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Abstract

AIM: To present the 18 year survival and the clinical
and radiological outcomes of the Miiller straight stem,
cemented, total hip arthroplasty (THA).

METHODS: Between 1989 and 2007, 176 primary to-
tal hip arthroplasties in 164 consecutive patients were
performed in our institution by the senior author. All pa-
tients received a Miiller cemented straight stem and a
cemented polyethylene liner. The mean age of the pa-
tients was 62 years (45-78). The diagnosis was primary
osteoarthritis in 151 hips, dysplasia of the hip in 12 and
subcapital fracture of the femur in 13. Following dis-
charge, serial follow-up consisted of clinical evaluation
based on the Harris Hip Score and radiological assess-
ment. The survival of the prosthesis using revision for
any reason as an end-point was calculated by Kaplan-
Meier analysis.
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RESULTS: Twenty-four (15%) patients died during
the follow-up study, 6 (4%) patients were lost, while
the remaining 134 patients (141 hips) were followed-
up for a mean of 10 years (3-18 years). HSS score at
the latest follow-up revealed that 84 hips (59.5%) had
excellent results, 30 (22.2%) good, 11 (7.8%) fair and
9 (6.3%) poor. There were 3 acetabular revisions due
to aseptic loosening. Six (4.2%) stems were diagnosed
as having radiographic definitive loosening; however,
only 1 was revised. 30% of the surviving stems showed
no radiological changes of radiolucency, while 70%
showed some changes. Survival of the prosthesis for
any reason was 96% at 10 years and 81% at 18 years.

CONCLUSION: The 18 year survival of the Miiller
straight stem, cemented THA is comparable to those of
other successful cemented systems.

© 2013 Baishideng. All rights reserved.
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Core tip: There are few cemented implants that have
made history and are still used today. The original
Muller straight stem prosthesis falls into this category.
In this study, 176 primary cemented total hip replace-
ments in 164 consecutive patients were followed-up
for a mean of 10 years (3-18) years. Survival of the
prosthesis, as calculated by Kaplan-Meier analysis, was
96% at 10 years and 81% at 18 years. The 18 year
survivorship of the Miiller straight stem, cemented total
hip arthroplasty is comparable with that of other suc-
cessful cemented or uncemented systems.
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INTRODUCTION

There are few implants that have made history and are
still used today. The original Miller straight stem pros-
thesis falls into this category. The original Miller straight
stem prosthesis has shown excellent results at 10 to 15
yearsll’“. The 10 year survival rate for the stem ranges
from 91.2% to 98.3%"™". Good results after 10 years
of using a third generation cementing technique, with a
survival rate of 93.2%, are also presented in the Swedish
National Hip Arthroplasty Register'”.

The original forged Miller cemented straight stem
(Zimmer, Winterthur, Switzerland), manufactured from
Protasul-10 (CoCrNiMo alloy) with a matte, fine-blasted
surface, was introduced in 1977. Miiller!” developed a ce-
mented stem based on the principle of achieving fixation
in the bowed femur by inserting the largest possible stem.
So for a particular femur, a press-fit is achieved between
the medial and lateral walls of the femur and the prosthe-
sis and this leads to an incomplete cement mantle with
bone-metal contact. The fluted structure of the stem,
with the two particularly marked longitudinal grooves an-
teroposterior in the stem axis, enables very good cement
adhesion. The small proximal collar serves to compress
the cement, prevents the stem from sinking into the ce-
ment and, together with the fine-blasted surface of the
straight stem, achieves a very stable anchorage of the
implant. The design of the stem achieves optimum adap-
tation because it increases rigidity, decreases stress peaks
and supports less micromotion. Moreovert, there is posi-
tive contact in the frontal plane and additional interlock-
ing is often achieved in the sagittal plane by the curvature
of the femur.

Long term survival data are only available from
Scandinavian hip registriesm’(’J which lack detail on the
clinical or radiological outcome. The aim of this study is
to present the 18 year survival, clinical and radiological
outcomes of the Miiller straight stem, cemented total hip
arthroplasty (THA) in our institution. This was a retro-
spective study of prospectively collected data.

MATERIALS AND METHODS

Between July 1989 and June 2007, a total of 176 Mil-
ler straight stem primary THAs were performed in our
hospital. The mean age of the patients was 62 years (45
to 78). There were 136 women and 28 men. The primary
diagnosis was osteoarthritis in 151 patients, dysplasia of
the hip in 12 and subcapital fracture in 13 patients.

