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We retrospectively reviewed 175 patients (191 hips) who had undergone primary cemented 

total hip replacement between November 1992 and November 1995 using a collarless 

polished double-tapered femoral component after a minimum of ten years (mean 11.08; 10 

to 12.8). All stems were implanted using contemporary cementing techniques with a distal 

cement restrictor, pressurised lavage, retrograde cementing with a gun and proximal 

pressurisation. Clinical outcome was assessed using the Harris Hip score. Radiological 

analysis was performed on calibrated plain radiographs taken in two planes. Complete 

radiological data on 110 patients (120 hips) and clinical follow-up on all the surviving 111 

patients (122 hips) was available. The fate of all the hips was known.

At final follow-up, the mean Harris Hip score was 86 (47 to 100), and 87 of 116 patients 

(75%) had good or excellent scores. Survival with revision of the stem for aseptic loosening 

as the endpoint was 100%; and survival with revision of the stem for any reason was 95.9% 

(95% confidence interval 87.8 to 96.8) at ten years. All the stems subsided vertically at the 

stem-cement interface in a predictable pattern, at an overall mean rate of 0.18 mm per year 

(0.02 to 2.16), but with a mean rate of 0.80 mm (0.02 to 2.5) during the first year. The mean 

total subsidence was 1.95 mm (0.21 to 24). Only three stems loosened at the cement-bone 

interface. There was excellent preservation of proximal femoral bone stock. There was a 

high incidence of Brooker III and IV heterotopic ossification affecting 25 patients (22%).

The collarless polished tapered stem has an excellent clinical and radiological outcome at 

a minimum of ten years’ follow-up. The pattern and magnitude of subsidence of the stem 

within the cement mantle occurred in a predictable pattern, consistent with the design 

philosophy.

 

The collarless polished tapered femoral pros-
thesis (Zimmer, Warsaw, Indiana) is double-
tapered with a highly-polished surface and a
rectangular proximal geometry. It was intro-
duced into clinical practice in the late 1980s. It
was originally manufactured in cobalt chrome
for use in the United States, and in high-nitro-
gen stainless steel for use elsewhere. This con-
figuration, like that of the original Exeter stem,
from which its design was derived, allows lim-
ited subsidence of the stem within the cement
mantle, resulting in an even transfer of load
and conversion of shear forces into compres-
sive forces according to the taper-slip princi-
ple.

 

1

 

 The broad proximal cross-section
provides rotational stability and the progres-
sive distally diminishing cross-section mini-
mises the stress riser at the tip of the stem (Fig.
1). The important design differences between
collarless polished tapered and the Exeter Uni-
versal stem are that the former stem has a more

rectangular cross-sectional shape and an
extended lateral taper with a completely
straight lateral edge. It has been suggested that
the success of the original polished, flat-back
Charnley femoral component was also in part
of its acting as a taper-slip stem.

 

2,3

 

The original Exeter stem implanted between
1970 and 1976 was a collarless, polished,
double-tapered stem and medium-term results
have been excellent with good survival

 

4,5

 

 and
preservation of the cement mantle, the cement-
bone interface, and minimal osteolysis.

 

4,6-9

 

 The
importance of the polished surface became
apparent when the rougher matt surface was
introduced on the Exeter stem in 1976, which
performed substantially worse.

 

8,10

 

The purpose of this study was to present the
minimum ten-year clinical and radiological
follow-up results of the collarless polished
tapered stem when used for primary total hip
replacement (THR).
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Patients and Methods

 

Between November 1992 and November 1995, 191 con-
secutive THRs were performed in 175 patients using
cemented, stainless steel collarless polished tapered femoral
stems. During the period of follow-up, 63 patients (36%,
68 hips), died, which is similar to published mortality data
at ten years.

 

9,11-13

 

 One other hip was lost as the patient
required a hindquarter amputation for vascular disease.
This left a study cohort of 111 patients with 122 THRs
with a mean follow-up of 11.08 years (10 to 12.8).

