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Aims
To study long-term results of acetabular revisions with use of structural bone allografts in severe ac-
etabular bone loss (2C, 3A and 3B by W. Paprosky classification).

Materials and Methods

One hundred eighty-three acetabular revisions with the use of bone allografts were performed; of these,
structural bone allografts were used in 21 cases. In 7 cases, total revisions were performed; in 14 cases,
isolated acetabular revisions were performed. In 20 cases (95%), the reason for revision surgery was the
aseptic failure of the acetabular or both components, in one case it was the sequel after deep infection. In
three cases (14%), before implantation of the acetabulum, bone grafting was performed with structural allo-
grafts—the femoral heads — with screw fixation. In 18 cases (86%), structural allografts were tightly impacted
in a previously prepared bone stock followed by the installation of the acetabular component.

Results

This is an analysis of the long-term results of the use of structural allografts in 16 acetabular revisions
with massive bone defects. The mean term follow up in the group was 75.35£31.1 months (7-185 months).
Of 16 cases of acetabular revision in the group, in three cases (18.75%) trabecular remodelling of allografts
was noted, in three cases (18.75%) there occurred trabecular incorporation, and in ten cases there were lack
of changes in comparison with postoperative X-rays. In five cases (31.25%), stage I resorption of transplants
was recorded according to Sporer (lack of resorption); in six cases (37.5%) stage II resorption (less than
25%), in three cases (18.75%) stage III (25-50%), and in two cases stage IV resorption was noted (over
50% of transplant). Type I stability of Burch-Schneider cage (according to the Gill evaluation system) was
revealed in three cases—lack of osteolysis around construction and screws. Mean change of the rotation
centre was 0.23 mm; mean change of the inclination angle was 0.1 mm. Type II stability was found in three
cases—there was an increase of the osteolysis line upwards and medially. Mean change of the rotation centre
was 9.6 mm; mean change of the inclination angel was 10.9. Type III stability was not noted. Evaluation of
the condition of press-fit fixation components (according to Moore) showed that in five cases there was lack
of component migration, mean change of the rotation centre was 3.75 mm, and mean change of the inclina-
tion angle was 1.4. In five cases, there was component migration, mean change of the rotation centre was
5.44 mm, and mean change of the inclination angle was 14.06. In two cases out of 10, there was mechanical
damage of the components (screw fractures)

Conclusions

The use of structural allografts for filling of massive acetabular defects in acetabular revision is an ef-
fective method for the restoration of the bone stock, which allows to restore the centre of rotation and to
install the acetabular component in its correct position.
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INTRODUCTION

Total hip arthroplasty (THA) in pa-
tients with severe injuries and hip joint
diseases is a high effective surgical pro-
cedure which promotes pain relief and
improves function of the hip. According
to the registers of arthroplasty (Swedish,
Danish, Norwegian, and Finnish), around
40,000 primary arthroplasties are per-
formed annually in Northern Europe and
more than 1 million worldwide. In the next
two decades, this figure is expected to in-
crease by 2 times [1, 2].
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Due to a significant increase in the
number of performed primary THA’s, the
number of revisions increase as well. The
wear leads to the release of particles to
the surrounding tissues, which can pro-
voke tissue reactions, stimulate progres-
sive osteolysis in the periprosthetic areas
of the bone, lead to aseptic loosening of
the components and massive bone defects.
High-energy periacetabular fractures, sur-
gical treatment of bone tumors, and peri-
prosthetic infection can also lead to major
acetabular bone defects [3, 4].
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Acetabular bone defects that occur dur-
ing revision arthroplasty (removal of the
acetabular component) can vary and reach
a significant size. The deficit of bone stock
can lead to serious technical difficulties
for the implantation of the acetabulum in
the condition of compromised columns,
superior and medial walls of the acetabu-
lum. Besides, as acetabular osteolysis pro-
gresses, the remaining bone stock cannot
always provide correct installation of press-
fit cups and screws (for primary mechani-
cal stability of the component) and create
favorable conditions for osteointegration,
which correlates with the dates of the nor-
mal functioning of the endoprosthesis
[5-10]. Presently, there are several surgical
technics of acetabular revisions in patients
with massive osteolysis for the restoration
of acetabular bone stock.

