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Abstract
Objective: To evaluate the appropriateness of the use of hip joint replacements (HJRs) using explicit
criteria developed by an expert panel.
Methods: Observational study. Nine hundred ninety-seven patients from five hospitals with a diagnosis
of osteoarthritis, avascular necrosis, hip fracture, or revision who were undergoing HJR were consecu-
tively included in the study during a 1-year period. The appropriateness of the indication was judged
by explicit criteria. Complications were recorded at the time of the intervention and 3 months postopera-
tively.
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Results: Of the 1,030 interventions, 604 were for osteoarthritis, 31 avascular necrosis, 191 fractures,
and 204 revisions. No differences were found among the hospitals for the main clinical and patient
variables. Indications for surgery were considered appropriate in 59% of cases, uncertain in 32%,
and inappropriate in 8%, mainly in the osteoarthritis group. Differences were found in the rates of
appropriateness among some centers. The complication rate did not differ among the groups based
on the level of appropriateness of the procedure.
Conclusions: The appropriate use of HJR, as measured by the criteria established by the panel,
identified a moderate percentage of inappropriate indications. Those equivocal and inappropriate cases
demand further studies to identify patients with an adequate risk-to-benefit ratio from this procedure.

Keywords: Hip prosthesis, appropriateness, Utilization review

Inexplicable variations in surgery rates, identification of inappropriate care, and
escalating healthcare costs raise questions about potential underuse or overuse of
many medical and surgical procedures (42). Healthcare systems should function
such that appropriate care increases and inappropriate care decreases. Reducing
overuse should enhance quality of care and decrease medical costs (1;35).

Central to this investigation is the determination of what is considered an
appropriate indication for any given procedure. Unfortunately, rigorous scientific
data are lacking on the efficacy and effectiveness to justify medical practice. For
most conditions, something other than rigorous data on efficacy or effectiveness
must be used to determine the criteria of appropriateness (7). The results of surveys
disagreed when orthopedic surgeons were asked about indications for some ortho-
pedic procedures (38).

A method that combines expert opinion with available scientific evidence was
developed by the RAND–University of California at Los Angeles (UCLA) group.
This method has been used to evaluate the appropriateness of a variety of medical
and surgical interventions (6;28).

Hip joint replacement (HJR) can produce dramatic improvements in patients’
functional status and health-related quality of life (18;20). Its use is still increasing
in developed countries (13;23). At the same time, surgical rates continue to vary
across regions of different countries (5;29), a finding that cannot be explained solely
by differences in the prevalence of hip disease.

The goal of this study was to apply explicit criteria, developed using a multidisci-
plinary approach, to examine the appropriateness of the indications for HJR in
various hospitals and diagnostic groups.

METHODS

Explicit Criteria Development
Criteria to measure the appropriate use of HJR were developed according to a
previously described explicit method (2), consisting of the following steps.

First, an extensive literature review was conducted to summarize existing knowl-
edge about efficacy, effectiveness, risks, costs, and opinions concerning the use of
HJR on patients with a diagnosis of osteoarthritis, avascular necrosis, hip fracture,
and revision.

Second, from this review, a comprehensive and detailed list of clinical scenarios
(indications), each mutually exclusive and clinically specific, was developed in which
HJR might be performed on those patients. The list contained 696 indications, and
each was described in sufficient detail that patients within a given indication were
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reasonably homogeneous. These indications included the following variables: age,
pain (categorized as minor, moderate, or severe based on need for medication and
the effect on pain; relation to rest, sleep, or night disturbance; rhythm; and intensity
[21;24]), functional limitations assessment (categorized as mild, moderate, or severe
based on the American College of Rheumatology [ACR] classification [11], and
the need for a mobility aid); bone quality, measured by x-ray according to the
classification of Singh et al. (37); surgical risk (based on the American Society of
Anesthesiologists [ASA] criteria [34]); and whether previous nonsurgical treatments
were performed based on the current protocol (32). The avascular necrosis diagnosis
group was classified according to the criteria of Ficat and Arlet (9). The variable
“previous nonsurgical treatments” was not considered in this group or in the revision
group. Except for the previous considerations in the necrosis and revision groups,
the same variables of the osteoarthritis group applied to both. Only the fracture
group included the type of fracture (divided into displaced or nondisplaced femoral
neck fracture), age, and life expectancy (Figure 1).