The pre-operative diagnosis in the hips of the surviving
patients was hypertrophic osteoarthritis (OA) in 49 of the
122 hips (40%), atrophic OA or rheumatoid arthritis (RA)
in 53 (43%), developmental dysplasia of the hip (DDH) in
ten (8%), avascular necrosis (AVN) in six hips (5%), Per-
thes’ disease in one (1%), Paget’s disease in one (1%) and
fracture in two (2%), comprised the remaining 9%. There
were 77 women and 33 men with a mean age at operation
of 62.3 years (19 to 83). One of the surviving patients who
had bilateral THRs was too frail to be assessed radiologi-
cally after ten years, so that radiological data were available
on 110 patients (120 hips) and clinical data available on all
111 patients (122 hips).

 

Surgical technique. 

 

The procedures were performed by two
consultants’ teams at the same orthopaedic centre using the
posterolateral approach to the hip in all but three cases, for
which the transgluteal approach was used. The femoral
canals were prepared in accordance with the manufac-
turer’s guidelines, using rasps that allowed the accommoda-
tion of a 2 mm cement mantle around the stem. We did not
perform a posterior repair of the capsule or divided short

rotators. Contemporary cementing techniques were used in
all procedures and included the use of a Hardinge cement
restrictor (Howmedica Ltd, London, United Kingdom),
pressurised lavage, retrograde introduction of cement with
a cement gun and a proximal femoral cement pressuriser.
Patients younger than 65 years of age received uncemented
Harris-Galante I acetabular components (Zimmer Ltd,
Swindon, United Kingdom). Patients older than 65 received
cemented flanged acetabular components (Charnley Elite;
DePuy Ltd, Leeds, United Kingdom), or a Zimmer flanged
acetabular component (Zimmer Ltd). In all THRs, 28 mm
femoral heads were used except when the size of the
acetabulum was less than 50 mm, when a 22 mm head was
implanted. Palacos R cement with gentamicin (Kirby-
Warrick Ltd, Suffolk, United Kingdom) was used in all pro-
cedures. All patients received a spinal anaesthetic unless it
was medically contraindicated, and in addition, a light gen-
eral anaesthetic with a laryngeal mask and spontaneous
respiration was given to most patients. Systolic blood
pressure was generally maintained at approximately
100 mmHg.

 

Clinical assessment. 

 

Clinical outcome was assessed using
the Harris Hip score (HHS).

 

14

 

 Radiological outcome was
determined from anteroposterior (AP) radiographs of the
pelvis and lateral views of the affected hips. Radiographs
were taken immediately post-operatively and at three
months. Subsequent radiological follow-up was variable,
but all surviving patients had a radiograph taken at their
last follow-up after a minimum of ten years. Radiological
assessments were performed by two authors (BJB and PJY)
and reviewed by the senior author (GCB).

 

Radiological assessment. 

 

We used well-recognised assess-
ment techniques to standardise the radiological and clinical
evaluation to allow easier comparison with other
prostheses, as recommended by Johnston et al.

 

15

 

The quality of the cement mantle was evaluated on the AP,
and lateral radiographs using the system described by
Barrack et al

 

15,16 

 

for each of the Gruen zones

 

17

 

 and as
extended by Johnston et al.

 

15

 

 Minimum cement-mantle
thicknesses were measured in all 14 zones of the stem (Fig. 2)
and three zones around the acetabular component.

 

18

 

Alignment and subsidence of the prostheses were mea-
sured directly from calibrated films. The radiological land-
marks used for measuring subsidence were the greater
trochanter, the proximolateral cement mantle and the
shoulder of the prosthesis, as described by the Exeter
group.

 

4

 

 Our validation of this measurement technique for
this stem, using digitised computer-assisted methods and
confirmed using two assessors (PJY, and another who was
not an author) repeating the measurements, indicates an
accuracy ± 0.3 mm. Radiolucent lines > 1 mm wide and
> 5 mm long  at the stem-cement and the cement-bone
interface in the early post-operative and ten-year post-oper-
ative radiographs were identified in the 14 femoral zones of
interest.

Fig. 1a

Photographs showing the cementless polished
tapered stem. The broad proximal cross-section
provides rotational stability. The double taper evenly
loads the cement mantle and the progressive distally
diminishing cross-section minimises the stress riser
at the tip of the stem.

Fig. 1b
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Osteolysis was defined as a new cystic lesion with
endosteal scalloping and/or migration, which had not been
recorded on the post-operative radiograph.

 

19

 

Proximal/medial bone resorption was defined using the
criteria described by Engh et al

 

20

 

 (Table I), and ectopic
ossification was defined using the criteria described by
Brooker et al.

