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Chapter 1
Introduction to outcome
assessment in total hip 
arthroplasty



disability.14 During the past 15 years, the total direct and indirect costs of musculo-
skeletal diseases have risen, accounting for up to 1-3.5% of the gross national pro-
duct of countries like Australia, Canada, the United States, the United Kingdom or
the Netherlands.15,16 However, the burden of arthritis on society remains underap-
preciated.17 In the United States, a study investigating the relationship between fun-
ding by the National Institute of Health (NIH) and the burden of diseases included
neither arthritis nor any other musculoskeletal condition.18 In line with demographic
changes and in view of the poor awareness of the burden of arthritis, the United
Nations, the World Health Organisation and National governments have declared the
years 2000-2010 as the ‘Bone and Joint Decade’ to draw attention to the increasing
impact musculoskeletal conditions will have on world health as life expectancy incre-
ases.15,19

History
During the late 1800s and early 1900s, several attempts were made to replace the hip
joint with interpositions of organic or inorganic material. The first artificial hip
implant can be attributed to Thermistokles Gluck, who implanted in 1891 in Berlin a
femoral head of ivory, fixed with plaster of Paris and glue.20,21 The results of these
experiments were poor, because of severe infection problems and foreign body tissue
reactions. As of 1923, Smith-Petersen designed several cups made of respectively
glass, Pyrex (a special glass) and Bakelite. The glass cups broke easily while the
Bakelite produced too much foreign body reaction. In 1937 he introduced a cobalt-
chrome (Vitallium) arthroplasty, resurfacing the femoral head.22,23 In 1950, the Judet
brothers designed a stemmed femoral acryl prosthesis, but the prosthesis often frac-
tured and caused foreign body reactions.24 Moore developed a cobalt-chrome, stem-
med, intramedullar, femoral component in 1957.25 All these prostheses were
hemi-arthroplasties. With hemi-arthroplasties becoming popular for the treatment
of intracapsular hip fractures, it was logical to expand the concept by including an
acetabular component. One of the first total hip arthroplasties was introduced by
McKee and Watson-Farrar, in 1966, who used an all-metal acetabular component
combined with a metal stem.26 Long term results of the metal-on-metal McKee-
Farrar prosthesis showed insignificant wear of the articulating surfaces.27 Metal-on-
metal articulations are receiving renewed attention during the last decade.28 When
McKee used acrylate cement to fix the Moore stem into the femur, he achieved good
durability in a majority of patients at 5-10 years.26

Sir John Charnley (1911-1982) recognized the importance of low friction in the arti-
ficial joint and reduced the diameter of the femoral head in his stainless steel
prosthesis to reduce frictional torque at the implant-host interface.29 His attention
was called to the possibilities of using polymethylmethacrylate (PMMA) cement by
Leon Wiltsie and Charnley quickly adopted it.30 Charnley also introduced the use of

Since the introduction of modern hip prosthetic surgery in 1961 by Charnley, total
hip arthroplasty (THA) (Figure 1) has dramatically improved quality of life in many
patients affected by disease of the hip joint.1,2 Nowadays, more than one million
patients worldwide are treated with a hip replacement annually, and the procedure
has evolved as one of the most cost-effective interventions in surgery.3-6 In the
Netherlands, the number of primary THAs has increased with 270% from 6,751 pro-
cedures in 1980 until 18,186 procedures in 2000, because of widening of indications
for THA due to the excellent results achieved with the procedure, as well as because of
an aging population.7 The most common indication for THA is primary osteoarthri-
tis (OA), a chronic disease that increases in prevalence with age.8 Apart from primary
OA (74%), other hip diseases leading to THA are secondary OA after hip fracture
(11.4%), rheumatoid arthritis (4.8%), avascular necrosis of the femoral head (2.9%)
and sequelae after childhood diseases (1.5%).9 In The Netherlands, the prevalence of
radiological hip OA is about 15% in females and 11% in males, in the age group over
70 years of age.10 The socioeconomic burden attributable to OA is tremendous.
Patients report significant impairment in their ability to perform activities of daily
living and in their quality of life.11 The psychosocial dimension is also altered, with
symptoms of depression having been reported.12 As a consequence, OA results in
high healthcare costs13 as well as non-medical costs such as those related to work
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Figure 1

Total hip replacement using bone cement. (© JJ Verlaan, 2004)



aseptic loosening is the main cause for late implant failure, requiring revision of the
prosthesis.3 Revision surgery is more difficult, more costly, has more complications
and generates worse results than primary surgery does.43,44 The main reason is struc-
tural bone loss, suboptimal soft tissues and increased infection risk.32 The fraction of
revisions in relation to primary plus revision operations is a crude measure by which
the quality of primary THA can be compared internationally.45 In the Netherlands,
revision burden in the period 1986-2000 was around 11%.7 The revision burden in
other countries varies from 8% (Sweden), 15% (Norway, Denmark, England) to 18%
in the USA and 24% in 8% Finland.45

Aseptic loosening
In the majority (76%) of revision operations, the reason for revision is aseptic loose-
ning of the prosthesis.46 Aseptic loosening is often preceded by periprosthetic osteo-
lysis, which at present is believed mainly to be caused by particulate wear debris from
the prosthesis. At first, earlier studies suggested that osteolysis was a ‘cement disease’,
because PMMA was (and still is) thought to cause bone necrosis repaired by
fibrosis.47,48 However, the newer uncemented implants eventually developed even
more severe osteolysis with similar histological patterns in the osteolytic lesions as
compared to cemented implants.49 Regular follow-up of THA is important to dia-
gnose osteolysis in an early stage, before bone loss has increased to an extent at which
revision becomes more difficult. It has been shown that the use of antibiotic bone
cement prevents the number of revisions performed for aseptic loosening.50,51 This at
least suggests that the current incidence of infections is underestimated by conven-
tional diagnostic methods and that a certain number of revisions is probably caused
by low-virulent infection that is mistaken for aseptic loosening.52 However, because
of low sensitivity and specificity of diagnostic tests, the differentiation between asep-
tic loosening and low-grade infection remains a difficult problem.42

Septic loosening
In about 7% of the cases, revision of THA is performed because of deep infection of
the prosthesis.46 Deep infection after THA is a devastating complication, and remains
a challenging diagnostic and therapeutic dilemma associated with decreased patient
satisfaction, significant morbidity and mortality.53 Improved surgical procedures and
antibiotic prophylaxis have contributed to the current low infection rate in primary
THA (0.6-1.3%).54 However, the incidence of infection in THA will probably increa-
se due to an increasing use of THA in elderly patients, who have an increased infecti-
on risk.32

Pathogenesis. There are three routes by which microorganisms can reach the peri-
prosthetic space: contamination at the time of surgery, migration to the joint from a
superficial wound infection, and haematogenous inoculation by spread from a
distant focus.42 The main source of bacteria is the skin in both patients and operating

high molecular weight polyethylene (HMWPE) cups, after experiments with polyte-
trafluorethylene (PTFE) which showed many problems with wear and foreign body
reactions.31 This THA combination was inserted for the first time in November 1962,
and although the design was modified since then, it has ever since provided long-
term pain relief and improved function for vast numbers of patients world-wide.32

Since Charnley, many THA designs have been introduced with different shapes,
materials and fixation techniques. Most have undergone several modifications over
time in order to solve problems with early loosening and hardware failure. The effect
of these modifications is difficult to evaluate because several alterations were usually
made simultaneously. As a rule, implants did well in the hands of their inventors but
yielded worse results when used in common practice. This proves that apart from
implant design, surgical technique is an important parameter in the success rate of
THA.32 For instance, revision percentages of the Charnley prosthesis in specialist
centres are about 5% at 10 years33,34 and 10% at 20 years, while the revision percenta-
ge at 5 years of a Charnley prosthesis from a regional register in England was only
8%.35,36 Apart from the Charnley prosthesis, similar and sometimes even better
results have been achieved with several other prosthesis designs like the Lubinus SP-
II, the collared Spectron EF and the tapered, highly polished Exeter prosthesis.9,37

Indications for THA
The Dutch consensus statement on the indication for THA states that candidates for
THA are patients, who - in spite of adequate conservative treatment - are that much
disabled by pain and stiffness of the hip joint that impairment in function and
dependency on others result.38 Further, the consensus statement emphasizes the
importance of considerable joint damage on radiographs. However, it is unclear whe-
ther and to what extent this guideline is applied in clinical practice.
Several studies found that patients with greater pain and dysfunction preoperatively,
i.e., at a later point in the natural history of functional decline of the disease process,
did not improve to the level achieved by those with higher preoperative function.39,40

Therefore, traditional orthopaedic practice, to delay surgery as long as possible,
might need to be re-evaluated in view of these findings, especially in elderly
patients.41

Results after THA
The complication rate after THA, when operated with contemporary techniques is
low. Because of the total number of operations, however, complications associated
with THA will still affect a relative large number of patients. During the first three
decades of THA surgery, the infection rate has been reduced from 9% to less than
1%,42 and due to improved materials and design, implant fractures are rare. Today,
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systemic antibiotic prophylaxis and antibiotic containing bone cement can lead to
the development of antibiotic resistance.62,68 Sanzén and Walder found an increased
resistance to gentamicin in patients after joint replacement in most of whom genta-
micin containing bone cement was used.69 An experimental study in rats showed an
increased resistance of Staphylococcus epidermidis to gentamicin after subcutaneous
implantation of gentamicin containing bone cement.70 However, gentamicin
resistance has not shown to be more common in countries using bone cement con-
taining antibiotics.71 The problem of increasing multiresistant CNS has also been
found in other medical fields, especially in infections of vascular prostheses and
intravenous catheters.72,66,73 There is also evidence that resistant skin flora can deve-
lop as a consequence of antimicrobial prophylaxis given.74 In a large European study,
a correlation was found between antimicrobial resistance of S. pneumoniae to peni-
cillin and the use of beta-lactam antibiotics and macrolides.75 Furthermore, in the
development of resistant bacteria, it should also be remembered that more than half
of the total production of antimicrobial agents is used in animal husbandry.76 There
is also evidence that multiresistant strains of CNS are often transferred from hospital
staff to patients during the hospital stay.74,77 In several European countries, there is
increasing attention for the problem of antibiotic resistance in human and veterinary
medicine, leading to international surveillance programs and research efforts.78,79

Diagnosis. Classic symptoms of infection are not always present, but most patients
present with constant pain in the hip. Physical examination includes the evaluation
of the hip area for any signs of inflammation, swelling, warmth, erythema, localized
tenderness and wound inspection for any evidence of drainage or persistent sinu-
ses.42 Other investigations include the comparison of serial good quality radiographs,
white blood cell count, erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP) and occasionally, nuclear imaging and intraoperative (frozen) sections. The
most effective test to promptly identify the infecting organism is a hip aspiration,
preferably under fluoroscopy to document the intra-articular location of the needle.
Varying specificity and sensitivity have been reported for laboratory testing in infec-
ted THA.80 Radionuclide imaging scans have high sensitivity but low specificity, as
other processes such as bone remodeling, inflammation and fractures give uptake as
well.81 Intraoperative biopsies, either for frozen sections or conventional processing,
have shown rather high specificity but lower sensitivity.80,82

Intraoperative tissue biopsies for culturing should be taken after discontinuation of
any systemic antibiotics. However, in cemented THA, antibiotic containing cement
may leak antibiotics from the cracked cement, even up to 10 years after primary sur-
gery, and thus cause negative cultures.83 Bacterial cultures can be problematic for
several reasons. Sensitivity may be poor in bacteria demanding enriched or prolon-
ged cultures. Low-virulent bacteria may have an altered metabolism and may require
different culturing techniques.84 To improve diagnostic accuracy, molecular biologi-
cal techniques are currently being developed. The most established method for this

personnel. The type of infection is usually mono-bacterial, and the most common
bacteria (>50-70%) are Gram-positive aerobic bacteria (coagulase negative staphylo-
cocci, Staphylococcus aureus and streptococci). Gram-negative species represent
about 20% and anaerobes about 10%.42,55,56 Bacterial adhesion to the prosthetic sur-
face is a crucial event in implant infection. This mechanism has been called ‘the race
for the surface’, indicating the competition over the implant surface between host
cells and bacteria.57 Certain types of coagulase negative staphylococci produce a pro-
tective polysaccharide coating (glycocalyx), which increases their ability to persist on
the prosthetic surface.
Risk factors for infection. Several patient-related factors affect the susceptibility to
contract wound complications, such as obesity, rheumatoid arthritis and diabetes
mellitus.42 Also, circumstances in the operating theatre are important in preventing
infection. Many efforts have been undertaken to minimize intraoperative inoculation
by clean-air operating theatres with laminar air-flow, and exhaust ventilation suits,
and by measures such as the frequent changing of gloves and suction tips.58

Bacteraemia caused by dental surgery or urinary tract infections may cause bacterial
seeding to the THA.59

Antibiotic prophylaxis. To prevent infection after THA, parenteral antibiotics are
used intraoperatively or in bone cement. A study by Hill et al. demonstrated that
intravenous cefazolin reduced the infection rate from 3.3 to 1.9% in conventional
operating theatres.60 Nowadays, mostly cephalosporins and flucloxacillins are used in
antibiotic prophylaxis. A study from the Norwegian Hip registry found the lowest
infection rate for the combination of systemic antibiotics and antibiotic containing
bone cement, irrespective of ventilation of the operating theatre.50

Antibiotics in bone cement partly bypass biological inactivation and reduce toxic
side effects. The cement eludes high amounts of antibiotics during the first days, after
which the amount rapidly decreases during 2 weeks to 2 months.61 However, small
concentrations are still measured at 5 years, which could increase the risk of bacterial
resistance.62 Because of the high initial local concentration of antibiotics even bacte-
ria defined as resistant may be eradicated.63 The antibiotic most commonly used in
bone cement is gentamycin, because of its good release properties, its thermal stabili-
ty during the polymerization of the bone cement, and because of its coverage of the
most important pathogens.64

The problem of antibiotic resistance. The diminished sensitivity of common sta-
phylococcal pathogens to routine antibiotics has caused alarm among surgeons. In a
nation-wide American study of resistant organisms in nosocomial infections in
patients in Intensive Care Units, as many as 46.7% of Staphylococcus aureus strains
and 85.7% of coagulase-negative staphylococci strains were methicillin resistant.65

Coagulase-negative staphylococci are frequently found in infections of invasive and
indwelling medical devices.66 Bacteria within a biofilm on a plain polymer are several
hundred times more resistant to antibiotics.67 There are concerns that the use of
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Quality improvement: the importance of stepwise introduction of 
new techniques
Since the introduction of Charnley’s low friction hip arthroplasty, limited progress
has been booked in the development of new, better prostheses. Therefore, the impor-
tance of the stepwise introduction of new techniques in total hip arthroplasty has
been emphasized.98 A new prosthesis should only be introduced after thorough pre-
clinical testing (materials, wear, mechanics), randomized and prospective trials, mul-
ticenter studies and, preferably, regional register studies.3 Several reports from the
English National Audit Office (NAO) stressed the importance to use well-established
prosthetic designs with modern surgical techniques.99,100 Since 1993, new prostheses
need to be CE-marked before they are allowed on the market, but in practice this
means that new implants only have to fulfil basic criteria regarding safety and design.
No documented proof of long-term success of the prosthesis is required. Because of
the low failure rates currently achieved in conventional THA, it is effectively impossi-
ble to show that a new design is significantly better than conventional ones. With
current failure rates of about 1% a year, a new design that shows 30% improvement
over an older one (a truly radical improvement) would require a trial of many thou-
sands of patients followed up for at least a decade before a significant difference
could be shown.101 Therefore, Bulstrode et al. pleaded for the use of an implant
registry to allow identification of prostheses, outcome measures more sensitive to fai-
lure than revision and better ways of assessing early how well an implant is functio-
ning. The orthopaedic medical device industry regularly introduces new prosthetic
designs, in an attempt to improve the performance of a prosthesis, which as a conse-
quence will improve the market position of the manufacturer. New implants are
often more expensive because of development, advertising and marketing costs.
Several studies assessed whether the higher price of a new prosthesis can be justified
by lower revision rates, but this seems seldom the case because of the low revision
rates already achieved with the old systems, especially in elderly patients.102

Therefore, Healy pleaded for an ‘implant matching system’ which matches patients
with certain characteristics to a certain prosthesis type.103

Measuring outcome in THA 
At the end of the 19th century, E.A. Codman implemented the ‘End Result Idea’ into
his surgical practice.104 This system was designed to routinely follow-up and docu-
ment the outcome of various treatments for the stated purpose of improving the
effectiveness of patient care. He believed that this type of evaluation should be perfor-
med systematically and without bias to provide as accurate a picture of the patient’s
clinical status as was possible. The importance of the idea was missed by most of
Codman’s colleagues, primarily because there was little incentive driving them
toward a more sophisticated methodological approach to evaluating their clinical
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purpose uses polymerase chain reaction (PCR) to amplify specific bacterial DNA-
sequences.64,85 The method has several advantages: It requires only bacterial DNA,
not living bacteria, it is relatively fast and it captures bacteria irrespective of their
growing characteristics. However, high sensitivity is still the major drawback of PCR,
because contaminants will be amplified as well.
Treatment. In most cases, in chronic infections, removal of the components is requi-
red to eradicate infection. Current options for treatment include lifelong antibiotic
suppression, debridement with prosthesis retention and subsequent antibiotic treat-
ment, insertion of a new prosthesis directly after debridement (one-stage revision) or
after an interval (mostly months) of intensive antibiotic treatment (two-stage revi-
sion). Other options include permanent resection of the prosthesis, and (rarely)
arthrodesis and amputation.42 Selection of the antibiotic type, and of dose and length
of treatment must be carefully made, based on the results of intra-operative cultures.
A minimum post-peak serum bactericidal titer of 1:8 has been suggested.86 Most stu-
dies employ a regimen of 4 to 6 weeks of intravenous treatment, and in two-stage
revisions systemic therapy less than 4 weeks has been associated with a poor progno-
sis.87 Local antibiotics, in the form of antibiotic beads or cement spacers, are often
used in two-stage revisions. Spacers also help to mobilize the patient, and to prevent
contractures of hip musculature between stages.88-90 Debridement and retention of
components can afford successful results in patients with early infections or sudden
onset of symptoms in a previously well-functioning hip.56 However, in patients with
symptoms for a longer period (> 2 weeks) results were generally poor.91 Successful
outcome after one-stage revision depends on careful patient selection, a pre-operati-
vely diagnosed mono-bacterial low virulent infection, and little bone loss.32 Surgery
should be performed with meticulous debridement and with antibiotic containing
bone cement.55,92 Because of current problems with resistant bacteria and the inabili-
ty to identify the bacterial identity before insertion of a new prosthesis, one-stage
revision is less applicable than it once was.93 The advantages of the method lie in
decreased morbidity and lower costs. A recent review of the literature showed that
83% of the patients treated with one stage revision were infection free after a follow-
up of 4.8 years.94 Two-stage revision is a safe and effective method to eradicate infec-
tion in THA, with reported success percentages around 91-93%.55,95 The advantage
of a staged procedure is that a more accurate bacterial diagnosis can be obtained, and
that extended treatment with local antibiotics and debridement is possible before
reimplantation. The most appropriate time interval between resection and reimplan-
tation remains unclear,87 but most studies employ an interval of about 3 months.
The use of antibiotic containing bone cement is recommended.55 Several studies
have designed staging systems to optimize treatment for infected THA.53,96,97
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sion operations, and more serious complications during hospitalization for
THA.109,118 The third element of the outcomes movement is the development of
practice guidelines. Practice guidelines, however, are often inadequate to deal with
the complexity of the patient population and yet are not simple enough to allow
them to be used and adopted by practitioners.107 The fourth element of the outco-
mes movement is a cycle of continuous improvement, whereby practice guidelines
based on research with use of patient based outcomes of community-based samples
would lead to improved outcomes and a continuous cycle of improved care (Figure
2).114 The development of clinical pathways in total hip arthroplasty is an example of
optimizing patient care and outcomes while reducing costs.119

‘Outcomes is a study of what works’.120 However, the meaning of outcome assess-
ment is highly dependent on who the observer is and what the incentives and expec-
ted benefits of outcome assessment are. For instance, outcomes may mean the
fulfilment of long-awaited expectations of pain relief and restoration of function to
the hopeful orthopaedic patient. In addition to these desirable outcomes, range of
motion or radiographic findings may be of particular interest to the operating surge-
on. A governmental approach to outcomes might be concerned with the volume and
intensity of services for a condition, and their relationship with morbidity, mortality
and rehospitalization. Likewise, private insurers may be primarily interested in out-
comes as they determine economic risk.105 Research, which involves societal aspects
of medical technologies, is called medical technology assessment (MTA) or health
technology assessment (HTA). HTA studies often compare the relative effectiveness
(performance of a technology under routine clinical circumstances) or efficacy (per-
formance of a technology under optimal circumstances) of a medical technology
using an adequate control group. Sensitivity analysis should be used to test the
robustness of the assumptions tested.
Individual outcome studies, whose methodologies will be discussed in the next para-
graphs, are rarely sufficient for clinical decision making.116 Even the most carefully
performed studies, such as randomized controlled trials, leave many questions
unanswered about clinical effectiveness.121 For example, they may be too small to
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outcomes and to using the results to drive the improvement of quality and
efficiency.105 However, during the past decades, outcome measurement has become
increasingly important. The issue of cost containment has proven to be the alarm
that has reawakened Codman’s ideas. Since World War II, medicine has experienced
an incredible growth.106 Increased affluence, new technologies, and an aging popula-
tion have led to this unprecedented growth. Transplantation surgery, coronary artery
bypass surgery, arthroscopic surgery and total joint replacement are examples of
developments over the past 2 to 3 decades. These advances have increased the
demand for healthcare and have produced a cost crisis in most countries of the
developed world.107 As such, healthcare interventions have come under increasing
scrutiny. Healthcare providers are interested in how good an intervention is and 
whether it is cost-effective.108 Surgeons want to know which treatment has most
benefit for their patients. The outcomes movement has evolved to answer many of
these questions in a scientifically valid manner.107

Three factors were pivotal in stimulating the outcomes movement. The first issue, as
already mentioned, is the increasing cost of medical care. As a percentage of the gross
national product, the cost of care continues to rise.109 The second issue concerns the
appropriateness of care. Several studies have suggested that up to 30% of some surgi-
cal procedures are inappropriate.110 The third factor is the phenomenon of geogra-
phic area variation, whereby the rates of surgical procedures vary according to where
people live.111,112 The Darthmouth Atlas of Musculoskeletal Health Care shows sub-
stantial regional variations in the use of many orthopaedic procedures performed in
the United States.113 Widely varying rates of surgical procedures raise the question:
‘What is the correct rate?’111 It has been suggested that patients living in areas with a
higher rate receive too much, or inappropriate surgery, which is of course of interest
to third-party payers and governments.107

The outcomes movement
The outcomes movement was defined in several ways by Paul Ellwood in 1988.114

First, outcomes management emphasizes patient-based outcomes.108,115 Many evalu-
ations of medical therapy have used objective end-points with little relevance to how
patients were affected by treatment. This particular aspect of the outcomes move-
ment, called outcomes assessment, resulted in the development of numerous patient-
based outcome measures. The second element of the outcomes movement involves
outcome studies at the provider and population level.116 These studies mostly involve
large and more inclusive databases.114 The perception was that the majority of clini-
cal studies, performed primarily in tertiary care centres, were of limited relevance to
practice in the community.117 This is one of the rationales behind the desire to create
national joint arthroplasty registries.107 Examples of such population based outcome
studies are studies on a large sample of Medicare patients, showing that low-volume
surgeons tended to have higher mortality rates, more infections, higher rates of revi-
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improved outcome practice guidelines

research with use of patient-based outcomes
in community-based samples

Figure 2

Cycle of continuous improvement using outcome assessment.



prematurely. Meta-analysis, as mentioned before, is another method to study an
intervention such as THA. However, when it comes to evaluating the failure rate of a
given implant system, this technique is of limited value. Most implant systems do not
have a reasonable body of literature on which to perform meta-analysis and there are
few studies that compare different implant systems. A systematic review of primary
hip replacement systems showed generally low methodological quality in evaluated
studies.126 Retrospective case series are a commonly used method for dissemination
of information on the performance of hip arthroplasty components. These reports
are frequently from a single surgeon or single (specialist) centre and are not generally
applicable to the general orthopaedic community.3 Additionally, the investigator may
be the inventor of the device or may have other conflicts of interest, which introduces
the potential for bias. Finally, timely reporting is not typical in this type of study
because they depend on the inclusion of a critical number of cases with a substantial
period of follow-up.