Third, we selected a national panel that included nine orthopedic surgeons.
Panelists were provided with the literature review and list of indications, and they
rated each indication for its appropriateness, considering the average patient and
average physician in 1997. Appropriateness was defined as indicating that the ex-
pected health benefits exceeded the expected negative consequences by a suffi-
ciently wide margin such that HJR was worth performing.

Ratings were made on a 9-point scale. The use of HJR for a specific indication
was considered appropriate if the panel’s median rating was between 7 and 9 without
disagreement, inappropriate if the value was between 1 and 3 without disagreement,
or uncertain if the median rating was between 4 and 6 or if the members of the
panel disagreed. Disagreement was defined as occurring when at least three panelists
rated an indication from 1 to 3 and at least three others rated it from 7 to 9. This
method did not attempt to force panelists to reach agreement on appropriateness.
The ratings were confidential and took place in two rounds using a modified
Delphi process.

The first round of ratings was performed privately and anonymously. During
a subsequent meeting of the panel members and after extensive discussion, the
panelists revised the indications according to the previously described definition.
Two more scenarios were added. Each panelist rated 698 separate indications. All
indications considered appropriate were rated by the panelists on a 9-point scale
to determine those that were considered necessary. Necessary was defined as
meaning that a procedure is not only appropriate but also crucial and that it would
be improper care not to recommend it in a given clinical situation, as defined by
previous authors (15). Indications with a median necessity rating from 7 to 9 and
with no disagreement were considered necessary. The other appropriate indications
were considered elective.

Data Collection
This prospective observational study was conducted in five large public hospitals
(four university-affiliated and one community-based), starting in December 1996
and ending in December 1997. For those patients with a diagnosis of hip fracture,
the design was retrospective because of the urgent nature of the process. The
identities of the hospitals and surgeons were not revealed in the research reports.
Physicians at each hospital were blinded to the study goals.
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All consecutive patients with a diagnosis of osteoarthritis, avascular necrosis,
or revision who were to undergo HJR and who were followed in any of the five
hospitals were included in the study. Patients with malignant, severe, or psychiatric
diseases who were unable to communicate or who refused to participate were
excluded. Of 850 patients from the prospective study who fulfilled the selection
criteria, 806 (94.6%) patients agreed to participate, and 191 patients with hip frac-
tures who were undergoing HJR during the same period of time also were included.

To collect data and determine appropriateness, we developed a computerized
algorithm based on the panel results. We also developed data collection question-
naires that included variables previous to the intervention, admission, and discharge,
including the intervention, and complications 3 months after discharge. In addition
to those belonging to the appropriateness algorithm, other variables included socio-
demographic data, patient’s family support, height, weight, primary complaint, 12
comorbidities, other joints affected, previous interventions, intervention characteris-
tics, local and general complications peri- and post-intervention, length of hospital
stay, and death.

One trained reviewer, who was unaware of the study goals, collected the data
via a standardized questionnaire. He located all patients who fulfilled the selection
criteria and interviewed them preoperatively, at which time permission for inclusion
in the study was also obtained from all patients. A standardized questionnaire also
was completed by a surgeon at each center. At discharge, data related to the
admission and intervention were gathered by reviewing the medical records. Three
months after discharge, all medical records were again reviewed to ascertain if
patients had been readmitted, died, or had any complication resulting from the inter-
vention.

Statistical Analysis
The unit of study was the number of interventions. Descriptive statistics, frequency
tables, and mean and standard deviations were used. The chi square and Fisher’s
exact test were used to test for statistical significance. For continuous variables
such as age, the ANOVA test was performed in the univariate analysis.

Multivariate logistic regression models were used to study the relation between
two dependent variables: the development of any complication during the interven-
tion or after discharge (yes/no), and the main independent variable, the appropriate-
ness judgment (12). Models were adjusted by other covariates, such as the hospital
and the diagnosis group. General linear models were used to study the relationship
between the length of stay and the appropriateness judgment, adjusted by hospital
and diagnosis group (41).

