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REVISION TOTAL HIP ARTHROPLASTY USING A MODULAR
CEMENTLESS DISTAL FIXATION PROSTHESIS: THE ZMR® HIP SYSTEM.
CLINICAL AND RADIOGRAPHIC ANALYSIS OF 30 CASES

Richard Prazeres Canella’, Paulo Gilberto Cimbalista de Alencar?, Gerson Gandhi Ganev?, Luiz Fernando de Vincenzi*

ABSTRACT

Objective: To evaluate the clinical and radiographic results
from 30 cases of revision of total hip arthroplasty using a
modular cementless distal fixation prosthesis: the ZMR® Hip
System. Method: Between July 2005 and December 2008, 30
operations were performed, on 14 men and 14 women. Two
male patients had bilateral surgery. The mean age was 59.2
years (29-81 years), with a mean follow-up of 24 months. The
Paprosky classification was used for periprosthetic bone loss,
and the Harris Hip Score (HHS) was used to evaluate clinical
results. On radiographs, distal migration of the femoral stem was
defined in accordance with Sporer. Proximal bone remodeling
was classified using the Callaghan criteria. Results: The mean
preoperative HHS was 39, and there was a significant increase

to 93 points in the final evaluation, which indicated excellent
clinical results. No femoral stem migration greater than 5 mm
(Sporer) was observed on radiographs, thus suggesting that all
the femoral prostheses presented osseointegration and remained
stable from the time of the surgery until the final evaluation. The
proximal femoral remodeling was either type B or type C in 29
hips, according to Callaghan. Seven patients had complications,
but without interfering with osseointegration of the femoral
components. Conclusion: Our results from revision of total hip
arthroplasty using the ZMR® Hip System were extremely en-
couraging, and all the components became osseointegrated and
remained fixed at the time of the final evaluation.

Keywords — Arthroplasty, hip; Hip prosthesis; Retrospective
studies; Adult

INTRODUCTION

The large increases in the numbers of primary hip
arthroplasty procedures performed over recent decades
has also led to an increase in the importance of defining
better techniques and implants for revision surgery!-?.

The main challenges of femoral revision are the
following: (1) excessive periprosthetic bone loss; (2)
removal of the femoral component and the cement wi-
thout causing iatrogenic bone loss; (3) achieving stable
fixation for the new implant and maintaining this®.

The first femoral revisions were performed as an
“extension of the primary surgery”, in which long-stem
cemented femoral components were used. However, the
length of the femoral canal did not provide sufficient
fixation for the implant, thus leading to mobility at the

bone-cement interface and formation of debris, which
then led to early loosening™”.

Cementless stems with proximal fixation present
excellent results in primary arthroplasties, but their use
is very limited in revisions because good metaphyseal
bone stock is needed in order to achieve sufficient stabi-
lization of the implant and consequent osseointegration.
Since in most cases there is extensive proximal femoral
bone loss and the remaining bone is weak and poorly
vascularized, use of these implants in revision surgery
presents unsatisfactory results®!,

The technique using an impacted bone graft and a ce-
mented polished femoral component that was developed
in Exeter (England), presents good results'>!. However,
it is difficult to reproduce it in different surgical services
because of its complicated “learning curve” and because
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of the need for a large volume of homologous bone tissue,
which is required for reconstruction of the femur.

With the aim of achieving initial stability of the
implant, even in cases of extensive proximal femoral
losses, cementless femoral components with distal fi-
xation have been developed, with a variety of designs
and materials. Milling of the diaphyseal bone and tight
impaction of the prosthesis with the femoral cortical
bone provides sufficient fixation until osseointegration
of the implant occurs!+2Y.

Modular cementless prostheses with distal fixation
were introduced by Konstantin Sivash, a Russian or-
thopedist, in 1956. This implant underwent many mo-
difications until reaching his most famous model: the
S-ROM (Sivash-Range of Motion). The modular design
of the implant allowed surgeons to adapt it to diffe-
rent metaphyseal/diaphyseal diameters, choose diffe-
rent stem lengths and modify the anteversion and offset
angles®142229),

The aim of this study was to evaluate the clinical and
radiographic results from 30 cases of revision of total
hip arthroplasty using the ZMR® (Zimmer Modular Re-
vision) modular cementless distal fixation prosthesis.

METHODS

Between July 2005 and December 2008, 30 revi-
sion operations were performed on cases of total hip
arthroplasty (THA) using the ZMR® modular cemen-
tless distal fixation prosthesis. These procedures were
performed on 14 men and 14 women: two of the men
underwent bilateral surgery. The mean age was 59.2
years (29-81 years). The mean duration of the follow-up
was 24 months, and no cases were lost or excluded. The
operations were performed at Hospital de Caridade and
Hospital Governador Celso Ramos, in Florianépolis,
SC, Brazil. All the operations were performed by the
same surgeon (RPC).