The Swedish Total Hip Replacement Registry
The Swedish Total Hip Replacement Registry was initiated in 1979 by Herberts and
Ahnfelt after a pilot study, which showed that data on reoperations gave valuable
information about serious complications after THA in Sweden.131 The mission of the
registry is to improve the outcome of total hip replacement.132 In the registry, infor-
mation is collected on all primary total hip replacements in Sweden. Further, infor-
mation on reoperations, prophylactic measures and surgical technique is collected.
All orthopaedic departments in Sweden participate on a voluntary basis. More than
95% of the total hip operations in Sweden are reported to the registry.133 The aims of
the registry are to perform epidemiological analyses of hip replacement surgery in
Sweden, identify risk factors for failure of primary and revision surgery, perform
bench marking by comparison between regions and hospitals and perform quality
assurance of all hip replacements performed in Sweden.134 The past five years, almost
all information exchange between the reporting units and the register has been pro-
vided via the Internet (http://www.jru.orthop.gu.se).45 From 1979 until 2003,
229,031 primary and 21,367 revision THAs have been collected.46 In the registry,
several implant and patient-related factors have been analyzed with estimation of the
survival of the implants, depending on age, gender, diagnosis, type of implant and
fixation technique. Multivariate Poisson models from the registry showed that male
gender and young age increase the risk for revision because of aseptic loosening. As a
result of the register, six implant types constitute 70% of the THA market in Sweden,
all these implants have long-term documentation.45 Two key features have contribu-
ted to the success of the registry. The first is the Swedish personal identification num-
ber, by which patients can be easily followed even if they are operated in different
hospitals, and which can be used to add information from other databases, such as
the Death Registry. The second feature is the willingness of Swedish orthopaedic sur-

Chapter 1 

21

provide information on effectiveness for important subgroups of patients, or fail to
account for all consequences of treatment alternatives such as patient attitudes
towards risk, quality of life, and longevity. Finally, they may fail to consider costs. To
address these problems and to add value to information provided by individual out-
come studies, several data synthesis studies have become increasingly popular.
Meta-analysis. Meta-analysis is a biostatistical tool for combining the results of mul-
tiple clinical trials. A large proportion of clinical trials lack sufficient sample size to
detect clinical meaningful effects of treatment.122 With its systematic approach to
evaluating clinical studies and combining their results, meta-analysis explores rea-
sons for contradictory findings across clinical studies.116 A well-conducted quantita-
tive review may resolve discrepancies between studies with conflicting results.
However, a systematic review of the methodologies of meta-analyses in orthopaedic
surgery showed methodological flaws in 88% of the studies.123

Decision analysis. Decision analysis is a 4-step process for evaluating treatment stra-
tegies. First, alternative therapeutic strategies are specified, and all important potenti-
al outcomes are represented in a decision tree model. Second, probabilities are
assigned to each clinical outcome in the model. Third, each possible outcome is
assigned a value, or utility such as quality adjusted life expectancy. In the final step,
the expected value of each clinical strategy is calculated by multiplying outcome uti-
lities by their probabilities of occurrence, and the stability of the results is tested
using sensitivity analysis. Several studies used this type of evaluation for comparative
economic appraisal of different total hip prostheses.102,124-127

Cost-effectiveness studies. In an era of resource constraints, clinical practice must
not only be effective, it must provide benefit at reasonable costs. In cost-effectiveness
analysis, the relative value of an intervention as a health investment is defined by its
cost-effectiveness ratio, obtained by dividing the net cost of the intervention by its
net benefit.128 Benefits are most often assessed in terms of QALYs, a measure that
accounts for the effect of an intervention on both longevity and quality of life. To
improve the comparability and quality of studies, consensus-based recommenda-
tions guiding the conduct of cost-effectiveness analysis (CEA) have been develop-
ed.129 

Methods to study total hip replacement 
Randomized clinical trials (RCTs) remain the gold standard for the evaluation of dif-
ferent interventions. However, randomized trials are not very practical to evaluate
the multitude of joint replacement options that are currently available. There are
more than twelve manufacturers of hip implants, with more than fifty femoral com-
ponents. The performance of RCTs to examine the relative effectiveness of all of
these systems would be costly and of limited value because of the ongoing redesign of
hip implants.107,130 While RCTs are valuable, they are not optimal for market surveil-
lance and do not serve as an early warning system for implant technologies that fail
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particular length of time. The most common end-point in survival analysis in THA
is revision of the prosthesis. Using survival analysis, it is possible to analyze data from
patients with different length of follow-up, allowing cases to enter and be withdrawn
from a trial at any stage and for whatever reason. The two methods used in survival
analysis are the life-table method and the product-limit method or Kaplan-Meier
method.144 The life-table method calculates the cumulative estimate of success at the
end of each chosen time interval, usually after each year. With the product-limit
method, the cumulative estimate of success is calculated on a daily basis and changes
with each failure.
Revision as an endpoint for failure of the prosthesis is a very clear endpoint as no one
can deny that such an implant has failed from a scientific perspective.32 However,
indication of revision is relative and depends on the wish of the patient to be opera-
ted, on the opinion of the surgeon, the knowledge how to detect loosening and skill
to perform a pending revision. Further, revisions also depend on local resources for
the operations and the way patients are followed after their primary THA. Several
studies advocated the use of other, less crude endpoints for survival analysis, such as
pain levels, radiographic failure, outcome instruments and satisfaction of the
patient.117,145 There are some pitfalls using survival analysis. First, a surgical method
(a prosthesis but also the cementing technique and skill of the surgeon) must be fair-
ly similar over the observed period, at least not dramatically changed. Further, the
number of the patients (prostheses) at risk will be smaller at longer follow-up becau-
se of revision, death, loss to follow-up and because of patients operated more recent-
ly. This results in an unreliable survival curve, where the failure of only one case can
dramatically reduce the survival rate. Therefore Dorey et al. recommended that sur-
vival curves are interrupted when less than 20 implants remain and that confidence
limits are always included.146 Another problem is the assumption that patients who
are deceased or lost to follow-up were at the same risk of failure as those under conti-
nuous surveillance. However, it is shown that patients lost to follow-up have a worse
outcome than those who continue to be assessed. A way to deal with this problem is
to minimize loss to follow-up and to include a worst-case curve, which is calculated
by assuming that patients lost to follow-up had failed implants.147 Recently, Dorey
and Amstutz also pleaded to account for patient activity levels when using survival
analysis in the evaluation of THA.148 Survival analysis cannot be used to assess seve-
ral covariates influencing survival, such as age, gender and surgical technique. For
this reason, the multivariate Cox proportional hazard regression method is common-
ly used. When assessing time-dependent risk factors or when assessing time as a risk
factor on its own, multivariate Poisson regression models should be used.32

Radiographs. Conventional radiography is a common method to evaluate THA. The
aim is to evaluate stability and wear of the components and to study responses of the
surrounding bone over time. Radiographs are important to assess early changes pre-
dictive of failure or adverse tissue reactions. A study by Lieberman et al. found a sen-
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geons to cooperate.45 Joint replacement registries have several advantages in studying
the results of THA. They provide good statistical power, because of the large number
of patients involved. Further, they give a more realistic estimate of the results of THA
in large patient populations, while the results from highly specialized centres might
be misleading and overly optimistic.107 The Ontario Joint Replacement Registry has
assisted in the management of surgical waiting lists: information is available on the
number of people waiting, the length of their wait and the severity of disease.135

Registries also provide feedback of outcome data to surgeons. They allow post-mar-
ket surveillance of new medical devices and technologies. Together with accurate pre-
clinical testing and limited randomized pilot trials, a register could prevent disasters
with new technologies in THA, as experienced with the Christiansen implant and
Boneloc cement.136 The registry’s impact has been credited with helping to decrease
the revision burden.107 Estimating the cost of the Swedish THA Registry at $400,000
and the direct cost of a THA revision at $12,000, the registry already becomes cost-
effective if the annual number of revisions is reduced by 33 or more.45

Several other countries started national joint registries in the past fifteen years, such
as Finland and Norway.137,138 Denmark, New Zealand, Hungary, Australia, Canada
and the United Kingdom started more recently.100,107,139 Also in the United States
there have been incentives to start a national joint replacement registry, but liability,
compliance, cost and confidentiality are important issues impeding introduction of a
registry.107,140,141 In the Netherlands, no joint replacement registry exists apart from a
non-compulsory implant registration system with limited compliance of reporting
hospitals.38

Measuring outcome of THA: subjective and objective evaluation
Health status can be assessed by a number of methods, which are classified as either
subjective or objective.115 Objective outcome measures in THA include survival ana-
lysis of the prosthesis (revision rate), the measurement of radiological changes (plain
radiographs as well as radiostereometric analysis (RSA)),142 and of pain, function
and range of movement of the hip joint, which involve a clinician making a judg-
ment about the patient. A subjective outcome measure is essentially an assessment of
change, which judges how the patient is now, by his or her own standards, as compa-
red with a previous occasion, such as before surgery.115

Objective evaluation of THA
Survival analysis. In 1980, Dobbs introduced the statistical technique of survivors-
hip analysis, originally a technique mainly used in cancer research, in the setting of
total hip arthroplasty.143 Until then, many studies just reported the percentage of
prostheses that had to be revised because of failure. Nowadays, survivorship analysis
or survival analysis is a commonly used tool to evaluate outcome of total hip replace-
ment. Basically, survival analysis calculates the probability for an implant to survive a
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Subjective outcome instruments
The subjective measures rely on obtaining responses directly from patients about
their perceptions of health and illness. Questions relating to patient satisfaction are
another consideration and do not necessarily accord with other measures. These fin-
dings, when discordant, can often be explained by a failure to achieve the prior
expectations of the patient.165 The administration of questionnaires is more straight-
forward to organize than clinical assessments, is less costly and response rates are
usually much higher.105 Most investigators accept that a combination of objective
and subjective measures is desirable in order to provide a complete assessment of
health-related quality of life and overall outcome.115

There are two main types of patient-based outcome measures, namely, disease-speci-
fic instruments, which focus on patients’ perception in relation to a single condition
(such as hip disease) and generic instruments, which are intended to address a wide
range of health problems. Disease-specific patient-based outcome instruments used
in the evaluation of THA include the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC),166 the Oxford Hip Score,167 the McMaster Toronto
Arthritis (MACTAR) scale ,168 and the hip disability and osteoarthritis outcome score
(HOOS). Disease-specific scores appear to generate a higher sensitivity to change in
outcome of THA as compared to generic instruments.167 Generic measurements
offer the possibility to assess health states over different disease categories, and in
some cases to an age- and gender related population sample. A well-known, extensi-
vely used and tested generic measure in outcome research is the Short-Form 36 (SF-
36).170 Other examples are the Nottingham Health Profile (NHP) and the Sickness
Impact Profile (SIP).171,172 Some generic questionnaires, so-called multiattribute uti-
lity measures, such as the EuroQol (EQ-5D), the Quality of Well-Being index
(QWB), SF-6D and the Health Utilities Index (HUI) give the possibility to compare
cost-utility between different interventions, which is important in this era of limited
health care budgets.173-176 With this cost-utility approach, the cost of an intervention
can be related to the number of quality-adjusted life years (QALYs), that is, a ratio
between the cost and the effect of the treatment times the duration of the improve-
ment. However, there has been some debate on the validity of the QALY principle,
because the QALY utility values are based on opinions from the general population
on a certain health state and might not represent patient preferences.177,178 Another
study showed extensive variation in the construction of QALYs in cost-effectiveness
analyses and revealed that most studies did not adhere to practices now recommen-
ded by leaders in the field.179 Adequate and valid methodology should be used if the
results of such studies are to be used for purposes of allocating resources. It is recom-
mended to use both a disease-specific and generic measure in the outcome studies of
joint replacement surgery.180 The WOMAC and SF-36 are especially recommended to
assess outcome in THA.105,120

An outcome instrument, disease-specific as well as generic, should be valid or accu-
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sitivity and specificity around 92-100% for acetabular and femoral loosening.149

To improve the accuracy of radiographic analyses, standardized positioning of the
patient, source of radiation and film are very important. For diagnostic standardiza-
tion, prosthetic regions are divided into three acetabular regions (according to
Charnley and DeLee)150 and into usually seven femoral zones (according to
Gruen).151 These zones are used to describe the cement mantle, fractures, radiolucen-
cies and bone remodelling. Radiolucencies between the cement and bone, occurring
postoperatively, have a negative prognostic value for aseptic loosening of the prosthe-
sis.152 However, radiolucencies are difficult to detect and are subjected to a large
inter-observer variability.153

Radiostereometric analysis (RSA). Implant micromotions 1-2 years after surgery
have a proved predictive ability for later aseptic loosening and revision.142,154

Radiostereometric analysis (RSA) is currently the only non-invasive method that
enables reliable measurement of component migration. The method involves inser-
tion of tantalum markers in the bone, cement and prosthesis followed by sequential
radiographic examinations made simultaneously from two directions, where the
three-dimensional coordinates of the tantalum markers are measured in relation to
fixed calibration markers. Three-dimensional movements can thus be estimated with
a precision lying between 0.15-0.6 mm, depending on the technique used.155 RSA has
been used in a research setting, but not in a routine clinical setting.

Other objective outcome instruments. In the early days of THA, outcome of total
hip arthroplasty was, apart from evaluation methods like revision rates, range of
motion, walking distance and radiographs, mainly measured by retrospective evalua-
tion according the surgeons standards. Examples of objective outcome measures des-
igned in those days are the Harris Hip Score156 and the Merle d’Aubigne Score
(MdA).157 Other examples of objective outcome measures in THA include the
Charnley score158 and the Lequesne index (L-ISH).159 It has become increasingly
clear that clinical assessment of key aspects of outcome such as pain, physical functi-
on and range of joint movement are often inaccurate and not reproducible.160 They
may also overly represent the concerns of the clinician, rather than those of the
patient.115 Several studies have shown that patients and the orthopaedic surgeon do
not share the same definition of success.161-163 The physician’s evaluation was regu-
larly more favorable than the patient’s, especially in patients with more unfavorable
results.164 Further, from a practical point of view, persuading patients to attend for
review, particularly if they are working, live some distance away or are no longer
inconvenienced by pain and disability, may prove to be difficult and requires much
organization.115

Chapter 1

24



matoid arthritis), in indication criteria for THA and in patient’s willingness to
undergo surgery have been reported as explaining variables for the variation in THA
incidences.195,196 One study found that after controlling for population characte-
ristics and access to care, orthopaedic surgeons’ opinions or enthusiasm was the
dominant modifiable determinant for area variation in the utilization of knee repla-
cement surgery.112 Incidence rates of THA vary between different age groups, races197

and gender.198 Generally, incidences rise with age, are much higher for the white
population compared to Asians, Hispanics, and blacks and are higher for women
than for men.199,200 A study by Hawker et al. suggested however an underuse in THA
for women compared to men.198

Practice guidelines for THA
The stated purpose of clinical guidelines is to ‘help healthcare professionals and
patients make the right decisions about health care in specific clinical circumstances.’
201 Practice guidelines have been welcomed by those who wish to contain costs by
reducing variations in practice. Further, they play a role in improving clinical practice
by describing an array of appropriate and inappropriate treatments for well-defined
conditions.105 Initially, most guidelines arise from a consensus of experts together
with information from the literature. These guidelines, however, must be modified
utilizing outcomes data gathered from many different practice environments invol-
ving a variety of populations to ensure generalizability, and to allow the necessary
flexibility for patient preference.114 However, there is an imperfect evidence base to
support decisions about which guideline dissemination and implementation strate-
gies are likely to be efficient under different circumstances.202

In several countries, consensus statements with respect to total hip replacement have
been developed.38,203,204 Among other topics they discuss indications for THR, pre-
and postoperative considerations, surgical technique and expected outcomes. In The
Netherlands and Sweden, only consensus statements for the indication for THA exist,
based on expert opinion. These are not real guidelines in the sense that they are
based on evidence from extensive review of the literature or on information from
prospective outcome studies. Nowadays, it is recommended to use evidence-based
guidelines instead of consensus-based guidelines. Apart from scientific evidence, gui-
delines should also deal with cost-effectiveness, patient preferences and availability
issues. 201,205,206 Practice guidelines play an important role in the ‘best practice cycle’
earlier mentioned, whereby practice guidelines based on research with use of patient
based outcomes of community-based samples should lead to improved outcomes
and a continuous cycle of improved care.114
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rate in its description of a real clinical state. It must be reliable or precise when used
on a stable patient, and responsive in demonstrating a quantitative change that is
appropriate to the observed clinical change. However, only a limited number of clini-
cal hip osteoarthritis scores has been tested for reliability and validity.181

Classically, the response to total hip replacement has been measured by the extent to
which the hip score changes. It must be remembered, however, that the noise level, or
variation, caused by less than perfect reliability needs to be accounted for in defining
the clinically important difference.105 For instance, when measuring function after
joint arthroplasty, other changes in general health (such as comorbidity) will potenti-
ally act as interference (or ‘noise’), which may have the effect of obscuring the parti-
cular outcome of interest.182-184 Further, the scale with the greatest responsiveness
may not always be measuring change which is important to patients.185 Brinker et al.
found several demographic biases in four hip scoring systems that were used in heal-
thy adult subjects without hip disease, such as advanced age, low income and the pre-
sence of two or more medical conditions.186 Ritter et al. found a significant decline in
the Harris Hip Score after a follow-up of 10 years after THA, in the absence of
implant-related problems. This decline, caused by deterioration in the functional
capacity of ageing patients, is an important factor in longitudinal studies using out-
come instruments.187

Epidemiology of THA

Variations in THA rates
In the 1980s, orthopaedic surgeons became under increasing pressure to defend the
use of expensive new technology, including total hip replacement.188 Quantitative
data on the actual need for THA are useful to public and private policy makers in
deciding where to deliver this service, in planning the size and direction of orthopae-
dic training programs, and in estimating the potential economic impact of the proce-
dure. Geographic variations in incidence of THA have been the subject of intense
study by third-party payers.189 High incidences are often attributed to the styles of
practice of the surgeons or to a greater number of surgeons in relation to the popula-
tion in a given area.112 Interest in geographic variations has increased because of the
high total cost of hip arthroplasties and because the number of total hip artroplasties
performed has risen in many Western countries during the past decades.139,190-193

THA is now also used in patient groups that were formerly considered as too old or
too impaired to benefit from surgery.194 Differences in hip replacement incidence
rates, within districts (small-area variations) or between countries, may be due to
various causes. These include different coding systems, country-specific differences
in the healthcare system, in total expenditure on health per capita and in population
structure.15 Also differences in incidence of underlying disease (osteoarthritis, rheu-
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ting times for surgery on the Internet have been found inaccurate and misleading by
some physicians, but useful by government organizations because the figures might
help patients choose their surgeon.225,226

Several studies did not find a relation between post-operative outcomes of THA and
length in waiting times.210,227 However, a Canadian study reported clinically impor-
tant losses in quality of life and mobility in patients waiting longer than 6 months.215

This finding, and the fact that osteoarthritis of the hip is common, imply a large bur-
den from prolonged waits for surgery and support a case for limiting waits to less
than 6 months. In a large multicenter study, Hajat et al. found a significant associa-
tion between waiting for THA surgery and worse health status pre-operatively and 12
months post-operatively, even after adjustment for confounding variables.40 Further,
there have been pleas for prioritized waiting lists based on symptom severity and
burden of disease.228-231

Aging populations: demographic changes and future requirements for THA
The world is witnessing an unprecedented, irremediable, and long-lasting aging
process.232 Western Europe will see the numbers of its inhabitants aged below 50
decrease, while those above 60 will sharply increase. The number of Europeans older
than 60 is projected to rise from 84 million (21.8% of Europeans) at present to 107
million in 2050 (32.8%).17 In The Netherlands, the number of people aged above 60
was 2,9 million (18.1%) in 2000 and will be over 5 million (28.1%) in 2030 (data
from Dutch Census Bureau, 2002). Figure 3 shows the ‘baby boomers’ wave that is
going to continuously extend the numbers of people over 60 years of age of in The
Netherlands. Apart from changes in medical technology and individual factors, futu-
re healthcare management and costs will result from an increase in the prevalence of
age related chronic and disabling conditions such as osteoarthritis, which belongs to
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Demand, need and supply for THA: the waiting list problem
The gap between demand for health care services and supply is increasing and needs
assessment has become increasingly important in allocating finite resources.207 The
prevalence of disease in a population is indicative of the actual need for health care,
but not all these needs will be translated into a demand for care. An English study
investigated the population requirement for primary THA in England by self-report
screening questionnaires and subsequent clinical investigation in a population sam-
ple.208 They found that satisfaction of demand for THA, given agreed criteria for sur-
gery, is a realistic objective. Several other studies also found an unmet need for THA
in the population.111,196,209

There is a wide gap between potential need for THA as defined from the point of
view of surgical indication and actual need as defined from the point of view of the
patient. Two studies showed that, apart from the difference in prevalence of severe
arthritis, the willingness of patients to undergo arthroplasty plays an important role
in estimating the demand for the procedure.111,196 Among patients with severe arthri-
tis, no more than 15% were definitely willing to undergo arthroplasty.196 On the
other hand, as patients are getting more informed about treatment possibilities and
less inclined to accept disability, demand for THA is expected to increase.101 

However, the demand for THA still exceeds the supply judging by the considerable
waiting lists that exist in countries with a publicly funded health care system.135,210-212

It has been suggested that shorter waits might be associated with improved patient
outcomes and health care savings.213,214 Others suggest that delays may cause losses
in quality of life, characterized by progressive pain and immobility, and may lead to
poorer outcomes because of more advanced hip disease when surgery is finally
done.215 It is not always clear whether patients are dealing with an acceptable waiting
time or an unacceptable delay in receiving appropriate care.216 A certain waiting time
gives the possibility of reflective second thought or opinion, adaptation to a new con-
dition or trial management with more conservative measures.217 Canadian data have
shown that for knee replacement, patients are satisfied with waiting times averaging
four weeks (but not 8 weeks) for specialist consultation and about 8 weeks (but not
32 weeks) for surgery itself.218 Being on a long waiting list is not necessarily a pro-
blem, although being on a long list for a long time may be.217 Validity of waiting lists
is a problem: Independent chart reviews and clinical assessments, as well as patient
surveys, have revealed proportions of patients inappropriately placed on lists ranging
from 15 to 70%, clustering in the 20-40% range.219-223 Further it is not always clear
how waiting time is defined: from the moment the patient is referred to an orthopae-
dic surgeon or from the moment the patient is put on a waiting list for the operation,
because it may be that reduction in waiting time on true inpatient waiting lists is gained
at the expense of longer periods to be placed on the lists.224 Also the fact whether
waiting time is measured prospectively, retrospectively or in a cross-sectional way is a
source of variability in perceptions about waiting times.219 Initiatives to publish wai-
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prospective studies are performed on the effect of waiting times on patient outco-
me.210,215 Most studies are retrospective or cross-sectional in design.135,218,243

Because of the large number of different questionnaires used in our patient group,
we were for the first time able to study the relative performance of the Oxford Hip
Score, WOMAC, SF-12, SF-36 and EQ-5D with respect to sensitivity to change and
baseline characteristics.

Questions to be addressed in this thesis
Until now, limited data were available on the differences in incidence rates for THA
in Sweden and The Netherlands, countries with a similar population and health care
system. Also the effect of aging populations on the future demand for THA is
unknown, which is important in planning future healthcare budgets for the opera-
tion. This prompted us to pose the following question in this thesis:

• What is the demographic profile of patients receiving THA in The Netherlands
and Sweden and what is the expected demand for THA caused by the aging
population in both countries?

For more than a decade, indication guidelines for primary THA exist both in The
Netherlands and Sweden. However, it is not clear whether and to what extent these
guidelines are applied in clinical practice, especially in this era with problems of limi-
ted health care budgets and, on the other hand, a more informed patient population
wanting treatment for their complaints. Further, differences in incidence rates of
THA in both countries might be explained by differences in indications for the ope-
ration. Therefore, the next question in this thesis was:

• To what extent are indication guidelines for THA applied in clinical practice,
and what are the differences in indications for THA between The Netherlands
and Sweden?

As discussed earlier, large databases can supply a lot of information with respect to
treatment modalities in THA. Especially in infection of THA, registry information is
important because infection is a relatively rare complication and reported sample
sizes in studies on infected THA are usually small.55 Often, reports are based on the
results of one tertiary clinic, which limits the validity of the conclusions. Therefore,
we investigated a large number of revisions for deep infection from the Swedish
National Hip Registry and addressed the following question in this thesis:

• What are the demographic and bacteriological profiles and surgical practice 
in revision THA surgery for deep infection, and what is the risk for repeated
revision for both aseptic loosening and recurrent infection?
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the most prevalent age related chronic conditions and which has been an important
cause of disability through wide population health survey.233 The large projected
growth of the population above 60 suggests a sharp increase in the prevalence of
arthritis for at least the four forthcoming decades.17

Very few studies have investigated the future demand for total hip replacement. These
include scenarios for the United Kingdom, Sweden and Denmark.234-236 In all these
studies, age-specific incidence rates for THA rates are extrapolated to future population
forecasts for different age groups. However, these are conservative estimations, because
they do not take into account the yearly increase in incidence rates of the past decades
as described in most studies. If outcome of THA continues to improve, indications
for the procedure might be extended with consequences for the future incidence
rate.194 Further, as patients become better informed and more aware of present treat-
ment possibilities, they may be less inclined to accept their disability and prefer treat-
ment in an earlier stage of their disease.101 Over a 20-year period, a two-to-threefold
increase in the number of hip fractures is to be expected.237 Studies of femoral neck
fractures have shown that THA is a safe procedure if osteosynthesis fails, and that
THA can be considered as a primary procedure and even provides a better outcome
than internal fixation for elderly, relatively healthy patients with a displaced fracture
of the femoral neck.238-240 Together with the number of primary THA, the number of
revision THA (which are more expensive per operation) will also increase. In conclu-
sion, the predicted increase in number of THA because of demographic changes and
extending indications will have large consequences for future healthcare budgets.

