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Continuity of primary care and emergency 
department visits following knee and hip 
replacement surgery: a retrospective cohort study

Background: Continuity of primary care (CPC) improves patient well-being, but the 
association between CPC and surgical outcomes has not been well studied. The num-
bers of joint replacement procedures are expected to rise considerably in the coming 
years, so it is crucial to identify factors related to successful outcomes. The purpose of 
this study was to examine the association between CPC and emergency department 
(ED) visits after knee and hip replacement surgery.

Methods: Physician claims and hospital data from 2005 to 2020 in Nova Scotia were 
used in this retrospective study. To measure CPC, we used the Modified Modified 
Continuity Index (MMCI), which is the number of primary care providers adjusted 
for the total number of visits. The outcome was ED visits within 90 days of discharge. 
Logistic regression was used to test for associations between MMCI and the probabil-
ity of an ED visit.

Results: There were 28 574 knee and 16 767 hip procedures in the data set; 13.9% 
(95% confidence interval [CI] 13.5%–14.3%) and 13.5% (95% CI 13.0%–14.0%) of the 
patients, respectively, had an ED visit within 90 days. For patients who underwent knee 
procedures, the mean MMCI was 0.868 (95% CI 0.867–0.870); 10.7% (95% CI 
10.4 %–11.1 %) had perfect continuity of care. For patients who underwent hip pro cedures, 
the corresponding measures were 0.864 (95% CI 0.862–0.866) and 13.5% (95% CI 
13.0 %–14.0 %). There was a statistically significant negative association between greater 
continuity of care and the probability of an ED visit after controlling for confounders.

Conclusion: Having multiple primary care providers before surgery increased the 
likelihood of negative outcomes following knee or hip replacement surgery compared 
with having a single provider. Presurgical conversations should include primary care 
history to improve postsurgical outcomes.

Contexte : La continuité des soins primaires améliore le bien-être des patients, mais 
le lien entre la continuité et l’issue des interventions chirurgicales n’a pas été bien 
étudié. On s’attend à ce que le nombre d’interventions pour prothèses articulaires 
augmente beaucoup d’ici les prochaines années. Il est donc crucial d’identifier les 
facteurs propices à une issue favorable. Le but de cette étude était d’analyser le lien 
entre la continuité des soins en médecine de soins primaires et les consultations dans 
les services d’urgence après une chirurgie pour prothèse de la hanche et du genou.

Méthodes  : Nous avons utilisé les données sur la rémunération des médecins et les 
données hospitalières de 2005 à 2020 en Nouvelle-Écosse pour cette étude rétrospec-
tive. Afin d’évaluer la continuité des soins, nous avons utilisé l’Indice de continuité 
modifié-modifié (ICMM), qui corres pond au nombre de dispensateurs de soins pri-
maires ajusté en fonction du nombre total de consultations. Le paramètre était les con-
sultations au service des urgences dans les 90 jours suivant le congé. Nous avons appli-
qué la régression logistique pour tester les liens entre l’ICMM et la probabilité de 
consultations dans un service d’urgence.

Résultats  : L’ensemble de données comptait 28 574 interventions pour le genou et 
16 767 pour la hanche; 13,9 % (intervalle de confiance [IC] de 95 % 13,5 %–14,3 %) et 
13,5 % (IC de 95 % 13,0 %–14,0 %), respectivement, des malades ont consulté un ser-
vice d’urgence dans les 90 jours. Pour les malades ayant reçu une prothèse du genou, 
l’ICMM moyen a été de 0,868 (IC de 95 % 0,867–0,870); 10,7 % (IC de 95 % 
10,4  %–11,1 %) ont bénéficié d’une parfaite continuité de soins. Pour les patients 
ayant reçu une prothèse de la hanche, les mesures correspondantes ont été de 0,864 
(IC de 95 % 0,862–0,866) et 13,5 % (IC de 95 % 13,0 %–14,0 %). On a observé un 
lien négatif statistiquement significatif entre une solide continuité des soins et les 
probabilités d’une consultation dans un service d’urgence, après la prise en compte 
des variables de confusion.  
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A ccess to a primary care provider is an important 
indicator of quality health care. Continuity of pri-
mary care (CPC) has been identified as a central 

component of primary care provision and incorporates the 
concepts of coordination, integration, patient-centred care 
and case management.1 A key benefit of CPC is to build 
trust between the physician and patient, which improves 
communication and increases compliance and shared 
decision-making.2,3

