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Strengths and limitations of this study

►► We evaluated across five dimensions of quality of 
care (beyond accessibility alone), adapted from the 
Institute of Medicine’s National Healthcare Quality 
Framework. 

►►  We used a preintervention/postintervention study 
design, large sample sizes, robust comparison 
groups and defined outcome variables to report 
both system-level performance and patient-centred 
outcomes. 

►►  As a natural experiment, with a quasi-experimental 
design, one of the limitations of our study is miss-
ingness of data—data available between cohorts 
differed given the lack of some formalised data col-
lection processes prior to implementation. 

►►  Our findings may not show the full picture given 
the complexity of the intervention (featuring multiple 
elements and processes) and the 1 year observation 
period during which awareness, understanding and 
uptake were evolving.  

Abstract
Objectives  We assessed: (1) waiting time variation among 
surgeons; (2) proportion of patients receiving surgery 
within benchmark and (3) influence of the Winnipeg 
Central Intake Service (WCIS) across five dimensions 
of quality: accessibility, acceptability, appropriateness, 
effectiveness, safety.
Design  Preimplementation/postimplementation cross-
sectional design comparing historical (n=2282) and 
prospective (n=2397) cohorts.
Setting  Regional, provincial health authority.
Participants  Patients awaiting total joint replacement of 
the hip or knee.
Interventions  The WCIS is a single-entry model (SEM) 
to improve access to total hip replacement (THR) or total 
knee replacement (TKR) surgery, implemented to minimise 
variation in total waiting time (TW) across orthopaedic 
surgeons and increase the proportion of surgeries within 
26 weeks (benchmark). Impact of SEMs on quality of care 
is poorly understood.
Primary and secondary outcome measures  Primary 
outcomes related to ‘accessibility’: waiting time 
variation across surgeons, waiting times (Waiting Time 2 
(WT2)=decision to treat until surgery and TW=total waiting 
time) and surgeries within benchmark. Analysis included 
descriptive statistics, group comparisons and clustered 
regression.
Results  Variability in TW among surgeons was reduced 
by 3.7 (hip) and 4.3 (knee) weeks. Mean waiting was 
reduced for TKR (WT2/TW); TKR within benchmark 
increased by 5.9%. Accessibility and safety were the only 
quality dimensions that changed (post-WCIS THR and 
TKR). Shorter WT2 was associated with post-WCIS (knee), 
worse Oxford score (hip and knee) and having medical 
comorbidities (hip). Meeting benchmark was associated 
with post-WCIS (knee), lower Body Mass Index (BMI) (hip) 
and worse Oxford score (hip and knee).
Conclusions  The WCIS reduced variability across surgeon 
waiting times, with modest reductions in overall waits 
for surgery. There was improvement in some, but not all, 
dimensions of quality.

Introduction
Waiting times for hip and knee replacement 
in Canada remain long and stagnant.1 2 The 

Canadian Institute for Health Information 
(CIHI) reports that demand and waiting 
times for the five nationally-prioritised sched-
uled (elective) clinical services—including 
joint replacement—have increased in Canada 
since 2011, with many waits being longer 
than clinically recommended.1–4 In a 2017 
survey comparing 11 international healthcare 
systems, The Commonwealth Fund ranked 
Canada 9th for overall performance and 10th 
for access to care.5 Effects of long waiting 
can negatively influence patient well-being, 
health status, outcomes and confidence 
in the health system.3 6 7 In a 2017 report 
comparing Canadian waiting times for hip 
and knee replacement with those of Organi-
sation for Economic Co-operation and Devel-
opment (OECD) countries,8 many of whom 
have publicly-funded, single-payer healthcare 
systems, Canada ranked 8th among 15 for 
access to hip replacement and 7th among 15 
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for access to knee replacement. Median waiting time in 
Canada was reported to be 14 and 16.6 weeks for hip and 
knee replacement, respectively. Median waiting time for 
the OECD countries was 16.4 and 29.2 weeks, for hip and 
knee replacement, respectively.9

