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Abstract The aim of this study was to present the
clinical and functional results of revision surgery after
failed hip endoprostheses using the Modular Universal
Tumour And Revision System (MUTARS®). Functional
results of the hip endoprostheses were recorded by
applying the Harris hip score. The extent of the
presurgical radiological bone defect was measured
according to the classification system of the German
orthopaedic association (DGOOC). Indications for revi-
sion surgery on 45 patients (21 female, 24 male) were
aseptic loosening (19 patients), infection (16 patients), or
periprosthetic fracture (Vancouver classification B2, B3
and C, in nine patients). Revision surgery was performed
after 8.6 years on average (min. 0.6; max. 14.25 years).
Large defects of the proximal femur (80% medial or
lateral diaphysis; 20% meta-diaphysis according to
DGOOC classification) were adequately reconstructed.
The average follow-up was 38.6 months. Complications
occurred in eight patients: one luxation, two aseptic

loosenings, and five reinfections were diagnosed. The
Harris hip score (presurgical 30; postsurgical 78) showed
significant improvement after revision surgery. Regarding
the extent of the patients’ bone defects, good functional
results were achieved. The comparatively low number of
luxations and loosenings is due to the high modularity of
the prosthesis with arbitrary antetorsion in the hip joint.
However, high reinfection rates in mega-implants still
constitute a problem and should be the subject of further
studies.

Introduction

The increasing number of primary endoprosthetic implan-
tations inevitably leads to an increasing number of revision
operations, which mainly become necessary after infection,
loosening or periprosthetic fractures. Septic and aseptic
loosening, periprosthetic fractures or resorption in areas of
the non weight-bearing bone (stress shielding) can cause
considerable osseous defects [1, 2].

It is possible to revise smaller defects with conventional
primary prosthetic designs. Larger metadiaphyseal bone
defects often preclude the safe use of a primary cementless
endoprosthesis [3–7].

In recent years, good clinical results have been docu-
mented for non-modular and custom prostheses. The main
disadvantage of these is the lack of intraoperative possibil-
ities for variation of the length and angle of the femoral
neck and the antetorsion angle [6, 8, 9].

The aim of this study was to examine the reconstruction
results obtainable using the Modular Universal Tumour and
Revision System (MUTARS®; Implantcast GmbH, Buxte-
hude, Germany) in endoprosthetic revision surgery of the
hip joint with large osseous defects.
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Methods

The revision system presented in this study has been
developed in co-operation with the Orthopaedic Depart-
ment of the University Hospital in Muenster, Germany. The
system features great modularity since each component can
be combined with one another—if necessary to a total
femur replacement with reconstruction of the adjacent
joints. This is made possible by an adapter which connects
the revision system with the modular tumour prosthesis
system. The hexagonal revision stems, which are shaped
with anatomical anterior curvature, are manufactured with a
hydroxyiapatite coating for cement-free implantation. If a
safe cement-free fixation is not possible, uncoated CoCrMo
stems can be used. A variety of stems with different lengths
and diameters allow for an individual application of the
intramedullary fixation (see Fig. 1).

The preoperative planning of the shaft design was made
with computer-assistance and with the help of digitalised
radiographs with a two-level scale.

Due to the inbuilt spur gearing with steps of 5°, rotation
and antetorsion can be selected even after implantation of
the shaft. The shaft can be extended in 1-cm steps
according to need (see Fig. 1). A variety of components
are also available for metaphyseal defects. Therefore, a
nearly individual “fill and fit” situation can be created. It is
possible to combine the system with a MUTARS®
connection tube to prevent luxation and for reattachment
of soft tissue with larger defects in the area of the greater
and lesser trochanter [10, 11].

Between August 1998 and June 2003, 45 patients (24 male,
21 female) with an average age of 62.2 years (min. 31.3, max.

81) underwent hip prosthesis revision surgery. The mean
follow-up was 38.5 months (min. 12.1, max. 69.9). A variety
of indications precipitated the primary surgery. Revision
surgery was performed after an average of 8.6 years (min.
0.6, max. 14.25) with indications being either an aseptic
loosening (n=19), a periprosthetic infection (n=16) or a
periprosthetic fracture (Vancouver classification type B2 [n=3],
B3 [n=4], C [n=2]). All infections were late infections after
primary implantation and were treated with a two-step
approach (explantation of the prosthesis, implantation of a
replacement of antibiotic bone cement, thread and titanium
rods comparable to the technique described by Kent et al.
[12]; reimplantation after the infection has healed).