All effects were considered statistically significant when p , .05, unless other-
wise noted. All statistical analyses were performed using the SAS for Windows,
version 6.12, statistical software (33).

RESULTS

During the 1-year recruitment period, 997 patients were included (1,030 interven-
tions) who were to undergo HJR at any of the five participating hospitals. The
mean patient age was 68.8 years, and 54.6% were females. Based on diagnosis,
58.6% of the patients had osteoarthritis and 3.1%, avascular necrosis. Revisions
comprised 19.8% and fractures, 18.5%; use of a partial prosthesis made up 87.0%
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of the latter. Total HJRs were performed in 61.7%, mainly in patients with osteoar-
thritis.

There were no differences among the five hospitals regarding the main patient
sociodemographic variables (sex, marital status, family support), other joints af-
fected, previous hip interventions, or any of the 12 comorbidities recorded. More
revisions (32.8%) were performed in hospital 2, and there were more patients with
osteoarthritis in hospital 3. Hospitals 3 and 4 had the highest proportion of fractures
(26.0% and 28.4%, respectively), and hospital 2 the lowest (2.7%). As a result, the
mean patient age was higher in hospitals 3 and 4 (70 and 70.9 years, respectively)
compared with hospital 2 (65.6 years). Surgical risk, assessed by the ASA classifica-
tion system, differed among centers (Table 1).

After applying the explicit criteria to the 1,030 interventions, we found that
610 (59.3%) of the cases were considered appropriate, and 93.4% of these were
necessary. The panel was uncertain about the appropriateness of 334 (32.4%) of
the interventions, and they considered 86 (8.3%) to be inappropriate. Most cases
deemed uncertain were in the osteoarthritis group (46.2% ). There were no inappro-
priate cases in the fracture and revision groups. The cases deemed inappropriate
were concentrated in the osteoarthritis (13.6%) and avascular necrosis (12.9%)
groups (Table 2). The most frequently found scenarios are displayed in Table 3.

Regarding the differences among centers (Table 4), hospital 4 had the lowest
number of interventions considered inappropriate, and one of the highest number
of appropriate interventions. Hospital 2 had one of the lowest rates of appropriate-
ness in all groups, except for revisions. Apart from the minor avascular necrosis
group, statistically significant (p , .05) differences among centers were concentrated
in the osteoarthritis group. In this group, hospitals 2 and 5, respectively, had 15.8%
and 16.3% of interventions that were considered inappropriate, while hospital 4
had 6.7%. No differences were found among hospitals in the other diagnostic groups.
All cases deemed appropriate were found to be necessary interventions in the
revision group and most of the fracture group.

Of all recorded complications, no specific complication that resulted from the
intervention or developed 3 months after discharge occurred more frequently in
any appropriateness category. Though the univariate analysis showed a statistically
significant difference, there was a higher probability of developing a complication
for those interventions considered necessary, either during the intervention or 3
months after discharge. However, the multivariate analysis, which included an
adjustment by hospital and diagnostic group, no longer showed those differences
(Table 5). In the univariate analysis, the mean length of hospital stay differed
among appropriateness categories, i.e., shorter for those considered inappropriate,
uncertain, or elective than for those considered necessary. Those differences disap-
peared after controlling for the previous covariates.

DISCUSSION

Although the benefit of hip prosthesis intervention has been proven in patients
with severe pain or functional limitation, there are no conclusive data from clinical
trials regarding the risk-to-benefit ratio in different patient groups (39). Although
variations in the use of HJR were not as high as with other procedures (4), the use
of HJR does vary, which justifies the study of its appropriate use.

