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Asbjørn Hjall gave me my first job at the Orthopaedic Department at Asker and Bærum
Hospital and has, since then, encouraged me and facilitated all my research work with great
enthusiasm and a seemingly endless faith in me both as a surgeon and as a researcher.
Gudleik Dale introduced me to hip surgery very early in my career and was probably one of
the first orthopaedic surgeons in Norway suggesting that far more patients with femoral neck
fractures should be treated with hemiarthroplasty, also encouraging me to explore this field of
research. Finnur Snorrason and Tore Jervidalo inspired me during my internship year at
Buskerud sentralsykehus in Drammen. Fortunately, I have had the privilege of working with
them both again, Tore at Asker and Bærum Hospital and Finnur at Ullevål University
Hospital. Tore served as my local supervisor at Asker and Bærum hospital. Finnur was head
of prosthetic surgery at Ullevål and supervised the important phantom model study leading to
the planning, design, and methodology of paper 4.

The entire staffs at both hospitals have contributed with recruitment of patients, surgery and
follow-up of patients. The expansive force of PhD students at Ullevål have provided
indispensible support, among them Jon Dahl, Ola Wig, Marianne Westberg, Berte Bøe, Peter
Grant, Annette Wikerøy, Elisabeth Ellingsen Husebye, Sverre Løken, Sigbjørn Dimmen and
Hilde Apold. Also thanks to the residents and consultant orthopaedic surgeons at both
hospitals including Dagfinn Bjørkøy, Vidar Opland, Ragnar Groenhof, Bjarne Grøgaard, Odd
Arve Lien, Ole Koppang, Per William Bratlie-Jensen, Vinh Tran, Roger Trana, Petter Iversen,
Ellen Aksnes, Gunnar Flugsrud, Geir Andreassen, Vera Halvorsen, Stephan Röhrl, Kirsten
Lundgreen, Anders Walløe, Olav Røyse and professor Lars Engebretsen.

Extensive thanks goes to research coordinators Merete Finjarn and Camilla Andersen at
Baerum, and Karen Bjøro and Kenneth Nilsen at Ullevål, who have played a crucial role in
conducting follow-up examinations of patients. I would also like to extend great thanks to
Alexis Hinojosa and Mona Risdal for perfect RSA services at the radiological department,
and to Sigmund Oswold for conducting ambulant radiographic examinations. Special thanks
to our leader of the orthopaedic department at Bærum sykehus Wenche Sørensen, she is
genuinely interested in the well-being of her employees and a great leader.
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Although never a formally appointed supervisor, Frede Frihagen has been serving as what
may best be described as my older brother in hip fracture research. His omnipresence at
Ullevål and his dedication to do great orthopaedic research is a massive inspiration to
everyone fortunate to have worked with him.

Most important, I have had the privilege of working with two extremely dedicated,
enthusiastic and supportive professors: My supervisors Lars Nordsletten and Jan Erik Madsen
have together provided an invaluable creative force, priceless discussions and debates, and
hours of reading and revising my manuscripts. They have been easily available and always
helpful, and have fulfilled their role as supervisors in the very meaning of the word supervise:
Observing and directing rather than instructing, always pointing me in the right directions.

I would also like to thank my parents Inger and Odd Figved for letting me do almost
everything I have wanted to do during my 36-year-old life and my sister Margrethe for being
my older sister and a good friend.

Finally, and always most important in my life, is my wife Edda. I want to thank her for her
unconditional and endless love and support, and our two wonderful daughters, Frida and
Alma. They may not be able to read this thesis just yet, but I dedicate it to them both.
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ADL

Activities of daily living

ASA

American Society of Anesthesiologists

CI

Confidence interval

CoCr

Cobalt Chromium

EQ-5D

The five-dimensional scale of EuroQol

EQ-VAS

The visual analogue scale of EuroQol

HA

Hydroxyapatite

HHS

Harris hip score

ml

Millilitres

n

Number

NAR

Norwegian Arthroplasty Register

NHFR

Norwegian Hip Fracture Register

OA

Osteoarthritis

RCT

Randomised controlled trial

RR

Relative risk

RSA

Radiostereometric analyses

THA

Total hip arthroplasty
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#
Figved W, Norum OJ, Frihagen F, Madsen JE, Nordsletten L.
Interprosthetic dislocations of the Charnley/Hastings hemiarthroplasty - report of 11 cases in
350 consecutive patients. Injury 2006; Feb; 37(2):157-161.
350 consecutive patients treated with a bipolar hemiarthroplasty for an acute femoral neck
fracture was examined retrospectively. 14 patients (4.0%) had a dislocation of the prosthesis.
11 of these were dislocations between the two prosthetic components, usually referred to as
an interprosthetic dislocation, diagnosed at 18 (4-64) days after insertion of the prosthesis.
Very few cases describing this type of dislocation has been reported in the literature, and may
be caused by either an assembly mistake perioperatively, by maximum angulation and
impingement between the components, or by trauma. The median age of the 350 patients was
79 (36-99) and the median age of the 11 patients with an interprosthetic dislocation was 85
years (82-94). The manufacturer examined one retrieved prosthetic head and no irregularities
were found. Only ﬁve of the 11 patients underwent a successful reduction or reoperation of
the prosthesis, three died during hospitalisation, two patients had the prosthesis removed and
one refused treatment accepting a permanently dislocated prosthesis. Mechanical failure after
hemiarthroplasty of the hip is in most cases a devastating complication.

