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Abstract:

Background

Medical mission trips that go to developing countries are becoming more popular worldwide and
there is need for rigorous quality assessment of the care that these trips provide. Current scrutiny
of these trips stems from the lack of established metrics to assess these programs’ quality and
from the dearth of literature that attempts to evaluate these trips’ care quality. In developed
countries, however, the structure, process, and outcomes paradigm is commonly used to
comprehensively assess care quality and many tools exist to evaluate each of these respective
quality categories. In this study, we apply these assessment tools to evaluate the structure,
processes, and outcomes of Operation Walk (Op-Walk) Boston’s medical mission joint

replacement trips to the Dominican Republic (D.R.).

Methods

For Op-Walk Boston’s medical mission trip to the D.R., the structure and process elements of
care quality were assessed using the Blue Cross/Blue Shield’s (BCBS) Blue Distinction criteria.
Full points were given for criteria that the program replicates entirely and zero points were given
for criteria that are not replicated entirely. For non-replicated criteria, Op-Walk Boston’s clinical
and administrative teams were asked if they compensate for failure to meet the criterion, and they
were also asked to identify barriers that prevent them from meeting the criterion.

To assess the outcomes quality category, Op-Walk Boston’s patients completed Western Ontario
and McMaster Universities’ Arthritis Indexes (WOMAC) and Short Form (36) Health Surveys (SF-
36) preoperatively and at 12-month follow-up. Patients were stratified into low, medium, and high
scoring preoperative groups based on their preoperative WOMAC function scores. We then
examined the associations between these groups’ baseline functional status and two outcomes—
improvement in functional status over 12 months and absolute functional status at 12 months—

using ANOVA with multivariable linear regression.

Results

The structure and process assessment revealed that Op-Walk Boston’s program scored 71 out

of 100 possible points, exceeding the 60-point threshold needed to qualify for Blue Distinction.



The program met five out of eight “required” criteria and 11 out of 19 “informational” criteria. It
scored 14/27 in the “general”’ category, 30/36 in the “structure” category, 17/20 in the “process”

category, and 10/17 in the “outcomes and volume” category.

The outcomes assessment revealed that patients’ functional status and pain levels improved
greatly after surgery and that those with the lowest WOMAC functional scores preoperatively

made the greatest gains in function and pain relief following their joint replacement.

Conclusion

Our analysis shows that Op-Walk Boston’s medical mission trip provides high quality care across
all care quality categories. An analysis of the program’s structure and processes reveals that Op-
Walk Boston scores well on the Blue Distinction criteria’s structure and process categories. In
addition to demonstrating high quality structure and processes, the Blue Distinction analysis
identifies areas of programmatic improvement and identifies targets for future quality improvement
initiatives. Furthermore, the analysis shows that many Blue Distinction criteria can only be met by
hospitals operating in the United States (U.S.), so future work should focus on creating criteria
that are applicable to total joint replacement (TJR) mission trips in the context of developing

countries.

Our analysis of the program’s outcomes shows that all tertiles in the Dominican cohort exhibited
substantial improvements and high absolute scores at one-year follow-up, demonstrating that the
program achieves high quality outcomes. Similar to cohorts from developed countries, Op-Walk
patients with poorer preoperative functional statuses improve more than patients who had a
higher preoperative level of function. Contrasting developed country cohorts, however, all
Dominican tertiles had similar one-year follow-up outcomes regardless of their baseline WOMAC
function status, suggesting that poor preoperative function may not limit absolute scores at one-
year follow-up. Additional research is needed to confirm these findings in other developing
countries and to understand why these associations vary between patients in the D.R. and

patients from developed countries.
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Introduction:

Improved longevity in developing countries has led to the rise of chronic diseases, including
osteoarthritis and other joint diseases.[1,2,3] In developed countries, total joint replacement (TJR)
is often used to address symptomatic advanced arthritis. Total hip and knee replacements have
been shown to enhance quality of life and satisfaction by improving function[4] and by decreasing
pain.[5,6] Although TJRs are cost effective in developed countries,[7,8,9] these procedures’ high
costs has made financing them difficult in developing countries. Despite the high costs of most
surgical interventions, the World Health Organization (WHO) and other health organizations have
called for renewed focus on building developing countries’ surgical capacities.[10,11,12] Some
developing countries are therefore currently establishing and evaluating their own TJR
programs.[13,14] Additionally, organizations such as Operation Walk (Op-Walk) Boston have
started annual mission trips to provide pro-bono total knee and total hip replacements to people
in developing countries while concurrently building surgical capacity by educating local physicians

and surgical teams about TJRs.[15,16]