Single-entry models (SEMs) are being increasingly 
recommended and used in healthcare for scheduled 
services. In surgical disciplines, for example, SEMs allow 
for the consolidation of multiple queues into a single 
queue by centralising the intake of patients, pooling 
providers and referrals, and allowing patients to see the 
next-available surgeon. In traditional ‘multiple-queue, 
multiple-server’ models, each surgeon receives referrals 
separately, and maintains their own queue.10 11 When 
these surgeons receive a new patient referral, and if all 
available appointment slots are full, the patient must wait 
until a slot becomes available. In this model, the patient 
cannot take advantage of available appointment slots with 
other physicians. This is a critical issue when waiting times 
are unequal, or variation is high, between surgeons (ie, for 
joint replacement surgery). When these multiple queues 
are consolidated into a single queue, open appointment 
slots can be assigned based on patient arrival and patients 
can therefore be referred to the next-available appoint-
ment slot (among participating surgeons). Variability in 
waiting times is improved (reduced) and average waiting 
time across specialist physicians is also reduced. Duplicate 
referrals can be reduced and more urgent patients can 
also benefit by seeing the next-available/earliest-available 
physician.10 SEMs have been shown to improve system 
flow and patient access.12 The Canadian Medical Associ-
ation refers to them as ‘essential for improving access to 
quality of care’.13

Since 2000, stakeholders from across the continuum 
of care have called for evidence-informed improvements 
leading to greater performance, value and accountability 
in healthcare.14 To help achieve the desired and so-called 
Triple Aim—improving the health of populations; 
improving the individual experience of care and reducing 
the per capita costs of care for populations—both CIHI 
and the OECD recommend approaches incorporating 
structural and programmatic strategies. SEMs may be 
seen as one such strategy,3 7 although evaluations of their 
impact on quality of care and health service delivery have 
been limited.12 15 In its best case, improvements across 
all three aspects of the Triple Aim would contribute to 
improvements across the health system, but improvement 
in even one (without negatively affecting the others) can 
also bring positive and beneficial impact.

Seven pan-Canadian benchmarks were identified in 
2005 for five priority clinical areas: oncology, cardiology, 
diagnostic imaging, joint arthroplasty and sight resto-
ration.16 The benchmarks were developed to represent 
a maximum timeframe within which a service should be 
delivered to a patient. In addition to this metric, acces-
sibility to care is also measured using waiting list length, 
patient throughput (ie, volume) and waiting times—
mean, median and 90th percentile. The evidence-based 

WTs benchmark for total joint replacement (TJR) 
surgery of the hip and knee in Canada is currently set at 
26 weeks.17–19 While urgent cases are indeed dealt with 
sooner, where cases are less urgent, patients must wait to 
be seen. These appointments, however, are often many 
weeks later.18 20 Currently, patients who require a replace-
ment of the hip or knee in Canada are generally referred 
to a specific orthopaedic surgeon. As such, each ortho-
paedic surgeon maintains his/her own list; some lists are 
much longer than others.

There are approximately 3700 annual TJR surgeries 
of the hip or knee in the Winnipeg Regional Health 
Authority (WRHA), approximately 80% of provincial 
volume.21 Before 2012, only 54% of WRHA patients 
awaiting total hip replacement (THR) and 50% of patients 
awaiting total knee replacement (TKR) received surgery 
within the clinically recommended 26-week bench-
mark.22 23 This recommended time refers to the time 
from the date the patient decided to undergo surgery 
and the date on which the surgery took place (‘waiting 
time 2’ (WT2)). The Winnipeg Central Intake Service 
(WCIS), an SEM, was introduced in the WRHA in 2012. 
This system enabled patients referred for THR or TKR to 
choose, in consultation with their primary care provider, 
to see either a specific surgeon or the next-available 
surgeon for their procedure. The next-available surgeon 
to whom the patient is referred is one among a pool of 
eligible surgeons. The patient is ultimately referred to the 
surgeon with the shortest total waiting time (TW) at the 
time of the referral receipt by the WCIS. The decision to 
undertake surgery is then made together by the patient 
and the surgeon; the decision to ultimately proceed to 
surgery is predicated on a number of factors, including 
clinical appropriateness and patient readiness.24 25

The WCIS introduced comprehensive patient educa-
tion, standardised referral forms, electronic patient 
management (via the Patient Access Registry Tool), a 
central office to manage referral screening (for complete-
ness, appropriateness and urgency) and allocation of 
resources, as well as a regional joint replacement registry 
to measure and monitor surgical outcomes. Specifically, 
goals of the WCIS implementation were: (1) to equalise/
minimise variation in TW across orthopaedic surgeons; 
(2) improve patient access to surgery by distributing 
referrals to the surgeon with shortest TW (next-available 
surgeon) and (3) increase the proportion of patients 
treated within benchmark.

