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Abstract For various reasons the tapered, fluted, modular
titanium (TFMT) stem has become our component of
choice over cylindrical, nonmodular cobalt chrome
(CNCC) components for THA revision. We therefore
asked whether the TFMT femoral components better
achieved three important goals of revision arthroplasty than
CNCC stems: (1) improving quality of life; (2) avoiding
complications; and (3) preserving or restoring femoral
bone stock. We compared patients undergoing femoral
component revision hip arthroplasty with either a CNCC
(N = 105) component or a TFMT (N = 95) component to
determine if the increased use of TFMT components is
justified. We retrospectively reviewed all patients under-
going revision total hip arthroplasty between January 2000
and March 2006. All eligible patients completed outcome
questionnaires (WOMAC, SF-12, Oxford-12, UCLA
Activity Score, and Satisfaction Scores). Radiographs were
evaluated for loosening and preservation or restoration of
the proximal femur host bone. The TFMT and CNCC
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cohorts were comparable with respect to age, gender,
diagnosis, and comorbidities. The TEMT cohort had worse
preoperative bone defects (65% Paprosky 3B and 4). The
TEMT cohort had higher outcome scores (WOMAC pain,
WOMAC stiffness, Oxford-12, and Satisfaction), fewer
intraoperative fractures, and better restoration of the
proximal femur host bone. Our data suggest the TFMT
stem provided improved clinical outcomes (improved
quality of life, decreased complications, and preservation
of bone stock) than the CNCC stem.

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

Introduction

Failure of the femoral component after a primary or revi-
sion THA is commonly associated with some degree of
femoral bone loss. Depending on the quantity and quality
of the remaining host bone, femoral stem revision can be
challenging. Four important goals of reconstructing failed
femoral components include achieving long-term implant
fixation, improving patient quality of life, avoiding com-
plications, and maintaining or restoring proximal femoral
host bone stock.

Cylindrical, nonmodular, cobalt chromium (CNCC)
stems have been commonly used for cementless femoral
component revision in North America for some years [13,
16, 19, 23]. Although long-term survivorship has been well
established (95%-96% survivorship at a mean of 10-
14 years [13, 23]), concerns have been raised regarding
postoperative thigh pain (8%-30% [16, 19]), a high inci-
dence of intraoperative fractures (9%-30% [18, 23]), and
stress shielding of the proximal femur (reportedly 8% [19])
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with the use of this stem design. Several femoral compo-
nent designs, with varying degrees of modularity and
different fixation concepts, have been developed in an
attempt to address these concerns. Many of these designs
have achieved comparable levels of implant survivorship
(95%—-99% survivorship at 7-14 years [3-5].

Tapered, fluted, modular, titanium (TFMT) femoral
components have been used internationally [2, 3] but have
only recently been introduced in North America as an
alternative revision stem design. These stems reportedly
have high early survivorship (95%-98%) at a mean of 2—
4.2 years [17, 20]. The increased modularity, decreased
stiffness, and tapered stem geometry of this new design
may enable surgeons to achieve the previously mentioned
goals of femoral component revision. In a study of 220
patients we previously reported that quality of life for 34
patients revised with a TFMT femoral component was
better (Oxford hip score 79 (TFMT) versus 69 (CNCC),
p = 0.006; Satisfaction score 97 (TFMT) versus 83
(CNCC), p = 0.0001; WOMAC function 75 (TFMT) ver-
sus 69 (CNCC), p = 0.02; WOMAC pain 84 (TFMT)
versus 75 (CNCC), p = 0.03) than a cohort of 186 patients
receiving CNCC stems [11]. Modularity facilitates the
intraoperative adjustment of leg length, horizontal offset,
and neck version. Enhancing hip biomechanics may result
in better patient function, improved quality of life as well
as a decreased risk of postoperative instability. Titanium
has a lower modulus of elasticity when compared with
cobalt chromium, resulting in reduced femoral component
stiffness for an equivalent diameter stem. By reducing the
modulus mismatch between the femoral component and the
host bone, titanium stems may result in less thigh pain and
less proximal femoral stress shielding, particularly for
smaller stem diameters. Because stiffness is a function of
the radius raised to the power of 4, this effect is much less
with larger diameter stems. Finally, since tapered stems are
prepared by so-called line-to-line reaming and the fixation
flutes cut into the bone the tapered stem design allows for
safer insertion with a potentially lower risk of intraopera-
tive fracture. With cylindrical stems, the stems are
oversized relative to reaming, engage early, and require a
minimum of 5 cm of adequate press-fit. The last few
centimeters of stem insertion therefore require, on occa-
sion, a fair bit of force, which adds to the stem design,
increasing the potential risk of fracture. Although no
published studies evaluate the rate of thigh pain with
TFMT, Bohm and associates [3], reporting on 128 patients
revised with tapered titanium stems at a mean followup of
14 years, found low rates of intraoperative fractures (1.5%)
and stress shielding of the proximal femur (3%) compared
to published complications rates for revision CNCC fem-
oral stems (fracture rate 9-30% [18, 23]; stress shielding
rate 8% [19]).

