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Abstract

The Swedish National Total Hip Arthroplasty
Register contains more than 200,000 primary and
secondary hip replacements. The failure end-point
definition is revision.

The aim of this thesis was to validate the results
presented by the register and to study the outcome
of hip replacement surgery in Sweden. The
hypothesis was firstly that the number of failure
reported to the Swedish THA register are valid
and secondly that adding clinical and radiographic
failure criteria will dramatically decrease the sur-
vival rate for THR implants.

The study consisted of three parts with 2—10
years follow-up of patients with total hip replace-
ments (THR). In part I, three general health ques-
tionnaires (Nottingham Health Profile, SF-36,
EuroQol) and two disease-specific instruments
(WOMAC, Harris Hip Score) were tested for
validity and reliability (n=62). The results showed
the disease specific questionnaires are at least as
valid and reliable as the general instruments are.

In part II, all THRs reported to the Swedish
THA register 1986 to 1994 (84,884 primary and
10,176 revision hip replacements) were compared
with the data from the Discharge register and the

Cause of Death register in Sweden. 2,604 patients
were randomly selected from the Discharge regis-
ter to determine if they had undergone any revi-
sion surgery. The study showed that the Swedish
THA register covers 94% of the revisions actually
performed in Sweden and the results did not differ
significantly from the data in the Discharge regis-
ter and the results reported by the patients.

In part III, 1,056 patients from the selected
cohort were studied further concerning general
health and disease-specific health, using the
Nottingham Health Profile, SF-36 and WOMAC.
An age and gender matched subcohort of 344
patients were then examined clinically, using the
Harris Hip Score, and radiographically. The clini-
cal and radiographic failure rates were in several
tests as high as the revision rates documented in
the Swedish THA register. The clinical results
were, however, dependent on demographics, the
definition of clinical failure and the scoring sys-
tem used. The results presented by the register
with revision as failure end-point give an exact
but limited information about the quality of hip
replacement surgery in Sweden.
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Introduction

The methods for diagnosis and treatment of hip
disability are continuously developing and total
hip replacement is today one of the most effective
surgical interventions ever introduced (Rissanen
et al. 1995, Hozack et al. 1997, Garellick et al.
1998).

The results of total hip replacement (THR) sur-
gery have been studied using different outcome
tools focused on the process of care (pain, func-
tion, radiographic results) and on patient-oriented
outcome (quality of life) and the need for revision
of the implant. For research follow-up of new im-
plants, a stepwise introduction has been proposed
(Gross 1993, Malchau 1995). The steps are: labo-
ratory studies, small cohort studies using radioste-
reometry (RSA), a very precise radiographic
method, multicenter studies and national register
studies. Register studies, like the Swedish Nation-
al Total Hip Arthroplasty register, were introduced
in Sweden twenty years ago (Ahnfelt 1986). The
register provides hard data with revision as a
limited but exact failure end-point definition.
Although there has been a need for registers and
evidence based medicine (Black 1996, Morris
1996, Sochart et al. 1996), the failure end-point
has been criticized and the value of register data
questioned (Bulstrode 1996).

There is an increasing frequency of hip surgery,
more old people with degenerative hip disorders
and more osteoporotic hip fractures, and a rapidly
rising costs of health care (Lidgren 2000). A de-
mand of simpler outcome instrument has become
almost imperative (Keller et al. 1993). One type of
such an instrument is a numerical or adjectival
scale that is easy to administer and analyze in a
standardized format. This type of soft data is use-
ful for routine clinical follow-up to control the
quality of hospital care.

The goal with THR must also be a satisfied pa-
tient. If one assume that the patient and the sur-
geon have the same goal, the treatment must lead
to a satisfied patient. What is then a satisfactory
outcome? The most common answer from the pa-

tients asked about what is making them satisfied is
the relief of pain and good function (Amadio
1993, Rowley 1997, Mancuso et al. 1997).

In summary, outcome studies of THR should in-
clude soft data with information about pain and
function. But it is also important, especially for
continuous quality and research evaluation, with
hard data such as the results given from national
registers. The present study is unique because it
provides information about hard and soft data
after hip replacement on a national level. A brief
review of the registers used in this study and out-
come measurements in general is presented.

Registers used in the present study

The Swedish National Total Hip Arthroplasty
register (the Swedish THA register)

Since Charnley introduced his total hip prosthesis
(Charnley 1961), many different implants and sur-
gical techniques have been developed, not only
because of improved implants and techniques as
such but also because of antiseptic, radiographic
and anaesthetic improvements. It has been esti-
mated that 1,000,000 patients annually undergo
total hip replacement today and several hundred
different implants are used. To detect complica-
tions after total hip replacement, the patients
should be followed prospectively. But it would be
very costly to follow each patient. Therefore, a
pilot study was initiated in Sweden and performed
during 19 months between 1976 and 1977
(Ahnfelt et al. 1980). The aim of the pilot study
was to investigate the possibility of registering if a
primary arthroplasty has failed or not and find out
why this failure occurred. 5,758 primary opera-
tions and 577 reoperations were detected in 36
hospitals. The study gave important information
about severe complications due to hip replace-
ment surgery and the results motivated all hospi-
tals in Sweden to participate in a nationwide pro-
spective study on hip replacement surgery. The
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Swedish National Total Hip Arthroplasty register
was initiated in January 1979 by Herberts and
Ahnfelt (Ahnfelt 1986, thesis). The register was
early supported by the Swedish Orthopaedic Soci-
ety and later by the National Board of Health and
Welfare.

Today the aims of the register are:

- To perform epidemiological analyses of hip re-
placement surgery in Sweden.

- To identify risk factors for failure of primary
and revision surgery.

- To facilitate improvement of the surgical tech-
nique by risk factor analysis.

- To perform bench marking by comparison be-
tween regions.

- To perform quality assurance of all hip replace-
ments performed in Sweden.

Results from the register have been published at
regular intervals (Herberts et al. 1989, Ahnfelt et
al. 1990, Malchau et al. 1993, Herberts et al. 1997,
Herberts and Malchau 2000). Further, the results
from the register are presented annually, with
compilations to the profession and the respective
clinics, and there are continuous exhibitions at
different scientific meetings such as the Annual
Meeting of the American Academy of
Orthopaedic Surgeons (Malchau et al. 2000).

Three different databases are the cornerstones
of the register:

1. The number of primary operations from
1979 to 1991 were registered annually and per de-
partment, including the type of implant. Over
180,000 operations have been registered to date.

Since 1992, all primary operations have been
reported in more detail, including the patient’s id
number and diagnosis. The unique identity num-
ber used for all permanent residents in Sweden
gives information about age and gender. The im-
plant have been characterised in detail during this
later period. Since 1999, the clinics report to the
register through the Internet and the register has
its own website where the clinics can get feedback
about their results. The public is thereby also
informed about the results of hip replacement
(http://www.jru.orthop.gu.se).

2. The number of secondary surgery (reopera-
tions) is obtained, since January 1979, when all
clinics in Sweden send copies of the medical
records to the register. 132 variables were initially

recorded concerning any reoperation after prima-
ry hip replacement. Logistic and economic rea-
sons made radiographic follow-up impossible.
More than 100 parameters per reoperation are
today recorded from the medical records. Some
essential parameters are now reported via the
Internet site. Three specially trained secretaries
collect the records and transform the information
to one database. The unique id numbers have been
registered for all reoperations and major revisions
(exchange or removal of implant). Today, over
16,000 revisions are registered.

3. The third database concerns the prophylactic
measures against aseptic loosening and infection
annually. The variables included in the reports are:
surgical approach, type of cement and cement
mixing technique, use of brush and pulsative
lavage, number and diameter of anchorage holes
in the acetabulum, cement application technique
including use of a distal femoral plug and proxi-
mal seal, type of antibiotic prophylaxis, length
and administration mode. The variables are not
reported for the individual patient but for the
department as a whole and per year. This informa-
tion is also available from the start in 1979.

Statistical methods used in the Swedish THA
register

Patient-related factors and implant-related factors
have been analysed by estimation of the survival
function for all implants depending on age, gen-
der, diagnosis, type of implant and fixation tech-
nique (Kaplan and Meier 1958). The register was
compared with the expected survival of an age and
gender matched Swedish population. The compli-
cation risk for different types of implants could
therefore be calculated. Today, the effect of vari-
ous surgical and cementing techniques on revision
rates is analysed by Poisson models (Breslow and
Day 1987). The hazard functions of revisions are
thereby estimated by a stepwise procedure ending
up with the significant variables in a multivariate
model. The influence of these factors on the risk of
revision for aseptic and septic loosening is calculated
using multiple regression survival analysis.