All operations were undertaken by one single surgeon
(N.E.). The patients were operated on in a standard-
ized way, in a supine position through an anterolateral
transgluteal approach (Watson Jones). After reaming the
acetabulum, the corresponding size polyethylene cup was
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Zone 1

Zone 11

V/ Zone III

Figure 1 The radiological assessment of loosening was done according
to the Gruen zones for the femoral component (Left) and according to
Delee et al”” for the acetabular component (right).

Table 1 Definition of loosening of cemented femoral stem

Potential loosening
Probable loosening

radiolucency (linear-focal) < 2 mm
linear radiolucenc > 2 mm or
focal radiolucency > 5 mm

Definitive loosening  linear radiolucency > 2 mm all around

cemented with the finger-packing technique. The femoral
canal was prepared with rasps and the femoral com-
ponent was introduced with a cement gun. In contrast
to other canal-filling implants, no spongious bone was
removed in the sagittal plane. All stems were cemented
with a second-generation cementing technique. During
the first ten years of the study, Palacos bone cement was
used, while Gentafix (Teknimed SAS) was used later on
in the study. The size of the femoral stem for all patients
was 7.5. In all patients, a 28 mm diameter, cobalt-chro-
mium femoral head and a drain that was removed on the
second postoperative day was used. All patients received
prophylactic antibiosis and anticoagulation therapy. The
patients were mobilized after the second postoperative
day and full weight bearing was permitted as tolerated.

Clinical and radiological follow-up was at 1, 3, 6 and
12 mo and thereafter every year. Clinical follow-up includ-
ed a standardized examination using the Harris Hip Score
(HHS)". At the latest follow-up, a postoperative score of
90-100 points was considered an excellent result; 80-89
points as good; 70-79 as fair; and less than 70 points as
poor. Radiological assessment was based on a standard-
ized anteroposterior radiograph of the pelvis centered on
the pubic symphysis, showing the entire prosthesis, and a
second radiograph with the false profile view. The films
were rated according to the Gruen zone system for the
femoral component and according to De Lee and Charn-
ley for the acetabular component (Figure Y, Loosening
was defined as follows: potential loosening: radiolucency
(linear/focal) < 2 mm; probable loosening: linear radio-
lucency > 2 mm; focal radiolucency > 5 mm; definitive
loosening: linear radiolucency > 2 mm all around™” (Table
1). Subsidence of the stem was measured as the difference
between the highest point of the prosthesis shoulder and
the hotizontal sclerotic line above the shoulder.
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Figure 2 A case of acetabular cup loosening and migration, 9 years post
surgery (left). This hip was revised and a new cemented acetabular compo-
nent was implanted with good results. The femoral component was left in situ.

The indication for revision was persistent patient,
pain and/or radiological evidence indicating loosening of
the acetabular or femoral component. The 18 year cumu-
lative survival was calculated by a Kaplan-Meier analysis.

This study is conducted in accordance with the World
Medical Association Declaration of Helsinki. Institution-
al review board approval has been obtained.

RESULTS

From the 164 patients (176 hips), 24 patients (15%)
died, while 6 patients (4%) were lost to follow-up, both
without revision at their last review. That left us with
134 patients (141 hips) that they were followed up for
a mean of 10 years (range 3-18 years). No patient died
during the early postoperative period. In 5 patients (3.5%
of hips), the greater trochanter was fractured during the
intraoperative manipulations. In all cases, osteosynthesis
of the greater trochanter was done by wiring and the
patients were kept in bed for prolonged time. This frac-
ture rate can be attributed to the manipulations that are
necessary during the anterolateral transgluteal approach
(Watson Jones) as the patient lies supine on the OR
table (figure of four leg position). Eatly hip dislocation
occurred in 3 patients. Closed reduction under general
anesthesia and C-arm control was successfully done and
these patients were kept in bed for three weeks with no
further complications. No cases of deep infection or
pulmonary embolism were noted. Superficial wound in-
fection occurred in 3 patients. In 3 patients, revision of
the acetabular component was done 9, 11 and 13 years
postoperatively respectively, due to aseptic loosening
(Figure 2). One femoral stem was revised due to aseptic
loosening,

Clinical results

The mean HHS was 87 (34 to 100), of which 84 (59.5%)
of the hips showed excellent (90 to 100 points), 30
(22.2%) good (80 to 89 points), 11 (7.8%) fair (70 to 79
points) and 9 (6.3%) poor results (< 70 points) at the lat-
est follow-up.
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Table 2 Radiological results (radiolucencies) around the
femoral stem 7 (%)

No. of hips
104 (73)
65 (46)
33 (23.4)
6 (4.2)

Type of radiolucency
Overall
Linear-focal <2 mm

Linear > 2 mm or focal > 5 mm
Linear > 2 mm all around

110 - Kaplan-Meier Survivorship Curve
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Figure 3 Kaplan-Meier survivorship of the Miiller straight stem cemented
total hip arthroplasty at 10 and 18 years was 96% and 81% respectively.