Accordingly, we conducted an assessment of the WCIS 
to evaluate: (1) waiting time variations among surgeons; 
(2) proportion of patients receiving surgery within bench-
mark and (3) broader influence of the WCIS across five 
dimensions of quality of care based on system-level and 
patient-centred outcomes defined by the Alberta Quality 
Matrix for Health (AQMH): acceptability, accessibility, 
appropriateness, effectiveness and safety.26 We hypothe-
sised that based on its goals of implementation, the WCIS 
would improve ‘accessibility’ (reduce waiting time vari-
ability, increase proportion of patients receiving surgery 
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within benchmark) without adversely affecting the other 
dimensions of quality.

Methods
Study population and data source
Using a natural experiment with a quasi-experimental 
approach, a preintervention/postintervention cross-
sectional study design was used to measure changes 
in five dimensions of quality of care, as defined by the 
AQMH, which was developed by the Health Quality 
Council of Alberta to reflect both system-level perfor-
mance and patient-centred outcome measures adapted 
from the Institute of Medicine’s National Healthcare 
Quality Framework.27 28 Data were collected both before 
and after WCIS implementation (see online supplemen-
tary appendix 1). Two cohorts were identified using the 
regional surgical THR and TKR waitlist. These cohorts 
were not followed-up over time. Self-reported medical 
history, preoperative and postoperative health status 
and function, waiting time and joint replacement infor-
mation, outcome and complication data were obtained 
from the regional joint replacement registry; hospital 
stay data came from WRHA medical information. We 
formed a historical cohort (1 June 2011 to 1 June 2012; 
‘pre-WCIS’) to function as the preintervention group. 
This control cohort includes 2397 patients that under-
went primary THR or TKR. The postintervention group 
(‘post-WCIS’, data collected following WCIS implemen-
tation; 1 September 2013 to 1 September 2014) includes 
2282 patients. A period of 15 months between the two 
cohorts was defined as the peri-implementation period 
during which the WCIS was being adopted. We excluded 
patients: <18 years old, without personal/provincial 
health identification numbers or non-residents of Mani-
toba. If a patient underwent a second TJR during the 
study period, the second procedure was also included. 
Surgical volume and referral appropriateness data were 
obtained from the WRHA Surgery Programme. Pre-WCIS 
referral appropriateness data were obtained from a group 
of surgeons that perform approximately 40% of THRs 
and TKRs in the WRHA.

This study adheres to STROBE Statement guidelines 
for reporting observational studies.29

Analytical parameters
As a result of patients’ second procedures being included 
(where applicable), the unit of analysis was based on 
the joint (rather than the patient). Accordingly, demo-
graphic variables were assessed in both cohorts and where 
appropriate, by procedure groupings (see online supple-
mentary appendix 1 for listing). Variables examined were 
chosen based on an association to the five dimensions 
of quality, as defined by the AQMH (see online supple-
mentary appendix 1). Accessibility was assessed using 
waiting time, proportion of patients receiving surgery 
within benchmark and variation in waiting times across 
surgeons (primary outcome measures). The impact of 

the WCIS implementation on waiting time was defined in 
two ways. We calculated waiting time 1 (WT1) as the time 
between receipt of a referral for surgical consultation and 
the consultation date; WT2 as the time between the date 
the patient decided to undergo surgery and the date on 
which the surgery took place; TW as the sum of WT1 and 
WT2. While we included TW as part of our analysis, we did 
not conduct analysis specific to WT1 itself due to insuffi-
cient data in the pre-WCIS period. We stratified patients 
by type of procedure (TKR or THR) and then categorised 
patients based on the 26-week clinically recommended 
benchmark waiting time for TJR surgery of the hip or 
knee (whether they waited ≤182 days (less than 26 weeks) 
or >182 days (more than 26 weeks)). The proportion 
of patients receiving surgery within the 26-week bench-
mark was based on WT2. Variation in waiting times across 
surgeons was determined using the mean SE for WT2 and 
TW, by individual surgeon. SE was calculated using the 
robust procedure in SAS.

Variables related to accessibility were of primary interest 
(they constitute the main goals of the WCIS); however, 
variables related to other dimensions of quality beyond 
access were also assessed to ensure they were improving/
not being negatively affected by the WCIS. Changes in 
the remaining dimensions of quality of care were assessed 
using best-available surrogate variables. Accessibility and 
appropriateness were assessed using referral and surgery 
volumes and proportion of patients proceeding to surgery 
(conversion rate). Effectiveness was assessed using change 
in Oxford-12 hip/knee (range: 12 (best) to 60 (worst)) 
and short form-12 (SF-12) scores (range: 0 (worst) to 100 
(best)). Acceptability was assessed using patient satisfac-
tion following surgery and safety was assessed using self-
reported complications following surgery and in-hospital 
mortality (data from the Manitoba Health Information 
Database (provincial client registry database)).