A common peculiarity of the majority of
methods is the use of allografts that differ by
their structure (bone chips, structural grafts,
including large osteochondral grafts).

The use of allogenous bone chips in re-
vision arthroplasty has a comparatively rich
history [6].

Due to its structure, this plastic material
has good biological properties (transforma-
tion with the deformation of the bone ba-
sis). However, it lacks a supporting ability
for implantation of the cups. This limits the
range of indications for this method only
to patients with cavitary bone defects and
for the improvement of the congruence of
the components of press-fit fixation. Dur-
ing the substitution of acetabular defects of
the loaded sections of the acetabulum, it is
obligatory to create a relative immobiliza-
tion around the bone plate, which is achieved
by the installation of revision systems, so-
called “cages” (for example, Burch-Schnei-
der cage, TMR), long-term unloading of the
operated limb (from 2.5 months), and coor-
dinated clinical-radiological observation of
the patient’s dynamics.

Structural bone allografts were widely
used for the acetabular revision before the
development and implementation of sup-
porting blocks (tantalum constructions,
Zimmer, Warsaw). Presently, they are wide-
ly used in patients with massive osteolysis
for the implantation into the acetabular
defects and the creation of support for the
components press-fit fixation. However, the
lack of long-term results, the unpredictabil-
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ity of tissue reactions, and the remaining
deficit of bone mass (defect is substituted
by the construction) indicate the possibil-
ity of the existence of alternative surgical
methods for the restoration of the bone
roof, in particular, implantation of struc-
tural allografts.

The use of biological material (allog-
enous bone structural grafts) is feasible
with respect to future revisions. However,
it has some drawbacks that include graft
lysis. The dynamic of the changes in the
structural graft is unpredictable in each in-
dividual case and correlates with the load
on the sector of the acetabular component,
wherein the area of the bone plate is located
in the retro-acetabular space.

Jasty and Harris in the series of 38 ob-
servations with structural grafts in patients
with massive acetabular osteolysis revealed
a direct correlation between the degree of
covering of the acetabular component with
the structural graft, resorption of the later,
and loosening of the acetabular component.
The rate of unfavorable outcomes was 0%
and, in 4 years, increased to 32% from the
moment of revision [11].

Sporer et al. presented a similar study,
wherein the group included 23 cases with
the time of observation of 10 years [12].
The 10-year survival of acetabular com-
ponents was 78% (the study endpoint was
repeated revision for the acetabular asep-
tic loosening).

Lee et al. published the results of a
long-term study that focused on the sur-
vival of the acetabular component after the
revision in 74 patients with massive oste-
olysis using structural allografts (anterior
column) [13]. The study results showed
that survival of the acetabular component in
15 and 20 years after the surgery was 61%
and 55%, respectively (the study endpoint
was repeated revision without specification
of the reason).

These facts indicate that this method is
questionable but, at the same time, has rela-
tively high effectiveness for the acetabular
revision with massive osteolysis, which
provided the rationale for the present pro-
spective study.

The study was aimed to evaluate long-
term results of use of structural bone al-
lografts in the conditions of the deficit of
bone mass in the acetabulum during ace-
tabular revision.
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MATERIALS AND METHODS

1. Clinical material.

One surgical team performed 183 ace-
tabular revisions with use of bone allografts
(21 of them were structural bone allografts)
from May 25, 1999 to April 20, 2011. The
group included 14 women and 7 men.

The study protocol followed guidelines
for experimental investigation with human
subjects in accordance with the Declaration
of Helsinki and was approved by the ethics
committee. Written informed consent was
obtained from each patient (or an official
representative) before the study.

