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Abstract
Objective: To evaluate the clinical and radiographic results 

from patients who underwent femoral reconstruction seconda-
ry to loosening of total hip arthroplasty, using circumferential 
proximal femoral allografts and cemented implants. Methods: A 
retrospective study was conducted on 32 patients (33 hips) who 
underwent femoral reconstruction secondary to loosening of total 
hip arthroplasty, using circumferential proximal femoral allo-
grafts and cemented implants. Among these patients, 28 (29 hips) 
fulfilled all the requirements for this study. The mean follow-up 
was five years and two months. The clinical evaluation was done 
in accordance with the Harris Hip Score. Radiographically, the 
patients were assessed regarding reabsorption and consolidation 
of the allograft, migration of the greater trochanter, stability of 
the femoral component and heterotypic calcification. Results: 
The average preoperative Harris Hip Score was 32 points. At the 

last postoperative follow-up, the average score was 82 points. 
Allograft resorption of some degree was seen in nine hips (31%). 
Regarding consolidation, 24 cases (82.8%) showed full conso-
lidation, three (10.3%) showed partial consolidation and two 
(6.9%) showed pseudarthrosis. All femoral components were 
stable. According to the criteria established, 27 cases (93.1%) 
were considered to be successful reconstructions after a mean 
follow-up of five years and two months. Conclusion: From the 
results obtained, it was concluded that use of circumferential 
proximal femoral allografts in selected cases of femoral recons-
truction secondary to loosening of arthroplasty presented a high 
survival rate from the reconstruction over an average follow-up 
of five years and two months.

Keywords – Arthroplasty, Replacement, Hip/methods; Femur/sur-
gery; Homologous Transplant/adverse effects; Prosthesis Failure.

INTRODUCTION

Implant loosening after total hip arthroplasty can 
lead to extensive femoral osteolysis in the long term. 
In such cases, the use of conventional revision tech-
niques does not produce satisfactory results(1-3).

There are numerous methods of surgical treatment 
described in the literature for overcoming this problem, 
but there is still no consensus on the best technique to 
use. Circumferential allograft of the proximal or distal 
femur, fragmented bone graft combined with surgical 
meshes, structural cortical bone graft, endoprostheses, 
and distal fixation of femoral stems are some of the 
alternatives(1-3).

The use of a circumferential femoral allograft 
allows for reconstruction of the defects over an ex-
tensive area, correcting the hip abductor mechanism 
and length discrepancy in of the limb(1,2). It also pres-
ents osteoconductive potential, in that it allows for 
gradual replacement by host bone, with consequent 
replacement of bone stock, providing favorable bed 
for future revisions if needed.

The purpose of this article is to evaluate the clini-
cal and radiographic results, and the survival of fem-
oral reconstruction secondary to loosening of total 
hip arthroplasty with use of circumferential proximal 
femoral allograft and cemented implant.
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MATERIALS AND METHODS

We conducted a retrospective study of 32 patients 
(33 hips) who underwent femoral reconstruction 
secondary to loosening of total hip arthroplasty with 
use of circumferential proximal femoral allograft and 
cemented implant, from March 1988 to February 
2008. All reconstructions were performed by the 
same surgeon of the clinic (MVR). This study was 
approved by the Research Ethics Committee of the 
Universidade de Passo Fundo.

The study included patients with one previous 
arthroplasty or more, which underwent femoral re-
construction using (non-irradiated) circumferential 
proximal femoral allograft in combination with ce-
mented implant, and had a minimum follow-up period 
of one year.

Exclusion criteria were loss to follow-up (two cases) 
and death before the minimum follow-up (two cases).

According to the criteria, 28 patients (29 hips) met 
all requirements for this study, including 23 female 
and five male patients. Of these, 27 patients under-
went surgical treatment for aseptic loosening of ar-
throplasty and two for infection (septic loosening, 
with reconstruction in two stages). The right side was 
predominant in 21 hips.

The mean patient age at surgery was 61.4 years (28 
to 85 years). Mean follow-up was 5.15 years (61.8 
months), and the longest follow-up period was 20 
years and six months. The average length of the al-
lograft was 13.4 cm (8 to 20 cm), measurement per-
formed from the apex of the greater trochanter.

The methods used for fixation of the allograft were 
structural cortical graft combined with cerclage in 12 
cases, eight cases with plate and screws, three cases 
with cerclage alone, three cases with plate and screws 
plus cerclage, two cases with plate and screws com-
bined with structural graft and cerclages, and one case 
with structural cortical graft and screws.