@ Springer

We therefore asked whether the TFMT femoral com-
ponents are better than CNCC stems at achieving three
important goals of revision hip arthroplasty: (1) improving
quality of life; (2) avoiding complications; and (3) pre-
serving or restoring femoral bone stock.

Patients and Methods

We used a retrospective cross-sectional cohort comparison
of 219 patients with one of two femoral component
designs used for revision hip arthroplasty between January
2000 and March 2006. All 34 TEMT patients from our
previously published series [11] were included in this
study. Many of the CNCC patients from our previous
study [11] were excluded from this study because their
surgical date was prior to January 2000, the date that we
began using TFMT femoral stems. The indications for the
use of the two stem designs evolved during the study
period. Early in the study period, the CNCC stem was
used if there was adequate host bone for 4 to 5 cm of
scratch fit and the TFMT stem was reserved for cases in
which this amount of scratch fit could not be obtained.
Later in the study period, we increasingly used the TFMT
stem despite adequate host bone. We identified 109 eli-
gible patients who had TFMT stems (ZMR Hip System;
Zimmer, Warsaw, IN). Of these, six patients had under-
gone revision (four implant fractures, one infection, one
aseptic loosening), three had incomplete quality of life
questionnaires (see below for details of the validated
questionnaires employed), and five were deceased, leaving
95 patients available for quality of life outcome evalua-
tion. We identified 115 eligible patients who had CNCC
revision stems (Solution System; DePuy, Warsaw, IN). Of
these, 10 patients were revised (four infections, four
aseptic loosening, two implant fractures), leaving 105
patients available for quality of life outcome comparison.
The minimum followup in the TFMT group was
24 months (mean, 37 months; range, 24-83 months)
compared with 24 months (mean, 49 months; range, 24—
95 months) in the CNCC group. The mean age (70.2 years
in the TFMT cohort versus 68.3 years in the CNCC cohort
[p = 0.18]), gender (male to female ratio of 47:48 for the
TFMT cohort and 55:50 for the CNCC cohort), and
comorbidity characterized by Charnley class were similar
in the two groups (p = 0.22). Preoperative diagnosis was
also similar for the two groups (Table 1; p = 0.12). Eight
patients were lost to followup in the TFMT cohort, five
died, and three patients had incomplete quality of life
questionnaires (see below for details of the validated
questionnaires) and could not be contacted. All three
patients with incomplete scores responded positively in the
sections that were completed.
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Table 1. Preoperative diagnosis

Preoperative TFMT cohort CNCC cohort
diagnosis (N = 103) (N=114)
Aseptic loosening 75 95

Infection 17 9

Fracture 11 10

TFMT = tapered, fluted, modular titanium; CNCC = cylindrical,
nonmodular cobalt chrome.

Table 2. Classification of preoperative femoral defect

Paprosky TEMT cohort CNCC cohort
classification (N = 103) (N=111)

1 4 1

2 5 15

3A* 29 60

3B* 58 31

4 7 4

*p <0.0001; TFMT = tapered, fluted, modular titanium;

CNCC = cylindrical, nonmodular cobalt chrome.