Radiological results
All radiographs were evaluated by an experienced hip
arthroplasty surgeon. A total of 99 (70%) of all 141 hips
had linear or focal osteolysis in one or more zones of the
stem but only 6 hips (4.2%) of the 134 analyzed patients
had evidence of definitive loosening, while 30 (21%) had
no radiographic changes. However, from the 6 (4.2%)
hips with radiographic aseptic loosening, only 1 stem was
revised because the radiographic findings were not always
combined with hip pain (in 2 patients), while the other 2
patients refused to be operated on. Radiographic changes
were noticed mainly on the proximal-medial side of the
stem (Gruen zones 7 and 6) and rarely laterally (Gruen
zones 1 to 3). We found radiolucency of any type in 104
hips (73%). According to the above mentioned definition
of loosening: 65 hips (46%) were potentially loose; 33
hips (23.4%) were probably loose; and 6 hips (4.2%) were
definitely loose (Table 2)". Stem subsidence was pres-
ent in 21 hips (15%). 1 mm in 17 stems, 2mm in 3 and
3mm in one stem. We could not identify any correlation
between the stem subsidence and the clinical results of
these patients.

With revision for any reason, survival was 96% for 10
years and 81% for 18 years (Figure 3).

DISCUSSION
The limited survival data published for the Miiller straight

stem shows great variation in outcome: at six to eight
years, 20.1% of the stems were judged to be at risk for
later aseptic looseningllUJ in a series for which further fol-
low-up has not been presented. For stems implanted with
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a first-generation cementing techmque[ ], a ten year revi-

sion rate of 8% and a revision rate of 19.7% at 17 yeats
was observed, whereas when using a second generation
cementing techniquem, the revision rate was reduced to
4% at ten years',

The Muller straight stem was designed to achieve a
press fit fixation in the anteroposterior radiological view
with a self-centering effect (shape-closed). A close stem-
bone contact is established in the coronal plane, resulting
in a thin or even incomplete cement mantle!”'*"”! which
has been described in the literature as the “French para-
dox”™. Tt is well known that it is desirable to have a com-
plete cement mantle around the stem", The optimum
thickness of the cement mantle is thought to be 2-4 mm.
However, this conventional teaching has been challenged
by the success of French-designed cemented stems,
such as the Charnley Kerboull and the Ceraver Osteal.
In France, the philosophy had been to insert the largest
stem possible, which fully occupies the medullary canal,
resulting in a thin or even deficient mantle. The rectan-
gular cross-section provides intrinsic stability in torsion
even in the absence of cement'”. This is the concept for
the Muller straight stem. Moreover, the stem design and
implantation technique make gross errors in varus-valgus
orientation almost impossible as the prosthesis almost
fills the femoral canal in the AP plane.

The stem had a satin surface finish (Ra 1.0 um), ex-
ceeding a postulated roughness of 0.4 um defined as
maximum roughness for polished stems. Thus, abrasive
wear of the surface and a high volume of metal debris
might be expectedm. Later versions of the stem had an
even higher surface roughness and survival decreased"”.
The combination of the soft metal titanium with a rough
surface had the worst results'®. Polished stems have a
better survival with force-closed cementing technique
(shape-closed implants)"”". However, the biological ef-
fect of the abrasive wear of the rough stem might be
equally important™’. This cannot be overcome by modi-
fications to the cementing technique[m] and can only be
overcome by polishing the stem.

The Swedish Hip Registry” showed improved long
term survival for the Miiller straight stem using a second-
generation cementing technique compared with a series
with a first-generation cementing technique. There are no
data for third-generation techniques (jet lavage, vacuum-
mixed cement) and it must be questioned whether these
techniques can further improve the cement penetration
for an implant with high introduction forces. The use
of ceramic heads was associated with a decreased wear
rate and the use of modern bearing surfaces might fur-
ther improve survival'”'*"”. The use of a femoral seal
or finger-packing might improve the proximal sealing
and reduce access of polyethylene particles at the inter-
face, thus reducing the risk of osteolysis for the Miller
straight stem.