We based our study on methodology broadly used to create explicit criteria
that allowed us to judge the indication of hip prosthesis in the most common
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Table 2. Ratings of Appropriateness by Diagnostic Groupa

Appropriatea

Necessary Elective Uncertain Inappropriate Total

Osteoarthritis 211 (34.9) 32 (5.3) 279 (46.2) 82 (13.6) 604
Avascular necrosis 16 (51.6) 3 (19.7) 8 (25.8) 4 (12.9) 31
Fracture 158 (82.7) 5 (2.6) 28 (14.7) 0 (0) 191
Revision 185 (90.7) 0 (0) 19 (9.3) 0 (0) 204
Total 570 (55.4) 40 (3.9) 334 (32.4) 86 (8.3) 1,030
a The group with appropriate indications was divided based on the panel scores on those indications
that were considered necessary interventions or appropriate but unnecessary (elective).

diagnostic groups in our area. Applied to a group of patients with a variety of
common diagnoses at five large acute care hospitals, a relevant percentage of
indications were judged inappropriate. The results also call attention to the per-
centage of cases classified as uncertain, especially in the osteoarthritis group.

No cases were found to be inappropriate in the fracture or the revision groups,
and the percentage of cases judged to be uncertain was low. In the case of fractures,
the variability in its use was reported to be minor in some studies (17). Some
reasons that might explain why revisions were considered appropriate indications

Table 3. Description of the Most Frequent Indications Encountered in the Study in Each
Ratings Category of Appropriateness

Number of
patients

Description of the indications (scenarios) Rating (%)a

Osteoarthritisb

Age 50–70, moderate/severe pain and severe Appropriate 54 (22.2)
functional limitation

Age 50–70, moderate pain and moderate Uncertain 64 (22.9)
functional limitation

Age 50–70, minor pain and minor functional Inappropriate 12 (14.6)
limitation

Avascular necrosisc

Age , 50, severe pain and functional limitation, Appropriate 3 (15.7)
grade 3

Age , 50, moderate pain and severe functional Uncertain 3 (37.5)
limitation, grade 3

Age 50–70, moderate pain and functional limitation, Inappropriate 3 (75.0)
grade 1

Fracturec

Age . 70, displaced fracture and bone quality Appropriate 125 (76.6)
deficient

Age 50–70, displaced fracture and bone quality Uncertain 16 (57.1)
deficient

Revisionc

Age < 70, moderate pain and functional limitation Appropriate 42 (22.7)
Age . 70, minor pain and functional limitation Uncertain 7 (36.8)

a Numbers in brackets are the percentages of each indication from its appropriateness and diagnostic
group.
b Surgical risk was low and Singh class . 3 in all patients. Appropriate category had previous nonsurgical
treatments correctly done; the other categories did not.
c Surgical risk was low in all cases.
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Table 5. Relationship of Appropriateness Evaluation and Complications as a Result of
the Interventiona

Complications Complications
at surgery at 3 months

OR 95% CIb OR 95% CIb

Appropriateness evaluation
Necessary 1.7 0.54–7.50 1.39 0.70–2.96
Elective 1.7 0.20–9.90 0.73 0.19–2.33
Uncertain 0.92 0.28–4.16 1.02 0.52–2.18
Inappropriate 1 — 1 —

Abbreviations: OR 5 odds ratio; CI 5 confidence interval.
a Logistic regression models were adjusted by other variables such as diagnostic group and hospital.
b Odds ratio 95% confidence intervals.

in most cases were: a) the panelists rated most of the theoretical indications as
appropriate, and b) when prosthesis mobilization is diagnosed, a revision is per-
formed. The variability in the use of a hip prosthesis in those two groups is therefore
irrelevant. The avascular necrosis group had a small number of patients and, al-
though no conclusions could be drawn from our data, the results are similar to that
of the ostheoarthritis group.

The main group of interest is the osteoarthritis group, because osteoarthritis
is the most common diagnosis and the diagnosis in which most of the total hip
prosthesis interventions were concentrated. Most of the interventions judged inap-
propriate and uncertain were in this group, which warrants careful investigation of
the criteria used to indicate the intervention and other characteristics of these
patients. It seems necessary to ascertain with more detail who undergoes the inter-
vention and their results, which would require knowing the patients’ perception
of their quality of life and measuring their quality-of-life improvement and their
satisfaction with the intervention.