The preoperative bone defects were assessed by one
author (CJR) based on the Paprosky classification [21]. The
Paprosky femoral defect classification system reportedly
has an interobserver x value of 0.42 and an intraobserver k
value of 0.54 [12]. We identified severe defects
(p < 0.00001) in the TFMT cohort with 64% being
Paprosky 3B and 4 (Table 2).

Preoperative evaluation for all patients in the study
included a standard AP pelvis, crosstable lateral hip, and
AP and lateral of the femur. Judet views were obtained if
acetabular reconstruction was planned. All patients
underwent investigations to rule out infection, including
C-reactive protein, erythrocyte sedimentation rate, and
complete blood count.

All patients were positioned lateral decubitus. The sur-
gical approach used for the two cohorts was similar
(p = 0.13) with a posterolateral approach used for the
majority of cases (88% [91 of 103] for the TFMT cohort
versus 80% [91 of 114] for the CNCC cohort) and the
remaining patients undergoing a direct lateral approach
(12% [12 of 103] for the TFMT cohort versus 20% [23 of
114] for the CNCC cohort). An extended trochanteric
osteotomy was used more frequently for the CNCC cohort
(36 of 103 for the TEMT cohort versus 72 of 114 for the
CNCC cohort; p < 0.001). For all patients, a prophylactic
cerclage wire was placed distal to the extended trochanteric
osteotomy in an attempt to decrease the risk of intraoper-
ative fracture during stem insertion.

Postoperatively, the protocol was the same for both
cohorts. Patients were nonweightbearing for a period of

6 weeks, when partial weightbearing was initiated with
gradual progression to full weightbearing by 3 months. For
those patients who underwent a posterior approach, pos-
terior precautions were used for the first 6 weeks, including
no hip flexion beyond 90° and no adduction. All patients
who had an extended trochanteric osteotomy were restric-
ted to no active abduction for the initial 6 weeks. All
patients were followed at 6 weeks, 3 months, 1 year, and
then yearly thereafter.

We used five validated quality of life outcome scores to
assess patients: the Oxford Hip Score [6], the WOMAC
Osteoarthritis Index [1], the SF-12 [22], the Hip and Knee
Arthroplasty Satisfaction questionnaire [15], and the
UCLA activity score. Preoperative scores, available for 66
patients (69%) in the TFMT cohort and 58 patients (52%)
in the CNCC cohort, were similar for the two groups. The 5
validated quality of life outcome questionnaires mentioned
above were mailed to patients annually during followup.
Informed consent was obtained with the first request for
followup quality of life information. Patients who failed to
complete routine followup were sent a repeat questionnaire
or contacted by telephone. We had complete postoperative
data on 95 of the 109 patients (90%) with TFMT stems and
105 of the 115 patients (91%) with CNCC stems.

Postoperative instability was determined by a hospital
chart review as well as a patient mailed questionnaire.
Forty-three patients in the TFMT cohort and 38 patients in
the CNCC cohort did not respond or responded partially to
the quality of life questionnaires and were contacted by
telephone. All patients were contacted except three patients
in the TEMT cohort with incomplete questionnaires.

The occurrence of intraoperative femoral shaft fractures
was documented by reviewing operative reports and early
postoperative radiographs for all patients.

One of us (CJR) classified the radiographic changes in
the proximal femoral bone stock as described by Bohm and
Bischel [2]: A (increasing defects), B (constant defects), or
C (osseous restoration). There are no published studies on
the reliability of this classification system. However, Engh
and associates [9] reported on the reliability of radio-
graphic evaluation for femoral bone loss and noted a k
value of 0.58 for interobserver reliability and a k value of
0.74 for intraobserver reliability. To minimize bias during
the subjective evaluation of the radiographs, all identifying
information was concealed for both the initial postopera-
tive and most recent followup radiographs. These two films
were then compared, evaluating them for a difference in
the proximal femoral bone stock. If a difference was noted,
the dates of the radiographs were revealed to ascertain if
this represented Type A or Type C. Fixation of cementless
femoral components for both cohorts were evaluated
radiographically according to the criteria of Engh and
associates [10].