$
Figved W, Dybvik E, Frihagen F, Furnes O, Madsen JE, Havelin LI, Nordsletten L.
Conversion from failed hemiarthroplasty to total hip arthroplasty: a Norwegian Arthroplasty
Register analysis of 595 hips with previous femoral neck fractures. Acta Orthop. 2007
Dec;78(6):711-718.
Between 1987 and 2004, 595 total hip replacements were reported to the Norwegian
Arthroplasty Register as conversion from a failed hemiarthroplasty after a femoral neck
fracture, in patients aged 60 years and older. 122 operations left the femoral stem intact and
473 were converted with exchange of the femoral stem. We found a lower risk of failure
(revision surgery for any reason) for the conversion procedures with stem exchange than for
the conversion procedures that retained the femoral stem. For the conversion procedures with
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exchange of the stem, we found no difference in risk of failure compared to all revision
femoral stems in the register. For the conversion procedures where the femoral stem was
retained, we found a signiﬁcantly increased risk of failure for both the complete prosthesis
and for the acetabular cup compared to primary hip arthroplasties in the Register. We
concluded that implanting an acetabular cup to convert a hemiarthroplasty to a total hip
arthroplasty is an uncertain procedure, and that the threshold for replacing the stem should be
low.

%
Figved W, Opland V, Frihagen F, Jervidalo T, Madsen JE, Nordsletten L.
Cemented versus uncemented hemiarthroplasty for displaced femoral neck fractures. Clin
Orthop Relat Res. 2009 Sep;467(9):2426-2435.
220 displaced femoral neck fractures were randomised to treatment with either a cemented
hemiarthroplasty or an uncemented hydroxyapatite-coated hemiarthroplasty. The same
bipolar head was used in both groups. The mean Harris hip score showed equivalence
between the groups after 3 and 12 months. In the uncemented group, the mean duration of
surgery was 12.4 minutes shorter and the mean intraoperative blood loss was 89 ml less. The
Barthel Index and EQ-5D scores did not show any differences between the groups. The rates
of complications and mortality were similar between groups. We concluded that both
arthroplasties might be used with good results for the treatment of displaced femoral neck
fractures.

&
Figved W, Dahl J, Frihagen F, Snorrason F, Röhrl SM, Madsen JE, Nordsletten L.
Radiostereometric analysis of acetabular wear in hemiarthroplasties of the hip. Submitted.
A phantom model study was conducted to show that radiostereometric analyses (RSA) is
suitable to calculate an accurate three-dimensional computer model of a bipolar prosthetic
head, and is able to measure the acetabular wear in patients with hemiarthroplasties. 22
patients with femoral neck fractures were randomised to treatment with either a cemented
hemiarthroplasty or an uncemented hydroxyapatite-coated hemiarthroplasty. Eight to ten 1
mm diameter tantalum markers were inserted in the pelvis around the acetabulum for
conducting radiostereometric analyses (RSA) of acetabular wear. A mean migration of the
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prosthetic head into the acetabulum of 0.62 mm was found at three months, and a further
migration of -0.07 mm at 12 months. There were no differences between the two groups in
prosthetic head migration or functional outcome. We concluded that RSA may be used for the
measurement of cartilage wear in hemiarthroplasties of the hip, and that after three months
there was no detectable cartilage degradation during the first postoperative year.
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The term ”hip fractures” is the most frequently used term for describing fractures of the
proximal part of the femur. Although the bony parts of the hip also include the acetabulum
and the femoral head, the term is used for describing either a fracture of the femoral neck, a
fracture in the trochanteric region, or a fracture in the subtrochanteric area of the femur
(Figure 1). The term excludes fractures of the acetabulum, the femoral head, and the femoral
shaft, all of which have more diverse and different features than hip fractures, in terms of
clinical presentation, operative treatment and rehabilitation of patients.

'$7."$#"&#"!&!&#$"*  '$.
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The term “femoral neck fracture” is most often used to describe a fracture through the
intracapsular part of the femoral neck, excluding fractures through the lateral area of the
collum femoris. Fractures described as lateral femoral neck fractures, basocervical fractures
or extracapsular femoral neck fractures are less common than intracapsular neck fractures
comprising approximately 7-8% of all femoral neck fractures.1 In the English literature, the
terms “femoral neck fracture” without further specification, “intracapsular hip fracture” and
“intracapsular proximal femoral fracture” have been used interchangeably.

 
The incidences of hip fractures differ throughout the regions of the world. It has been reported
to be highest in The United States, Iceland and the Scandinavian countries, and lowest in
Turkey, Korea, Venezuela and Chile.2;3 There is an exponential increase in incidence with
age, the average age differing from 74 to 82 years in the literature and 81 years in Oslo,
Norway.4-6 Norway has the highest incidence of hip fractures in the world, and the capital of
Oslo has the highest incidence reported in Norway. 59% of the patients are more than 80
years old, only 4% are below 60 and 75% of the patients are women.6;7 Although there has
been an increase in the incidence rate of hip fractures throughout the world during the last
decades, this trend seems to have stopped, and in some countries the hip fracture rates have
even decreased.3;8;9 The number of annual hip fractures worldwide has been reported to be
between 1.3 and 1.7 million.10;11

 
Most patients with a femoral neck fracture have experienced a low-energy trauma such as
falling from erect position to the ground. The usual symptoms of a hip fracture include almost
invariably pain in the affected hip, inability to move and bear weight on the leg, usually
shortening and external rotation of the affected extremity and pain on passive movement.
Standard radiographs in two planes will usually confirm the diagnosis (Figure 2). If the
radiographs are inconclusive, other radiological modalities may in some cases reveal the
suspected fracture. Magnetic resonance imaging has proved to be a useful procedure in these
cases.12-14
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The rationale for classifying fractures in general, is that one subgroup of a specific fracture
type may have a different prognosis or outcome than another, and that the best treatment
between subgroups may differ. Fracture classification systems are meant to provide clinical
guidelines for healthcare professionals, and are essential for conducting research and
comparing results of different types of treatment. Several radiological classification systems
for femoral neck fractures exist, and the most widely used are Garden’s15 and AO.16 For the
treatment of femoral neck fractures, radiological characteristics providing prognostic signs of
healing with internal fixation would be ideal. However, there are problems with interobserver
reliability, and there is a lack of documentation that classifications with multiple subgroups
will predict different healing potential of fractures.16-20 The seemingly simple classification of
displaced and non-displaced fractures has been the most widely used in recent clinical
trials.21-26 However, a clear definition of an undisplaced fracture is missing. In this thesis, a
fracture with an angular displacement in any radiographic plane, not allowing for internal
fixation without reducing the fracture, has been defined as a displaced fracture.
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Almost all patients with femoral neck fractures are treated surgically. Rare exceptions may
include extremely frail or dying patients, where the risk of surgery outweighs the prognosis
without surgery. Nonoperative treatment will inevitably lead to a poor functional result, and is
associated with a high risk of further fracture displacement and pain.27-29

