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Abstract

Background Currently, the two most commonly used

options for the revision of femoral components in North

America are: cylindrical, nonmodular, cobalt-chromium

stems and tapered, fluted, modular, titanium (TFMT)

stems. Previous reports have cited high failure rates with

cylindrical cobalt chrome stems in large femoral defects

but the longer term survival of the fluted stems is unknown.

Questions/Purposes We examined the 5- to 10-year sur-

vival of TFMT stems implanted for severe femoral defects.

Methods We reviewed all 65 patients with severe proxi-

mal bone defects revised with the TMFT stem between

January 2000 and 2006. Ten were lost to followup and

seven were dead, leaving 48 patients for followup at 5 to

10 years (mean, 84 months; range, 60–120 months). All

patients completed five quality-of-life (QOL) question-

naires. Radiographs were evaluated for loosening,

subsidence, and preservation of proximal host bone stock.

Results Implant survivorship was 90%. No patient

underwent revision for either subsidence or loosening.

Subsidence occurred in seven patients (average, 12.3 mm)

but all achieved secondary stability. Five patients under-

went revision as a result of fracture of the stem and all had

the original standard stem design, which has since been

modified. All five implant fractures occurred at the modular

stem junction. Mean QOL outcomes were: WOMAC = 81

(pain), Oxford = 75, SF-12 = 54 (mental) and 38 (physi-

cal), UCLA Activity = 4, and satisfaction overall = 73.

Conclusions Midterm survivorship of modular titanium

stems in large femoral defects is high; however, ongoing

surveillance of stem junctional fatigue life is required.

Level of Evidence Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Most surgeons in North America use one of two cementless

distal fixation options when revising a THA femoral com-

ponent: cylindrical, nonmodular fully porous, cobalt-

chromium (CNCC) stems and tapered, fluted, modular,
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titanium (TFMT) stems. Both options are available in

modular and nonmodular configurations, but for the most

part, nonmodular fully porous-coated stems and modular

tapered fluted titanium stems have been the most popular in

North America. CNCC fully porous-coated stems have been

traditionally regarded as the gold standard for femoral revi-

sion with long-term survival rates ranging from 89% to 98%

[8, 10, 12, 16, 21, 24, 26, 28, 37]. However, concern has been

raised regarding the use of these stems in patients with severe

proximal femoral bone loss, thin cortices, and large ectatic

canals where less than 4 cm of scratch fit can be obtained at

the level of the isthmus. Sporer and Paprosky [34] showed

mechanical failure rate of these fully porous-coated CNCC

stems in patients with major bone deficiency and in canals

greater than 19 mm in diameter can be as much as 18% to

38%. Other potential disadvantages of these CNCC fully

porous-coated stems include: increased prevalence of post-

operative thigh pain, increased incidence of intraoperative

insertional fractures, and further stress shielding of the

proximal femur [16, 23, 24, 37].

TFMT stems have been designed to address many of

these disadvantages. Their titanium composition means a

lower modulus of elasticity for any given diameter as

compared with cobalt-chromium, which translates into

reduced stem stiffness for equivalent stem diameters. The

theoretical result would be that titanium stems have

reduced incidence of thigh pain and less proximal femoral

stress shielding. Their modularity allows for intraoperative

adjustment of leg length, horizontal offset, and neck ver-

sion. Torsional stability is controlled by the flutes that cut

into the diaphysis and the tapered geometry provides axial

stability. In two studies, we compared these two revision

femoral stem designs (CNCC versus TFMT stems) in terms

of quality-of-life (QOL) outcomes, intraoperative compli-

cations, and preservation of femoral host bone stock [9, 32]

(Table 1). Both studies demonstrated that the patient sat-

isfaction and QOL outcome scores substantially favored

the TFMT stems. We also demonstrated a lower incidence

of intraoperative fractures (9% for TFMT versus 25% for

CNCC) and better restoration of proximal femoral bone

stock.