The organizations that provide surgical care in developing countries aspire to provide the highest
quality care possible, although the effectiveness of these short-term medical mission programs
has been debated.[17,18] Ideally, all medical mission trips would offer services with quality that
is equal to the quality provided in developed countries. Although some attempts have been made
to standardize surgical processes and procedures during medical mission trips[19, 20] and to
assess these trips’ outcomes,[21,22,23] quality criteria have not been specifically established for
TJR medical mission trips. Following traditional paradigms for assessing care quality, however,
reveals that three categories should be considered: program structure, processes, and outcomes
(Figure 1).[24] In developed countries, assessments for each of these categories have been
created and are widely used for assessing quality and may therefore provide valuable starting

points for evaluating care quality in the context of TJR medical mission programs.

To assess the structure and processes categories of quality, the Blue Cross/Blue Shield’s (BCBS)
“Blue Distinction Center for Knee and Hip Replacement” criteria[25] are used in the U.S. as a
benchmark of TJR quality, assessing programs’ structural elements, processes, and reporting
mechanisms. Because BCBS believes these metrics are tied to end outcomes, these criteria are
used for determining TJR reimbursement eligibility and rates at high-performing U.S. hospitals.

Although the Blue Distinction criteria were developed to assess TJR program quality in developed



countries, these criteria might also help medical mission groups to evaluate and to improve the

care they provide in developing countries.

To assess the outcomes category of TJR quality in developed countries, pain and functional
status are typically recorded before and after surgery with validated patient surveys,[26,27] such
as the Western Ontario and McMaster Universities Arthritis Index (WOMAC) and the Short Form
(36) Health Survey (SF-36). These instruments measure pain and functional limitations related to
lower extremity arthritis (WOMAC) and to overall health status (SF-36). In developed countries,
people with worse functional status scores prior to surgery make the greatest gains in these
scores following TJR, but their final scores (at one or two years after surgery) are worse than
those of individuals who had better preoperative scores. Thus, operating earlier in the course of
functional decline appears to result in better outcomes.[28] These findings have led to a gradual
reappraisal of optimal TJR timing in developed countries, with TJRs offered earlier in the process
of functional decline to reduce the period of disability and to improve the functional outcome.[29]
In previously reported research from the Dominican Republic (D.R.), the Op-Walk Boston team
demonstrated that patients’ WOMAC and SF-36 scores improve dramatically following their
TJRs,[30] preliminarily suggesting that this medical mission trip’s TJR program excels in the
outcomes category of quality assessment. Associations between preoperative WOMAC/SF-36
surveys and ultimate TJR outcomes in the D.R., however, have not been studied, so it is unclear
if medical mission trips’ improvement patterns in the D.R. match improvement patterns observed
in developed countries — understanding these associations is critical in evaluating the outcomes
category of quality assessment and to understanding optimal TJR timing for medical mission trips
in the D.R.

This report provides the first known attempt to evaluate a TJR medical mission trip’s care quality
using assessment tools from developed countries that span all three care quality categories. First,
we' evaluate the mission trip’s program-level quality metrics (structure and process categories)
using the BCBS’s Blue Distinction criteria and demonstrate that this kind of evaluation can help
medical mission organizations identify areas of programmatic improvement. Then, we focus on
patient-level quality outcomes metrics using data from WOMAC and SF-36 scores taken
preoperatively and at one-year follow-up to evaluate the improvement patterns of 97 low-income

patients from the D.R. who received total knee and hip replacements during Op-Walk Boston’s

" Note: Throughout this honors thesis, | use the term “we” instead of “I” since several people contributed
to data collection and also provided input throughout the manuscript drafting process.



2009, 2010, and 2011 trips to the D.R. By assessing associations between patients’ preoperative
WOMAC and SF-36 scores and their one-year TJR outcomes, we evaluate if score improvement
patterns in developing countries match patterns observed in developed countries. Insight into the
associations between preoperative WOMAC and SF-36 scores and TJR outcomes may help
leaders of TJR programs in developing countries better assess outcomes quality and to
understand the optimal point to operate during the process of functional decline, informing the

allocation of these programs’ limited resources.



Methods:

Setting
The D.R. is a small country (population 10,478,756) in the Caribbean Sea that shares the island

of Hispaniola with Haiti. As of 2014, the country’s per capita income was approximately
$14,000.[31] Citizens have access to a free state health care plan, which provides basic primary
care coverage, and private clinics provide most specialty care. The nation’s capital, Santo
Domingo, is home to several private hospitals, including the Hospital General de la Plaza de la
Salud (HGPS). In 2008, when the Op-Walk Boston team made their first trip to the D.R., the
hospital performed fewer than 20 TJRs annually, though this number has grown to more than 100

cases annually.