@ Springer



494  Richards et al.

Clinical Orthopaedics and Related Research®

We determined differences in WOMAC pain and stiff-
ness, Oxford Hip Score, and overall satisfaction between
the TEMT and CNCC cohorts using two-sample t-tests. A
separate analysis was completed comparing outcomes
scores for those patients with a preoperative diagnosis of
aseptic loosening. A difference in the occurrence of intra-
operative fractures was also noted between the two cohorts
using a two-tailed z-test for proportions. We performed
another analysis to ascertain if the use of an extended
trochanteric osteotomy influenced the occurrence of intra-
operative fractures. An exact chi square, used for analysis
of radiographically evident changes to the proximal fem-
oral host bone stock, demonstrated a difference between
the two cohorts.

Results

Despite the TFMT stems being used in cases with worse
bone loss, all quality of life outcome scores were higher in
the TEMT cohort (Table 3): WOMAC pain (p = 0.04) and
stiffness scores (p = 0.009), Oxford Hip (p = 0.008), and
overall satisfaction (p = 0.04). Among the patients with
aseptic loosening, we found higher outcome scores for the
TFMT cohort for WOMAC stiffness (p = 0.042), Oxford
Hip (p = 0.032), and satisfaction recreation (p = 0.036).
There were more (p = 0.002) intraoperative fractures
observed for the CNCC cohort (29 of 114) compared with
the TEMT group (nine of 103). We observed no difference
(p = 0.641) in the occurrence of postoperative instability
between the two groups (eight of 103 for the TFMT cohort
versus 12 of 114 for the CNCC cohort). We found a similar
percentage (p = 0.94) of fractures for patients regardless
of whether an extended trochanteric osteotomy was used
(19 of 72 or 26% with the extended trochanteric osteotomy
patients versus 10 of 42 or 24% for the nonextended

Table 3. Quality of life outcome scores

Quality of life TEMT stems CNCC stems p Value
measure (N =95) (N = 105)

Oxford hip score 71 69 0.008
SF-12 mental component 53 51 0.11
SF-12 physical component 39 38 0.39
Satisfaction overall score 90 81 0.04
WOMAC pain 84 78 0.04
WOMAC stiffness 76 68 0.009
UCLA activity score 5.1 4.6 0.11

Oxford Hip score and WOMAC scores are normalized to a range of 0
to 100 with 0 being worst and 100 being best; TFMT = tapered,
fluted, modular titanium; CNCC = cylindrical, nonmodular cobalt
chrome.
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Table 4. Radiographically evident changes to the proximal femur
host bone stock

Changes to the proximal femur TFMT cohort CNCC cohort
host bone stock (N =179) (N = 62)
Type A: bone loss 10 26

Type B: no change 37 31

Type C: bone restoration 32 5

TFMT = tapered, fluted, modular titanium; CNCC = cylindrical,
nonmodular cobalt chrome.

trochanteric osteotomy patients). There was no major dif-
ference noted in postoperative instability.

More patients in the TFMT cohort had an increase
(p < 0.0001) in the percentage of patients with osseous
restoration (Type C) and a decrease (p = 0.02) in the
percentage with increasing defects (Type A) compared
with the CNCC cohort (Table 4). All surviving implants in
the CNCC cohort were well fixed. All surviving implants
except one in the TFMT cohort were well fixed. This
patient has subsequently been revised and is included in the
failure group for the TFMT cohort.

Discussion

Reports of early and midterm survivorship for TEMT stem
designs demonstrate equivalent results when compared
with CNCC femoral components, ranging from 86% to
9% [2, 3, 8, 14, 17, 19, 20, 23]. In a previous report from
this institution in a smaller cohort, it was demonstrated that
the TFMT femoral components had advantages in terms of
patient-reported quality of life [11]. We attempted to see if
this difference was still valid in a larger cohort followed for
a longer period of time. In addition, we asked whether there
were differences in these two stem designs in terms of
intraoperative fractures, postoperative instability, and
preservation or restoration of host bone stock.

