
Can digital engagement improve outcomes
for total joint replacements?

Carly E Milliren1 , Bill Lindsay2, Lisa Biernat3, Todd A Smith3

and Betsy Weaver2

Abstract

Background: Patient activation and engagement can improve outcomes of medical and surgical care by increasing involve-
ment of patients in their care plan. We designed a digital engagement tool to improve surgical cancellation and post-surgical
outcomes for adult patients undergoing total joint replacements by providing patient education materials via email or text, in
small increments throughout the perioperative period.

Methods: We assessed the tool’s impact using a quasi-experimental design comparing patients scheduled for surgery
January–June 2017 (pre-intervention) versus January–June 2018 (post-intervention). Post-intervention patients with digital
contact information in the medical record were automatically enrolled. We extracted de-identified administrative data for
all patients during both time periods and utilized an intent-to-treat approach including all post-intervention patients regard-
less of enrollment. Surgical cancellation and post-surgical outcomes (length of stay, discharge to home and revisits and
readmissions) were compared between periods using adjusted regression models. We also examined associations between
measures of engagement with the intervention and outcomes.

Results: A total of 2027 joint replacement patients were included (720 hip replacements; 1307 knee replacements). Adjusting
for gender, age and insurance type, both hip and knee patients in the post-intervention group were more likely to have a
cancelled surgery, but cancellations were less likely to be on the day of surgery compared to pre-intervention patients. Post-
intervention patients were also less likely to have length of stay >2 days. Forty- three per cent of hip and 47% of knee
patients in the post-period received the intervention and most were highly engaged. Higher engagement was associated
with lower odds of surgical cancellation, shorter stays and higher odds of discharge home.

Conclusion: Findings suggest that utilization of a digital patient engagement tool translates into improved hospital efficiency
and patient outcomes, particularly for those highly engaged.
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Introduction
Total joint replacement, specifically hip or knee replace-
ment, is one of the most common adult surgical procedures
with over 1 million procedures annually in the United States
and increasing volume due to an ageing population and
advances in artificial joint technology.1–4 Total joint
replacement can be expensive due to long hospital length
of stay (LOS), common discharge to skilled nursing
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facilities (SNFs) and frequent unplanned hospital revisits
and readmission.3,5 A 2013 study by Bozic et al. estimated
that nearly 40% of total cost for a total joint replacement
episode occurs after discharge.6

Recent studies have demonstrated improved outcomes
following total joint replacement when patients are dis-
charged home rather than to a SNF, resulting in additional
cost savings as routine home discharges are typically
shorter and less expensive.5,7 Additionally, discharge to
SNFs has been associated with increases in post-op compli-
cations, unplanned readmissions and increased overall costs
with discharge to SNFs as one of the strongest predictors of
complications within 30 days of discharge.8 The recent
push towards reducing post-operative LOS and increasing
discharge home in the era of bundled payments has demon-
strated that shorter LOS and increased discharge home do
not result in higher readmission rates and can result in sig-
nificant cost savings.7,9,10

Surgical cancellation is another source of high costs to the
healthcare system.11 A 2011 study from Tulane University
found nearly $1.5 million in lost revenue due to cancelled
surgeries in a single year.11 Cancellations are often due to
patient-related factors – including illness, failure to comply
with preoperative instructions, inconvenient appointments
and patients believing they are unfit for surgery – with esti-
mates for patient-related reasons for cancellation as high as
68%.11,12 Because total joint replacement is an elective sur-
gical procedure with potentially long recovery times, these
patients may be more prone to cancellation.12 Though
there is not much literature on cancellation in total joint
replacement surgeries, Campbell et al. found 3.4% of ortho-
pedic surgeries were cancelled with the highest cost per case
for any specialty at $7178 per cancellation.11

Hospitals are eager to optimize patients efficiently for
total joint replacement and other surgical procedures.11,13

This includes communicating with them about how to
prepare for surgery and answering questions about the
logistics of the surgery, as well as what to expect regarding
post-operative recovery and rehabilitation.13–15 To this end,
many hospitals prepare printed guides that they give to
patients and their families with educational materials and
instructions, while some hospitals may combine printed
information with in-person classes.13–15 However, patient
uptake of printed education and instructions is limited by
the fact that the materials are easily misplaced, discarded
or simply forgotten about.

Patient activation through education and engagement
has been shown to improve the outcomes of medical and
surgical care by increasing and sustaining patient involve-
ment in their care plan.15,16 Studies have shown that activa-
tion results in patients taking a more participatory role in
their healthcare and are thus more likely to engage in
healthy behaviours, which can translate to reduced utiliza-
tion of the healthcare system and cost savings.16

Improving patient engagement is especially critical in an

ageing population with especially low health literacy and
patients who are typically not engaged in their own health
care for a variety of reasons.13,17,18 Increased patient activa-
tion prior to total joint replacement surgery has been shown
to improve patient-reported outcomes, including reduced
anxiety prior to surgery and improved post-surgical pain
relief, as well as increases in patient satisfaction and
quality of life.13,14,18–20 A focus on preoperative patient
education coupled with other post-operative interventions
has also demonstrated shorter LOS without an increase in
readmissions.10,14,21

Adoption of digital health tools has been leveraged to
improve patient activation and outcomes by increasing
patient knowledge, boosting confidence and setting expec-
tations, as well as enhancing healthcare interactions.22–26

Healthcare systems have increasingly begun to offer a
range of digital health tools – including patient portals, elec-
tronic personal health records (ePHRs), websites and
mobile apps – in an attempt to engage and activate
patients.22,24–26 Prior studies of digital tools in total joint
replacement specifically have demonstrated that even
older patients can benefit from direct digital healthcare
support.10,23 However, there are often barriers to access,
including privacy and security concerns, accessibility and
lack of acceptability and perceived value of digital health
tools among target populations (e.g. older adults).22,24,25

For total joint replacement patients, we hypothesized that
providing patient education materials digitally, via email or
text, in small increments pre- and post-operatively timed to
the date of surgery, would be a superior way to educate
patients and result in higher patient activation and engage-
ment, translating into lower hospital utilization and improved
outcomes than traditional educational material given all at one
time. We, therefore, designed an easy-to-use digital health
engagement tool to deliver patient education and instructions
incrementally through the full episode of care with the goal
of improving patient engagement and activation periopera-
tively among adult patients undergoing total hip or knee repla-
cements. Our study used a quasi-experimental design to assess
the impact of this digital education tool by comparing surgical
cancellation, length of hospital stay, discharge home and read-
missions and revisits for all total joint replacement patients
over the 6-month post-intervention period to all total joint
patients over the same 6-month period of the previous year.
We hypothesized that by increasing patient activation and
engagement in care perioperatively, use of the tool would be
associated with decreased surgery cancellations, increased dis-
charge home, shortened LOS and decreased revisits.