Despite the patient satisfaction and QOL scores, concern

exists over the potential long-term fixation of these TFMT

implants over time. Previous studies have shown a risk of

Table 1. Comparison of our study and other studies in the literature evaluating tapered, fluted, modular, titanium stems

Study Year Number of

patients

Length of

followup

Bone deficiency Quality-of-life

instrument(s) used

Garbuz et al. [9] 2006 220 24 months

(median)

Not assessed WOMAC, SF-12,

Oxford-12,

Satisfaction

Kang et al. [13] 2008 42 2–5 years Paprosky Type 2,

3A, 3B

WOMAC, Harris

hip score

Koster et al. [15] 2008 73 5–10 years Harris hip score

Lakstein et al. [18] 2010 69 5–10 years Saleh Type II, III,

IV, V

Harris hip score

Lakstein et al. [19] 2011 6 13–80 months Gross Classification

2 and 4

Not assessed

McInnis et al. [22] 2006 70 Mean, 47 months Pak Type 1, 2A-C, 3A-C;

Bohm and Bischel

Type 1A-B, 2A-B, 3A-B.

Oxford hip score

Ovesen et al. [27] 2010 125 2–7 years Saleh Type I, II, III,

IV, V, VI

Harris hip score

Park et al. [29] 2010 59 Mean, 8 years Paprosky Type 1, 2,

3A, 3B, 4

Harris hip score

Richards et al. [32] 2010 200 Mean, 37 months Paprosky Type 3B

and 4

WOMAC, SF-12,

Oxford-12,

UCLA Activity

Level

Sporer and Paprosky

[35]

2004 16 Mean, 2 years Paprosky Type 3B

and 4

D’Aubigne and Postel

Functional score

Weiss et al. [38] 2011 90 5–11 years Paprosky Type 1, 2,

3A, 3B, 4

Harris hip score

Current study 48 5–10 years

(mean, 84 months)

Paprosky Type 3B

and 4

WOMAC, SF-12,

Oxford-12,

UCLA Activity

Level
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implant fracture at the level of the modular junction [19,

27, 32] (Table 1). Concern seems to be heightened where

there is poor proximal femoral bony support around the

modular junction. A number of studies reporting early

(minimum 2-year) followup demonstrate implant survival

rates ranging from 94% to 99% [9, 13, 17, 22, 25, 27, 30–

33]. More recently mid- to long-term followup studies

(minimum 5 years) are now being reported with implant

survival rates ranging from 91% to 98% [15, 18, 29, 38]

(Table 1). However, the majority of these studies have not

distinguished between patients with adequate proximal

femoral bone stock and those with severe bone deficien-

cies. Only one such study has examined the outcome of

these TFMT stems in patients with severe proximal fem-

oral bone defects in isolation. Sporer and Paprosky [35]

followed a small cohort of 16 patients with severe femoral

deficiency (Type 3B and 4) that underwent revision

with TFMT stems. They demonstrated one failure among

the 16 cases at only a 2-year followup. They advocated

longer followup before the use of this stem can be rec-

ommended in all patients with severe proximal femoral

deficiency. Thus, it is unclear whether the earlier high

survival rate will persist with longer followup.

We therefore assessed the 5- to 10-year survivorship of

TFMT stems in patients with severe proximal femoral bone

defects at the time of revision hip arthroplasty.

Patients and Methods

We retrospectively reviewed all 65 patients undergoing

revision THA with severe proximal femoral bone defects

between January 2000 and January 2006. All patients had

TFMT stems, which were part of the Zimmer Modular

Revision Hip system (ZMR1; Zimmer, Warsaw, IN,

USA). Of the 65 patients, 10 were lost to followup and

seven patients were dead, leaving 48 patients available for

QOL outcome and radiographic evaluation. None of the

deaths were related to complications from their revision hip

arthroplasty. The average time from surgery to death was

63 months (range, 28–82 months) and the average age at

time of death was 82 years (range, 72–92 years). We

contacted next of kin for each patient who had died and

confirmed each of the hips was functioning satisfactorily at

the time of death. One patient had both of her THAs

revised for 49 hips in 48 patients. The mean age at the time

of surgery was 70 years (range, 41–87 years). Sex distri-

bution for hips, was nearly equal with 24 (49%) males and

25 (51%) females. The indications for the revisions were as

follows: 35 (71%) for aseptic loosening, six (12%) for

periprosthetic fracture, and eight (16%) for infection (two-

stage revision). The minimum followup was 5 years (mean,

84 months; range, 60–120 months). No patients were

recalled specifically for this study; all data were obtained

from medical records and radiographs.

