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Abstract

Background Proximal femoral replacement using a seg-
mental modular system is one option for revision THA in
the presence of severe bone loss or periprosthetic fracture.
While many papers report function in these patients, they
do not describe the quality of life.

Questions/purposes We evaluated the quality of life in
patients undergoing proximal femoral replacement using a
segmental modular system for severe bone loss.

Patients and Methods We retrospectively reviewed 63
patients undergoing complex revision THA using a mod-
ular replacement system for nonneoplastic conditions
between April 1996 and June 2006. Average age was
73 years (range, 23-94 years). Twenty-one patients were
lost to followup and six patients died before 2-year mini-
mum followup. The remaining 36 patients were followed
for an average of 3.2 years (range, 2-10 years). Study
patients were matched by age-decade to a control group of
patients undergoing conventional revision THA. At base-
line, both groups were comparable with respect to age,
comorbidities, and quality-of-life scores.
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Results At last followup, the modular system group
showed improvement in WOMAC function, WOMAC
pain, Oxford score, and the SF-12 mental component.
Compared to the control group, the modular system group
scored lower on WOMAC function and Oxford scores, but
there were no differences in any other scores.
Conclusions In patients with severely compromised bone
stock, a segmental modular replacement system can
improve the quality of life. Special attention should be
given to the stability of the hip intraoperatively and a
constrained acetabular liner should be used when the risk
of postoperative dislocation is high.

Level of Evidence Level III, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Salvage of the hip with severe proximal femoral bone loss
can be challenging [25]. With the ever-increasing number
of hip arthroplasties performed worldwide and the
advancing age of the target population, the arthroplasty
surgeon is faced with more severe instances of this difficult
situation. Numerous factors can contribute to the eventual
loss of femoral bone stock, including osteolysis, infection,
and periprosthetic fracture [16, 24, 26, 29].

When the proximal femur is severely deficient, treat-
ment options become limited. With resection arthroplasty,
patients have limited walking ability and function with a
short limb [18]. Other surgical options include the use of a
cemented or cementless long femoral stem, which inten-
tionally bypasses the deficient proximal femur; impaction
grafting with cement [8]; and the use of an allograft-
prosthesis composite [10, 12]. The last option is a major
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undertaking in the elderly, often frail patient and requires a
substantial period of protected weightbearing after the
operation. Moreover, it may be followed by junctional
nonunion, escape of the greater trochanter, and graft
resorption [13].

The segmental modular replacement system (MRS), also
known as a “megaprosthesis,” was developed for replacing
the proximal femur in patients with neoplastic conditions
[23]. The implants come in cemented and cementless
versions and are modular to allow for replacement of the
exact length of femur that is deficient. This implant has
inherent advantages over some of the other options typi-
cally used to address severe proximal bone loss, such as the
allograft-prosthesis system, including the availability of the
implant and the avoidance of the risk of disease transmis-
sion associated with the use of allograft. Although a
number of papers have addressed the functional outcomes
of patients undergoing proximal femoral replacement for
severe bone loss [15, 18, 23, 24], these do not specifically
assess the quality-of-life outcomes of patients receiving the
MRS.

Fig. 1A-B (A) A preoperative radio-
graph shows aseptic loosening of the
right hip arthroplasty associated with
severe proximal bone loss. (B) A post-
operative radiograph shows the patient
treated with a MRS femoral reconstruc-
tion and a constrained liner cemented
into the preexisting well-fixed shell.

Fig. 2A-B (A) A preoperative radio-
graph shows a Vancouver Type B3
fracture with severe proximal femoral
bone deficiency. (B) A postoperative
radiograph shows the same patient
treated with a MRS femoral reconstruc-
tion and a constrained liner cemented
into the preexisting well-fixed shell.

Therefore, we (1) evaluated the functional and quality-
of-life outcomes of MRS patients at a minimum of 2 years
after the index surgery; (2) compared the outcomes to a
matched group of patients undergoing conventional revi-
sion THA (RTHA); and (3) evaluated serial radiographs of
MRS patients.

