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ABSTRACT - The Swedish National Total Hip Arthro-
plasty Register records primary hip replacements, revi-
sions and surgical technique/environmental factors. The
end-point for failure is revision. A prosthesis still in place,
however, does not mean success. Clinical and radiograph-
ic outcomes should describe in more detail the efficacy of
hip replacement surgery instead of the relatively blunt
outcome measure that the register can provide. We per-
formed a clinical outcome analysis on patients with pri-
mary total hip replacement thus testing the adequacy of
the end-point for failure in the Swedish register. 1,113
randomly selected patients who had had total hip replace-
ment surgery between 1986 and 1995 answered a disease-
specific self-administered questionnaire (WOMAC). A
cohort of 344 patients was studied, using the Harris Hip
Score and a conventional radiographic examination as
outcome measures. We found clinical failure rates of 13%
and 20 % for all implants after 10 years, using 60 points or
revision as the definition of failure in the Harris Hip
Score and WOMAC, respectively. The result, according
to the register during the same period, was a 7% revision
rate. The clinical failure rate depended on the type of
evaluation tool, definition of failure and demographics,
which made it difficult to decide whether there was a need
for revision. With the exception of pain measured by the
Harris Hip Score, the results showed no significant corre-
lation between clinical failure and radiographic failure.
Hence, with the knowledge that there is a difference
between the revision rate according to the register and
clinical outcome, the strict definition of failure in the reg-
ister is useful as an end-point for primary hip replace-
ment surgery.

The efficacy of total hip arthroplasty surgery
(THA) can be measured in several ways, such
as the clinical outcome using disease-specific
or generic tools, radiographic and economic
evaluations and survival analyses. The rate of
revision surgery is another important parameter
of quality. Two registers in Sweden give infor-
mation about nationwide revision surgery. First,
all hospitals report the personal identity number
and the diagnosis and type of operation to the
Discharge Register (the Swedish National
Board of Health & Welfare). Secondly, a more
detailed register, the Swedish National Total
Hip Arthroplasty Register (the Swedish THA
register), documents primary hip replacement,
revision and environmental factors (Herberts et
al. 1989, Malchau et al. 1993, Herberts and
Malchau 1997). The end-point for failure in the
Swedish THA register is revision—that is, ex-
change or removal of one or both components.
This failure end-point gives no information
about the clinical or radiographic outcome or
the patient’s subjective satisfaction.

In this study we did an outcome analysis using
disease-specific analyses and radiographic evalu-
ation, and thus examined the clinical relevance of
the strict end-point for failure in the Swedish THA
register.

Methods

The study was approved by the Ethics Committee
at Sahlgrenska University Hospital.
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1,113 patients subjected to primary THA in
Sweden between 1986 and 1995 were randomly
selected, stratified by age and gender, from the
Discharge Register. These patients were asked to
fill in a short questionnaire about any reopera-
tions, the presence of hip pain and overall satisfac-
tion with the hip replacement. The patients also
answered a disease-specific self-administered
questionnaire (WOMAC). Two reminder letters
were sent out to those who did not answer within 3
weeks. Patients who still did not reply were con-
tacted by phone and asked to send in the question-
naire.

The mean ages at index surgery and follow-up
were 69 (27-95) years and 75 (33-97) years, res-
pectively. 54% were women. 86% were operated
on for osteoarthritis, 3% for rheumatoid arthritis
and 2% for complications after hip fracture. The
commonest prostheses used in the clinical investi-
gations were the Charnley (DePuy Olmed), the
Lubinus SP II (Link) and the Scan Hip (MITAB)
implants.

344 patients from the randomly selected origi-
nal group (1,113 patients) were examined in 9 cit-
ies, which included regional, county and rural
hospitals. One independent physician (PS) or an
independent physiotherapist (RZ) examined this
cohort clinically using the Harris Hip Score sys-
tem. The patients were also examined by an inde-
pendent observer (HR) using conventional radio-
graphic techniques. All investigations were done
within 3-4 months of one another to reduce the
risk of changes in the patient’s status, and thus al-
low comparison between the WOMAC, the Harris
Hip Score, and the radiographic examination.
With the exception of survival statistics, only un-
revised patients were included in the clinical eval-
uation.

All patients were classified in different clinical
categories according to Charnley—that is, pa-
tients with one affected hip (A), both hips affected
(B), multiple joint disease or other disabilities im-
pairing gait (C), and gender.