Methods

Digital health patient engagement tool

The patient engagement tool we used comprised a series of
22 sequenced digital prompts, delivered via email or short
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message service (SMS) text message. These easy-to-read
prompts sought to activate joint replacement patients with
timely, concise information delivered from the time the sur-
geries were scheduled through 6 months of post-operative
rehabilitation. There were 9 preoperative prompts, followed
by 13 post-operative prompts (Figure 1). The multimedia
messages – which included text, videos, slideshows,
images and interactive tools – were crafted to engage a
variety of learning styles. Examples of the messages can
be found in Figure 2. The evidence-based information
was sourced from leading medical, academic and govern-
ment organizations (e.g. the National Institutes of Health,
Centers for Disease Control and Prevention, American
Academy of Orthopedic Surgeons et al.) and was reviewed
and revised by the healthcare system’s Joint Council.
Content was presented in a concise, simple format with
minimal use of medical jargon to enable easy skimming,
while also offering access to more details on key topics
via links to associated web pages. The digital outreach
also included patient-reported feedback via surveys,
quizzes and secure one-to-one, patient-provider messaging.

The information aimed to set patient expectations about
the procedure, post-operative recovery and the return to
routine activities. It included content to promote pre- and
post-operative preparedness, answer frequently asked ques-
tions and foster adherence to self-care instructions.

Unlike other digital patient engagement tools (e.g.
patient portals, ePHRs, mobile apps and websites),22,24–26

the tool employed in this study (UbiCare’s SmarteXp®)
was designed for easy patient access and understanding,
and minimal effort by the care team. Patients were automat-
ically enrolled to receive the timely prompts via the email or
text message channels most of them already used on a daily
basis. There were no additional apps that patients had to
download or passwords to remember to access the informa-
tion. This was deemed important due to the widespread per-
ception that many older patients – those who typically
undergo total joint replacement – would not be as receptive
to digital education if it required using new technologies
they had to find, download, set up and learn to use.22,24,25

Study design and participants

This study included patients scheduled for total joint
replacement surgery at an 86-bed tertiary care center in
the Midwest United States. This study used a
quasi-experimental design rather than a randomized con-
trolled trial because the latter was not feasible in the hospital
setting at the time of the study. We compared all patients
undergoing total joint replacement in the 6-month post-
intervention period (January–June 2018) to all patients
undergoing total joint replacement in the 6-month period
one-year prior to the intervention (January–June 2017).

The intervention tool was connected to the electronic
medical record (EMR), allowing for automatic enrollment

of all patients with email addresses or SMS text-ready
mobile phone numbers recorded in the medical record to
receive the educational intervention. All patients scheduled
for total joint replacement from January to June 2018 were
automatically enrolled to participate in the intervention.
Although not all patients received the intervention due to
missing or incorrect contact information in the medical
record, we considered this an intent-to-treat analysis and
conservatively included all total joint replacement patients
during the post-intervention period in the post-intervention
group. Demographic and clinical information (including
surgical cancellation and post-surgical healthcare utilization
outcomes) was extracted using administrative data for all
total joint patients during the intervention period.

As a comparison group in this quasi-experimental study,
data were also extracted for all total joint replacement
patients from January to June 2017, prior to the intervention
and adoption of the digital health tool when perioperative
education and instructions were delivered via a printed
guide. To account for seasonal variation and the potential
impact of time of year on discharge planning, the pre-
intervention group was derived from the same 6-month
period one calendar year prior to the intervention.

This study was approved by the healthcare system’s
interdisciplinary Joint Council. The study was not subject
to Institutional Review Board (IRB) approval and patient
consent was not required. Ethical considerations were
addressed by offering the intervention to all patients –
regardless of their level of physical impairment – during
the intervention phase.

Outcome measures

The following outcome measures were examined in this
study: surgery cancellation, day of surgery cancellation,
LOS, discharge home, emergency room (ER) revisit and
inpatient readmission. Surgery cancellation was defined as
cancellation of joint replacement up to and including the
day of surgery. Cancellation on the day of surgery was
also examined separately. LOS was defined as the time in
days between hospital admission for surgery and discharge.
A dichotomous LOS variable was also constructed examin-
ing LOS longer than 2 days versus 2 or fewer days. The
cutoff was chosen empirically based on average LOS.
Discharge disposition was collected in the following cat-
egories: home, SNF, acute care hospital or died prior to dis-
charge. Discharge to home was defined as discharged home
versus discharged to an SNF or an acute care hospital.
Revisit outcome measures included any ER visit within
30 days of discharge, any inpatient readmission within 30
days of discharge and any revisit (either emergency depart-
ment visit or inpatient readmission) within 30 days of dis-
charge. Patients with cancelled surgeries were excluded
from the analysis of all post-surgical outcomes.
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Figure 1. Overview of timing and content of messaging throughout the perioperative period.

Figure 2. Examples of messaging: a – preoperative preparation for surgery pain management (mobile view); b – post-operative pain
management (desktop view); c – post-operative infection prevention and blood clot prevention (mobile view).
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Engagement measures

Among patients enrolled and participating in the interven-
tion during the post-intervention period, engagement with
the prompts (i.e. opening the messages and clicking links
for more information) was tracked. The spread in days
between enrollment in the engagement tool and the
surgery date was collected along with the following mea-
sures of engagement with the educational prompts: per
cent of prompts opened, per cent of prompts clicked and
a three-level categorical engagement classified as ‘high’
(opening ≥50% of the prompts delivered), ‘medium’
(opening 25%–49%) and ‘low’ (opening <25%). The
number of prompts opened was not collected for a small
number of patients receiving the intervention by SMS text
message because there is not a text message ‘open’ equiva-
lent to email opens.