Patients and Methods

From our database, we identified 63 patients with non-
neoplastic conditions who underwent complex RTHA
using a segmental modular prosthesis (Modular Replace-
ment SystemTM, Stryker Orthopaedics, Mahwah, NIJ)
between April 1996 and June 2006. The indications for the
use of the MRS were aseptic loosening in 27 patients
(Fig. 1), a Vancouver Type B3 periprosthetic fracture [7]
in 27 patients (Fig. 2), deep chronic infection in seven
patients, and recurrent dislocation associated with severe
bone loss in two patients. The study cohort consisted of
38 women and 25 men, with an average age of 73 years
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(range, 23-94 years) at the time of the index surgery.
Medical records and radiographic data for all the patients
were retrieved and analyzed retrospectively. Six patients
died before the followup period had elapsed and 21 (33%)
were lost to followup. While every effort was made to
locate those lost to followup, most were elderly (median
age of 81 years at time of surgery) and could not be
reached. The remaining 36 patients were followed clini-
cally and radiographically for at least 2 years
postoperatively (average, 3.2 years; range, 2—10 years). All
data were obtained from our divisional research database,
medical records, and pre- and postoperative radiographs.
Ethics board approval was obtained before the start of the
study and validated clinical assessment tools were utilized.

The 36 MRS patients were age-matched to 36 control
patients who underwent conventional RTHA during the
same time period and the scores for the two groups were
compared preoperatively. At baseline, the WOMAC score,
Oxford score, UCLA activity score, and the physical
component of the SF-12 of the two groups were similar
except for the mental component of SF-12, which was
higher (p = 0.022) in the control group (Table 1). Patients
in the MRS group underwent more prior operations than
the control group: 42% of the MRS group had their index
segmental replacement surgery as their first revision
(Fig. 3). For 89% of the control group, the index RTHA
was their first, second, or third revision, while 28% of the
MRS patients were having at least their fourth, fifth, or
even later revision.

The location and extent of bone loss was assessed on
preoperative films. Bone loss was categorized using the
classification system of Paprosky et al. [21, 22]. All
patients had Type III-B defects (metaphyseal and diaphy-
seal damage with < 4 cm of diaphyseal bone available for
femoral fixation).

In the case of a periprosthetic fracture, the type of the
fracture was noted. All fractures in our series were of the

Table 1. Preoperative intergroup analysis between MRS and control
groups

Score Mean value p Value
MRS Control
WOMAC function 39.9 49.8 0.170
WOMAC stiffness 44.9 47.6 0.699
WOMAC pain 41.5 48.9 0.212
WOMAC global 49.2 56.6 0.263
Oxford 349 432 0.126
SF-12 physical 30.8 323 0.558
SF-12 mental 38.9 48.9 0.022
UCLA activity 2.6 4.0 0.211

MRS = modular replacement system.
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Vancouver B3 type, where there is a loose stem and severe
proximal femoral bone deficiency [7].

The surgical approach was anterolateral in 12 patients
and posterolateral in 24. The proximal bone-deficient
femur was split longitudinally and “peeled” off the failed
implant. This remaining shell of bone was wrapped around
the new femoral stem during wound closure. The Modular
Replacement System™ was used in 34 patients, and its
successor, the Global Modular Replacement System™, in
two patients (both implants manufactured by Stryker). This
prosthesis is modular in such a way that a variable length of
the implant can be used depending on the length of the
deficient bone fragment. The prosthesis has a roughened
surface on the body segments to promote soft tissue
attachment and potential bone ingrowth. The stem segment
is of two surface designs to permit the options of cemented
or cementless fixation and is of varied diameters for the
same purpose. Thirty-three patients had cemented fixation,
and three patients had a cementless stem. Simplex-T™
cement (Stryker) with tobramycin (1 g/41 g cement pow-
der) was used in 28 cases, and Palacos® (Zimmer, Inc,
Warsaw, IN) with gentamicin (0.5 g/40 g cement powder)
was used in five. The femoral canal was prepared to permit
contemporary cementing techniques, including careful
canal preparation and plugging when possible, vacuum
cement mixing, retrograde filling, proximal sealing, and
pressurization. The choice of acetabular liner was at the
surgeon’s discretion. A constrained liner was used in
23 patients initially.

Patients were mobilized with touch weightbearing on
the affected limb for 6 weeks (use of a walker). This was
followed by a period of 50% partial weightbearing for
another 6 weeks. The patients received supervised physical
therapy care while in the hospital and after they were

discharged home or to a nursing facility.
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Fig. 3 A graph shows the revision number distribution for the MRS
group and the RTHA control group. R1, R2, etc = Revision 1,
Revision 2, etc; N/A = not available.
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Patients were seen at 2, 6, and 12 weeks, 6 months, and
1 year postoperatively and annually thereafter. At each
clinical visit, patients were examined for ability to ambu-
late, muscle strength, and stability of the hip with ROM,
and standard AP and crosstable lateral radiographs were
obtained.

