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Total hip arthroplasty for osteoarthritis improves health-related quality of
life (HRQOL) and mobility.1–3 However, patients needing elective total hip
arthroplasty in publicly funded health care systems often wait because re-

sources do not match demand.4–20 Delays may cause losses in HRQOL from pro-
gressive pain and immobility and may lead to poorer outcomes because of more ad-
vanced hip disease when surgery is finally done. Also, it has been suggested that
publicly funded systems lacking integrated systems to manage waiting lists cannot
ensure that waits are matched to disability.21
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Abstract

Background: Waits for elective total hip arthroplasty for osteoarthritis are common
in publicly funded health care systems, but they may lead to poorer postopera-
tive outcomes and loss of health-related quality of life (HRQOL) through pro-
gressive pain and immobility during the wait. These issues have not been exam-
ined from the time of referral for surgery. Our primary objective was to test
whether a longer wait was associated with poorer postoperative HRQOL.

Methods: Patients needing possible total hip arthroplasty for osteoarthritis were
identified upon referral to a surgeon in London, Ont. Outcome measures, in-
cluding the Western Ontario McMaster (WOMAC) Osteoarthritis Index and mo-
bility in the 6-Minute Walk, were assessed at baseline and every 3–6 months
thereafter until at least 3 months after the surgery.

Results: Of 553 potentially eligible patients referred for surgical assessment, 123
were placed on a waiting list for total hip arthroplasty; 114 underwent the pro-
cedure, and 99 of them returned for postoperative assessment. No significant
differences in HRQOL or mobility were seen postoperatively between patients
with short waits and those with long waits (a priori definitions ≤ 6 months and
> 6 months respectively). At referral, however, patients with short waits had
poorer HRQOL and were less mobile than those with long waits (p = 0.002 for
WOMAC Osteoarthritis Index total score, 0.001 for pain, 0.009 for stiffness and
0.008 for function; p = 0.006 for 6-Minute Walk results). Patients with short waits
experienced larger gains in these measures from the time of referral until the post-
operative assessment than did patients with long waits (p = 0.002 for WOMAC
Osteoarthritis Index total score, < 0.001 for pain, 0.005 for stiffness and 0.005 for
function; p = 0.06 for 6-Minute Walk results). For patients with long waits, in-
creases in the WOMAC Osteoarthritis Index total score exceeded 10% and losses
in walking distance exceeded 30 m from the time of referral to surgery.

Interpretation: The length of wait for elective total hip arthroplasty is not associ-
ated with postoperative HRQOL and mobility. However, patients who undergo
the procedure within 6 months after referral have greater disability at referral,
and realize greater gains in HRQOL and mobility after surgery, than patients
waiting more than 6 months. Clinically important losses in HRQOL and mobil-
ity occur in patients waiting more than 6 months.



Previous waiting-list studies4,10–20 have been conducted,
but they did not start data collection from the time of pa-
tient referral, simultaneously measure HRQOL and mobil-
ity or prospectively assess the relation between the entire
wait and postoperative outcome. Thus, declines in well-
being before the surgeon’s assessment, the relation between
patient disability at referral and length of wait, and whether
longer waits lead to poorer postoperative outcomes have
not been fully addressed. We therefore prospectively fol-
lowed HRQOL and mobility of patients from the time of
their referral for total hip arthroplasty. Our primary objec-
tive was to test whether longer waits were associated with
poorer postoperative HRQOL. As a secondary objective,
we determined whether clinically important changes oc-
curred in HRQOL and mobility between the time of refer-
ral and surgery.

Methods

Ethics approval for the study was obtained from the University
of Western Ontario Human Ethics Committee.