Statistical analysis

The primary analysis utilized a quasi-experimental
intent-to-treat design comparing all total joint replacement
patients in the post-intervention period to all total joint
replacement patients in the pre-intervention period. Given
clinical differences between total knee replacement and
total hip replacement, all analyses are stratified by joint
replaced.

Mean (SD) is reported for continuous variables and fre-
quency (per cent) for categorical variables. The pre- and
post-intervention periods were compared on demographic
factors (gender, age and insurance) using two-sample
t-tests for continuous age and chi-square tests for all other
variables (gender, age category, insurance).

Intervention time periods were compared on surgical
cancellation and post-surgical outcomes using two-sample
t-tests for continuous LOS and chi-square tests for all
other variables (surgical cancellation, LOS longer than 2
days, discharge home and readmissions or revisits within
30 days). We examined adjusted associations between the
intervention period and outcome measures using multivari-
able regression analysis. Models adjusted for gender, age
category and insurance. We used logistic regression
models to examine associations between intervention
period and surgical cancellation, LOS longer than 2 days,
discharge home and readmissions or revisits within 30
days while continuous LOS was examined using linear
regression. We report odds ratio (OR) and 95% confidence
intervals (CIs) for logistic regression models and parameter
estimate (β) and 95% CIs for linear regression models.
Estimates from logistic regression models were used to con-
struct a forest plot with OR and 95% CIs for post-
intervention period versus pre-intervention period, stratified
by joint replaced.

We examined associations between measures of engage-
ment with the intervention and patient demographic

characteristics using chi-square tests (or Fisher’s exact
test, where appropriate) for categorical measures (level of
engagement) and two-sample t-tests or one-way ANOVA
for continuous measures (prompts clicked, prompts
opened). Unadjusted logistic regression models were used
to examine the association between measures of engage-
ment (level of engagement, prompts opened, prompts
clicked) and outcome measures (surgical cancellation,
LOS >2 days, discharge home and readmissions or revisits
within 30 days).

All analyses were performed in SAS (v9.4; Cary, NC,
USA) at an alpha level of 0.05. We accounted for multiple
comparisons across a number of outcomes by adjusting the
family-wise error rate using the Holm–Bonferroni correc-
tion to maintain a family-wise type I error rate of 0.05. In
tables and figures examining associations with our
primary outcome variables, we report uncorrected
p-values and indicate which comparisons remained statis-
tically significant after post-hoc adjustment.

Results
Overall, 2027 patients scheduled for total joint replacement
were included: 720 (36%) hip replacement patients and
1307 (64%) knee replacement patients. One-thousand
eight-hundred and seventy eight (93%) scheduled surgeries
were completed and completion did not differ by joint
replaced (p= 0.47). In the post-intervention period, 474
(46%) patients with email addresses or text-ready mobile
phone numbers in the EMRwere enrolled in the intervention.
Participation did not differ by joint replaced (p= 0.23).
Among patients in the post-intervention period, there were
no differences in participation by gender (p= 0.43), age cat-
egory (p= 0.72) or insurance (p= 0.91) overall.

Hip replacement patients

Demographic and clinical characteristics. Of the 720 sched-
uled hip replacement surgeries, 383 (53%) patients were
in the pre-intervention period and 337 (47%) were in the
post-intervention period. Table 1 presents demographic
and clinical characteristics by intervention period. Patients
were comparable in terms of gender and age distributions
but differed significantly by insurance (p < 0.001).
Post-intervention patients were more likely to have
private insurance and less likely to have Medicare.

Surgical cancellation and post-surgical outcomes. Table 2
presents unadjusted comparisons between pre- and post-
intervention periods on surgery cancellation and post-
surgical outcomes. A total of 57 (8%) scheduled surgeries
were cancelled, of which 24 (42%) were on the day of
surgery. The post-intervention period had more overall can-
cellations (5% pre vs. 11% post; p= 0.001), but proportion-
ally fewer cancellations were on the day of surgery (76%
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pre vs. 22% post; p < 0.001). Average LOS was 2.35 (SD=
0.89) days pre-intervention compared to 2.16 (SD= 0.95)
days post-intervention (p= 0.007), and patients in the post-
intervention period were less likely to stay longer than 2
days (37% pre vs. 28% post; p= 0.02). There were no dif-
ferences between the periods with respect to discharge dis-
position or destination, or revisits and readmissions.

Figure 3 shows adjusted associations between interven-
tion period and surgery cancellation and post-surgical out-
comes from logistic regression models adjusting for
gender, age and insurance. Post-intervention patients were
more likely to have a cancelled surgery compared to pre-
intervention patients (OR= 2.42; 95% CI: 1.35, 4.33; p=
0.003). However, among the cancelled surgeries (n= 57),
patients in the post-intervention period had much lower
odds of cancellation on the day of surgery (OR= 0.07;
95% CI: 0.02, 0.33; p < 0.001). Post-intervention patients

were less likely to stay longer than 2 days (OR= 0.65;
95% CI: 0.45, 0.92; p= 0.017) and less likely to have an
ER visit within 30 days compared to pre-intervention
patients (OR= 0.45; 95% CI: 0.20, 1.00; p= 0.05).
Adjusted linear regression analysis indicated that post-
intervention patients had LOS 0.22 days shorter compared
to pre-intervention patients (95% CI: −0.36, −0.09; p=
0.001; data are not shown). There were no differences
between pre- and post-periods on discharge to home,
inpatient readmission or any revisit.

Engagement and outcomes among the intervention
participants. Among post-intervention hip replacement
patients, 146 (43%) participated in the intervention.
Patients participating in the intervention did not differ
from those who did not participate with respect to gender
(p= 0.07), age category (p= 0.32) or insurance (p= 0.75).

Table 1. Patient demographic and clinical characteristics by intervention group and joint replaced (n= 2027; n= 720 hip replacements;
n= 1307 knee replacements).