For patients undergoing surgery, primary care providers 
play a crucial role along the continuum of care. Osteo-
arthritis, the most common reason for joint replacement 
surgery, often takes many years to develop4 and requires 
frequent family medicine visits. As well, lengthy follow-up 
for pos tsurgical care supports the notion that primary care 
provision is vital to surgical recovery.5 An emergency 
department (ED) visit after a surgical procedure can be an 
indication of inappropriate care before, during or after sur-
gery.6–8 Hip and knee replacement procedures are com-
monly associated with intense pain both before and after 
surgery, which has been shown to increase the likelihood 
of an ED visit following surgery.9 Ensuring patients’ readi-
ness for surgery and providing follow-up care frequently 
are the responsibility of the primary care provider, sug-
gesting CPC is especially relevant for this population. The 
objective of this study was to test for associations between 
CPC and the probability of an ED visit within 90 days of 
hip or knee replacement.

Methods

The study population was all patients who underwent non-
emergency hip and knee procedures from 2005 to 2020 in 
Nova Scotia as selected from the hospital Discharge 
Abstract Database and the National Ambulatory Care 
Reporting System, which includes both inpatient and out-
patient procedures. Given that the COVID-19 pandemic 
resulted in extraordinary health care system circumstances, 
only cases before the pandemic were included. Procedures 
were identified using Canadian Classification of Health 
Interventions codes. Ethics approval was given by the Nova 
Scotia Health Authority Research Ethics Board. 

The study outcome was any ED visit in the 90 days 
after discharge. The Modified Modified Continuity Index 
(MMCI)10 was used to measure CPC; it is an index repre-
senting the number of primary care practitioners adjusted 
for the total number of visits. A higher MMCI value signi-
fies increased continuity; the maximum value of 1 indicates 
a single provider for all visits. If every visit was to a differ-

ent provider, the MMCI score would be very near zero. A 
higher number of visits for the same number of providers 
will increase the MMCI. For example, 6 primary care visits 
across 2 providers will result in a higher MMCI than 
4 primary care visits across 2 providers. A lower score 
probably indicates that patients do not have a regular pro-
vider and are accessing care at walk-in clinics, mobile care 
units and the like. The MMCI was calculated for each 
individual using physician claims data in the 3-year period 
before surgery, excluding those who had fewer than 3 pri-
mary care visits.

Statistical analysis

Associations between CPC and the probability of a 90-day 
ED visit were tested using unadjusted and adjusted logistic 
regression to control for confounding factors. Covariates 
were selected on the basis of a review of the literature, clin-
ical expertise and what was available in the data. The factors 
that were included were age, sex, year of surgery, comor-
bidities, length of stay, hospital where the hip or knee sur-
gery was performed, admission from home, neighbourhood 
income, a blood transfusion indicator and distance from 
home to hospital. Also modelled as a covariate was an indi-
cator of any visit to the ED in the year before surgery. This 
variable was included so that the results would better reflect 
the likelihood of ED visits beyond those that may have 
occurred in the absence of surgery because evidence sug-
gests there is a link between CPC and ED use in gen-
eral.11–13 Some individuals may be more inclined to go to 
the ED irrespective of having had surgery. Consequently, 
the addition of any presurgical ED visit in the models tar-
gets the effect of surgery more precisely.

The MMCI was modelled as a continuous variable 
whereby the index was multiplied by 100 to obtain a more 
meaningful interpretation of the odds ratios (ORs). A second 
model was run in which the MMCI was replaced by a 1/0 
binary variable where 1 signified a perfect score of 1. This 
model compared the probability of an ED visit for those who 
saw only 1 provider for all visits to the probability of an ED 
visit for all others. Analyses for knee and hip procedures were 
run separately. To give context to the effect size of changes 
in the MMCI, probabilities of an ED visit were calculated.

Given that logistic regression fits the data to a nonlinear 
function, the change in the probability of an ED visit given 
a change in the MMCI will vary depending on the values 
of the covariates. As such, the probability was calculated 
for a base case scenario whereby categorical variables were 
set to 0 (i.e., reference categories were applied) and 

Conclusion : Avoir consulté différents professionnels de la santé avant la chirurgie a 
accentué les risques d’une issue négative après une intervention pour prothèse du 
genou ou de la hanche, comparativement à n’en avoir consulté qu’un seul. Les discus-
sions précédant l’intervention doivent inclure un historique des soins primaires pour 
améliorer les résultats postopératoires.
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continuous variables were set to their mean values. Specif-
ically, the base case was a man aged 60–69 years with no 
comorbidities who had surgery at the reference hospital, 
had an average household neighbourhood income and 
lived the average distance to the hospital. He had not had a 
visit to the ED in the year before surgery and had had a 
single provider for all primary care visits in the previous 
3 years. Probabilities were then calculated for this individ-
ual under 3 separate scenarios: he had multiple primary 
care providers, he was older and he had a comorbidity. All 
other characteristics were held constant. SAS version 9.4 
was used for all analyses.