Statistical analysis
We calculated descriptive statistics for variables and 
between groups, summarised using mean±SD. Binary 
variables were expressed as percentages. Student’s t-test 
was used to compare means and the χ2/Fisher’s exact 
tests to compare proportions. We applied logarithmic 
transformation where distributions of continuous vari-
ables were not normal, used two-sided statistical tests and 
a significance level of 5%.

Multiple logistic and linear regression was performed 
using generalised linear mixed models and mixed linear 
models, while controlling for the possible confounding 
effect of individual surgeons. Linear regression was 
performed to assess the association between explanatory 
variables and WT2. Logistic regression was performed 
to assess the association between explanatory variables 
and receiving surgery within benchmark. Our explana-
tory variables included age, sex, cohort, Body Mass Index 
(BMI), pre-operative Oxford-12 hip and knee scores, pres-
ence of medical comorbidities and SF-12 mental compo-
nent summary scores. The models were run separately for 
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Table 1  Demographic characteristics of preintervention and postintervention groups (hip)

Characteristic

Pre-WCIS
(n=2397)

Post-WCIS
(n=2282)

P value
(pre vs post)

Hip Knee Hip Knee Hip Knee

Total procedures 1047 1350 909 1373 0.0040 0.7285

Female (n, %)
(0.0007% knee data missing)

602 (57.5) 851 (63.0) 472 (51.9) 833 (60.8) 0.0135* 0.221*

Mean age, year (SD)
(0.0002% data missing)

68.8 (13.5) 66.7 (10.2) 65.6 (11.8) 66.5 (9.7) <0.0001† 0.572†

Mean BMI (SD)
(78.3% data missing)

30 (6.7) 32.8 (7.5) 30 (6.3) 33.3 (8.1) 0.720† 0.717†

Mean pre-operative Oxford hip score 
(SD) (range: 12–60)
(47.4% data missing)

44.3 (8.4) 41.5 (8.3) 45.1 (7.9) 42.3 (7.8) 0.0889† 0.008†

Mean pre-operative PCS (SD) (range: 
0–100)
(54.7% data missing)

29 (8.8) 31 (8.5) 28.8 (8.4) 30.1 (8) 0.681† 0.0203†

Mean pre-operative MCS (SD) (range: 
0–100)
(54.7% data missing)

49.6 (12.5) 51.3 (11.8) 48.5 (12.5) 50.5 (12) 0.109† 0.126†

Presence of a medical comorbidity (n, %)
(38% hip/29% knee data missing)

511 (87.1) 857 (90.1) 629 (99.2) 979 (100) <0.0001‡ <0.0001‡

Presence of an MSK comorbidity (n, %)
(33% hip/30% knee data missing)

577 (99.8) 907 (99.5) 733 (100) 1005 (99.9) 0.441‡ 0.108‡

Missing data reported where missing; where not reported, data were not missing.
Oxford hip and knee scores: range 12 (best) to 60 (worst).
PCS-12—short form-12 physical component summary: range 0 (worst) to 100 (best).
MCS-12—short form-12 mental component summary: range 0 (worst) to 100 (best).
Medical comorbidities (0=no, 1=yes; reflective of 13 conditions).
Medical comorbidities: heart disease, high blood pressure, lung disease, diabetes, ulcer or stomach disease, kidney disease, liver disease, 
anaemia or other blood disease, cancer, depression, osteoarthritis or degenerative arthritis other than hip or knee, back pain, rheumatoid 
arthritis, other medical problem.
MSK comorbidities (0=no, 1=yes; indicated using a homunculus): right and/or left neck, shoulder area, elbow/forearm, wrist/hand, hip, thigh, 
knee area, calf area, ankle/foot area, back of neck, upper back and lower back.
Bold values indicate p<0.05.
*P value calculated using χ2 test.
†P value calculated using Student’s t-test.
‡P value calculated using Fisher’s exact test.
MCS, mental component summary; PCS, physical component summary; WCIS, Winnipeg Central Intake Service.

THR and TKR procedures. Each variable was adjusted for 
as the dependent variables were regressed.