!&$!*&"!
Several devices including screws and pins have been used for treating femoral neck fractures
and more than 100 different types of internal fixations exist. Fractures are either treated with
fixation without any attempt to reduce the fracture, or with closed or open reduction prior to
fixation (Figure 2). The results after internal fixation of undisplaced fractures are reasonably
good27;29-33 with union rates of approximately 90% and complication rates of 10-15%. Internal
fixation remains the evidence-based treatment of choice for undisplaced fractures in patients
of any age. Because of a presumed high mortality rate with arthroplasty, internal fixation has
been recommended for very old and frail patients with displaced fractures, but the evidence

'$9."$#" "$!
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that supports this opinion is very limited.22;34 Internal fixation also remains the treatment of
choice for young patients with both undisplaced and displaced fractures.

 $&$"#%&+
Treatment with hemiarthroplasty involves removal of the femoral head and most of the
femoral neck including the fracture, and inserting a femoral stem with a femoral head the
same size as the patient’s (Figure 4). The acetabulum is left intact. There is substantial
evidence that most patients with a displaced femoral neck fracture should be treated with a
hip replacement: Over the last 10 years, there has been an increase in randomised controlled
trials comparing internal fixation with arthroplasty for the treatment of femoral neck fractures.
Three meta-analyses of RCTs are available, and the most consistent finding is a reoperation
rate of 30-40% for internal fixation and below 10% for arthroplasties.25;26;35 One recent highquality RCT found a poorer functional outcome for internal fixation even in the subgroup of
patients with uneventfully healed fractures.23 Many different types of hemiarthroplasties exist,
and this is explained in more detail in the next section. There is insufficient evidence in the
literature to conclude what surgical approach is best for inserting a hemiarthroplasty to the
hip, and also insufficient evidence regarding what type of hemiarthroplasty that is preferable
in the treatment of femoral neck fractures.36

"&#$&$"#%&+
Treatment with a total hip arthroplasty involves replacing the acetabulum with a prosthetic
cup, in addition to resecting the femoral head and most of the femoral neck, including the
fracture, and inserting a femoral stem with a femoral head with the same diameter as the inner
diameter of the prosthetic cup (Figure 5). There is limited evidence in the literature that
elderly lucid, independent patients may benefit from treatment with a total hip
arthroplasty.35;37 Some of this evidence is based on RCTs with hemiarthroplasties with poor
outcome when compared to better hemiarthroplasties. One recent high-quality RCT including
only lucid healthy patients 70-90 years old, comparing an Exeter cemented bipolar
hemiarthroplasty with an Exeter THA, showed excellent results in both groups and a very
small but still significantly higher HHS in the THA group.38 Two other RCTs, using either
several different bipolar hemiarthroplasties with a different stem than the THA group39 or
using a unipolar prosthesis,40 both conclude that THA may be the best option for some
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patients. The dislocation rate after THA for the treatment of femoral neck fractures differ
greatly between studies, from 0 to 20%.38;41 Although the surgery is more extensive than for
hemiarthroplasties, no differences in mortality have been found. The most common
complications after both hemi- and total hip arthroplasty are dislocations with rates ranging
from 0% to 22% between studies, and infections with rates between 0 to 18%.26

'$;."$#"&"&#$&$"#%&+.
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A multitude of different implants have been used in the treatment of femoral neck fractures,
and an exceeding number of prostheses are available today. The option of combining any
femoral stem with a vast number of different hemiarthroplasty heads gives an abundance of
combinations that are all unique. Most clinical trials compare two prostheses with one or
more different features, but comparisons are difficult because there are several features of an
implant that may affect the end result. It is well known from the available knowledge on total
hip arthroplasty that an ideal prosthesis design for cementing is substantially different from
the best design for uncemented fixation,45 hence, comparing the same implant with or without
cement does not reflect the current standards of treatment. Different prosthetic heads with or
without an additional articulating joint also have different properties such as a spherical or a
slightly aspherical surface, small or big inner head, different locking mechanisms, and
differences in surface material and surface treatment.




19

("'&"!" $&$"#%&+0'!#"$!#"$#$"%&%%
Moore and Bohlman first reported the use of a hemiarthroplasty in 1943.46 The patient was
first seen in 1934, presenting with a 15-month old non-union of a femoral neck fracture. After
several operations and development of a giant-cell tumour, a wax model was made based on
radiographs, and an approximately 12-inch long vitallium prosthesis with a smooth head was
made. He was operated in 1940, a periprosthetic fracture followed that eventually healed.
Nine months after the surgery he moved well without walking aids, and the original paper
states ”moving pictures made 15 months after operation reveal an excellent functional result”.
The patient unfortunately died from cardiac failure almost 2 years after implantation of the
prosthesis. During the 1950s the one-piece prostheses Judet,47 Thompson48-50 and AustinMoore51;52 were gaining popularity in the treatment of various hip conditions including
fractures. The Thompson and Austin-Moore prostheses are still used extensively for treatment
of femoral neck fractures in some countries today.53 Early results were promising and marked
a substantial step forward compared to internal fixation, but complications remained high in
several studies throughout the next decades.54-57 The main problems were loosening of the
femoral stem, acetabular erosion and protrusion of the prosthetic head into the pelvis. In a
review by Lestrange (1990) of seven reports from 1969 through 1982 on the use of the Judet,
the Thompson and the Austin-Moore prostheses, the rate of ”unsatisfactory (fair or poor)”
results ranged from 30 to 48 percent. Later research have also shown a higher revision rate for
these one-piece prostheses than for modern cemented bipolar implants.58 The first step
towards a bipolar hemiarthroplasty was introduced by Christiansen in the late 1960s.59 The
Christiansen prosthesis had a built-in trunnion bearing that allowed some movement between
the stem and the head of the prosthesis. Again the results were promising,60;61 but acetabular
protrusion remained a problem.57 The first true bipolar model with a ball and socket joint
between the femoral stem and the prosthetic head was the Bateman hemiarthroplasty
introduced in 1974.62 The bipolar design was then used in similar models such as the
Giliberty, Monk, and Hastings. Many series with short- and long-term follow-up showed less
pain and decreased protrusion of the acetabulum than previous reports on one-piece
prostheses,63-69 but no randomised controlled trials comparing one-piece prostheses with the
newer bipolar models were undertaken until much later. Early radiological studies of
interprosthetic motion in bipolar hemiarthroplasties showed little or no movement between
the stem and the head over time when analysing passive motion of the hip without weightbearing.70-74 Later studies analysing the interprosthetic movement during weight-bearing
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have, however, showed a preserved movement of the inner joint during the stance phase of
gait.68;75;76 Despite the seemingly obvious differences in favour of bipolar prostheses reported
in separate patient series, the advantages of the bipolar design has yet to be proven in
randomised trials.77-80

