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Abstract

The objective of this study is to show that
patients with lower baseline hip scores will obtain
the same or increased improvement from total hip
arthroplasty when compared to patients with higher
baseline scores. We assessed 300 patients
undergoing total hip arthroplasty with a baseline
Hip Rating Questionnaire, 6-minute walking
distance test, instrumental activities of daily living,
and medical comorbidities. Hip Rating
Questionnaire data were collected at 1 and 5 years
post-operatively. We stratified patients into groups
of high and low pre-operative functional
performance and health status, then compared post-
operative mean Hip Rating Questionnaire scores
and change from baseline. Patients with severe
pre-operative impairments and higher levels of
comorbidity had the same or better improvement,
although their absolute hip scores were lower.

Introduction

Total hip arthroplasty (THA) is widely
accepted as a leading surgical procedure in terms of
cost-effectiveness and cost savings. THA produces
substantial improvements in health-related quality of
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life."> During the evolution of the procedure, a
variety of fixation modes, implant materials, bearing
surfaces, and surgical techniques have been
developed and used with great anticipation for
improvement of the results.

The need to carefully measure the impact of
orthopaedic procedures such as THA on overall
health status, quality of life, and function has led to
the development of validated measurements of
function and health status.'? It is possible to
prospectively assess patient improvement by
comparing the within-patient change from baseline
rather than focusing only on the final score.
Measurement of changes from baseline after a
treatment is an important method of assessing its
effectiveness in both large populations and in the
clinical evaluation of an individual patient. Ethgen et
al, after an extensive literature review of outcomes of
THA using valid measures of health status, stated
“patients who had poorer pre-operative health-related
quality of life were more likely to experience greater
improvement.”  This observation underscores the
need for prospective analysis of considerable
functional and health-related covariates as they relate
to joint-specific scores to avoid bias in assessing the
true benefit of surgery.

To confirm the conclusion of Ethgen et al,'
we prospectively assessed the relationships between
the outcome of THA as measured by a validated Hip
Rating Questionnaire (HRQ) and baseline patient
characteristics including the 6-minute walking
distance test, instrumental activities of daily living
(IADL) assessment, and comorbidity.

Materials and Methods

We screened 1241 consecutive patients
undergoing THA by participating physicians at a
single institution between December 1988 and March
1992. From the total, 968 patients were eligible for
participation. Various ineligibilities influenced the
flow of participants through the study (Fig 1). The
primary reason eligible patients were not entered was
logistic, because a concurrent parent study required
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all patients to have preoperative dual-energy x-ray
absorptiometry (DEXA) to assess bone quality of the
femoral neck and its relationship to the outcome of
THA.* > %  Thus, patients identified as eligible at
preadmission testing had to be willing either to wait
that day for DEXA or to return to the hospital for
DEXA before admission. Three hundred patients
were finally enrolled, yielding 31% of eligible
patients enrolled in the study. We obtained informed
consent from all patients for participation in this
study. Full Institutional Review Board approval was
granted at the original time of the study and again for
the purposes of preparing this report. All patients
completed the HRQ at baseline and 1 and 5 years
postoperatively. The HRQ is a self-administered
questionnaire developed to assess the outcome of
THA.* This scale has four domains: pain, walking
ability, daily function, and overall impact of hip
disease on quality of life. Each domain has a
maximum score of 25, and the scores for the four
domains are added for a total hip rating score in
which 100 is the best and 16 indicates the worst hip
function. Use of the HRQ is beneficial because it is
specific for evaluation of THA. Additionally, the
HRQ has demonstrated reproducibility and validity
and provides excellent responsiveness in small and
moderately sized patient samples.*

Of the 300 enrolled patients, 129 were men
and 171 women with an overall mean age of 64.5 +
10.2 years. The population was mostly white
(97.7%) with only 1.3% black, 0.7% Latino or
Hispanic, and 0.3% Asian. Two-thirds were married
and living with their spouse. Twenty-six percent of
the patients completed college, 21% completed high
school and attended some college, 23% completed
high school, and 30% did not complete high school.

The majority (92%) of patients had
osteoarthritis, 3% had rheumatoid arthritis or lupus,
and 5% had osteonecrosis. Most of the patients
(72%) had experienced the onset of symptoms of hip
arthritis 1 to 5 years before surgery, and 15% had
symptoms for 5 to 10 years. Only 5% had symptoms
for less than 1 year, whereas 7% had symptoms for
more than 10 years. Overall, the mean duration of
symptoms was 9.2 + 8.8 years. The course of
symptoms over the year before surgery was described
as “rapidly progressive” or “much worse” by 47% of
patients or as “slowly progressive” and only “a little
worse” by 9% of the patients. Almost half (45%)
characterized their arthritis as worse than 1 year ago
because the flares were more frequent and more
intense. Although 57% of patients used no assistive
device, 35% used a cane, 4% used a walker, and 4%
used crutches.