Patients were clinically classified preoperatively 
and postoperatively by the Harris Hip Score(4). Clini-
cal success was defined as an increase of 20 points 
in the Harris Hip Score(4) postoperatively compared 
to the preoperative score, stable implant, and no need 
for further surgery at the time of revision(3).

Bone defects were determined according to the 
D’Antonio classification adopted by the American 
Academy of Orthopaedic Surgeons (AAOS)(5).

The presence of endosteal and periosteal resorption 

of the graft were evaluated in the femoral areas 
described by Gruen et al(6). Zones one and four were 
excluded due to the absence of the greater trochanter 
(zone one) and the graft-host junction (zone four)
(3). Mild resorption was defined by less than 1 cm 
partial absorption of cortical thickness; moderate 
resorption as more than 1 cm partial absorption of 
cortical thickness; and severe resorption as absorption 
of the entire cortical thickness for any length(3).

Allograft consolidation was assessed in late post-
operative radiographs. Cases where there was no ra-
diolucency line at the graft-host bone interface were 
considered consolidated, cases where there was par-
tial radiolucency line were considered partial consoli-
dation, and line radiolucency on the entire interface 
were considered fibrous union or pseudarthrosis(3).

In radiographs taken in the immediate and late 
postoperative period the migration of the host greater 
trochanter was compared. Migration greater than 1 cm 
was considered trochanteric pseudarthrosis(3).

The femoral implant stability was evaluated for 
the presence of radiolucent lines in the cement-bone 
interface and their migration. Component loosening 
was defined as evidence of vertical migration greater 
than 3 mm or cement fracture(3).

The presence of heterotopic calcification of the hip 
was classified according to Brooker et al(7).

To avoid inter- and intraobserver errors, measure-
ments were accompanied by two surgeons from the 
Hip Surgery and Reconstruction Group (BDR and 
ACJr). In case of disagreement, a new assessment 
was performed by a third surgeon (MVR), proceeding 
through measurement consensus.

Statistical analysis was performed to compare pre-
operative and postoperative measurements of the Har-
ris Hip Score(4), using the Wilcoxon test.

A Kaplan-Meier curve was performed for cumula-
tive survival analysis by month of reconstruction. Al-
lograft failure was defined as the need to remove the 
femoral implant or graft, or severe cortical resorption(3).

Surgical technique
To choose the most adequate allografts that best suits 

the patient’s femur, each case is assessed preoperatively 
and the extent of femoral defect is measured.

We used an anterolateral surgical approach com-
bined with osteotomy of the greater trochanter in all 
cases. The surgical technique used is similar to that 
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Figure 1 – (A) Circumferential proximal femoral allograft. (B) Characteristics 
of the telescoping method for stabilizing the allograft.
Source: HO/Passo Fundo, RS.

A B

Figure 2 – (A) Patient, 26 years old, with juvenile rheumatoid arthritis with 
multiple previous surgeries. Preoperative radiograph presenting combined 
femoral defect. (B) Immediate postoperative radiograph, showing femoral 
reconstruction with use of circumferential proximal femoral allograft and ce-
mented implant. (C) Radiograph six years postoperatively, after the withdrawal 
of synthesis, showing consolidated graft. Patient ambulating without pain.
Source: HO/Passo Fundo, RS.

A

B C
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described previously by Blackley et al(3). Currently, 
we prefer circumferential femoral allograft telescoping 
method inside the host bone whenever possible due to 
the great stability of the reconstruction (Figure 1). If 
necessary, we use a structural cortical graft and ties with 
cerclages as accessory elements for fixation.

period, the average was 82 points (59 to 98 points). 
The evaluation of the results showed a statistically 
significant difference (p < 0.05) between the pre- and 
postoperative measurements.

According to the AAOS classification(5), of the 
29 hips evaluated, 25 (86.2%) femoral defects were 
considered combined, and four (13.8%) segmental. 
Regarding the location of the defects, two cases 
(6.9%) were classified as level I (proximal to the lower 
region of the lesser trochanter) and the remaining 
level II (up to 10 cm distal to the lower region of the 
lesser trochanter). All patients had grade III bone loss 

Postoperative management 
Patients are kept on bed rest for approximately 

48 hours (varying according to the transoperative 
circumstances) and are thereafter allowed to be 
in a sitting position (outside the bed). Mechanical 
thromboembolic prophylaxis was used in the immediate 
postoperative period, antiplatelets for 30 days and 
intravenous antibiotic therapy with vancomycin for 
10 days. Moreover, one gram of vancomycin was 
added to each dose of bone cement used. Radiographic 
evaluation is performed nine weeks after surgery. At 
that time, full support is allowed with a crutch as a 
balance aid (Figure 2).