The ZMR® Hip System consists of a conical modular
cementless femoral prosthesis with distal fixation that is
made of an alloy of titanium, aluminum and vanadium.
The proximal component (body) has different possible
lengths (75, 80, 90 and 100 mm) and diameters (AA,
A, B, C, D, E and F), with a cervicodiaphyseal angle of
135°. The possibilities for the distal component (taper
stem) are lengths of 135, 185 and 235 mm and diame-
ters of 14 to 22 mm. For the offset, the choices are 36,
40 and 46 mm, and there are five possibilities for the
femoral head (from —3.5 to 10 mm). In addition to the
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conical design of the implant, with an angle of 3.5° from
proximal to distal, which promotes axial stability, there
are sharp splines of 0.75 mm to ensure anchoring in the
femoral canal and rotational stabilization. At the distal
extremity of the stem, there is also anterior chamfering
that is designed to adapt to the anterior curvature of the
femur, thereby diminishing the impact on and possible
perforation of the cortical bone, especially in relation to
long stems (Figure 1).

Figure 1 — ZMR® modular cementless distal fixation prosthesis

The modular design of the implant provides surgeons
with the choice of 12 different lengths (210 to 335 mm)
and also different degrees of version of the proximal
component, thereby facilitating correction of anatomical
abnormalities of the femur or acetabular positioning,
and increasing the stability of the implant, in which
the connection is made in a Morse cone with a nut for
additional locking.

The indications for femoral revision were aseptic
loosening (26 cases), periprosthetic fracture (three ca-
ses) and septic loosening (one case). The classification
of Valle and Paprosky!!? was used for the periprosthetic
bone loss (Box 1). In only one case was the acetabular
component not revised: this case did not present signs of
loosening and the cementation technique was adequate.
In another case, a polyethylene component was cemen-
ted to the metal cupola, which was found to be fixed.
In the other 28 cases, the entire acetabular component
was revised.

Box 1 — Periprosthetic bone loss (Paprosky classification)

Paprosky Patients
| 0
Il 7
1A 15
1B 5
[\ 3
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It was necessary to use a bone graft in 13 cases.
In nine cases, homologous bone tissue supplied by
the Musculoskeletal Tissue Bank of Curitiba, PR, was
used. In another four cases, use of autologous tissue
for reconstruction of bone losses was indicated: in
three cases, this was taken from the iliac crest, and in
one case from the contralateral femoral head, which
was taken for primary THA within the same operation
(Figures 2a, 2b and 2c).

All the patients underwent radiographic examina-
tions for preoperative planning using templates supplied
by the manufacturer. It was essential to define the length
and width of the modular femoral component prior to
the surgical procedure, in order to achieve initial stabi-
lization of the prosthesis. Through this, osseointegration
of the implant would be promoted. For impaction of the
stem, 5 to 7 cm of diaphyseal bone would be needed.

OPERATIVE TECHNIQUE

The surgical access chosen in all cases was postero-
lateral and it was combined with extended trochanteric
osteotomy in 26 cases. After the implant, cement and
periprosthetic fibrous tissue had been removed, the fe-
moral canal was milled using specific tools, increasing
the diameter millimeter by millimeter until reaching the
predetermined size. The prosthesis test and reduction
components were then used to check for discrepancies
between the lower limbs and test the joint stability.
After defining which components would be used but
before performing stem impaction, a loop of steel wire
was fashioned on the distal femur (Figures 3a, 3b and
3c). This would serve as protection against possible

femoral fracture upon insertion of the prosthesis, there-
by avoiding displacement of fragments that might lead
to instability and failure of the distal fixation. Throu-
gh impaction of the definitive stem, reduction of the
implant and joint stability tests, osteosynthesis on the
femurs that underwent extended trochanteric osteotomy
was achieved using one or two steel wires, positioning
a suction drain and suturing of the wound.

During the postoperative period, physiotherapy was
started on the first day, with ankle mobilization exercises
and isometric exercises for the quadriceps. On the second
postoperative day, the section drain was removed and the
patient was encouraged to walk with partial offloading
of weight by means of a walking frame or a pair of cru-
tches. This continued for eight weeks and was followed
by use of a contralateral crutch until the patient felt secure
enough to walk without support. Administration of intra-
venous antibiotics was maintained until we had received
the results from cultures on periprosthetic tissue that was
removed during the operation, and the antibiotics were
continued thereafter if necessary. In addition to early
mobilization and use of elastic stockings for prevention
of pulmonary thromboembolism, low molecular weight
heparin was also prescribed. This started on the first pos-
toperative day and was maintained for 30 days.