Results of total hip replacement from the
Swedish THA register 1979-1999

Demographics: During the last 10 years approxi-
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Table 1. Number of primary THR with different fixation and age from 1992 to 1999

10-19 20-29 30-39 40-49

Age 50-59

Cemented 20 100 333 1,387 6,333

Uncemented 4 88 185 615 1,132

Hybrid B 48 138 598 1,699
656

Total 29 236 2,550

9,161

mately 10,000 primary operations (100/100,000
inhabitants) and 1,000 revisions have been per-
formed annually in Sweden. The mean age was 70
years and 60% were women. The three most com-
mon indications for THR in Sweden are osteo-
arthrosis, fracture and arthritis. The majority of
older patients were given a cemented prosthesis
while hybrids and uncemented implants are more
common in the younger populations (Table 1).
Implant-related factors and results in the Swed-
ish THA register: In Figure 1, all primary total hip
replacement implants during three time periods
are illustrated. The cut-off 1987 was chosen
because at that time most orthopaedic units in
Sweden adopted a modern cementing technique.
The time period, 1992-1998, was chosen as mod-
ern uncemented technology, with cup designs and
active surface coating on the stems, was intro-
duced around 1992 (Thanner et al. 1999,
Kirrholm et al. 1998, Nivbrant 1999). When the
material was classified as cemented, uncemented
and hybrid implants during the three time periods,
a clear improvement in cemented prostheses was
observed (Figure 1). The uncemented implants
showed a minor improvement. The reason may be

percent not revised
100

percent not revised

60-69

70-79 @ 80-89 /90-99 100-109 Total
18,549 30,723 13,823 783 5 72,003
369 2P 7 0 0 2,427
1,346 339 110 8 0 4,291
5 78,721

20,264 31,089 791 78

many different types of uncemented implants used
during these years. Too many uncemented designs
with inferior performance were still used in 1991,
thus affecting the overall results. A similar finding
was reported from the Norwegian register
(Havelin et al 1993).

Almost all of the cemented implants show a sig-
nificantly improved survival between the early pe-
riod, 1979-1987, and the later period, 1988—1998.
Using the modemn cementing technique, a 10-year
survival of 94.6% was obtained for hip replace-
ment with the index diagnosis osteoarthrosis and
revision due to aseptic loosening. The survival at
17 years varies between 80 and 87% for well-doc-
umented and common implants.

Cementless implants have been used to a limit-
ed extent, both during the first and in the second
time period. Since the number of observations is
limited, there is a broad confidence interval and
more uncertain information. For certain unce-
mented implants, there is a statistically significant
improvement with this separation in to three time
periods. The third generation of uncemented im-
plants used during the last seven years (often with
hydroxyapatite coating or textured titanium sur-

percent not revised

100
95 95
90 90 4

85 85

80 80

75 3 o 2 75
B 1992-1908 6y = 98.0% (87.7-88.3), n = 46,841
W 1088-1908 10y = 94.6% (94.2-05.0), n = 73,244

W 1979-1087 10y = 82.1% (81.3-82.9), n = 50,128

70

W 1992-1098 By = 065.2% (03,1-97.3), n = 1,630
W 1088-1908 10y = 85.8% (82.9-88.8), n = 2,007
m 1979-1987 15y = 61.0% (57.6-66.4), n = 1,206

100

95 -

90

85
80

75 4 s S i
W 1992-1998 6y = 06.5% (95,1-97.9), n = 2,904
™ 1988-1998 Oy = 02.4% (80.4-96.5), n = 3,630

70

70
12 14 16 18 20 0 2 4 6 8

years postoperatively

0 2 4 6 8 10

W 1070-1087 13y = 84.6% (79.1-00.5), n = 243
3 10 12 14 16 18 20
years postoperatively

10 12 14 16 18 20 0 2 4 6 8
years postoperatively

Figure 1. Survival of all primary THR separated in cemented (left), uncemented (middle) and hybrid (right).
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faces) has functioned well in the short perspective
up to five years (Thanner et al 1999).

In summary, most modern cemented implants
have a ten-year survival rate for aseptic loosening
around 94% and the best have shown a survival
rate of approximately 98%. These figures illus-
trate the excellent results of hip replacement
surgery in Sweden obtained by the average
orthopaedic surgeon. The excellent short-term re-
sult for some cementless implants is promising,
but the observation period is too short to accept
uncemented fixation as a safe and efficacious
procedure.

Patient-related factors and results in the
Swedish THA register: Men are at significantly
higher risk for revision procedures than women,
when analysed for revisions attributable to aseptic
loosening. During the later time period, this dif-
ference became less pronounced as a result of im-
proved technique. With respect to age, the register
shows that the younger and more active patients are
at greater risk in all diagnostic groups. Approximate-
ly 12,000 patients are included in the cohort with a
higher failure rate. It is above all for this cohort of
patients that further research and development is
mandatory. A possible solution could be referral of
these patients to centres of excellence.

Environmental factors and results of THR in the
Swedish THA register: In order to evaluate pa-
tient-related factors (gender, age and diagnosis)
and fixation mode independently, a new Poisson
model was recently applied to the cohort operated
upon between 1992 and 1998 (Breslow 1987,
Malchau et al. 2000). This cohort was chosen as
both primary and revision data were reported by
use of the specific patient id number. Certain gen-
eral parameters (time since operation, calendar
time) are a prerequisite for this specific statistical
analysis. The following text summarises the re-
sults of the new Poisson models: the estimated
risk of revision is 20% lower for women com-
pared to men (p<0.01). This risk decreases with
increasing age. This finding underlines the impor-
tance of taking considerations related to age, such
as comorbidity and activity, when discussing dif-
ferent fixation modes (Havelin et al. 1993). The
results of THR were also dependent on the type of
cement used and vacuum mixing of the cement.
The time dependent Poisson model indicates, as

previously reported, a higher risk of revision in

the first 45 years after operation. Further follow-

up shows a continuous reduction of the risk of
revision. At eight years the risk was 0.74 when
vacuum was compared with manual mixing.

Therefore, the use of vacuum mixing of cement

seems to be justified.

Conclusions from the Swedish THA register:
Joint replacement procedures lend themselves
particularly well to national register studies. The
following conclusions were reported (Herberts
and Malchau 2000, Malchau et al. 2000).

* The number of THR procedures performed in
Sweden has increased gradually and over time
well-documented implants have been consis-
tently used.

« The most serious complications (aseptic loosen-
ing and deep infection) have declined three-fold
over the past two decades. Aseptic loosening
constitutes the main problem.

» Specific patient cohorts have increased failure
risks, especially younger patients.

* An improved surgical and cementing technique
was adopted in Sweden partly as a result of this
register effort. Outcome has improved and dif-
ferences between units diminished.

« The revision rate over the whole study period is
only 7 % for primary cemented implants, which
sets the standard for this surgical procedure.

The Swedish Hospital Discharge register (HDR)
The Swedish Hospital Discharge register (from
the Centre of Epidemiology at the Swedish
National Board of Health and Welfare,
www.sos.sefepc) was developed during the 80s.
The register contains information about the pa-
tient’s identity number, gender, age, county, hos-
pital, ICD code for diagnosis and surgical inter-
ventions, date of admission and discharge, and
from and to which type of care the patients are ad-
mitted or discharged respectively. Since 1986, it is
mandatory for all hospitals in Sweden to report
the above-mentioned variables to the register. To
study the amount of not reported diagnosis (23%)
and errors (14%) a validation of the register were
performed in 1990 (www.sos.se/epc).

The Swedish Cause of Death register (CDR)
All deceased inhabitants are reported to the Swed-
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ish Cause of Death register, whereby statistics in
such fields as changes in the population structure
are produced. General statistics are available to
the public on the Internet (www.scb.se) and after
obtaining permission different registers can com-
pare themselves with the CDR to study date and
cause of death.

Outcome measurements

Although the surgical technique and implants are
today almost optimal we still have failures. There
has been growing interest in outcome studies after
hip replacement and a demand for evidence-based
health care. There are two main types of outcome
instruments or questionnaires:

1. Disease-specific questionnaires with ques-
tions about the studied disease without influence
from other diseases and with higher responsive-
ness than general instruments. Taylor’s pain index
(1937) and Keele’s S-point functional scale (1948)
are two examples of early disease-specific scoring
systems (Bellamy 1993). Since 1969, the staff-ad-
ministered Harris Hip Score system is probably
the most widely used scoring system for evaluat-
ing results of hip replacement (Harris 1969). To-
day, self-administered scoring systems like the
WOMAC (Bellamy 1988) have become more
popular. The Western Ontario and McMaster Uni-
versity Osteoarthritis Index (WOMAUC) is a dis-
ease-specific, self-administered, health measure
developed to study patients with osteoarthritis in
the hip or knee. The original version contained 41
items in 5 domains. The domains were pain, stiff-
ness, physical function, social function and emo-
tional function. Internal consistency (Cronbach’s
alpha) and test-retest reliability (Kendall’s tau c
statistic) were moderate to excellent for pain (0.86
and 0.68, respectively), stiffness (0.90 and 0.48),
physical function (0.95 and 0.68), social function
(0.89 and 0.61) and emotional function (0.96 and
0.72). The Doyle Index, Lequesne Index and
Bradburn Index have been used to demonstrate
statistically significant correlations with WOM-
AC items in the same dimensions (convergent
construct validity) and other dimensions (diver-
gent construct validity). Construct validity was
high for the domains of pain, stiffness and physi-

cal function. Social and emotional domains had
lower validity. Hence the final index utilised the
pain (5 questions), stiffness (2 questions) and
physical function (17 questions) domains
(Bellamy et al. 1988, Sun et al. 1997).