Clinical failure was arbitrarily estimated at 50,
60 or 70 points, using the Harris Hip Score and the
WOMAUC, so that patients who were revised or
who scored below these values were considered
failures.

Clinical outcome measurement

The Western Ontario and McMaster University
Osteoarthritis Index (WOMAC) is a disease-spe-
cific and self-administered health measure devel-
oped to study patients with osteoarthrosis in the
hip or knee. The scoring system utilizes pain (5
questions), stiffness (2 questions) and physical
function (17 questions) domains (Bellamy et al.
1988, Bellamy et al. 1992, Sun et al. 1997). The 3
domains in the WOMAC can be analyzed sepa-
rately or combined in a single score. Each ques-
tion has 5 alternative answers with a score of 0—4
points. Maximum scores are 20 points for pain, 8
for stiffness and 68 points for physical function.
The WOMAC questionnaire has been extensively
tested for its validity and reliability, and it is sensi-
tive enough to detect clinically important changes
in health status after surgical interventions (re-
sponsiveness) (Bellamy et al. 1988, Bellamy et al.
1991, McGrory and Harris 1996, Martin et al.
1997). It has been translated into several languag-
es. Roos et al. (1999) translated the WOMAC into
Swedish and that version was found to be valid
and reliable (S6derman and Malchau 2000a).

The Harris Hip Score is a disease-specific staff-
administered scoring system which was intro-
duced to provide an evaluation system for various
hip disabilities and methods of treatment (Harris
1969). This Score gives a maximum of 100 points,
with domains for pain, function, deformity and
motion. Pain and function were the two basic con-
siderations and received the heaviest weighting
(44 and 47 points, respectively). Range of motion
and deformity are seldom of primary importance,
and therefore received 5 and 4 points, respective-
ly. Function was subdivided into activity of daily
living (ADL, 14 points) and gait (33 points). With
respect to validity, reliability and responsiveness,
we found only a few evaluations in the literature
(Laupacis et al. 1993, Soderman and Malchau
2000b).

Radiographic method

Standard anteroposterior frontal, pelvis (centered
over the symphysis) and true lateral radiographs
were taken. The Hodgkinson criteria for loosening
of the cup were used (Hodgkinson et al. 1988).
Postoperative radiographs were not saved by all
the hospitals and therefore migration of the cup
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Table 1. Mean total score for the Harris Hip Score and the WOMAC 2-10 years postoperatively
Year 2 3 4 5 6 7 8 9 10 all
n 31 29 30 26 34 26 25 31 25 257
HHS
pain 42 38 38 42 42 42 41 40 38 40
function 39 39 37 37 39 38 36 37 35 37
deformity 3.9 3.8 3.7 3.9 3.7 3.6 3.6 3.7 34 3.7
motion 4.9 4.9 4.9 4.9 4.9 4.8 4.8 4.9 4.8 4.9
total 90 86 84 87 90 88 86 86 81 87
WOMAC
n 113 107 94 142 124 92 90 99 102 963
pain 16 16 16 16 16 16 15 15 15 16
stiffness 6.2 6.1 5.8 6.0 5.9 5.7 5.5 5.5 5.4 5.8
function 51 50 47 49 49 47 45 44 42 47
total 74 74 68 71 71 69 66 65 63 69

could not be measured since the patients were ex-
amined only once, 2-10 years postoperatively.
Failure of the cup was classified as Hodgkinson
type 3 with a 100% circumferential radiolucent
line. The criteria for stem failure were debound-
ing, stem fracture, cement fracture or a 100% cir-
cumferential radiolucent line (Garellick et al.
1999a, Mulroy and Harris 1997). The patients
were divided into two groups: one with and one
without radiographic failure. The radiographic re-
sults were compared to pain, function and total
score from the clinical investigations (Harris Hip
Score and WOMAC). The frequency of revision
was noted for each type of hospital.

Statistics

For statistical analyses, the computerized statisti-
cal program SPSS (Chicago) was used. Total
score, domain scores, mean, median, standard de-
viation (95% CI), minimum and maximum values
(range) were calculated for all patients 2—10 years
postoperatively. The Mann-Whitney U-test was
used for statistical analysis. For the 10-year sur-
vival analysis, logistic regression analysis was
used and the results were compared to the survival
statistics in the Swedish THA register. To study
whether the HHS and WOMAC fulfilled their pur-
pose, the Spearman correlation was calculated be-
tween the same domains (convergent validity) and
different (divergent validity) (Katz et al. 1996).
Our hypothesis was that the same domains should
show a greater correlation with one another than
with different domains. The Cronbach alpha index

was used to study the internal consistency reliabil-
ity of the Harris Hip Score and WOMAC. To
make the results comparable with other scoring
systems, all domains and total scores were trans-
formed to 0-100 point scales where 100 points
meant the best health.