Preoperative bone deficiency was classified based on the

classification system described by Della Valle and Paprosky

[6] and Sporer and Paprosky [34]. This classification has

intra- and interobserver reliability of 0.54 and 0.42,

respectively [11]. According to this classification system

(referred to as ‘‘Paprosky’’), Type 3B defects involve met-

aphyseal bone loss with less than 4 cm of possible scratch

fit at the level of the isthmus. Type 4 defects are charac-

terized by extensive metadiaphyseal damage resulting in

thin cortices and a widened femoral canal. In the current

study, 42 (86%) of the hips had Type 3B preoperative

proximal femoral bone defects and seven (14%) were

Type 4. We only included patients with Paprosky Type 3B

or 4 femoral defects.

The operation was performed by one of the four senior

authors (DSG, BAM, CPD, NVG), who each specialize in

adult reconstructive arthroplasty. In 46 (94%) of the cases,

the surgeon used the posterolateral approach with the

remaining patients undergoing a direct lateral approach. The

acetabular cup was revised in addition to the femoral com-

ponent in the majority of cases. Thirty-nine (80%) hips

underwent a combined acetabular and femoral revision, six

(12%) received an isolated liner exchange with the femoral

revision, and four (8%) had the femoral revision performed

alone. An extended trochanteric osteotomy (ETO) was

carried out in 28 (57%) cases and for each of these patients, a

prophylactic cerclage wire was placed distal to the osteot-

omy site to decrease the risk of intraoperative fracture during

stem insertion. The previous femoral component that was

extracted during the operation was cemented in 41 (84%)

hips and cementless in the remaining eight (16%) hips. To

augment femoral bone stock, a cortical strut allograft was

used in 15 (31%) hips. In general, a strut was used to aug-

ment poor lateral bone stock and reinforce the ETO

fragment. This augmentation with cortical allograft struts

was largely used early in the study period. As time pro-

gressed, we decreased the use of these strut allografts even in

the face of poor proximal femoral host bone.

The ZMR1 modular revision hip system comes in

varying stem lengths and diameters, variable neck lengths

and offsets, and a modular junction between the body and

stem components. The body is available in several geome-

tries (cone, spout, calcar, taper), each with its own size/

geometry. The systems consist of two main designs, the

original standard design and the ZMR1 XL design. Twenty-

seven (55%) hips received the standard ZMR1 implant and

22 (45%) received the ZMR1 XL stem. Stem lengths varied

across the three standard lengths (170, 185, 235 mm) with

the majority (67%) having the 185-mm stem length. Stem

diameters averaged 19 mm (range, 15–23 mm). Extended

femoral neck offsets were used in 38 (78%) hips with the
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remaining 11 (22%) hips receiving a standard femoral neck

offset. Neck lengths varied from: �3.5 mm (31%), 0 mm

(25%), +3.5 mm (21%), +7 mm (14%), and +10.5 mm

(5%) and head diameters averaged 32.7 mm (range,

26–40 mm).

The postoperative protocol was the same for all patients.

Patients were kept nonweightbearing for a period of

6 weeks followed by partial weightbearing with gradual

progression to full weightbearing by 3 months postopera-

tively. Hip flexion and rotation precautions were

maintained for the initial 3 months postoperatively and

patients receiving an ETO were restricted from performing

any active hip abduction exercises for the first 6 weeks.

All patients were seen in the clinic at 6 weeks, 3 months,

12 months, and then at variable time lengths after 1 year.

All patients were seen at a minimum of 5 years postoper-

atively for QOL assessment and radiographic analysis. All

patients completed five validated QOL outcome question-

naires: the Oxford-12 hip score [5] as a joint-specific

instrument, WOMAC [2] as a disease-specific instrument,

the SF-12 as a generic health quality instrument [36], the

UCLA Activity Score [1], and the hip and knee arthroplasty

satisfaction questionnaire [14, 20]. We obtained informed

consent from all patients as per our institutional review

board approval. The Oxford hip score and the WOMAC

scores were normalized to a range of 0 to 100 with 0 being

the worst and 100 being the best.