All 7 surgeons performing elective total hip arthroplasty in
London, Ont., participated. London provides tertiary care for 1.5
million people in 3 teaching hospitals, each of which has at least
200 acute care beds. Over 80% of elective total hip arthroplasty
procedures in Ontario are done in teaching hospitals or in hospi-
tals with 200 acute care beds.1

A study assistant (S.W.B.) reviewed consecutive referrals to
the surgeons’ offices for “hip disease” from 1994 to 1997. Po-
tential subjects were mailed a letter describing the study. This
was followed by a telephone call, during which a screening eligi-
bility checklist was completed. Inclusion criteria were a sus-
pected diagnosis by the referring physicians of osteoarthritis of
one or both hips, age of 20 years or more and an ability to un-
derstand English. Exclusion criteria included a history of inflam-
matory arthritis, congenital hip dislocation, avascular necrosis of
the femoral head, a condition likely to cause death within
2 years, simultaneous referral to more than 1 surgeon or a previ-
ous total hip arthroplasty. Patients in institutions (e.g., residents
of mental health or rehabilitation facilities) were not excluded.
Up to 3 telephone calls were made before subjects were classi-
fied as nonrespondents. All subjects provided signed informed
consent. Consenting subjects meeting entry criteria at the
screening call attended the outpatient department for baseline
studies, which included the 6-Minute Walk22 and assessment of
HRQOL by validated indices. Global HRQOL was measured
by means of the Medical Outcomes Study Short-Form 36 (SF-
36)23 and the Health Utilities Index Mark 3 (HUI 3) Multi-
Attribute Health Status Classification System.24,25 Disease-
specific measures were the Western Ontario McMaster
(WOMAC) Osteoarthritis Index26 and the Harris Hip Scale.27

Intrinsic anxiety (trait anxiety) and anxiety levels at a single time
(state anxiety) were assessed by means of the State-Trait Anxiety
Inventory28 The SF-36 and the State-Trait Anxiety Inventory
were self-administered questionnaires. All other indices and the
6-Minute Walk were supervised (S.W.B.).

Three months from baseline and every 6 months thereafter
patients were mailed a package containing the SF-36 and the
State Anxiety Scale for completion and return. At 6 months
from baseline and every 6 months thereafter patients returned

to the outpatient department to repeat the studies done at base-
line. At the patient’s first visit with the surgeon the diagnosis of
osteoarthritis was confirmed. The surgeon’s decision regarding
the need for total hip arthroplasty and, if indicated, the next
available date for surgery were recorded. Follow-up stopped if
it was judged that total hip arthroplasty was not indicated. Pa-
tients for whom the procedure was recommended were placed
on the waiting list, and follow-up continued as described ear-
lier. These patients were also offered placement on a cancella-
tion list. All patients who underwent total hip arthroplasty in
London were asked to return to the outpatient department at
least 3 months after surgery for a final assessment. Patients and
referring physicians were told that involvement in the study
would not affect waiting times, and surgeons were not given pa-
tients’ study results.

For the primary analysis we included patients placed on the
waiting list when they first saw the surgeon (“waiting list cohort”)
and followed until after surgery. We planned in advance to relate
postoperative HRQOL to the length of wait and set the cutoff
point for short and long waits according to the mean time the
waiting list cohort waited from referral to surgery (“total wait”).
The sample size estimate was based in part on the WOMAC Os-
teoarthritis Index total score. We determined that 100 patients
undergoing total hip arthroplasty would provide 80% power (2-
tailed α error probability 5%) to detect a difference in the
WOMAC Osteoarthritis Index total score of at least 10% be-
tween the short- and long-wait groups after surgery, which is a
difference judged to be clinically important.29 Waiting times were
log-transformed to improve normality, p values were not adjusted
for multiple comparisons, and missing items within otherwise
completed questionnaires were replaced according to procedures
in relevant scoring manuals. For the secondary analysis we ex-
plored further relations between waiting time and postoperative
outcome by splitting the cohort into 4 groups according to the to-
tal wait. Cutoff points were decided in advance to define the
groups (group 1: ≤ 3 months; group 2: 3–6 months; group 3: 6–12
months; group 4: > 12 months), and changes over time in
HRQOL and 6-Minute Walk results were compared across
groups by means of analysis of variance.