2. General or generic questionnaires asking pa-
tients about their health-related quality of life
(HRQL), were the results can be compared with
other conditions. The early general outcome ques-
tionnaires were long (approximately 100 items),
such as the Sickness Impact Profile (SIP) and
Medical Outcome Study (MOS), but in recent
years there has been a tendency to use shorter
tests. Two tests that are short are the Medical Out-
comes Study 36-Item Short-Form Health Survey
(SF-36) and the Nottingham Health Profile (NHP)
with 36 and 45 questions respectively.

The SF-36 is a general self-administered ques-
tionnaire developed for applications in psycho-
metric theory. It was developed from the Rand
Corporation’s health insurance experiment. The
original measure was lengthy, containing 108
items. Later on, the test was used to studying
effects which seemed to be a direct function of
disease and treatment, that is health-related quali-
ty of life (HRQL) (Ware and Sherbourne 1992,
Brazier et al.1992).

The NHP is a self-administered general instru-
ment used to study quality of life after medical
and/or surgical treatments such as total hip re-
placement (Wiklund and Romanus 1988). Like
the SF-36 and WOMAC, the NHP has high validi-
ty and reliability (Hunt et al. 1980, Hunt et al.
1981).

The EuroQol (EQ or EQ-5D) is a generic multi-
dimensional HRQL profile. The items were cho-
sen from a review of the QWB, SIP, NHP and
Rosser Index, and a single score is generated for
each health state (Andersson et al. 1993). The
EuroQol is a very short scoring system (5 items)
which has been criticised for being less responsive
than short questionnaires such as the SF-36, espe-
cially at the ceiling, but it has better results con-
cerning the floor effects. Acceptable values for
construct validity and internal consistency reli-
ability have been reported, although they are low-
er than those of the SF-36 and NHP (Brazier et al.
1993, Brazier et al. 1996, Chetter et al. 1997,
Essink-Bot et al. 1997). However, the brevity and
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simplicity of the EuroQol questionnaire help it
to achieve a better response in stroke survivors
than with the SF-36. Some reports on the Euro-
Qol state that it is valid, responsive to change and
sufficiently reliable for group comparisons
(Dorman et al. 1997, Hurst et al. 1997, Krabbe et
al. 1996, Uyi-de Groot et al. 1994, VanAgt et al.
1994).

As in all clinical research, demographic bias
should be taken under consideration and the scor-
ing system used should have high validity, reli-
ability and responsiveness. Although Chronbach
(1951) emphasised the importance of a correctly
produced questionnaire, the early scoring systems
were not validated. The relevant expressions are
defined as follows:

Outcome is the sum of the observations of an in-
dividual associated with a study period; a measure
of change, related to a baseline measurement, and
to specified treatment goals (Oberg 1996).

Demographic information is compiled by col-
lecting health profile information including age,
gender, diagnosis, current health conditions and
comorbidities (Ritter and Albohm 1997).

Validity
A questionnaire with high validity is a question-
naire that measures what it is supposed to (Guyatt
et al. 1989). For example: if one wishes to study
pain after hip replacement, one should use ques-
tionnaires asking the patient if he or she has any
pain. These questionnaires could be formulated in
different ways. One questionnaire could ask the
patient about pain in general, that is not only pain
from the affected hip. Another questionnaire
could ask about pain only in the affected hip. If the
results are equal, the questionnaires are valid.
The most difficult aspect of validity is the termi-
nology. Until the 1970s, almost all textbooks di-
vided this topic into content validity, criterion va-
lidity and construct validity (Landy 1986). More
recently, new “types” of validity have been pro-
posed such as dividing construct validity into dis-
criminant and convergent validity. However, it is
important to point out that validation of a scoring
system is a process of hypothesis testing where
the system is tested in different ways (Streiner and
Norman 1989). Some common types of validity
are defined below.

Face validity is also termed clinical or biologi-
cal validity (Bellamy 1993). This type of validity
is based on the individual experience of a scoring
system.

Content validity is a non-statistical comparison
between the content in two scales. Do the scales
concern the same area of interests (same domains
or subgroups)? Questionnaires with good content
validity are expected to have fewer categories
with ceiling or floor effects. A floor effect occurs
when the patient reports the poorest function for
all or almost all items and receives the worst pos-
sible score, making it impossible to demonstrate
deterioration in function over time for such a pa-
tient with use of the questionnaire. A ceiling effect
occurs when the patient reports excellent function
and receives the best score, making it impossible
to show improvement in function over time
(Martin et al. 1997).

Construct validity is concerned with the extent
to which a particular measure relates to other mea-
sures with theoretically derived hypotheses con-
cemning the concepts (or constructs) (Carmines
and Zeller 1979). There are two types of validity
often discussed as construct validity: Convergent
validity is shown if two domains in different scor-
ing systems have high correlation, that is if they
show the same thing, e.g. pain. Divergent (or dis-
criminant) validity is demonstrated if the correla-
tion between scores on the same health compo-
nent as measured by two different instruments
(e.g. pain compared to pain) is higher than be-
tween scores on that health component and each
of several other components (e.g. pain compared
to social function).

Criterion validity can be demonstrated if a
questionnaire shows high correlation with a gold
standard. Two problems with this type of validity
are how to set the gold standard and which level a
correlation should reach for statistical signifi-
cance. Bellamy has proposed a correlation over
0.80 since one is dealing with a gold standard
(Bellamy 1993).

Reliability

Reliability is an expression of the extent to which
the same results are yielded on repeated applica-
tion of an assessment technique assuming no true
interval change in the phenomenon under study
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(Bellamy 1993). That is, does the instrument show
the same results between different times of inves-
tigation and between different investigators if the
patients’ statuses are stable. Three types of reli-
ability are defined:

Test-retest reliability (reproducibility, intra-ob-
server reliability) is shown if the results are equal
between two different times of investigation. The
interval between the two examinations should not
be too short because the patient might remember
the questions. However, a long interval increases
the risk of changes in patients’ health. A common-
ly used interval is therefore 3—4 weeks.

Inter-observer reliability is the correlation be-
tween different investigators’ examinations of the
same patient.

Internal consistency reliability (Split-half)
avoids the time-dependent changes presented with
test-retest reliability. Internal consistency reliabil-
ity or intraclass correlation describes the correla-
tion between items in the same domain. Chron-
bach’s alpha index is often used for this purpose.
That is, a domain of interest should contain more
than one item to reduce the risk that the patient
had misunderstood one item. Several questions
about the same thing (i.e. pain) can act as control
items each other (internal consistency).

Responsiveness

Responsiveness means how well a scoring system
reacts to clinical changes, that is the sensitivity to
change of an assessment technique.

The correlation calculations in validity and reli-
ability tests could be done using different coeffi-
cients as long as the author describes which coef-
ficients were used. Two of the most common coef-
ficients are Pearson’s r and Spearman’s rank order
correlation coefficient, rho (Katz et al. 1996).
Spearman’s rtho should be used instead of
Pearson’s r on an ordinal scale and if the correla-
tion is not linear.

How important is the level of correlation? With
the formula n=(1/r)2, one can calculate the number
of patients that are needed in a study in the worst
case scenario to compensate for differences be-
tween scoring systems when the correlation coef-
ficient (r) is known. If r is 0.5, one should in the
worst case scenario use 4 times, = (1/0.5)2, more
questionnaires to ensure that different results are
not due to a bad scoring system. This is an exam-
ple of the importance of using a correct evaluation
tool for follow-up of THR. Hence, the first step in
the study leading to this thesis was to determine
which scoring system should be used in the clini-
cal evaluation of the Swedish THA register.
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Aim of the study

The end-point definition of failure in the Swedish
National Total Hip Arthroplasty Register is revi-
sion. The overall aim of this thesis was to validate
the results presented by the register by comparing
the clinical and radiographic outcome with the re-
sults presented by the register. Does the register
capture all revisions in Sweden? Is revision a
reliable end-point? Will the survival rate change
significantly if clinical and/or radiographic failure
end-points are used?

The hypothesis for this thesis was firstly that the
number of failures reported to the Swedish THA
register are valid and secondly that adding clinical
and radiographic failure criteria will dramatically
decrease the survival rate for THR implants.

The specific aims were:

1.To determine the number of primary THR not

being revised and furthermore find those not

reported to the Swedish National Total Hip

Arthroplasty register, that are in need of future

revision.

- How many patients subjected to THR experi-
ence clinical failure?

- How many patients experience radiographic
failure?

2.To study the outcome of THR in a national
study not based on university hospitals.

- Are there any differences between regional,
county, and rural hospitals?

- What is the outcome for patients evaluated by
self and staff administered assessments?

- Are the mortality rates for primary and revi-
sion THR increased compared to an age and
gender adjusted sample from the general pop-
ulation?

3.To develop an algorithm for follow-up of THR
patients.

- Can the physician be replaced by a physio-
therapist using a staff-administered scoring
system?

- Is it possible to replace the staff-administered
follow-up examinations with a self-adminis-
tered questionnaire?

- Is there any correlation between radiographic
failure and clinical failure? Can clinical fol-
low-up replace radiographic follow-up?

- To define a suitable scoring system for pa-
tients with THR by testing validity, reliability
and responsiveness.
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Methods and patients

After review of the literature and discussion with
the involved orthopaedic surgeons from the Swed-
ish Knee Arthroplasty Register (L Lidgren, K
Knutson, L Ryd, O Robertsson), the originators of
the Swedish SF-36 (M Sullivan) and NHP (I
Wiklund) and statistical advisers (A Odén among
others), the study was presented at the Linkdping
meeting on outcome measurement in 1997
(So6derman and Malchau 1998).