Charts were reviewed for incidence of major compli-

cations after the revision procedures. These included:

infection, intraoperative fracture, stem fracture, and hip

instability or dislocation.

We obtained radiographs preoperatively, immediately

after surgery, and then at each of the followup intervals

including a minimum of 5 years after revision surgery.

Radiographic analysis consisted of a standard AP pelvis,

crosstable lateral hip, and AP and lateral views of the femur.

All of the radiographs were reviewed by one of the authors

(APVH) who was not involved in any of the patients’ care.

The preoperative radiographs were assessed to confirm their

Paprosky classification. All postoperative radiographs were

evaluated for loosening, subsidence, and preservation or

restoration of the proximal femur host bone. The initial

postoperative radiographs served as the baseline with which

the long-term radiographs were then compared. Loosening

was determined by analysis of the followup radiographs. For

porous-coated stems, the Engh fixation scale [7] has been

used. However, because these stems are not porous-coated,

the Engh scale would not be appropriate. For this reason, we

used subsidence as an indication of initial loosening. Sub-

sidence was determined by measuring the distance between

a fixed point on the femoral component (typically the

modular junction or center of the femoral head) and a fixed

point on the femur (the lesser trochanter if available). A

difference of 5 mm or more in the measured distance

between the immediate postoperative radiograph and the

long-term followup radiograph, after adjusting for magni-

fication, was considered as significant subsidence [13, 18,

35]. We used a 25-mm radiographic marker for all radio-

graphs because this is the routine at our center. The same

author (APVH) classified the radiographic changes in the

proximal femoral bone stock at the time of latest followup

using a method previously described by Bohm and Bischel

[3] and used in the previous study performed by the senior

authors [32]. Change in proximal femoral bone stock was

simply classified as A (increasing defects), B (constant

defects), or C (osseous restoration) for each of the patients in

this study [3].

Results

The QOL functional outcome results were encouraging and

comparable to previous published results of patients with

revision THA with TMFT stems. The mean WOMAC

score was 78, mean Oxford score was 75, and the mean

UCLA activity score was 4.3 (Table 2). Only six (12%)

hips were noted to have a decrease in proximal femoral

bone stock (Type A). Twenty-seven (55%) hips demon-

strated no change (Type B) in proximal femoral bone stock

and 16 (33%) have radiographic evidence of osseous res-

toration (Type C). At latest followup, all stems were

considered stable. Radiographic analysis revealed no cases

of implant loosening. Substantial implant subsidence

([ 5 mm) occurred in six patients with an average subsi-

dence of 12.3 mm (range, 5–20 mm). No patient

underwent revision for either loosening or continuous

subsidence. Each of the six patients who demonstrated

major subsidence was followed with serial radiographs and

demonstrated achievement of secondary stability during

the first postoperative year (Fig. 1). When comparing the

QOL results of these subsidence patients with mean scores

of the entire study group, they demonstrated similar, if not,

higher outcome scores at the latest followup (Table 3). On

the latest followup radiographs in approximately 16 (33%)

of the patients, bone trabeculation was seen bridging

between the inner cortex and the distal tip of the stem. This

finding was also noted in a previous 5- to 10-year followup

study involving a different type of TFMT stem (Profemur-

R revision stem; Wright Medical, Arlington, VA, USA)

[15]. This group reported a rate of 37% of osseous

hypertrophy at the tip of the implant.

The cumulative 5-year survival rate with repeat femoral

revision for any reason as the end point was 94% (95% CI,

87%–100%) and the cumulative 10-year survival rate was

84% (95% CI, 71%–99%) (Fig. 2). Five stems were

revised, all for the same reason: fracture of the femoral
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component at the modular junction (Fig. 3). All of these

fractures were in the standard ZMR1 stem design for a

total fracture rate of five of 27 (18.5%) (Table 4).

Eight patients sustained an intraoperative fracture

(16%). All of these were managed with cable fixation.