RESULTS

The clinical classification of patients according to 
the Harris Hip Score(4) showed a preoperative mean of 
32 points (20 to 46 points). In the late postoperative 
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Mild Moderate Severe No resorption

Figure 3 – Characteristics of patients according to the severity of allograft 
absorption. 
Source: HO/Passo Fundo, RS.

Figure 4 – Characteristics of patients regarding the consolidation of the allograft.
Source: HO/Passo Fundo, RS.
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(absence of host bone-implant contact). Considering 
allograft resorption, there were three cases (10.3%) of 
mild resorption, five (17.2%) had moderate resorption, 
and one (3.4%) had severe resorption (Figure 3). Zones 
two and six defined by Gruen et al.(6) were the most 
frequently affected, and in two cases (6.9%) they were 
simultaneously impaired. There was no relationship 
between the duration of follow-up and degree of 
resorption.

With regard to the consolidation of the allograft, 24 
cases (82.8%) of consolidation were observed, three 
cases of partial consolidation (10.3%), and two cases 
(6.9%) with fibrous union or pseudarthrosis (uncon-
solidated) (Figure 4). Of the patients without evidence 
of consolidation, one was asymptomatic at 12 months 
of follow-up. The other underwent a new surgical 
treatment of allograft fixation with plate and screws 
combined with structural cortical graft at 12 months 
follow-up, and is currently symptomatic again with 
no evidence of consolidation for the circumferential 
graft at 31 months follow-up.

Evaluation of the migration of the greater trochan-

Consolidated (24)

Partially consolidated (3)

Fibrous union (2)

ter showed one case (3.4%) with migration greater 
than 1 cm (trochanteric pseudarthrosis). In two hips 
(6.9%) the measurement could not be performed due 
to the absence of the host greater trochanter.

Vertical migration of the femoral implant greater 
than 3 mm or cement fracture was not observed, in-
dicating component stability.

The Brooker et al. classification(7) assessing the 
presence of heterotopic hip calcification considered 
23 patients (79.3%) to have grade 0, five (17.2%) to 
have grade I, and one (3.4%) to have grade II.

Thus, according to the definition proposed clini-
cal success was obtained in 27 cases (93.1%). Of the 
two unsuccessful cases, one patient presented a late 
infection (seven years and two months of follow-
up) and the other presented pseudarthrosis requiring 
further intervention.

According to the criteria established for allograft 
failure, we considered 27 cases (93.1%) to have had 
successful reconstruction in a mean follow-up period 
of five years and two months. In one of the cases of 
failure, the presence of severe resorption was revealed 
in zone two of Gruen et al(6) (at 19 years and six 
months of follow-up). In the other, it was necessary 
to remove the femoral implant due to infection (the 
allograft remained).

The most frequent complications were: six cases 
(20.7%) of prosthetic dislocation, three cases (10.3%) 
of periprosthetic fracture, two cases (6.9%) of fibrous 
union or pseudarthrosis, one case (3.4%) of sciatic 
nerve lesion (with full recovery) and one case (3.4%) 
of infection (which occurred late at seven years and 
two months of follow-up) (Table 1).

In survival analysis, estimated at 20 years, a 83.3% 
chance of success was encountered at 86 months (95% 
CI [69.63; 97.03%]), and 41.67% at 234 months (95% 
CI [23.77; 59.57%]) (Figure 5).

Table 1 – Distribution of postoperative complications with their percentages.

Complications Percentage

Periprosthetic dislocation 20.70%

Periprosthetic fracture 10.30%

Pseudarthrosis 6.90%

Sciatic nerve injury 3.40%

Infection 3.40%

No complications 55.30%
Source: HO/Passo Fundo, RS.