The MUTARS®-RS shaft was used in two unusual
cases: One loosening of the saddle prosthesis after a pelvic
tumour resection and one fibrous dysplasia with correction
of an axis displacement of the proximal femur.

The standard revision system was used in 43 cases.
Operative findings such as an unexpected size or site of
defect led to two cases requiring additional components
(MUTARS® Intramedullary Femoral Replacement prosthe-
sis with a loosened knee prosthesis on the same side: n=1,
MUTARS® total femoral replacement with a large distal
proximal femoral defect after explantation of the primary
prosthesis: n=1).

Systematic defect classification followed the recommen-
dations of the German Orthopaedic Society (DGOOC) [1];
for periprosthetic fractures the Vancouver classification was
used [13].

Clinical and functional results were recorded with pre-
and postoperative examinations and documented according
to the Harris hip score [14].

The postoperative healing process and the time needed to
achieve full weight bearing capacity, was also documented.

Results

The patients examined mainly suffered from large bone
defects. According to DGOOC-classification the following
defects were recorded: 80% large medial or lateral
diaphyseal defects (type 4 and 5), 20% large meta-
diaphyseal defects (types 2 and 3) (see Table 1).

It was possible in every case to achieve stable
reconstruction without the use of an allograft (see
Fig. 2). An intraoperative change of approach because of
unexpectedly bad bone quality was possible without
complications in two cases (one MUTARS® Intramedullary
Femoral Replacement, one total femur replacement). In
both cases, a large distal defect became apparent after the
removal of the primary prosthesis, requiring the use of a
special prosthesis. Physiotherapy treatment was possible
immediately after surgery.
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Fig. 1 Schematic overview of the system of combinable modules
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Patients with a cementless fixation (n=42), undertook
progressive weight bearing starting at 10 kg for six weeks
with successive increase of the load. Patients with a
cemented shaft (n=3) were mobilised with standard therapy.

In all cases, revision surgery led to a significant
subjective as well as objective improvement. The Harris
hip score improved from a preoperative average of 30
points (min. 8, max. 63) to a postoperative average of 78
points (min. 57, max. 95). It must be stated, though, that the
validity of the preoperatively estimated scores from patients
with fractures has to be judged critically.

Of all the patients, two (4%) aseptic loosenings of the
shaft were recorded. This required the exchange of a shaft
with a larger diameter. Five patients (11%) suffered from an
infection of the shaft bearing, which required two-step
revision surgery.

A luxation of the prosthesis after revision of total hip
arthroplasty (RTHA) was recorded in one case (2%). Here,
the primarily cemented acetabular cup was retained and a
possible tendency to luxation was compensated by a
correction of the antetorsion angle with the help of the
revision prosthesis. Neither during the clinical nor during the
radiological follow-up examinations was a malfunction of
the implant found. Postoperative deep vein thrombosis was
not recorded with those patients who were treated with low
molecular heparin (weight-adapted, once per day s.c.).

Discussion

Reconstruction after defects resulting from failure of the
prosthesis constitutes a problem for hip arthroplasty,
especially in the light of the increasing number of
implantations. The frequency of surgical procedures in
which the prosthesis is exchanged, is still relatively low in
the first five to ten years after a total arthroplasty. However,
the absolute number of cases is high enough to incur
considerable costs. It is all the more important to be able to
use a safe and cost-efficient surgical procedure for all kinds
of defects bearing in mind the patient and his psychosocial
situation. The quick and safe mobilisation of the—usually
older—patient should be the highest priority, especially
when the patient has a high comorbidity rate.

The use of allogenic cortical or cancellous bone material
in revision surgery has already been discussed [15–18].

A potential risk of infection remains with the use of an
allograft augmentation in spite of radiation. Autologous
implants are often not available in adequate quantity and
quality. Composite constructions (such as cemented allo-
graft prostheses) initially provide good results [19].
However, re-revision rates of up to 25% due to aseptic
loosening, failure or infection of the prosthesis and
dislocations are documented [9, 15–17].

If the cortical bone has been preserved or can be
reconstructed with small, malleable material, the Exeter
technique provides an interesting alternative in surgery.
Here, a shaft is cemented into previously created cancellous
allograft bedding. In up to 87%, a remodelling of the
allograft with an osseointegration into the trabecular bone
can be verified [20]. The clinical results reported were
good, and the viability of the implant was 92% after
10.5 years. Nevertheless, the complication rate could be up
to 40.7% with re-revision described in 16% and more [21].

If allogenic material is not used in revision surgery and
there are large metaphyseal defects of the diaphyseal bone,
a solid fixation of the implant is vital [3–8]. If possible, a
cementless fixation should be striven for. Clinical results
that have been recorded so far are promising for the
cementless revision (revision rates of 20% cemented vs. 7%
cementless) [3, 7, 22, 23].