Patient Characteristic

Hip Replacement
(n= 720)

Knee Replacement
(n= 1307)

n (%)

p-valuea

n (%)

p-valuea
Pre-Intervention
(n= 383)

Post-Intervention
(n= 337)

Pre-Intervention
(n= 613)

Post-Intervention
(n= 694)

Gender 0.30 0.34

Male 148 (39%) 143 (42%) 231 (38%) 244 (35%)

Female 235 (61%) 197 (58%) 382 (62%) 450 (65%)

Age (years), mean (SD)b 68.7 (10.4) 69.1 (11.1) 0.57 67.9 (9.2) 68.6 (8.5) 0.18

Age Category 0.83 0.02

<65 years 103 (27%) 87 (26%) 196 (32%) 82 (26%)

65–79 years 229 (60%) 200 (59%) 353 (58%) 450 (65%)

≥80 years 51 (13%) 50 (15%) 64 (10%) 61 (9%)

Insurance <0.001 <0.001

Medicaid 20 (5%) 18 (5%) 45 (7%) 38 (5%)

Medicare 203 (53%) 105 (31%) 281 (46%) 214 (31%)

Private 160 (42%) 204 (61%) 287 (47%) 434 (63%)

Unknown 0 (0%) 10 (3%) 0 (0%) 8 (1%)

SD: standard deviation.
aP-value from chi-square testing for difference in categorical demographic factors (gender, age category, insurance) between intervention groups.
bP-value from two-sample t-test testing for mean difference in continuous patient age between intervention groups.
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Table 2. Surgery cancellation and post-surgical outcomes by intervention group and joint replaced (n= 2027; n= 720 hip replacements, n=
663 completed surgeries; n= 1307 knee replacements, n= 1215 completed surgeries).

Outcome

Hip Replacement
(n= 720)

Knee Replacement
(n= 1307)

n (%)

p-Valuea

n (%)

p-valuea
Pre-Intervention
(n= 383)

Post-Intervention
(n= 337)

Pre-Intervention
(n= 613)

Post-Intervention
(n= 694)

Surgery Cancellation

Any Surgery Cancellation 21 (5%) 36 (11%) 0.001* 28 (5%) 64 (9%) 0.001*

Cancellation Timingb <0.001* <0.001*

Day of Surgery 16 (76%) 8 (22%) 20 (71%) 15 (23%)

Prior to Day of Surgery 5 (24%) 28 (78%) 8 (29%) 49 (77%)

Post-Surgical Utilization (n= 362) (n= 301) (n= 585) (n= 630)

Length of Stay (days), mean (SD)c,d 2.35 (0.89) 2.16 (0.95) 0.007* 2.43 (0.76) 2.39 (0.82) 0.34

Length of Stay >2 daysd 133 (37%) 85 (28%) 0.02 258 (44%) 230 (37%) 0.007*

Discharge Disposition - 0.27 0.37

Home 303 (84%) 261 (87%) 488 (83%) 538 (85%)

Skilled Nursing Facility 59 (16%) 39 (13%) 97 (17%) 91 (14%)

Acute Care Hospital 0 (0%) 0 (0%) 0 (0%) 1 (<1%)

Died 0 (0%) 1 (<1%) 0 (0%) 0 (0%)

Discharge Destinationd,e 0.23 0.34

Home 303 (84%) 261 (87%) 488 (83%) 538 (85%)

Skilled Nursing Facility 59 (16%) 39 (13%) 97 (17%) 92 (15%)

ER Visitd,f 22 (6%) 9 (3%) 0.06 25 (4%) 21 (3%) 0.39

Inpatient Readmissiond,f 13 (4%) 13 (4%) 0.62 24 (4%) 26 (4%) 0.98

Any Revisitd,f 31 (9%) 21 (7%) 0.46 48 (8%) 44 (7%) 0.42

ER: emergency room; LOS: length of stay; SD: standard deviation.
Uncorrected p-values are reported. An asterisk (*) indicates tests that remained statistically significant after accounting for multiple comparisons.
aP-value from chi-square testing for difference in cancellation and post-surgical outcomes (LOS>2 days, discharge disposition, discharge destination and
readmissions or revisits) between intervention groups.
bAmong cancelled surgeries (n= 57 hip; n= 92 knee).
cP-value from two-sample t-test testing for mean difference in LOS between intervention groups.
dNote: One hip patient who died prior to discharge excluded.
eNote: One knee patient discharged to acute care hospital included with skilled nursing facility (SNF).
fWithin 30 days of discharge.
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Patients were enrolled in the intervention as early as 131
days before surgery to as late as 36 days after surgery, with
the average enrollment occurring 24.3 (SD= 28.7) days
prior to surgery. Twenty-four (16%) patients were enrolled
in the intervention on the day of surgery (n= 6) or after.
Engagement characteristics and surgical cancellation and
outcomes among the intervention participants can be
found in Table 3. Nearly all participating patients received
the intervention via email and 71% were highly engaged
(opening more than half of the delivered messages). On
average, 67.9% (SD= 33.9) of the prompts were opened
and 52.5% (SD= 34.3) were clicked.

There were no differences in subscriber type (email or
SMS text message) by gender (p= 0.99), age category (p
= 0.52) or insurance (p= 0.66). Patients aged 65–79 years
were more likely to be highly engaged with the intervention
(p= 0.002). Per cent of prompts clicked did not differ by
gender (p= 0.10) or insurance (p= 0.49) but did differ by
age category (p= 0.04). Patients 65–79 years old clicked
the most prompts on average (mean= 57.5%, SD= 32.4),
while patients under 65 years old clicked the least
prompts on average (mean= 40.5%, SD= 40.5). Per cent

of prompts opened did not differ by age (p= 0.08),
gender (p= 0.43) or insurance (p= 0.16). Additionally,
there was no difference in the days between enrollment
and surgery by age (p= 0.55), gender (p= 0.80) or insur-
ance (p= 0.06). Enrollment on or after the day of surgery
was not associated with gender (p= 0.27) or age (p=
0.26); however, there were differences by insurance with
the majority of late enrollees on private insurance (54%; p
< 0.001).