CIRCUMFERENTIAL PROXIMAL FEMORAL ALLOGRAFTS IN TOTAL HIP ARTHROPLASTY REVISION SURGERY
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Figure 5 – Reconstruction survival curve.
Source: HO/Passo Fundo, RS.
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DISCUSSION

There are numerous methods of femoral 
reconstruction for total hip arthroplasty revision 
reported in the literature. Among them, the use of 
circumferential allograft of the proximal or distal 
femur, fragmented bone graft with or without 
surgical meshes, structural cortical bone graft, 
endoprostheses and distal fixation of femoral 
stems(1-3). However, few options can be applied 
in cases of extensive circumferential bone defects 
(greater than 5 cm)(3). In these patients, the most 
commonly used techniques are the endoprostheses 
and circumferential femoral allografts.

The use of endoprostheses has complications such 
as instability due to poor fixation of soft tissue, frac-
ture due to implant stress, and early loosening. Nor 
do they help in restoring bone stock(1-3,8,9).

The use of circumferential femoral allografts re-
mains controversial in the literature. Many of the 
publications show a small number of patients and 
various surgical techniques and types of allografts 
being used, as well as different implants. In addi-
tion, few authors report medium to long-term fol-
low-ups(1-3,8,10-15). In the national literature, to our 
knowledge, there are no articles assessing this type 
of femoral reconstruction technique.

Blackley et al(3) evaluated 63 hips submitted to 
femoral reconstruction using circumferential femo-
ral allograft in combination with cemented implant 
and observed 86% reconstruction survival at a mean 

follow-up of 10 years. There were 13 complications 
(21% of patients) requiring further surgery.

Haddad et al(10) reported 89% survival of hip re-
construction with use of circumferential proximal 
femoral allograft in 55 hips evaluated, with a mean 
follow-up period of 8.8 years. There was a large 
number of complications, among them 22 trochan-
teric pseudarthrosis and six cases of instability. The 
article presented a combined analysis of cases of 
cemented and cementless implants.

The literature describes a large number of com-
plications related to this type of reconstruction tech-
nique(1-3,8,10-11,15). Those that most frequently require 
a new surgical procedure are infection, pseudarthro-
sis, allograft fracture, and instability. Furthermore, 
the use of homologous graft presents a potential risk 
of disease transmission, which is minimal with cur-
rent methods of harvesting, processing, and storing 
of musculoskeletal tissues(16).

The incidence of infection, the most feared com-
plication, can range from 3(15) to 20%(17) of cases. 
The main factors are related to the duration of the 
procedure, the degree of tissue damage at the time 
of the intervention and the amount of blood loss(2,11).

Pseudarthrosis at the graft-host bone junction may 
occur in 3.5(15) to 23%(13) of reconstructions. This 
outcome can be avoided by providing the largest 
possible contact between the graft and host bone 
(via osteotomies that increase the contact surface and 
avoid the presence of localized bone cement), rigid 
internal fixation with the use of structural cortical graft 
in combination with cerclage, the use of available 
autograft during surgery (femoral or acetabular) to fill 
in the interface, and maintenance of the insertion of soft 
tissue in the remaining bone (which should be fixed 
around the femoral allograft)(3).

Allograft fracture is a complication described 
between 0(3) and 16.5%(12) of series. According to the 
literature, one can reduce its incidence with the use of 
femoral implants beyond the graft-host bone junction 
(reaching the diaphysis of the remaining femur) and 
avoiding the presence of screws or plates in the allograft 
(which may cause it to weaken)(3).

Another potential complication is instability, which 
in reconstructive surgery of the hip is mainly related 
to impairment of the abductor mechanism (which is 
often severely affected) and limb length discrepancy. 

Time (months)

Survival functions

Censure
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Its incidence may range from 6(3) to 22.7%(17) of cases. 
Some authors suggest the use of constricted acetabu-
lar components when stability is poor(18-20).

In this study, the use of circumferential proximal 
femoral allograft showed satisfactory clinical results 
and 93.1% survival of reconstruction in an average 
follow-up of five years and two months. The most fre-
quent complication was prosthetic dislocation (20.7%), 
which was also found in studies by other authors(3,16).

One limitation of this study is the small number of 
patients, but this type of femoral reconstruction is con-
sidered exceptional. Another limitation is the use of dif-

ferent methods of fixation in circumferential allografts, 
which may be reflected in non-homogeneous results.

CONCLUSION

Based on these results, we conclude that the use of 
circumferential proximal femoral allograft in femoral 
reconstruction secondary to loosening of hip arthro-
plasty has a high survival rate and satisfactory clinical 
results in an average follow-up of five years and two 
months in selected patients. There is a large number of 
associated complications, which is inherent to the se-
verity and complexity of cases.
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