Results

Of 553 patients referred because of hip disease, 215
completed the baseline assessment (Fig. 1). Of the 338 pa-
tients who were excluded, 190 did not meet the eligibility
criteria (diagnosis other than osteoarthritis, previous total
hip arthroplasty or simultaneous referral to 2 surgeons), 34
could not be contacted, and 114 were eligible but declined
entry (unwilling to travel to London, “too busy” or reason
not specified). Of the 215 eligible patients, 123 saw a sur-
geon and were placed on the waiting list; the other patients
were not placed on the waiting list because the surgeon
deemed that total hip arthroplasty was not indicated (n =
62), the diagnosis was other than osteoarthritis (n = 20), the
patient did not attend the appointment with the surgeon
(n = 6), or total hip arthroplasty was recommended but the
patient declined (n = 4).

Of the 123 patients placed on the waiting list, 24 were
subsequently withdrawn because the procedure was done
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outside London (n = 7), the surgery was cancelled because
of coronary artery disease (n = 2), the procedure was done
but the patient did not return for the postoperative assess-
ment (n = 14) or the patient died perioperatively (n = 1).
The remaining 99 patients underwent total hip arthro-
plasty in London, returned for the postoperative assess-
ment (mean time from surgery to postoperative assessment
4.0 [standard deviation (SD) 1.7] months) and were in-
cluded in the primary analysis. Table 1 shows the baseline
characteristics of the waiting list cohort according to
whether they provided postoperative data. Overall, the co-
hort was moderately to severely disabled based on pub-
lished data for the WOMAC Osteoarthritis Index,26 the 6-
Minute Walk30 and the SF-36.31

Length of wait and postoperative outcomes

For the 123 patients on the waiting list the mean time
from referral to the first appointment with the surgeon
was 3.2 (SD 2.6) months (range 0.25–11.2 months). We
saw no significant differences in this time between the
114 patients who underwent total hip arthroplasty in
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Fig. 1: Cohort ascertainment and follow-up of patients with
osteoarthritis of the hip referred for possible total hip arthro-
plasty in London, Ont.

338 excluded (entry criteria not
met [n = 190], entry criteria met
but baseline assessment
declined [n = 114], patient
could not be contacted [n = 34])

Referred by primary care
physician because of hip disease

n = 553

Met initial entry criteria and
completed baseline assessment

n = 215

Underwent assessment
by surgeon

n = 209

Withdrew before
assessment by surgeon
n = 6

Given date for total hip
arthroplasty

n = 123

86 not given date for total hip
arthroplasty (procedure not
indicated [n = 62], diagnosis
other than osteoarthritis [n = 20],
procedure declined [n = 4])

Procedure done by local surgeon
n = 114

Procedure not done
by local surgeon
n = 9

Underwent postoperative
assessment

n = 99

Withdrew before
postoperative assessment
(n = 14) or died
perioperatively (n = 1)

Table 1: Baseline characteristics* of 114 patients placed on
waiting list for total hip arthroplasty

Patient group; mean value (and SD)†

Characteristic

Completed
postoperative
assessment

n = 99

Did not complete
postoperative
assessment

n = 24

Sex, % female 51 29

Age, yr 68.0 (7.9) 70.4 (9.9)

Employment status, % of
patients

Retired 76 70
Semi-retired 14 17
Employed full time 10 13

Residence in London, Ont.,
% of patients 42 46

Comorbid illnesses, % of
patients

Coronary artery disease 14   33‡
Cerebrovascular disease   6   8
Diabetes mellitus   5   8
Hypertension 38 38

Duration of hip symptoms, yr 6.2 (7.0) 7.9 (10.0)§

WOMAC Osteoarthritis Index
score

Pain   258   (90)   238   (93)
Stiffness   122   (43)   107   (40)
Physical function 1003 (315)   883 (266)
Total 1384 (416) 1227 (368)

Distance walked in 6-Minute
Walk, m 299 (116)   285 (129)

Harris Hip Scale score 53.1 (11.7) 53.4 (13.3)

State-Trait Anxiety Inventory
score

Trait anxiety 32.4   (9.0) 34.7   (9.6)
State anxiety 32.5   (9.4) 32.9   (9.8)

HUI 3 score 0.51 (0.20) 0.57 (0.25)