Our results also showed that there were differences among hospitals. Because
all the hospitals belong to the same public health system, share similar technologic
and human resources, and the primary patient sociodemographic and clinical vari-
ables were similar, further study is needed to determine why the inappropriateness
rates for some diagnoses ranged from 7% to 16%, depending on the center. It is
also relevant to study what happens in other smaller centers, both private or those
associated with the public health system.

The only previous study in which explicit criteria have been developed to assess
HJR oriented its 120 indications to general practitioner referral to the specialist
(27). Osteoarthritis was the only diagnostic group, and the algorithm used by those
investigators did not include surgical risk or bone-quality assessment. The retrospec-
tive field study carried out by this group (40), using those criteria, presented some
important methodologic problems. Based on a review of medical records, the re-
searchers lacked relevant data from almost 50% of the 329 cases recruited. When
they applied their algorithm, the inappropriateness rates ranged from 4.4% to
15.8%, similar to those found in the osteoarthritis group in the present study. The
prospective design of the present study allowed us to capture and follow all patients
who fulfilled the selection criteria, thus minimizing losses. When compared with
other studies in which similar methodology was applied to other procedures
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(3;19;28), our results indicated that a moderate percentage of potentially inappro-
priate procedures was performed.

Compared with another study of a different procedure, which examined the
relation between the appropriateness evaluation and rate of complications (43), we
did not find significant differences between the level of appropriateness and the
peri- or post-intervention complication rate or other quality indicators, such as the
death rate or length of hospital stay, after controlling for other possible confounders.
However, even though the univariate analysis initially showed differences among
appropriateness groups, this was a result of the fact that patients in the fracture
group had confounders such as a higher complication rate, longer hospital stays,
and higher surgical necessity rate. Nevertheless, the fact that the patients who were
considered to have undergone inappropriate indications had complication rates
similar to the other categories implies an important risk to the patient. If the
indication was inappropriate, the risk was unnecessary.

This study has certain limitations. The limitations and criticisms related to the
explicit criteria created by the RAND/UCLA method have been reported in pre-
vious publications (10;16;30;36). Even so, the method has been accepted as an
important tool for evaluating the care provided and for studying variations (31).
When developing our criteria, we followed recommendations made for this kind
of study (26). However, in the absence of scientific evidence, the created criteria
seem to be based more on opinions than on results (25;36).

The data collection process also had some limitations. The single blinded re-
viewer was a physician trained to assess and record the main variables of the
algorithm in a standardized manner to reduce the chance of bias, but a certain
degree of bias is inherent. In all diagnostic groups, except the fracture group, we
based our criteria to classify a patient according to the level of pain and functional
limitation on classifications developed by reputed medical societies (ACR) (11) or
other investigators (21;24). However, information bias that may influence the final
judgment cannot be disregarded. Our algorithm, used as the current clinical decision-
making tool in this case, is based fundamentally on pain and the functional limita-
tions assessment of the patient. However, only prospective studies can accomplish
this assessment, because these subjective data (level of pain or functional limitation)
are not available on the medical record in a standardized manner.

A question that may arise is why patients with moderate pain or functional
limitations undergo the procedure. Discrepancies between physicians’ and patients’
evaluations of their disease status have been reported for several diseases, including
osteoarthritis (22). Other variables may have influenced physicians’ decision making
in relation to specific patients.

Finally, this study presents the overuse results of a medical procedure but did
not consider underuse (15), which may exist and has been recognized as an equally
important factor in determining quality of care.

As suggested by some authors (25;36), this method may be useful when com-
paring levels of appropriate procedures among populations but not to direct care for
individual patients. When used as a utilization review tool, interventions considered
inappropriate underwent an individualized and in-depth revision before being con-
sidered inappropriate (8).

Policy Implications
The percentages of uncertain and inappropriate cases demand an in-depth long-
term investigation to determine the consequences of not following the panel’s
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recommendations. As different authors and organizations have suggested (14;29),
it might be relevant to investigate which treatment is most beneficial in certain
patient groups, e.g., those younger than 70 years or those with minor or moderate
pain and functional limitations.

Besides all the limitations of our study, the results show that there is some
variability in the appropriateness of a commonly performed orthopedic procedure.
More research is needed to delineate the risk-to-benefit ratio for different patients.
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