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Abstract Because the initial fixation of an uncemented
stem may be compromised in patients with osteoporotic
bone (Class C, Dorr et al.), many surgeons prefer a
cemented stem in this setting. We therefore determined the
survival of an uncemented, proximally porous-coated,
straight-stemmed, titanium alloy femoral component in
patients with Class C bone when compared with Class A
and B bone. We implanted proximally plasma-sprayed,
straight-stemmed titanium alloy stems in 1994 patients
(2321 hips). Of these, 625 hips (27%), 1569 hips (67%),
and 127 hips (6%) were classified as Classes A, B, and C,
respectively. Minimum followup was 2 years (mean,
5.9 years; range, 2-19.5 years). We identified no differ-
ences in Harris hip scores, pain, radiolucencies, or
osteolysis among Classes A, B, and C hips. Stem survival
at 5, 10, and 15 years for aseptic loosening (failure) was
100% in all patients with Class A bone; 99+% in all
patients with Class B bone; and 100% in all patients with
Class C bone. Initial stability and durable fixation can be
achieved with the use of this uncemented stem in patients
in whom a cemented stem traditionally has been preferred
as a result of poor bone quality.
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Introduction

As classified by Dorr et al. [4], osteoporotic bone (Class C
bone) has considerable cortical thinning and is deficient in
medial, anterior, and posterior cortices. Because of poor
bone quality and its effect on initial fixation of an unce-
mented femoral stem, several studies suggest using a
cemented femoral component in all three Dorr et al. bone
classes (A, B, and C) [5, 14, 15]. However, in Class A, the
narrow lateral diaphyseal canal isthmus and in Class B the
intact funnel shape of the intramedullary canal allow for
long-term desired uncemented implant fixation [4]. On the
other hand, Class C bone lacks structural integrity,
including osteoporotic degradation of the medial and pos-
terior cortices and a wide intramedullary canal, leading to
increased risk of loosening of a fixated implant as a result
of compromised bone ingrowth between the bone and
implant [4].

With recent improvements in uncemented fixation and
developmental progress in the prosthesis structure,
including porous coating (eg, plasma-sprayed and
hydroxyapatite) [6, 10, 11] and titanium alloy composition
[11], several recent groups have suggested the use of ce-
mentless femoral components in all three classes of bone
[1, 3, 9, 11-13]. One straight-stemmed, porous-coated,
plasma-sprayed, titanium alloy uncemented femoral com-
ponent for primary THA reportedly had a 100% survival
rate at 10- to 12-year followup for 105 total hip
arthroplasties [11]. That study did not, however, examine
survival by the class of bone, and in particular whether
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survival related to the presence or absence of osteoporosis.
The use of titanium alloy and a porous coating help prevent
femoral resorption and reduce the loss of cortical density, a
common concern among cementless prostheses, especially
those interfaced with osteoporotic bone [11].

We therefore hypothesized (1) the survival of an unce-
mented, proximally porous-coated, plasma-sprayed,
straight-stemmed, titanium alloy femoral component in
patients with Class C bone is similar to those with Class A
and Class B bone; (2) hip function and pain scores after
clinical assessment will be similar for all three cohorts; and
(3) the frequency of formation of osteolysis and the size of
radiolucent zones in these cementless components will not
differ in deficient bone (Class C) when compared with
healthier bone (Classes A and B).

Patients and Methods

We retrospectively reviewed the records of 1994 patients
(2321 hips) in whom we selectively implanted cementless,
proximally plasma-sprayed (proximal one-third), porous-
coated, straight-stemmed, titanium alloy femoral compo-
nents (Ti-6Al-4 V) (Bi-Metric; Biomet, Inc, Warsaw, IN)
between August 1986 and May 2006. The Bi-Metric stem
uses a 3° biplanar taper and is proximally one-third porous
plasma spray-coated around titanium alloy (Table 1). The
decision to implant the prosthesis uncemented and col-
lared/collarless was by choice of the six participating
surgeons (JBM, MAR, RAM, MEB, PFM, EMB). We
required a minimum 2-year followup (average, 5.9 years,
range, 2-19.5 years). No patients were recalled for the
purpose of this study. Four hundred forty-five patients
(22%) were lost to followup (Class A, 120 patients; Class
B, 299 patients; Class C, 26 patients) (Fig. 1).