The patients were instructed to return for follow-ups
three weeks, two months, four months, six months and
twelve months after the surgery, and annually thereaf-
ter. They were evaluated using the Harris Hip Score®?
(HHS) before the operation and at all the postoperative
follow-ups. On this scale, scores less than 70 are defined
as poor results; between 70 and 79, as reasonable; betwe-
en 80 and 89, as good; and greater than 90, as excellent.

Figure 2 — A) Patient GM, presenting arthrosis in the right hip secondary to rheumatoid arthritis and loosening of the left-hip pros-
thesis. B) The patient underwent right-side THA and revision of the left-side THA during the same operation, using the femoral head
for an autologous bone graft. C) Control radiograph 15 months after the operation, showing proximal bone remodeling
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Figure 3 — A) Patient RF, presenting a periprosthetic fracture in the left femur. B) Postoperative control with steel wire on the diaphy-
sis to prevent femoral fracturing during the operation. C) Control radiograph two years after the operation, showing proximal bone

remodeling without using a graft

On radiographs, occurrences of distal migration of the
femoral stem were defined as movements greater than
5 mm, in accordance with Sporer and Paprosky®". The
references for this were the distances from the center of
the femoral head and from the small trochanter, measu-
red on radiographs produced just after the surgery and
repeated until the last evaluation. Proximal bone remo-
deling was evaluated quantitatively on anteroposterior
and lateral radiographs during the outpatient follow-up,
using the cortical diameter on the femoral diaphysis, 1
cm distally to the small trochanter. This was classified
in accordance with Callaghan et al®V, with the follo-
wing criteria: A — increased defect or no remodeling;
B — small degree of remodeling; and C — significant
bone remodeling. Our still modest number of operated
cases was insufficient for statistical analysis, and only
descriptive analysis could be performed.

RESULTS

The mean preoperative HHS was 39, and this sho-
wed significant increases, reaching 93 points at the last
evaluation, thus indicating that the clinical result was
excellent. The radiographs were evaluated in accor-
dance with the migration criteria described by Sporer
and Paprosky®! and, from this, no cases of femoral
stem migration greater than 5 mm were observed. This
suggests that all the femoral prostheses presented os-
seointegration and remained stable from the time of the
operation until the last evaluation. The proximal bone
remodeling (Figures 4a, 4b and 4c), which was evalu-
ated on radiographs at the last outpatient consultation
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and compared with the first radiographs produced after
the operation, was classified as type A, one case, type
b, 14 cases, and type C, 15 cases, in accordance with
Callaghan et al®V.

Surgical complications occurred in seven cases
(Box 2). The patient with deep vein thrombosis did not
present any symptomatic respiratory complications, and
this condition was treated with anticoagulants and elas-
tic stockings for six, without development of sequelae.

Box 2 — Postoperative complications

Complications Patients
Deep vein thrombosis (DVT) 1
Failure of acetabular component fixation 2
Luxation 1
Superficial infection 1
Deep infection 1
Cerebral fat embolism 1

The patients with early loosening of the acetabular
component were reoperated. In the first case, the loose-
ned reconstruction ring was removed and replaced with
an acetabular reconstruction consisting of a homologous
structural bone graft from a tissue bank and a polyethy-
lene cemented acetabulum. In the second case, there
was fracturing of the acetabular roof that had not been
recognized during the surgery. Thus, the acetabular dome
had remained unstable, thereby making osseointegration
impossible. This case was also treated by means of re-
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Figure 4 — A) Patient CM, presenting aseptic loosening and femoral stem with skewed positioning. B) Postoperative control radiograph
showing extensive proximal bone loss, and only with fixation of the greater trochanter using a steel wire. C) Control radiograph at
the last evaluation (two years after the operation), showing proximal bone remodeling with using a graft

placement with homologous structural bone graft and a
polyethylene cemented dome.

In the patient who suffered luxation, this occurred
in the eighth week after the operation. This was redu-
ced without open surgery and the patient was strongly
advised about early postoperative care precautions that
should be taken, in order to avoid recurrence.

The patient with superficial infection was treated with
readmission to hospital and intravenous antibiotics. Re-
mission of the infectious process was achieved, with
clinical and laboratory improvement. The case of the
patient who developed deep infection was much more
difficult to handle. This patient presented a positive cul-
ture from the sample of periprosthetic tissue that had
been collected during the operation, developed bactere-
mia and septic shock, was admitted to the intensive care
unit (ICU) and underwent three surgical interventions to
clean the joint. The patient evolved satisfactorily, with
clinical and laboratory improvements and, so far, is con-
tinuing to use the implant without signs of loosening,
despite extensive proximal femoral bone loss. Another
serious postoperative complication occurred with the pa-
tient who developed cerebral fat embolism, who was also
admitted to the ICU for support measures and remained
in hospital for a long period. Despite presenting an ex-
cellent orthopedic result and being able to walk without
support, this patient is continuing to take neurological
medications for balance control and mood disorders even
today, after three years of follow-up.