All baseline and follow-up evaluations were
conducted according to a standard protocol with a
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specific script for the questionnaires. The 6-minute
walking distance was performed in a standardized
fashion at baseline only.”® We asked all patients to
walk as far as they could in a level corridor during a
6-minute interval and with encouragement at
prespecified intervals. The 6-minute walk test is
suitable for elderly, frail, and severely limited
patients and is also useful in patients with comorbid
conditions such as heart failure and lung disease.® In
addition to corresponding closely with the demands
of everyday activities, this test is simple, inexpensive,
and safe. The 6-minute walk test yields objective and
reproducible results when compared with other
measures of functional status.® The 6-minute walk
test was not performed at follow-up because most
patient evaluations were conducted by telephone or
mail.

We used the IADL elements of the Arthritis
Impact Measurement Scales (AIMS) to assess the
impact of hip arthritis in activities related to
independent daily living.” We administered the
AIMS TADL items preoperatively and at follow-up
intervals of 1 and 5 years. This includes three of the
classic IADL items: (1) using public transportation,
(2) shopping, and (3) housework. The IADL items
were based on self-rating and reported as completely
dependent, requiring assistance to perform, or
independent. The development of the IADL scale
has been previously validated against other functional
measures of overall health status.’

Comorbidity was classified by use of the
Comorbidity Scale of Charlson et al.'® This scale
provides a prospective method of classification for
comorbid conditions that alter the risk of mortality.
The scale uses a weighted index that accounts for the
number and seriousness of comorbid diseases.'” The
scale predicts the impact of individual diseases in
patients.

To assess the impact of 6-minute walk test
scores on patient outcome, we stratified patients into
two groups based on the ability to walk less than 125
meters or 125 meters or greater in a 6-minute period.
Patients were also stratified according to the level of
baseline functional impairment using the IADL
assessment in the following categories: no
impairments (n = 76), one impairment (n = 72), and
two or more impairments (n = 90).

Of the 300 patients who were eligible for
follow-up, 238 were contacted and completed follow-
up. The minimum follow-up was 5 years with a
median of 6 years, a mean of 5.6 years, and a range
of 5 to 9 years. There was no difference in age,
gender, diagnosis, comorbidity, type of fixation, bone
density, or baseline hip function between patients
who were lost versus those who were not. We
performed the final assessment between 5 and 9 years
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postoperatively: 22% at 5 years, 29% at 6 years, 28%
at 7 years, 18% at 8 years, and 3% at 9 years. The
results did not differ according to the year of final
follow-up.

The patients who died were older (72 versus
63 years, p < 0.0003) and had more (p = 0.005)
comorbidity but otherwise did not differ from the
patients who were alive at follow-up. Thus, data were
available on 238 patients who had completed more
than 5 years of follow-up. The 238 patients represent
79% of the enrolled population of 300 patients.

We analyzed the data in two ways. In one
set of analyses, the last follow-up was used for all
patients and 96% of the original cohort was included.
We excluded only the 13 patients without any follow-
up. The second set of analyses focused on only the
238 patients who had 5-year follow-up or more and
79% of the cohort was included. There were no
differences in the results.

We used general linear models to evaluate
the differences in HRQ scores controlling for age and
gender.

The principal outcome is total HRQ score at
5 years. However, within-patient change between
baseline and 5 years was also analyzed to provide
additional insights with regard to patients who have
the least or most benefit. Regression analysis was
performed using SAS GLM (8.02; SAS Institute,
Cary, NC). Variables that were significant predictors
of outcome in univariate regression analysis were
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multivariate analysis included age, gender, walking
distance, comorbidity, and impairment in IADL.

Results

The mean baseline 6-minute walking
distance was 246 meters and the interquartile range
was 126 meters (25" percentile) to 332 meters (75"
percentile). Sixty percent of the patients were able to
complete the test without stopping. Of those who
were forced to stop, 83% stopped because of hip
pain, 7% because they were tired, 5% because they
were short of breath, and another 5% for other
reasons. HRQ total scores and four subscales (pain,
functioning, walking, overall impact of hip arthritis)
and within-patient differences between baseline and 5
years for the entire patient population were collected
to determine change over time; however, scores at 24
months and 36 months were virtually identical to
those seen at 12 months (Table 1). Outcomes as
measured by the HRQ at 5-year follow-up were
similar to the assessments at 1 year postoperatively.
Improvements in pain, walking, function, and overall
impact of hip arthritis that were initially achieved by
THA were sustained over time. The greatest
improvements from baseline were in the HRQ pain
and overall impact score. The improvements in the
mean pain and overall impact subscales were 10.7
and 10.5, respectively. The mean total HRQ score
rose from 57.2 to 87, an improvement of 29.8 points.