SF-36 scale
Physical component 27.7   (8.8) 28.8   (7.5)
Mental component 55.3   (8.3) 52.1   (9.0)
Bodily pain 32.9 (17.2) 38.8 (15.2)
Physical functioning 31.4 (21.4) 33.3 (19.1)
Role limits: physical 17.0 (29.7) 25.0 (32.3)
General health perceptions 64.5 (20.5) 60.0 (17.3)
Role limits: emotional 69.7 (39.6) 53.3 (41.0)
Social functioning 64.1 (24.7) 72.1 (22.1)
Mental health 78.2 (13.9) 74.9 (16.9)
Energy/vitality 50.1 (20.1) 48.3 (20.9)

Note: SD = standard deviation, WOMAC = Western Ontario McMaster, HUI 3 = Health
Utilities Index Mark 3, SF-36 = Medical Outcomes Study 36-item Short Form.
*At time of referral by primary care physician.
†Unless otherwise indicated. Higher scores for WOMAC Osteoarthritis Index and the State-
Trait Anxiety Inventory indicate poorer health-related quality of life (HRQOL) and greater
anxiety levels, respectively; higher scores for SF-36, Health Utilities Index Mark 3 and Harris
Hip Scale indicate better HRQOL.
‡p = 0.028.
§p = 0.015.



London and the 9 who did not (3.0 [SD 2.4] and 3.9 [SD
2.6] months respectively, p = 0.44). The mean total wait-
ing time was 6.5 (SD 5.0) months (range 0.5–24.0
months) for the 114 patients who underwent the proce-
dure in London; it did not differ significantly from the
mean total waiting time for the 99 patients who returned
for the postoperative assessment (6.0 [SD 4.8] months,
range 0.5–24.0, p = 0.51). The waiting times were right
skewed such that 25%, 50% and 75% of the patients un-
derwent surgery within 3.2, 4.7 and 8.2 months after re-
ferral, respectively. The final 25% waited between 9 and
24 months.

Table 2 shows the baseline and postoperative outcomes
for patients with short waits (≤ 6 months) and those with
long waits (> 6 months). Postoperatively, we observed no
significant differences in HRQOL or 6-Minute Walk re-
sults between the 2 groups. At referral, however, patients
with short waits had poorer HRQOL and were less mobile
than those with long waits (p values for WOMAC Os-
teoarthritis Index components = 0.002 for total score,
0.001 for pain, 0.009 for stiffness and 0.008 for function;
p = 0.006 for 6-Minute Walk results). Comparisons of
changes from baseline until after surgery showed that, rel-
ative to patients with long waits, those with short waits ex-
perienced larger gains in HRQOL (p values for WOMAC
Osteoarthritis Index components = 0.002 for total score,
< 0.001 for pain, 0.005 for stiffness and 0.005 for func-
tion), and they had greater reductions in anxiety levels (p =
0.03). From baseline to after surgery the patients with a
short wait experienced a mean increase in the 6-Minute

Walk of 72 m, as compared with a mean decline of 24 m
among those with a long wait (p = 0.06).

Quality of life and mobility before and after
surgery

Fig. 2 shows the HRQOL scores and 6-Minute Walk re-
sults for prespecified subgroups according to the total wait.
For patients who waited at least 3 months (groups 2–4) their
mobility and disease-specific HRQOL remained impaired
or worsened relative to baseline levels. In general, anxiety
levels were higher during the wait than at baseline levels
across all subgroups (data not shown). Postoperatively, we
saw improvements to levels better than those at baseline in
all measures and in all subgroups except the 6-Minute Walk
in group 4. For the WOMAC Osteoarthritis Index total
score, the mean change relative to baseline from referral to
surgery exceeded 10% in groups 2, 3 and 4. For the 6-
Minute Walk, this change exceeded 30 m in groups 2 and 4.