Generally, little is known about the epidemiology of THA in The Netherlands. This is
due to limited registration systems with low compliance and stringent privacy regu-
lations. Until 2002, there was no information in the literature on the effect of popula-
tion aging on the future demand for THA in The Netherlands and Sweden, except for
some predictions for the year 2000 in Sweden.235 In Sweden, much more data is avai-
lable on the epidemiology of THA due to the existence of the Swedish National Hip
Registry. We had the opportunity to investigate the population from the Registry
who underwent a revision for deep infection. Because of the large number of patients
in the registry and the excellent follow-up, we could investigate some unique material
such as risk factors for re-revision and trends in bacteriological patterns over the
years. Studies on infected THA are usually too small to study these phenomena.
In spite of the existence of recommendations for the indication for THA, it was never
investigated whether orthopaedic surgeons in Sweden or The Netherlands complied
with these recommendations or whether there were any systematic differences in
indication between the two countries. As mentioned earlier, recommendations or
guidelines are important features in improving patient outcome. In spite of evidence
from abroad about variability in perceptions about waiting lists and times,219,241 little
research is performed in The Netherlands regarding this topic.226,242 Further, few
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Because of recurrent problems with long waiting lists for THA in The Netherlands
and limited data on the possibly harmful effects of long waits for the procedure, the
next question was:

• Does waiting for THA affect pre-operative health status and post-operative 
outcome of the operation? 

Contents of this thesis
We investigated several aspects of the outcome and epidemiology of THA in The
Netherlands and Sweden.
To quantify variations in practice and the effect of the aging process in Western
countries on the incidence of THA, we calculated age-specific incidence rates of
THA, studied the demographic profiles of the populations receiving THA and pre-
dicted demands for THA in The Netherlands and Sweden. This is described in
Chapter 2. Because variations in incidence rates of THA might be explained by diffe-
rences in indications for THA, we performed a survey among orthopaedic surgeons
in Sweden and The Netherlands regarding their indications and modifying factors
for primary THA (Chapter 3). In Chapter 4, we report on patient demographics,
bacteriology and surgical practice in a national, Swedish cohort of 960 first revisions
for deep infection, and investigated the risk and risk factors for repeated revision for
both aseptic loosening and recurrent infection.
The current discrepancies in demand and supply of THA result in waiting lists for
THA. This prompted us in Chapter 5 to study the validity of a waiting list for THA
in our university hospital, assess discrepancies with predicted waiting times and
investigate the effects of extra resources on the length of the waiting list and the ave-
rage waiting time for THA.
Chapter 6 reports on the effect of waiting times for THA in terms of loss of quality
adjusted life years and additional burden perceived, and on the effect of waiting
times and pre-operative outcome scores on postoperative outcome scores.
In Chapter 7, the minimum set of patient reported outcome measures required to
assess health status after total hip replacement is determined.
Finally, in Chapter 8, we discuss results and conclusions from previous chapters and
put forward some considerations on future perspectives in the field of outcome
assessment of THA.
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In Sweden, the number of arthroplasties increased by 20% from 8,336 in 1987 to
10,015 in 1997, an increase from 99 operations to 113 operations per 100,000 inhabi-
tants (Figure 1). Only 3% of the increase in number of hip replacements could be
explained by demographic changes in the population. The number of THA varied
considerably each year. On the basis of the incidence of THA in 1997, the predicted
annual number of THA in Sweden by the year 2020 will rise to 12,773 operations, an
increase of 28% compared with 1997.
When comparing the age of patients undergoing THA in the period 1986-1997, it
turned out that in The Netherlands the distribution of the age-groups had changed
relatively little, but in Sweden, more elderly people were operated on in 1997 (39%
over 75 years of age) compared to 1987 (28% over 75 years of age) (Figure 2).
Although the overall incidences of THA in 1997 were similar in both countries, it
appears that the age-specific incidences for THA in women were higher in The
Netherlands while the age-specific incidences for THA in men were higher in Sweden
(Table). To correct for differences in the population profile (Figure 3), we calculated
the number of total hip replacements in The Netherlands based on the Swedish inci-
dence of THA in different age-classes.4 (Figure 4). After correction for differences in
population structure the rate of THA in The Netherlands is 20% higher than in
Sweden.

Introduction
The improvements in surgical technique, implant material, and implant design have
led to excellent long-term results of total hip arthroplasty (THA) with implant survi-
val rates of 93% after 10 years.1 In consequence, the demand for total hip replace-
ment has increased. Another reason for the growing demand is the increasing
number of elderly people. Because of capacity and budget restraints, many countries
have waiting times for the procedure.2 To plan for future demands and costs, it is
important to estimate the number of total hip replacements to be expected. We cal-
culated age-specific incidences, studied the demographic profile of the population
undergoing THA and predicted the number of THAs to be expected in The
Netherlands and Sweden.

Patients and methods 
We obtained information on all patients admitted to Dutch hospitals for total hip
arthroplasty in the period 1986-1997 from the National Medical Registration system
as provided by Prismant, Institute for Healthcare Management. Swedish data were
obtained from the Swedish Discharge registry for the period 1987-1997. In The
Netherlands, we obtained data on THA for every other year in the period 1986-1996
and 1997. We did not use data from the Swedish Hip Arthroplasty Register because
no such register exists in The Netherlands and the Discharge registers can be more
easily compared. The Swedish Hip Arthroplasty Register was validated by comparing
it with the Discharge register.3 Information was obtained about the number of pri-
mary total hip arthroplasties. For every procedure, the gender and age group of the
patient were registered. We also obtained information on the  (projected) demogra-
phic profile of the Dutch and Swedish populations from the Census Bureaus in both
countries (Centraal Bureau voor de Statistiek (CBS), The Netherlands, and Statistiska
Centralbyrån (SCB), Sweden). We calculated annual and age-specific incidences in
both countries and estimated the need for primary total hip arthroplasty by using the
projected changes of the Dutch and Swedish populations until 2020.

Results
We found an increase of 68% in the number of primary total hip replacements in the
Netherlands from 10,359 operations in 1986 to 17,401 in 1997. This is an increase from
71 operations to 112 operations per 100,000 inhabitants (Figure 1). Only 15% of the
increase in number of hip replacements could be explained by changes in the size and
age-profile of the population. On the basis of the incidence of THA in 1997, we predic-
ted the annual number of primary total hip replacements. Assuming no further change
in the age- and sex-specific arthroplasty rates, the annual number of total hip replace-
ments in The Netherlands by the year 2020 will increase by 44% to 25,090 operations.
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Figure 1

Incidence of total hip replacement per 105 inhabitants in the period 1986-2020 in The Netherlands and

Sweden. (Predictions from 1997).



Discussion
From 1986 the number of THAs has been increasing in Sweden and The
Netherlands. Only a small percentage of the increase could be attributed to demogra-
phic changes. We found that the procedure has been offered to an increasing number
of patients, who were previously regarded as too old or too sick.5,6 The shift in age-
classes of patients undergoing THA in Sweden over the period 1987-1997 may be
due to Swedish orthopaedic surgeons becoming more reluctant to operate on youn-
ger patients because of the disappointing results of THA in younger patients repor-
ted in the Swedish National Hip Register.
We found a difference in the gender ratio of the population undergoing THA in both
countries (Table). This could be explained by different rates of osteoarthritis (OA),
the main indication for THA1 in both genders in the Swedish and Dutch popula-
tions. Dutch studies have reported more radiological hip OA in women than in men,
but in a Swedish study, the incidence was similar.7-9 However, these studies used dif-
ferent criteria to define OA radiologically and not all patients with radiological OA
have symptoms. Hawker et al. reported that the degree of underuse of total hip and
knee replacements is more than three times higher in women than in men, which
could also be a factor in the lower incidence of THA in Swedish women. Another
explanation could be that heavy physical work, which has been described as a risk
factor for hip OA,10 was commoner in Swedish men. A limitation of the current
study is the difficulty of comparing index diagnoses for THA in both countries to
explain differences in incidences, because no valid data on diagnoses were available
from the Dutch Discharge register. The Dutch Discharge register has not been valida-
ted like the Swedish Discharge registry.3 However, because more than 99% of hospi-
tal stays are recorded in the Dutch register and the operation codes are clearly
defined, we assume that it has the same validity as the Swedish one.
The variation in the number of THA in Sweden is due to economic restrictions in the
budgets for THA and does not reflect the need for this operation in the population. 3

As a result of a special program started in 1992 to guarantee treatment within three
months, the incidence of THA increased greatly and the waiting times decreased. The
program was discontinued in 1993, with a resultant reduction in the number of ope-
rations and an increase in waiting times. 11 In The Netherlands, the effect of extra
funds to reduce waiting times in the Netherlands was also limited. More operations
could be performed, but the waiting list did not decrease because of a growing
need.12

Our results also showed that overall incidences of THA in various studies are difficult
to compare due to differences in demographics, methods and reporting.4 The reason
for the similarity in overall incidences of THA in each country in 1997 is that the
population is generally older in Sweden than in The Netherlands (Figure 3). The rea-
son for the difference in normalized incidence rates in The Netherlands and Sweden
(Figure 4) is less clear. The population characteristics and the health care systems are
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Table 1

Age-standardized incidence of total hip replacement per 105 inhabitants in the Netherlands and

Sweden in 1997.
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quite similar. The higher incidence of THA in The Netherlands can be explained by a
larger demand in the population, but also by differences in budgets for THA between
the two countries.
Several variables are known to affect the need for arthroplasties.13 No consistent
trend of a change in the prevalence of osteoarthritis was found in Swedish or Dutch
research.8,14 Ten years ago comparable consensus statements for THA were introdu-
ced in both The Netherlands and Sweden.15,16 However, it is not known whether
these guidelines reduce the variation in surgery rates described in the literature.17 As
patients become better informed and more aware of present treatments, they may be
less inclined to accept their disability and prefer treatment at an earlier stage of their
disease. A British study showed, however, that the satisfaction of demand for total
hip replacement in England, given the agreed criteria for surgery, is a realistic objecti-
ve and requires a relatively small increase in the number of operations (7%).18

Therefore, the influence of changing demography will be the main variable in predic-
ting arthroplasty rates.
The predicted annual increase of THAs on the basis of demographic changes until
2020 is greater in The Netherlands (44%) than in Sweden (28%). The effect of ageing
of the population is greater in The Netherlands, due to a relatively larger and more
prolonged baby-boom phenomenon after the Second World War. Birell et al. repor-
ted an expected rise of 40% in the number of THAs from 1996 until 2026 in the
United Kingdom.13 All developed countries with an ageing population will witness a
similar process and the THA rate must be increased to satisfy the future needs for
THA. The predictions of THA rates in our study should be considered as conservati-
ve because the demand for THA in Sweden and The Netherlands is not satisfied yet,
as can be concluded from the current waiting times for the procedure. The indica-
tions for THA will probably be wider if the outcome continues to improve.
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Questionnaires
We used questionnaires developed by Mancuso et al. that were especially designed to
investigate indications and modifying factors for THA and TKA, with permission
from the authors.14 Questionnaires were translated in Swedish and Dutch and pilot-
tested in a group of 10 orthopaedic surgeons in The Netherlands. We report on the
results of the hip questionnaire here.
The questionnaire was originally developed from review of the literature and consul-
tation with hip and knee arthroplasty surgeons. The hip questionnaire was divided
into three sections: (1) indications for surgery, (2) modifying factors for surgery and
(3) likelihood of excellent outcome based on patient characteristics. Survey responses
were in a multiple-choice ordinal format.
The indications for surgery used in this study are listed in Table 1. In answering these
questions, orthopaedic surgeons were instructed to select the least severe level of
symptom/sign that would be consistent with performing THA. For example, for the
THA indication of severe pain, possible responses were one day/month, one
day/week, several days/week, daily, and constant. If a surgeon chose several

Introduction
Osteoarthritis (OA) is one of the leading causes of disability and pain in the Dutch
and Swedish population1,2 and has a high impact on quality of life also in compar-
ison to many other chronic conditions.3 Osteoarthritis of the hip is a common chro-
nic disease that increases in prevalence with age.4 Primary osteoarthritis is the most
common diagnosis in patients undergoing total hip arthroplasty (THA).5 The proce-
dure results in marked pain relief and functional improvement.6 Aging of the popu-
lation causes an increase in the prevalence of arthritic disease and, consequently, in
the prevalence of joint failure. Hence, the demand for total hip arthroplasty is expec-
ted to increase.7,8 The need for THA in the general population is estimated to be even
higher than the current provision of THA.9 Considerable variations in the rate of
THA have been described in the United States and Sweden.10,11 These differences
have been attributed to various factors, including a lack of consensus regarding the
indications for these procedures. It is generally acknowledged that the indications for
primary THA are joint pain, functional limitation and some evidence of intra-articu-
lar disease on the radiograph. In The Netherlands and Sweden consensus statements
for the indication for THA were introduced in the previous decade.12,13 Uniformity
of indications is important to create similar chances of access to a procedure for all
patients. In an earlier study, we found significant differences in incidence rates of
THA in The Netherlands and Sweden, even after correction for age, gender and
population structure.8 Because one of the explanations for the difference found
could be a difference in indication for the procedure, we wanted to compare indica-
tions for THA between orthopaedic surgeons in both countries.
The goals of this study were (1) to survey orthopaedic surgeons in Sweden and The
Netherlands regarding the uniformity of their indications and modifying factors for
primary THA, and to have these surgeons rate the likelihood of an excellent outcome
based on certain critical patient factors and (2) to compare the indications and
modifying factors for THA between surgeons in Sweden and The Netherlands.

Materials and Methods

Study population
The directory of the Dutch Orthopaedic Association (NOV) was used to identify all
actively practicing, board-certified orthopaedic surgeons in The Netherlands. In
Sweden, we used the directory of the Swedish Orthopaedic Association (SOF). This
directory could not distinguish between residents, consultants and orthopaedic sur-
geons who had been retired. Therefore we sent questionnaires to all members and
asked them to specify their precise occupation. Early 2002, an explanatory letter with
the questionnaires was sent to the individuals listed in The Netherlands and Sweden.
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Table 1

Indications for THA, with percentage of Dutch and Swedish surgeons complying to guideline criteria

Criterium derived from Swedish

and Dutch consensus statement

Percent of surgeons complying

to consensus when selecting

least severe level consistent 

with performing THA  (%)

Sweden Netherlands

Pain

Severe pain ≥ several days/week 84 88

At rest ≥ several days/week 77 87

With transfer ≥ several days/week 89 76

Function

Walking distance <1000 meter 95 94

Need for cane or crutch ≥ one day/week 58 64

Difficulty climbing stairs Can climb a few steps or less 79 92

Difficulty putting on shoes At least some difficulty 89 73

Physical examination

Range of motion Flexion < 90 degrees 68 55

Radiographs

Amount of joint space 

preserved on radiograph < 50 % preserved 74 69



availability of home care, psychological benefit for the patient and pending court
cases.
The patient characteristics that were assessed for likelihood of an excellent outcome
are listed in Table 3. In answering these questions, surgeons were instructed to ‘rank
the likelihood of an excellent outcome in terms of the following pre-operative condi-
tions.’ Possible responses ranged from 1 to 10 with anchors of ‘slight’ toward 1,
‘moderate’ around 5-6 and ‘high’ toward 10. In the data analysis, these responses were
categorized as follows: 1-3, slight; 4-7, moderate; and 8-10; high. Thus, if a surgeon
selected 9 for osteoarthritis, then that surgeon considered there was a high likelihood
of an excellent outcome if the patient had osteoarthritis.

Statistical analysis
We calculated means and frequencies for all responses. The continuous variables,
number of years in practice and number of total hip replacements performed per
year were dichotomized according to the median values of these variables: In
Sweden, categories were 1-16 and 17-42 years in practice and 1-30 and 31-100 THAs
performed per year. In The Netherlands categories were 1-12 and 13-30 years in
practice and 1-60 and 61-200 THAs performed per year.
We used Chi-square tests and t-tests to compare responses based on location
(Sweden or The Netherlands), number of years in practice and number of procedu-
res performed per year. The statistical significance level was established at p < 0.05.
All statistical analyses were performed using SPSS 11.0.

days/week, then that surgeon considered severe pain at least several days per week an
indication for THA. From the existing, similar Dutch and Swedish guidelines we esti-
mated criteria levels for the indication for THA (Table 1).
The factors that affect the decision to perform THA surgery used in this study are
listed in Table 2. In answering these questions, surgeons were instructed as follows:
‘Assume that all other factors are optimal, in what way would these factors modify
you decision to perform THA?’ Possible responses ranged from 1 to 7 with anchors
of ‘against’ towards 1, ‘neutral’ at 4, and ‘for’ towards 7. In the data analysis, these
variables were categorized as follows: 1-3, against surgery; 4, neutral; 5-7, for surgery.
Thus, if a surgeon chose 2 for patient’s age over 80, then that surgeon considered this
factor to weigh against surgery. Because of their limited applicability in the Dutch
and Swedish society, we left out 3 questions from the original questionnaire: on the
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Table 2

Factors affecting the decision to perform THA

Age and comorbid factors

Age > 80 years

Age < 50 years

Comorbidity

Alcohol abuse

Weight > 90 kg.

Physical factors

History of deep venous thrombosis

Leg varicosities

Arterial insufficiency of legs

Neurologic disease of hip

Severe bone loss

Poor soft tissue coverage

Poor hip musculature

Psychologic factors

Chronic depression

Dementia

Poor motivation

Limited cooperation

Hostile personality

Function and legal factors

Return to work

Be independent

Return to sports

Unrealistic expectations

Table 3

Patient characteristics and likelihood of excellent outcome from THA

Severe pain

Osteoarthritis

Rheumatoid arthritis

Obesity

Poor bone quality

Significant comorbidity



Surgeons performing THA versus surgeons not performing THA
In The Netherlands, 4% of the responding surgeons did not perform THA compared
to 21% of the responding surgeons in Sweden. We compared responses from the sur-
geons who did (performers) and did not perform THA (non-performers) in Sweden.
In The Netherlands only ten surgeons who did not perform THA filled out the
questionnaire, therefore we did not analyze this group. In Sweden, we found signifi-
cant differences between the two groups in ratings of the indications for THA: non-
performers rated more severe levels of disability in 3 of 9 indication questions (rest
pain (p < 0.03), difficulty in climbing stairs (p = 0.03), putting on shoes and socks (p
= 0.05)). Further, non-performers found 5 of 24 modifying factors less favourably for
THA than surgeons who performed THA: obesity, severe bone loss, poor soft tissue
cover, chronic depression and hostile personality (p < 0.03). Besides, non-performers
found 2 of 24 modifying factors more favourably for THA than surgeons who per-
formed THA: desire to return to work and sports (p < 0.01). Lastly, surgeons who
performed THA tended to rate the likelihood of an excellent outcome higher in 3 of
6 patient characteristics compared to surgeons who did not perform THA: obesity,
poor bone quality or severe comorbidity (p < 0.004). Because of the differences
found between the two groups and because the operating surgeon usually decides
about the indication for THA even after referral from colleagues, we decided to per-
form a separate analysis for the responses of the Dutch (253) and Swedish surgeons
(384) who performed THA to be able to make a valid comparison between groups.

Indications and modifying factors for THA
In Figure 1, surgeons’ ratings of the indications for THA are shown for both coun-
tries. Indications are grouped in separate figures according to (a) pain, (b) and (c)
function, and (d) physical examination/radiographic findings. The first graph of
Figure 1 shows that most surgeons in Sweden as well as The Netherlands believe that
patients should at least have severe pain daily, and rest pain several days a week. Most
Swedish surgeons (88%) required transfer pain at least several days a week before
performing a THA compared to 74% of the Dutch surgeons (p < 0.001). With regard
to function, most Swedish surgeons (55%) required that patients be unable to walk
more than 300 meter compared to 45% of the Dutch surgeons (p < 0.001). Surgeons
did not uniformly require an assistive device for walking, with most surgeons indica-
ting the use of a cane or crutch one day per week or less often to be consistent with
performing THA. Further, most Swedish surgeons required that patients are able to
climb a few steps while Dutch surgeons required more difficulty in climbing stairs to
be consistent with THA (p < 0.001). Most Dutch surgeons also required use of
assistance in putting on shoes and socks (59%) compared to 41% of the Swedish sur-
geons. (p < 0.001). Flexion greater than 45˚ was considered to be consistent with per-
forming THA in both countries (85% of Swedish surgeons compared to 84% of
Dutch surgeons). Finally, most surgeons, in Sweden (74%) as well as The

Results

Response rates in Swedish and Dutch Survey
In 2002, a total of 1206 and 419 questionnaires were sent to the individuals in
Sweden and The Netherlands respectively. In Table 4, response rates for both coun-
tries are summarized. In Sweden, 643 individuals returned questionnaires after two
mailings of which 525 were consultant orthopaedic surgeons. Of all responding con-
sultant surgeons, 111 (21%) did not perform THA. In 2002, there were 900 orthopa-
edic consultants practicing in Sweden according to the Swedish Orthopaedic
Association, which means that 58.3% of the orthopaedic surgeons in Sweden com-
pleted the questionnaires.

In The Netherlands, 263 surgeons returned questionnaires after two mailings (63%).
Of all responding surgeons, 10 (4%) did not perform THA. Dutch orthopaedic sur-
geons performed on average 64 THA per year (SD 29.3, median 60, range 5-200
prostheses). They were in practice for on average 12.1 years (SD 7.5, median 12,
range 1-30 years). Swedish orthopaedic surgeons performed on average 33 prostheses
per year (SD 20.4, median 30, range 1-100 prostheses) and were in practice for on
average 16.8 years (SD 8.1, median 16 and range 1-42 years).
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Table 4

THA Questionnaire response rates in The Netherlands and Sweden

Sweden Netherlands

Number of questionnaires sent 1205 419

Respondents 643 263

Consultant orthopaedic surgeons 525 263

Performed THA 387 253

Did not perform THA 113 10

Did not answer question about performing THA 25 0

Nr. of surgeons in each country ±900* 419

Response rates

Questionnaires returned 53% 63%

Consultant surgeons who completed questionnaire 58%* 63%

* Number of Swedish orthopaedic surgeons as estimated by the Swedish Orthopaedic Association (SOF).



comorbidity, (b) physical factors, (c) psychological factors and (d) function and legal
factors. Surgeons indicated whether each factor would sway the decision for or against
surgery or whether each factor would have no effect in the decision for THA (neutral).
Most Dutch surgeons rated age over 80 as a positive factor in the decision for THR while
most Swedish surgeons considered this as a neutral factor. Age less than 50, however,
swayed the decision against surgery for most surgeons in Sweden as well as in The
Netherlands, as would comorbidity, alcohol abuse and obesity. Swedish surgeons consi-
dered these factors significantly more unfavourable than Dutch surgeons (p < 0.001).
The presence of certain physical factors, such as arterial insufficiency of the legs,
neurological disease of the hip, severe loss of bone stock, poor soft tissue cover and
poor hip musculature would sway the decision against surgery. In Sweden, most sur-
geons considered a history of deep venous thrombosis (DVT) to weigh against surge-
ry, whereas in The Netherlands an equal proportion was for, neutral and against
THA if a patient had a history of DVT. Most surgeons considered the presence of leg
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Netherlands (69%), required that the majority of joint space be destroyed. With
regard to pain symptoms and walking distance, most surgeons in Sweden and The
Netherlands complied with the existing guidelines for the indication for THA while
there was less agreement with regard to other functional impairments, range of
motion and loss of joint space on radiographs (Table 1).
We did not find any systematic differences in Sweden or The Netherlands in rating
indications for surgery when surgeons were stratified for number of THAs perfor-
med per year. When surgeons were stratified for number of years in practice, we
found no systematic differences in rating indications for surgery either, apart from
rest pain and use of assistive devices for walking that were more often required by
Dutch surgeons who were longer in practice (35% vs 48% required assistive devices
more than several days, (p<0.02)).
Figure 2 shows how Swedish and Dutch surgeons rated potentially important factors in
considering THA. These factors have been grouped in several categories: (a) age and
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a. Factors affecting decision to perform THA: age and comorbid factors

b. Factors affecting decision to perform THA: physical factors

c. Factors affecting decision to perform THA: psychological factors

d. Factors affecting decision to perform THA: function and legal factors
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a. Pain as indication for THA in Sweden (S) and The Netherlands (NL).

b. Function (1) as indication for THA in Sweden (S) and The Netherlands (NL).

c. Function (2) as indication for THA in Sweden (S) and The Netherlands (NL).

d. Physical examination and radiographs as indication for THA in Sweden (S) and 

The Netherlands (NL).



regarding severe pain and osteoarthritis, but Dutch surgeons tended to rate a higher
likelihood of an excellent outcome than Swedish surgeons regarding obesity, poor
bone quality and significant comorbidity (p < 0.01).
We did not find any systematic differences between surgeon groups in Sweden or The
Netherlands in rating the likelihood of an excellent outcome when surgeons were
stratified for number of years in practice. When surgeons were stratified for number
of THAs performed per year, we found no systematic differences in rating the likeli-
hood of an excellent outcome for Dutch surgeons, but Swedish surgeons who perfor-
med more procedures per year tended to rate the likelihood of an excellent outcome
higher than surgeons who performed fewer procedures per year, with respect to pre-
operative rheumatoid arthritis, obesity and poor bone quality (p < 0.02).