Patients whose surgeon performed surgeries in one 
but not both pre-WCIS and post-WCIS periods were not 
included in our analysis using descriptive statistics, but 
were included in our regression analysis. To account for 
surgeon-level bias in patient selection, patient data in 
both cohorts were clustered based on their surgeon. Since 
there were fewer covariates being collected, and fewer 
formalised data collection processes in place before the 
implementation of the WCIS (especially for self-reported 
measures related to ‘acceptability’ and ‘effectiveness’), 
our preintervention period participants had more of 
their covariate values missing, compared with those in 
the postintervention period (especially ‘accessibility’). 
Where covariate values were missing, they were treated 

as missing and the covariate was excluded. We used SAS 
software V.9.3 (SAS Institute) to perform our analysis.

Patient and public involvement
We did not directly include patient and public involve-
ment in this study, but our research questions and 
approach were informed by patient experiences gathered 
from previous studies,30–36 some of which involved patients 
directly. We invited patients to partake in resulting studies 
and related roundtable meetings.37 38

Results
There were 2397 patients who underwent TJR pre-WCIS 
and 2282 post-WCIS (see table  1). Pre-WCIS patients 
undergoing THR were older, had a higher proportion of 
females and a significantly lower proportion of medical 
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Table 2  Comparing pre-WCIS and post-WCIS referral data for all patients referred for THR and TKR in the WRHA 
(accessibility and appropriateness)

Quality dimension Characteristic

Pre-WCIS
(June 2011 to June 
2012)

Post-WCIS
(Sept 2013 to Sept 
2014)

Accessibility Total number of patient referrals processed (n) 3027* 3427

Accessibility Referrals to specific surgeon
(n, %)

610 (79.8)† 2041 (59.6)

Accessibility Referrals to next-available surgeon (n, %) 154 (20.2)† 1386 (40.4)

Appropriateness Proportion of referrals proceeding to consult (%) >95† >95

Appropriateness Proportion of referrals proceeding to surgery (%) 57† 55

Appropriateness Incomplete referrals (not forwarded to surgeon 
offices)

N/A 32 (0.9%)

Appropriateness Inappropriate referrals (not forwarded to surgeon 
offices)

N/A 273 (8%)

*Pre-WCIS referral volume is based on data from the WRHA Surgery Programme.
†Pre-WCIS referral data is based on data from four WRHA surgeons who handle 43.2% of the WRHA surgical volume (Concordia Joint 
Replacement Group).
THR, total hip replacement; TKR, total knee replacement; WCIS, Winnipeg Central Intake Service; WRHA, Winnipeg Regional Health Authority.

comorbidities, compared with those in post-WCIS. 
Patients undergoing TKR in pre-WCIS had a lower prev-
alence of medical comorbidities and statistically (but not 
clinically) better Oxford and SF-12 physical component 
summary scores compared with those in post-WCIS. Post-
WCIS THR patients were younger and less likely to be 
female than pre-WCIS patients.

There were more TJR surgeries pre-WCIS than post-
WCIS with significantly fewer THRs post-WCIS. The 
proportion of referrals to specific surgeons fell by 20% 
points and increased by an equivalent amount for the 
next-available surgeon, comprising 40% of all referrals 
(table 2).

Comparing between timeframes, most orthopaedic 
surgeons experienced a reduction in waiting time varia-
tion for WT2 and TW (from 6% to 61%). These reduc-
tions were largest for TW (58.9%) in TKR. TW variability 
among surgeons was reduced by 3.7 (hip) and 4.3 (knee) 
weeks (see figure 1). Mean WT2 and TW were significantly 
lower for patients undergoing TKR post-WCIS compared 
with pre-WCIS (18%–22% lower).

More patients (5.9%) undergoing TKR received their 
surgery within benchmark post-WCIS than pre-WCIS 
(table 3). Self-reported rates of complication were up to 
78% lower during post-WCIS periods, for both THR and 
TKR.

Linear regression showed that shorter WT2 was associ-
ated with post-WCIS group (knee), higher (worse) Oxford 
scores (hip and knee) and having medical comorbidities 
(hip) (table 4). Logistic regression (table 4) showed that 
for THR, receiving surgery within benchmark was signifi-
cantly associated with lower BMI and worse Oxford-12 
score. For TKR, meeting benchmark was significantly 
associated with cohort (post-WCIS) and worse Oxford-12 
score.

Discussion
Our study showed that the WCIS helped improve accessi-
bility by reducing waiting time variability among surgeons, 
all waiting times for TKR and increasing proportion of 
TKR within benchmark (5.9%). Accessibility and safety 
were the only dimensions of quality that changed (post-
WCIS for both procedures).