entered into the multivariate analysis. The Twelve points on the HRQ scale reflects a clinically
important difference.*
Measure Baseline 1 Year Postoperatively 5 Years Postoperatively Within-patient
Difference: Baseline To
5 Years Postoperatively
Total HRQ 57.9+13.7 89.2+10.9 87.0+13.8 29.1 £15.6
Pain 10.3 +4.1 21.8+£4.5 21.0+4.7 10.7+5.4
Function 20.7+£2.7 232+22 233+23 25+2.6
Walk ability 16.2+4.0 21.9+3.5 21.9+44 5.7+45
Overall 10.8+6.4 219+44 209+52 10.1+7.9
impact

Table 1: HRQ = Hip Rating Questionnaire Hip Rating Questionnaire Scores at Baseline, 1 and S Years Postoperatively for the Entire
Patient Population (n = 238)
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HRQ scores were analyzed according to 6-
minute walking distance, IADL, and comorbidity
(Table 2). The majority (77%) of patients had a
Charlson comorbidity scale score of 0, signifying a
relatively healthy population. Fifteen percent had a
score of 1 and 5% had a score of 2. Three percent
had a score of 3 or more. At baseline, in a
multivariate analysis controlling for age and gender,
patients with lower walking distance had lower (p <
0.0001) HRQ scores and patients with greater IADL
impairments had lower (p < 0.0001) baseline HRQ
scores. Patients with more comorbid disease also had
slightly, but not significantly, lower baseline HRQ
scores.

Preoperative Number Baseline S-vear Within-
Walking HRQ Score HRQ Score patient
Distance Change
(meters in 6 Baseline to
minutes) ZYears

123 meters 184 608=121 888=x120 280=133

*
or greater

Less than 123 54 482=+139 809173 327209
meters
IADL
impairment
(number of
impairments)
] 16 68606 020+935 243121
1 n 603100 88130 277243
2 or more 1] 470107 812+151 342=+176
Comorbidity
1orless 209 588134 B882+124 2041140
2 or more 29 519139 785195 265202

Table 2: Total HRQ Scores Related to Preoperative 6-minute
Walking Distance, IADL, and Comorbidity Means + standard
deviation; “patients with walking distances 125 meters or more
in 6 minutes; "patients with walking distances less than 125
meters in 6 minutes; HRQ = Hip Rating Questionnaire; IADL
= instrumental activities of daily living

The principal outcome of interest was the 5-
year HRQ score. Controlling for age and gender,
patients with greater IADL impairment at baseline
had worse (p < 0.0002) HRQ scores at 5 years. At5
years, patients with the greatest [ADL impairment at
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baseline were 10 HRQ points below the patients
without IADL impairment. In the same analysis,
patients with more comorbidity had worse (p =
0.005) HRQ scores at 5 years. In contrast,
preoperative walking distance did not predict 5-year
HRQ scores. The overall R? for the model was 0.20.

A secondary outcome was within-patient
change in HRQ score between baseline and 5 years.
In a multivariate analysis controlling for age and
gender, the only predictor of greater within-patient
improvement in HRQ was greater (p = 0.01) IJADL
impairment at baseline. The patient population with
two or more baseline IADL impairments improved
10 HRQ points more than those without IADL
impairment. Neither preoperative walking distance
nor comorbidity was related to within-patient change.

Patients who were the most impaired in
IADL gained the most, but their overall status at 5
years was lower than patients who did not have more
than one IADL impairment at baseline.  Thus,
although THA provided substantial improvement in
IADL over a sustained period, those who were the
most impaired were at higher risk to remain impaired
at 5-year follow-up. For example, of the 90 patients
who had two or more impairments at baseline, 25%
continued at the same level of impairment at 5 years
(Table 3). Patients with comorbid disease also had
less favorable 5-year outcomes.

Discussion

The 31% recruitment rate among eligible
patients may be seen as a limitation of this study.
Charlson and Horwitz reported the average
proportion of eligible patients enrolled for National
Institutes of Health-funded trials is 50%."" Although
the proportion of patients enrolled in our study is
lower than the National Institutes of Health average,
the patients who were not entered were similar to
those who were entered with respect to age, gender,
and underlying disease. = The same was true for
entered versus non-entered patients within disease
categories. A weakness in this study is a substantial
gap between the time of recruitment and follow-up of
this population and the analysis and reporting of the
results. Although the population was prospectively
recruited according to a standardized protocol, the
database was “mined” with a hypothesis that is
different from the original, which dealt with bone
quality and surgical outcome. The baseline and
outcome variables, however, are legitimate for the
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Basdline Number Number of One IADL Two or
IADL IADL Impairment More |ADL
Impairments (5 years) I mpair ments
(5years) (5years)
No 76 95% 1% 100%
impai rment
1 72 65% 14% 100%
impai rment
2 or more 90 59% 25% 100%
impalrments

Table 3. Relationship of Baseline IADL to IADL at 5 Years follow-up

IADL = instrumental activities of daily living

purposes of this study. The HRQ and the AIMS were
the only two outcome questionnaires utilized. We
acknowledge the wvalidity of other published
instruments, and believe that similar results would be
achieved with their use.