Discussion
This is the first study to investigate and compare indications for THA among a large
group of orthopaedic surgeons in two European countries.
Pain, functional limitation and evidence of intra-articular disease on radiographs are
the primary indications for total hip arthroplasty.15 However, there is no agreement
between orthopaedic surgeons on the extent of disease that should exist before
THA.14 The Dutch guideline for the indication for THA states that candidates for
THA are patients, who - in spite of adequate conservative treatment - are that much
disabled by pain and stiffness of the hip joint that impairment in function and
dependency on others results.12 Swedish guidelines state that THA should be perfor-
med in patients with moderate to severe pain, serious functional impairment and
decreased quality of life.13 Both guidelines emphasize the importance of considerable
joint damage on radiographs and the Swedish guideline requires that joint space be
reduced with at least 50%. Despite the existing guidelines we found considerable
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varicosities a neutral factor in the decision for THA. Again, Swedish surgeons consi-
dered these physical factors significantly more unfavourable in the decision to per-
form THA than Dutch surgeons (p < 0.001), except for the presence of poor hip
musculature where we found no significant difference between the two countries.
The psychological factors shown in Figure 2c were found to be very important when
considering a patient for THA. Chronic depression, dementia, poor motivation, limi-
ted cooperation and a hostile personality were all negative factors in the decision to
perform THA for the vast majority of surgeons. When comparing Swedish and
Dutch surgeons with respect to psychological factors, we found that chronic depres-
sion, dementia and limited cooperation weighed the decision more against surgery
for Swedish surgeons, while poor motivation and hostile personality were rated more
unfavourably by Dutch surgeons (p < 0.01).
On the other hand, certain functional factors such as the desire to return to work and
be independent weighed very much in favour of THA for most Swedish and Dutch
surgeons. In contrast, the majority of surgeons considered the desire to return to
sports and unrealistic expectations of the patient as factors against THA. Swedish
surgeons rated wanting to return to work or sports and the desire to be independent
less favourably than Dutch surgeons (p < 0.01).
We did not find any systematic differences in The Netherlands in modifying factors
for surgery when surgeons were stratified for number of THAs performed per year,
apart from the fact that high-volume Dutch surgeons less often indicated dementia
or poor soft tissues as factors swaying against surgery (p = 0.04 and p = 0.03, respec-
tively). In Sweden, we found that high volume surgeons less often thought that obesi-
ty was a negative factor in the decision for THA (p < 0.01). Age over 80 or under 50
years, severe bone loss, poor soft tissue cover and poor hip musculature also less
often swayed the decision against surgery in high-volume surgeons compared to low-
volume surgeons (p = 0.01-0.05). When surgeons were stratified for number of years
in practice, we found no systematic differences in modifying factors for surgery, apart
from comorbidity being less often viewed as a factor against surgery by Dutch surge-
ons who were more than 12 years in practice (p < 0.01), while a hostile personality
was an more unfavourable factor in the decision for THA for Swedish surgeons who
were over 16 years in practice (p < 0.001).

Likelihood of excellent outcome from surgery
Figure 3 shows surgeons’ ratings of the likelihood of an excellent outcome based on
certain important patient characteristics. The vast majority of surgeons in Sweden as
well as The Netherlands rated there to be a high likelihood of an excellent outcome if
the patient had severe pain, osteoarthritis or rheumatoid arthritis. However, obesity,
poor bone quality and significant comorbidity were considered to result only in a
moderate likelihood of an excellent outcome for THA. We found no difference in
rating the likelihood of an excellent outcome between Swedish and Dutch surgeons
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a. Likelihood of excellent outcome according to Dutch and Swedish surgeons: Pain, OA, RA.

b. Likelihood of excellent outcome according to Dutch and Swedish surgeons: Obesity, 
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tion rates and mortality.19,20 Further, higher volume surgeons usually also have the
support of a sophisticated and experienced rehabilitation staff.14 Lastly, surgeons who
perform more procedures may also be more experienced in weighing indications and
modifying factors and, therefore, select better candidates for surgery.21 We did not
find systematic differences in rating indications, modifying factors or likelihood of
excellent outcome when surgeons were stratified for number of years in practice.
The original study by Mancuso et al. among 122 orthopaedic surgeons from New
York City reported moderate agreement (>50%) for thresholds for pain, walking
distance, range of motion and degree of joint space loss on radiographs (5 of 9 vari-
ables). Although they found consensus for some of the modifying factors, there was
no consensus for all factors.14 Concerning age and comorbid factors, American sur-
geons rated age > 80 years and weight > 90 kg more unfavourably and rated the
other factors in-between the levels rated by Dutch and Swedish surgeons. Further,
they rated physical factors more unfavourably than Dutch and Swedish surgeons.
Concerning psychological factors, American surgeons rated depression, dementia
and hostile personality more unfavourably while limited cooperation and poor moti-
vation were in-between the ratings of the Dutch and Swedish surgeons. We found no
structural differences between American, Dutch and Swedish surgeons concerning
function and legal factors. Overall, American surgeons tended to rate modifying fac-
tors more unfavourably compared to European surgeons (12 of 22 factors), but it
should be noted that the US survey was performed in 1992. Like the Swedish high-
volume surgeons, American surgeons who performed more procedures per year (31-
250) tended to rate the likelihood of an excellent outcome higher than surgeons who
performed fewer procedures per year (5 of 6 pre-operative characteristics).
There are several possible reasons for the lack of consensus among orthopaedic sur-
geons found in our study. First, isolated indications are not as important as integra-
ting and weighing several indications and modifying factors in the indication of
THA.14 Further, there is constant movement in technical developments in orthopae-
dic surgery and perioperative medicine, such as new prosthesis materials, improved
anaesthesia, surgical technique and rehabilitation methods. In addition, there is a
wide variation in other important factors that influence the postoperative course,
such as hospital characteristics and available home care and rehabilitation facilities,
which affect the way surgeons rate indications.21

The response rates were 58% and 63% for Swedish and Dutch orthopaedic surgeons,
respectively. These moderate response rates may raise the possibility of response bias.
However, for a community survey among medical professionals with participation
on a voluntary basis these response rates are not unusual. Further, a certain amount
of bias could have occurred because of cultural, translation or interpretation diffe-
rences between surgeons from the two countries. Another limitation of the study could
be that surgeons were asked to consider the minimum level of symptom severity, not
the most common level, for which they would consider surgery. Using this approach may
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variations in indications for THA among surgeons in Sweden as well as The
Netherlands. Apart from severity of transfer pain and joint space on radiograph,
there was no agreement among surgeons over 60% per response category, which is
the minimum percentage of agreement needed to designate opinions as practice gui-
delines.16 While most surgeons in both countries agreed on the requirement of severe
pain, rest pain and transfer pain several days per week or daily for the indication of
THA, we found large variations in the required use of assistive devices, the ability in
climbing stairs and the putting on of shoes and socks in the indication for THA.
Apparently, activities of daily living are considered less important than the presence
of pain in the decision process for THA. This trend is also found in the compliance of
surgeons from both countries to existing guidelines in the indication for THA.
Swedish surgeons required relatively more transfer pain and impairment in walking,
while Dutch surgeons required more disability in climbing stairs and putting on
shoes in the indication for THA compared to Swedish surgeons. While we did not see
surgeons from Sweden or The Netherlands generally requiring more disability com-
pared to surgeons from the other country, we did see clear differences in the rating of
modifying factors in the decision for THA, where Swedish surgeons scored most fac-
tors (20 of 22) less favourably in the indication for THA compared to Dutch surge-
ons. This might be explained by a higher awareness among Swedish surgeons about
potential risk factors such as young age because of the annual reports by the Swedish
National Hip Registry, or relatively more attention for modifying factors because of
budget problems for the procedure in many hospitals the past few years.17 Also cer-
tain cultural differences between both countries, although difficult to quantify, might
be important in clinical decision-making. A study by Wright et al. showed that ortho-
paedic surgeons’ enthusiasm for total knee replacement was the dominant modifiable
determinant of area variation in the use of the procedure.18 In rating the likelihood
of an excellent outcome, Dutch surgeons tended to rate a higher likelihood of an
excellent outcome than Swedish surgeons regarding obesity, poor bone quality and
significant comorbidity. An explanation for this could be that Dutch surgeons gene-
rally perform more THAs per surgeon, which is associated with higher ratings of the
likelihood of a good outcome.14 When we looked for differences in low- and high-
volume surgeons in each country, we found that especially Swedish high-volume sur-
geons were more liberal concerning modifying factors in the decision for THA and
rated the likelihood of an excellent outcome higher than surgeons who performed
fewer procedures per year. We also found that surgeons who did not perform THA in
Sweden required more morbidity in the indication for THA and were stricter concer-
ning modifying factors in the decision for THA. A possible reason for the fact that
high volume surgeons rate the modifying factors less unfavourable and tend to rate a
higher likelihood of excellent outcome compared to low-volume surgeons and, even
more, to non-performers could be that surgeons who perform more procedures have
better outcome of surgery in the sense of better surgical technique, lower complica-
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have made it appear that surgeons are operating on patients with less severe symp-
toms than is actually the case. In addition, this study measured surgeons’ responses to
a hypothetical situation and may not reflect what is done in actual practice.14

A lack of consensus regarding the indications for THA has been cited as one reason
for the variations in the rates of THA.10,22 More unfavourable rating of modifying
factors for THR in Sweden might explain partly the lower incidence (20%) of primary
THR in Sweden compared to The Netherlands, even after correction for population
structure.8 It has been suggested that an increased number of surgeons per capita could
increase the number of operations.23 However, this seems not to be the case in Sweden
(6.9 surgeons per 100,000 inhabitants) as compared to The Netherlands (2.5 surgeons
per 100,000 inhabitants).24 Another important reason for variations in the rates of
THA is the willingness of the patient to undergo surgery for his complaints. In a study
by Hawker et al., only 15% of patients with severe arthritis were willing to undergo
total hip or knee arthroplasty.25 Further, a considerable amount of the variation in the
rates of THA in Sweden as well as The Netherlands the past few years can be attributed
to limited financial resources for THA in both countries with considerable waiting list
problems.26-28 Also the incidence of osteoarthritis, the access to care and the percentage of
people doing heavy physical work can play a role in the rate of THA in a certain area.10,29

Several studies showed that patients with worse pre-operative functional status had
poor outcomes compared to patients with better baseline functioning. Performing
surgery earlier in the course of functional decline may be associated with better out-
come.28,30,31 This could mean that the indication for THA would have to be acknow-
ledged earlier in the disease process and that indications in existing guidelines would
have to be expanded. Further, as patients become better informed and more aware of
present treatment possibilities, they may be less inclined to accept their disability and
prefer treatment in an earlier stage of their disease. This development, in combina-
tion with an aging population, longer life expectancy will put further pressure on
health care resources. It has been argued that waiting lists for THA should be need-
based, e.g. based on severity of symptoms and burden of disease instead of on order
of patients on the waiting list.32,33

In conclusion, this study showed good compliance of Dutch and Swedish surgeons to
existing guidelines for THA with respect to pain and walking ability and moderate
compliance with respect to function, physical examination and radiographs. Swedish
surgeons rated the majority of modifying factors more unfavourably compared to
Dutch surgeons. Comparability of indications for THA is important to grant similar
access to the procedure for all patients. Therefore, the results of this study are impor-
tant, especially in this era when appropriateness of surgery and geographic variations
in rates of procedures are under the scrutiny of administrators, health insurance
companies and a more informed patient population.14 Further, evaluation of existing
guidelines is important when estimating the best time for the procedure in the disea-
se process, especially with regard to the expected increase in need for THA.
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Results after revision THA
because of deep infection
Trends and risk factors in 960 first
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2000. Moreover, to investigate the risk factors for repeat revision for both aseptic loo-
sening and recurrent infection.

Patients and Methods
Since January 1979, information on any open surgical intervention after primary
THA is recorded in the Swedish National Total Hip Arthroplasty Registry. All
Swedish orthopaedic units participate on a voluntary basis. The current end-point is
revision of either component; the validity and capture of the registry have recently
been evaluated.2 Information from medical records is stored in the revision database
of the registry. Until the year 2000, 16,577 revisions have been entered.24 Another
database from the registry concerns the prophylactic measures against aseptic and
septic loosening, which are reported annually per department.
We studied 960 first revisions in 952 patients performed because of deep infected
THA between 1979 and 2000. Only revisions of both components were included.
Infection was defined by the orthopaedic surgeon performing the revision based on
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), the number of
positive intra-operative cultures and the clinical impression. Scintigraphic methods
and pre-operative aspiration of joint fluid have not been widely used in Sweden.25-28

We identified four types of infected THA after analysis of the medical records of the
patients. First, patients in whom there was a strong clinical suspicion of infection of
the prosthesis and with two or more positive intra-operative cultures. Second,
patients in which there is a very strong clinical suspicion of infection of the prosthe-
sis but with negative intra-operative cultures. Third, patients with strong clinical sus-
picion of infection but with only one positive intra-operative culture. The last group
were patients with low clinical suspicion of infection but with two or more positive
intra-operative cultures.29

The complete medical records of 868 patients (90%) were analyzed for clinical data
thought to be of prognostic importance for the outcome, defined as repeat revision
for deep infection, aseptic loosening or other causes.30 The Central Bureau of Statistics,
in Stockholm, Sweden, provided information on deaths (until November 1, 2002),
which was also used as end-point in survival analysis.
Hospitals in Sweden are generally characterized by their catchment areas; university/
regional hospitals provide care for about 300,000-600,000 inhabitants, central hospitals
and rural hospitals for about 100,000-200,000 and <60,000 inhabitants, respectively.

Statistical analysis
We used ANOVA and Pearson’s Chi-squared tests to test differences between groups.
Prosthetic survival was estimated using Kaplan-Meier’s product-limit method.31

Survival curves (with 95% CI) were truncated when less than 50 prostheses remained
at risk. Multivariable Cox proportional hazard regression models were used to study

Introduction
Since the introduction of total hip arthroplasty, the incidence of deep infection has
decreased rapidly due to the introduction of prophylactic antibiotics, improved aseptic
techniques and identification of risk patients.1 Currently, infection rates of 1 to 2
percent are being reported.2,3 Even though the incidence of deep infection is low, the
prevalence number is large because of the increasing number of THAs performed
annually.4 In 1994, over 4,000 patients were treated annually for deep infection in the
United States only, which sums up to 200,000 million dollars in treatment costs.5

Treatment of deep infection after THR is often prolonged, frequently requiring
re-operations, and is expensive, which imposes significant economical burden on
health care6,7 and can entail poor clinical results.8

The diagnosis of infection is difficult to make in total joint arthroplasty, and it has been
reported that in 20% of infected cases, no bacteria could be isolated in intra-operative
cultures.9 Especially low virulent infections can mimic the clinical symptoms of aseptic
loosening, which is why it has been argued that a certain number of revisions for asep-
tic loosening are actually performed because of low virulent septic loosening. The pro-
tective effect of antibiotic bone cement against aseptic loosening indicates such a
relation, but the clinical relevance of low-virulent infections still remains unclear.10,11

It has been suggested that virulent organisms such as Gram-negative bacteria and
haemolytic streptococci are more difficult to eradicate.3 Although coagulase negative
staphylococci (CNS) are generally considered to be of low virulence, they are known
to entrench themselves in a polysaccharide layer (glycocalyx), making them less sus-
ceptible to eradication. Also problems with multi-resistant forms of CNS have been
reported.12,13 In the treatment of infected THA, two-stage revisions have in some
studies been associated with a lower recurrence risk.14 It has been recommended that
one-stage revisions should be reserved for infections caused by sensitive organisms in
the elderly, infirm patient who is poorly suited for the rigor of two operations.15

Revision surgery without the use of antibiotic containing bone cement has been
associated with higher recurrence rates, in one-stage as well as two stage revisions.14,16

The results of treatment of early postoperative and acute haematogenous infections
are better than those for chronic infections.17 The use of bone allograft at reimplan-
tation has not been associated with higher recurrent infection rates (7.5-11%), but
only small series from specialized centers have been reported.18-20 Several patient
related factors are associated with worse outcome of treatment for infection, such as
poor medical condition and severe local infection with poor soft-tissue surroun-
dings.21,22 Although the use of systemic antibiotics and antibiotic-loaded bone
cement leads to lower recurrence rates, meticulous debridement is critical and failure
to adequately remove infected, necrotic, devitalized tissue and all foreign material
can compromise the outcome.23

The purpose of the present study was to assess the demographics, bacteriology and
surgical practice of revision surgery for deep infection in Sweden in the period 1979-
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mic prophylaxis in Sweden antibiotic at primary THR (Figure 4). However, there was
a change in type of intravenous and oral antibiotics used to treat the peri-prosthetic
infections (Figure 5), and since 1990 the types of antibiotics became more diverse.
The previously more common mono-therapies decreased in favor of therapy with
multiple antibiotics (37% in 1979-1984 vs. 27% in 1997-2000). Moreover, there was
an increase in the use of glycopeptides (vancomycin, teicoplanin) and lincomycin
(klindamycin) at the expense of cloxacillin and cephalosporines (p<0.001). Between
1979 and 1984, most patients were treated with cloxacillin or cephalosporins only
(75%). Between 1997 and 2000 only 19% were treated with these antibiotics as a
monotherapy, but still in combination regimes in about 41% of hips (Figure 5).

risk factors for re-revision. Tests of the proportional hazards assumption were made
for all risk factors included. In the Cox models, we used score tests to calculate p-values.
Risk factors with more than two levels were represented as categorical variables.
Statistical calculations were performed using SPSS software version 11.0 (SPSS Inc.,
Chicago, IL).

Results

Demographics 
The demographic characteristics of the study group and bacterial strains cultured
intra-operatively are summarized in Table 1. Age and index diagnoses did not differ
in comparison to patients revised because of aseptic loosening,24 but we found that
relatively more male patients had a revision for deep infection (54.4%). Of the 890
(92%) cemented prostheses revised, 290 (33%) had been cemented with antibiotic
containing bone cement at the primary procedure. Sixty-five percent of the revisions
was performed in the central hospitals, 27% in university/regional hospitals and 8%
in rural hospitals. Twenty-seven percent had a one-stage procedure and 56% were
performed according to a two-staged protocol. Since the beginning of the 1990:s,
one-stage revisions decreased in favor of staged revisions (Figure 1). Seventeen per-
cent were permanent extractions as far as we know at present. Infected hybrid THRs
(p<0.01) and septic loosenings caused by S. aureus (p<0.003) were more often
managed with a staged procedure. There were no other systematic demographic or
bacteriological differences between single-staged and two-staged procedures. Thirty-
seven percent of the patients with a two-stage revision had a re-implantation interval
between 1 and 3 months (Table 1) with a median of 2 (0.2—62) months. Patients
undergoing permanent extraction of the infected prosthesis were on average 4.3 to
5.5 years older than patients who had one- or two-stage revision, respectively
(p<0.001), had more often a previous diagnosis of hip fracture (29.6% vs. 11.6% and
10.7% in one- and two-stage revisions, p<0.001), and had more frequently intra-
operative cultures with Gram-negative species infecting the primary THR (18.8% vs.
7.0% and 9.2% in one- and two-stage revisions, p<0.02).
In the 540 staged revisions, 79% were cemented revisions of which the majority
(98%) was cemented with antibiotic containing bone cement. In 22% and 19% of
the re-implantations, bone grafting (used as a dichotomous variable in the calcula-
tions) was performed on the acetabular and femoral side, respectively.
In 96% of the staged revisions, a local antibiotic carrier was used between resection
and re-implantation. Gentamicin-loaded cement beads were most frequently used
until 1985, after which several other systems were used, and since 2000 antibiotic-
loaded spacers were used in 49% of the staged revisions (Figure 2).
Over the 20-year study period, flucloxacillin has been the most frequently used syste-
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Table 1

Characteristics of revision groups

Total group One-stage group Two-stage group Permanent extraction group
(N=960), N(%) (N=258)(%) (N=540) (%) (N=162) (%) 

Male 523 (54.5) 58.5 55.9 43.2
Female 437 (45.5) 41.5 44.1 56.8

Clinics
University/regional hospitals 262 (27.3) 32.9 25.9 22.8
Central hospitals 624 (65.0) 58.5 65.6 73.5
Rural hospitals 74 (7.7) 8.5 8.5 3.7

Prosthesis
Cemented 1060 (91.5) 95.7 90.7 96.9
Uncemented 33 (2.8 2.7 3.5 0.6
Hybrid 65 (5.6) 1.6 5.7 2.5

Diagnosis
Primary OA 699 (72.8) 75.2 75.9 58.6
Rheumatoid Arthritis 77 (8.0) 8.9 8.1 6.2
Post-traumatic 136 (14.2) 11.6 10.7 29.6
Other 48 (5.0) 4.3 5.2 5.6

Open procedure before revision, not for infection 44 (4.6) 4.7 4.8 3.7

Bacteria
S.Aureus 107 (18.7) 10.7 22.3 23.4
CNS 207 (36.1) 39.6 36.0 29.8
Streptococci 49 (8.6) 9.6 9.2 4.3
Other Gram positive 48 (8.4) 11.2 6.8 7.4
Gram negative 57 (9.9) 7.0 9.2 18.1
Anaerobic bacteria 43 (7.7) 7.0 8.9 4.3
Mixed cultures 62 (10.8) 15.0 7.5 12.8

Mean time between 1st and 2nd stage in months 
(SD; median; range) 3.9 (5.4, 2.0, 0.2-61.7)

0-1 month (N, %) 131 (24.3)
1-3 months (N, %) 199 (36.9)
3-6 months (N, %) 101 (18.7)
> 6 months (N, %) 131 (24.3)

Mean age at revision (SD; median, range) 69.3 (10.1; 71.0; 28-96) 69.1 (9.5; 71; 35-91) 68.0 (10.0; 70; 28-88) 73.9 (10.2; 76; 37-96)
Mean time between index THR and revision in years (SD; median, range) 2.9 (3.2; 1.6; 0.04-20.0) 2.5 (2.4; 1.6; 0.2-11.5) 3.0 (3.3; 1.6; 0.04-17.1) 3.5 (4.0; 2.1; 0.04-20.0)
Mean follow-up patients alive (N=434) (SD; median, range) 7.2 (5.2; 5.6; 0.0-21.5) 10.4 (6.4; 12.6; 1.1-21.5) 6.2 (4.3; 5.2; 0.0-20.6) 7.7 (5.9; 5.3; 1.4-21.1)
Mean follow-up patients deceased (N=393) (SD; median, range) 6.5 (4.7; 5.7; 0.0-21.2) 8.8 (5.1; 8.7; 0.1-21.2) 6.5 (4.2; 6.1; 0.0-19.0) 3.9 (3.4; 3.2; 0.0-17.0)
Mean follow-up patients rerevised (N=134) (SD; median, range) 3.7 (3.6; 2.6; 0.01-17.0) 4.3 (4.0; 2.6; 0.04-16.6) 3.3 (3.3; 2.4; 0.01-17.0)



prosthesis survival at 10 years (Figure 6). Patients revised in rural hospitals were
nearly two times (RR=1.9, CI95% 0.9–4.2) more likely to have a repeat revision for
infection compared to patients revised in the central hospitals (RR=1.0) and the uni-
versity hospitals (RR=1.0, CI95% 0.6–2.0) (Table 3). Patients who had minor open
procedures (e.g. refixation of the major trochanter, removal of cerclage wires or
heterotopic bone) after primary THR had no increased risk for septic re-revision.
(RR=1.0, CI95% 0.3–3.3). The use of a one-stage revision protocol carried an increa-
sed risk (RR=1.5, CI95% 0.9–2.6) for re-revision for deep infection compared to the
two-stage procedure. Patients with wound healing problems within six weeks after
primary THR, revised with a single-staged procedure because of deep infection, were
at particular risk (RR=1.9, CI95% 1.1–3.3) for a repeat revision. The presence of a
draining sinus, the type of organism cultured intra-operatively, or the use of bone
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Bacteriology
In 841 patients (73%) information on intra-operative cultures was available (Table 2).
The median number of intra-operative cultures was 5 (1-20) per patient. One-hundred
and fifty seven (19%) were negative. Of the positive cultures, 9% showed growth of
more than one type of bacterial species. The type of bacterial species varied signifi-
cantly over the study period. We found an increase in CNS (30% of positive cultures
in the period 1979-1984 vs. 45% in the period 1997-2000 and a decrease of Gram-
negative species (23% of positive cultures in the period 1979-1984 vs. 7% in the period
1997-2000; p < 0.003) (Figure 3).

Survival analysis and risk for re-revision
Fifty-eight of 798 (7.3%) patients revised (one- or two-stage revision protocols)
relapsed into infection and were re-revised, implying a 90% (CI95% 88.2–93.0)
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Systemic antibiotics (intravenously and orally) used by patients undergoing revision total hip 

arthroplasty for deep infection in Sweden
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Survival curve (with 95% CI) of primary revision group, endpoint re-revision for infection
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Type of bacteria cultured intraoperatively in revision THR for infection in Sweden
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grafts did not predict re-revision for deep infection for either one- or two-stage revi-
sions. However, the longer the interval between extraction and re-implantation the
lower was the risk of a re-revision (Table 4). An interval longer than 6 months was
associated with lowest risk for re-revision for deep infection (RR=0.1 (CI95%
0.02–0.94)).
Sixty out of 798 patients (7.5%) were re-revised for aseptic loosening, implying 89%
(CI95% 85.7–92.0) - 84% (CI95% 79.8–88.8) prosthesis survival at 10–15 years
(Figure 7). Moreover, patients younger than 65 years were 3 times more likely to
undergo a re-revision for aseptic loosening than those older than 65 (RR 3.0, CI95%
1.8-5.2). Hospital type did not have a significant influence on the re-revision rate for
aseptic loosening. Patients who had had minor open procedures in the hip joint after
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Table 2

Bacterial species cultured intra-operatively in all revisions, including multiple species 

cultured in mixed infections. 