The mean age of patients during the re-
vision was 54.15+13.53 years old (34-77).

In 7 cases, total replacement of endo-
prosthesis was performed and, in 14 cases,
isolated acetabular revision.

In 20 cases (95%), the revision was indi-
cated because of aseptic loosening of the ac-
etabular or both components, in one case, re-
vision had to be performed because of deep
surgical infection (the second stage of two-
step treatment of deep surgical infection).

On average, before the present revision,
the patients underwent 2.25+1.38 opera-
tions (1-5).

The implanted constructions included
6 Duraloc components (DePuy), 6 Trilogy
components (Zimmer), and 2 module tan-
talum trabecular components (TMT, Zim-
mer); the Burch-Schneider cage (Zimmer)
was installed in 7 cases (Figure 1).

In 3 cases (14%), osteoplasty with a
structural allograft (femoral head with
screw fixation) was performed before the
implantation of the acetabular component.

In the rest 18 cases (86%), the grafts
were tightly impacted in the prepared im-
plant bed with further installation of the
endoprosthesis component. In all the cases,
press-fit components were fixed with screws
(an obligatory condition for the transforma-
tion of allograft bone) for reliable primary
stability and unloading of the bone plate.

At admission, patients underwent a
general clinical examination. The authors
studied the anamnesis, archive records, and
X-ray images. The joint puncture was per-
formed with a further study of the punc-
tate for the exclusion of deep surgical site
infection.

The evaluation of the function of the hip
joint was performed by the Harris hip score
(before and after the operation) and the Ox-
ford hip score [11].

2. Radiological evaluation.

At the admission, patients underwent a
standard X-ray examination that included
plain pelvic radiography, direct and axial
projections of the hip joint. These studies
allowed the authors to perform preliminary
revision intervention and the evaluation of
the size of components and the necessity
for the osteoplastic replacement of acetabu-
lar defects for the recreation of the center of
joint rotation.

M Trilogy
B TMT
® Duraloc

M B-S cage

Fig. 1. Acetabular systems implanted during acetabular component replacement

23




MODERN PROBLEMS OF SCIENCE AND EDUCATION. SURGERY Nel 2018
Table 1
Distribution of cases of acetabular revision by Paprosky classification
Type of acetabular defect N %
2A-2B 3 14.3
2C 5 23.8
3A 2 9.5
3B 11 52.4

The identification of the type of acetab-
ular defect was performed by the Paprosky
classification [14].

The evaluation of defects of the acetab-
ulum in X-ray images was performed in the
software Roman V 1.7.

After the calibration of the X-ray im-
ages, the authors made measurements by
the 4 above-mentioned criteria.

The distribution of patients by the type of
the acetabular defect is presented in Table 1.

The obtained digital data was recorded
in tables for further classification of the
groups (by the criteria specified above) by
the type of acetabular defect.

In the postoperative period, X-ray im-
ages were also analyzed in the software Ro-
man V 1.7 by qualitative and quantitative
parameters.

Quantitative evaluation of X-ray imag-
es included the measurement of the changes
in the center of rotation and angle of in-
clination (horizontal deflection). The com-
parison of the obtained quantitative data in
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the dynamics and its comparison with the
results of the qualitative analysis was per-
formed (the latter will be presented further).

The migration of the acetabular compo-
nent was evaluated in the software Roman
V 1.7. The values were identified by the
X-ray images and during the control ex-
amination (2 parameters were compared).
The angle of inclination was identified in
the same way.

The migration of the component was
evaluated by the X-ray images (taken di-
rectly after the surgery and during the con-
trol examination) by comparing the dis-
tances between the lines that connect the
tear-shaped figure and the perpendicular
that goes through the center of the rotation
of the operated joint.

The angle of inclination was calculated
by the X-ray images with standard mea-
surements (Figure 2). The sharp angle was
identified between the line that connected
teardrops and the line that connected end-
points (poles) of the acetabular component.