'$9."$#"#&!&)&!'%&!/ ""$ $&$"#%&+!
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The outcomes after cemented and uncemented hemiarthroplasties differ between trials and
reports (Table 1). The studied implants have different characteristics, and the fixation
modalities between different types of uncemented arthroplasties also differ: The only known
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comparison of two different uncemented hemiarthroplasties was reported in a retrospective
study by Livesley in 1993.81 48 hydroxyapatite-coated Furlong bipolar hemiarthroplasties
were compared with 34 Moore bipolars with a tendency toward better functional results and
less pain in the group with HA-coated implants. In 2004, Bezwada reported excellent results
in a series of 256 Taperloc uncemented bipolar hemiarthroplasties with a proximal press-fit
design.67 Several recent systematic reviews address the problem with comparing different
types of arthroplasties that may have shortcomings with stability of fixation that is not
directly related to whether they are cemented or not: Parker conclude in a Cochrane review
(2006) that there is limited evidence that cemented prostheses may be associated with less
pain.82 In a more recent systematic review that included 11 studies, Ahn (2008) found no
differences in mortality, complications or pain – addressing the need for high-quality clinical
trials with consistent reporting of outcomes using implants meeting the standards of our
current practice.83 Discussing the problem with different features of implants even further in a
review, Heetveld (2009) stated that the differences found between different types of
hemiarthroplasties is minimal, except for the cementless Austin-Moore prosthesis which is
out-dated.37 Rogmark (2006) came to the same conclusion in a meta-analysis of 14
randomised controlled trials.35 By some researchers, the cementless Austin-Moore prosthesis
is still being defended as a treatment option for frail elderly patients.84

 !&/$&" #&"!%!&
Cement-related cardiovascular and respiratory complications and fatalities have been well
known since the advent of cementing techniques. A cemented femoral stem may be associated
with a small increase in mortality compared with an uncemented stem.85-88 In a prospective
but not randomised trial of 1000 patients with different hip fractures that included 291
cemented and 54 uncemented Monk prostheses, Holt (1994) found an increased mortality rate
in the cemented group, the day of discharge being the final follow-up, even when patients
who were frail and had a high risk for anaesthesia were specifically allocated to the
uncemented group.89 Most clinical trials and patient series are too small to detect any
differences in mortality between treatment with a cemented or an uncemented femoral stem.
Conversely, an uncemented prosthesis may be associated with design-specific complications
such as thigh pain, and a higher risk of periprosthetic fracture.45;90
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The overall objective of this thesis was to explain different aspects and features of
hemiarthroplasties for the treatment of femoral neck fractures. The specific aims of the
present studies were, in the form of research questions:

1

What are the outcomes after interprosthetic dislocations of the Charnley/Hastings
hemiarthroplasty? Do patients with this complication have any common features?

2

What are the results of conversion from failed hemiarthroplasties to total hip
arthroplasties?

3

Is there a difference in complications, functional outcome and quality of life between
cemented and uncemented hemiarthroplasties using well-documented femoral stems?
Does the use of a well-documented and modern bipolar HA-coated hemiarthroplasty
benefit patients in terms of postoperative pain and earlier mobilisation, compared to
clinical trials of previous-generation cementless implants?

4

Is it possible to measure the acetabular wear in a bipolar hemiarthroplasty using
radiostereometric analysis (RSA)? What is the extent of early cartilage wear of the
acetabulum after hemiarthroplasty? Is there a difference in acetabular wear between a
cemented and an uncemented hemiarthroplasty?
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The 350 consecutive patients in paper 1 were treated for an acute, displaced femoral neck
fracture with a Charnley/Hastings bipolar hemiarthroplasty between January 1998 and April
2003 at Asker and Bærum hospital. A retrospective study was conducted using the patients’
complete charts and radiographs. No patients were excluded from the series, and there was no
control group. 86% of the patients were followed up at 8 weeks with a radiological and
clinical examination. All but one patient lived in the hospital catchment area.

#$80$%&$%&'+
The 595 procedures included in paper 2 were a Norwegian Arthroplasty Register analysis of
conversion from failed hemiarthroplasty to total hip arthroplasty. The Norwegian
Arthroplasty register (NAR) was established by the Norwegian Orthopaedic Association in
September 1987.108;109 The register collects information on primary and revision total hip
arthroplasties from all hospitals in Norway, based on a form completed by the surgeon after
surgery (Appendix 1). The register has been validated and has an excellent reporting rate,
both for primary and revision surgery110;111 and contains prospective data on more than
110,000 primary hip arthroplasties and 18,000 revisions.1 The study was based on data from
September 1987 to December 2004, selecting patients 60 years or older, leaving 595
conversion procedures for further analyses. 74,865 primary total hip arthroplasties, 4,145
revisions, and subgroups of these procedures were used as control groups in various analyses.
Subsequent procedures conducted on the same hip were defined as end-points, using the
personal identification number for Norwegian citizens.