 

21

 

Canal filling was measured at the mid-point of the lesser
trochanter and divided into the three categories of metal
implant, total cement and total cancellous bone.

Acetabular wear was measured by the technique described
by Latimer and Lachiewicz.

 

22

 

 Kaplan-Meier survival curves
with 95% confidence intervals (CI) were constructed for the
stem, with endpoints of revision for osteolysis or aseptic
loosening, and for revision surgery for any cause, as
described by Dobbs.

 

23

 

A subsidence curve was derived as a line of best fit from
the scattergraph of subsidence measurements.

 

Statistical methods. 

 

Statistical significance was assumed if
p < 0.05.

 

Results

 

The fate of all stems was known, with none having been
revised for aseptic loosening or osteolysis. Of the hips in
patients who had died during the study period, none was
revised or assessed as failing at last follow-up.

 

Clinical results. 

 

The mean pre-operative HHS was 39
(20 to 61), and the mean post-operative score was 86 (47 to
100). Excellent scores according to the HHS

 

14

 

  were
reported in 40% of patients (48), good in 35% (42), fair in

17% (20), and poor in 8% (10). There did not appear to be
any relationship between the HHS and the radiological
appearance, the age of the patient, the pre-operative diag-
nosis or the magnitude of subsidence.

 

Radiological results. 

 

In 91 of the 120 hips (76%) there was
complete cement filling of the medullary cavity (Barrack
grade A). There were no hips with localised radiolucent
lines (grade B) although some of the hips with cement
mantle defects (grade C) had isolated radiolucent lines. In
24 hips (20%) there was a full-thickness defect in the
cement mantle (Barrack grade C),

 

16

 

 although all of these
defects were less than 3 mm long and were most common in
Gruen zone 1. In four hips (3.3%) the cement mantle was a
Barrack grade D, with no cement covering the distal stem
and centraliser (Fig. 2).

 

Alignment and subsidence. 

 

All stems were inserted within
5˚ of neutral alignment in the AP plane. One stem was in
more than 3˚ varus, and six were in 3˚ to 5˚ of valgus. Only
one stem underwent a change of alignment over ten years.
This occurred in a patient with active Paget’s disease, where
the femur continued to remodel around the cement mantle.
This was classified as a radiological failure, although the
patient has not been revised because of her poor general
health.

Only two hips had measurable migration of the stem-
cement construct at the cement-bone interface: one in the
patient with Paget’s disease, where 1 mm of migration was
found at 12 years, and one in a patient with primary
osteonecrosis of the femoral head, where 0.5 mm migra-
tion was observed at 12.5 years. Additionally, these two
hips were the only ones to subside more than 5 mm at the
stem-cement interface over the study period, despite both
patients’ cement mantles initially being complete (Barrack
grade A). The cement mantle of the hip with osteonecrosis
of the femoral head appeared to remain intact despite the
subsidence, except for a distal mantle fracture at the tip of
the stem. Interestingly, although we would classify this as
a radiological failure, the patient retains a high level of
function, is pain free, and has a HHS of 100 points.

One additional hip had a cement-mantle fracture in
a male patient who weighed 102 kg, where the
initial cement mantle was poor with a defect in Gruen
zone 6. The stem subsided 2.5 mm at the stem-cement
interface over ten years, with lucent lines in zones 1, 2, 6,
7, 8, 9 and 14 and was considered probably radiologically
loose.

Zone 1
13 Zone 7

1

Zone 6
4

Zone 5
2

Zone 8
2

Zone 9
1

Zone 10
3

Zone 14
2

Zone 13
1

Zone 12
2

Zone 2
3

Zone 4
4

Zone 11
4

Zone 3
3

Fig. 2

Drawing showing an analysis of the cement mantle defects
by Gruen zone.17

Table I. Proximal stress shielding by
Engh grade20

Engh grade Number of hips (%)