We observed significant associations between waiting
time by subgroup and changes from baseline to after surgery
in HRQOL (p < 0.001 for all WOMAC Osteoarthritis Index
components) and mobility (p = 0.04 for the 6-Minute Walk
results). We also noted significant associations between wait-
ing time by subgroup and changes over time in the SF-36
bodily pain and physical function subscales (p = 0.002 and
0.04 respectively, data not shown) and the state anxiety level
(p = 0.015, data not shown). In each case patients waiting less
time experienced larger gains in HRQOL and distance
walked and greater reductions in anxiety after surgery.
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Table 2: Changes in health-related quality of life and mobility from baseline to postoperative assessment
among patients with short (≤≤≤≤ 6 months) and long (> 6 months) waits for surgery* (n = 99)

Mean score (and SD)
at baseline†

Mean score (and SD)
after surgery†

Measure Short Long p value Short Long p value

WOMAC Osteoarthritis Index
Pain   283   (77)   215   (96) 0.0002   73   (71)   84   (99) 0.54
Stiffness   130   (39)   109   (47) 0.01810   49   (36)   57   (45) 0.36
Physical function 1077 (274)   876 (344) 0.0019 376 (325) 378 (338) 0.97
Total 1490 (356) 1199 (453) 0.0006 498 (408) 519 (462) 0.82

6-Minute Walk, m   279 (114)   351 (101) 0.00700 351 (218) 327 (141) 0.56
HUI 3 0.50 (0.18) 0.53(0.23) 0.53 0.71(0.18) 0.71 (0.17) 0.88
SF-36

Physical component 26.5   (7.4) 30.9 (10.4) 0.046 35.5   (8.9) 37.4 (10.8) 0.37
Mental component 54.9   (8.4) 56.0   (6.9) 0.571 58.1   (7.1) 55.2   (9.7) 0.16
Bodily pain 29.7 (15.6) 41.0 (19.4) 0.0052 58.8 (20.0) 59.0 (22.7) 0.92
Physical functioning 27.7 (18.5) 39.0 (24.1) 0.0167 52.3 (22.0) 53.4 (24.1) 0.83
Role limits: physical 11.5 (23.8) 32.0 (35.7) 0.0042 28.3 (38.3) 39.3 (42.6) 0.28

Harris Hip Scale 49 (9) 61 (13) 0.00010 78 (13) 81 (10) 0.35
State Anxiety Scale 32.9   (9.2) 31.0   (8.9) 0.3519 28.2   (7.9) 29.6 (12.7) 0.57

Note: NS = not significant. See Table 1 for definitions of other abbreviations.
*The cutoff point for the short (n = 63) and long (n = 36) waiting times were defined by the mean waiting time from referral to surgery for the entire cohort.
†Higher scores for WOMAC Osteoarthritis Index and State Anxiety Scale indicate poorer HRQOL and greater anxiety levels, respectively. Higher scores for
SF-36 and Harris Hip Scale indicate better HRQOL.
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Fig. 2: Health-related quality of life (HRQOL) and mobility in subgroups of patients defined by time from referral to surgery.
Group 1 (n = 24) waited less than 3 months to surgery, group 2 (n = 39) 3–6 months, group 3 (n = 23) 6–12 months, and group 4
(n = 13) over 12 months. Higher values for all WOMAC (Western Ontario McMaster) Osteoarthritis Index scales indicate poorer
HRQOL. Means and standard errors are shown. Bar labels: BL = baseline value, 6 = 6-month value, 12 = 12-month value, Pre =
value just before surgery, Post = value after surgery.
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Interpretation

In this observational study involving patients awaiting
elective total hip arthroplasty for osteoarthitis in a publicly
funded health care system, we prospectively followed pa-
tients from the time of referral rather than from the first
visit with the surgeon. We found that (a) there was no as-
sociation between the time patients waited for surgery and
postoperative HRQOL and mobility; (b) the more dis-
abled patients had surgery sooner and experienced larger
gains in HRQOL and mobility than did patients who
waited longer; and (c) patients who waited more than
6 months experienced clinically important losses in
HRQOL and mobility during the wait. The study’s other
strengths were the simultaneous use of validated measures
of HRQOL and mobility that respond to osteoarthritis
and total hip arthroplasty, and the masking of surgeons re-
garding results of these measures.