Two of us (JBM, MAR) retrospectively evaluated the
preoperative radiographs of all hips using the structural
assessment of bone quality proposed by Dorr et al. [4]. All
hips were assigned a class depending on complete bone
quality: A (biologically active), B (moderately active), or C
(little to no activity). Six hundred twenty-five hips (533
patients), 1569 hips (1349 patients), and 127 hips (112

Table 1. Breakdown of femoral component use*

Number of hips 2321
Bi-Metric 718
Bi-Metric lateral offset 92
Bi-Metric collar 112
Bi-Metric collarless 1376
Bi-Metric reduced profile 23

* All implanted with cementless fixation.
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Fig. 1 A breakdown is shown of the formation of the entire study
population, including total number of THAs performed at the
institute, how many were primary THAs, how many were Bi-Metric
primary THAs, and those Bi-Metric stems that were cementless.

patients) were classified as Class A, Class B, and Class C,
respectively. We observed no major difference in age, body
mass index, gender, preoperative hip score, or preoperative
diagnosis (Table 2). In all three cohorts, there were more
males in the series than females (Table 2).

The surgical approach was determined preoperatively by
choice of the individual surgeon. We used a posterior
approach without trochanteric osteotomy in 400 Class A
hips along with 225 Class A hips implanted using an
anterolateral surgical approach. In the Class B cohort, 957
hips underwent a posterior approach, 611 hips with an
anterolateral approach, and one underwent a lateral
approach with a trochanteric osteotomy. Seventy-eight
Class C hips were performed with a posterior approach, 48
with an anterolateral approach, and one with a trochanteric
osteotomy approach. A 28-mm femoral head was used in
all cementless femoral component procedures for the
duration of this study.

The postoperative rehabilitation followed a standard
institutional routine. Starting on postoperative Day 1, the
patient exercised twice a day and walked with either a
walker or crutches. The distance walked increased each
day. At home, the patient was advised to increase exercises
up to five times a day and walk at least 1 hour, as tolerated.

We followed patients at 1, 3, 5, 7, 10, 12, and 15 years
postoperatively. At each followup visit, all patients were
assessed clinically with the Harris hip score rating system

[8].
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Table 2. Patient demographics for the three Dorr classes

Bone type A B C Overall
Number of hips 625 1569 127 2321 (1994 patients)
Age* 60 £ 11 years 62 £ 13 years 63 £ 14 years 61 £ 12 years

Body mass index* 31 £59 kg/m2

29.9 + 6.1 kg/m>

28.5 + 5.9 kg/m? 30.1 + 6.1 kg/m?

Female (%) 48.2% 42.5% 41.1% 43.5%
Preoperative Harris hip score*"’ 51.1 £ 10.8 50.5 £ 11.8 494 £+ 12.6 50.6 £ 11.6
Preoperative diagnosis (number of hips)
Osteoarthritis 580 1407 110 2097
Rheumatoid arthritis 4 19 0 23
Osteonecrosis 41 125 11 177
Femoral fracture 0 12 3 15
Other? 0 6 3 9

t

* Displayed as mean =+ standard deviation; 'no significant difference between cohorts; *Paget’s disease = 1 (Dorr C), ankylosing spondyli-
tis = 1 (Dorr B), congenital dysplasia of the hip = 6 (Dorr B = 5, C = 1), fused hip = 1 (Dorr C).

Two of us (JBM, MAR) analyzed the radiographs
(anteroposterior) at each followup for all hips to determine
the frequency of femoral osteolysis and the size of the
radiolucent zones. Emphasis was applied to the prosthesis-
bone interface of Zones 1 and 7 as determined by the seven
zones of Gruen [7] as a result of the femoral bone’s
potential growth in those regions. Osteolysis was consid-
ered present if a subjectively enlarging radiolucent cavity
was identified in the periprosthetic bone. Radiographs were
evaluated at each followup. We defined aseptic loosening
by an increase in the frequency of radiolucency zones (with
substantial radiolucency growth greater than 2 mm [3]),
widening of the acrylic cement fracture gap, and migration
of the component [7].

We determined differences in survivability among the
three classes for all patients included in the study using
Kaplan-Meier analysis of all patients with failure defined
by reoperation for aseptic loosening of the femoral stem.
Linear regression testing, including F-tests and individual
t-tests, were used to find the differences (F-tests) and
comparisons (individual t-tests) of the three classes for
Harris hip and pain scores. A Pearson chi square test was
run to determine if there was a difference in the frequency
of femoral osteolysis among the three bone classes. Sta-
tistical analysis was performed with SAS Version 9 (SAS
Institute, Inc, Cary, NC).