0 15 (13)
1 62 (53)
2 31 (27)
3 8 (7)
4 0 (0)
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The mean vertical subsidence of the femoral stems at the
stem-cement interface was 1.95 mm (0.21 to 24). The mean
rate of subsidence was 0.18 mm per year (0.02 to 2.16),
with a mean rate of 0.80 mm (0.02 to 2.5) in the first year,
slowing to a mean of 0.12 mm per year (0.02 to 2.16) after
two years (Fig. 3). Subsidence was weakly associated with
cement-mantle defects, especially at the tip of the stem (Bar-
rack grade D). In hips with grade A cementing technique,
the median subsidence rate was 1.67 mm over ten years
(interquartile range (IQR), 1.25 to 1.67), whereas hips with
mantle defects at the tip (Barrack grade D) had a median sub-
sidence rate of 2.5 mm over ten years (IQR, 1.67 to 4.58).
However, these differences did not achieve statistical signif-
icance (Kruskal-Wallis test, p = 0.15). Subsidence was sig-
nificantly related to the thickness of the cement: there was
less subsidence with greater cement thickness (Kruskal-
Wallis test, p = 0.004) (Fig. 4). There was no relationship
between subsidence and the age of the patient, weight, gen-
der, calcar cement thickness or stem alignment (all Kruskal-
Wallis test, p > 0.59).

 

Radiolucent lines and osteolysis. 

 

Of the 120 hips followed
radiologically for a minimum of ten years, there were four
(3%) in which radiolucent lines were present at the cement-
bone interface in one or more zones. Three of these were
progressive, and in one hip they involved 50% or more of
the cement-bone interface and this hip was considered
probably loose. Osteolysis was apparent in only seven
patients (5.8%), with the majority of affected zones (16 of 28)
in the proximal Gruen zones (1, 7, 8 and 14). Osteolysis
was strongly associated with acetabular component wear
(

 

t

 

-test, p = 0.004). Femoral osteolysis was more likely with
thinner cement mantles at the calcar (

 

t

 

-test, p = 0.04),
but not related to thinner mantles at the greater trochanter
(

 

t

 

-test, p = 0.89).

Two patients (other than the patient with Paget’s disease)
have been classified as radiological failures at their ten-year
follow-up and await revision (Table II). Both were active at
the time of implantation, one was aged 47 years and the
other was a working farmer. Both had high total poly-
ethylene wear rates of 4 mm and 7 mm (the mean wear rate
for the whole cohort was 2.01 mm (0 to 7)) and both have
substantial periarticular osteolysis. The younger patient
had undergone a childhood femoral osteotomy for dyspla-
sia. This patient had a very narrow canal

 

24

 

 and required
intramedullary reaming to allow introduction of the stem.

 

Proximal bone preservation. 

 

In 77 of the hips (64%) no or
first-degree resorption

 

20

 

 was found in the region of the
proximal/medial cortex, in 31 second-degree resorption
(26%), in eight third-degree resorption (7%), and none had
fourth-degree resorption. Resorption was not related
to calcar cement thickness (

 

t

 

-test, p = 0.64), but was
related to the proportion of the femur occupied by the stem
(

 

t

 

-test, p = 0.02) (Table I).

 

Cortical hypertrophy. 

 

Only one hip had definite cortical
hypertrophy at ten years. This was present in Gruen zones
3 and 5. This male patient weighed 64 kg and subsidence of
the stem was 2.5 mm, only slightly above the mean.

 

Ectopic ossification. 

 

In 67 of the patients (58%) there was
no ectopic ossification, 12 (10%) showed Brooker grade I,
12 (10%) grade II, 18 (16%) grade III and seven (6%) had
grade IV. The range of movement was frequently restricted
in the patients with grades III and IV. These higher grades
were associated with hypertrophic OA, male gender, and a
restriction in all movements (all Fisher’s exact test,
p < 0.001). High grades were not significantly associated
with pain (Fisher’s exact test, p = 0.26).

 

Complications. 

 

A total of nine hips in nine patients (8%)
required re-operation: one for late metastatic infection, one
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Graph showing subsidence (mm) of 120 cementless polished tapered
stems in 110 patients over ten years. Curve derived from line of best
fit.
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Box plot showing median (range) subsidence (mm) of the stem at the
stem-cement interface and its relationship to the mean thickness of
the cement mantle.
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for traumatic peri-prosthetic fracture (not associated with
loosening or osteolysis), one for liner wear, two for acetabu-
lar component loosening, and four for dislocation (Table II).
Two of the acetabular revisions were complicated by deep
infection requiring two-stage revision.