In the present study, the femoral component was
divided into 7 zones, as described by Gruen ¢ al”. The
development of radiolucent lines around these zones in
a progressive fashion suggests loosening. We distinguish
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progressive radiolucent lines in the femur from the typi-
cal age-related expansion of the femoral canal and corti-
cal thinning, which may give the appearance of a pro-
gressively widening radiolucency. Age-related radiolucent
zones generally do not have the associated sclerotic line
seen about loose femoral stems. In addition, radiolucent
lines associated with osteolysis tend to be more irregular,
with variable areas of cortical thinning and ectasia. Smith
et al”? described an age-related expansion of the human
proximal femur in a series of 2300 healthy female femora
and postulated that endosteal resorption would result in
an expansion of the medullary canal, which might even
occur after insertion of a THA®. A time and gender-
related widening of the medullary canal with consecutive
thinning of the cortex has also been reported in female
cadaver femora of various ages”’. Radiologically, an ob-
vious loss of mineralization of the cortex and cancellous
bone has been observed in older women™.

Riber ¢t al" reported a 15 year survival rate for aseptic
loosening of 88.1% with the Miiller straight stem when
using a first generation cementing technique, but found
that about 70% of the remaining stems exhibited osteoly-
sis or longitudinal lucencies. The incidence of osteolysis
was not reported but the longitudinal lucencies might have
been due to cortical atrophy. In our series, the incidence
of any radiological lucency lines was frequent. A total
of 99 (70%) of all 141 hips had radiological changes of
lucency, but only 6 hips (4%) had evidence of definitive
loosening, while 30 (21%) had no radiographic changes.
The high rate of radiolucency without definitive loosen-
ing may be explained by the fact that the incomplete ce-
ment mantle leaves places with a thin cement mantle and
zones with direct metal-bone contact and this allows the
particles access to the bone, leading to bone resorption.
Consciousness of the natural process of cortical atrophy
is necessary in order not to ovetestimate the number of
cases at tisk, as cortical atrophy did not compromise the
clinical and radiological results. Clauss ez al™ stated that
cortical atrophy appeats to be an effect of ageing and not
a sign of loosening of the femoral component.

Krismer e a/'" found an increased rate for aseptic
loosening for Miiller straight stems with an incomplete
cement mantle at the tip of the stem. In our series, ce-
ment defects at the tip of the stem were uncommon (5
hips) and not associated with an increased incidence of
revision.

With aseptic loosening as the endpoint, the survivor-
ship according to Kaplan-Meier of the Miiller straight
stem at 10 and 18 years was 96% and 81% respectively.
This survival rate and clinical results are comparable to
that of other well known and successful cemented sys-

. . .46
tems in larger multi-surgeon series' .

COMMENTS

Background

Total hip replacement is one of the most common surgical procedures. Ce-
mentless prostheses, although the most expensive, have become the most
common type of prosthesis used for total hip replacement worldwide. However,
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long term follow-up studies have failed to prove the superiority of cementless
hip arthroplasties over the well time-tested cemented designs. There are few
implants that have made history and are still used today. The original Mller
straight stem prosthesis falls into this category. A long term follow-up of patients
with primary total hip replacements that were treated with the cemented Miiller
straight stem prosthesis is presented in this study.

Research frontiers

A long term follow-up of patients with primary total hip replacements that were
treated with the cemented Miiller straight stem prosthesis is presented in this
study. Currently, there is a relative paucity of evidence regarding the survivor-
ship of patients with primary total hip arthroplasties treated with this cemented
prosthesis.

Innovations and breakthroughs

This study confirms that cemented Miller straight stem total hip arthroplasty
displayed satisfactory survivorship in a long term follow-up. These results are
comparable with that reported in other larger series of cemented and unce-
mented prostheses. The authors should note that the majority of components
were implanted using second generation cementing techniques. The polyethyl-
ene cup was cemented with the finger-packing technique and the femoral stem
was implanted without distal cement plug and without pressurization.
Applications

Surgeons should consider using this cemented total hip arthroplasty, taking in
to account that uncemented total hip replacements are much more expensive
and that the findings of this study and other similar studies confirm that results
of cemented hip arthroplasties are at least as good as those reported in unce-
mented designs.

Terminology

Total hip replacement can be done using bone cement to stabilize the acetabu-
lar and femoral components. This kind of total hip replacement is known as
cemented. Alternatively, porous coated materials can be used and the bonding
of the implants with the patient's host bone occurs without the usage of bone
cement. This kind of hip arthroplasty is known as cementless.

Peer review

The paper shows a good follow-up of their patients and leaves few comments
to be added.
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