L T P S -

Fig. 2. Examples of measurements:
A. Directly after the surgery — the angle of inclination 47.3 degrees, the angle of rotation 26.3 mm,
B. Control examination in 140 months — the angle of inclination 47.7 degrees, the center of rotation 24.8 mm

24




MODERN PROBLEMS OF SCIENCE AND EDUCATION. SURGERY Nel 2018

Additionally, the qualitative evaluation
of the condition of the press-fit components
by the Moose score was performed (see
below).

Qualitative evaluation of X-ray images in
the post-operative period was used for the es-
timation of the stability of the Burch-Schnei-
der cage (Gill’s criteria), press-fit components
(Moor’s criteria), and changes in the bones
allografts (by Gross, by Sporer, by Gie).

A. X-ray evaluation of the stability of
the Burch-Schneider cage by Gill [15]:

type I (possibly unstable) — the lines of
osteolysis do not progress, no osteolysis
around the screws;

type II (likely unstable) — the line of
translucence increases upward and medially;

type III (definitely unstable) — cage
fixing screws are broken, migration of the
component is more than 5 mm, which in-
creased in the dynamics upwards, medially
or around the screws.

The system of evaluation was based
on 3 main criteria (osteolysis around the
construction, osteolysis around the fixing
screws and signs of mechanical damage of
the screws. The obtained data (by each cri-
terion) allowed the authors to evaluate the
stability of the implanted cage.

B. X-ray evaluation of the stability of
press-fit fixation components. Five X-ray
characteristics by Moore [16]:

— superolateral support;

— inferomedial support;

— medial stress shielding;

— formation of radial trabecula;

— lack of X-ray lines of translucence.

The component was considered stable if
there were 2 or more positive values of the
specified characteristics.

The instability of the press-fit component
was evaluated radiologically by the migra-
tion of the acetabular component for 4 mm
and more, a change in the angle of inclination
by 4 degrees and more, and the presence of
2 or more signs of osteointegration accord-
ing to Moore’s criteria and Gill’s criteria.

C. X-ray evaluation of the dynamics
of the condition of bone allografts:

1) Resorption by Gross [17]:

1. insignificant resorption (lysis <1/3 of

the graft)

2. moderate resorption (lysis 1/3 — 1/2 of
the graft)

3. significant resorption (lysis > 1/2 of
the graft)

2) Resorption by Sporer [11]:

1. 0% —no

2. <25% mild degree

3. 25-50% moderate degree

4. >50% significant degree

3) Transformation of the graft by Gie [18]:

1. no changes in comparison with post-
operative X-ray images

2. trabecular incorporation

3. trabecular remodeling.

In the system of evaluation by Gie, tra-
becular incorporation differs from trabecular
remodeling by the degree of “integration” of
the trabeculae of bone tissue of the patients
into the transplant structure. During the in-
corporation of the graft, the appearance of
the trabeculae in the graft on the border be-
tween the bone and the graft is revealed on
X-ray images. During the remodeling of the
graft, it acquires the density similar to the
patient’s bone tissue, and the trabeculation
spreads to all the massive of the structural
donor material. The borderline in the area of
the bone plate becomes diffuse (Figure 3).

A

C

Fig. 3. X-ray image of Patient L., 50 years old: A. Before revision endoprosthetics.
B. Right after the revision. C. Control X-ray imaging in 72 months. Trabecular remodeling
of the graft by Gie, Ist degree of resorption by Gross (lysis < 1/3 of the graft),
2nd degree of resorption by Sporer (<25% light degree).
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The analysis of the X-ray images by
the above-mentioned criteria (Gill, Moor,
Sporer, and Gross) in small groups has a
descriptive character and acquires statisti-
cal significance only in major samplings.
However, the analysis of the published lit-
erature revealed the lack of similar studies
in major groups of patients.

RESULTS

The results were observed in 16 pa-
tients. The average period of observation
in the group was 75.35+31.1 months (7-
185 months).