Overall, 13 hips (11%) had a dislocation which was sig-
nificantly related to the use of 22 mm femoral heads (Fisher’s
exact test, p = 0.05) (4 of 13 22 mm 

 

vs

 

 9 of 104 28 mm),
but not related to gender, age, type of acetabular compo-
nent, acetabular wear, the use of collared heads, or
inadequate restoration of femoral offset (all Fisher’s exact
test and 

 

t

 

-test, p > 0.30). Only one patient in the series had
a positive Trendelenburg sign, and this patient had a poste-
rior approach.

 

Survival. 

 

Survival for the stems with an endpoint of revision
for aseptic loosening or osteolysis at ten years was 100%.
Survival for the stems with an endpoint of revision for any
cause at ten years was 95.9% (95% CI 87.8 to 96.8).

 

Discussion

 

In the last ten years, the use of collarless, double-tapered,
polished stems designed to subside within the cement
mantle has become popular in parts of Europe and Austra-
lia. Currently, in the United Kingdom, over 70% of
cemented THRs are of this type.

 

25

 

 The clinical and radio-
logical success of this type of stem has been reported in
several series

 

4,5,9,26-28

 

 and in the Scandinavian joint regis-
tries.

 

29,30

 

 Our final HHS are comparable to those of other
series of cemented stems to report the HHS at ten years,
including other cemented tapered stems.

 

9,12,16,31-35

 

A clear distinction must be made between subsidence of
polished tapered stems within the cement mantle, which is
considered benign,

 

36

 

 and subsidence at the cement-bone

interface, which is always associated with failure, when
above a certain threshold.

 

37,38

 

 We believe that an excessive
rate of subsidence of this type of stem at the stem-cement
interface is an important indicator of the quality of the
stem-cement bone-construct. In this study, subsidence was
greater in those stems with poorer Barrack cement grades,
although this did not reach statistical significance
(p = 0.15), and was significantly less with thicker cement
mantles (p = 0.004). The association of stem-cement sub-
sidence with the quality of cement mantles is in agreement
with the findings of the Exeter group, although the subsid-
ence in their report was more strongly related to cementing
grade (p = 0.03).

 

9

 

 We have also previously reported a direct
relationship between subsidence and defects in the cement
mantle (p = 0.001) using the Exeter universal stem.

 

28

 

Much debate still surrounds what constitutes an optimal
cement mantle thickness,

 

37,39

 

 and whether defects in the
mantle are detrimental.

 

40-44

 

 Thinner cement mantles are
associated with mantle defects, an increased risk of mantle
fracture, and increased subsidence of the stem within the
mantle.

 

31,39

 

 We recommend a minimum mantle thickness
of 2 mm, but it is unclear what the upper limit of the thick-
ness should be. Furthermore, we believe that completeness
of the cement mantle is far more important than its abso-
lute thickness. Careful preparation of the femoral canal,
and possibly selecting a stem smaller than the last broach, is
likely to reduce the incidence of defects and may reduce
subsidence.

The cement mantles in the present series were extremely
good. Using the most critical analytical method in all 14
Gruen zones,

 

16

 

 76% of the mantles were complete (Barrack
grade A) and 20% had a defect. All cement mantle defects
were less than 3 mm in length and were usually in zones 1

 

Table II. 

 

Details of the revisions and radiological failures

 

Gender Age (yrs) Original diagnosis

 

*

 

Time to
revision (yrs) Comments

 

Femoral and 
acetabular revision

F 21 DDH 7 Metastatic infection

Femoral revision F 68 DDH 5 Peri-prosthetic fracture

Acetabular revisions M 47 Acetabular fracture 0.8 HG

 

‡

 

 aseptic loosening, trochanteric nonunion
M 54 DDH 5 HG dislocation, liner exchange
F 56 Atrophic OA 8 HG dislocation, revised to captive component
M 67 Hypertrophic OA 2 HG dislocation, revised to captive component
F 25 Ank spond 8 HG liner exchange for high wear
M 69 Hypertrophic OA 7 Acetabular aseptic loosening (Zimmer cemented to HG)
F 59 Atrophic OA 1 HG dislocation, liner exchange HG

Other losses M 42 AVN 8 Vascular disease, hindquarter amputation

Radiological stem 
failure

F 74 Paget’s disease N/A

 

†

 