DISCUSSION

The development of modular implants for promo-
ting correction of lower-limb discrepancies, greater
implant stability and adaptation to proximal bone los-
ses has increased the success rate of femoral revision
procedures using cementless prostheses with distal
ﬁXﬁtiOH(3’14’15’23-29).

We did not find any published papers in Brazilian
orthopedic journals on revision of total hip arthroplasty
using modular cementless prostheses with distal fixa-
tion, and this encouraged us to publish our results and
stimulate interest in this surgical procedure in Brazil.

The studies published in the foreign literature have
presented good clinical and radiographic results. Mc-
Carthy and Lee®” described results from THA revision
using a modular distal fixation prosthesis and mean
follow-up of 14 years, in which the aseptic loosening
rate was 9%. All the cases that evolved with mechanical
failure presented Paprosky I1IB and IV bone losses, and
none of the patients with types II and IIIA bone losses
evolved with loss of fixation. Among our sample of
30 operated cases, we have not yet had any cases of
aseptic loosening: the mean duration of our follow-up
is still short (two years) and, moreover, five of the cases
were classified as Paprosky IIIB and three as type IV
(Figures 5a and 5b), which led us to be more rigorous
with these patients’ follow-up. The other studies that we
found are cited in Box 3.
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Figure 5 — A) Patient DFC, who had undergone four previous
surgical interventions, presenting extensive proximal femoral
bone loss. B) Follow-up 16 months after the operation, showing
signs of integration of the homologous graft, with formation of a
medial bone callus

Box 3 — Results from revisions on THA cases using modular
cementless femoral components with distal fixation

Authors Sample Follow-up (years) Survival
Kwong 143 3.25 97.20%
Murphy 35 2 97.10%
Schuh 179 4 98.90%

Wirtz 142 23 95.80%
Kang 42 2to5 97.60%

Cameron 320 21012 98.60%

Christie 163 4107 97.10%

Migration of the femoral stem was defined by Spo-
rer and Paprosky®! as distal displacement greater than
5 mm, comparing the radiographs produced just after
the revision surgery with those from the last follow-up.
This classification is extremely useful, because there is
a direct relationship between migration and early me-
chanical failure of the implant®. In none of our cases
was there any distal displacement greater than 5 mm,
by the time of the last evaluations.
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Proximal bone restoration was achieved, to a grea-
ter or lesser extent, in 29 of our 30 cases. These were
divided, according to the classification of Callaghan et
al®Y, into 14 type B cases and 15 type C cases. The bone
formation observed was concordant with what has been
found in many studies in which titanium femoral stems
with distal fixation were used, thus diminishing the need
to use homologous bone grafts from tissue banks®**%,

The increase in the mean Harris Hip Score among
our patients, from 39.2 to 93.8, indicated that the results
were excellent, and these were in line with similar re-
sults in the literature®!82%),

With regard to our complications, we found similar
data in the studies investigated®!416-18:2427.28) " and none
of them interfered significantly with the osseointegration
of the prostheses. Only in two cases (IPM and DKC)
was there significant functional loss due to neurologi-
cal sequelae and extensive proximal femoral bone loss,
respectively. On the other hand, contrary to these other
studies, we did not have any cases of femoral fracture.
We believe that in addition to the careful preoperative
procedures, the wire loop placed on the distal femur
prior to stem impaction contributed towards increasing
the mechanical resistance.

The greatest concern regarding modular prostheses
with distal fixation is the risk of fracturing at the junc-
tions between the components. Pierson et al®¥ reported
that the incidence of breakage of material with modular
designs was 0.29%, in which there were direct associa-
tions with: (1) femoral components with an extended
offset (greater lever arm); and (2) extensive proximal
femoral bone loss (less support for the prosthesis). None
of the patients in our sample have suffered fracturing of
the implant so far. Reports of stem fracturing have not
come exclusively from modular prostheses: fractures
also occur in single-piece implants®®>*®. To avoid grea-
ter mechanical stress on implants, structural bone grafts
from tissue banks (Figure 5b) are strongly recommenda-
ble in cases of extensive bone loss, in order to increase
the proximal support for the femoral components.

CONCLUSION

Our results from revision of total hip arthroplasty
using ZMR® modular cementless distal fixation pros-
theses were extremely encouraging. All the components
became osseointegrated and remained fixed at the time
of the final evaluation. This forms a valuable treatment
option for femoral revision of THA cases.
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