Results

There were 28 574 knee and 16 767 hip procedures 
included in the analysis data set, with 13.9% (95% confi-
dence interval [CI] 13.5%–14.3%) and 13.5% (95% CI 
13.0%–14.0%) of the patients having had an ED visit 
within 90 days of surgery, respectively. The mean MMCI 
was 0.868 (95% CI 0.867–0.870) for knee cases and 0.864 

(95% CI 0.862–0.866) for hip cases; 10.7% (95% CI 
10.4%–11.1%) of knee cases and 13.5% (95% CI 13.0%–
14.0%) of hip cases had a perfect continuity score of 1.

The ORs for the unadjusted and adjusted models are 
pres ented in Table 1. There was a negative association 
between the MMCI and the probability of a 90-day ED 
visit after discharge for both knee and hip cases. For the 
unadjusted models, every unit increase in the MMCI 
(× 100) decreased the probability of an ED visit by 1.3% 
(95% CI 1.0%–1.5%) and 0.9% (95% CI 0.6%–1.2%) for 
knees and hips, respectively. After adjusting for con-
founders, the effect of the MMCI decreased but remained 
statistically significant. For both knees and hips, an 
increase in the Charlson Comorbidity Index score, age, 
year of surgery, anemia and blood transfusion increased 
the likelihood of an ED visit. Notably, an ED visit in the 
year before surgery more than doubled the chance of an 
ED visit 90 days after discharge (OR 2.44, 95% CI 2.26–
2.62 for knees; OR 2.01, 95% CI 1.82–2.22 for hips).

The binary measure of CPC indicating all visits to a 
single provider (i.e., an MMCI value of 1) was associated 

Table 1. Association between emergency department visits following knee or hip replacement surgery and continuity of 
primary care

Variable

Probability of an ED visit within 90 d of surgery

Knee replacement surgery Hip replacement surgery

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

MMCI × 100 0.987* (0.985–0.990) 0.994* (0.991–0.997) 0.991* (0.988–0.994) 0.994* (0.991–0.998)

Length of stay, d – 1.020* (1.012–1.027) – 1.002 (0.998–1.007)

Year of surgery – 1.025* (1.017–1.034) – 1.019* (1.007–1.030)

Hospital

   C Ref. Ref.

   A – 1.072 (0.960–1.196) – 1.003 (0.870–1.158)

   B – 0.662* (0.594–0.739) – 0.835* (0.726–0.960)

   D – 1.001 (0.898–1.116) – 0.964 (0.814–1.142)

   E – 0.921 (0.833–1.019) – 0.787* (0.683–0.907)

Age, yr

   60–69 Ref. Ref.

   < 50 – 1.386* (1.124–1.709) – 0.949 (0.774–1.164)

   50–59 – 1.043 (0.945–1.151) – 0.894 (0.778–1.028)

   70–84 – 1.099* (1.015–1.189) – 1.208* (1.081–1.349)

   ≥ 85 – 1.439* (1.164–1.778) – 1.303* (1.103–1.649)

Female – 0.950 (0.886–1.019) – 0.879* (0.801–0.965)

Charlson Comorbidity Index score – 1.078* (1.031–1.126) – 1.069* (1.019–1.121)

Hypertension – 1.024 (0.954–1.099) – 1.017 (0.923–1.120)

Anemia – 1.131* (1.029–1.242) – 1.156* (1.020–1.309)

Median neighbourhood income – 1.002* (1.000–1.004) – 1.000 (0.998–1.002)

Blood transfusion – 1.260* (1.075–1.477) – 1.263* (1.074–1.487)

Admitted from home – 0.758 (0.540–1.066) – 0.868 (0.627–1.203)

Distance to hospital – 0.998* (0.998–0.999) – 0.999* (0.998–1.000)

ED visit 1 yr earlier – 2.436* (2.263–2.623) – 2.008* (1.817–2.220)

Note: The full range of MMCI values is included. CI = confidence interval; ED = emergency department; MMCI = Modified Modified Continuity Index; OR = odds ratio; 
Ref. = reference category.