Femur remodelled

M 73 Atrophic OA N/A Zimmer cemented, high wear, osteolysis
F 47 DDH/osteotomy N/A HG canal reamed, high wear, osteolysis

* DDH, developmental dysplasia of the hip; OA, osteoarthritis; Ank spond, ankylosing spondylitis; AVN, avascular necrosis
† N/A, not applicable
‡ HG, Harris-Galante
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or 14, where bone was not adequately removed from the
greater trochanter, or where the prosthesis touched the rem-
nants of the trochanteric fossa during implantation. Bar-
rack C and D cement grades were not associated with
failure, unlike with other types of stem,

 

6,16

 

 but osteolysis
was significantly associated with thinner cement at the cal-
car (Gruen zone 7) (p = 0.04) but not in Gruen zone 1, and
strongly associated with polyethylene wear. On the basis of
these findings, we suggest that in the presence of wear par-
ticles, the collarless polished tapered stem reduces the like-
lihood of osteolysis by minimising access to the cement-
bone interface because of the stem’s straight lateral edge
and its purely vertical subsidence pattern. When there is
inadequate cement at the calcar, osteolysis is more likely to
occur, perhaps because of microfracture and associated cal-
car bone loss through stress shielding.

Varus malposition of the stem has been associated with
failure in several studies relating to the associated deficient
mantles in Gruen zone 7.

 

45

 

 In this series, five stems were in
mild varus (3˚ to 5˚), but none was in more than 5˚ varus.
These stems were not associated with radiological loosening,
excessive subsidence or osteolysis. Valgus positioning was
also not a problem.

We do not recommend reaming the femoral canal when
using this type of stem. In a series of Exeter stems implanted
in small femurs in Hong Kong,

 

32

 

 all four of the stems that had
been implanted in reamed femurs were revised before nine
years. In our series, the only collarless polished tapered stem
that was implanted in a reamed canal is awaiting revision. We
believe that reaming causes incomplete cement mantles as a
result of over-sizing of the stems and the loss of the support-
ing cancellous bone, with a resulting failure of an adequate
cement-bone interface.

All conventional THRs alter the loading of the proximal
femur and lead to varying amounts of bone loss and redis-
tribution, especially around the calcar. The collarless
polished tapered stem appears to preserve proximal bone
relatively well, suggesting good proximal loading. Severe
and moderate resorption occurred almost twice as fre-
quently in Engh’s

 

20

 

 series of cementless stems compared to
ours (7% 

 

vs

 

 12%). The use of larger, stiffer collared
polished tapered stems was negatively associated with
proximal bone preservation, with a significant association
with higher Engh resorption grades (p = 0.02). The virtual
absence of distal cortical hypertrophy further suggests that
load transfer from the stem to the bone is nearly physio-
logical.

 

46

 

 This is achieved through the double-taper design,
which increases the flexibility of the stem as it narrows
distally.

 

7

 

Our rate of dislocation was high at 11% in the hips sur-
viving more than ten years. This may have been related to
the limited range of offsets for the collared polished tapered
stem initially available, and/or our failure to repair the pos-
terior capsule and short rotators throughout the study.

High-grade ectopic ossification was a frequent finding
and was significantly related to a restriction in movement,

but not to pain or HHS. To the best of our knowledge, this
is the first series in which the grade of ectopic ossification
has had such a significant correlation with the range of
movement. This may be because of the large proportion of
hips with hypertrophic OA (40%), or to our method of pre-
paring the femoral canal.

 

Summary. 

 

This study confirms the effectiveness of the
collarless, polished, tapered stem principle using contempo-
rary cementing techniques.

The taper-slip mechanism of fixation of the polished
collared polished tapered and Exeter stems is different from
that of prostheses designed to be perfectly stable after
implantation (composite beam). Subsidence of the
polished, collarless, tapered stem at the stem-cement inter-
face is self-limiting and not associated with aseptic loosen-
ing or endosteal bone lysis. It is beneficial for polished
tapered stems to subside, as this enhances stability, load dis-
tribution, sealing the access to the proximal metaphysis to
articular debris, and protects the cement mantle. Previously
published conclusions

 

37,38

 

 predicting failure of the femoral
stem on the basis of the subsidence patterns of other stem
designs cannot be used to predict failure in tapered designs
such as the collared polished tapered.

 

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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