N %

Coagulase negative staphylococci 294 39,9

Staphylococcus aureus 137 18,6

Streptococci 64 8,7

Propionibacterium acnes 52 7,1

Enterococci 44 6,0

Escherichia coli 40 5,4

Diphteroid 15 2,0

Peptostreptococci 15 2,0

Proteus mirabilis 13 1,8

Pseudomonad 11 1,5

Enterobacter 9 1,2

Klebsiella 6 0,8

Corynebacterium 6 0,8

Gram + cocci, not specified 5 0,7

Staphylococcus species, not specified 5 0,7

Tubercle bacteria 3 0,4

Anaerobic Gram - rods, not specified 2 0,3

Citrobacter 2 0,3

Acinetobacter 2 0,3

Candida 1 0,1

Salmonella 1 0,1

Bacillus subtilis 1 0,1

Haemophilus paraprophilus 1 0,1

Staphylococcus warneri 1 0,1

Bacteroides bivius 1 0,1

Aerococcus viridans 1 0,1

Aerococcus urinae 1 0,1

Actinomyces odontolyticus 1 0,1

Serratia 1 0,1

Micrococcus 1 0,1

Total 736 100

Table 3

Cox regression model, endpoint rerevision for infection

RR 95% CI for RR P value

Gender 1.1 0.65 - 1.96 0.66

Age > 65 1

< 65 1.2 0.80 - 2.47 0.24

Clinic

Central 1

University 1.0 0.51 - 1.88 0.95

Rural 1.9 0.89 - 4.24 0.09

Previous open procedure 1.0 0.31 - 3.26 0.98

One-stage/two-stage 1.5 0.85 - 2.58 0.16

Wound complications at index THR 1.9 1.08 - 3.34 0.03

Table 4

Two stage revisions: Cox regression model, endpoint re-revision for infection

RR 95% CI for RR P value

Gender 1.5 0.75 - 2.97 0.25

Age > 65 years 1

< 65 years 1.6 0.78 - 3.12 0.21

Time between stages

0-1 month (n=131) 0.8 0.36 - 1.74 0.56

1-3 months (n=199) 1

3-6 months (n=109) 0.7 0.28 - 1.83 0.48

> 6 months (n=101) 0.1 0.02 - 0.94 0.04



investigate national results after revision THA performed for deep infection. The
strength of this study lies in its sample size, and the fact that it depicts the results of
the average surgeon rather than those from highly specialized centers.32

The weakness lies in the current end-point since the study lacks information on
patients relapsing into either sepsis or aseptic loosening, but in whom a repeat revision
for various reasons (e.g. co-morbidity, and unwillingness of the patient) has not been
undertaken. Moreover, the registry has no information on patients treated by sup-
pressive antibiotic therapy. Nevertheless, we are currently investigating the clinical
outcome of first revision patients using patient-centered questionnaires to increase
sensitivity. A further limitation to the study is that the definition of septic and aseptic
loosening depended on the surgeons’ clinical interpretation, and is thus highly sub-
jective and also not uniform. On the other hand, there is no generally established
definition of a deep infection, most diagnostic tools are hampered by varying accuracy,
and the current low prevalence of deep infection make new diagnostic tools (such as
PCR) difficult to evaluate. In addition, aseptic and septic loosening may supersede
each other at different times.
Intra-operative cultures are considered the gold standard for the diagnosis.1 Still, several
errors in culture technique occur,33 and anaerobes and other low-virulent bacteria
may be lost in the culturing process.34 Also the clinical significance of coagulase
negative staphylococci can be difficult to interpret.35 This is why the shift in bacterial
species observed in this study not necessarily implies that septic loosening was caused
by them. However, low-virulent infections seem to be a growing problem also in
other fields,3,36-39 which shows why there is an obvious need for improved culturing
techniques.35,40,41 Although difficult to explain, the predicting effect of minor open
procedures on increased risk for re-revision due to aseptic loosening may just be an
example of inferior detection techniques.
At present, there is concern about increasing microbial resistance in total joint arth-
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primary THR were 2.8 times more likely to undergo re-revision for aseptic loosening
compared to patients who did not (CI 1.2-6.6). Finally, the type of revision did not
influence the re-revision rate for aseptic loosening, but the use of bone-graft at
re-implantation did (RR=1.8, CI95% 0.9–3.4) (Table 5).
Using re-revision because of any cause as an endpoint, 134 patients out of 798
(16.8%) were re-revised implying a 79% (CI95% 75.0–82.3) - 74% (CI95%
69.6–78.8) prosthesis survival at 10 and 15 years follow-up (Figure 8).

Discussion
How should we treat patients with a deep peri-prosthetic infection, and who should
take on this formidable task? This study applied an epidemiological approach to
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Table 5

Cox regression model, endpoint re-revision for loosening

RR 95% CI for RR P value

Gender 1.1 0.65 - 1.89 0.70

Age > 65 years 1

< 65 years 3.0 1.75 - 5.16 <0.001

Clinic

Central 1

University 0.9 0.51 - 1.72 0.84

Rural 1.4 0.58 - 3.33 0.46

Previous open procedure 2.8 1.17 - 6.56 0.02

One-stage/two-stage 1.2 0.66 - 2.07 0.60

Use of bonegraft at reimplantation 1.8 0.92 - 3.36 0.08
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Figure 7

Survival curve (with 95% CI) for primary revision group, endpoint re-revision for aseptic loosening
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Survival curve (with 95% CI) for primary revision group, endpoint re-revision for any cause



explained by missed low-virulent infections. Several studies have emphasized the
dangers of using bone grafts in association with septic loosening.

We found that patients having a revision for deep infection in the rural clinics were
more likely to have a re-revision for recurrent infection compared to patients opera-
ted in the central and the university/regional hospitals. This might be explained by
the fact that high-volume surgeons have better outcome of surgery in the sense of
better surgical technique, lower complication rates and mortality.50,51 Further, larger
hospitals also have increased availability of more sophisticated techniques, revision
tools and intensive cooperation with other disciplines such as infection specialists.
On the other hand it cannot be ruled out that indications and the severity of each
case was systematically different over the hospitals and different regions in the country.
Nevertheless, we believe it is fair to assume that with the small numbers of revisions
for deep infection performed each year, it would be a benefit to the patients to centralize
these difficult treatment procedures in specialized clinics. Changes in bacterial
resistance could then perhaps also be detected earlier.1

The question to use a one-stage or two-stage revision protocol is controversial. While
some authors feel that they are equally successful and results depend on a devoted
surgeon, others believe that there are in fact very few indications today for a single-
stage procedure.52 Thus, what could perhaps be agreed upon is that the indication for
each protocol may differ. We confirmed the results of other studies in that there was
an increased risk for recurrent infection in patients treated with one-stage revision
and experiencing wound healing problems after primary surgery.52 Wound compli-
cations after primary THR may indicate an infection with virulent strains, which is
better treated with a two-stage protocol. However, the registry has no indicator of the
surgical quality of each of the protocols, and there is of course an important selection
of patients to the different treatments - thus, they may not be comparable. Further
studies will have to investigate this matter further. Nevertheless, on a national level a
two-stage stage revision appeared to be more successful in the eradication of infecti-
on, and this is why we think that this method should be applied unless the surgeon
has significant experience in one-stage procedures. However, in the elderly patient
with a low virulent infection, a well-performed one-stage revision can probably still
be a good option. In the treatment for deep infection, there should be equilibrium
between the optimal eradication of infection and optimal treatment for the patient.
In elderly patients, optimal treatment can mean retention of the components and
long-term suppression of the infection with antibiotics.53 However, the aim of treat-
ment in these patients is amelioration of symptoms and not eradication of infection
and results in the literature of suppressive therapy only are conflicting.54,55

Also a longer re-implantation interval was associated with lower risk for re-revision
for infection. Especially re-implantation intervals longer than 6 months were associa-
ted with low risk for re-revision. Such a long re-implantation interval may be diffi-
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roplasty infections, particularly regarding resistant forms of S. epidermidis.1,9,13 Over
the years, we found an increase in the percentage of CNS in intra-operative cultures
and a decrease in Gram-negative species. There are concerns that the use of systemic
antibiotic prophylaxis and antibiotic containing bone cement can lead to the deve-
lopment of antibiotic resistance.12,42,43 Sanzén and Walder found an increased
resistance to gentamicin in patients after joint replacement in most of whom genta-
micin containing bone cement was used.44 This has also been observed in an animal
study.45 Although the shift in antibiotics indicate such a relation (Figure 3), gentami-
cin resistance has not been shown to be more common in countries using bone
cement containing antibiotics.1

We found relatively more males in our group that had a revision for deep infection
compared to the gender ratio in the population undergoing primary THR.24 There
might be several reasons for this observation. One reason could be the relative unde-
ruse of revision surgery in female patients, because of their higher age at primary
THA with associated co-morbidity or because of their decreased willingness to
undergo surgery.46 It is probably fair to assume that a more aggressive surgical treat-
ment of implant infections is offered to patients with a more robust health status
(e.g. young patients, patients without other illnesses),47 who, in addition, have often
per se improved conditions for tissue repair.

Generally, prosthesis survival after a first revision for deep infection appeared reaso-
nable in comparison to prosthesis survival after revision for aseptic loosening.48

Among factors studied, we believe this to be attributable to increased use of a staged
revision protocol. Another explanation may be that low-virulent infections can be
successfully treated in a one-stage procedure since these dormant bacteria are inte-
grated in the surface of the implant rather than infiltrating the peri-prosthetic tissues
as in more high-virulent cases. Still, the main problems seem to be recurrence of
infection and aseptic loosening of the prosthesis.3 Peri-implant infections associated
with chronic inflammation, impaired circulation and osteonecrosis might in fact
prove to be a causal factor for aseptic loosening, making the peri-prosthetic bone and
soft tissue more susceptible to effects of micromotion, increased hydrostatic pressure
and wear debris-triggered pro-inflammatory cytokines.
Interestingly, also the use of bone graft at the acetabular or femoral side at re-implan-
tation increased the risk for re-revision for aseptic loosening. Bone grafting is techni-
cally demanding, and especially when using fresh-frozen (dead) impacted allografts
for re-implantation after deep infection. Undiagnosed infections may flame up; per-
haps seen as early migration but clinically misinterpreted as inferior primary stability
and not infection. Results from the experienced group in Exeter suggest, however,
that impaction bone grafting can be performed successfully in a staged procedure.19

Nevertheless, differences shown in results for this technique 49 may at least partly be

88



References

1. Lidgren L. Joint prosthetic infections: a success story. Acta Orthop Scand 2001; 72(6):553-6.

2. Söderman P, Malchau H, Herberts P, Johnell O. Are the findings in the Swedish National

Total Hip Arthroplasty Register valid? J Arthroplasty 2000; 15(7):884-9.

3. Salvati E, Della Valle AG, Masri BA, Duncan CP. The infected total hip arthroplasty. Instr

Course Lect 2003; 52:223-245.

4. Ostendorf M, Johnell O, Malchau H, Dhert WJ, Schrijvers AJ, Verbout AJ. The epidemio-

logy of total hip replacement in The Netherlands and Sweden: present status and future

needs. Acta Orthop Scand 2002; 73(3):282-6.

5. Sculco TP. The economic impact of infected joint arthroplasty. Orthopedics 1995;

18(9):871-3.

6. Laupacis A, Bourne R, Rorabeck C, Feeny D, Wong C, Tugwell P, Leslie K, Bullas R. The

effect of elective total hip replacement on health-related quality of life. Journal of Bone

and Joint Surgery Am 1993; 75(11):1619-26.

7. Dreghorn CR, Hamblen DL. Revision arthroplasty: a high price to pay. British Medical

Journal 1989; 298(6674):648-649.

8. Charlton WP, Hozack WJ, Teloken MA, Rao R, Bissett GA. Complications associated with

reimplantation after girdlestone arthroplasty. Clin Orthop 2003(407):119-26.

9. Bannister GC. Prevention of infection in joint replacement. Current Orthopaedics 2003;

16:426-433.

10. Espehaug B, Engesaeter LB, Vollset SE, Havelin LI, Langeland N. Antibiotic prophylaxis in

total hip arthroplasty. Review of 10,905 primary cemented total hip replacements reported

to the Norwegian arthroplasty register, 1987 to 1995. J Bone Joint Surg Br 1997; 79(4):590-5.

11. Persson U, Persson M, Malchau H. The economics of preventing revisions in total hip

replacement. Acta Orthop Scand 1999; 70(2):163-9.

12. Hope PG, Kristinsson KG, Norman P, Elson RA. Deep infection of cemented total hip

arthroplasties caused by coagulase- negative staphylococci. J Bone Joint Surg Br 1989;

71(5):851-5.

13. Mohanty SS, Kay PR. Infection in total joint replacements: why we screen MRSA when

MRSE is the problem? J Bone Joint Surg Br 2004; 86-B:266-8.

14. Garvin KL, Hanssen AD. Infection after total hip arthroplasty. Past, present and future.

J Bone Joint Surg Am 1995; 77(10):1576-1588.

15. Garvin KL, Fitzgerald RH, Jr., Salvati EA, Brause BD, Nercessian OA, Wallrichs SL, Ilstrup

DM. Reconstruction of the infected total hip and knee arthroplasty with gentamicin-

impregnated Palacos bone cement. Instr Course Lect 1993; 42:293-302.

16. Hanssen AD, Rand JA. Evaluation and treatment of infection at the site of a total hip or

knee arthroplasty. Instructional Course Lectures, American Academy of Orthopaedic

Surgeons 1999; 48.

17. Tsukayama DT, Estrada R, Gustilo RB. Infection after total hip arthroplasty. A study of

the treatment of one hundred and six infections. J Bone Joint Surg Am 1996; 78(4):512-23.

Chapter 4

91

cult to use clinically,8 but the results might imply that hasty re-implantations are best
avoided and that repeat debridements are valuable. Meanwhile, the use of an antibiotic
spacer technique improves quality of life in this period, delivers high local levels of
antibiotics, reduces dead space, and can facilitate reimplantation.56-59 However, even
though our study showed an increased use of such devices, we failed to prove any
statistical impact of them. We believe that all these implants should be scientifically
scrutinized as any other orthopaedic implant before generally released onto the market.
In the difficult group of elderly patients with a diagnosis of hip fracture and Gram-
negative infections, many underwent permanent extraction of their prosthesis.
Although the registry does not provide such information , additional reasons were
probably also poor soft tissue conditions, poor bone stock and unwillingness of the
patient to undergo further surgery. However, despite a dramatic increase in osteopo-
rotic cervical hip fractures in Sweden over the past decade 60 and a general shift
towards using total hip replacement for primary treatment 24 the percentage of per-
manent extractions for deep infected THR remains rather constant; about 10-20% of
all revisions per year over the study period. Nevertheless, this area needs to be closely
monitored in the future especially with regards to methicillin resistant strains,1,9,13

which appear to be epidemic in elderly care at least in some parts of Sweden.61 Thus,
the indication for THR in these co-morbid patients must be weighed against the risk
of sepsis. When present, even a permanent extraction, with the aim of eradication,
might turn out to be technically difficult in severly osteoporotic bone. However, this
procedure might in fact turn out to be a better option than suppressive treatment
and the functional result will not necessarily worsen as a result of this procedure.
This issue will be the focus of future studies.

In conclusion, relapse into infection and aseptic loosening are the main problems
encountered after revision THA because of deep infection. A staged procedure
(probably with a longer re-implantation interval than previously recommended)
performed at an experienced center appears to be the best strategy to avoid these
complications.
Furthermore, we observed a change in the type of bacteria cultured in revisions for
infected THR in the study period with a shift towards more aggressive antibiotic
treatment, probably due to appearance of more resistant species in infected THR.
This is a worrying trend into which further research on causes and preventive measu-
res is needed.
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cent were treated in another hospital and 16% were removed from the waiting list for
other reasons. We found a discrepancy between the estimated and the real waiting
time of patients who received a total hip arthroplasty in our hospital. The estimated
waiting time (in months) is calculated by dividing the number of patients on the
waiting list by the number of patients that is operated on per month. The estimated
waiting time in July 1997, January 1998 and July 1998 was 12, 9 and 8 months, res-
pectively. However, the real waiting time was 4.8, 6.4 and 5.4 months, respectively. We
found a clear trend in the cumulative number of patients that was operated on per
year. In 1997 one-third of patients received THA relatively soon (within 3 months).
Around half of the patients waited between 3 and 9 months. A certain group of
patients had to wait for a longer period, which strongly influenced the mean waiting
time. These patients are mainly so-called illegitimate waiting list patients. These
patients cannot undergo their operation yet because of other health problems or pre-
fer to be operated on at a later stage (voluntary waiting time).

Long waiting times in health care are problematic for all parties involved. The patient
has to wait long for adequate treatment, which leads to suboptimal functioning in
daily life or even to the impossibility to work. For the treating physician, waiting
times are frustrating because indicated treatments are postponed. For employers and
health insurance companies, waiting times can cause high costs for absence through
illness. The Minister of Health has decided to allocate extra incidental funding to
shorten the waiting lists, but adds that these funds should have a measurable effect
on the length of waiting times. Waiting times are nowadays made public to inform
patients adequately. The University Medical Centre Utrecht (UMC-Utrecht) partici-
pates in a health insurance company’s initiative to publish waiting times on the inter-
net. In practice, it is more complicated to define waiting lists and waiting times than
most of us assume. In this article we illustrate the complexity and limitations of wai-
ting times and waiting list numbers.

Efficiency
Since 1998, the department of Orthopaedics of the UMC-Utrecht participates in the
program ‘Efficiency in Orthopaedics’, which is initiated through Dutch Healthcare
Research by order of the Ministry of Health. The incentive to start the program was
the waiting list problem and the need to gain more insight into the aspects of effi-
ciency improvement and quality policy in health care. The department of
Orthopaedics of the UMC-Utrecht is, among other projects, involved in investigating
efficiency of total hip and knee arthroplasty. The number of total hip arthroplasties
(THA) has doubled during the past 17 years: from 6,750 operations in 1980 to 17,399
in 1997. Future scenarios predict an increase of 20,000 to 35,000 operations, depen-
ding on the fact whether only the aging and the growth of the population are taken
into account, or that the trend of 6% increase in incidence per year continues. This
large increase, in combination with the limited budgets for THA, has contributed to
the long orthopaedic waiting lists that exist in many hospitals nowadays.

Discrepancy in predicted and real waiting times
In 1997 and 1998, 87 and 131 primary THAs were inserted in our hospital with a
mean waiting time of 6.4 and 9.3 months, respectively. When investigating individual
waiting times, we found that these waiting times are not normally distributed around
the mean waiting time, but that the curve is skewed to the left. Thus, the median wai-
ting time was shorter, namely 5.2 months in 1997.
A relatively high percentage of patients had been operated on within 3 months.
These were mostly patients with increased morbidity (31%), for instance with rheu-
matoid arthritis or haemophilia and patients with a previous diagnosis of hip fractu-
re. Further, we found a rather high percentage of patients that was operated on at
relatively young age (< 50 years) (15%). These data showed that 78% of patients who
were placed on the waiting list were also actually operated on in our hospital. Six per-
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personnel, nurses, surgeons, prosthesis budgets and rehabilitation possibilities. For an
increase in the number of procedures, the whole cascade of factors needs to be adjusted.
The extra funding for total hip and knee arthroplasties has contributed to the increa-
se in the number of procedures in 1998 in the UMC-Utrecht, but the planned num-
ber of procedures was not reached. Causes were lack of operating time, available
hospital beds and nurses. This has been called the iceberg phenomenon: every time a
problem is solved, the next problem reaches the surface.3

An important question now is whether waiting times are reduced if the number of
procedures – by improvement in efficiency or by the availability of extra funding-
increases. A British study showed that although waiting time decreased because of
the increased number of operations, the number of patients on the waiting list did
not decrease because more patients were simultaneously placed on the waiting list. 1

There ís a certain risk that the indication for a procedure changes because of the
increased capacity. Thus, critical research into indications and guidelines for ortho-
paedic surgery for common diseases is necessary.4 Although there exists a consensus
statement for THA by the Quality Institute for Health Care,5 this statement is not
consequently applied by al surgeons.
A widening of the indication for THA cannot always be prevented. Modern medicine
offers more possibilities and, moreover, patients do not consider all given alternatives
acceptable. Medicine is evaluating together with changes in society, such as the incre-
ased individualization and emancipation of patients.6

Public waiting times
Currently, we perform a study in the UMC-Utrecht on the effect of waiting times on
the health status of patients. It is a sensible idea to give patients more insight into dif-
ferent waiting times in an area, so that they can make informed choices.7 However
many patients prefer to receive a treatment from their ‘own’ doctor and are willing to
wait longer for that reason.8 Studies in the United States and Canada show that the
medical success of a procedure is not related to the length of the waiting time. 9,10

The need for THA will continuously increase, if only because of the demographic
changes in the population. To decrease the size of waiting lists in a structural way, the
number of procedures should be increased by additional funding and improved effi-
ciency of the procedure. In several hospitals, the length of stay for THA has decreased
significantly because of initiatives like short-stay wards and collaboration with reha-
bilitation units.11 In the future it may be possible to improve efficiency by perfor-
ming certain procedures in special clinics.
The management of long waiting times is a difficult problem. The increasing demand
for care is an important causal factor in the waiting list issue and financing one
obstacle will not solve the problem. Further, we showed that measuring and compa-
ring waiting times to investigate the effect of incidental funding has shown to be
unreliable. Waiting list figures should thus be interpreted carefully.

Extra funding for THA
With the accidental funding that the Minister made available in 1998, a shift occur-
red in individual waiting times. It seems as if the less urgent cases, which had been on
the waiting list for a longer time, had their turn now. In January 1999, considerably
less patients were waiting for THA compared to January 1998 (80 vs 134 patients).
However, the mean waiting time of a patient who entered the waiting list in January
1999 was not shorter than the waiting time of a patient who entered the waiting list in
January 1998 (8 vs 7.2 months). The extra funding seems to have had more influence
on the length of the waiting list than on the length of the waiting time. The distribu-
tion of the individual waiting times approaches a normal distribution. The shorte-
ning of the waiting list is also caused by a decrease in the number of patients that is
placed on the waiting list in the outpatient clinic. The way patients are indicated for
THA has not changed over the years, the decision to place a patient on the waiting
list is still made in a weekly consultant meeting. Although the indication for THA is
still recognized, patients are referred elsewhere because of the long waiting times or
decide themselves to seek treatment elsewhere. As a result, the waiting list in our hos-
pital is not growing, although the waiting list in another hospital is. Further, also the
decision to put a patient on a waiting list is sometimes postponed, while the decision
to operate is already made. Such a patient is –unjustly-not placed on the waiting list.

Validity of the waiting list
The number of patients on a waiting list and the mean waiting time are often used as
performance indicators for hospitals.1 Without further analysis, however, these para-
meters are of little significance. The validity of the waiting list and waiting time is
limited because of ‘pollution’ of the waiting lists.2 This concerns patients who are
inappropriately placed on waiting lists, such as patients who are also on the waiting
list of another hospital, patients who had died or who had a change in their clinical
condition and no longer required the procedure. This gives rise to a source of uncer-
tainty in reported waiting times or list lengths. Further, another limiting factor in the
validity of the waiting list is the phenomenon that the treating physician already pla-
ces the patient on the waiting lists who do not fulfil the indication criteria for treat-
ment yet. On the other hand, patients who should be on the waiting list are not
placed on it because of long waiting times and are referred to another hospital.
Further, the characteristics of waiting lists differ per hospital. A hospital with an area
of special interest will have shorter waiting times for the procedures involved, which
is at the expense of other procedures.