Results

The response rates were 93% and 84% for the
postal survey (WOMAC) and for the clinical test
(Harris Hip Score), respectively. The median total
Score was 96 (39-100) for patients given the
Charnley prosthesis (n 32), 92 (34-100) for the
Lubinus SPII prosthesis (n 73), and 87 (35-100)
for the Scan Hip (n 57). The mean total score for
the Harris Hip Score and WOMAC declined dur-
ing the follow-up (Table 1). The domain and total
score of the Harris Hip Score were higher than the
WOMAC scores (Table 1). The clinical study
(Harris Hip Score) and the postal survey (WOM-
AC) showed significant differences between pa-
tients with one affected hip (Charnley A, total me-
dian Harris Hip Score 96 (37-100) points, and
those with general disabling disease (Charnley C,
total median Harris Hip Score 79 (34-98) points.
The mean values are given in Table 2).

During the same period as this study, the Swed-
ish THA register has shown a 93% survival rate on
the national level after 10 years (Malchau et al.
1993). Patients who were revised or who scored
lower than 60 points on the total score in the Har-
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Table 2. Mean total score, standard deviation and mean transformed total score (T) for the Harris
Hip Score and the WOMAC 2-11 years postoperatively. Charnley category A, B, C

Charnley A Charnley B Charnley C
HHS
n 121 95 72
pain 42 5.2 93 41 6.9 90 38 94 83
function 42 6.4 88 38 9.3 80 30 96 63
deformity 38 04 95 36 06 92 37 06 94
motion 49 0.1 99 49 01 98 48 02 97
total 92 10 92 87 13 87 76 16 76
WOMAC
n 317 179 539
pain 18 2.8 91 17 41 82 14 43 69
stiffness 6.8 1.4 85 5.9 1.8 74 52 19 65
function 58 1 86 51 14 74 40 16 58
total 84 14 88 73 20 77 59 21 64
Survival (%) Survival (%)
100 100 \
) \ - %
80 Y =
70 70
60 == the National THA register == the National THA register
= Fevision and HHS <80, p<0.01 60 I 2 avision and WOMAG < 50, p<0.0000
revision and HHS < 60, p<0.01 revision and WOMAC < 60, p<0.0000
== revision and HHS < 70, p<0.01 == revision and WOMAC < 70, p<0.0000
50 50

0 1 2 3 4 5 6 7 8 9 10
years after surgery

Figure 1. 10-year survival of all THA in the Swedish Nation-
al Total Hip Arthroplasty Register (n 93,852) compared to
the results of the clinical investigation evaluated with the
Harris Hip Score (n 287).

ris Hip Score had an 87% 10-year survival rate in
this study (Figure 1). In the WOMAUC, the corres-
ponding result was 80% (Figure 2). When using
the same definition of clinical failure, the Harris
Hip Score generally showed higher scores than
the WOMAC.

The correlation between equal domains in the
Harris Hip Score and the WOMAC was signifi-
cant (p<0.01). The pain domain in the Harris Hip
Score correlated almost equally with pain in the
WOMAC (Spearman’s rho= 0.40) and function in

0o 1 2 3 4 5 6 7 8 9 10
years after surgery
Figure 2. 10-year survival of all THA in the Swedish Nation-
al Hip Arthroplasty Register (n 93,852) compared to the re-

sults of the clinical investigation with the WOMAC (n
1,000)

the WOMAC (rho= 0.38). The same results were
obtained when comparing the domains of function
in the two scores with pain domains (Harris Hip
Score function vs. WOMAC function, rho= 0.57,
compared to Harris Hip Score function vs. WOM-
AC, tho= 0.38). The scoring system used showed
high convergent and divergent construct validity.
Good correlation was also found between items in
the different domains in the Harris Hip Score and
WOMAC (Cronbach alpha index 0.76-0.94).
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Table 3. Correlation between clinical results (estimated
with the HHS and the WOMAC for pain, function and to-
tal score) and radiographic failure (stem and cup).
Mann-Whitney U-test for analysis of significance. The
domains in HHS are transformed to a 0-100 point scale