The number of patients required was estimated
by power analysis (A Odén) and the study was
planned to consist of three parts (Figure 2). The
first part includes Paper I, the second part Paper II
and the third part consists of Paper III-V.

Paper | (validation of scales)

The following health-related quality of life
(HRQL) assessment instruments and disease-spe-
cific instruments were used and tested for validity
and reliability to ensure their suitability for part
three of the study.

Methods — Outcome measurement scales

The SF-36 consists of 36 questions divided into
eight domains: physical function, social function,
role-emotional, role-physical, bodily pain, general
health, mental health and vitality. The SF-36 is the
most frequently used health-status measure in
Northern America and has been used after total

PART ONE PART THREE PART TWO
Validation of score systems Clinical and radiographic Epidemiology and mortality
N=56. evaluation of the THA PAPER I
PAPER | register.
PAPER llI-V
NHP. General score PROJECT | Mortality for patients who

system. Self-administered.

SF-36. General score
system. Self-administered.

PAPER Il

General health evalua-
tion (NHP, SF-36) and
THA register. N=1056.

had primary and revision

surgery.
;

¥

Discharge register

: i PROJECT Il
HHS. Disease specific

Disease specific health

(n=83,137) compared to
THA register (n=84,884).

PAPER V

staff-administered score. evaluation (HHS; n=344, *

—p-| WOMAC; n=1056),
WOMAC. Disease speci- FAROERIC (ki) 2,604 patients compared
fic self-administered score.| = and THA fegister. ; to THA register.
PAPER | — PAPER IV
EuroQol. General score
system. Self-administered. | T | PIREGT R

Comparison of measure-
- | ment methods.

The Swedish THR score

Figure 2. Patients and organization of the study — general overview.
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joint replacement in the hip and knee (Martin et al.
1997, Ritter et al. 1995, Ware and Serbourne
1992). Sullivan et al. (1995) translated the test
into Swedish and tested its validity and reliability.
The raw score was transformed to a 0-100 scale
(transformed scale score) as recommended by the
Swedish manual (Sullivan 1994). A high value in-
dicated a better result.

The Nottingham Health Profile (NHP) is a self-
administered general instrument. The test consists
of two parts with 45 yes-or-no answers. There are
38 questions in part one concerning patients diffi-
culty in life and it is divided into 6 domains: emo-
tional reaction, sleep, energy, pain, physical mo-
bility and social isolation. The items are weighted
and each dimension yields a value between 0 and
100. Part two consists of seven statements that re-
flect the frequency of problems in various areas of
life: occupation, housework, social life, family
life, sexual function, hobbies and holidays
(McKenna et al.1981). To avoid negative values in
the comparison with the WOMAC and the SF-36,
the score was inverted so that maximum health
yielded 100 points.

The EuroQol consists of five non-disease-spe-
cific dimensions similar to those in conventional
generic health measures like the NHP: mobility
(m, question 1), self-care (so, question 2), usual
activities (ua, question 3), pain/discomfort (p,
question 4) and mood (a, question 5). Each
dimension has three categories of the general
form: level 1 = no problem, level 2 = some prob-
lem, level 3 = extreme problems. Altogether 33
(243) descriptions are possible. Data from the EQ-
5D can be presented in three forms: 1) the
patient’s level of the problem in each of the five
domains (EQ-5D profile), 2) as a health index
(EQ-5D utility), and 3) patient’s evaluation of
their own global health status (EQ-5Dvas) (Hurst
et al. 1997, Krabbe et al. 1996, VanAgt et al.
1994). In this study, the EuroQol gives a minimum
of 0 and a maximum of 100 points for the total
score in each domain.

The Western Ontario and McMaster University
Osteoarthritis Index (WOMAC) is a self-adminis-
tered, disease-specific instrument. There is one
computerised version of the WOMAC and four
basic versions with different types of scales on
which the response is scored (LK = 5-point Likert

Figure 3. William Harris. Picture published with permission
from W. Harris.

scale, VA = 10 cm horizontal visual analogue
scale) (Bellamy et al. 1992, Bellamy et al. 1997).
In the present study, the Likert scaled format was
used. This questionnaire is reliable, valid and sen-
sitive to clinically important changes in health sta-
tus after surgical interventions (responsiveness)
(McGrory and Harris 1996, Bellamy et al. 1988,
Bellamy et al. 1991, Martin et al. 1997). The
WOMAC was translated into Swedish according
to the procedure presented by Guillemin (Roos et
al. 2000). The three domains in the WOMAC can
be analysed separately or according to a single
score. Every question allows five alternative
answers, which give a total of 0—4 points. The
maximum score in the Likert version is 20 points
for pain, 8 for stiffness and 68 points for physical
function. In this study, the score, in each domain,
was transformed to a 0—100-point scale. To make
the results comparable with the SF-36 and NHP,
the score was inverted. Therefore, a maximum
score of 100 points occurred when the patient
had minimum pain and stiffness and optimal
function.

The Harris Hip Score (HHS) is a disease-specif-
ic test introduced by W Harris (Figure 3) in order
to provide an evaluation system for various hip
disabilities and methods of treatment (Andersson
1972, Harris 1969). This rating system is not self-
administered (staff-administered). The Harris Hip
Score gives a maximum of 100 points and the
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domains include pain, function, deformity and
motion. Pain and function were the two basic con-
siderations and received the heaviest weighting
(44 and 47 points). Range of motion and deformi-
ty are seldom of primary importance, and hence
received 5 and 4 points respectively. Function was
subdivided into activity of daily living (ADL, 14
points) and gait (33 points). A total Harris Hip
Score below 70 points was considered a poor
result, 70 to 80 fair, 80 to 90 good and 90 to 100
excellent.

Patients

62 patients were randomly selected from Sahl-
grenska University hospital for inclusion in the
study. 4 patients were excluded because of intel-
lectual deficiencies. 18 patients were previously
subjected to total hip arthroplasty 10 years ago,
using Charnley (DePuy Olmed), Lubinus IP
(Link), Christiansen (Howmedica) or Exeter
polished (Stryker Howmedica) prostheses. 40
patients were operated upon two years earlier with
the Spectron prosthesis (Smith & Nephew). All
patients filled in the SF-36, NHP, EuroQol and
WOMAC during one week and they were also
examined by two physiotherapists and two ortho-
paedic surgeons using the HHS. The procedure
was repeated after four weeks. The mean age for
the 58 patients was 71 (52-86) years. 38 were
women. The 2-year and 10-year groups had the
same gender distribution and the mean age was 73
and 70, respectively. One third of the total group
was affected in one hip (Charnley category A) and
one-third in both hips (Charnley category B). The
remaining third had general disease or another
disease that impaired gait (Charnley category C)
(Charnley 1979). Power analysis predicted that,
with 35 patients, there should be at least a 70 %
chance of detecting a correlation between health
status instrument score differences if one existed,
assuming a Pearson’s r value of 0.40 (McGrory
and Harris 1996).

Paper Il (epidemiology and mortality)

The epidemiology and mortality of THR were
evaluated by comparing the Swedish National
Total Hip Arthroplasty register with a database

from the Swedish Hospital Discharge register and
the Swedish National Cause of Death register.

Methods — Mortality

From the Discharge register, the expected and ob-
served death rates in all hospitals (1986-1994)
were calculated and standardised for age, gender,
year of surgery and index diagnosis. Risk-ratios
(observed/expected) and 95% confidence inter-
vals were indicated. Regression analysis (Poisson
models) was used to estimate the death risk in
relation to patient age and length of follow-up.

Register validation

The national cohort for patients admitted to the
hospital with a hip or knee diagnosis between
1979 and 1995 was obtained from the Discharge
register (n = 890,000). From this cohort, all
patients undergoing primary or revision hip re-
placement and re-operation between 1986 and
1995 were selected. These two subcohorts were
compared with the data in the Swedish National
Total Hip Arthroplasty Register during the same
period. Gender, age, number of registered opera-
tions (primary and revision) and the annual proce-
dure incidence (operations per 100,000 inhabit-
ants) were caiculated.

Two steps were taken to determine how many
operations were missing in the hip register and the
reason. In the first step, 61 medical records for
patients registered in the Discharge register but
not in the Swedish THA register were studied in
detail to determine the reasons why the patients
were not registered.

Secondly, from the Discharge register a ran-
domly selected cohort of 2,604 patients subjected
to THR between 1986 and 1995 received a short
questionnaire asking, among other things, if they
had undergone re-operation. The medical records
for these patients were collected and studied, thus
providing information about the type of repeat
surgery that had been performed. Several types of
major or minor reoperations can be done but in
this study we were only interested in the most im-
portant, revision of the implant. With logistic re-
gression analysis, the ten-year survival of the hip
replacement surgery reported to the Discharge
register was compared with the Swedish THA
register.
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Papers IlI-V (clinical and radiographic
analyses)

The outcome of THR was compared with the
Swedish THA register in three projects:

Project I: General health evaluation (Paper Ili)

The aim of this project was to validate the end-
point for failure in the Swedish THA register and
to measure the precision of the failure end-point
by measuring the general health in non-revised
patients after total hip arthroplasty performed in
daily practice.