Functional and quality-of-life assessment tools utilized
included the WOMAC Osteoarthritis Index [2], SF-12 [27],
Oxford-12 [20], and the UCLA activity level [28]. For this
study, the WOMAC and Oxford-12 scores were normalized
to a score that is out of 100, with lower values indicating a
worse outcome. The scores were recorded preoperatively
and at the minimum 2-year followup mark. Charnley class
[5] and the satisfaction score of Mahomed et al. [17] were
recorded at followup as well.

Serial AP and crosstable lateral radiographs of the
operated hip were available for 31 patients, and they were
evaluated in detail. On postoperative serial radiographs,
one of the authors (MMA), who was not a treating surgeon,
divided the femur into seven zones as described by Gruen
et al. [11] and the acetabulum into three zones as described
by DeLee and Charnley [6] and visually evaluated for
cavitary or segmental bone loss and the presence or
absence of continuous progressive lucent lines (2-mm
thickness) on subsequent radiographs.

Descriptive statistics were run for all variables at base-
line and at followup. Intragroup comparison was performed
(baseline to followup) using one-sample t tests on common
portions of the dataset to provide p values. For the inter-
group comparison, matching was on patient age-decade.
Two-sample t tests were used to compare the two cohorts
(MRS and control) for age at surgery, WOMAC (function,
stiffness, pain, global), Oxford, SF-12 (physical, mental),
and UCLA activity level at baseline and at followup. In
addition, for the assessment at followup, comparison of
satisfaction (pain, function, recreation, results, overall) was
performed using two-sample t tests. Chi square tests were
used to test for differences in Charnley class between the
cohorts (at followup only). Statistical analysis was per-
formed with SAS™ 9.1.3 statistical analysis software (SAS
Institute Inc, Cary, NC).

Results

At followup, patients in the MRS group showed improve-
ment on WOMAC pain (p = 0.007), Oxford score
(p = 0.003), and the mental component of the SF-12
(p = 0.030) (Table 2). Similarly, patients in the control
group showed improvement on WOMAC scores
(p = 0.006), Oxford score (p = 0.000), and the physical
component of the SF-12 (p = 0.001) (Table 3).

Table 2. MRS intragroup analysis at latest followup

Score Mean value p Value
Preoperative Followup
WOMAC function 39.9 56.3 0.056
WOMALC stiffness 449 62.9 0.157
WOMAC pain 41.5 71.3 0.007
WOMAC global 49.2 62.2 0.168
Oxford 34.9 54.9 0.003
SF-12 physical 30.8 37.0 0.220
SF-12 mental 38.9 50.8 0.030
UCLA activity 2.6 3.9 0.528

MRS = modular replacement system.

Table 3. Control group intragroup analysis at latest followup

Score Mean value p Value
Preoperative Followup
WOMAC function 49.8 70.0 0.000
WOMALC stiffness 47.6 67.0 0.002
WOMAC pain 48.9 77.6 0.000
WOMAC global 56.6 71.5 0.006
Oxford 43.2 70.3 0.000
SF-12 physical 323 37.8 0.001
SF-12 mental 48.9 52.5 0.102
UCLA activity 4.0 4.7 0.182

Table 4. Intergroup analysis of MRS and control groups at latest
followup

Score Mean value p Value
MRS Control
WOMAC function 56.3 70.0 0.027
WOMAC stiffness 62.9 67.0 0.530
WOMAC pain 71.3 77.6 0.347
WOMAC global 62.2 71.5 0.122
Oxford 54.9 70.3 0.009
SF-12 physical 37.0 37.8 0.811
SF-12 mental 50.8 52.5 0.553
Satisfaction pain 81.3 84.8 0.628
Satisfaction function 62.7 68.6 0.530
Satisfaction recreation 55.6 68.7 0.183
Satisfaction results 68.0 83.8 0.072
Satisfaction all 67.0 76.5 0.217
UCLA activity 39 4.7 0.070

MRS = modular replacement system.

Patients in the control group scored higher on WOMAC
function (p = 0.027) and Oxford scores (p = 0.009)
(Table 4) than the MRS group. However, there were no
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differences in any of the other WOMAC components, the
SF-12, satisfaction, or UCLA scores.

The immediate postoperative radiographs showed the
femoral and acetabular components to be well positioned.
The alignment of the femoral stems in the coronal plane
was within 5° of neutral. The cups were positioned in 40°
to 50° of abduction. At latest followup, there was a non-
progressive radiolucent line measuring less than 2 mm at
Zone 3 of three acetabular components and at Zones 3, 4,
and 5 of the stem of four femoral components. None of the
implants were deemed radiographically loose.