To our knowledge, there exist only two other evalua-
tions of SEMs used for THR or TKR,39 40 both limited in 
their assessment of quality (few dimensions). With respect 
to studies evaluating SEMs for other scheduled clinical 
services,39–49 ours is the first to report on all dimensions 
of quality. For accessibility in particular, there exists one 
other in outpatient cardiology48 that reports on implica-
tions for both WT1 and WT2, and one study examining 
multiple scheduled services in terms of cost.44 Results 
of our study were consistent with those in the existing 
literature using SEMs that have also shown reductions in 
waiting times,39–44 46 48 greater efficiency,39 42–44 47 49 equity 
(reduction of variability)39 46 49 and appropriateness,43 46 49 
through the use of one or all of the components of SEMs: 
centralised intake, pooled lists and screening of referrals. 
Unlike existing studies, ours did not show increases in 
patient volume (throughput)44 48 49 and showed that the 
proportion of patients meeting benchmark statistically 
increased for only one procedure.39–41 43 46 48 Our findings 
also suggested improvements in safety (with respect to 
adverse events), and this may be due to possible concur-
rent changes not related to the WCIS, such as with clinical 
practice guidelines, surgical equipment, drugs, postsur-
gery recovery protocol and so on.

Changes in the above metrics may not show the full 
picture given the 1 year observation period during which 
awareness and understanding of the WCIS were evolving; 
they may have been more established and evident during 
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Figure 1  Mean waiting times (in weeks) and SE* (in weeks; across all surgeons) for total joint replacement surgery†. Note: 
*Robust SEs were used. †(A) Hip; (B) knee; (C) differences in waiting times and SE (hip; post minus pre); (D) differences in 
waiting times and SE (knee; post minus pre). Each of the above graphs is comparing WT2 and TW in pre-WCIS and post-WCIS 
groups. TW, total waiting time; WCIS, Winnipeg Central Intake Service; WT2, waiting time 2.

the second and third years of operation. A key mecha-
nism by which variability and length of waiting times 
decreases, is by increasing the percentage of referrals 
to the next-available surgeon. The number of surgeons 
receiving ‘next-available surgeon’ referrals (pool of next-
available surgeons) also fluctuated over the course of 
the WCIS implementation, based on individual surgeon 
waiting times. Surgeons with high waiting times were 
only included in this pool as their capacity to accept 
referrals reached a threshold waiting time. As referrals 
for the next-available surgeon increase, and as waiting 
time across surgeons is balanced (thereby increasing the 
pool of next-available surgeons), we would expect to see 
greater impact on accessibility. Therefore, these results 
should be seen as preliminary. Existing studies in the liter-
ature allowed for longer periods of observation.44 48 Full 
uptake of initiatives involving many stakeholders along 
the continuum of care can take several years for imple-
mentation and evaluation.48 50

Moreover, overcall caseload seems to have decreased 
in the post-WCIS period by 4.8%, and for THR by 13%. 
This modification in the overall casemix therefore saw a 
reduction in the most time-consuming procedure (THR 
vs TKR). As a result, WT2 may have been reduced because 
the number and mean operating time of procedures also 
reduced.

Orthopaedic surgeons in the WRHA are paid on fee-
for-service basis. This means that surgeons are paid 
for every surgery they perform. This payment model is 
different than regions where surgeons may be paid on 

a salary basis, or where they work in a capitated model, 
where remuneration is determined in advance and based 
on a predetermined number of patients or surgeries. The 
proportion of TKR versus THR surgeries performed and 
the remuneration of these surgeries may have played a 
role in reaching the funding quota sooner. One of the 
factors influencing the number of TKR versus THR 
performed is that longest-waiting patients were delib-
erately targeted when the WCIS was first introduced 
(majority referred for TKR). The lower number of total 
surgeries following WCIS implementation would appear 
to be due to funded surgery quotas (and supply of oper-
ating room time) being reached sooner than anticipated, 
requiring a management decision to reduce surgery 
rates. As is the case at the national level, it may also be 
the result of a natural increase, year over year, in overall 
demand resulting from changes in demographics, referral 
patterns, the need and availability of joint replacement at 
increasingly younger ages, and changes in the lifespan of 
each joint replacements; together these may be contrib-
uting to little change in waiting times and proportion of 
surgeries within benchmark.1 2 4 6 51–53

Ultimately, the reduction in surgery rates was made 
to help ensure a balance between throughput (patient 
volume) and sustainable funding so that funding alloca-
tions for the next fiscal year were not being consumed 
or jeopardised. This was not the result of external forces; 
rather it is an ongoing struggle in a publicly-funded, 
single-payer health system where imbalances between 
demand and supply give rise to rationing mechanisms 
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Table 4  Regression models clustered by surgeon: adjusted beta values for the linear regression model for WT2 and adjusted 
OR for the logistic regression model for proportion of patients receiving surgery within benchmark waiting time (26 weeks)