Patients: 1,056 patients subjected to primary
hip prosthesis in Sweden between 1986 and 1995
were randomly selected from the Discharge regis-
ter (the Swedish National Board of Health and
Welfare) (Soderman and Malchau 1998). The
selected patients were compared with the Swedish
Cause of Death register to include only living
patients. The patients received a short question-
naire concerning reoperation, pain and overall
satisfaction. The patients also received two self-
administered general health questionnaires, the
Nottingham Health Profile (NHP) and the SF-36.
Two more letters were mailed to the patients who
did not answer within 3 weeks. Patients who still
did not reply were phoned up and asked to send in
the questionnaire.

Project lI: Disease-specific and radiographic
outcome of THR (Paper IV)

The aim of this project was to perform an outcome
analysis using disease-specific analyses and ra-
diographic evaluation, and thereby assess the clin-
ical relevance of the strict end-point for failure in
the Swedish THA register.

Patients: The same patients as in project I
(n=1,056) were asked to fill in a disease-specific
self-administered questionnaire (WOMAC). Two
letters of reminder were sent to those who did not
answer within three weeks. Patients who still did
not reply were phoned personally and asked to
send in the questionnaire.

An age and gender matched subcohort of 344
patients from the original group were randomly
selected from nine cities which included regional,
county and rural hospitals. One independent phy-
sician (PS) or one independent physiotherapist

(RZ) examined this cohort clinically using the
Harris Hip Score system. The patients were also
examined using conventional radiographic tech-
niques (n=344).

Radiographic method: Standard anteroposterior
frontal, pelvic (centered over the symphysis) and
true lateral radiography were performed. The
Hodgkinson criteria for loosening of the cup were
used (Hodgkinson et al. 1988). Postoperative ra-
diographs were not saved in all hospitals and
hence migration of the cup could not be measured
as the patients were examined only once, 2-10
years postoperatively. Failure of the cup was clas-
sified as Hodgkinson type 3 with a 100% circum-
ferential radiolucent line. The criteria for stem
failure were debounding, stem fracture, cement
fracture or a 100% circumferential radiolucent
line (Garellick et al. 1999, Muliroy and Harris
1997). The patients were separated into two
groups: one with radiographic failure and one
without radiographic failure. The radiographic
results were compared with the pain, function
and total scores from the clinical investigations
(Harris Hip Score and WOMAC). The frequency
of revision was noted for each hospital type.

Project lll: Comparison of different measure-
ment methods (Paper V)

To develop recommendations for optimal follow
up of total hip replacement projects I and II were
compared with each other and with the results in
part two. The investigations were performed with-
in 3—4 months in order to minimise the risk of
changes in the patients’ status and allow compari-
son between the results.

Statistical analyses

The statistical analyses were done by consulting
professional statisticians and by using SPSS
(Statistical Package for the Social Sciences) for
Windows (Chicago).

Validity and reliability

Content validity was tested by directly comparing
the HHS, NHP, WOMAC and SF-36, and by
studying the floor effects, ceiling effects, mean,
median and standard deviations in each domain.
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Construct validity can be evaluated by correlat-
ing the questionnaire scores with the characteris-
tics of the patients (number of comorbid condi-
tions, perceived overall health status, and changes
in activities). Patients who have more comorbid
conditions, poorer perceived over all health status,
or changes in activities are expected to receive
poorer scores. This is especially true for general
questionnaires. Pearson’s correlation between the
total score of the tested instrument, such as the
WOMAUC, and the domain of interest in other
questionnaires, such as function in the NHP and
SF-36, should be significant at the level of 0.01
(Martin et al. 1997).

Total scores for the HHS, NHP, WOMAC and
SF-36 were analysed in all patients and for male,
female, two- and ten-years postoperatively, age
over and less than seventy years. The patients
were classified according to the Charnley catego-
1y, that is (A) one hip affected, (B) both hips af-
fected, and (C) multiple joint disease or other dis-
abilities leading to difficulties in ambulating. Dif-
ferences between the mentioned groups were cal-
culated and significance analysis was done with
the Mann-Whitney U-test. Divergent construct
validity and convergent construct validity in do-
mains of pain and physical function, and total
score were tested using Pearson’s and Spearman’s
correlation coefficients. The hypothesis was that
the same domains should be more strongly corre-
lated to each other, for example pain in the WOM-
AC, SF-36 and NHP, than with other domains
such as function (Katz et al. 1996).

Criterion validity is present when the scores
correlate with an accepted measure (gold stan-
dard) of the condition being evaluated. For criteri-
on validity, an acceptable level for Spearman’s rho
is greater than 0.40 and p<0.001. SF-36 has been
extensively validated and is a commonly used
scoring system, for example after total hip arthro-
plasty. It was used as the gold standard in this
study (Martin et al. 1997, Chetter et al. 1997).

To study test-retest reliability, 58 patients were
examined with the three questionnaires, twice
within four weeks. The patients answered the
items in the WOMAC and SF-36 the same week
that a physician and a physiotherapist examined
them with the Harris Hip Score. Total score, do-
mains and items were calculated with Pearson’s

and Spearman’s correlation coefficients.

Internal consistency reliability was tested for
the questionnaires and within the different do-
mains in the HHS, WOMAC, SF-36 and NHP.
Cronbach’s alpha coefficient was used for this
purpose.

Inter-observer reliability between physicians
and physiotherapists was tested. The patients were
divided into two groups, where one physician and
one physiotherapist examining each group. The
procedure was repeated after four weeks. Good-
man-Kruskal’s gamma, Pearson’s and Spearman’s
correlations for items, domains and total score of
the Harris Hip Score were calculated, and the
inter-observer reliability regarding Charnley
classification, bone length and the Trendelenburg
test was measured.

Pearson’s correlation coefficient was used to
compare domains. The following guidelines were
used to interpret the correlation coefficients (r):
poor correlation (r<0.3), moderate correlation
(0.3<r<0.6), good correlation (0.6<r<0.8), excel-
lent correlation (r>0.8) (Bellamy et al. 1991).

Clinical outcome and survival analyses

Total score, domain scores, mean, median, stan-
dard deviation (95% CI), minimum value and
maximum value (range) were calculated for all
patients two to ten years postoperatively. The
Mann-Whitney U test was used for statistical
analyses (non-parametric tests). For the 10-year
survival analyses, logistic regression analyses
were used and the results were compared with the
survival statistics in the Swedish THA register.
Patients that were revised or scored under 50, 60
or 70 points were counted as failures. The patients
with clinical failure according to this definition
and patients with no failure were analysed with
regression analysis, which provided a constant
(B0), and B1 (follow-up time) and B2 (follow-up
time x follow-up time). By using different time
(0.25-10 years) and these beta values, the proba-
bility of survival (S) was estimated with the for-
mula:

S = (1/(1+EXP(—(B0+B1 x time + B2 x time x time}))) x 100

To make the results comparable with other scor-
ing systems all domain and total scores were
transformed to 0-100-point scales where 100
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points indicated best health. The formula for
transformation was:

Transformed scale =

100 (actual raw score — lowest possible raw score)
X

possible raw score range

Overall satisfaction

The correlation between overall satisfaction (pa-
tient satisfied with the operation or not) and the
domains in the WOMAC, NHP, Harris Hip Score
and SF-36 were estimated using Spearman’s rho.

Scoring system for a new questionnaire, the
Total Hip Replacement score

The three pain and function items in WOMAC
that had the highest reliability, validity, respon-
siveness and response rate were identified. Based

on this information, a new scoring system for total

hip arthroplasty was suggested. The method of de-

velopment was as follows:

a) the test-retest reliability for each item was ex-
amined by determine the correlation between
the answers to the WOMAC questionnaire ad-
ministrated twice 4 weeks apart, n=56.

b) the content validity for each item was tested for
the number of ceiling and floor effects,
n=1,056.

c) the response rate was determined for each item,
n=1,056.

d) the responsiveness was tested by studying the
differences between Charnley category A and
C, different ages, different follow-up times (2
and 10 years) and SF-36 above and below 70
points. Mann-Whitney’s U-test was used,
n=1,056.
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Results

Paper I: Validity and reliability of Swedish
WOMAC osteoarthritis index. A self-
administered disease-specific question-
naire (WOMAC) versus generic instru-
ments (SF-36 and NHP)

The aim was to determinate whether a disease-
specific, self-administered questionnaire could re-
place a general instrument as an outcome measure
after total hip replacement, and to test the validity
and reliability of the Swedish WOMAC osteo-
arthritis index.

All 58 patients answered the full questionnaire.
A few patients did not answer some of the individ-
ual items.

Validity

Content validity. 1 floor value was seen in the
WOMAC, 2 in the SF-36 and 6 in the NHP. There
were fewer ceiling values for function in the
WOMAUC and SF-36 than in the NHP, while the
pain domain scored equal. The median score in
the domains energy, social isolation and emotional
reactions in the NHP and social function in the
SF-36 was 100 points.