Six MRS patients (17%) had a complication related to
the index operation. The most common being instability, as
three of 36 patients (8%) suffered at least one dislocation.
Two of the three patients who had a dislocation had a
nonconstrained liner at the time of the index procedure.
The third patient had a constrained liner, but the con-
straining ring failed and the hip subsequently dislocated.
The three patients underwent limited rerevision to a con-
strained variant, with a successful outcome. Further surgery
was not required. Cup pullout was seen in one patient (3%),
which occurred 3 years after the index surgery. The liner in
this case was constrained. The patient underwent recon-
struction of the acetabular component. Unfortunately, the
patient developed a subsequent infection and eventually
ended up with a nonfunctional resection arthroplasty.
Infection was seen in one other patient (3%) who was
successfully treated with débridement, implantation of an
antibiotic depot around the implant, prolonged antibiotic
therapy, and retention of the components. Progressive
osteolysis and loosening of both the acetabular and femoral
components were seen in one patient (3%). The patient was
not medically fit to undergo any form of reconstruction and
underwent revision to a nonfunctional resection
arthroplasty.

Discussion

Proximal femoral bone loss continues to be a challenging
condition for the arthroplasty surgeon, which is com-
pounded by the fact that most of these patients have already
had multiple hip operations, have severe abductor and
possible acetabular bone stock deficiency, and are com-
monly elderly with preexisting comorbidities. If
substitution of the proximal femur is chosen as the pre-
ferred treatment, the options include the use of a proximal
allograft-prosthetic composite or proximal femoral
replacement such as a MRS. The use of a conventional
modular revision stem is an option; however, reattachment
of the abductor mechanism can be compromised and there
are no long-term results reported for this type of recon-
struction [3, 4]. We evaluated whether the quality of life
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improves for patients undergoing proximal femoral
replacement using a segmental modular system for severe
bone loss.

Our study is subject to certain limitations. First, the
number of patients is relatively small because this proce-
dure is uncommon even in a tertiary care center such as the
one where the study was conducted. Second, many of the
patients in the original sample were eventually lost to
followup despite extensive efforts to locate them. We
attribute this loss to followup to their already advanced age
at the time of surgery (median age, 81 years). Third, there
is disparity in the number of hip revisions between patients
in the MRS group and patients in the control group.
Patients in the MRS group were more likely to have had
multiple revisions and were expected to have more defi-
cient bone stock, compromised abductor mechanism, and
decreased functional reserve, which makes our control
group not the ideal comparison group (Fig. 3).

Our data suggest proximal femoral replacement using
the MRS in patients with severe proximal femoral bone
deficiency led to functional and quality-of-life improve-
ments as measured by several validated scores. We believe
this study is a valuable contribution to the literature, which
is lacking in regard to quality-of-life assessment in MRS
patients.

The degree of improvement in pain for MRS patients
was comparable to that achieved after RTHA using a
conventional hip revision system. However, the improve-
ment in function, while present, was less dramatic than that
observed in the control group. The control group fared
better as measured by WOMAC function and Oxford
scores. This might be, at least partially, due to the fact that
MRS patients, on average, had undergone a larger number
of prior revisions as noted above.

Radiographs were available for 31 MRS patients (86%),
none of whom showed evidence of radiographic loosening
at the time of latest followup. Our findings are consistent
with those of the study of Parvizi et al. [24], which, like our
study, had a small sample size (n = 48) and a minimum
2-year followup.

The most common complication reported after proximal
femoral replacement was dislocation [14, 15, 18, 30]. In
our study, three of the 36 patients (8.3%) had a disloca-
tion. Likewise, dislocation occurred in six of 43 patients
(14%) in one study [24], in three of 18 (16.7%) in another
[30], and in two of four (50%) in another series [15]. This
degree of instability is higher than that encountered after
RTHA using a conventional implant [1, 19] but is com-
parable to that seen after the use of an allograft-prosthesis
composite [9].

Our data suggest the MRS is a reasonable option for hip
salvage in the setting of severe proximal femoral bone loss.
Patients treated with this implant had improvement in
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function and quality of life. Some authors have conducted
studies describing the functional outcome after this kind of
reconstruction [15, 23, 24], but none assessed the patients’
postoperative quality of life. Dislocation rates were high
and we suggest using a constrained cup in all cases where
there is adequate fixation of the acetabular shell.
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