Associations between measures of engagement, surgical
cancellation and post-surgical outcomes from unadjusted
logistic regression analyses can be found in Table 4. High
engagement was associated with lower odds of surgery can-
cellation (OR= 0.18; 95% CI: 0.05, 0.61; overall p=
0.016), higher odds of discharge home (OR= 16.3; 95%
CI: 4.05, 65.4; overall p < 0.001) and lower odds of
inpatient readmission (OR= 0.10; 95% CI: 0.02, 0.64;
overall p= 0.047) compared to patients with low engage-
ment. There was no association between level of engage-
ment and day of surgery cancellation, long LOS, ER visit
or any revisit within 30 days. Per cent of prompts opened
was associated with lower odds of surgery cancellation

Figure 3. Adjusted day of surgery cancellation and post-surgical outcomes for post-intervention versus pre-intervention patients by joint
replaced. (n= 2027; n= 720 hip replacements, n= 663 completed surgeries; n= 1307 knee replacements, n= 1215 completed surgeries).
CI: confidence interval; ER: emergency room.
Odds ratios (OR) from logistic regression model predicting likelihood of outcome (any surgery cancellation, cancellation on day of surgery
vs. prior to the day of surgerya, length of stay (LOS) >2 days, discharge home vs. skilled nursing facility (SNF), ER visit, inpatient
readmission, any revisit) from intervention period adjusting for gender, age category and insurance.
†Among cancelled surgeries (n= 57 hip replacements; n= 92 knee replacements).
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Table 3. Patient engagement, surgical cancellation and post-surgical outcomes among the intervention group by joint replaced (n= 474; n
= 146 hip replacements, 133 completed surgeries; n= 328 knee replacements, 303 completed surgeries).

Engagement Measure

Hip Replacement
(n= 146)

Knee Replacement
(n= 328)

n (%) n (%)

Subscriber Type

Email 143 (98%) 312 (95%)

SMS text message 3 (2%) 16 (5%)

Level of Engagement

High 103 (71%) 228 (70%)

Medium 20 (14%) 46 (14%)

Low 23 (16%) 54 (16%)

Mean (SD) Range Mean (SD) Range

Per cent of Prompts Openeda 67.9 (33.9) 0–100 65.9 (32.7) 0–100

Per cent of Prompts Clicked 52.5 (34.3) 0–100 51.0 (33.6) 0–100

Surgical Cancellation and Post-Surgical Outcomes n (%) n (%)

Surgery Cancellation (n= 146) (n= 328)

Any Surgery Cancellation 13 (9%) 25 (8%)

Cancellation Timingb

Day of Surgery 2 (15%) 4 (16%)

Prior to Day of Surgery 11 (85%) 21 (84%)

Post-Surgical Outcomes (n= 133) (n= 303)

Length of Stay (days), mean (SD) 2.13 (0.82) 2.30 (0.68)

Length of Stay >2 days 39 (30%) 100 (33%)

Discharge Disposition

Home 119 (89%) 263 (87%)

Skilled Nursing Facility 14 (11%) 39 (13%)

Acute Care Hospital 0 (0%) 1 (<1%)

Died 0 (0%) 0 (0%)

(continued)
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(OR= 0.98; 95% CI: 0.96, 1.00; p= 0.01) and slightly
higher odds of discharge home (OR= 1.04; 95% CI: 1.02,
1.05; p < 0.001). Per cent of prompts clicked was associated
with lower odds of surgery cancellation (OR= 0.97; 95%
CI: 0.95, 0.99; p= 0.001).

Knee replacement patients

Demographic and clinical characteristics. Overall, 1307
scheduled knee replacement patients were included; 613
(47%) in the pre-intervention period and 694 (53%) in the
post-intervention period. Demographic characteristics by
time period can be found in Table 1. The periods were com-
parable in terms of gender and age distributions but differed
significantly by age category and insurance (p= 0.02 and p
< 0.001, respectively). Post-intervention patients were
slightly older, more likely to have private insurance and
less likely to have Medicare.

Surgical cancellation and post-surgical outcomes. Unadjusted
comparison between pre- and post-intervention patients on
surgery cancellation and post-surgical outcomes can be
found in Table 2. Overall, 92 (7%) scheduled surgeries
were cancelled, of which 35 (38%) were on the day of
surgery. Post-intervention patients had more overall cancel-
lations (5% pre vs. 9% post; p= 0.001) but fewer of the can-
cellations were on the day of surgery (71% pre vs. 23%
post; p < 0.001). Post-intervention patients were less likely
to stay longer than 2 days (44% pre vs. 37% post; p=
0.007), though average continuous LOS did not differ sig-
nificantly (mean= 2.43 pre vs. 2.39 post; p= 0.34). There
were no differences between the periods with respect

to discharge disposition or destination, or revisits and
readmissions.

Adjusted associations between intervention period and
outcome measures adjusting for gender, age and insurance
from logistic regression analysis can be found in Figure 3.
Patients in the post-intervention period were more likely to
have a cancelled surgery compared to pre-intervention
patients (OR= 2.15; 95% CI: 1.35, 3.44; p= 0.001), but
among cancellations (n= 92) post-intervention patients
were less likely to cancel on the day of surgery (OR=
0.10; 95% CI: 0.03, 0.29; p < 0.001). Post-intervention
patients were also less likely to stay longer than 2 days
(OR= 0.74; 95% CI: 0.58, 0.94; p= 0.01). There were no
differences between pre- and post-periods on discharge to
home or readmissions and revisits.

Engagement and outcomes among the intervention
participants. Forty-seven per cent of post-intervention
knee patients (n= 328) participated in the intervention.
Patients participating in the intervention did not differ
from those who did not participate with respect to gender
(p= 0.83), age category (p= 0.10) or insurance (p= 0.62).

On average, patients were enrolled in the intervention
25.9 (SD= 30.5) days prior to surgery (range: 208 days
prior to 37 days after). Fifty-two (16%) patients were
enrolled in the intervention on the day of surgery (n= 9)
or after. Table 3 presents engagement and outcome mea-
sures among the intervention participants. Most patients
received the prompts via email and the majority were
highly engaged. An average of 65.9% (SD= 32.7) of
prompts were opened and 51.0% (SD= 33.6%) were
clicked.

Table 3. Continued.