Results

Survival of the stem was similar for all three classes of
bone. For patients with Class A hips (625 hips), after 5-,
10-, and 15-year followup, survivability of the femoral
stem, with respect to aseptic loosening, was 100% (135
hips), 100% (37 hips), and 100% (seven hips), respectively.
For Class B hips (1569 hips), survivability was 99.9% (308

hips), 99.9% (102 hips), and 99.4% (29 hips), respectively.
Two Class B prostheses failed as a result of femoral stem
aseptic loosening, both within 7 years postoperatively.
Both femoral components were completely revised (revi-
sion of both components). One patient experienced failure
of the femoral stem as a result of prior radiation. The
revision stem was entirely porous-coated leading to
ingrowth. The other failure, within 7 years postoperatively,
was the result of a grossly undersized implant, which was
revised with a larger femoral head and longer stem. No
Class C uncemented femoral components (127 hips) were
loose at most recent followup, attributing to a survival
rating of 100% (32 hips), 100% (12 hips), and 100% (six
hips) at 5-, 10-, and 15-year followups (Fig. 2; Table 3).
Seven other implants were revised as a result of other
surgical and implant problems: two hips for infection (one
Class A, one Class B), three for acetabular component
loosening (one Class A, two Class B), and three for peri-
prosthetic fracture (two Class A, one Class B). No patients
with Class C bone were aseptically loose nor were any
revised for implant failure.

Hip function and pain scores for the three classes were
similar. At 1-year postoperatively, the three cohorts had
comparably high (A versus B: p = 0.2145, A versus C:
p = 0.7124, B versus C: p = 0.7292) Harris hip scores
(range, 94.2-94.9) as they also did at final followup (range,
92.8-94.7) (A versus B: p = 0.5366, A versus C:
p = 0.9147, B versus C: p = 0.6509) (Table 4). Average
pain score (range, 10-44) at final followup was also similar
(p = 0.3846) among the three classes (Table 5).

We observed a low frequency of osteolysis that was
similar (p = 0.8130) among the three bone classes. The
overall incidence of osteolysis at last followup of all three
classifications was 1.4% (33 of 2321 hips); femoral oste-
olysis was identified in 10 Class A hips (1.6%), 20 Class B
hips (1.3%), and three Class C hips (2.4%). Radiolucent
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Kaplan-Meier Survival Curves for DORR Groups A, B, & C
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Fig. 2 Fifteen-year survivorship of cementless femoral component in
all three classes of hip are shown. Patients with Class C hips had
survivorship at 15 years of 100% as did those with Class A bone.

lines were generally small. At most recent followup, two
patients (7 years followup) with Class A bone had a non-
progressive radiolucency line measuring less than 1 mm in
Zone 1. One patient (3 years followup) had a radiolucency
line of less than 1 mm in both Zones 1 and 7, whereas
another (1-year followup) had a 3-mm line within Zone 1.
In the Class B cohort, two patients (2 and 3 years followup)
had a less than 1-mm radiolucency line in Zone 1 and one
other patient (2 years followup) had it in Zone 7. One
patient (3 years followup) had a less than 1-mm radiolu-
cency line in both zones. Only one Class B bone patient
(8 years followup) had a substantial radiolucent progres-
sion of 3 mm in Zone 1. One patient with Class C bone had
a less than 1-mm radiolucency line in Zone 1 at 3 years
followup. We identified no substantial radiolucencies in
patients with Class C bone.

Discussion

Aseptic loosening is a major mechanism of failure in TKA
with regard to cementless stems [1, 3, 9, 11-13] and
depreciated bone [4]. As a result of improved bone
ingrowth in new-generation implants, attributed to ce-
mentless femoral stems, the fear of aseptic loosening has
decreased [11]. Our primary aims were therefore to (1)
determine the survivorship of a cementless Bi-Metric
femoral component in all three classes of bone, especially
those with osteoporotic bone (Dorr et al. [4], Class C), (2)
describe the hip function and pain scores, and (3) deter-
mine whether the frequency of osteolysis and size of
radiolucencies differed among the classes of bone.

@ Springer

Class C bone, with the prescribed implant, maintained long-term
survivability at all followup.