Patient-reported outcomes have become the
gold standard for assessing the effectiveness of
treatments given to individuals and populations. The
HRQ was the first validated patient-administered
questionnaire designed exclusively for hip surgery.
Since the validation of the HRQ, the American
Academy of Orthopaedic Surgeons (AAOS) has
developed several wvalid outcomes questionnaires
dealing with all body regions, including a Lower
Limb Core questionnaire, which is similar to the
HRQ.* Because of the reliability of the AAOS
instruments, they may be used to compare the
effectiveness of multiple surgical procedures and the
differences that result when applied to various
populations.  When measured prospectively, the
change in scores from baseline to follow-up is a
powerful indication of the effectiveness and hence
the value of a procedure.  Although various
populations may achieve distinctively different final
outcome scores, the change from baseline may not be
considerably different as was demonstrated in this
report when comparing the low and high comorbidity
groups. The comorbidity scale was designed to
measure the impact of comorbid disease on mortality
but has proved helpful in explaining differences in
other outcomes. Overall, the patients undergoing
THA had a low burden of comorbidity, although 8%
of patients had a comorbidity score of 2 or more. For
example, patients with a high burden of comorbidity
may be unable to walk longer distances or to regain
independence in activities of daily living because of
problems other than hip arthritis. In fact, this was
true. Patients with higher comorbidity had worse
total HRQ scores at 5 years. In the case of [ADL,
however, the more severely impaired patients
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actually had considerably larger improvement than
less affected patients. Although the measure of
patient satisfaction may have provided an additional
dimension of interest, we did not include it in this
study.

When the emphasis is placed only on the
mean final scores for determination of the value of a
particular procedure, patient populations with lower
mean baseline and follow-up scores may be
perceived as having inferior results, although the
actual benefit of surgery may have been higher. On
the other hand, if the less severely impaired patients
are preferentially selected to test a particular surgical
procedure, the higher follow-up scores may obscure
the reality that there was less of a net benefit
achieved by performing THA. Ultimately, a
procedure’s effectiveness should be viewed from the
standpoint of its ability to generate a clinically
important improvement from the baseline state rather
than focusing on an isolated final outcome score.
This has more than merely philosophic implications.
When applying a risk-benefit analysis, the sicker and
more impaired patients may have a higher surgical
risk, but there may also be a higher potential benefit.
If the potential benefit is overlooked in the
consideration of surgical indications, it is
theoretically possible that patients who might be
good surgical candidates, but are becoming
progressively dependent with deteriorating function,
will be denied access to THA. At the other extreme,
ignoring the substantially higher baseline scores in
patients with less comorbidity and better function,
and focusing on the higher expected outcome scores,
will lead to the selective recruitment of this group of
patients for THA. Studies designed to demonstrate
superior outcomes for any treatment modality or new
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Recruited
subjects: 1241

183 excluded:
previons hip sumery 113
conzenital hip dveplasia 45
pos ttranmatic hip 17
endocrine disorder 3
ancient sepsis 2
anlovlosing spondsditis 3

1066 digibla
o3
refizad
968 pot=nti al
participants

300 enmlled

4 rafused
36 lost to follow-up
22 depeasad

233 available at
3 wear follow-vp

Figure 1. CONSORT diagram: participant flow through study

technology would naturally benefit by including this

healthier and functionally less impaired population in
the study. The current competitive healthcare
environment often places extreme pressure on
physicians to market their services. In addition,
report cards are becoming an accepted industry
standard in the marketplace, in many locations being
publicly issued for the purpose of demonstrating
differences between expected and observed patient
outcomes. Given the potential power of these forces
on the physician’s decision-making process, there is
reason to have concern that sicker and more
functionally impaired patients will have an increasing
problem gaining access to THA unless more
sophisticated risk adjustment strategies are widely
adopted. The foundation for developing an evidence-
based risk adjustment system includes a commonly
accepted system of baseline patient characteristics
that may have impact on the surgical outcome.
Further study is needed to identify the risks and
benefits of THR in patients with high baseline
comorbidity and functional impairment. Ethgen’s
literature review suggested that greater benefits from
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THA were realized by those having poorer health-
related quality of life. The results of this study are in
agreement with that observation.
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