Older patients constitute an exception because less
biomechanical stress on the revision prosthesis can be
expected [24]. The survival rate of cemented prostheses
with a long shaft in patients with an average age of
62.3 years was rather short after initially good functionalFig. 2 Pre- and postoperative X-rays after one-step revision surgery

Type I Type II Type III Type IV Type V Type VI Type VII

0 (0%) 1 (2.2%) 8 (17.8%) 16 (35.6%) 20
(44.4%) 0% 0%

Table 1 Frequency of occur-
rence according to type of de-
fect [1]
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results (54% after 12 years) according to Diekerhof et al.
[25]. However, recent studies have shown better results
[26]. There is a significant link between the patient’s age
at the time of the surgery and the long-term clinical
results. The older the patient, the less the pain at the time
of the follow-up. The ten-year survival rate of the whole
group was 85.29% ±2.69%. In comparison with the
survival rates of cemented stems found in Scandinavian
hip prosthesis registries, the modular shaft examined in
our study has an equally good or even better survival
rate. This means that, depending on the age of the patient
and quality of the bone material of the femur, the use of
a cemented prosthesis is still an option.

The use of monobloc revision prostheses makes it
impossible to deviate intraoperatively from the preoperative
plan. Bone defects or, for example, a rotation error of the
shaft implantation that are discovered during surgery cannot
be corrected during that same operation. Here, the advan-
tage of a modular system, where rotation can be adjusted
accordingly and the use of another type of shaft, if needed,
is possible, is clear.

In the patient group presented in this study, exercise-
stable reconstruction was possible in all cases without the
use of allogenic bone material (cementless n=41, cemented
n=3, total femur replacement n=1). The intraoperative
change of the planned prosthesis because of unexpectedly
bad bone quality was possible without any complications in
two cases (through whole prosthesis and total femur
replacement respectively).

The comparatively bad clinical functional scores of the
patient group [3, 8, 17, 27] most likely result from the size
of the reconstructed bone defects (80% class 4 and 5 of the
DGOOC classification system). However, in all cases
the preoperative functional result could be improved. The
rather low revision rate considering the extent of the bone
defects can be attributed to the routinely CAD-supported
precise preoperative planning. Thus, the biomechanical
conditions even with large defects in the region of the
greater trochanter (as often seen after tumour surgery) could
be restored completely [10]. These luxation rates are
remarkable if compared to the rates ranging from 4% up
to 30% presented in previous studies [9, 16, 28].

The cause of the relatively high infection rates (n=5,
11%), compared to other studies and in spite of an
appropriate two-step approach, probably lies in the patient
cohort itself. The indication for revision was given in 16
cases after a septic loosening of the prosthesis. Reinfection
could be brought under control after another two-step
change of the prosthesis. A secondary hip disarticulation
because of a reinfection was not necessary in our study.

The cause of aseptic loosenings of cemented as well as
cementless endoprostheses remains unexplained despite
numerous studies and surveys [4, 5, 17, 29]. The loosening

rate in our study coincides with results found in studies of
other types of megaprostheses [3–5, 8, 17, 27, 30].
However, a certain “negative-selection” in this cohort is
noticeable. Furthermore, the prosthesis proved suitable in
cases of periprothethic fractures. The distal interlocking
with the aid of a screw provided ample rotational stability
even in previously loosened primary implants or insuffi-
cient bone quality (type B2: n=3; type B3: n=4). However,
one should refrain from interlocking “prophylactically” in
order not to weaken the diapyhseal bone unnecessarily.
Both loosenings observed here resulted from an insufficient
diameter of the stem originally chosen. The interlocking
screws that were used in one case could not cope with the
forces involved. However, this study shows that with a
proper pressfit a satisfactory cementless fixation of the
prosthesis is possible due to the shaft design.

Conclusion

Even with extensive bone defects, the use of this
modular revision system could achieve high stability
and good functional results. The low loosening and
luxation rates were due to the modularity of the system,
enabling a “fill and fit” approach including with
metaphyseal defects. Furthermore, the freely selectable
antetorsion after implantation of the shaft, the consequent
use of the MUTARS© connection tube with large defects
in the region of the trochanter and finally, the precise
preoperative planning further contribute to the good
results presented in this study.

The results are promising but need to be validated by
further studies with a larger patient cohort and prolonged
follow-up. The high (re-)infection rates of allogenic
material remain an important issue in revision surgery and
should be the subject of further studies.
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