Engagement Measure

Hip Replacement
(n= 146)

Knee Replacement
(n= 328)

n (%) n (%)

Discharge Destination

Home 119 (89%) 263 (87%)

Skilled Nursing Facilityc 14 (11%) 40 (13%)

ER Visitd 5 (4%) 7 (2%)

Inpatient Readmissiond 7 (5%) 13 (4%)

Any Revisitd 12 (9%) 18 (6%)

ER: emergency room; SD: standard deviation; SMS: short message service.
aData are not collected for SMS text message subscribers.
bAmong cancelled surgeries (n= 13 hip; n= 25 knee).
cNote: One knee patient discharged to acute care hospital included with skilled nursing facility (SNF).
dWithin 30 days of discharge.
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Subscriber type (email vs. SMS text message) did not
differ by age category (p= 0.99), gender (p= 0.81) or insur-
ance (p= 0.95). Level of engagement did not differ by
gender (p= 0.49) or insurance (p= 0.06), but did differ by
age category (p= 0.01) with patients aged 65–79 years
most likely to be highly engaged. There were no differences
by gender (p= 0.19), age (p= 0.09) or insurance (p= 0.09)
in per cent of prompts opened. Per cent of prompts clicked
differed by age category (p= 0.03) and gender (p= 0.01),
with no difference by insurance (p= 0.21). Patients 65–79
years old clicked the most prompts (mean= 53.8%, SD=
33.3), while patients 80 years or older clicked the least on
average (mean= 35.5%, SD= 35.5). Females clicked on
average 54.3% (SD= 34.1%) of the prompts compared to
44.7% (SD= 31.9%) for males. No differences were
found in the time between enrollment and surgery by age
(p= 0.94), gender (p= 0.57) or insurance type (p= 0.16).
Enrollment on or after the day of surgery was not associated
with gender (p= 0.20), age (p= 0.28) or insurance (p=
0.07).

Associations between measures of engagement, surgical
cancellation and post-surgical outcomes from unadjusted
logistic regression analyses can be found in Table 4.
Patients who were highly engaged had lower odds of
LOS longer than 2 days (OR= 0.35; 95% CI: 0.19, 0.67;
p= 0.005) and higher odds of discharge home (OR=
2.72; 95% CI: 1.21; 6.13; p= 0.014) compared to patients
with low engagement. There was no association between
level of engagement and surgical cancellation or readmis-
sions and revisits within 30 days. Opening a higher percent-
age of prompts was associated with lower odds of LOS
longer than 2 days (OR= 0.99; 95% CI: 0.98, 0.99; p <
0.001), higher odds of discharge home (OR= 1.02; 95%
CI: 1.01, 1.03; p= 0.002) and lower odds of inpatient
readmission (OR= 0.98; 95% CI: 0.97, 1.00; p= 0.04).
Clicking on a higher percentage of prompts was associated
with lower odds of surgical cancellation (OR= 0.98; 95%
CI: 0.97, 1.00; p= 0.008) and higher odds of discharge
home (OR= 1.01; 95% CI: 1.00, 1.03; p= 0.006).

Discussion
We found that utilization of a digital health patient educa-
tion and engagement tool prior to and following total
joint replacement was associated with shorter LOS for
both hip and knee patients and lower odds of ER revisits
for hip patients. While there were more cancelled surgeries
in the post-intervention period, there was a substantial
reduction in the proportion of cancellations on the day of
surgery for both hip and knee patients. These findings
were robust even with non-participants included in the post-
intervention group. Among patients who received the inter-
vention, higher engagement was associated with improve-
ments in surgical cancellation, LOS and discharge home.

Although patients in the post-intervention period had
more overall cancellations, proportionally fewer were on
the day of surgery, therefore impacting efficiency and
revenue less than day-of cancellations.11,12 Prior to the
intervention, nearly three-quarters of the cancellations
were on the day of surgery, while post-intervention fewer
than one-quarter were day-of cancellations. Importantly,
we did not collect information on the specific reason for
cancellation and whether it was patient-related (e.g.
illness, decided to delay) or hospital or clinic-related (e.g.
staffing, scheduling). We hypothesize that being more edu-
cated about the surgery and potential complications allowed
patients to cancel earlier since they knew what to watch for
but might have had more cancellations overall also due to
better knowledge about good reasons to cancel, though
we were unable to explore this in detail. Due to the potential
for a secular trend in cancellation rates, we compared
patients enrolled in the intervention to all other patients
(including post-intervention patients who were not enrolled
and all pre-intervention patients) in an adjusted model that
also accounted for year. We found a strong effect of year
with scheduled surgeries in 2018 over 2.5 times the odds
of cancellation compared to 2017 for both hip and knee
patients (OR= 2.84; 95% CI: 1.48, 5.44; p= 0.002; and
OR= 2.51; 95% CI: 1.51, 4.20; p=<0.001; respectively).
These findings indicate the increase in overall cancellations
was likely due to an overall trend and unrelated to the
intervention.

Prior studies have demonstrated that shortened LOS and
shifting discharges from SNFs to home can be accom-
plished without impacting readmissions while potentially
saving thousands of dollars per total joint patient.6,7

Similar to findings by others, we found shorter LOS and
more frequent home discharges in the post-intervention
period did not have a negative impact on revisits.7,9,21 As
the most common inpatient adult surgical procedure,
improvements in total joint replacement has the potential
to save the healthcare system millions of dollars per year,
in particular Medicare, as one of the largest joint replace-
ment payors in the United States.3,5 Recent advances in
total joint replacement have allowed for outpatient
surgery, which presents another opportunity for cost
savings and improved outcomes, although adequate
patient selection and preoperative education and prepared-
ness may be even more important for these patients.27 In
this study, all patients included were inpatient; however,
the engagement tool has been adopted for outpatient sur-
geries in other facilities as practices shift towards more
ambulatory surgery, particularly for younger, medically
suitable patients. Application of our engagement tool in
an ambulatory surgery setting is an important area of
future study.