1. Clinical evaluation of the results

The average score by the Harris hip
score was 24.5+6.3 (18-34) before the sur-
gery. During the control examination, it
increased and reached 75+12.3 points (12-
91) by the Harris hip score and 35.7 (17-48)
points by the Oxford hip score.

The obtained data can be estimated as a
good functional outcome.

2. X-ray analysis

A. Evaluation of the changes in the
grafts by Gie

Out of 16 cases of revision prosthetics
in the group, in 3 cases (18.75%), trabecu-
lar remodeling of the grafts was observed;
in 3 cases (18.75%) — trabecular incorpora-
tion; and in 10 cases, the lack of changes
was observed in comparison with postop-
erative X-ray images.

B. Evaluation of the resorption of
grafts by Sporer

In 5 cases (31.25%), 1st degree (no re-
sorption) was observed, in 6 cases (37.5%) —
2nd degree of resorption (less than 25%), in
3 cases (18.75%) — 3rd degree (25- 50%),
and in 2 cases —4th degree (more than 50%
of the graft).

C. Evaluation of the condition of the
Burch-Schneider cage by Gill

The Ist type of stability was revealed in
3 cases. There was no osteolysis around the
construction and screws. The mean change
in the center of rotation was 0.23 mm, the
mean change in the angle of inclination was
0.1 mm.

The 2nd type of stability was identified
in 3 cases. There was an increase in the line
of osteolysis upwards and medially. The
mean change in the center of rotation was
9.6 mm, the mean change in the angle of
inclination was 10.9 mm.

26

The 3rd type of stability was not
registered.

D. Evaluation of the condition of
press-fit components by Moore

In 5 cases, there was a lack of migration
of components. The mean change in the
center of rotation was 3.75 mm, the mean
angle of inclination was 1.4 mm.

In 5 cases, there was a migration of the
components, the mean change in the center
of rotation was 5.44 mm, the mean angle of
inclination was 14.06 mm.

In 2 cases out of 10, there was a me-
chanical damage of the constructions
(screws fractures).

COMPLICATIONS

In 5 cases, the observation in the dy-
namics revealed different complications.
In 2 cases, deep surgical site infection was
revealed that required two-step treatment.
It was the use of structural grafts that pro-
vided an increase in the bone mass of the
acetabulum.

In 3 cases, there was aseptic instability
of the acetabular component that required
repeated acetabular revision. One patient
from the group died 9 years after the sur-
gery because of comorbid pathology.

Thus, in 5 cases out of 16 (31.25%), fur-
ther revision interventions were required.

The presented cases of acetabular re-
vision were significantly complicated by
massive acetabular osteolysis. In 52.4%
of cases, there were 3B defects by the Pa-
prosky classification. The application of
structural grafts provided successful res-
toration of the acetabular roof in 68.75%
cases and allowed obtaining good mid-
term results. In 31.25% of cases, the ob-
served complications required repeated
revision interventions. However, the cho-
sen type of grafts provided the formation
of the bone basis for “future” revisions,
which, in the future, allowed the surgeons
to use standard components of the endo-
prosthesis. Thus, it can be highlighted that
the use of structural allografts in the condi-
tions of massive osteolysis of the acetabu-
lum can provide a feasible alternative for
modern revision complexes and good mid-
term results [19-21]. However, it requires
further observation and follow-up of the
long-term results.
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CONCLUSIONS

The application of structural allografts
for the replacement of massive acetabular
defects (2C, 3A, 3B by Paprosky) is an ef-
fective method of restoration of the acetab-
ulum, provides the restoration of the center
of rotation, and allows for the implantation
of the acetabular component of the endo-
prosthesis in the proper position.

Use of structural allografts for filling
massive acetabular defects during acetabu-
lar revision showed good mid-term results

Structural allografts for acetabular revi-
sions are recommended for young patients
because it allows surgeons to form the basis
for “future” revision interventions.
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