Linear regression model for WT2

Explanatory variable

Hip Knee

Beta value (SE) P value Beta value (SE) P value

Age −0.00151 (0.000908) 0.0968 0.000236 (0.000827) 0.776

Sex −0.0106 (0.0205) 0.607 0.000489 (0.0155) 0.975

Period (pre-WCIS vs post-WCIS) −0.0185 (0.0211) 0.381 −0.0754 (0.0156) <0.001

BMI 0.00259 (0.00155) 0.0941  � 0.00116 (0.00102) 0.253

Pre-operative Oxford-12 score −0.00779 (0.00138) <0.001 −0.00314 (0.00103) 0.0024

Medical comorbidity −0.0858 (0.0398) 0.0312 −0.00099 (0.0344) 0.977

Pre-operative SF-12 mental component summary −0.00027 (0.000851) 0.753  � 0.000038 (0.000673) 0.955

Logistic regression model for proportion receiving surgery within benchmark waiting time

Explanatory variable

Hip Knee

OR (95% CI) P value OR (95% CI) P value

Age 1.01 (1.00 to 1.03) 0.0651 1.00 (0.99 to 1.01) 0.841

Sex 1.04 (0.78 to 1.40) 0.776 0.88 (0.69 to 1.12) 0.308

Period (pre-WCIS vs post-WCIS) 1.36 (1.00 to 1.84) 0.0503 1.39 (1.09 to 1.78) 0.0084

BMI 0.97 (0.95 to 0.996) 0.0227 1.00 (0.98 to 1.01) 0.635

Pre-operative Oxford-12 score 1.05 (1.03 to 1.07) <0.001 1.02 (1.01 to 1.04) 0.0046

Medical comorbidity 1.56 (0.86 to 2.84) 0.143 1.48 (0.84 to 2.59) 0.175

Pre-operative SF-12 mental component summary 1.00 (0.99 to 1.01) 0.981 1.00 (0.99 to 1.01) 0.456

Linear regression: n=882 (hip; 54.9% missing); 1398 (knee; 48.7%); missing data were treated as missing.
Continuous data were log-transformed to reduce the skewness of the distribution (dependent variable=logWT2); regressed using a mixed linear 
model.
The dependent variable was waiting time 2 (time elapsed between decision to undergo surgery and surgery taking place; reported in number of 
weeks).
Age (years), BMI, Oxford-12, SF-12 mental component summary are all continuous variables.
Medical comorbidity: no=0; yes=1; reflective of 13 conditions.
Medical comorbidities: heart disease, high blood pressure, lung disease, diabetes, ulcer or stomach disease, kidney disease, liver disease, anaemia 
or other blood disease, cancer, depression, osteoarthritis or degenerative arthritis other than hip or knee, back pain, rheumatoid arthritis, other 
medical problem.
MCS-12—short form-12 mental component summary: range 0 (worst) to 100 (best).
WT2=β0+β1Age+β2Sex+β3Period+β4BMI+β5Oxford-12+β6MedicalComorbidity+β7MCS (clustered by Surgeon).
The variation of the random effect for hip is 0.01380 and for knee is 0.01413.
−2 Res log likelihood: 433.6 (hip); 460.3 (knee).
Logistic regression: n=1002 (hip; 56.7% missing); 1571 (knee; 53.1% missing); missing data reported where missing.
Continuous data were log-transformed to reduce the skewness of the distribution; regressed using a generalised linear mixed model.
Regression was modelled based on the likelihood of meeting the 26-week clinically recommended benchmark (benchmark=1).
The dependent variable was benchmark (patient did not receive surgery within benchmark=0; patient did receive surgery within benchmark=1).
Age (years), BMI, Oxford-12, SF-12 mental component summary are all continuous variables.
Medical comorbidity: no=0; yes=1; reflective of 13 conditions;.
Medical comorbidities: heart disease, high blood pressure, lung disease, diabetes, ulcer or stomach disease, kidney disease, liver disease, anaemia 
or other blood disease, cancer, depression, osteoarthritis or degenerative arthritis other than hip or knee, back pain, rheumatoid arthritis, other 
medical problem.
MCS-12—short form-12 mental component summary: range 0 (worst) to 100 (best).
Benchmark=β0+β1Age+β2Sex+β3Period+β4BMI+β5Oxford-12+β6MedicalComorbidity+β7MCS (clustered by Surgeon).
The variation of the random effect for hip is 2.16 and for knee is 1.69.
−2 Res log pseudo-likelihood: 4653 (hip); 7249.4 (knee).
MCS, mental component summary; SF-12, short form-12; WCIS, Winnipeg Central Intake Service; WT2, waiting time 2.

such as waiting times and funding quotas. We have a 
published work that assesses the anticipated and unan-
ticipated consequences stemming from the WCIS 

implementation, including impact on surgeons and 
decision-makers.30 54 It is notable that the WCIS resulted 
in general improvements in accessibility in spite of these 
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pressures. The WCIS continues to undergo iterative 
quality improvement.