Previous studies have demonstrated the intraoperative

fracture rates with CNCC stems can be more prevalent as

compared with TFMT stems. Using the Solution stem

(DePuy, Warsaw, IN, USA) for similar patients, we have

previously reported an intraoperative fracture rate of 29 of

114 (25%) [32]. Five patients (10%) had at least one

dislocation within 6 months of operation. All five patients

were treated with acetabular revision to larger cup and

femoral head sizes. One patient required revision to a

constrained liner. For the eight patients who were revised

for chronic periprosthetic infection, all of these patients

received a two-stage revision. The first stage consisted of

meticulous débridement of all the infected tissue with

removal of infected implants and cement followed by

implantation of a PROSTALAC1 (DePuy) articulated

antibiotic-loaded spacer. These patients then received

intravenous antibiotic therapy for a minimum of 6 weeks

followed by revision to the definitive THA using the

TFMT stem. At the last followup, six of the eight patients

(75%) had successful eradication of the infection. The

remaining two patients are currently on long-term

Fig. 1A–C AP pelvic radiographs

showing a patient who had subsi-

dence of the stem and it achieved

secondary stability. (A) Preopera-

tive view, (B) immediately postop-

erative, and (C) 5 years and

7 months postoperatively.

Table 2. Quality-of-life outcome scores: comparison with our previous studies

Quality-of-life measure Mean scores from

Garbuz et al. [9]

(minimum 1-year followup)

Mean scores from

Richards et al. [32]

(minimum 2-year followup)

Mean scores from

the current study

(minimum 5-year followup)

Oxford hip score* 79 77 75

SF-12 mental component 56 53 54

SF-12 physical component 41 39 38

Satisfaction overall score 97 90 73

WOMAC pain* 84 84 81

WOMAC stiffness* – 76 75

WOMAC function* 75 – 77

WOMAC global* – – 78

UCLA Activity score – 5.1 4.3

* Oxford hip score and the WOMAC scores are normalized to a range of 0 to 100 with 0 being the worst and 100 being the best.
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antibiotic suppression. There were no infections in the

group of patients who did not have an infection before

their revision surgery.

Discussion

CNCC fully porous-coated stems for revision femoral

arthroplasty have shown long-term survival rates ranging

from 89% to 98% [8, 10, 12, 16, 21, 24, 26, 28, 37].

However, Sporer and Paprosky [34] have raised concerns

regarding the use of these stems in patients with severe

proximal femoral bone loss. The mechanical failure rate of

these CNCC stems in patients with Type 3B or 4 proximal

femoral bone deficiencies was as high as 38%. In contrast,

Table 3. Quality-of-life outcome scores: comparison of patients who

experienced major subsidence versus the entire study group

Quality-of-life measure Subsidence patients

(mean scores)

Entire study group

(mean scores)

Oxford hip score* 80 75

SF-12 mental component 62 54

SF-12 physical component 45 38

Satisfaction overall score 93 73

WOMAC pain* 90 81

WOMAC stiffness* 83 75

WOMAC function* 82 77

WOMAC global* 87 78

UCLA activity score 5.0 4.3

* Oxford hip score and the WOMAC scores are normalized to a range

of 0 to 100 with 0 being the worst and 100 being the best.

Fig. 2 Kaplan-Meier survivor-

ship curve. Survival rates at 5

and 10 years are 94% and 84%,

respectively (95% CI).

Fig. 3A–B Preoperative AP pelvic

radiographs showing a fractured stan-

dard ZMR1 tapered modular revision

stem in (A) a 64-year-old female patient

and (B) a 65-year-old male patient.
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TFMT stems have shown to have good short-term func-

tional results [9, 32] (Table 1). The literature is lacking

midterm followup of these TFMT stems currently being

used for revision hip arthroplasty. There seems to be con-

cern over the potential long-term failure of these TFMT

implants over time, especially dealing with the issue of

implant fracture at the level of the modular junction [19,

27, 32]. In the context of poor proximal femoral bony

support around the modular junction, these concerns seem

to be further warranted. Thus, we attempted to address

these gaps in the literature by reporting the clinical and

radiographic outcomes after revision hip arthroplasty using

TFMT stems in patients with severe proximal femoral bone

defects.

Our study is associated with a number of limitations.