*Statistically significant value.
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with a decrease in the likelihood of a 90-day ED visit. The 
odds of a 90-day ED visit for patients with a knee replace-
ment who had had 1 primary care provider in the previous 
3 years was nearly 40% lower than for those who had had 
multiple providers; among patients with a hip replacement, 
the odds was 35% lower for those who had had 1 primary 
care provider in the previous 3 years than for those with 
multiple providers. The association remained statistically 
significant after controls were included in the models, 
although the magnitude was reduced (Table 2).

Figure 1 and Figure 2 show the probability of an ED 
visit for the base case scenario where the MMCI is equal to 
1 as well as comparisons to the base case for the case with-
out perfect continuity of care, the older case and the case 
with a comorbidity. A knee replacement base case with a 
single primary care provider had a 90-day ED visit prob-
ability of 12.8%. If that same individual had multiple pri-
mary care providers before surgery, the probability 
increased to 15.2%. If the base case individual was 10 years 
older (i.e., changed from age group 60–69 to 70–84 yr), the 
probability increased to 13.8%, and the presence of a 

comorbidity increased the probability to 13.6% (Figure 1). 
For the base case with a hip replacement, the probability of 
an ED visit increased from 10.6% to 12.6% when multiple 
primary care providers were seen. A 10-year increase in 
age increased the probability to 12.4%. There was a 
smaller increase, to 11.2%, in the presence of a comorbid-
ity (Figure 2).

discussion

Our study shows that a higher CPC score is associated 
with a lower probability of a 90-day ED visit after knee 
and hip replacement. For patients who receive a knee or 
hip replacement, the effect size of a change from having 
1 provider to multiple providers is lower than that for 
aging by 10 years or having a comorbidity. The results of 
this study are consistent with previous research showing 
an association between CPC and ED visits in nonsurgical 
settings.11–15 Given the projected increase in the rates of 
joint replacement surgery in the coming decades16,17 and 
the ensuing strain on health care budgets, these results 

Table 2. Association between emergency department visits following knee or hip replacement surgery and perfect continuity of 
primary care (1 primary care provider)

Variable

Probability of an ED visit within 90 d of surgery

Knee replacement surgery Hip replacement surgery

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

MMCI = 1 (1 primary care provider) 0.615* (0.542–697) 0.819* (0.720–0.933) 0.655* (0.563–0.761) 0.827* (0.708–0.966)

Length of stay, d – 1.020* (1.012–1.027) – 1.002 (0.998–1.007)

Year of surgery – 1.027* (1.019–1.036) – 1.020* (1.009–1.032)

Hospital

   C Ref. Ref.

   A – 1.064 (0.953–1.187) – 1.002 (0.868–1.156)

   B – 0.660* (0.592–0.737) – 0.833* (0.724–0.958)

   D – 1.001 (0.898–1.116) – 0.965 (0.815–1.143)

   E – 0.919* (0.831–1.016) – 0.787* (0.683–0.907)

Age, yr

   60–69 Ref. Ref.

   < 50 – 1.408* (1.143–1.735) – 0.981 (0.802–1.201)

   50–59 – 1.048 (0.950–1.157) – 0.902 (0.785–1.036)

   70–84 – 1.089* (1.006–1.179) – 1.196* (1.072–1.336)

   ≥ 85 – 1.423* (1.152–1.758) – 1.294* (1.023–1.638)

Female – 0.946* (0.882–1.015) – 0.873* (0.795–0.959)

Charlson Comorbidity Index score – 1.072* (1.026–1.121) – 1.066* (1.016–1.118)

Hypertension – 1.009 (0.941–1.083) – 1.000 (0.908–1.100)

Anemia – 1.122* (1.021–1.232) – 1.146 (1.012–1.299)

Median neighbourhood income – 1.002* (1.000–1.004) – 1.000 (0.998–1.002)

Blood transfusion – 1.265* (1.079–1.483) – 1.263* (1.073–1.486)

Admitted from home – 0.763 (0.543–1.072) – 0.877 (0.633–1.214)

Distance to hospital – 0.998* (0.998–0.999) – 0.999* (0.998–1.000)

ED visit 1 year earlier – 2.454* (2.280–2.641) – 2.015* (1.822–2.2.283)

Note: For the analyses in this table, MMCI = 1. CI = confidence interval; ED = emergency department; MMCI = Modified Modified Continuity Index; OR = odds ratio; Ref. = reference 
category.