#$90$!" %"!&$"&$
The 230 hip fractures included in this randomised controlled trial were recruited from Asker
and Bærum hospital (150 fractures) and Ullevål university hospital (80 fractures) between
September 2004 and August 2006. The patients were randomised to treatment with either a
Spectron cemented or a Corail uncemented hemiarthroplasty. All patients received the same
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bipolar head. All patients 70 years or older who were admitted with a displaced femoral neck
fracture were eligible for inclusion. Patients who had fractures caused by malignant disease,
had ongoing infectious disease, had previous symptomatic hip disease such as osteoarthritis,
or who were unable to walk before the fracture, were excluded. Of the 390 patients who were
admitted with 402 intracapsular femoral neck fractures, 239 patients (247 fractures) were
eligible for inclusion and 223 patients (230 fractures) were recruited. There were three
protocol violations in the cemented group and seven in the uncemented group, leaving 112
and 108 hips in the respective groups for the per-protocol analyses. The patients were
followed at three and 12 months postoperatively. No patients were completely lost to followup.

#$:0#!&"  "%&'+"")+$!" %"!&$"&$
The 22 patients included in this study were recruited from Ullevål university hospital from
March 2006 to January 2008 and were randomised according to the protocol for the clinical
trial presented in paper 3. The same criteria for inclusion and exclusion were applied, but the
age-limit was lowered to 65 years or older and the patients had to be able to walk without aids
to be eligible for inclusion. The study started as a subgroup of the large clinical trial with 230
hip fractures, but only three patients were included before the original trial stopped including
patients. Therefore, the remaining 19 patients were included only in this smaller trial. The
patients received the same treatment as in paper 3, with addition of the insertion of eight to
ten 1 mm diameter tantalum markers spread around the acetabulum for conducting
radiostereometric analyses (RSA) of acetabular wear. Patients were followed at 3 and 12
months postoperatively.
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The patients in paper 1 were all operated with a Charnley/Hastings bipolar cemented
hemiarthroplasty (DePuy International Ltd, Leeds, UK). The patients in papers 3 and 4 were
randomised to treatment with either a Spectron cemented femoral stem (Smith & Nephew,
Inc, Memphis, TN, USA) or a Corail uncemented femoral stem (DePuy International Ltd,
Leeds, UK), a 28 mm cobalt-chromium head and the same Mobile Cup bipolar head (DePuy
International Ltd, Leeds, UK). For all patients in papers 1, 3 and 4, surgery was standardised
using a posterolateral approach with a T-shaped incision of the joint capsule, repair of the
capsular incision over the prosthetic head and repair of the piriformis and small lateral rotator
tendons. All patients were given 2 g preoperative intravenous cefalotin and an additional three
doses the ﬁrst 24 hours after the operation. All patients received a daily dose of 5000 IU lowmolecular-weight heparin subcutaneously for at least 7 days. Early mobilisation was
encouraged in all patients with full weight-bearing when tolerated. The surgeons on call
performed all procedures according to the departmental routines: In paper 1 there were 31
different resident surgeons and 6 consultants. In paper 3 there were 36 surgeons involved and
in paper 4 only five surgeons who were trained for inserting tantalum markers performed the
surgeries. The patients in paper 2 were reported to the Norwegian Arthroplasty Register
because they were treated with conversion from a failed hemiarthroplasty to a total hip
arthroplasty.

 
In paper 1 the objective was to describe the outcome after interprosthetic dislocations of the
Charnley/Hastings hemiarthroplasty. The primary outcome was the result after treatment for
an interprosthetic dislocation of a hemiarthroplasty. The secondary outcomes were subsequent
complications, reoperations and death. In paper 2 the results after conversion from failed
hemiarthroplasty to a total hip arthroplasty were assessed using subsequent procedures after
conversion as end-points. The main outcome was the risk of a subsequent revision after
conversion. The secondary outcomes were the number of reoperations, the number of
perioperative complications, survival of separate prosthetic components, and death. In paper
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3 the clinical result after cemented or uncemented hemiarthroplasty was assessed using Harris
hip score112 (Appendix 2) as the main outcome measure. Secondary outcomes were EQ-5D113
(Appendix 4), Barthel Index114 (Appendix 3), surgical complications and reoperations. In
paper 4 the main outcome was the acetabular wear of hemiarthroplasties measured using
radiostereometric analysis – with penetration of the bipolar head into the acetabulum as a
function of time. Secondary outcomes were Harris hip score,114 EQ-5D113 and Barthel
Index.114

$$% #"$
The Harris hip score (Appendix 2) was originally developed for evaluating arthroplasty
treatment of traumatic arthritis of the hip after dislocation and acetabular fractures.112 It is
widely used by surgeons as a measurement of disability and pain in osteoarthritis in
general.115 It has been used in several recent clinical trials comparing different treatment
methods for femoral neck fractures,23;38;41 and has been found to have a good discriminatory
ability and responsiveness in patient populations with femoral neck fractures.116 The Harris
Hip Score has a maximum of 100 points indicating no presence of hip pain or symptoms.
There are several subsets of scoring comprising pain (0-44 points), gait (0-33 points),
activities (0-14 points), range of motion and absence of deformity (0-9 points).