In the post-intervention period, 70% of patients who par-
ticipated were highly engaged, opening more than half of
the prompts, while few patients had low engagement.
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Higher engagement was associated with even greater
improvement in surgical cancellation, LOS, discharge
home and revisits. We did not measure patient activation
directly, but these findings may indicate that the tool had
an impact on patient activation, which we hypothesize
was due to keeping patients better informed leading up to
surgery along with setting expectations about post-
operative recovery, thereby making them better prepared.
These findings are similar to others demonstrating the posi-
tive impact of patient education and activation to improve
outcomes and post-operative utilization.7,13,14,18–21

Though patient perception or acceptability of the tool
was not assessed, we found no difference in demographic
factors between patients who opted to participate in the
intervention compared to those who did not. In addition,
level of engagement with the intervention did not differ
by gender and insurance. Interestingly, patients aged 65–
79 years old had the highest level of engagement, while
younger patients had the lowest engagement. These find-
ings suggest the tool was generally acceptable across a
range of demographics, including older adults who may
be less receptive to digital tools. Relative to other tools
which are often fraught with barriers to access,22,24,25 our
tool was designed to be easy to access, use and understand.
User perception and experience are important areas of
future study to identify opportunities to further improve
the usability and content of this digital health engagement
tool.

Limitations

This study has several limitations. First, patients at this
health system may not be generalizable to total joint
replacement patients at other institutions given the tertiary
care setting. Future work should examine the tool across
a variety of settings and patient populations to ensure valid-
ity and generalizability of our findings. Second, the ideal
methodology would have been a randomized trial of the
intervention; however, that was not feasible. Therefore,
we used a quasi-experimental intent-to-treat design and
compared patients undergoing joint replacement surgery
during the intervention period to those 1 year prior during
the same time of the year to account for potential seasonal
differences. Although slightly less than half (46%) of the
post-intervention patients were actually enrolled to
receive the intervention messaging (due to lack of an
email or text-ready mobile number in the patient record),
we still found significant improvements in a number of out-
comes. Additionally, this study relied on administrative
data and no additional information was collected, including
demographic or socioeconomic factors (e.g. race or ethni-
city, income, living situation, marital status), timing of
surgery (i.e. month) or comorbidities that may contribute
to surgical cancellation or post-surgical outcomes. As dis-
cussed above, we did not formally measure patient

activation, patient perception or user experience with the
tool, though our findings indicated the majority of patients
who used the tool were highly engaged, which may be a
useful proxy for both activation and acceptability. We
hope to directly assess user experience and acceptability
across a diverse patient population in the future.

To the best of our knowledge, there were no other
ongoing improvement initiatives during the study time
periods that would have impacted the results. As a sensitiv-
ity analysis, we compared patients enrolled in the interven-
tion to non-enrollees in the post-intervention period only to
eliminate the potential effect of any secular trends or other
improvement efforts. These analyses indicated no differ-
ence in surgical cancellations for either hip or knee patients
(p= 0.30 and p= 0.21, respectively) and a significantly
shorter LOS in knee patients participating in the interven-
tion (β=−0.16; 95% CI: −0.28, −0.03; p= 0.01).

Conclusions

Our findings suggest that the use of a similarly designed
patient engagement tool could be helpful in improving hos-
pital efficiency and patient outcomes for total joint replace-
ment by reducing day-of cancellations, shortening LOS and
increasing discharge home by better preparing patients for
surgery. The readily scalable digital engagement tool used
in this study could be easily adopted and educational mes-
saging tailored for specific patient populations (e.g. those at
higher risk for complications). It could also be adapted for
other surgical procedures, including those in an ambulatory
setting, or for chronic disease management (e.g. COPD,
heart disease or diabetes). In the future, we aim to study
the impact of the patient engagement tool across a variety
of settings and in a randomized, controlled clinical trial
versus the standard of care for total joint replacement.

Acknowledgements: The authors would like to thank Leonard
A. Rappaport, MD, MS, Chief Emeritus, Division of
Developmental Medicine, and Mary Deming Scott Professor of
Pediatrics at Harvard Medical School, for his guidance and
assistance with this research and the write up of the study findings.

Contributorship: BW conceived the study, and along with TAS
identified the key metrics to be evaluated. BW, BL and CEM
completed the literature review. BL oversaw the development of
the intervention tool, with input from BW and TAS; and with
TAS, coordinated the synthesis of the patients’ engagement data
with their outcomes data, as well as doing final edits on the
manuscript. TAS directed the implementation of the study
intervention in the healthcare system, including getting Joint
Council approval, establishing the technical interface between
HIT systems and overseeing the integration of the patient
outcome data with the engagement data. LB provided input on
key metrics, reviewed data and provided input on the study’s
context and presentation. CEM conducted the statistical analysis,
created the data tables and wrote the initial draft of the study

14 DIGITAL HEALTH



manuscript. CEM and BL revised the manuscript in response to
reviewers’ comments. All authors reviewed and edited the
manuscript and approved its final version.

Declaration of Conflicting Interests: The author(s) declared the
following potential conflicts of interest with respect to the
research, authorship, and/or publication of this article: BW and
BL are employees of TPR Media LLC (d.b.a. UbiCare), the
company that created the digital patient intervention tool used in
this study.

Ethical Approval: This quasi-experimental, intent-to-treat study
was not subject to IRB approval. There was no intervention in
patients’ care and no requirement for patient consent. Relevant
engagement and de-identified outcome data was collected and
reviewed retrospectively. The project and study method was
reviewed and approved by the hospital system’s orthopedic Joint
Council.

Funding: The study was funded by the healthcare system, which
licensed the digital patient intervention tool and put staff time
toward its technical implementation and toward data collection;
and by UbiCare, which provided additional data compilation
and statistical analysis services.

Guarantor: CEM.

Informed Consent: Not applicable, because this article does not
contain any studies with human or animal subjects.

Trial Registration: Not applicable, because this article does not
contain any clinical trials.

ORCID iD: Carly E Milliren https://orcid.org/0000-0001-6280-
8417

References
1. Cram P, Lu X, Kates SL, et al. Total knee arthroplasty

volume, utilization, and outcomes among Medicare benefi-
ciaries, 1991-2010. JAMA 2012; 308: 1227–1236.

2. Maradit Kremers H, Larson DR, Crowson CS, et al.
Prevalence of total hip and knee replacement in the United
States. J Bone Joint Surg 2015; 97: 1386–1397.