Construct validity. The SF-36 and NHP scored a
greater difference between gender and the Charn-
ley categories than the disease-specific scoring
system, WOMAC. There were no significant dif-
ferences between the three questionnaires with re-

spect to age and follow-up time. The pain domain
in the WOMAC correlated better with pain in the
SF-36 (Pearson’s r=0.62, Spearman’s rho=0.59)
and NHP (r=0.71, rho=0.62) than with function in
the SF-36 (r=0.56, rho=0.45) and NHP (r=0.59,
rho=0.55) (Table 2). The same results were ob-
tained when comparing the function domain in the
WOMAC and NHP scores with pain domains, but
not between the WOMAC and SF-36. The correla-
tion between domains in one questionnaire and its
total score was higher than with the other ques-
tionnaires. For example, there was better correla-
tion between the WOMAC score for pain and the
total WOMAC score than between the WOMAC
score for pain and the total NHP score. This study
showed high convergent and divergent validity for
the disease-specific test.

Criterion validity. The Spearman’s rho was ac-
ceptable when the total scores for the SF-36 and
WOMAC (0.73) or the NHP (0.80) were correlat-
ed (Table 2). This was also true for the correlation
between SF-36 domains and the same domains in
the NHP and WOMAC (Spearman’s rho range
0.59-0.82).

Reliability

Test-retest reliability. Total score, domains and
items were each tested with Pearson’s and Spear-
man’s correlation coefficients between two exam-

Table 2. Correlation between domains and total score in SF-36, NHP and WOMAC measured with Spear-

man’s correlation

SF-36

domain pain
SF-36 pain 1
NHP 0.69 1
WOMAC 0.59 0.62 1
SF-36 function 057 0.54 0.45
NHP 0.56 0.59 0.55
WOMAC 0.71 0.71 0.76
SF-36 total 0.81 0.66 0.58
NHP 0.7 0.79 0.66

0.66 0.67 0.83

NHP WOMAC SF-36 NHP WOMAC SF-36 NHP WOMAC

function total

0.73 1

0.67 0.82 1

0.75 0.76 0.83 1

0.59 0.74 0.78 0.8 1
0.59 0.7 0.93

0.73 0.71 1
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Table 3. Test-retest reliability for WOMAC, SF-36 and NHP. Pearson’s (r) and Spear-
man'’s (rho) correlation between domains and total score

WOMAC

SF-36 NHP

Test
r rho r rho r rho
total 090 0.87 0.92 0.91 0.94 0.88
WOMAC pain 0.88 0.78
stiffness 0.76 0.69
function 0.91 0.91
SF-36 physical function 0.78 0.78
role-function 0.74 0.72
bodily pain 0.85 0.83
general health 0.84 0.81
vitality 0.92 0.92
social function 0.70 0.65
role-emotional 0.49 0.40
mental health 0.80 0.69
NHP emotional reaction 0.9 0.81
sleep 0.82 0.86
energy 0.78 0.87
pain 0.89 0.83
physical motion 0.88 0.83
0.82 0.80

social isolation

inations, 3 to 4 weeks apart. The reliability for to-
tal score was excellent in every questionnaire
(WOMAC r=0.90, SF-36 r=0.92, and NHP
r=0.94). The reliability in domains was also high,
and the disease-specific test had the highest value
(Table 3).

The test-retest reliability for each item was
moderate to excellent (Pearson’s r range 0.47—
0.81). The correlations were significant at the 0.01
level (2-tailed).

Internal consistency reliability. Cronbach’s al-
pha coefficient showed high correlation between
each domain (0.60-0.96). The WOMAUC items re-
ceived higher values (0.88-0.96) than the items in
the NHP (0.65-0.83) and the SF-36 (0.75-0.94).
The WOMAC scored higher reliability for pain
and function than the SF-36 and NHP.

Conclusions. The Swedish WOMAC osteo-
arthritis index was highly capable of measuring
what it was supposed to measure (high validity)
and it was also reproducible (high reliability).
Based on earlier investigations as well as the
present study, we recommend the Swedish
WOMAC Likert score for future studies after total
hip arthroplasty. Information about the WOMAC
questionnaire can be downloaded on the internet
site www.QLMed.org/WOMAC.

Paper lI: Are the findings in the Swedish
National Total Hip Arthroplasty register
valid? A comparison between the
Swedish THA register, the national
Discharge register and the national Death
register

The aim was to validate of the Swedish THA reg-
ister by comparison with the Discharge register
studying the epidemiology and mortality after hip
replacement.

Primary operations

A total of 84,884 and 83,137 primary operations
were registered from 1986 to 1994 in the Swedish
THA register and the Discharge register, respec-
tively. The primary procedure incidence for hip
replacement in different regions in Sweden was
found to vary between 81 and 129 per 100,000 in-
habitants per year. Figure 4 shows the differences
between the three major cities in Sweden (Stock-
holm, Goteborg and Malmg) compared to the
average for the whole country. The incidence
showed a slight increase but it was much lower in
these cities than throughout the country in general.

Revisions
In 1996, a total of 10,176 and 11,323 revision op-
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procedure frequency per 100,000 inhabitants
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Figure 4. Procedure frequency (per 100,000 inhabitants}
for primary THR in the Swedish THA register 1986—1994.

erations were registered in the Swedish THA reg-
ister and the Discharge register, respectively. The
number increased to 1991-1992 (Figure 5). The
Swedish THA register showed a lower number of
revisions, which could be an effect of different
definitions of revision. 96% of the 2,604 patients
reported to the Discharge register answered the
questionnaire about revision or not. The results
showed 10% missing revisions during 1986 and
1995. Of the 42 hospitals randomly selected for
the self-administered questionnaire, 2 were re-
sponsible for 46% of the non-reported revisions.
These missing revisions are now included in the
Swedish THA register. This means that 95 % of
the units that reported currently to the Swedish
THA register during these years accounted on av-
erage for 94% of the revisions performed.

The ten-year survival based on the Discharge
register cohort (n = 2,604) was not significantly
different from that according to the Swedish
National Total Hip Arthroplasty Register
(n=93,852) (Figure 6). There were no significant
differences in survival rates based on the total co-
horts from the Swedish THA register (n=93,852)
and the Discharge register (n=87,129). The sur-
vival according to this study of the two registers
was 91-94% after ten years. Even if there were no
significant different survival between the two reg-
isters, the Discharge register showed better sur-
vival because of two different survival analyses

number of revisions
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Revisions - Swedish THA Register
] ] ] ] [] ] []

7 7 7 7 7 7 7 7 7
% % 0 0 9 9 %% %% %8
B R DD Y VDB H

Figure 5. Number of hip revisions (extraction or exchange
of prosthesis) in the Discharge register and the Swedish
THA register between 1986—1994.

were used (the risk for death were not included in
the logistic regression analysis in the analysis of
the Discharge register).

Mortality

The overall risk of death after primary hip re-
placement was found to be 1% higher for men and
6% higher for women when compared with an age
and sex-matched cohort (Table 4). The corre-

survival rate
100
95 ..................
N
90 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L
80 - SRR L R TS UL RN e 16
- === The Swedish THA Register (n=93,852)
== Discharge Register (n=87,129)
- Medical Record (n=2,454)
70

0 1 2 3 4 5 6 7 8 9 10
years after surgery
Figure 6. Survival rate for the cohort from the Swedish

THA register, the Discharge register and the randomly se-
lected cohort (medical records).
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Table 4. Comparison between primary hip replacements and normal population con-
cerning risk of death. Observed and expected number of deaths

No. of deaths

Observed Expected Obs/Exp 95% CI
Men 201 88 2.28 1.97-2.61 Rheumatoid arthritis
336 147 2.28 2.05-2.54 Hip fracture

2,958 3,479 0.85 0.82-0.88 Arthrosis
Women 408 176 2.32 2.10-2.56 Rheumatoid arthritis

1,054 616 1.71 1.61-1.82 Hip fracture

2,255 2,975 0.76 0.73-0.79 Arthrosis
All diagnoses 4,036 4,005 1.01 0.98-1.04 Men

Women

4,889 4,597 1.06 1.03-1.09

Table 5. Comparison between hip revisions and normal population concerning risk of
death. Observed and expected number of deaths

No. of deaths

Observed Expected Obs/Exp 95% Cl
Men 35 12 3.04 2.12-4.23 Rheumatoid arthritis
72 36 2.00 1.57-2.52 Hip fracture
166 182 0.91 0.76-1.06 Arthrosis
Women 32 12 2.60 1.78-3.67 Rheumatoid arthritis
109 1 1.53 1.26-1.84 Hip fracture
99 106 0.93 0.76-1.13  Arthrosis
All diagnoses 715 669 1.07 0.99-1.15 Men
616 565 1.09 1.01-1.18 Women

sponding figures for revision were 7 and 9% high-
er respectively (Table 5). The risk of death in-
creased with follow-up time compared to a normal
population for patients with hip fractures and
rheumatoid arthritis subjected to total hip replace-
ment (Figure 7).

Patients with osteoarthrosis subjected to with
primary THR had lower mortality within all
cause-of-death groups, except for diseases in the
musculoskeletal system according to the ICD sys-
tem. For hip fractures and rheumatoid arthritis, the
risk increased in all diagnosis groups (Table 4).
Patients with an index diagnosis of osteoarthrosis
subjected to with revision hip replacement also
had a significantly lower mortality, except for dis-
eases in the musculoskeletal system, infections
(men), blood and organs associated with the blood
(men), tumours (women) and diseases in urinary
organs (women). For revision procedures with an
index diagnosis of hip fracture and rheumatoid ar-
thritis, the risk increased, except in the tumour

death per 1000 observation years

100

= RA male RA female = Normal male

Normale female = Arthrosis male Arthrosis female

50

0 1 2 3 4
time after operation (years)

0

Figure 7. Incidence of death per 1000 observations year.
Poisson model of a 65-year-old patient subjected to total
hip arthroplasty compared to a normal person.
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group, where rheumatoid arthritis patients had a
lower mortality (Table 5).