$& !*
The Barthel Index (Appendix 3) is a scale used to measure a patient’s ability to perform
activities of daily living (ADL) – the score is also referred to as the Barthel ADL Index. It
consists of ten items describing ADL and mobility with a possible total score of 0-20. A
higher number is associated with a greater likelihood of living without attendant care: A
patient with a BI of 20 is “continent, feeds himself, dresses himself, gets up out of bed and
chairs, bathes himself, walks at least a block, and can ascend and descend stairs”.114 The BI
has been found to be appropriate for use on patients with femoral neck fractures.116

/;
EQ-5D113 (Appendix 4) is a standardised instrument for use as a measure of health-related
quality of life. It is applicable to a wide range of health conditions and treatments. EQ-5D was
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originally designed to complement other instruments but is now increasingly used as a 'stand
alone' measure. It is designed to be completed by the respondents, and instructions are
included in the questionnaire. The form consists of two parts: The EQ-5D descriptive system
and a visual analogue scale (EQ-VAS). The first part consists of five questions regarding
mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, each with three
possible responses (no problem, some problems, major problems). Based on the answers
given, the EQ-5D index score is calculated from a large European reference population.117 An
EQ-5D index score of less than zero indicates the worst possible health state, and a score of 1
indicates the best possible health state. The second part is the EQ-VAS comprised solely of a
20-cm visual scale ranging from zero (worst) to 100 (best). The respondent is asked to draw a
line indicating his or her opinion of their health status today. The EQ-5D has also been found
to be appropriate for use on patients with femoral neck fractures.116

   !
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Radiostereometric analysis (RSA) is a widely used and well documented method for
measuring very small three-dimensional movements between prosthesis components, or
between a prosthesis and the patient’s skeleton. Minimal movements of prosthetic
components in an early postoperative phase, have proven to be indicative of good long-term
results for arthroplasties.118;119 The method consists of placing small 1 mm radiopaque
spherical tantalum (Ta) markers (balls) into the patient’s skeleton. Two simultaneous
radiographs are used for computer-assisted calculations of movements between prosthesis
components and the markers, in three dimensions. Two review articles describe this method
in detail.120;121 The method is explained in more detail in paper 4.

!&"  "%&'+
We found no studies in the literature making use of RSA for measuring the penetration of a
prosthetic head into an untouched acetabulum. Therefore, we conducted a phantom model
study using a plastic pelvis with inserted tantalum markers and a bipolar hemiarthroplasty
(Figure 6 and 7). Eight sets of double-exposure radiographs were taken, and the position of
the bipolar head was altered between each set. Analyses of the point motion between the sets
showed that the rotation of the head about its axis of symmetry had no influence on the
distance between the head and the acetabulum in any of the three dimensions X, Y and Z. We
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concluded that this method calculates an accurate three-dimensional model of the bipolar
head, and should be able to measure the acetabular wear in patients with hemiarthroplasties.
While conducting the final RSA analysis for paper 4, one research paper was published on
the same method for measuring the prosthetic femoral head impact on acetabular articular
cartilage in a hemiarthroplasty model in sheep.122
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In paper 2, we used Kaplan-Meier analysis to calculate survival probabilities with 95%
conﬁdence limits at 5 and 10 years. The reverse Kaplan-Meier method was used to calculate
the median follow-up.123 Adjusted survival curves were calculated using Cox regression.
Multiple Cox regression analyses were performed to calculate relative risks (hazard ratios) for
the different covariates (age, sex, cemented vs. uncemented implants, and indication for the
index operation). For all analyses in paper 2, we used the statistical packages S-Plus (S-Plus
2000 for Windows; MathSoft Inc, Seattle, WA, USA) and SPSS version 13 for Windows
(SPSS Inc, Chicago, IL, USA). In paper 3 and 4, t-tests were used for analyses of Harris hip
score, EQ-5D index score, and analyses of continuous variables. For the primary outcome,
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Harris hip score, we used the equivalence criterion,124 defining equivalence between the two
groups if the 95% confidence interval of the difference in Harris hip score was completely
within the interval of -10 to 10 points. Two-tailed Fisher’s exact test was used for analyses of
dichotomous variables. In paper 3 and 4, all analyses were conducted on per-protocol basis
to minimize the risk of falsely concluding equivalence. Power calculations were conducted
using SPSS SamplePower 2.0 for Windows (SPSS Inc, Chicago, IL, USA) and were verified
using Altman’s nomogram.125 For paper 3 and 4, versions 16 and 17 of SPSS Statistics for
Macintosh were used for all statistical analyses (SPSS Inc, Chicago, IL, USA).
Randomisation was performed using a computer random number generator with permuted
blocks of ﬁve (http://www.randomization.com).
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Paper 1 demonstrated that the results after interprosthetic dislocations of the
Charnley/Hastings hemiarthroplasty are poor: These 11 patients were generally old and frail;
only two patients had an uneventful recovery following a successful reduction of the
dislocation. One recovered successfully after a myocardial infarction, two died before the
planned follow-up, three died during hospitalisation, two had a girdlestone procedure, and one
refused treatment.

In paper 2 we found that the median annual incidence of conversion arthroplasty reported to
the Norwegian Arthroplasty Register was 35. The most important finding was the
significantly lower risk of failure (revision surgery for any reason) for the conversion
procedures with stem exchange than for the conversion procedures that retained the femoral
stem (RR = 0.4; 95% CI: 0.25 to 0.81). The predominant cause of subsequent surgery after
conversion to a total hip arthroplasty was stem loosening in the group with stem exchange and
dislocation in the group with retention of the stem. For the 122 conversion procedures in
which the femoral stem was retained, we found an increased risk of failure for both the
complete prosthesis (RR = 4.6; 95% CI: 2.8 to 7.6) and for the acetabular cup (RR = 4.8; 95%
CI: 2.3 to 10) compared to primary hip arthroplasties. There was no difference in cup survival
when comparing the group of 122 procedures involving retention of the femoral stem with all
ﬁrst cup revisions in the register involving retention of the stem (RR = 0.8; 95% CI: 0.3 to
1.9). For the 473 conversion arthroplasties with exchange of the stem, we found no difference
in risk of failure compared to all revision stems in the register, neither for the complete
prosthesis (RR = 0.8; 95% CI: 0.50 to 1.20) nor for the stem (RR = 0.9; 95% CI: 0.53 to
1.59).