‘Iceberg’ phenomenon
To shorten a long waiting time with a constant demand for the procedure, the supply of
the procedure should be increased. The number of operations that can be performed
depends on many factors, such as the availability of hospital beds, operation rooms and
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Quality of life assessment
The health status of the patients was measured on 4 different measuring moments, 1]
at inclusion, 2] pre-operatively and 3] three and 4] twelve months after the operation.
We used two disease-specific questionnaires - the Oxford Hip Score and the Western
Ontario and McMaster Osteoarthritis Index (WOMAC) - and 2 general health questi-
onnaires - the SF-36 Health Status Questionnaire and the EuroQol questionnaire. To
assess the effects of comorbidity on outcomes, the Index of Coexistent Disease
(ICED) was scored using data from the medical records of the patients.10

Oxford Hip Score (OHS). The OHS11 is a disease-specific measure consisting of 12
questions assessing pain and function of the hip in relation to different activities of
daily life. Each question is answered by ticking a position on a 5-point ordinal scale.
Responses are then totalled to obtain a score between 12 and 60. A low score indicates
less burden in terms of pain and function, a high score indicates greater burden. The
OHS was developed specifically to assess outcomes of hip arthroplasty and has been
shown to be consistent, reproducible, valid and sensitive to clinical change.11 The
Dutch OHS has shown to be valid and reliable in measuring outcome in THA
patients.12

Western Ontario and McMaster Universities Osteoarthritis Index. The WOMAC13

is a well-known disease-specific instrument widely used for measuring outcome after
THA.9 Using a Likert scale, patients rate themselves on multiple items grouped in 3
domains: pain, stiffness, and difficulty in functioning. The maximum score is 20
points for pain, 8 for stiffness and 68 points for clinical function. A low score indica-
tes lesser difficulty, and a high score indicates greater difficulty.
Short Form-36. The Medical Outcomes Study 36-Item short-form health survey (SF-
36)14 is a widely used measure of general health status.15 The 36 items are grouped in
8 domains designed to fully represent the World Health Organization (WHO) defini-
tion of health: physical functioning, role limitations because of physical problems,
role limitations because of emotional problems, social functioning, bodily pain, vita-
lity, mental health and general health perceptions. The SF-36 was translated and vali-
dated for use in the Dutch population.14

EuroQol. The EuroQol16 is a standardized generic instrument yielding an index score
of utility for health-related quality of life. Patients describe their health status in 5
dimensions, each presented in 3 levels of severity. The domains are mobility, self-care,
usual activities, pain/discomfort and anxiety/depression. Scores include no problems,
some/moderate problems or extreme problems, respectively. Furthermore, patients
are asked to value their current health state on a thermometer-type visual analogue
scale from 0 (worst imaginable health state) to 100 (best imaginable health state), the
EQVAS. The score (utility) for quality of life obtained with the EuroQol, the EQ-
5Dindex, is a weighted overall value from the societal perspective, which is a weighted
aggregated score for the five EuroQol dimensions of quality of life. Weights were deri-

Introduction
Over the past decade, the number of total hip arthroplasty (THA) procedures perfor-
med in the Netherlands has shown a steady increase.1 The incidence of THA per
100,000 inhabitants increased from 71 procedures in 1986 to 112 procedures in 1997.
Despite the steady growth, the surgical capacity has not kept up with the demand for
the procedure. As a result, recurrent problems have occurred with lengthy waiting
lists for THA. Similar problems have been reported in other countries with a publicly
funded health system like the United Kingdom,2 Canada3,4 and New Zealand.5 Some
Dutch patients may have even gone abroad because of the long waiting lists.6

THA has proven to be an effective treatment to improve function and relieve pain in
the hip secondary to severe osteoarthritis or other diseases affecting the hip joint.7

Extended waiting time for surgery may prolong pain and difficulties in physical
function.8 Little is known about the burden of illness that patients experience while
waiting for major joint arthroplasty.4 For several years researchers agree that, in the
eyes of payers, patients and even fellow providers, patient-centred outcome data
should define clinical success and group expertise in general.9 

The purpose of this study was to evaluate the effect of waiting times for THA on the
health status of patients and the THA outcomes, using patient-centred questionnai-
res. We investigated the effect of waiting times on loss in quality-adjusted life years
(QALYs) and additional burden perceived, and the effect of waiting times and pre-
operative function scores on post-operative outcome scores.

Patients and Methods
Between April 1999 and September 2000, 161 patients were recruited from 3 different
hospitals, 1 university hospital and 2 regional hospitals. Patients were asked to parti-
cipate after the treating orthopaedic surgeon put their names on the waiting list for
primary THA. Patients were excluded from the study if they were younger than 18
years, had rheumatoid arthritis, were unable to complete questionnaires, or had
received a THA in the contralateral hip. Waiting time was calculated from the date
the patient was placed on the waiting list to the date of surgery. An informed consent
form and 4 questionnaires were mailed to patients initially consenting, together with
a letter with additional information about the study. After final written consent was
obtained, the same 4 questionnaires were sent to the patients pre-operatively and 3
and 12 months after surgery. If necessary, the missing questions were completed
using a telephone call. To allay anxieties about discussing care and their experiences,
patients were assured that the treating surgeons would not receive any information
on patients’ answers. The study received Ethics Committee approval in all hospitals.

Chapter 6

102

Chapter 6

103



Results
Surgery was performed on 55 men and 106 women with a mean age of 68.4 years
(standard deviation [SD], 9.7; range, 35.9-88.8). Thirteen additional patients were
asked to participate in the study but refused. We compared this group with the
patients who agreed to participate in the study. The only variables we could compare
were age, gender and diagnosis. It turned out that the group that refused was signifi-
cantly older (75.2 years, SD, 7.5; range, 62.1-84.7).
Most patients (136, 85%) were diagnosed with advanced primary osteoarthritis as the
main cause of hip disease. In 13 patients (8%), the primary diagnosis was avascular necro-
sis. Post-traumatic arthritis was diagnosed in 6 patients (4%), osteoarthritis secondary to
congenital dysplasia in 4 patients (2%) and Legg-Calvé-Perthes disease in 2 patients (1%).
We evaluated the main outcomes of the study in the patient group with and without
primary osteoarthritis as primary diagnosis. Because we found no difference in out-
comes between both groups, we included all diagnoses in our analysis to have a more
representative sample from which to extrapolate our results. The mean waiting time
for operation was 6 months (SD, 3.6, range, 3 weeks-18 months). Forty-seven patients
(29%) waited less than 3 months; 38 patients (24%) waited between 3 and 6 months;
and 76 patients (47%) waited longer than 6 months. Three patients preferred another
clinic for treatment because of the length of the waiting time.
We did not request predonated autologous blood from patients in any of the participating
clinics. Consequently, this did not influence length of waiting times in the study. Fourteen
patients underwent a second THA on the contralateral hip within a year from the first sur-
gery and two patients received a total knee arthroplasty. These patients were excluded from
the follow-up analysis because of the effect of the second surgery on outcome scores.
One hundred and twenty patients (75%) were affected in one hip (Charnley category
A), 34 patients (21%) in both hips (Charnley category B) and 7 patients (4%) had
other conditions directly impeding mobility (Charnley category C). The levels of
comorbidity according to the ICED were none in 58 patients (36%), mild in 74
patients (46%), moderate in 23 patients (14%) and severe in 6 patients (4%).
Eighteen patients (11%) had undergone previous surgery on the hip joint. Of these, 8
patients underwent an internal fixation for a femoral neck fracture, 6 patients an
osteotomy of the femur, 2 an osteotomy of the femur and a shelf procedure and 2 a
core decompression of the femoral head. One hundred and forty nine of the THAs
performed (92%) involved a fully cemented prosthesis, 11 were uncemented (7%)
and one was a hybrid prosthesis (1%). The majority of patients received some form of
higher education (114, 71%). Nineteen patients (12%) were still employed, the others
(142, 88%) were retired or unable to work. Furthermore, most patients were living
with someone else (115, 71%) and 46 (29%) were living alone.
At the preoperative, 3-month and 1-year measurements, we had, respectively, 143,
142, and 124 patients with complete questionnaires. At the 1 year measurement 3
patients had died, 2 also received a total knee arthroplasty and 14 received a contrala-

ved on the basis of responses from a sample of 3000 households in the United
Kingdom.17 The EuroQol is recommended for use in combination with other, more-
detailed generic measures, such as the SF-36.18

Data analyses.
Missing values for the WOMAC were imputed with the mean values of the remaining
items of the subscale, conditional on 40% of the items having values.19 Missing values
for the SF-36 subscales were imputed with the mean values of the remaining items for
the subscale, according to the SF-36 guidelines. Because the OHS and the EuroQol are
short questionnaires with, respectively, 12 and 5 items, missing values were not impu-
ted and questionnaires with missing values were not included in the analysis.
We calculated change scores and effect sizes for all outcome measures in the waiting
time (inclusion score minus preoperative score). Effect sizes show the relative magni-
tude of change measured by different instruments.20 For the current study, we calcu-
lated effect sizes as the difference between the inclusion and pre-surgical scores
divided by the standard deviation of inclusion scores. Effect sizes of 0.2, 0.5 and 0.8
are regarded as indicating small, medium and large degrees of change, respectively.21

Paired t-tests were used to compare differences in change scores.
We performed univariate and stepwise multiple linear regression analysis to estimate
the effect of independent variables on change in scores or on absolute scores. The
assumptions of multiple linear regression analysis were checked. All explanatory fac-
tors were checked for collinearity. Firstly, to predict deterioration during waiting
time, we determined the association between the dependent variables (change in pain
and function in the waiting period as measured with the WOMAC and Oxford Hip
Score) and the independent variables (gender, age, waiting time, comorbidity (ICED),
diagnosis, previous surgery in the same hip, the occurrence of other walking limita-
tions (Charnley B and C),22 living together or alone, job situation and education.
Further, to predict improvement and outcome, we determined the relationships bet-
ween the independent variables and post-operative outcome (respectively change in
pain and function 3 months after the total hip replacement as measured by the
WOMAC questionnaire and Oxford Hip Score and absolute WOMAC pain and func-
tion scores and Oxford Hip Score 1 year post-operatively). The independent variables
used in model development were the same as mentioned earlier, with the additional
use of the preoperative WOMAC and Oxford Hip scores.
To assess the difference in post-operative function scores between patients with high
and low pre-operative function, we divided our patient cohort in 2 groups using the
median pre-operative WOMAC physical function score (44 points) as a cut-off.
Differences between groups were tested with independent t-tests. The statistical signi-
ficance level of all procedures was established at p< 0.05. Statistical analyses were per-
formed using SPSS software version 10.0 (SPSS Inc., Chicago, IL).
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Deterioration in OHS and WOMAC scores during waiting times
We found a high variability in inclusion and pre-operative measurements. For instan-
ce, 38 patients showed improvement in OHS during the waiting time, and 20 others
had the same scores as at the inclusion measurement. However, most (85) patients
had a decreasing OHS during waiting period. In fact, this effect was clearly visible in
all disease-specific scores, and overall we saw a significant negative difference between
the inclusion and pre-operative measurements (Table 2). In multiple regression ana-
lysis, length of waiting time was the only significant predictor for deterioration in
scores, but the associated R-square values were very low (R2 is 0.07 for OHS, 0.05 for
WOMAC pain score and 0.03 for WOMAC function score, respectively).
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teral hip arthroplasty. We analyzed the characteristics of patients who were excluded from
the analysis because they did not return questionnaires. We found that 3 months after sur-
gery, patients who did not respond were a little older (72.2 years vs 68.0 years, NS) and had
significantly lower scores on the SF Mental Health score (65.8 vs 75.8, p < 0.05) and the
EQVAS score at inclusion (49.4 vs 62.3, p < 0.02). Their decreased mental wellbeing and
their lower estimation of their own health might be an explanation for not returning their
questionnaires. However, because only 18 from the 161 patients were excluded from the
analysis we do not expect this group to have a pronounced effect on the results. Table 1
shows the results for the OHS, WOMAC, and SF-36 subscales and EQVAS and EQ-5Dindex

at the different measuring moments. Most outcome scores show a limited deterioration
during the waiting period. The pre-operative scores for the SF-36 are substantially below
the norms for older individuals in either the Netherlands or the United States.14,23

We noted a large improvement in scores at 3 months, and more so 1 year post-opera-
tively, not only in the OHS, WOMAC and the physical domains of the SF-36 but also
in the emotional role and social functioning scores of the SF-36. Table 2 shows the
mean change scores and effect sizes for the OHS, WOMAC, SF-36 subscales and
EQVAS and EQ-5Dindex during the waiting period. Although the effect sizes found were
all small changes, the differences in the disease-specific scores and domains were
statistically significant. A striking finding was the considerable improvement in the
mean EQ-5Dindex score of 0.42 at 1 year after surgery (Table 1, Figure 1). For 100
patients not treated, this implies a loss of 3.5 QALYs per month that they remain on
the waiting list. Accordingly, with an average waiting time of 6 months, a loss of 21
QALYs per 100 patients can be anticipated.
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Table 1. 

Mean scores (SD) for OHS, WOMAC, SF-36 subscales, EQVAS and EQ-5Dindex at all mea-

suring moments.*

Method of Inclusion scores Preoperative Three-month One-year 

assessment N = 161 scores follow-up follow-up  

postoperative   postoperative

N = 143 N = 142 N = 124

OHS 41.3 (7.9) 43.1 (7.4) 22.1 (8.9) 19.2 (8.0)

WOMAC

Pain 11.2 (3.7) 11.8 (3.7) 3.8 (4.0) 3.7 (4.4)

Stiffness 4.8 (1.7) 5.0 (1.6) 2.7 (1.7) 2.2 (1.8)

Function 41.7 (11.0) 43.9 (11.1) 18.6 (14.1) 16.4 (15.7)

SF-36

Bodily pain 31.3 (17.4) 27.1 (16.9) 63.3 (25.7) 70.1 (27.2)

Physical function 23.4 (17.0) 19.5 (15.2) 53.0 (23.7) 58.4 (26.6)

Role physical 12.7 (25.7) 9.3 (21.9) 38.9 (42.4) 52.9 (46.2)

Role emotional 51.7 (46.4) 48.1 (44.5) 74.5 (38.5) 65.2 (44.2)

Mental health 74.5 (20.3) 71.7 (20.8) 80.1 (19.0) 78.5 (20.5)

Vitality 54.1 (22.1) 53.9 (20.7) 65.3 (20.5) 67.9 (21.5)

Social function 56.1 (28.3) 53.2 (29.8) 76.3 (26.0) 78.1 (26.3)

General health 61.8 (20.5) 61.6 (21.2) 68.2 (20.6) 65.3 (20.8)

EQVAS 60.7 (20.5) 57.4 (21.9) 74.8 (16.9) 74.4 (17.8)

EQ-5Dindex 0.39 (0.31) 0.33 (0.32) 0.71 (0.26) 0.75 (0.28)

* For the Oxford Hip Score and the WOMAC, higher scores represent more pain and limitation. 

For the SF-36 and EQ-5D, higher scores represent better health status.
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Different scenarios for EQ-5Dindex scores over time. The black line shows the development in mean

EQ-5Dindex scores at the different measuring moments in the study population. The grey dotted line

shows the mean EQ-5Dindex score over time if patients would be operated immediately after place-

ment on the waiting list. The black dotted line shows the mean EQ-5Dindex score for the general popu-

lation in the age group 70-74 years (0.76) (Dolan 1997).



operatively. Waiting time was not a determinant for change in OHS, WOMAC pain
or WOMAC function 3 months post-operatively.
Predictors for OHS and WOMAC scores postoperatively. To investigate the effect of
independent variables on outcome scores 1 year after surgery, we calculated univaria-
te and multivariate regression models for OHS, WOMAC pain score and WOMAC
function score 1 year after THA. Predictors for high (worse) Oxford hip score (R2 =
0.19) were worse Oxford hip scores preoperatively (p = 0.005) and the occurrence of
other walking limitations (Charnley B and C) (p < 0.001). Predictors for high
(worse) WOMAC function scores 1 year postoperatively (R2 = 0.29) were worse pre-
operative WOMAC function scores, lower education and the occurrence of other
walking limitations (Charnley B and C) (p < 0.001, p < 0.001 and p = 0.002, respecti-
vely). Worse preoperative WOMAC pain scores were also predictive (R2 = 0.40) for
high (worse) WOMAC pain score (p < 0.001), aside from female gender (p < 0.001)
and other walking limitations (Charnley B and C) (p < 0.001).

Chapter 6

109

Predictors for improvement in OHS and WOMAC scores. Significant predictors for
improvement in OHS 3 months postoperatively were male gender (p = 0.004) and
high WOMAC function scores (low function scores preoperatively, p < .001), with a
total R2 of 0.15. Significant predictors for improvement in WOMAC pain and functi-
on scores were Charnley A (no other walking limitations) (p = 0.008 and p = 0.004)
and high OHS (high pain and low function score) (p < 0.001 for both scores), with a
total R2 of 0.14 and 0.15 for WOMAC pain and function score, respectively. Thus,
patients with low pre-operative scores showed more improvement 3 months post-
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Table 2

Mean change scores (SD) and effect sizes for OHS, WOMAC, SF-36 subscales, 

EQVAS and EQ-5Dindex in waiting time (inclusion minus preoperative scores)*

Mean change Effect size p Value

score (SD)

OHS -2.1 (6.0) -0.25 < 0.001

WOMAC

Pain -0.9 (3.1) -0.26 0.008

Stiffness -0.2 (1.4) -0.09 0.048

Function -2.4 (8.4) -0.22 0.004

SF-36

Bodily pain 3.5 (15.2) 0.20 < 0.001

Physical function 3.8 (13.9) 0.22 < 0.001

Role physical 3.6 (23.8) 0.13 NS (0.06)

Role emotional 3.6 (44.4) 0.08 NS (0.1)

Mental health 2.8 (12.3) 0.15 0.032

Vitality -0.4 (15.6) 0.02 NS (0.9)

Social function 3.2 (25.0) 0.12 NS (0.1)

General health 0.2 (17.5) 0.03 NS (0.7)

EQVAS 2.1 (23.0) 0.10 NS (0.3)

EQ-5Dindex 0.05 (0.28) 0.15 0.027

* For the Oxford Hip Score and the WOMAC, higher scores represent more pain and limitation. 

For the SF-36 and EQ-5D, higher scores represent better health status.

Effect sizes show the relative magnitude of change measured by different instruments (the difference

between the inclusion and pre-surgical scores divided by the standard deviation of inclusion scores). 

Effect sizes of 0.2, 0.5 and 0.8 are regarded as indicating small, medium and large degrees of change.

Table 3

Disease-specific scores in high and low preoperative function groups preoperatively 

and 1 year after THR*

High preop. Low preop.  Difference 

function function (high-low)

Mean (SD) Mean (SD) Mean p value

Oxford Hip Score

Preoperative 37.6 (5.4) 48.5 (5.1) -10.9 <0.001

1 year 17.7 (7.4) 20.7 (8.3) -3.0 0.047

Difference (1 year – preop) -19.9 -27.8 7.9 <0.001

WOMAC pain

Preoperative 9.7 (3.0) 13.9 (2.6) -4.2 <0.001

1 year 2.0 (2.7) 4.9 (4.8) -3.0 <0.001

Difference (1 year – preop) -7.7 -8.9 1.2 NS (0.15)

WOMAC function

Preoperative 33.8 (7.8) 52.3 (5.6) -18.5 <0.001

1 year 9.7 (11.7) 21.2 (15.9) -11.5 <0.001

Difference (1 year – preop) -24.1 -31.1 7.0 0.011

* For the Oxford Hip Score and the WOMAC, a higher score represents more pain and limitation.

At 1 year after surgery, patients with higher preoperative function still had significantly less pain and bet-

ter function compared with those with lower preoperative function. Both groups of patients improved sig-

nificantly but the low-function group improved more in Oxford Hip Score and WOMAC function score than

the patients in the high-function group. 



red with 0.42 in our patient group 1 year THA.25 Resource allocation, however, does
not reflect this observation.26

We did not find statistical differences in the absolute outcome scores between waiting
groups (< 3 months, 3-6 months, > 6 months) at any of the measuring moments.
However, waiting time was the only predictive factor for deterioration in scores in
multiple regression analysis. Identifying the types of patients who experience intensi-
fied pain or functional decline while waiting for surgery is important to minimize the
overall burden of illness while waiting for major total joint arthroplasty.4 Apart from
waiting time, we found no other predictive variables for deterioration in scores.
A prospective study from Canada showed no negative impact of waiting time on the
amount of pain and dysfunction experienced.4 However, this study only considered
changes of at least 10% in WOMAC pain and function or SF-36 bodily pain and phy-
sical function scores to be considered a change in health status. The average waiting
time in this study was comparable (4.5 months) to the waiting time in our study (6
months). Moreover, the authors used a logistic regression model to investigate the
effect of waiting time and other variables on deterioration in pain and function sco-
res. This has less power compared to linear regression analysis, the method used in
our study. A study from New Zealand did not find deterioration in disease specific
health or general quality of life with the duration of wait, but this may have been an
effect of the cross-sectional design of the study.5

We found no effect of length of waiting times on any of the outcome scores 3 months
or 1 year post-operatively. Nevertheless, our results corroborate other studies on sur-
gical outcomes of major joint arthroplasty. We found that patients with greater pain
and dysfunction pre-operatively, that is, at a later point in the natural history of func-
tional decline of the disease process, did not improve to the level achieved by those
with higher pre-operative function 1 year post-operatively.24,27 Traditional orthopae-
dic practice, to delay surgery as long as possible, should be re-evaluated in view of
these findings, especially in elderly patients.24,28 Although we found only a small dete-
rioration in outcome scores in an average waiting time of 6 months, it can be specula-
ted that length of waiting time becomes a determinant for lower postoperative scores
with even longer waiting times. Apart from this effect, clearly, if functionally impaired
patients can achieve consistently excellent relief of symptoms, disproportionately long
waiting times impose an avertable burden of disability. 3 

Apart from preoperative disease-specific scores and other walking limitations, female
gender and lower education level were determinants for respectively higher pain score
(WOMAC pain) and lower function levels (WOMAC function score) 1 year post-ope-
ratively. Similar results have previously been reported. Others also found gender and
education to be predictors for lower outcome scores after total hip replacement.24,29

A limitation of our study was that definition of waiting time only included the period
from the moment the patient was put on the waiting list to the surgery and not the
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The outcome scores have a large variability (Table 1). Consequently, some patients
with short waiting times had scores and outcomes worse than those with longer wai-
ting time and vice versa. We did not find statistical differences in the absolute outco-
me scores between waiting groups (< 3 months, 3-6 months, > 6 months) at any of
the measuring moments. In multiple regression analysis, waiting time was not a
determinant for OHS, WOMAC pain or WOMAC function scores at 1 year post-ope-
ratively.
We compared the OHS and WOMAC pain and function scores between the patient
groups with high and low preoperative physical function.24 At 1 year after surgery,
patients with higher pre-operative function still had significantly less pain and better
function compared with those with lower preoperative function (Table 3). Both
groups of patients improved significantly but the low-function group improved
more in OHS and WOMAC function score than the patients in the high-function
group.

Discussion
The present study clearly shows improvement in disease-specific pain and function
scores as well as in general health scores as a result of THA, but it also shows deterio-
ration in outcome scores as a result of the waiting time for the procedure.
In our prospective study, we noted a small but significant deterioration in the OHS,
WOMAC, SF-36 bodily pain, physical function and mental health score and the EQ-
5Dindex during the time patients spent waiting for surgery. The large and significant
improvement found at 3 months after surgery was maintained at 1 year after surgery.
A substantial loss of quality adjusted life years occurred with postponed surgery.

We found that the patients who declined to participate were significantly older than
the patients who did participate (75.2 vs 68.4 years). Completing the numerous
questionnaires may have been too large a burden for these elderly patients. Because it
concerns a small number and because age was not a predictive factor in regression
analyses for postoperative improvement and absolute disease-specific scores, we do
not believe this has led to selection bias.
Patients who did not return questionnaires 3 months after surgery were a little older
and had significantly lower scores on the SF Mental Health score and the EQVAS score
at inclusion. Their decreased mental well-being and their lower estimation of their
own health might explain the nonresponse. However, because only 18 from the 161
patients were not included in the analysis we do not expect this group to have a pro-
nounced effect on the results.
THA compares favourably with other interventions with respect to gain of quality-
adjusted life years. For instance, patients with occlusive artery disease showed an
increase of 0.24 in the EQ-5Dindex score 1 year after primary stent placement compa-
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time between the general practitioner’s referral and orthopaedic consultation. Patients
may wait a long time before they consult the general practitioner for their hip com-
plaints, and further delay occurs in the period before patients are referred to an ortho-
paedic surgeon.30 Ideally, the entire waiting time from general practitioner referral to
surgery should be monitored. However, information on waiting periods other than
the official waiting time on the surgical waiting list is rarely available.4 Further rese-
arch on the deterioration process in patients with osteoarthritis of the hip is needed to
estimate the best time for THA.