The study’s limitations are as follows. First, the study
was a retrospective review of a previously collected data-
base. With the study’s intermediate followup of
approximately 6 years and a similar Class C case count
after 10 years to those reported in literature [1, 2, 12], we
were able to attain adequate analysis on implant surviv-
ability. Second, we had 22% loss to followup. Third, the
surgeries were performed by one group of physicians, all
with possible bias in surgical procedure, decision-making,
and approaches. We believe with a moderately high num-
ber of hips included in the study, the power should
overcome potential confounding variables and differences
in surgical preference between physicians. Fourth, two
surgeons evaluated the patient’s radiographs for bone class,
so there may be variation in measurements and observa-
tions. The evaluation was by visual observation with Class
A hips maintaining a narrow canal isthmus and Class C
hips showing substantial osteoporotic degradation of the
cortices. This would not alter the conclusions because
failures occurred only in Class B hips. These failures, on
observation, did not have a narrow canal isthmus (Class A)
nor were they depreciated enough to lack any sort of
structural integrity (Class B). Despite these limitations, we
reviewed a reliable database, medical records, and radio-
graphs to collect a unique set of data that allows us to
address the survival of such an uncemented femoral stem in
different classifications of femoral bone.

Overall, the survivability and performance of cementless
proximally plasma-sprayed, porous-coated, straight-stem-
med, titanium alloy femoral stems at a minimum of 2 years
followup was excellent in all three bone classes. Within the
study, there were only two patients who experienced
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Table 3. Fifteen-year survival probabilities of Dorr classes

Dorr grade

Time

Number
left

Number
failed

95% confidence

Probability
interval

Number
left

Number
failed

95% confidence

Number Probability
left interval

Number
failed

95% confidence

interval

Probability

78

0
0
0
0
0
0
0

(1.0000, 1.0000)

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

879

1
1
1
2
2
2
2

(0.9942, 0.9999)

0.9992
0.9992
0.9992
0.9947
0.9947
0.9947
0.9947

360
238

0
0
0
0
0
0
0

(1.0000, 1.0000)

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1
3
5
7

53

(1.0000, 1.0000)

(0.9942, 0.9999)

(1.0000, 1.0000)

32
20
12

11

(1.0000, 1.0000)

(0.9942, 0.9999)

(1.0000, 1.0000)

(1.0000, 1.0000)

(0.9716, 0.9990)
(0.9716, 0.9990)
(0.9716, 0.9990)
(0.9716, 0.9990)

72

(1.0000, 1.0000)

(1.0000, 1.0000)

37

(1.0000, 1.0000)

10
12
15

(1.0000, 1.0000)

66

22

(1.0000, 1.0000)

(1.0000, 1.0000)

29

(1.0000, 1.0000)

Table 4. Average Harris hip score at different preoperative and
followup periods

Dorr class  Harris hip score p Value

Preoperative  1-year Final
postoperative  followup

A 51.1 94.9 94.3 < 0.0001

B 50.5 94.2 92.8

C 494 94.5 94.7

Overall 50.6 94.4 93.2

Table 5. Average pain score at final followup

Dorr class Average pain score p Value
(range, 10-44)

A 42.1 £52 0.3846

B 41.7 £ 6.0

C 42.0 £ 6.0

loosening of their cementless femoral stems, which resulted
in revision of the primary THA, and both were among those
in the Class B cohort. No Class A or C hip implants were
reported as being aseptically loose at most recent followup.
These low failure rates resulting from overall complications
and aseptic loosening, along with low incidence of femoral
osteolysis, are similar to those reported in the literature
(Table 6).

By means of clinical assessment (eg, Harris hip score
and pain) and radiographic analysis, all three classes
showed high clinical scores and well-intact implant con-
dition with no difference among biologically active (Class
A), moderately active (Class B), and poorly active bone
(Class C). Kelly et al. [10] reported similarly high clinical
scores (median Harris hip score, 94.5) and no femoral
fixation failures in 15 Class C bone patients with a mini-
mum of a 9-year followup (average, 11.5 years; range, 9—
14 years) and the use of a hydroxyapatite-coated cemented
stem. While they had a longer mean followup, our data,
with 127 patients with Class C bone confirm their findings.

Although our study’s demographics are similar, espe-
cially in regard to age and body mass index, to those
reported by Dorr et al. [4], we saw no major difference
among the three classifications of bone with consideration
to clinical and radiographic success and adequate results
with regard to the morphologically depreciated Class C
bone. This could be attributed to numerous surgical reasons
that not only affect clinical outcome, but also the formation
of femoral osteolysis. Our study’s 1.4% incidence of
femoral osteolysis is similar to those reported by Parvizi
et al. [13] (2.3%) and Berend et al. [1] (0% distal, 2.3%
focal). Our institutional standardized procedure of using a

@ Springer



Clinical Orthopaedics and Related Research®™

Meding et al.