Conclusion. Based on this study, the Swedish
National Total Hip Arthroplasty Register seems to
be valid and the annual reports are reliable. How-
ever, regular validation tests of the register are im-
portant to ensure that the high quality that the reg-
ister has today is maintained.

Papers llI-V: Outcome after total hip
arthroplasty, part I, Il and comparison of
different measurement methods

The aims were, firstly to analyze the clinical out-
come, general and disease-specific, in patients
with primary total hip replacement and thereby
test the adequacy of the end-point for failure in the
Swedish THA register, and secondly to describe
how total hip replacement can be followed-up in
routine clinical practice, as well as, in specific re-
search projects by comparing different outcome
measurement methods.

General results

The mean age at surgery and follow-up was 69
(29-95) years and 75 (33-97) years, respectively,
n=2,604. 31% of the total group had disability in
one hip (Charnley category A), 18% in both hips
(Charnley category B). The remaining 51% had a
general disease or another disease that impaired
gait (Charnley category C). The response rates
were 96% for the NHP and SF-36, 93% for the
WOMAC and 84% for the HHS (n = 1,056 for the
NHP, SF-36 and WOMAC, n = 344 for the HHS).

There were no major differences between the
gender but men received higher scores than wom-
en. 1,198 (46%) were men and the mean age was
75.7 (SD 9.3) for men and 75.2 (SD 10.6) for
women. 86% were operated upon for arthrosis,
3% for arthritis and 2% for sequels to hip fracture.

Clinical follow-up

The total NHP score increased from 14.6 to 24.4
up to 10 years postoperatively and SF-36 the total
score decreased from 69.7 to 59.7 during the same
period. The standard deviation for domain and to-
tal score (95% confidence interval) was 7.3-38.6
for the NHP and 20.9-43.9 for the SF-36. The

median total Harris Hip Score for patients operat-
ed upon with the Charnley prosthesis was 96
(range 39-100, n=32), compared to 92 for those
given the Lubinus SPII prosthesis (range 34-100,
n=73), and 87 for those given the Scan Hip (range
35-100, n=57). As expected, the mean total score
for the Harris Hip Score and the WOMAC de-
clined with increased follow-up time. The domain
and total score in the Harris Hip Score were higher
than the WOMAC scores. The clinical investiga-
tions (Harris Hip Score) and the postal survey
(NHP, SF-36 and WOMAC) showed large differ-
ences between patients with one affected hip
(Charnley A, total median Harris Hip Score of 96
points, range 37-100) and patients with general
diseases that disabled the patients (Charnley C,
total median Harris Hip Score of 79 points, range
34-98). To make it easier to compare the results
for the NHP, SF-36, WOMAC and HHS, the
scores were transformed to a 0—100-point scale.
100 points indicate best health (Figure 8 and 9).

The Swedish THA register has shown a 93%
survival rate, on a national level, after ten years
during the same period as this study. The survival
based on an arbitrary estimated clinical failure
was dependent on the level for clinical failure for
each scoring system where the general health
score (SF-36 and NHP) showed a 35 to 57% 10-
year survival. Patients that were revised or scored
lower than 60 points in the Harris Hip Score had
an 87% 10-year survival rate in this study. For the
WOMAC, the corresponding result was 80%.

There was no difference in general or disease-
specific health and 10-year survival between re-
gional, county and rural hospitals according to the
NHP and SF-36 analysis. Blood loss (mean 800
mL) and operation time (mean 1 h 46 min) did not
affect the 10-year result.

Radiographic follow-up

One hospital did not want to provide material for
the radiographic examinations, and patients who
did not completely reply to the Harris Hip Score
and WOMAC were not included in the statistics
for the radiographic results. 76% of the patients
were examined using radiographic analysis. The
total number of operations for each hospital type
was low; regional and rural hospitals each had a
radiographic failure rate of 9% (5 failures out of
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Figure 8. SF-36 and NHP results for male and female pa-
tients at follow-up after 2-10 years.

53 primary operations in regional hospitals, and 7
failures out of 79 primary operations in rural hos-
pitals). The county hospitals had a 23% failure
rate (15 failures out of 65 primary operations).

Radiographic failure was studied for the cup
and/or the stem. With the exception of pain mea-
sured by the HHS, the results did not show any
significant difference (on the 5% level) in pain,
function or total score in the two clinical investi-
gations between the failure and the non-failure
groups.

Comparison of different measurement methods

Content validity. The content of the WOMAC and
the Harris Hip Score is closely related (pain, func-
tion and stiffness), while the SF-36 and NHP con-
tain additional general domains. Very few floor
values were seen, with no floor effects at all for
the disease-specific questionnaire, but there were
several domains that contained ceiling values. The
pain domain in the Harris Hip Score showed a
very high median value and ceilings.

Construct validity. The disease-specific ques-
tionnaires (WOMAC and Harris Hip Score) gave
smaller differences in total score between Charn-
ley categories, gender, different follow-up times
and age groups as than the general questionnaires.

Figure 9. HHS and WOMAC results for male and female
patients at follow-up after 2-10 years.

The function domain in the Harris Hip Score cor-
related better with function in the WOMAC, NHP
and SF-36 than with pain in the WOMAC, NHP
and SF-36. The same results were obtained when
comparing the domains of pain in the three scores
with function domains, with the exception of the
SF-36. That is to say the NHP, SF-36, WOMAC
and HHS showed high convergent and divergent
validity.

Criterion validity. Spearman’s rho was over
0.40 when the total scores for the SF-36 (used as
the gold standard) and the NHP (0.66) or
WOMAC (0.71) were correlated. This was also
true for the correlations between SF-36 domains
and the same domains in the NHP or WOMAC
(Spearman’s tho range 0.67-0.79). The Harris Hip
Score showed lower correlation with the SF-36.
These results indicate good validity for the NHP,
SF-36 and WOMAC when using 0.40 as the
acceptable level for correlation with the gold
standard (SF-36). However it is an important fact
that it is difficult to find a suitable gold standard,
especially for disease specific-instruments.

Internal consistency reliability. Cronbach’s
alpha coefficient showed high reliability for pain
and function (0.80-0.97). The WOMAC test
received the highest values. The pain domain in
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the Harris Hip Score was not computed because
the scale had only one question.

Overall satisfaction

The correlations (Spearman’s rho) between over-
all satisfaction (patient satisfied with the opera-
tion or not) and all domains in the WOMAC,
NHP, Harris Hip Score and SF-36 were significant
but low (Spearman’s rho < 0.40), except for pain,
where the correlation was close to being accept-
able (Spearman’s rho = 0.40). This weak correla-
tion could be an effect of that the question about
satisfaction is very general.

The Total Hip Replacement Score (the
Swedish THR score)

By scoring each item in the pain and function do-
main in the WOMAC after the validity, reliability,
responsiveness and response rate tests, three items
in each domain were suggested for a new scoring
system. In earlier studies, pain, gait and hip flex-
ion have been important for the outcome after hip
replacement (Bryant et al. 1993).

Conclusions. The failure end-point in the Swed-
ish THA register can be validated and it is very
exact. The failure end-point for clinical outcome
measurements should be more extensively evalu-
ated to provide reference material for different
studies on THR, such as validations of the register
by survival analyses.
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General discussion

This study showed that the results from the Swed-
ish THA register were reliable and revision was a
useful end-point for failure. The information pro-
vided from the Swedish THA register is important
to continue the high quality of THR surgery on a
national level and thereby fulfill the criteria for
evidence-based medicine. The clinical outcome of
THR, from the patient’s viewpoint and from the
doctor’s viewpoint was good, with high survival
of the implant and the patients. The study also
showed that a disease-specific instrument like the
WOMAC has at least as high accuracy in measur-
ing the results of hip replacement (high validity)
and as good reliability (high reliability) as a gen-
eral scoring system like the SF-36 and NHP.
These scores can be used to study patients subject-
ed to THR.

Previous works by the authors and by others
have indicated high validity, reliability and
responsiveness for the studied health evaluation
instruments (SF-36, NHP, WOMAC). Disease-
specific measures focus on the disorder under
consideration and the patient’s problems related to
it. Disease-specific instrument may therefore be
more relevant to the patient and the physician than
general instruments, as well as better in detecting
the effect of the treatment. General measures de-
tect complications or side effects in areas of func-
tion or organ systems not specifically related to
the disease under consideration. An advantage
with general instruments also is the possibility to
compare various medical treatments (Bombardier
et al. 1995, Keller et al. 1993). The American
Academy of Orthopaedic Surgeons and the
Société Internationale de Chirurgie Orthopédic et
de Traumatologie recommend that a disease-spe-
cific measure, such as the WOMAC, be included
in all studies of the outcome of hip arthroplasty
(Laupacis et al. 1993). Disease-specific scales are
more responsive than general health status mea-
sures for evaluation of the outcomes of ortho-
paedic procedures and the disease-specific scales
correlates also to objective data (Boardman et al.