In conclusion, we found that patients’ health scores deteriorate while waiting for THA.
Moreover, a substantial and avoidable loss of quality-adjusted life years results from
waiting for surgery. Patients experience weeks and months of rapidly reversible pain
and disability while awaiting hip arthroplasty.3

Although our data do not show a direct effect of waiting time on post-operative out-
comes, patients in a later phase of their disease process do not improve to the level
achieved by the patients with better pre-operative function.
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Existent Disease (ICED) was scored using data from the medical records of the
patients.9

Oxford hip score.10 The OHS is a disease-specific measure consisting of 12
questions, which assess pain and function of the hip in relation to different activities
of daily life. Each question is answered by ticking a position on a five-point ordinal
scale. Responses are then totalled to obtain a score between 12 and 60. A low score
indicates lesser difficulty and a high score greater difficulty. The OHS was developed
specifically to assess the outcomes of hip replacement surgery and has been shown to
be consistent, reproducible, valid and sensitive to clinical change.10,11 The Dutch
OHS has shown to be valid and reliable in measuring outcome in patients who have
had THA.12

Western Ontario and McMaster Universities (WOMAC) osteoarthritis index.13

The WOMAC is a well-known, disease-specific measure which is widely used for
measuring outcome after THA.3 Using a Likert scale, patients rate themselves on multi-
ple items which are grouped in three domains, pain, stiffness and difficulty in functi-
on. The maximum score is 20 points for pain, 8 for stiffness and 68 points for clinical
function. A low score indicates lesser difficulty and a high score greater difficulty.
SF-36. This is a widely used measure of general health status.14 The 36 items are
grouped on eight scales which are designed to represent fully the WHO definition of
health: physical functioning, role limitations due to physical problems, role limita-
tions due to emotional problems, social functioning, bodily pain, vitality, mental
health and perceptions of general health. Aaronson et al.6 translated the test into
Dutch and tested its validity and reliability.
EuroQol. This is a standardized generic instrument for describing and valuing
health-related quality of life, and identifies 243 possible health states.15 Patients des-
cribe their own health state on five dimensions: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. One of three levels of severity is chosen for
each dimension: no problems, some/moderate problems or extreme problems for the
dimension in question. A single weighted utility score, the EQ-5Dindex, is calculated
from the five dimensions.7 Perfect health and death have utility scores of one and
zero, respectively, and states worse than death (< 0) are possible. Patients are also
asked to value their current state of health on a thermometer scale from 0 (‘worst
imaginable’) to 100 (‘best imaginable’). We have re-scaled this score, the EQ-5Dvas, to
zero to one for comparison with the EQ-5Dindex. The EuroQol therefore generates
two overall values (utilities) for the quality of life (one from a social perspective, the
EQ-5Dindex, and the other from the patient’s perspective, the EQ-5DVAS). It is recom-
mended for use in combination with other more detailed generic measures, such as
the SF-36.15 

SF-12. The SF-12 Health Survey, a short form with 12 items, is a generic measure of
health status which was developed to provide an alternative to the SF-36 for the pur-
pose of monitoring large samples from general and specific populations. The SF-12 is

Introduction
Total hip arthroplasty (THA) is an effective treatment which improves function and
relieves pain in the hip secondary to severe osteoarthritis or other diseases which
affect the joint.1 In an environment of limited resources, health status questionnaires
are of particular importance when comparing the cost-to-benefit ratio of medical
interventions.2 In the evaluation of THA, especially the Western Ontario and
McMaster osteoarthritis index (WOMAC) and the SF-36 health status questionnaire
(SF-36) have been recommended as patient centred questionnaires.3 However, the
12-item Oxford hip score (OHS) and the EuroQol questionnaire have also been sug-
gested, the first because of its brevity and site-specificity and the second because it
allows comparisons to be made with the effect of other health-care interventions.4,5

The psychometric characteristics of these four questionnaires have been reported
extensively in the literature. Our aim was to define a minimal set of outcome measu-
res to assess health status in THA. We therefore compared the baseline characteristics
and sensitivity to change of the OHS, the WOMAC, the SF-36, the SF-12 health sta-
tus questionnaire (SF-12), which is derived from the SF-36, and the EuroQol questi-
onnaire (EQ-5D). We also investigated the pre- and post-operative distribution of
the EuroQol scores. Finally, the SF-36 and EuroQol scores were compared with
published data on age and gender-matched norms (personal communication).6,7

Patients and Methods
Between April 1999 and September 2000, 147 patients were recruited from three dif-
ferent hospitals, one university hospital and two regional hospitals. They were asked
to participate in the study after their orthopaedic surgeon had put them on the wai-
ting list for primary total hip replacement. Patients were excluded from the study if
they were under the age of 18 years, suffering from rheumatoid arthritis, were unable
to fill out the questionnaires or if they had previously undergone a THA on the
contralateral hip. Before and at three and 12 months after operation four question-
naires were mailed to consenting patients together with a letter with additional infor-
mation about the study and an informed consent form. If necessary, missing
questions were answered by telephone. To allay anxieties about discussing their care
and their experiences with surgery, patients were assured that their surgeons would
not receive any information on patients’ answers to any questions. Approval was
obtained from the Ethical Committees of all the participating hospitals.

Assessment of quality of life
The health status of the patients was measured before and at three and 12 months
after operation. We used two disease-specific questionnaires, the OHS and the
WOMAC, and two general-health questionnaires, the SF-36 and the EQ-5D. We cal-
culated the SF-12 scores from the answers to the SF-36 questionnaire as described by
Kosinski.8 In order to assess the effects of comorbidity on outcomes, the Index of Co-
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Results
Of the 147 patients, 114 patients had complete questionnaires at the one-year measu-
rement. Three had died, two had a revision for infection, one had a femoral fracture,
2 had undergone total knee replacement and 12 had undergone contralateral hip
replacement. Those who had undergone a second operation after their total hip
replacement were excluded from the follow-up analysis because of the effect of the
second operation on the outcome scores. Thirteen patients did not return their
questionnaires. We used only the results of the 114 patients with completed questi-
onnaires in the analysis. Details of the patients are given in Table 1. We compared the
characteristics of patients who did not return their questionnaires with our analyzed
group. We found that those who did not respond at the one-year follow-up were
more likely to have a post-operative complication (Chi-squared test p ≤ 0.05) and had
significantly lower scores on the WOMAC pain score (3.2 vs 7.0, p < 0.05) and the SF
physical functioning score (34.2 vs 57.0, p < 0.05) at three months postoperatively.
All outcome scores showed a significant improvement at one year after operation (p
< 0.001) apart from the SF-36 General Health score (p = 0.09) (Table 2). Very large
effect sizes were found for the disease-specific measures and the physical domains of
the SF-12, SF-36 and the EQ-5Dindex (1.3 to 3.0). Effect sizes for the other domains of
the SF-36 and EQ-5DVAS were small to moderate (0.1 to 0.8).
We compared changes in scores for patients in Charnley class A (affected in one hip)
and Charnley classes B and C (affected in both hips/other conditions directly impe-
ding mobility)21 (Table 3). Patients in Charnley class A showed a greater change in
their OHS, WOMAC pain and function, the physical domains of the SF-36 and the
EQ-5DVAS. An interesting finding was that for the Charnley B and C group, the effect
size for the OHS more than doubled the effect sizes of WOMAC pain and physical
function. We did not find a significant correlation between outcome scores and the
ICED co-morbidity score.
We calculated pre-operative correlations and the correlations of change among the
questionnaires in order to assess the construct validity of the questionnaires. There
was a large number of significant correlations between the outcome scores at the
pre-operative measurement. We found especially high correlations between the OHS,
WOMAC, the physical domains of the SF-36 and EQ-5Dindex (Table 4). We also
found high correlations of change between the disease-specific scores and the disease-
specific domains and a low correlation of SF general health with the OHS and the
WOMAC pain and stiffness (Table 5). The physical and mental scores of the SF-12
(PCS and MCS) showed moderate to high correlations and correlations of change
with, respectively, the physical and mental domains of the SF-36.
We compared the mean SF-36 and EQ-5D scores before and at one year after opera-
tion with the age- and gender-matched SF-36 and EQ-5D scores found in general
population samples.6,7 (Figure 1 and 2). The scores at one year after operation appro-
ached the scores for the general population for both questionnaires, although we still

attractive because it is short, easy to administer, has proven reliability and validity,
and can be printed on one page. It has norm-based scores, which means it has a
mean of 50 and an SD of 10 in the general population.16 We did not use the actual
questionnaire in the study, but we calculated the SF-12 physical (PCS-12) and mental
summary scores (MCS-12) from the responses to the SF-36 in order to compare the
SF-12 scores and changes in scores with the other questionnaires.8

Analyses of data
Missing values for the WOMAC were approximated as long as 40% of the items had
values, using the mean values of the remaining items of the subscale. Missing values
for the SF-36 subscales were also approximated according to the SF-36 guidelines.17

Because the OHS, the EQ-5D and the SF-12 are short questionnaires with 12, five
and 12 items, respectively, missing values were not approximated and questionnaires
with missing values were not included in the analysis. We assessed the pre- and post-
operative floor and ceiling effects of all questionnaires as a measure of the validity of
their content. Patients who achieve the best possible score on a questionnaire cannot
demonstrate improvement on a subsequent application of the same questionnaire
even if they have improved clinically.18 This is referred to as the ceiling effect. The
floor effect is the opposite.
Statistical analysis. To assess construct validity, we calculated Spearman correlation
coefficients to examine the relationship between instruments at the pre-operative
measurement. We calculated changes in scores and effect sizes for all the measures of
outcome (one-year post-operative score minus the pre-operative score). Effect sizes
show the relative magnitude of a change as measured by different instruments.19 For
this study we calculated effect sizes as the difference between the pre-operative and
one year post-operative scores, divided by the SD of the pre-operative scores. Effect
sizes of 0.2, 0.5 and 0.8 were regarded as indicating small, medium and large degrees
of change respectively.20 The Wilcoxon signed-rank and the Mann-Whitney-U test
were used to compare the change in scores among the different groups of patients.
Spearman correlation coefficients were calculated to examine whether change in one
measure corresponded with a change in other measures. Each patient was matched to
his or her expected population norm for the SF-36 and EuroQol based on a five-year
age interval and gender (personal communication).6,7
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(78%) and role emotional (38%) domains (Table 2). At one year after operation
most outcome scores showed a pronounced ceiling effect, mainly large (> 30%)
although some were moderate (> 10%). The floor effects for SF-36 role physical
(34%) and role emotional (24%) remained (Table 2).
We found several features in the EQ-5D scores. First, there was a binomial distribu-
tion of the pre-operative EQ-5Dindex score, which changed to a skewed normal distri-
bution at one year after operation. Scores were especially scarce between 0.25 and 0.5.
Furthermore, there were 15 patients with pre-operative EQ-5Dindex scores less than
zero. Particularly notable was the pre-operative discrepancy and post-operative
agreement between the EQ-5DVAS and EQ-5Dindex. The pre-operative discrepancy
was greatest in patients with a low EQ-5Dindex score (Figure 3).
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found significant differences for the physical function, and physical and emotional
role domains of the SF-36. The mental health, vitality and general health scores were
even higher than the age- and gender-matched scores from the general population
(Figure 1). We found large floor effects at the baseline for the SF-36 role physical
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Table 1. 

Characteristics of patients before THR

Number Percentage

Female 71 62.3

Diagnosis

Primary OA 95 83.3

Avascular necrosis 9 7.0

Post-traumatic 5 4.4

Dysplasia 3 1.3

Legg-Calvé-Perthes 2 1.8

Charnley class 

A 97 85.1

B 13 11.4

C 4 3.5

Comorbidity (ICED)

None   39 34.2

Mild 53 46.5

Moderate 19 16.7

Severe 3 2.6

Previous surgery

None 100 87.7

Internal fixation 7 6.1

Femur osteotomy 4 3.5

Femur osteotomy and shelf procedure 2 1.8

Core decompression of femoral head 1 0.9

Prosthesis

Cemented 103 90.4

Uncemented 11 9.6

Mean age (SD; range) 67.6 years (10.1; 35.9 to 88.8)

Mean waiting time (SD; range) 6 months (3.6; 3 weeks to 18 months)

Table 2

Mean scores (SD) and effect sizes for OHS, WOMAC, SF-12, SF-36 subscales, EQ-5DVAS

and EQ-5Dindex preoperatively and 1 year after THR. Higher OHS and WOMAC scores 

indicate poorer results, while higher SF-36 and EQ-5D scores show better results. 

Mean score Mean score Effect Floor/ceiling Floor/ceiling

preop (SD) 1 year (SD) size effect pre-op. (%) effect post-op. (%)

OHS 42.5 (7.9) 19.0 (7.7) 3.0 0 0 0 13.5

WOMAC

Pain 11.7 (3.5) 3.6 (4.3) 2.3 0.9 0 0 36.2

Stiffness 4.9 (1.7) 2.1 (1.7) 1.7 5.6 0 1.0 16.2

Function 42.7 (11.4) 15.6 (15.0) 2.4 0 0 0 7.8

SF-12 PCS 30.5 (8.3) 45.6 (9.6) 1.8 0 0 0 0

SF-12 MCS 41.4 (12.5) 49.7 (12.2) 0.7 0 0 0 0

SF-36

Bodily pain 28.5 (16.5) 72.1 (26.3) 2.6 11.2 0 1.9 32.4

Physical function 22.0 (16.9) 60.7 (26.0) 2.3 9.5 0 1.0 1.9

Role physical 11.0 (24.0) 55.3 (47.1) 1.9 78.3 2.8 33.7 41.3

Role emotional 51.7 (43.5) 68.7 (43.0) 0.4 37.7 36.8 24.0 60.6

Mental health 73.5 (19.4) 79.4 (19.8) 0.3 0 5.7 0 12.4

Vitality 55.1 (21.3) 68.4 (21.0) 0.6 0 0 0 4.8

Social function 55.7 (29.7) 79.2 (25.7) 0.8 10.3 12.1 2.9 46.7

General health 63.8 (19.8) 66.7 (20.4) 0.1 0 0.9 0 4.8

EQ-5DVAS 0.59 (0.22) 0.75 (0.18) 0.7 0 0 0 4.9

EQ-5Dindex 0.35 (0.31) 0.76 (0.27) 1.3 0 0 0 39.8
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Table 3

Change scores (SD) for OHS, WOMAC, SF-12, SF-36 subscales, EQ-5DVAS and EQ-5Dindex

preoperatively and twelve months after THR for: A. Charnley class A patients (N=97), B/C. 

Charnley class B/C patients (N=17).Change scores  and effect sizes were calculated for all 

questionnaires comparing preoperative scores and scores after 1 year. Higher OHS and 

WOMAC scores indicate poorer results, while higher SF-12, SF-36 and EQ-5D scores show 

better results.

A. B/C.

Mean change score Effect size preop vs. Mean change score Effect size preop vs. p value p value Difference 

preop vs. 1 year (SD) 1 year (SD) p value preop vs. 1 year (SD) 1 year (SD) A and B/C

OHS 24.7 (8.7) 3.1 < .001 17.9 (11.6) 2.4 < .001 =.026

WOMAC

Pain 8.8 (4.3) 2.6 < .001 4.8 (3.3) 1.1 < .001 < .001

Stiffness 2.9 (1.8) 1.7 < .001 2.3 (1.5) 1.7 < .001 NS (.11)

Function 29.7 (13.3) 2.6 < .001 15.5 (10.0) 1.4 < .001 < .001

SF-12 PCS 17.3 (10.6) 2.1 < .001 8.2 (7.8) 0.9 =.002 =.002

SF-12 MCS 8.8 (11.4) 0.7 < .001 6.4 (8.8) 0.6 =.015 NS (.59)

SF-36

Bodily pain -48.1 (23.5) 2.9 < .001 -22.5 (18.9) 1.4 = .001 < .001

Physical function -42.5 (22.6) 2.5 < .001 -18.8 (18.8) 1.1 = .003 < .001

Role physical -49.5 (48.7) 1.7 < .001 -17.2 (32.6) 0.8 = .048 = .012

Role emotional -19.1 (41.6) 0.4 < .001 -10.4 (51.2) 0.3 NS (.47) NS (.64)

Mental health -5.8 (16.0) 0.3 < .001 -8.5 (18.0) 0.5 NS (.08) NS (.68)

Vitality -15.0 (20.1) 0.6 < .001 -7.3 (13.3) 0.4 = .024 NS (.16)

Social function -26.2 (30.0) 0.8 < .001 -13.3 (27.2) 0.4 NS (.1) NS (.12)

General health -3.8 (19.9) 0.2 NS (.06) -0.3   (0.4) 0.0 NS (.93) NS (.42)

EQ-5DVAS -0.18 (0.23) 0.7 < .001 -0.05 (0.23) 0.2 NS (.30) = .043

EQ-5Dindex -0.43 (0.29) 1.3 < .001 -0.30 (0.37) 1.0 = .008 NS (.27)
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Table 4
Spearman inter-correlations between preoperative questionnaires

OHS WOMAC Womac WOMAC SF-12 SF-12 EQ-5DVAS EQ-5Dindex

Pain Stiffness Function PCS MCS

WOMAC

Pain 0.76**

Stiffness 0.63** 0.64**

Function 0.88** 0.74** 0.67**

SF-12 PCS -0.53** -0.46** -0.26** -0.45**

SF-12 MCS -0.49** -0.37** -0.35** -0.54** 0.31**

SF-36

Bodily pain -0.73** -0.70** -0.53** -0.71** 0.67** 0.48** 0.43** 0.68**

Physical function -0.62** -0.53** -0.42** -0.67** 0.66** 0.60** 0.32** 0.55**

Role physical -0.39** -0.34** -0.20* -0.40** 0.53** 0.38** 0.18 0.41**

Role emotional -0.29** -0.20* -0.21* -0.33** -0.01 0.79** 0.15 0.42**

Mental health -0.31** -0.20* -0.25** -0.33** 0.06 0.82** 0.28** 0.48**

Vitality -0.39** -0.34** -0.32** -0.40** 0.27** 0.69** 0.53** 0.51**

Social function -0.57** -0.45** -0.30** -0.57** 0.48** 0.68** 0.30** 0.55**

General health -0.23* -0.17 -0.16 -0.32** 0.31** 0.38** 0.44** 0.38**

EQ-5DVAS -0.37** -0.39** -0.32** -0.38** 0.38** 0.36**

EQ-5Dindex -0.64** -0.57** -0.42** -0.62** 0.42** 0.56** 0.38**

*p <  0.05 (two-tailed)

**p < 0.01 (two-tailed)

Table 5

Spearman correlations of change (preoperatively-1 year postoperatively)

OHS WOMAC Womac WOMAC SF-12 SF-12 EQ-5DVAS EQ-5Dindex

Pain Stiffness Function PCS MCS

WOMAC

Pain 0.68**

Stiffness 0.48** 0.64**

Function 0.66** 0.75** 0.61**

SF-12 PCS 0.38** 0.44** 0.30** 0.57**

SF-12 MCS 0.50** 0.33** 0.33** 0.51** 0.29**

SF-36

Bodily pain -0.48** -0.61** -0.43** -0.66** 0.62** 0.35** 0.38** 0.37**

Physical function -0.41** -0.53** -0.39** -0.72** 0.68** 0.42** 0.42** 0.41**

Role physical -0.33** -0.41** -0.36** -0.51** 0.75** 0.35** 0.35** 0.27**

Role emotional -0.26** -0.15 -0.20* -0.25** 0.04 0.71** 0.27** 0.31**

Mental health -0.23* -0.10 -0.16 -0.22* 0.05 0.72** 0.28** 0.36**

Vitality -0.45** -0.41** -0.44** -0.50** 0.30** 0.64** 0.45** 0.50**

Social function -0.41** -0.39** -0.21* -0.49** 0.35** 0.57** 0.24* 0.39**

General health -0.08 -0.06 -0.08 -0.26** 0.22* 0.29** 0.40** 0.22*

EQ-5DVAS -0.43** -0.36** -0.28** -0.45** 0.37** 0.43**

EQ-5Dindex -0.51** -0.47** -0.34** -0.49** 0.31** 0.46** 0.45**

*p <  0.05 (two-tailed)

**p < 0.01 (two-tailed)



Discussion
For some years it has been agreed that patient reported outcome data should define cli-
nical success and expertise in the eyes of payers, patients and even fellow providers.3

When limited resources must be distributed to different healthcare interventions, it is
important to have information on the relative gain in health status achieved. We com-
pared two disease-specific and three generic questionnaires in the evaluation of THA
with respect to their floor and ceiling effects, content validity and sensitivity to change.
We found that patients who did not return their questionnaires at the one-year follow-
up were more likely to have had a post-operative complication and had significantly
lower scores on the WOMAC pain and the SF physical functioning scores at three
months after operation. The fact that these patients experienced a complication after
surgery may be an explanation for their not returning the questionnaires. Patients with
a post-operative complication who were included in our analyzed group had similar
outcome scores at follow-up at one year as the patients without complications. We the-
refore do not expect the non-responding group to have a pronounced effect on the
results at one year after operation.
All outcome scores had improved significantly at one year after operation except for the
SF-36 general health domain. In our study, the OHS, together with pain and physical
function domains of the WOMAC and the SF-36, showed the largest effect sizes after
THA compared with other dimensions of health status. These were thus identified as
being of particular importance in the assessment of outcome after THA.11,22 We found
greater effect sizes for patients with unilateral hip involvement (Charnley A) compared
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disagreement between the score at EQ-5Dindex levels less than 0.5, the diagonal line is a linear 

trendline through the data points.



the EQ-5Dindex, showed good pre-operative correlations and correlations of change
with the other questionnaires. It also showed a similar return to age- and gender-
matched population norms as the SF-36.
However, our observations of the EQ-5D scores highlighted similar problems as those
found by Wolfe and Hawley,28 who studied rheumatic patients, and Fransen and
Edmonds29 who studied patients with osteoarthritis of the knee. The binominal distri-
bution of the EQ-5Dindex score can be explained by the crude scaling of the EQ-5D. For
example, in the mobility domain, the two extreme categories are ‘no problems’ and
‘unable/confined to bed’. Since almost no patients will be in the ‘unable’ category, the
only movement which can be detected will be between ‘no problems’ and the presence
of ‘problems’.28 The pre-operative difference and the post-operative agreement between
the EQ-5DVAS (patient centred value) and the EQ-5Dindex(social value) was remarkable
(Table 2).27-29 This pre-operative difference can be explained by what has been called
‘response shift’. Response shift is the change in internal standards, in values, or in the
perception of quality of life, which are created by changes in health state.30 In clinical
practice, this means that most patients perceive their quality of life as being better than
from the perspective of the general population. This is either because patients become
accustomed to their disease or because their expectations about their health status have
changed. Another explanation for the difference in pre-operative EQ-5D values is that
patients with severe hip disease interpret their hip condition as a mechanical problem
which has to be fixed, not as part of their general health. This is also reflected in the
general health domain of the SF-36, the only domain of the SF-36 which did not
improve significantly at one year after THA, and which is relatively high when compa-
red with other domains.31 Several patients had a pre-operative EQ-5Dindex less than
zero. That is, from a social perspective their health state was worse than death. This
represents the fact that normal individuals asked to consider such an existence would
regard themselves as better off dead.27 The self-assessed health of patients on the EQ-
5DVAS scale diverges from the social view in more severely disabled patients, which rai-
ses important ethical and practical questions about the use and interpretation of utility
values, for example in cost-utility analyses. The peculiarities in the EQ-5D scores may
justify further research into the EQ-5D, especially in the scaling of the EQ-5Dindex and
the valuation of severe health states in relation to death. Further investigation may also
be helpful when smaller changes in health status are investigated, for instance in the
follow-up of THA.
Based on the results of our study, we recommend the OHS and SF-12 in the assessment
of THA. The SF-36 may be used in smaller studies in which a more detailed description
of health domains is needed and when smaller changes in health status are being
investigated. The EQ-5D is useful in situations in which utility values are needed to 
calculate cost-effectiveness or quality-adjusted life years (QALYs), such as in the assess-
ment of new techniques in THA.
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with patients who had other conditions which directly impeded mobility (Charnley B
and C). In this last group, the effect size of the OHS more than doubled the effect sizes
of WOMAC pain and physical function. This emphasizes the site-specific properties of
the OHS. However, the effect size of the OHS in the Charnley B and C group is signifi-
cantly smaller than that in the Charnley A group. This suggests that there is still an
influence of the other conditions which impede mobility upon the OHS,23 which is in
contrast with the findings of Dawson et al.22 who did not find a significant difference in
the OHS in a group with unilateral hip symptoms and a group with diffuse symptoms.
Our main concern was to identify the optimal set of health-outcome measures in THA.
In a standard evaluation study of THA the completion of four questionnaires is a heavy
burden for patients, especially when the OHS and the WOMAC measure similar symp-
toms as shown by their high correlations and correlations of change. We prefer the
OHS since it is a shorter, more site-specific and responsive questionnaire. It also shows
fewer ceiling effects after operation and seems to be the most appropriate disease-speci-
fic questionnaire of the two tested in this study. In a study by Dunbar et al.18 on
patients who underwent total knee replacement, the Oxford knee score was also prefer-
red, as opposed to the WOMAC and Lequesne scores, because of its higher feasibility,
validity and reliability. The SF-36 captures additional, important quality-of-life
domains that are influenced by a THA.24 The SF-36 could probably be replaced by the
SF-12 because of the large changes that occur between the domains which belong to
the physical component summary (PCS) and the mental component summary (MCS)
scores. However, this is at the cost of losing detailed information about separate health-
status domains. For large, cross-sectional surveys, the SF-12 is more appropriate becau-
se of its high feasibility.18 It should be noted that we calculated the SF-12 scores from
the SF-36 in order to reduce the number of questionnaires which patients had to com-
plete. We did not expect the scores obtained in this way to be different from those we
would have found if the patients had completed the SF-12 questionnaire itself.
We found considerable floor and ceiling effects in the questionnaires, especially for the
physical and emotional role domains of the SF-36. This can be explained by the limited
answering options (yes or no) for questions about limitations in role functioning. In
the new version of the SF-36 (SF-36v2) these scales are replaced by five-point Likert
scales, which improve precision and range for both domains.25 The many ceiling
effects post-operatively reflect the excellent outcome which can be achieved with
THA in patients with severe hip disease. This is also reflected in the scores of the SF-
36 and the EQ-5D, which approach general population norms at one year after ope-
ration. The OHS, WOMAC and SF-36 have shown good psychometric qualities in
several studies in patients undergoing THA.10,26 There are only a few published stu-
dies on the outcome of THA in which the EQ-5D was used.5 The developers of the
EQ-5D recommend it as a complementary instrument, not as a substitute for other
instruments.15 Hurst et al.,27 in a study of rheumatic patients, showed that the EQ-
5D is simple to use, is valid, responsive to change and reliable. The EQ-5D, especially
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Chapter 8
Summary and conclusions



indications for THA, there was no clear consensus among surgeons regarding the
indications for THA in either country. We found no systematic differences in indica-
tion ratings of pain, function and physical examination between Dutch and Swedish
surgeons. Swedish surgeons had a stricter interpretation of modifying factors in the
decision for THA, which might partly explain the lower incidence of THA in Sweden
as compared to The Netherlands that is described in Chapter 2. Uniformity of indi-
cations is important to create similar chances of access to a procedure for all patients.
The results of this survey are important, especially in this era when appropriateness
of surgery and geographic variations in rates of procedures are under the scrutiny 
of administrators, health insurance companies and a more informed patient popula-
tion.