We tried to address the challenges of low rigour and 
quality in existing studies by designing a comprehensive 
evaluation with large sample sizes, robust comparison 
groups and defined variables/outcomes of interest. While 
a randomised controlled trial would be needed to estab-
lish causality, it is still plausible that the WCIS interven-
tion would result in improved accessibility based on what 
is known from the literature and the logic with respect to 
queueing theory. As a natural experiment, with a quasi-
experimental design, the biggest limitation of our study is 
the missingness of data. Where historical control cohorts 
were used, the intervention (post-WCIS) and compar-
ison groups (pre-WCIS) differed in the data available/
used for analysis (especially if patient-reported). Prior 
to the WCIS, data collection was limited given the lack 
of formalised data collection processes (especially WTs 
and for self-reported data, hence high per cent missing); 
there were more data collected following implementa-
tion of the WCIS. Missing data can cause difficulties in 
drawing precise conclusions. Missing data at random can 
reduce statistical power, reduce precision and the repre-
sentativeness of samples, and complicate analysis.55 In 
the case of our study, missing data can be attributed to 
changes in data collection policies and in low response 
rates for self-reported patient measures. As such, it is likely 
that the data were missing at random rather than not at 
random. This limitation in data availability reduces the 
observations available for analysis, increases the chance 
for random error and also reduces precision.55

Furthermore, effects on the non-accessibility dimen-
sions of quality were assessed by measures not neces-
sarily valid for that dimension; hence, we may have 
underestimated any adverse impact on quality through 
mis-measurement. The WCIS also represents a complex 
intervention, with multiple elements and processes, 
making it difficult to discern the extent to which improve-
ments in quality of care can specifically be attributed to 
the WCIS and/or its components.

Another limitation of our study is that it is location and 
case-mix specific, limited to one geographical jurisdic-
tion and intervention, and patients in the pre-WCIS and 
post-WCIS groups are not the same. Hence, it may be less 
generalisable to other settings and interventions. Despite 
these features, we feel our findings provide new insight 
into the influence of SEMs on health service delivery 
and quality of care, with direct relevance for jurisdic-
tions currently using or considering using SEMs. Taken 
together, findings from this study complement qualitative 
inquiry and stakeholder engagement initiatives under-
taken by our team (which includes decision-makers and 
policy-makers) to better understand stakeholder expe-
riences with the WCIS, including successes, challenges 
and unanticipated consequences. Direct stakeholder 
feedback from their experiences with the WCIS led to a 
Policy Roundtable meeting,37 where further stakeholder 
engagement informed policy development to improve 

accessibility to scheduled clinical services across the Prov-
ince of Manitoba. Relevant stakeholders (including from 
other SEMs across Canada) were also brought together as 
part of the Canadian Symposium on Single-Entry models 
in 2015 to help assemble an evidence-informed roadmap 
of best practices for the implementation, management 
and long-term sustainability of SEMs in healthcare.38 
Along with these resources, further adequately powered, 
longitudinal (observation for multiple years) and compar-
ative studies of SEMs across jurisdictions and case-mix 
(ie, randomized controlled trials (RCTs) or prospective 
cohorts) would help to identify specific factors associated 
with improved quality of care and help define best prac-
tices to strengthen new and existing models. Providing 
that there were sufficient data to support such analysis, 
future research could also employ an interrupted time 
series design, with multiple data points before and after 
the intervention to determine the contribution of SEMs 
to waiting time reduction.

Conclusion
SEMs used for scheduled clinical services have shown 
promise for improvements in quality of care. In our 
study, use of the WCIS reduced variability in waiting times 
among surgeons, reduced patient waiting times and 
facilitated a greater proportion of TKRs within bench-
mark without adversely influencing other quality indica-
tors. While our evaluation considered all dimensions of 
quality, the observation period was limited, and results 
indicate positive impact on some but not all dimensions.
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