There are several limitations of this study consistent
with the limitations of a cross-sectional study design. First,
preoperative quality of life outcome scores are the most
important predictor of postoperative outcomes [7]. The
lack of preoperative scores in all patients is a potential
confounder. Preoperative scores were available for 69%
(65 of 95) of patients in the TFMT cohort and 52% (55 of
105) of patients in the CNCC cohort. However, the reasons
for not having scores on all patients were random. The
patients in the CNCC arm were seen in the preadmission
clinic before the institution of routine data collection for
quality of life on these patients. There was no selection bias
in either group in terms of who filled out preoperative
questionnaires. Patients who were missed were essentially
a random event. Given this fact and that the preoperative
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scores available would be a negative confounder for the
TFMT (lower overall preoperative scores), the authors do
not believe this affected the conclusions on quality of life
of the study. Second, we recognize the selection bias in the
study. Early in the study period, the TFMT stems were
used for more severe defects when it was believed 4 to
5 cm of scratch fit with a cylindrical porous-coated stem
could not be attained. This bias was confirmed with the
radiographic review, which revealed worse preoperative
defects in the TFMT stem cohort. Although this bias was
definitely present, if anything, it should be a bias against
success for the TFMT cohort.

The quality of life outcome measures used for this study
include the generic SF-12, the disease-specific WOMAC
Osteoarthritis Index, the joint-specific Oxford Hip Score as
well as the Satisfaction and UCLA activity scores.
Although there is substantial overlap, each of these tools
focuses on a different aspect of patient outcome. The
combination of these various tools was used to increase the
overall sensitivity to subtle clinical differences. Our data
suggest there is a difference in quality of life outcome
scores at 2 years favoring the TFMT group despite worse
preoperative bone defects. In those patients operated for
aseptic loosening we also observed better scores in the
TFMT cohort. The improved outcomes may be related to a
decrease in modulus mismatch between the implant and
host bone as well as enhanced hip biomechanics. We
believe further studies evaluating for thigh pain or
improvements in hip biomechanics may be warranted to
better explain the improvement in quality of life scores
observed.

There were four implant fractures in the TFMT cohort
compared with two in the CNCC cohort. Although con-
cerning, all stem fractures occurred at the modular junction
in an older design resulting from the lack of bone support
of the modular junction. The modular junction has been
redesigned with improved strength at the junction to reduce
or eliminate stem fracture. Stem fractures have not been
observed with the new design. The TFMT cohort had fewer
intraoperative cortical femur split fractures. This reduced
incidence is likely the result of the tapered stem geometry,
which allows rigid fixation with reduced insertion force
compared with that commonly required for the cylindrical
design. While we used an extended trochanteric osteotomy
more commonly in the CNCC cohort we found no differ-
ence in the likelihood of fracture in the two groups.

The subjective radiographic review in this study sug-
gests the TFMT cohort had better maintenance and
restoration of the proximal femur at a minimum 2-year
followup. Radiographic evaluation is not the gold standard
for evaluating bone loss and the definitive answer to the
question of proximal femoral stress shielding would require

early postoperative and long-term followup dual-energy
xray absorptiometry scans [9].

One downside of the modular tapered titanium stem is
the risk of fracture at the modular junction. There were four
implant fractures in the TFMT cohort compared with two
in the CNCC cohort. Although concerning, all stem frac-
tures occurred at the modular junction in an older design,
which is no longer in use. The construct has been rede-
signed with improved geometry at the junction to reduce or
eliminate stem fracture. Stem fractures have not been
observed with the new design.

Our short to midterm data suggest TFMT revision
components are superior to CNCC stems at achieving three
of the four main goals of revision femoral surgery:
improved patient quality of life, decreased complications,
and restoration of the proximal femur. We believe our
observations, in addition to other reported early and mid-
term successful results, suggest these new designs are an
attractive alternative to other cementless designs.
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