Question 3: What are the demographic and bacteriological profiles and
surgical practice in revision THA surgery for deep infection, and what is
the risk for repeated revision for both aseptic loosening and recurrent
infection?
After investigating 960 first revisions for deep infection from the Swedish National
Hip Register in Chapter 4, some interesting conclusions could be drawn. Re-revision
rates were moderate with - at 10 years follow-up - 10% re-revision for infection, 11%
re-revision for aseptic loosening and 21% re-revision for any cause. We found an
increased risk for re-revision for infection in patients who had wound complications
after primary THA, in patients revised in a rural clinic and in patients who under-
went a one-stage revision. Patients undergoing two-stage revision with an implanta-
tion interval over 6 months had lower risk for re-revision. Further, another finding
was an increased re-revision risk for aseptic loosening in patients under 65 years, in
patients who underwent a previous minor procedure after primary THA, and in
patients who received bone-grafts at re-implantation of the prosthesis.
Our results also suggest increasing clinical problems with low-virulent peri-prosthe-
tic infections and a development of increasing bacterial resistance in infected THA.
The issue of increasing antibiotic resistance in THA infections needs meticulous
attention because it severely threatens the success of the procedure and causes severe
suffering in affected patients. Therefore, also the possible causal relationship between
the use of systemic prophylaxis/antibiotic containing bone cement and the develop-
ment of resistant strains deserves further investigation.
Further, this study shows the excellent ability of a national register to assess outcome
of relatively rare complications of THA by providing large numbers of patients and
long follow-up in a cost-effective way.

In this chapter, the results of the studies that were performed for this thesis are sum-
marized by addressing the four questions that were formulated in Chapter 1
(Introduction and aims).

Question 1: What is the demographic profile of patients receiving THA in
The Netherlands and Sweden and what is the expected demand for THA
caused by the aging population in both countries?
From earlier work by Okhuysen et al. it was demonstrated that the incidence of THA
had increased rapidly in the last two decades in the Netherlands. In Chapter 2, we
reported an increasing incidence of THA in both The Netherlands and Sweden,
which could only for a small part be explained by changes in size and age-profile of
the population. Although there are comparable population characteristics and health
care systems in The Netherlands and Sweden, we found a 20% higher incidence of
THA in the Netherlands, as compared to Sweden, even after correction for age- and
population structure. This might be partly explained by relatively lower budgets for
THA in Sweden, or by differences in indications between these countries. The most
important result was that the increase in number of THAs until 2020, based on aging
of the population alone, was expected to be 28% in Sweden and 44% in the
Netherlands. It is concluded from this study that a large increase in THA rate will be
necessary in order to satisfy the future needs for THA, both in The Netherlands as
well as in Sweden, which is important for both policy makers and orthopaedic surge-
ons. Our predictions on future THA rates in The Netherlands and Sweden should
even be considered as conservative, because the demand for THA in Sweden and The
Netherlands has not been satisfied yet, as can be concluded from the still existing
waiting times for the procedure. Further, the indications for THR will probably still
widen if the outcome continues to improve. Lastly, as patients become more emanci-
pated, and more aware of the existing treatment methods, they will be less inclined to
accept their disability and prefer treatment in an earlier stage of their disease. The
increasing demands for medical treatments caused by the aging of the population in
developed countries, in the presence of limited health care budgets and a smaller
employed population, will result in new deficiencies in the provision of medical pro-
cedures like THA.

Question 2: To what extent are indication guidelines for THA applied in cli-
nical practice, and what are the differences in indications for THA between
The Netherlands and Sweden?
In Chapter 3, we report on a survey of Dutch and Swedish orthopaedic surgeons
regarding their indications for THA. We found good compliance in both countries to
existing guidelines for indication for THA with respect to pain and walking ability,
but moderate compliance with respect to function, findings at physical examination
and radiographic signs of joint damage. Although most surgeons agreed on several
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Conclusions and recommendations
From the studies described in this thesis, investigating different aspects of outcome
assessment in total hip arthroplasty, the following conclusions and recommendations
can be made:

To ensure good quality of life and adequate mobility for future elderly generations,
adequate measures need to be taken to respond adequately to the increasing demand
for THA, for instance with regard to future budgets for THA, the use of cost-effective
prosthesis systems and training of surgeons and other medical personnel.
The revision burden of THA in The Netherlands is relatively high compared to the
Scandinavian countries. Apart from figures from a discharge registry and an implant
registry with compliance less than 60% and no possibilities for follow-up, there is no
registration system for THA in The Netherlands. In spite of problems with liability,
compliance, cost and confidentiality with the introduction of a register, new efforts
should be undertaken within the Dutch orthopaedic community to start nation-wide
orthopaedic registries. Such registries should serve both as a database to study outco-
me after surgery and as a benchmarking tool for all participating clinics.
The moderate to good compliance to existing recommendations for the indication
for THA found in our survey of Dutch and Swedish orthopaedic surgeons shows the
applicability of these recommendations in clinical practice. However, we found that
patients in a later phase of the disease process did not improve to the level achieved
by patients with a better preoperative function. Therefore, traditional orthopaedic
practice, to delay surgery as long as possible, might need to be re-evaluated, especially
for elderly patients. Clinical guidelines on THA, based on review of clinical evidence
and involving cost-effectiveness and patient preference, should be established in both
The Netherlands and Sweden. Apart from consensus statements, no such guidelines
exist in either country.
Because of the multiple risk factors found for re-revision for both septic and aseptic
loosening, and the relatively low annual number of revisions for infection, the fin-
dings of our study on revisions for infection from the Swedish National Hip Registry
might be a reason to centralize these difficult treatment procedures in specialized cli-
nics. This would also improve adequate monitoring of the type and resistance pat-
terns of bacteria found in these infections. Development of resistant bacteria is a
worrisome trend in medicine in general and especially in the vulnerable group of
patients with an artificial joint. Future research in prevention and treatment of this
devastating complication is needed to maintain the high percentages of patients with
excellent outcome after THA.
Long waits for THA cause considerable loss in quality-adjusted life years for patients
involved and thus impose an avertable burden of disability. With regard to the wai-
ting list problem that still exists in orthopaedic surgery in The Netherlands and
Sweden, especially for joint replacements, new approaches for managing waiting lists

Question 4: Does waiting for THA affect pre-operative health status and
post-operative outcome of the operation?
In Chapter 5 and 6, we assessed several aspects of orthopaedic in-patient waiting lists
and the effect of waiting for THA on pre-operative health status and outcome. In the
study described in Chapter 5, we found a limited validity of the waiting list for THA
in our university hospital (22% of the patients on the list never underwent the plan-
ned procedure in our hospital) and inaccurate prediction of actual waiting times for
the procedure. Solving the waiting list problem proved to be a multi-factorial issue,
which could not be solved by incidental extra funding only. The limited validity of
waiting lists and waiting time estimates we found is alarming, especially because such
information is used in policy making and as performance indicator for hospitals.
However, without further analysis, these parameters have little significance.
Confusion over terminology, differences in measurement approaches and a general
lack of awareness of the relative effectiveness of different approaches to managing
waiting lists and waiting times, all hamper real progress in this area.
In Chapter 6, we demonstrated that health scores deteriorated significantly during an
average waiting time of 6 months for THA. During this waiting period, a considera-
ble loss in quality-adjusted life years occurred, simply by postponing surgery. If func-
tionally impaired patients can achieve consistently excellent relief of symptoms,
disproportionately long waiting times impose an avertable burden of disability.
Although we did not find any direct effect of waiting times on postoperative outcome
of THA, patients in a later phase of the disease process did not improve to the level
achieved by patients with a better preoperative function.
In a subsequent study regarding the outcome of THA in relation to waiting times, we
assessed the performance of several disease-specific and general patient oriented out-
come questionnaires (Chapter 7). We found high correlations and correlations of
change in scores between the OHS, WOMAC, physical domains of the SF-12 and SF-
36, and the EQ-5Dindex. Patients with unilateral hip disease showed more change in
OHS, WOMAC pain and function, the physical domains of the SF-36 and the EQ-
5DVAS, as compared to patients with bilateral hip disease or other conditions directly
impeding mobility. In the last group, the effect size for the OHS more than doubled
the effect sizes of WOMAC pain and physical function. Furthermore, we found bin-
omial distribution of the EQ-5Dindex score and a pre-operative discrepancy and post-
operative agreement between the EQ-5DVAS and the EQ-5Dindex. These peculiarities
may justify further research into the EQ-5D, especially in the scaling of the EQ-
5Dindex and the valuation of severe health states. We recommend using the OHS and
SF-12 in the evaluation of THA. The EQ-5D is useful in situations where utility values
are needed to calculate cost-effectiveness or quality adjusted life years (QALYs), such
as in the evaluation of new techniques in THA.
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Samenvatting en conclusies

should be followed. These include reducing demand for the procedure by audits of
waiting lists and reassessment of patients on the lists. Further, prioritization of
patients on the waiting list based on clinical urgency is a strategy used in other coun-
tries. Lastly, reorganization of care patterns such as redirection of referrals to clinici-
ans with shorter waiting lists, reduction of missed appointments and reduction of
specialist physician follow-up visits are possibilities to improve access to a medical
procedure like THA.

In this thesis, several aspects of outcome assessment in total hip arthroplasty were
investigated. We should strive for continuous quality improvement of the procedure,
by following and adapting practice guidelines based on patient oriented outcome
measures and population studies, to use available health care resources in an optimal
way and to guarantee best quality care to our patients.
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zowel Zweedse als Nederlandse orthopaeden zich goed houden aan de consensus
richtlijnen zoals die in beide landen bestaan, met name met betrekking tot indicaties
als pijn en verminderd loopvermogen en in mindere mate met betrekking tot functie,
bevindingen bij lichamelijk onderzoek en radiologisch bewijs van gewrichtsschade.
Hoewel de meeste orthopaeden het eens waren over een meerderheid van de indica-
ties was er in geen van beide landen een duidelijke consensus tussen chirurgen met
betrekking tot de indicatiestelling voor de plaatsing van een totale heupprothese. Er
waren geen systematische verschillen tussen indicatiestelling met betrekking tot pijn,
functie of bevindingen bij lichamelijk onderzoek tussen Zweedse en Nederlandse chi-
rurgen. Zweedse chirurgen waren strikter in hun interpretatie van bepalende factoren
(zoals leeftijd en co-morbiditeit) in de beslissing voor operatie, hetgeen gedeeltelijk de
lagere incidentie van totale heupprothese operaties in Zweden zou kunnen verklaren
zoals beschreven in Hoofdstuk 2. Uniformiteit in indicatiestelling is belangrijk om
voor alle patiënten een vergelijkbare toegankelijkheid tot operatie te creëren. De
resultaten van dit onderzoek zijn belangrijk, vooral in deze tijd waarin een al dan niet
terechte indicatiestelling en variaties in aantallen operaties kritisch bekeken worden
door overheden, verzekeraars en een goed geïnformeerde patiëntenpopulatie.

Vraag 3: Wat zijn demografische en bacteriologische kenmerken bij revisiechi-
rurgie van geïnfecteerde totale heupprotheses en wat zijn de risicofactoren
voor een nieuwe revisie voor infectie en aseptische loslating van de prothese?
Na onderzoek van 960 primaire revisies van geïnfecteerde totale heupprotheses uit het
Zweedse Hip Registry in Hoofdstuk 4 konden enkele interessante conclusies worden
getrokken. Re-revisie percentages waren redelijk met –bij 10 jaar follow-up- 10% re-
revisies voor infectie, 10% re-revisies voor aseptische loslating en 21% re-revisies
wanneer alle oorzaken voor re-revisie in beschouwing worden genomen. Er werd een
verhoogd re-revisie risico voor hernieuwde infectie gevonden bij patiënten die wond-
problemen hadden na hun primaire THP operatie, bij patiënten die hun revisie ope-
ratie in een kleiner ziekenhuis hadden ondergaan en bij patiënten die een one-stage
revisie hadden ondergaan. Ook werd er een verhoogd re-revisie risico voor aseptische
loslating gevonden bij patiënten jonger dan 65 jaar, bij patiënten die eerder een kleine
ingreep ondergingen in hun heupgewricht na de primaire THP operatie, en bij patiënten
die een bottransplantaat ontvingen bij re-implantatie van de prothese. Onze resultaten
suggereren ook toenemende problemen met prothese infecties door bacteriën met een
lage virulentie en een ontwikkeling van toenemende resistentie van bacteriën bij geïn-
fecteerde totale heupprotheses. Mede daarom verdient de mogelijke relatie tussen het
gebruik van profylactische systemische antibiotica en antibioticumhoudend botcement
en de ontwikkeling van resistente bacteriën nader onderzoek. Verder laat deze studie
de uitstekende mogelijkheden van een nationaal registratiesysteem zien om, door de
grote aantallen patiënten en lange follow-up, op een kosten-effectieve manier de resulta-
ten van relatief zeldzame complicaties bij totale heupprothese operaties te evalueren.
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In dit hoofdstuk worden de resultaten van de eerder beschreven hoofdstukken
samengevat door de vragen welke werden gesteld in Hoofdstuk 1 (Introductie en
doelstellingen) van dit proefschrift, te beantwoorden.

Vraag 1: Wat is het demografische profiel van de groep patiënten die een
totale heupprothese (THP) ontvangt in Nederland en Zweden en wat is de
verwachte vraag naar totale heupprotheses door de vergrijzing van de
bevolking in beide landen?
Eerder werk van Okhuysen et al. heeft aangetoond dat de incidentie van totale heup-
prothese operaties snel gestegen is de laatste twee decennia. In Hoofdstuk 2 werd zowel
in Nederland als in Zweden een toenemende incidentie van totale heupprothese ope-
raties aangetoond, die slechts gedeeltelijk kon worden verklaard door veranderingen
in grootte en leeftijdsstructuur van de bevolking. Hoewel de bevolkingskenmerken
en gezondheidszorgsysteem vergelijkbaar zijn in Nederland en Zweden, vonden we
dat er in Nederland relatief 20% meer totale heupprothese operaties plaatsvonden ten
opzichte van Zweden, zelfs na correctie voor leeftijds- en bevolkingsstructuur. Dit zou
verklaard kunnen worden door de relatief lagere budgetten voor THP operaties in
Zweden, of door verschillen in indicatiestelling tussen beide landen. Het belangrijkste
resultaat was, dat door de vergrijzing van de bevolking het aantal protheses per jaar
tot en met 2020 in Zweden met 28% stijgt en met 44% in Nederland. Uit deze studie
wordt geconcludeerd dat zowel in Nederland als in Zweden een grote toename in
aantallen operaties nodig is om aan de vraag naar THP operaties te kunnen voldoen,
hetgeen belangrijke informatie is voor zowel beleidsmakers als orthopaedisch chirurgen.
Onze voorspellingen voor toekomstige aantallen benodigde operaties in beide landen
moeten als conservatief worden beschouwd omdat nog niet aan de vraag naar totale
heupprothese operaties voldaan is, zoals blijkt uit de nog steeds bestaande wachtlijsten
voor de ingreep. Daarnaast zullen de indicaties voor de operatie waarschijnlijk nog ver-
breden als de resultaten van de operatie verder verbeteren. Omdat patiënten mondiger
worden en zich meer bewust zijn van de bestaande behandelingsmogelijkheden, zullen
ze minder geneigd zijn om hun beperkingen te accepteren en de voorkeur geven aan
behandeling in een vroeger stadium van het ziekteproces. Mede door beperkte budgetten
en een kleinere beroepsbevolking zal de toenemende vraag naar medische behandelin-
gen, veroorzaakt door vergrijzing van de bevolking in ontwikkelde landen, nieuwe tekor-
ten veroorzaken in de verstrekking van medische ingrepen zoals totale heupvervanging.

Vraag 2: In hoeverre worden indicatierichtlijnen voor totale heupprothese
operaties toegepast in de klinische praktijk, en wat zijn de verschillen in
indicatiestelling voor totale heupprothese operaties tussen Nederland en
Zweden?
In Hoofdstuk 3 wordt een onderzoek naar de indicatiestelling voor THP operaties
onder Nederlandse en Zweedse orthopaedisch chirurgen besproken. Het bleek dat
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lity values nodig zijn om kosten-effectiviteit of QALYs uit te rekenen, bijvoorbeeld bij
de evaluatie van nieuwe technieken in totale heupprothese operaties.

Conclusies en aanbevelingen
Uit de resultaten zoals beschreven in dit proefschrift kan het volgende worden gecon-
cludeerd:
Om een goede kwaliteit van leven en een goede mobiliteit te kunnen bieden aan toe-
komstige generaties ouderen, moeten er adequate maatregelen genomen worden om
op een juiste manier te kunnen reageren op de toenemende vraag naar totale heup-
prothese operaties. Deze maatregelen zouden kunnen bestaan uit realiseren van vol-
doende budgetten voor de ingreep, het gebruik van kosten-effectieve prothesesystemen
en opleiding van voldoende chirurgen en ander medisch personeel.
Het aantal revisies van totale heupprotheses is relatief wat hoger in Nederland dan in
Zweden. Behalve getallen uit de landelijke medische registratie en een implantaten
registratiesysteem met een compliance van minder dan 60% zonder mogelijkheden
voor follow-up, is er geen registratiesysteem voor totale heupprotheses in Nederland.
Ondanks problemen met wettelijke verantwoordelijkheid, compliance, kosten en
privacy zouden er nieuwe pogingen moeten worden ondernomen binnen de
Nederlandse orthopaedie om tot landelijke orthopaedische registratiesystemen te
komen. Zulke registers zouden zowel als database kunnen dienen om het resultaat
van de operatie te onderzoeken als wel als graadmeter (benchmarking tool) voor
deelnemende klinieken kunnen dienen.
Het feit dat zowel Zweedse als Nederlandse orthopaedisch chirurgen zich redelijk tot
goed hielden aan bestaande consensus richtlijnen voor de indicatiestelling bij totale
heupprothese operaties, laat de toepasbaarheid van deze richtlijnen in de klinische
praktijk zien. We vonden echter dat patiënten in een latere fase van het ziekteproces
(dus met slechtere functiescores voor de operatie) niet tot het niveau verbeterden wat
patiënten met een betere functie voor de operatie bereikten. Daarom zou de traditio-
nele orthopedische praktijk, namelijk de operatie zolang mogelijk uitstellen, wellicht
opnieuw geëvalueerd moeten worden, vooral voor oudere patiënten. Verder zouden
zowel in Zweden als in Nederland richtlijnen moeten worden opgesteld die gebaseerd
zijn op klinisch bewijs, voorkeuren van patiënten en kosten-effectiviteit. Dergelijke
richtlijnen bestaan noch in Zweden, noch in Nederland, behalve de reeds bestaande
consensus verklaringen.
Vanwege de meerdere risicofactoren voor hernieuwde revisies voor zowel infectie als
aseptische loslating van de prothese, als de relatief lage aantallen revisies die per jaar
voor infectie van de prothese worden uitgevoerd, zouden de bevindingen uit onze
studie van geïnfecteerde revisies uit het Zweedse National Hip Registry een aanbeve-
ling kunnen zijn om deze moeilijke operaties in gespecialiseerde klinieken uit te voeren.
Dit zou ook het vervolgen van typen bacteriën en zich ontwikkelende resistentiepatro-
nen kunnen verbeteren. De ontwikkeling van resistente bacteriën is een zorgwekken-
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Vraag 4: Beïnvloedt het wachten op een totale heupprothese operatie de
pre-operatieve gezondheidstoestand dan wel de uitkomst van de operatie?
In Hoofdstuk 5 en 6 werden verschillende aspecten van orthopedische wachtlijsten
geëvalueerd, evenals het effect van de wachttijd voor een THP operatie op de pre-
operatieve gezondheidstoestand en het resultaat van de operatie. In Hoofdstuk 5
werd een beperkte validiteit van de wachtlijst gevonden in ons academisch ziekenhuis
(22% van de patiënten op de wachtlijst werd nooit in ons ziekenhuis geopereerd)
evenals onjuiste voorspellingen van de eigenlijke wachttijd voor de ingreep. Het
oplossen van de wachtlijstproblematiek bleek een multi-factorieel probleem wat niet
alleen door extra tijdelijke financiële middelen kon worden opgelost. De beperkte
validiteit van wachtlijsten en wachttijden is alarmerend, omdat deze informatie
gebruikt wordt door beleidsmakers en als performance indicator voor ziekenhuizen.
Zonder verdere analyse hebben deze parameters echter weinig betekenis. Verwarring
over terminologie, verschillen in meetmethodes en verschillende manieren om wacht-
tijden en wachtlijsten aan te pakken belemmeren echte vooruitgang op dit terrein.
In Hoofdstuk 6 werd aangetoond dat verschillende gezondheidsscores significant
verslechterden tijdens een wachttijd van gemiddeld 6 maanden voor een totale heup-
prothese operatie. Door het uitstellen van de operatie trad er een behoorlijk verlies in
kwaliteit van leven (quality-adjusted life years (QALYs)) op. Als functioneel beperkte
patiënten over het algemeen een uitstekend resultaat bereiken na de operatie, betekent
dat dat onevenredig lange wachttijden een vermijdbare bron van disfunctioneren
zijn. Hoewel er geen direct effect gevonden werd van de wachttijd op de gezond-
heidstoestand ná de operatie, verbeterden patiënten in een latere fase van het ziekte-
proces (dus met slechtere functiescores voor de operatie) niet tot het niveau wat
patiënten met een betere functie voor de operatie bereikten.
In een vervolgstudie naar de uitkomst van THP operaties werden de prestaties van
verschillende ziekte-specifieke en algemene, patiëntgeoriënteerde vragenlijsten
onderzocht (Hoofdstuk 7). Er werden hoge correlaties gevonden tussen de Oxford
Hip Score (OHS), WOMAC, fysieke domeinen van de SF-12 en SF-36 en de EQ-
5Dindex en hoge correlaties tussen de pre- en postoperatieve verschillen van deze vra-
genlijsten. Patiënten met éénzijdige heupklachten lieten meer verandering zien in
OHS, WOMAC pijn en functie scores, de fysieke domeinen van de SF-12 en SF-36 en
de EQ-5DVAS vergeleken met de patiënten met heupklachten beiderzijds of andere
klachten die de mobiliteit beïnvloeden. In de laatste groep was de effect size (maat
voor verandering in score) voor de OHS meer dan dubbel zo groot als de effect sizes
van de WOMAC pijn en functie scores. Daarnaast werd er een binomiale verdeling
gevonden van de EQ-5Dindex score en een pre-operatieve discrepantie tussen de EQ-
5DVAS en de EQ-5Dindex. Deze bevindingen rechtvaardigen verder onderzoek naar de
EQ-5D, vooral met betrekking tot de schaalverdeling en de waardering van slechte
gezondheidsscores. Het gebruik van de OHS en de SF-12 wordt aanbevolen in de
evaluatie van totale heupprothese operaties. De EQ-5D is nuttig in situaties waar uti-
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de trend in de geneeskunde in het algemeen en vooral in de kwetsbare groep van
patiënten met een kunstgewricht. Verder onderzoek naar het voorkomen en de
behandeling van deze ernstige complicatie is nodig om de hoge percentages patiënten
met een uitstekend resultaat na een totale heupprothese operatie te kunnen blijven
realiseren.
Lange wachttijden voor een totale heupprothese operatie veroorzaken een behoorlijk
verlies in kwaliteit van leven (quality-adjusted life years (QALYs)) en zijn dus een
vermijdbare bron van disfunctioneren. Met betrekking tot het wachtlijstprobleem
wat nog steeds bestaat binnen de orthopedische chirurgie, met name voor gewrichts-
vervangende operaties, zouden er nieuwe maatregelen genomen moeten worden om
wachtlijsten te hanteren. Voorbeelden zijn het reduceren van de vraag naar operaties
door het opschonen van wachtlijsten en prioriteit geven aan patiënten op de wacht-
lijst die klinisch gezien het meest een operatie nodig hebben, maatregelen die ook in
andere landen toegepast worden. In de laatste plaats kan reorganisatie van zorgpatro-
nen, zoals het verwijzen naar chirurgen met een kortere wachtlijst, het verminderen
van door patiënten gemiste afspraken en het reduceren van het aantal controlebezoe-
ken bij de specialist tot de mogelijkheden behoren.

In dit proefschrift zijn verschillende aspecten van outcome assessment bij totale
heupprothese operaties aan de orde gekomen. Om beschikbare middelen zo goed
mogelijk te gebruiken en onze patiënten de best mogelijke zorg te bieden, moet er
gestreefd worden naar een continue kwaliteitsverbetering van de operatie. Deze kwa-
liteitsverbetering moet gebaseerd zijn op richtlijnen die volgen uit onderzoek met
patiëntgeoriënteerde methodes in grote, representatieve groepen patiënten.
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