In paper 3 we found equivalent Harris hip scores between the two groups with a mean
difference of 1.18 at three months (95% CI: -4.3 to 6.7) and 0.89 at 12 months (95% CI: -4.2
to 6.0). No other outcome measures showed any difference between the groups except for a
shorter duration of surgery of 12.4 minutes in the uncemented group (p < 0.001; 95% CI: 7.2
to 17.6) and a difference in intraoperative blood loss between 300 ml in the uncemented
group and 390 ml in the cemented group (p < 0.001; 95% CI: 42 to 137).The rates of
complications and mortality were similar.
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In paper 4 we showed that radiostereometric analysis may be used for measuring the
acetabular wear in hemiarthroplasties of the hip, described as the point migration of the centre
of the prosthetic head relative to a rigid body of tantalum markers implanted around the
acetabulum. In the phantom model study, we showed that the motion of the center of the
prosthetic head relative to the pelvis was not influenced by the orientation of the prosthetic
head. In the clinical trial, we found no difference between the cemented and the uncemented
group. After an initial period of weight-bearing and seating of the bipolar head in the
acetabulum, there was no wear from three to 12 months: A mean migration of the prosthetic
head into the acetabulum of 0.62 mm was found at three months (95% CI: 0.27 to 0.97) and a
further migration of -0.07 mm at 12 months (95% CI: -0.16 to 0.32).
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This thesis is based on four papers ranging from a retrospective descriptive study in paper 1,
a register study in paper 2 and randomised controlled trials in papers 3 and 4. The level of
evidence will therefore vary between the papers according to the Oxford Centre for Evidencebased Medicine (http://www.cebm.net). The evidence in paper 1 would be of level 4, being a
retrospective study describing the results of a specific treatment and subsequent
complications, with no control group. Increasing the level of evidence in study on this topic is
difficult: Further research exploring the results after treatment of a dislocated
hemiarthroplasty would need a larger number of patients experiencing this complication,
possibly a large register study. A randomised controlled trial (RCT) of different treatment
modalities would be extremely difficult, both ethically and methodologically. This also
applies to paper 2, which is a retrospective study based on prospectively collected data. Like
other studies from the Norwegian Arthroplasty Register (NAR), this is a prognostic cohort
study, and the evidence is probably of level 2. The evidence in this paper should be
interpreted with caution, as there are several confounding factors not accounted for by the
adjustments using Cox regression analyses: Most important, the selection of patients in need
of surgery to either conversion to a THA, to a different surgical procedure that does not
involve conversion, or to no surgery. The latter two would not cause the surgeon to file a
report to the NAR. Paper 3 was given the rating of a level 1 therapeutic study by the journal,
defined as a high quality randomised trial with statistically significant difference or no
statistically significant difference but narrow confidence intervals. Although the evidence in
this paper is of level 1, it is important to keep in mind that an RCT of this size lacks the
statistical power to show any potential differences in less common complications between the
groups, such as cement-related complications and death, periprosthetic fractures, and
infections.

Both paper 3 and 4 contains a well-defined primary outcome, a power analysis including
details of how the sample size was determined, and adequate reporting of the results. The
RCTs in paper 3 and 4 were conducted in accordance with the CONSORT (Consolidated
Standards of Reporting Trials) Statement.126 The evidence in paper 4 is, however, of lesser
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quality, because there were no difference in the primary outcome between the two groups.
Although the sample size calculation was performed with a properly defined effect size, the
results in this trial indicate that a larger number of patients or a longer follow-up would be
needed to show a difference between the groups. Therefore, the evidence in paper 4 is
probably of level 2. Nevertheless, the strength of this paper lies in our primary aim of
showing that RSA may be used for measuring acetabular wear in hemiarthroplasties, and the
narrow confidence interval of the acetabular wear between three and 12 months.

   





In paper 1 we found an overall dislocation rate of 4% and 11 of 14 dislocations were
interprosthetic. In the literature, the rate of dislocation ranges from 0 to 22%.26 It is uncertain
whether the outcome after an interprosthetic dislocation is worse than after a dislocation of an
intact prosthesis: A separation of prosthetic components will almost definitely need surgical
treatment, whereas a dislocated but intact prosthesis may have a higher probability of
successful closed reduction (Figure 8 and 9). Nonetheless, the outcome of dislocation of a
hemiarthroplasty is in general very poor. In a retrospective review of 1000 consecutive
hemiarthroplasties, Blewitt (1992) reported a mortality as high as 65% for patients with a
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dislocation, and a rate of re-dislocation of 75%.127 Sierra (2006) reported that closed reduction
resulted in no further surgery in only 30% of dislocations in a series of 1812 patients treated
with a bipolar hemiarthroplasty.128 Mental disease or cognitive impairment is a known risk
factor for dislocation, both for THA and hemiarthroplasties.41;129;130 Although there is
insufficient evidence in the literature with regard to what surgical approach is best for
inserting a hemiarthroplasty to the hip, there is a trend towards a higher dislocation rate when
using the posterior approach and a lower rate when using an anterior approach.26;131;132 Large
and probably multi-centre RCTs comparing different surgical approaches, preferably using
the same prosthesis, are needed to show a potential advantage of an anterior approach. The
optimal treatment for a dislocated hemiarthroplasty will necessarily depend on the type of
prosthesis and the status of the patient.