446

3uruasoo|

pojeod-snorod

ondase 10§ ‘w)S-1y3rens [Apm3s Juanno]
%Y1 s1eak ST 18 9°66 %2000 %8000°0 e6 6'C 19 LTl Icee ‘Kofre-wmnrue)ry, Te 12 SUIpO
[830] 9%¢ (9661)
‘TeISIP %0 %1 %0 988 9 19 S coI1 pakeids-ewserd ‘Aofre-1[, (6] 'Te 10 yoezZOH
[830} %¢°C paradel-a[qnop (¥000)
‘TeISIP ‘%0 steak G 1B 9,86 %10°C %0 0¥8 0¢ 6L 01 (94 ‘peay-AIo[e]y [1] T8 19 puazeg
(o1reudds
9s80-189q) (+000)
%e'C sIeak 8 18 66 %bLO %0 1'co (RN 809 6¢Cl parade) sopredey, [€1] Te 19 1Z1ATRq
yoou sn3[eA y3rg
%S 8'L6 [ 0¢ I wels-uoys wi-09  (6861) [¢1] om0
Suruasoo| 1D paradey
orydei3orper 1oy ‘pareoo-snorod (8661)
D11 s1eak O 18 %E6 %S'8 %TT ¢'l6 001 9 Ly Tewnrxoxd YO0 -IIT, [] e 10 1ng
(95) 9e1 (9) 2e1 dnmorjoj
(9) 9e1 (%) Furuasoo| nyrey In[rey Ise[ (roquunu)
SISA[09)S0O I0J Q18I [BATAINS [eI0WSF Suruasoo| e 91008 (s1e2K) (s1eak) sdiy (Toquinu) ugisop juouoduwod (1e2K)
[elowR]  JuAUOdWOD [RIOWR [[e19AQ ondosy  diy surey dnmorjoq gy D odAg, sdig [BIOWRQJ SSOUAW)) Joyiny

QINJBISNI] JUSLIND Y} UI SAIpN)s Juauoduwiod [eIOWwo) SSAPUaWad 03 Apmis s1y) jo uostedwo) °9 Iqel,

pringer

A's



Volume 468, Number 2, February 2010

Uncemented Femoral Stems in Osteoporotic Bone 447

proximally coated porous coating along with a titanium
alloy component allowed for an improved prosthesis-bone
interface, which in turn increased bone ingrowth and pro-
moted implant stability. Several other studies have reported
surgical practices that have improved the way cementless
femoral components are implemented in THA, including
plasma spray (eg, hydroxyapatite) of the femoral stem [10],
a straight-stem and/or short-stem component design [11,
12], and the addition of proximal-to-distal coronal and
sagittal tapers [1]. The obstacle of finding an adequate
prosthesis design to prevent aseptic loosening in osteopo-
rotic bone (Class C) was addressed with the use of a
collarless stem, which has been reported to reduce the loss
of cortical density of the metadiaphyseal bone [11]. By
maintaining the cortical density, the bone is able to main-
tain initial fixation between it and the prosthesis, creating
an interface that promotes implant stability [11].

We observed radiolucencies greater than 2 mm in two
hips: one Class A and one Class B. Although relatively low
in cohort size (127 hips), the Class C hips had no radio-
graphic evidence of progression of radiolucency in both
growth regions (Zones 1 and 7). We observed femoral
osteolysis was identified in 33 of the 2321 hips (1.4%) with
no difference in the frequency of osteolysis among the
three cohorts. As suggested in our previous study [11], we
presumed circumferential porous coating obstructs the
movement of particles within the intramedullary canal,
which in turn prevents the formation of lytic lesions. We
believe this “sealing of the femoral canal” allows for ce-
mentless fixation of the femoral stem [6] to decrease the
chance of osteolysis formation without other means of
fixation such as cement, which could compromise function
and increase radiolucency.

With recent alterations in implant composition, ce-
mentless stem fixation, and porous coating to enhance bone
ingrowth, the use of cementless stems, including those with
osteoporotic bone (Class C), has greatly increased [1, 3, 6,
9-13]. We reviewed a large population of a cementless
proximally porous-coated, straight-stemmed, titanium alloy
component in patients with Class A, B, and C bone
showing secure long-term fixation along with adequate
clinical and radiographic assessment.
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