lines > 2 mm or osteolytic zones were 
observed.

Complications
Complications were fixed using a Dall-Miles cable in 4 
cases of proximal femoral linear cracks that occurred in-
traoperatively, and distal femoral splitting was fixed using 
strut allografts and a Dall-Miles cable in 4 cases. There 
were no postoperative complications, such as periprosthet-
ic fracture, loosening, infection, inflammation, vascular or 
nerve injury, or dislocation. 

DISCUSSION
Since the introduction of femoral impaction grafting for 
stem revision in the early 1990s, there have been numerous 
reports of clinical success in the literature.12,13) However, 
there is concern regarding stem subsidence, intraoperative 
fracture, and PPF postoperatively.14,15) On the biomechani-
cal side, allogeneic impacted cancellous bone grafting was 
performed using wire mesh or structural allograft to make 
non-containment as a containment, compression bone 

graft was used to reconstruct the bone defect site, and 
initial stabilization of the stem-bone cement-compression 
bone graft structure was obtained by using bone cement to 
aggregate the bone cement and graft. Schreurs et al.16,17) re-
ported that firm fixation of the femoral stem was obtained 
through compression bone grafting and was reinforced 
by using bone cement. Gie et al.11) reported bone graft in-
corporation in 54 patients at 30 months of follow-up and 
found satisfactory clinical and radiological results. Elting et 
al.18) reported an average of 90 HHS in 56 patients. There 
was no pain in 80% of the patients at the 31-month follow-
up, and there was no dissociation of the femoral stem. In 
our study, the mean modified HHS improved by 90.1 and 
87.2% at the mean follow-up of 13.5 years, showing good 
results without any complaints of pain. In addition, bone 
graft incorporation was confirmed in radiological follow-
up. There was no evidence of dissociation between the 
stem cement and the cement-grafted bone.

Biological and histological findings are character-
ized by revascularization of the impacted bone graft, re-
sulting in the resorption of bone by bone-destroying cells 
and formation of woven bone in the grafted bone rem-
nants. The host bone supplies blood and living osteoblasts, 
which is a critical factor in incorporation and regeneration 
of the dead bone graft. It has also been reported that new 
bone is formed in the fibrous aggregation site or without 
a scaffold of the fibrotic matrix, and most of the grafted 
bone is reformed into normal lamellar bone.19) Ling et 
al.20) reported that allografted bone was replaced with new 
bone tissue in biopsy after impacted allograft. Nelissen et 
al.7) found that living bone marrow was present and new 
cortical bone was formed in the bone histology obtained 
from a large area of   the hip during revision surgery. Ra-
diographic changes have been reported to occur in the 
proximal femur of impacted cancellous allografts, and 
an increase and decrease in these radiographic findings 
are considered to be due to the primary restoration and 
re-permeation of blood flow. Secondary bone remodel-
ing means that the CPT stem is engaged in the cement 
because of the continuous stress, and the load is trans-
ferred to the morselized cancellous allograft such that 
the compression force is constantly applied to the bone 
cement. In our study, trabecular remodeling and cortical 
bone repair were not confirmed histologically; however, 
trabecular remodeling (82.1%) and cortical bone repair 
(53.6%) were observed in radiographic shadow changes 
in the impacted bone. Femoral fractures during IBG are 
an important problem associated with the dissociation of 
the stem, which requires revision.21) Elting et al.18) reported 
that a structural allograft should be considered if there is a 

Table 2. Radiographic Results

Variable Number of hips (%)

Subsidence (mm)

   < 5 (minimal) 22 (78.6)

   5–10 (moderate)  5 (17.8)

   > 10 (massive) 1 (3.5)

Graft incorporation

   Cortical bone repair 23 (48.9)

   Trabecular remodeling 30 (63.8)

   Unchanged graft appearance 0
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high probability of fracture due to a cortical bone defect or 
low thickness of the bone. In this study, if the bone defect 
of the proximal femur was severe, the non-containment 
was made to be containment. Structural bone grafting was 
performed to prevent fractures during compression graft-
ing (Fig. 2). When attempting revision THA in patients 
with severe bone loss or in cases where firm fixation with 
the femoral stem at periprosthetic fracture is challenging, 
cortical strut allografting may improve structural sup-
port.22) Wilson et al.23) reported that impacted allografts 
contribute to the process of remodeling and incorporation 
of bone. Cho et al.24) reported satisfactory initial stability in 
surgery performed with an impacting bone graft, and this 
stable fixation was maintained at mid-term follow-up. In 
our cases, structural bone grafting was performed due to 
intraoperative fracture, and radiological findings revealed 
cortical bone union. 

The CPT stem has a wide proximal end and a thin 
tip, and subsidence occurs in the bone cement for tor-
sional stability and increased compression force between 
the bone and cement. To cause subsidence, bone cement is 
characterized by gradual creep due to repeated compres-
sive load and hoop stress over time and stress relaxation 

due to continuous strain. The CPT stem was found to 
subside within 1–2 years of THA and THA revision. Elt-
ing et al.18) reported an average of 2.8 mm subsidence 
occurred in 48% of 56 patients, and Gie et al.11) reported 
that an average of 6.1 mm subsidence occurred inside the 
bone cement in 79% of 56 patients. However, Masterson et 
al.25) concluded that failure of the femoral stem may result 
in premature subsidence of more than 10 mm within 6 
months due to fracture of the thinner cement mantle. In 
our study, 78.6% of the cases had subsidence within 5 mm 
of the bone cement, and more than 10 mm of subsidence 
occurred in 1 case; however, no stem failure or fracture 
of the bone cement mantle occurred during follow-up. 
Furthermore, Karrholm et al.26) reported that cement that 
did not reach the tip of the stem sufficiently was the most 
common defect in the instability of the stem. The limita-
tion of this study is that it is a relatively small, single-center 
study. In the future, multicenter prospective studies that 
include many patients are expected to be needed.

In conclusion, IBG and the use of a standard ce-
mented polished stem for femoral revision arthroplasty 
can be considered successful methods to reconstruct ex-
tended bone defects and to provide initial stability of the 
cemented femoral stem when the stability of cementless 
femoral stems is not achieved. However, a biomechanical 
understanding of the CPT stem and surgical technique to 
obtain a sufficient amount of graft compression and me-
chanical stability should be required. 
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