Paper 2 should be followed by a similar study using patients from the Norwegian Hip
Fracture Register (NHFR),133;134 rather than the Norwegian Arthroplasty Register. The NHFR
was started as a separate register in 2004 and contains a nation-wide registration of all hip
fractures, including type of fracture and specific treatment method. While the NAR only
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records procedures where a prosthetic component is implanted, replaced or removed – the
NHFR records all subsequent procedures regardless of implants. The 595 patients in our study
were selected based on a reported reoperation for a failed hemiarthroplasty that was originally
implanted for the treatment of a femoral neck fracture (Figure 10) – there was no information
regarding type or brand of the original hemiarthroplasty, and the reported indications for
conversion were inconsistent. A similar study from the NHFR would be able to present
important information such as the specific indication for conversion and the type of
hemiarthroplasty in need of conversion. Most important, it would be able to present all
secondary procedures conducted on failed hemiarthroplasties that do not necessarily involve
conversion to a THA (Figure 11). Several patient series of conversion of failed
hemiarthroplasty to THA have demonstrated high rates of perioperative and postoperative
complications.135-139 While most studies have reported a high rate of postoperative
dislocations, one as high as 50%140, other studies have reported low dislocation rates.141;142
This type of surgery is technically challenging, and both surgical techniques, approaches and
different prosthetic designs need further investigation. The role of acetabular components
specifically designed for preventing dislocation should also be assessed.143
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In paper 3 we found equivalent Harris hip score between a cemented and an uncemented
hemiarthroplasty. Meta-analyses and systematic reviews have failed to provide evidence of
less pain after cemented hemiarthroplasty,82;83 but a trend towards less pain when using
cemented implants has been reported.82 This finding is strongly influenced by the inclusion of
studies using the uncemented Austin-Moore hemiarthroplasty which has been shown to have
inferior functional results and a poor prosthesis survival.35;37;58 The results in our study only
shows that treatment with one specific uncemented hemiarthroplasty gave the same functional
results as the cemented hemiarthroplasty that was used. This finding might be generalised to
some extent, as it is highly probable that similar HA-coated proximal press-fit uncemented
hemiarthroplasties would give the same results. This should, however, be assessed in further
RCTs. The many studies comparing cemented and uncemented hemiarthroplasties (Table 1),
the one study comparing two uncemented hemiarthroplasties,81 and the findings in our study,
illustrate that the seemingly diverging results may indeed show a pattern: Well-fixed
uncemented femoral stems may lead to the same good results as cemented stems. The studies
showing poor outcomes after uncemented hemiarthroplasty have all used femoral stems that
are not used for THA. Unsatisfactory fixation in the femoral canal may lead to pain and
loosening of the prosthesis. The abundance of clinical trials, case series with long-term
follow-up, and arthroplasty registers studying implants used for total hip arthroplasty, provide
strong evidence of superior long-term results with uncemented femoral stems.45;144 To
examine the possible differences in complications between hemiarthroplasties of different
design and fixation method, very large RCTs or register studies would be needed. Both
functional results and the panorama of possible complications may be related to features of a
specific implant that is unrelated to the use of cement in the femoral canal.145

Paper 4 should be regarded as a pilot study, demonstrating a new application of RSA for
measuring the acetabular wear in hemiarthroplasties. It was designed as an RCT comparing
the acetabular wear of cemented and uncemented hemiarthroplasties, but we did not find any
differences between the groups. It has been suggested that HA-coated femoral stems may
increase osteolysis and acetabular wear,146 but we did not expect to find any differences after
a follow-up of only 12 months. Of the 22 patients included, there were eight who were unable
to participate in the 12-month follow-up because of death (3), dislocation (2), and withdrawal
from the trial (3). We are currently conducting a 3-year follow-up of the remaining patients.
We found no acetabular wear from three to 12 months. An RCT comparing the acetabular
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wear of a bipolar and a unipolar hemiarthroplasty in 30 patients is now including patients at
Asker and Bærum hospital, using the same RSA method.
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1.

After inserting a cemented bipolar hemiarthroplasty or an uncemented HA-coated
press-fit bipolar hemiarthroplasty for a femoral neck fracture, the functional outcome
measured with Harris hip score is equivalent between the two groups at three and at 12
months. Furthermore,
a) There is no difference in mortality up to 24 months.
b) Reoperation rates and complications are similar.
c) Duration of surgery is shorter with the uncemented implant.
d) Perioperative blood loss is lower with the uncemented implant.

2.

Radiostereometric analysis (RSA) is suitable for measuring the acetabular wear in
hemiarthroplasties, and:
a) After an initial period of three months, the acetabular wear is very low in bipolar
hemiarthroplasties.
b) There is no difference in acetabular wear between cemented and uncemented
bipolar hemiarthroplasties up to 12 months.

3)

Conversion from a failed hemiarthroplasty to a total hip arthroplasty is an uncertain
procedure, due to high rates of subsequent complications. Implanting an acetabular cup
to convert a hemiarthroplasty to a THA carries a high risk of early failure, mainly
because of dislocations.

4)

The outcome after interprosthetic dislocation of a bipolar hemiarthroplasty is poor.
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Further research should be conducted on an implant-specific basis as opposed to conceptbased. From the literature on total hip arthroplasty, it is clear that minor changes to a specific
implant may alter the results dramatically. The following questions remain unanswered, and a
vast number of RCTs will be needed to answer them to the fullest extent possible. By using
femoral stems commonly used for THA in all patients, cemented or uncemented, the results
of RCTs would be easier to compare and extraction of data for meta-analyses would be
simplified. There is a need for more randomised controlled trials that 1) compare specific
hemiarthroplasties, cemented and uncemented. Larger studies may reveal differences in less
common complications such as periprosthetic fractures, cement-related mortality and
infection rate. 2) compare total hip arthroplasty with both bipolar and unipolar
hemiarthroplasty, using the exact same femoral stem, with a follow-up of more than one year,
and 3) compare different types of unipolar and bipolar hemiarthroplasties with special
emphasis on the long-term outcome and acetabular wear.

1)

Are the findings in this thesis reproducible? Will other comparisons of press-fit
uncemented femoral stems and cemented stems used for hemiarthroplasty show
equivalent results?

2)

Is there a difference between bipolar and unipolar hemiarthroplasties with regard to
long-term outcome and acetabular wear, when the exact same femoral stem is used in
both groups?

3)

Is the optimal shape of a bipolar or a unipolar head spherical or slightly aspherical?

4)

What is the optimal diameter of the prosthetic head of a hemiarthroplasty – slightly
larger, slightly smaller or the same diameter as the resected femoral head?

4)

Will a large-diameter femoral head or a dual-mobility cup give the best result after
conversion from hemiarthroplasty to total hip arthroplasty?

5)

What subgroup of patients will benefit from total hip arthroplasty rather than
hemiarthroplasty, when the exact same femoral stem is used?

6)

What is the optimal type of total hip arthroplasty for the treatment of femoral neck
fractures, regarding femoral head size, method of stem and cup fixation, and cup
design?
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