We did not confirm our hypothesis that a longer wait is
associated with poorer postoperative results. We doubt that
this negative result could be explained by inadequate power
as it concerns the WOMAC Osteoarthritis Index, because
the sample size was sufficient to detect a clinically impor-
tant difference of 10% between the short- and long-wait
groups, should it have existed. We did find that patients
with a short wait had significantly larger gains in HRQOL
and mobility from referral to after surgery than did patients
with a long wait. However, because we used an observa-
tional design and did not randomly assign patients to wait-
ing times irrespective of their disability at referral, we can-
not be sure that the gains in HRQOL and mobility seen in
the short-wait group can be explained solely by the fact that
surgery was done sooner. Thus, these observational data
support but cannot prove a causal relation between shorter
waits for elective total hip arthroplasty and greater im-
provement in HRQOL and mobility after surgery relative
to longer waits.

In the absence of randomized trials, Fig. 2 provides
some indication of the disability attending the wait for
total hip arthroplasty. One-third of the patients waited at
least 6 months (groups 3 and 4), during which they expe-
rienced progressive increases in pain and reduced mobil-
ity. Surgery reversed those effects in amounts that ex-
ceeded the accepted clinically important changes of 10%
in the WOMAC Osteoarthritis Index29 and 30 m in the
6-Minute Walk.30 These findings, and the fact that os-
teoarthritis of the hip is common, imply a large burden
from prolonged waits for surgery and support a case for
limiting waits to less than 6 months. The wait’s impact is
borne by individual patients and society through the ef-
fects of pain, reduced function, lost productivity and the
need for medical therapies (e.g., analgesics) and commu-
nity resources for patients with severe osteoarthritis of
the hip.

A limitation of our study was that the mean length of
follow-up after surgery was 4 months. Thus, we cannot

rule out longer term changes in HRQOL between patients
with short and long waits for surgery. However, at least
1 prospective study has shown that most improvement in
HRQOL occurs within 3 months after surgery,13 and we
are extending our follow-up to determine whether long-
term differences arise. Another limitation relates to our
study’s generalizability. We achieved 80% (99/123) follow-
up within the waiting list cohort, but we did not track pa-
tients who could not be contacted or who met initial entry
criteria but who declined to participate. We do not know
whether these patients differed from those in the waiting
list cohort, especially in ways that affected the wait for or
response to surgery. Similarly, although our study was done
in hospitals that are generally like those performing the
majority of elective total hip arthroplasty procedures in
Ontario,1 we do not know if our results apply to non-
tertiary care settings.

Our finding that more disabled patients had surgery
sooner contradicts the view that publicly funded health care
systems cannot allocate services relative to need in the ab-
sence of integrated management systems.21 Although the
p values were not adjusted for multiple comparisons, they
were generally low and the associations were consistent
across HRQOL measures. Bias on behalf of the surgeons
was also unlikely to explain this result, because the date for
surgery was set without knowledge of the patients’ specific
HRQOL scores and 6-Minute Walk results. That other
studies did not observe a relation between baseline
HRQOL or mobility and the time until surgery may have
been because they enrolled patients only after placement
on the surgeons’ waiting lists.4,10–20 Thus, they did not con-
sider the level of disability when the referring physician
judged that total hip arthroplasty might be indicated or the
changes in HRQOL between referral and placement on
the waiting list.

In summary, we identified both positive and negative
aspects about the wait imposed by a publicly funded
health care system on patients needing total hip arthro-
plasty for osteoarthritis. The waiting time appears to re-
flect patient impairment because more disabled patients
had surgery sooner. Longer waits were not associated
with differences in HRQOL and mobility after surgery
relative to shorter waits, but patients who waited more
than 6 months experienced clinically important declines
in these measures. As well, a shorter wait was associated
with larger gains in HRQOL and mobility compared
with a longer wait. We do not know whether this result
reflects a causal relation in the absence of trials that ran-
domly assign patients to specific waiting times, but our
study provides a rationale for such trials and, pending
their completion, reason to limit waits for total hip
arthroplasty to 6 months.
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