First, we lacked preoperative QOL outcome scores. These

are an important predictor of postoperative outcomes and

absence of these is a potential confounder. Second, we had

17 patients lost to followup (10 patients lost to followup,

seven patients died). This is somewhat anticipated given

that the patients are typically at an advanced age at the time

of the index operation and with longer followup, losing

patients as a result of relocation or death is expected. Our

lost to followup numbers are similar to other studies pub-

lished in the literature regarding this topic [15, 18, 29, 38]

(Table 1). Finally, the study was not randomized and we

had no control group to compare or contrast outcomes.

Radiographic analysis revealed no cases of implant

loosening. Early implant subsidence occurred in a limited

number of patients but did not impact these patients’ QOL

outcome scores. Eighty-eight percent of patients had either

no change in their proximal femoral bone stock or dem-

onstrated osseous restoration. This lack of severe stress

shielding and even evidence of bone formation is consis-

tent with similar studies involving radiographic followup

of TFMT stems [15, 27, 32, 38] (Table 1).

We had no revisions for stem loosening or subsidence at

a mean followup of 84 months. In comparison to series

with fully porous-coated stems, we noted a unique

complication in this series. There were five fractures of the

modular junction, all in patients with the standard ZMR1

design, and none in the ZMR1-XL, which was a reinforced

junction. This 18.5% rate of fracture is unacceptable, and

this particular stem design (ie, ZMR1 Standard taper body

design) is no longer in use. As has been previously reported

[19], we noted that fracture of the modular junction was

related to an increase in body mass index, small stem

diameter, and the use of an extended trochanteric osteot-

omy for exposure. It is of interest to note that fracture of

the stem can also occur in patients who receive a non-

modular distally fixed cobalt-chrome stem. In a study by

Busch et al. [4], they noted a fracture rate of 2.3%. Risk

factors for fracture included small stem diameter, use of an

ETO, and poor proximal bone. In this article, we had five

fractures in total and all occurred in patients with poor

proximal femoral bone stock. Nevertheless, the fracture

rate using the ZMR1-taper body stem (not the ZMR1-XL)

was much higher at 18.5% and is unacceptable.

Lastly, our QOL measures were similar to those of

previous studies performed by us [9, 32], despite the fact

that these patients represent a cohort with more severe

preoperative femoral bone defects and a longer followup

interval (Table 2). This suggests the QOL outcome results

are stable over time. In comparison to results from other

centers, our results are similar to previous reported results

[13, 18, 22] (Table 1).

Our data support the use of TFMT stems in cases with

severe proximal femoral bone loss. We do not believe

these results are generalizable to all stem types, because

the stem used in this study has a 3.5� taper and many other

stems have a 2� taper. This sharp taper may be responsible

for the ability to secondarily stabilize in cases of early

subsidence. If at all possible we continue to use this stem

type in Paprosky 3B and 4 defects. However, we are

concerned about fracture of the modular junction over

time. For these reasons, we currently use a stronger

junction in all cases in which a modular stem is used such

as the ZMR1-XL modular revision hip. If the femur is not

Table 4. Clinical and operative details for patients who sustained fracture of the femoral stem

Case

number

Age

(years)

Sex Paprosky

defect

BMI

(kg/m2)

Time to

fracture

(months)

ZMR

type

ETO

done?

Allograft

strut used?

Stem

length

(mm)

Stem

diameter

(mm)

Femoral

offset

Reconstruction

1 65 M 3B 39 77 Std* Yes No 185 16 Ext� Revitan TFMT

2 64 F 3B 35 93 Std Yes No 220 19 Ext Revitan TFMT

3 70 M 3B 30 24 Std Yes Yes 185 17 Ext Stryker GMRS

4 58 M 3B 35 16 Std Yes No 185 17 Ext Solution CNCC

5 65 M 3B 36 18 Std No No 185 20 Ext Solution CNCC

* Standard tapered femoral stem; �extended femoral neck offset; BMI = body mass index; ETO = extended trochanteric osteotomy; M = male;

F = female; TFMT = tapered, fluted, modular, titanium; CNCC = cylindrical, nonmodular, cobalt-chromium.
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able to accommodate this junction as a result of the small

size of the proximal femur, we favor a nonmodular tapered

titanium stem in these cases as a result of the increased

risk of fracture associated with the smaller stems and

junctions.
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