2000). However, a complete evaluation of an op-
erative treatment such as hip arthroplasty requires
the use of both a specific and a general question-
naire (Wright and Young 1997, Rorabeck et al.
1994, Bellamy et al. 1988). Both the Likert score
and a visual analogue scale are available for the
WOMAC (Bellamy et al. 1992). Visual analogue
scales are reliable but difficult to score and cannot
be administered by telephone. They are not under-
stood by 7-10 % of the population (Katz et al.
1995, De Nies and Fidler 1997). By telephone
follow-up evaluation, one can retrieve a missing
answer in a single Likert question and therefore
get a higher response rate (McGrory et al. 1997).
With an older population, some individuals may
have difficulties answering the items in the SF-36,
which results in a low response rate (Dorman et al.
1997, Jenkinson 1991).

For routine clinical follow-up, several authors
claim that very short general health scoring sys-
tem like the EuroQol could replace the SF-36
(Brazier et al. 1993, Brazier et al. 1996, Holling-
worth et al. 1995). The problem with the EuroQol
is low responsiveness, but an advantage is a high
response rate compared to the SF-36. How short
can a questionnaire be then? Can a single item re-
place a domain of several items concerning the
same area of interest? From a statistical point of
view, the answer is no, because the single item
cannot be controlled and if the patient misunder-
stands the question the result from the question-
naire can be misleading (Chronbach 1951,
Bellamy 1993). The SF-36 is a more reliable tool
for studies that require high sensitivity, which is
often the case in research evaluations where the
material is small. The EuroQol could be used for
routine clinical practice when longitudinal long-
term documentation of THR outcome is needed
(Anderson et al. 1993, Brazier et al. 1993, Brazier
et al. 1996, Hollingworth et al. 1995, Richards and
Irwing 1997). The disease-specific Harris Hip
Score has been criticised for being used only as a
total score and for its low reliability in items in the
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domain of motion (Arndt et al. 1998, Jacobsson et
al. 1990, Liberman et al. 1996, McGrory et al.
1996, Rothwell et al. 1997, S6derman et al. 2000).

The Swedish National Total Hip Arthroplasty
Register has been validated through feedback be-
tween the clinics and the register (Ahnfelt 1986,
Herberts et al. 2000). Validation is also performed
by means of retrospective controls through hospi-
tal medical files regarding number of procedures
and also by comparison with other national data-
bases (Havelin et al. 1993, Herberts and Malchau
1997). These validations of the register are not
specific and it is difficult to judge how valid the
results are based on these observations. In a sur-
vival analysis of total hip replacement, the result
from 410 prospectively studied patients were
compared to the Swedish THA register (Garellick
et al. 2000). The study showed that a prospective
procedure could result in an increased revision
rate compared to observational studies like a
register study because of lack of clinical and
radiographic results. The ten-year survival of the
implant was 89% but the clinical failure was even
worse. One problem with this comparison with the
register was demographic differences (such as
diagnosis and age) between the 410 patients in the
study and the national cohort in the register.

Another national register, the Swedish Knee
Arthroplasty register, started in 1975 (Bauer et al.
1980; http://www.ort.lu.se@knee/). 80% of the
knee arthroplasties performed in Sweden have
been included in the register and validation stud-
ies of the register has revealed that 94% of the
knee revisions were correctly registered (Knutson
et al. 1994, Robertsson et al. 1999). The material
in the validation study from the knee register was
from the register primary and revision cases. By
comparison with the Swedish Discharge register
the missing patients were detected (Robertsson et
al. 2000).

Concerning radiographic follow-up, some au-
thors report no or low correlation between clinical
and early radiographic failure (Boeree and
Bannister 1993, Fender et al. 1999, Gustilo and
Pasternak 1988, Kwong et al. 1992, Maloney et al
1990, Wixson et al 1991). Longitudinal radio-
graphic examinations are, however, important for
periprosthetic bone loss that could lead to substan-
tial bone loss with a high risk of fracture and diffi-

culties in revision (Garellick 1998, Malchau
1995).

One of the most important issues when planning
this study was the patient selection. The patients
were selected by a randomised cohort from the
Discharge register. This random selected cohort
were primary related to the Discharge register and
the main aim was to make comparison with the
Swedish THA register. The patients were random
selected from the whole country and for the clini-
cal and radiographic evaluations the patients were
stratified with respect to age and gender in three
geographic regions in Sweden. This selection pro-
vided patients who were not operated upon in the
authors’ hospital (no surgical bias) for the study
and the number of patients required was calculat-
ed by power-analyses by professional medical
statisticians. Hence, the material was representa-
tive for the whole nation, which made comparison
with the Swedish THA register possible.

The practical parts of the study were performed
within a short time so that patiens’ status did not
change, making it possible to compare the results
between each project. A specially designed data-
base was used to see which patients did not reply,
making it possible to send reminder letters very
fast. Despite this, one problem was that a few
patients died during the study. There was a high
follow-up rate for the different projects except the
radiographic follow-up however. Although the
response rate for the radiographic follow-up was
acceptable, the material was too small to provide
information on how to predict failure using radio-
graphic analysis compared to the register and clin-
ical results. Also, the patients were examined
radiographically only once, which made it diffi-
cult to analyse failure.

All instruments used in clinical follow-up should
be evaluated in different ways to insure high validity,
reliability and responsiveness (Streiner and Norman
1989). The choice of scoring systems in this study
were based on whether the systems were used
worldwide and reported and validated in several
countries. A new disease-specific and general self-
administered scoring system were suggested in
this study but even this instrument should be
extensively validated before routine use. It is
highly desirable to have reference material strati-
fied for age, gender, Charnley categories for all
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score systems. An important problem using these
instruments is the lack of international consensus
on which scoring system should be used.

By means of logistic regression, survival analy-
ses were performed in this study to compare the
clinical results with the Swedish THA register.
One problem in these calculations was to decide
the level for clinical failure since there are few or
no guidelines in the literature. The results of the
THR are dependent on implant design and surgi-
cal technique and case mix including gender, di-
agnosis, comorbidity and Charnley category.
These findings were confirmed in the present
study and the results were highly related to which
evaluation systems that were used. As an example,
patients with multiple joints affected, such as
those with Rheumatoid arthritis, had lower scores
in the SF-36, NHP, WOMAC and HHS than pa-
tients with disability in one hip. This means that a
more extensive study should be performed if one
wishes to evaluate the register with survival anal-
ysis based on logistic regression and using clinical
score systems. On the other hand, the main
reasons for hip replacements in the register are
arthrosis and there are relative few patients with
Rheumatoid arthritis making these types of evalu-
ations acceptable.

The results also showed that the rate of com-
bined clinical and radiographic failure was at least
twice as high as the register presents in the surviv-
al analyses. Hence, with the knowledge that there
is a difference between the revision rate presented

by the register and clinical results, the strict defi-
nition of failure in the register is useful as an end-
point for primary hip replacement surgery. The
hypothesis was thus verified.

People not registered as patients with hip dis-
abilities (normal populations) have been evaluat-
ed with general (SF-36) and disease-specific
(HHS) instruments (Sullivan and Karlsson 1994,
Brinker et al. 1996). An age and gender matched
cohort (compared to this study) from these normal
populations received a total score for domains in
the SF-36 of 65-90 points and for total HHS 90-
95 points. The clinical outcome in this study con-
firmed that patients subjected to THR had nearly
as good health as these normal populations. The
clinical results from the different groups men-
tioned in the study showed that a time-dependent
failure of primary hip replacement was obvious.
Therefore, the practical implication of the study
is that regular follow-ups are appropriate for
young and active patients and for high-risk pa-
tients such as those operated upon with a new
technique and most undergoing revision sur-
gery. Appropriate follow-up intervals might be di-
rectly postoperatively, one year after the operation
and then every five years for an indefinite time.
However, older and less active patients operated
upon with well-documented methods need less
frequent follow-ups and a one-year radiographic
examination without indication of failure as well
as a good clinical outcome will, in most cases, be
sufficient.
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Conclusions

This study showed that the Swedish THA register
captured 94% of the revisions performed in
Sweden. Compared to the results in this study and
the results based on the Discharge register, the
Swedish THA register is reliable.

1

The clinical and radiographic failure rates
(revision and impending failures) are in several
tests at least twice as high as in the Swedish
THA register (revision only). The clinical
results are, however, dependent on demo-
graphics, the definition of clinical failure and
the scoring system used, making the results
presented by the register very exact but with
limited clinical value.

The clinical result of THR was very good both
from a self- and staff-administered point of
view in all hospital types, with low mortality.
These results based on a national level should
encourage continuous high quality THR sur-
gery by the means of evidence-based medicine.

3 The most optimal way to follow-up the results

of THR is of course that the surgeon sees his/
her patients to answer any questions. The
patients subjected to THR can also be followed
up with a self-administered scoring system
such as a disease-specific instrument
(WOMAUC) and a general instrument (SF-36).
However, for some patients (routine clinical
follow-up) a shorter questionnaire such as the
Swedish THR score is desirable. A short ques-
tionnaire would also be a good complement to
the register, providing reference material for
further analysis of the register. The choice of
clinical scoring system must be agreed by
international consensus. Clinical follow-up
should be supplemented by radiographic fol-
low-up since there is a low correlation between
impending radiographic failure and clinical
failure.
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