3. Williams SN, Wolford ML and Bercovitz A. Hospitalization
for total knee replacement among inpatients aged 45 and
over: United States, 2000–2010. Hyattsville, MD: National
Center for Health Statistics, 2015.

4. Mason JB. The new demands by patients in the modern era of
total joint arthroplasty: a point of view. Clin Orthop Relat Res
2008; 466: 146–152.

5. Tian W. An all-payer view of hospital discharge to postacute
care, 2013. Rockville, MD: Agency for Healthcare Research
and Quality, 2016.

6. Bozic KJ, Ward L, Vail TP, et al. Bundled payments in total
joint arthroplasty: targeting opportunities for quality

improvement and cost reduction. Clin Orthop Relat Res
2014; 472: 188–193.

7. Barad SJ, Howell SM and Tom J. Is a shortened length of
stay and increased rate of discharge to home associated
with a low readmission rate and cost-effectiveness after
primary total knee arthroplasty? Arthroplast Today 2018;
4: 107–112.

8. Owens JM, Callaghan JJ, Duchman KR, et al. Short-term
morbidity and readmissions increase with skilled nursing
facility discharge after total joint arthroplasty in a
Medicare-eligible and skilled nursing facility-eligible patient
cohort. J Arthroplasty 2018; 33: 1343–1347.

9. Sibia US, Waite KA, Callanan MA, et al. Do shorter lengths
of stay increase readmissions after total joint replacements?
Arthroplast Today 2017; 3: 51–55.

10. Rogers J, Fasihuddin F, Black M, et al. Developing and
implementing a digital navigation program to improve out-
comes for Medicare bundle patients undergoing joint replace-
ment surgery. IProc 2019; 5: e15197.

11. Campbell C, Mora A, Russo S, et al. The financial burden of
cancelled surgeries: implications for performance improve-
ment. In: American Society of Anesthesiologists’ practice
management conference, 2011.

12. Sanjay P, Dodds A, Miller E, et al. Cancelled elective opera-
tions: an observational study from a district general hospital. J
Health Organ Manag 2007; 21: 54–58.

13. Edwards PK, Mears SC and Lowry Barnes C. Preoperative
education for hip and knee replacement: never stop learning.
Curr Rev Musculoskelet Med 2017; 10: 356–364.

14. Giraudet-Le Quintrec JS, Coste J, Vastel L, et al. Positive
effect of patient education for hip surgery: a randomized
trial. Clin Orthop Relat Res 2003; 414: 112–120. doi:10.
1097/01.blo.0000079268.91782.bc

15. Majid N, Lee S and Plummer V. The effectiveness of ortho-
pedic patient education in improving patient outcomes: a sys-
tematic review protocol. JBI Database Syst Rev Implement
Rep 2015; 13: 122–133.

16. Tzeng A, Tzeng TH, Vasdev S, et al. The role of patient acti-
vation in achieving better outcomes and cost-effectiveness in
patient care. JBJS Rev 2015; 3: e4. doi:10.2106/JBJS.RVW.
N.00048

17. Kutner M, Greenberg E, Jin Y, et al. The health literacy of
America’s adults: results from the 2003 national assessment
of adult literacy (NCES 2006-483). Washington, DC: U.S.
Department of Education; National Center for Education
Statistics, 2006.

18. Lane-Carlson ML and Kumar J. Engaging patients in man-
aging their health care: patient perceptions of the effect of a
total joint replacement presurgical class. Perm J 2012; 16:
42–47.

19. Andrawis J, Akhavan S, Chan V, et al. Higher preoperative
patient activation associated with better patient-reported out-
comes after total joint arthroplasty. Clin Orthop Relat Res
2015; 473: 2688–2697.

20. Drexler M, Dwyer T, Chakravertty R, et al. Assuring the
happy total knee replacement patient. Bone Joint J 2013;
95–B: 120–123.

21. Raphael M, Jaeger M and van Vlymen J. Easily adoptable
total joint arthroplasty program allows discharge home in
two days. Can J Anaesth 2011; 58: 902–910.

Milliren et al. 15

https://orcid.org/0000-0001-6280-8417
https://orcid.org/0000-0001-6280-8417
https://orcid.org/0000-0001-6280-8417
https://doi.org/10.1097/01.blo.0000079268.91782.bc
https://doi.org/10.1097/01.blo.0000079268.91782.bc
https://doi.org/10.2106/JBJS.RVW.N.00048
https://doi.org/10.2106/JBJS.RVW.N.00048


22. Sakaguchi-Tang DK, Bosold AL, Choi YK, et al. Patient
portal use and experience among older adults: systematic
review. JMIR Med Inform 2017; 5: e38.

23. Alokozai A, Bernstein DN, Samuel LT, et al. Patient engage-
ment approaches in total joint arthroplasty: a review of two
decades. J Patient Exp 2021; 8: 23743735211036525.

24. Price-Haywood EG, Harden-Barrios J, Ulep R, et al. Ehealth
literacy: patient engagement in identifying strategies to
encourage use of patient portals among older adults. Popul
Health Manag 2017; 20: 486–494.

25. Ware P, Bartlett SJ, Pare G, et al. Using eHealth technologies:
interests, preferences, and concerns of older adults. Interact J
Med Res 2017; 6: e3.

26. Irizarry T, Shoemake J, Nilsen ML, et al. Patient portals
as a tool for health care engagement: a mixed-method
study of older adults with varying levels of health liter-
acy and prior patient portal use. J Med Internet Res
2017; 19: e99.

27. Bert JM, Hooper J and Moen S. Outpatient total joint arthro-
plasty. Curr Rev Musculoskelet Med 2017; 10: 567–574.

16 DIGITAL HEALTH


	 Introduction
	 Methods
	 Digital health patient engagement tool
	 Study design and participants
	 Outcome measures
	 Engagement measures
	 Statistical analysis

	 Results
	 Hip replacement patients
	 Demographic and clinical characteristics
	 Surgical cancellation and post-surgical outcomes
	 Engagement and outcomes among the intervention participants

	 Knee replacement patients
	 Demographic and clinical characteristics
	 Surgical cancellation and post-surgical outcomes
	 Engagement and outcomes among the intervention participants


	 Discussion
	 Limitations
	 Conclusions

	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