Score Failure n Median Mean SD P-value
HHS
pain No 166 98 92 14
Yes 27 98 86 0.05
function  No 166 87 82 19 0.2
Yes 26 82 78 '
total No 166 92 88 13 0.1
Yes 26 90 84 '
WOMAC
pain No 160 17 16 4 03
Yes 27 16 15 '
function  No 158 54 49 16 0.09
Yes 26 44 44 ’
total No 157 78 71 21 0.08

Yes 26 67 65

Radiographic follow-up

One hospital declined to help with the radiograph-
ic examinations, and patients who replied incom-
pletely to the Harris Hip Score examinations and
the WOMAC questionnaire were not included in
the statistics for the radiographic results. 76% of
the patients were examined using radiographic
analysis. The total number of operations in each
type of hospital was low; regional and rural hospi-
tals each had a radiographic failure rate of 9% (5
failures of 53 primary prostheses in regional hos-
pitals, and 7 failures of 79 primary operations in
rural hospitals). The county hospitals had a 23%
failure rate (15 failures of 65 primary operations).
We also studied radiographic failure of the cup
and/or the stem. With the exception of pain mea-
sured by the HHS, no significant difference was
found (on the 5% level) between the failure and
the non-failure groups in pain, function and total
score in the two clinical studies (Table 3).

Discussion

We found that the results of the Swedish THA reg-
ister are reliable. The clinical failures depend on
demographics (comorbidity) and the scoring sys-
tem and definition of clinical failure used.

Others have shown out a discrepancy between
the failure rate, as described with disease-specific
scoring systems, and the number of revised pa-
tients (Garellick et al. 1999b, Séderman et al.
2000). The clinical failure rates 10 years postoper-
atively in those studies and in ours were at least
twice as high as in the register and this discrepan-
cy is discussed below.

The first consideration using revision as an end-
point is the surgeon’s willingness to revise the
prosthesis. The decision to revise depends on sev-
eral factors: age and comorbidity of the patient
and the competence and resources of the surbeon.
Furthermore, the set-up of the health care system
may entail a long waiting-list, providing better re-
sults of the surgery because the operation is de-
layed. The second consideration is that the out-
come findings in this study depended on the ques-
tionnaire used and the choice of clinical failure
end-point. Both the Harris Hip Score and the
WOMAC are valid and reproducible, but two
problems using these scoring systems are the
choice of level for clinical failure and demograph-
ic bias. The Harris Hip Score was developed and
initially tested on young people with severe pelvic
injury and below 70 points was considered a poor
result (Harris 1969). Today, the Harris Hip Score
is often used for outcome evaluation after THA in
an older population, with less activity and higher
comorbidity. According to Harris, the level for
“poor results” should be less than 70 points. The
level for clinical failure should also be nuanced
with respect to various Charnley categories, such
as patients with one hip affected and those with
multiple joint disease (Garellick et al. 1999b).
Separation into different Charnley categories for
small and case-mixed studies could lead to diffi-
culties in statistical analyses. However, it is im-
portant to state the number of patients in each
Charnley category because patients with one af-
fected hip have better clinical results than those
with several joints affected (Callaghan et al. 1990,
Brinker et al. 1996, Garellick et al. 1999b).

The response rates in this study were high, but
in theory, non-responders could be those with the
best clinical results. Most of these patients were
phoned, however, and the non-responders were
found to be a mixture of patients with good or bad
results. Therefore, the results whould not be much
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affected, if such patients were included.

Some authors have found little, if any, correla-
tion between clinical and early radiographic fail-
ure (Gustilo and Pasternak 1988, Maloney et al.
1990, Wixson et al. 1991, Kwong et al. 1992,
Boeree and Bannister 1993). Longitudinal radio-
graphic examinations, however, are important for
periprosthetic bone loss, which could lead to sub-
stantial bone loss with a high risk of fracture and
difficulties in revision. The follow-up in the
present study was short (2—10 years) and the pa-
tients were examined on only one occasion post-
operatively. This led to difficulties in deciding
whether an implant was loose, and the number of
radiographic examinations that could be used for
statistical analysis was too low to detect any level
for clinical failure that could be correlated to ra-
diographic failure. Patients with a very loose stem
had more pain and less function than those with
100% radiolucent lines around the cup or those
without severe radiographic complications, indi-
cating that clinical scoring systems can detect fail-
ure in some hip replacements.

In summary, the failure end-point in the Swed-
ish THA register is valid and very exact. The fail-
ure end-point for clinical outcome measurements
should be more extensively evaluated to give ref-
erence material for studies of THA, such as vali-
dations of the register with survival analyses.
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