*Statistically significant value.
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focusing specifically on joint replacement surgery are 
highly relevant.

The connection between CPC and ED visits is reflected 
in the literature both in Canada and internationally.18 
Research has demonstrated improved medication compli-
ance, behaviours and patient satisfaction resulting from 
increased CPC,19 which all have an effect on surgical readi-
ness. The health issues that lead to joint replacement sur-
gery frequently take years to develop with varying degrees 
of progression, and the management of symptoms can 
affect preparedness for surgery and subsequently affect 
postsurgical outcomes.20–24 Furthermore, an initial ED visit 
after surgery can lead to subsequent visits for patients 
without access to a primary care provider.25 Primary pro-
viders play a key role in managing symptoms and surgical 
preparation before joint replacement surgery. Greater con-
tinuity of care before surgery enables better preparedness, 
which translates into improved outcomes.

Surgery necessitates transitioning along the continuum of 
care from primary care to hospital care and back to primary 
care. As patients progress through the care pathway, 

coordination of care between primary care providers and 
surgeons has been shown to improve surgical outcomes.26,27 
Despite this, communication between primary care providers 
and specialists remains a barrier to coordination of care.26,28 
Surgeons report having limited time available to contact a 
patient’s other providers to get a better understanding of 
their health history.29 It is conceivable that having to com-
municate with multiple primary care providers would pose 
further challenges to effective coordination of care.

Results from this study may be helpful in the develop-
ment of strategies to improve the coordination of care for 
patients undergoing surgery. Breton and colleagues 
prod uced a logic model aimed at improving CPC that 
includes funding incentives, centralized wait lists and 
monitoring tools.30 For surgical patients, presurgical check-
lists have been shown to improve outcomes.31,32 An aware-
ness of the association between CPC and ED visits suggests 
that surgeons should ask their patients how many primary 
care providers they have and then use this information to 
help target those vulnerable to negative outcomes. 
Furthermore, the use of predictive modelling to estimate 

Fig. 1. Comparison of predicted probabilities of a visit to the emergency department (ED) within 90 days of knee replacement surgery 
for the base case, the case without perfect continuity of care (Modified Modified Continuity Index score [MMCI] < 1), the older case 
and the case with a comorbidity. For the base case, all categorical variables were set at reference categories and continuous vari-
ables were set at means.
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the likelihood of negative outcomes including ED visits is 
becoming increasingly widespread. As suggested by 
Mahajan and colleagues,33 these models can be continually 
improved with the inclusion of more risk factors. Know-
ledge of the link between CPC and ED visits for joint 
replacement can help in the ongoing development of pre-
dictive models.

This study has several strengths. The very large, com-
prehensive database that we used enabled us to focus pre-
cisely on the effect of CPC on ED visits after surgery. 
Most notably, the inclusion of a covariate indicating a prior 
ED visit 1 year before surgery controls for unobserved fac-
tors that lead to some individuals visiting the ED more fre-
quently. Our results, therefore, better reflect the probabil-
ity that ED visits were related to patients’ joint 
replacement surgery and not other factors. Given that the 
study included data for all of Nova Scotia, a single health 
administrative jurisdiction, we were able to include ED 
visits to all hospitals in the province, not just to the facility 
where the surgery took place. Finally, there is limited 
research on continuity of care that is not focused solely on 

primary care.11 By targeting surgical patients, this study 
adds to the continuity literature.

Limitations

We were unable to identify primary care visits to multiple 
providers within a single family practice clinic. Care may 
have been coordinated across providers within a single 
practice, mitigating the negative effects of having multiple 
providers. The study did not focus on the specific cause for 
ED visits. Although an ED visit for any reason is com-
monly used as a quality indicator after surgery and often 
reflects appropriateness for surgery, our results could have 
been strengthened by a comprehensive analysis of the ED 
visit type.

conclusion

Our study showed a negative association between CPC 
and an ED visit within 90 days of hip or knee replacement 
surgery. Given that the number of these surgeries is 

Fig. 2. Comparison of predicted probabilities within 90 days of hip replacement surgery for the base case, the case without perfect 
 continuity of care (Modified Modified Continuity Index score [MMCI] < 1), the older case and the case with a comorbidity. For the base 
case, all categorical variables were set at reference categories and continuous variables were set at means. ED = emergency 
 department.
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expected to increase globally in the coming years, it would 
be beneficial for health systems to adopt strategies to 
increase primary care continuity and provide additional 
support for patients without a regular primary care pro-
vider who undergo joint replacement surgery.
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