Operation Walk Boston Team

Op-Walk Boston is part of the national Operation Walk organization.[32] The Boston team has
made annual service trips to the D.R. since 2008. The team consists of approximately 50
individuals, including orthopedic surgeons, anesthesiologists, internists, physical therapists,
physician assistants, surgical and medical nurses, operating room personnel, medical students,
and other staff. The Op-Walk Boston team works closely with its Dominican colleagues at HGPS
in Santo Domingo to identify low-income Dominican patients with severe joint disease; the team

provides pro-bono knee and hip replacements for these patients during its annual trips.

Program-Level Evaluation (Quality Cateqory Emphases: Structure and Processes)

Using the BCBS'’s selection criteria for “Blue Distinction Centers for Knee and Hip Replacements”,
we determined if Op-Walk Boston’s joint replacement program meets the Blue Distinction criteria
(scores at least 60 out of 100 possible points).[33] Op-Walk Boston’s clinical and administrative
directors from the U.S. and the D.R. (five total people) were independently surveyed with binary
questions for all Blue Distinction criteria. In total, there were three answer discrepancies between
the respondents, so the data collector individually reconciled these items with the involved parties
to understand sources of disagreement. Following the reconciliation, full points were awarded for
criteria that the program replicates exactly and zero points were given for criteria that are not
replicated. If a criterion was not applicable outside of the U.S., zero points were awarded and the
criterion was labeled “not applicable.” For all criteria that are not replicated, we asked clinical and

administrative teams if they compensate for failing to meet the criterion by introducing an



alternative strategy or process to enhance quality. We also asked team members if there are
barriers that prevent them from adopting certain criteria.

We classified the criteria as “General/Administrative”, “Process”, “Structure”, and “Outcomes and
Volume” categories to follow widely-used frameworks for quality assessment[34] and to match the
subcategories established in the Blue Distinction criteria. The scores from each category were
graphed to represent visually the relative weighting of each category and the percentages of

points that were met, not met, or somehow compensated for in each category.

Patient-Level Evaluation (Quality Category Emphasis: Qutcomes)

Participant Selection

From 2008-2011, physicians from the Orthopedic Department at the HGPS have assembled
groups of low-income patients who have advanced, symptomatic, functionally limiting hip or knee
arthritis and joint destruction. Prior to the Op-Walk team’s departure from Boston, Op-Walk
Boston’s surgical team reviews patients’ radiographs and medical records to confirm
appropriateness for total hip or knee replacement. When the Op-Walk Boston team arrives in the
D.R., Op-Walk Boston'’s surgical team performs a detailed preoperative assessment of all patients

to finalize surgical plans and to obtain informed consent for surgery.

Survey Information

The pre- and post-operative surveys incorporated Spanish versions[35,36] of the SF-36[37]
physical activity and mental health subscales and the WOMAC index.[38,39] These instruments
have been validated previously and are widely-used for evaluating TJR outcomes.[40,41] To aid
in interpretation and for consistency with other literature in this field,[29] we similarly inverted the
WOMAC score scales and transformed the SF-36 and the WOMAC scores to a 0 to 100 point
scale, with 100 representing the best outcomes. Cronbach’s alpha coefficients were previously
reported to exceed 0.75 in the Dominican cohort for each of the WOMAC and SF-36 subscales
included in the surveys.[30] This level of reliability exceeds the commonly accepted threshold of

0.70, supporting the internal consistency of these scales in the Dominican cohort.[42]
In addition to the WOMAC and SF-36 instruments, the preoperative surveys also requested

patients’ demographic information (age, education level, gender, employment, and living

arrangements) as well as their perception that a TJR would relieve their pain or lead to operative
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complications. The post-operative survey also asked questions related to surgical outcome

satisfaction and quality of life improvements.

Preoperative and Postoperative Data Collection

During the preoperative evaluation, the research team provided patient fact sheets about the
study and patients were offered the opportunity to opt out. Research associates then administered
the surveys to consenting participants. Patients who underwent TJR in 2009, 2010, and 2011
were asked each year to return to the hospital for annual follow-up appointments. During this
appointment, the patients filled out WOMAC/SF-36 follow-up forms. All surveys are written in
Spanish and research associates provided assistance with reading and interpreting the survey,

when necessary.

Statistical Analysis

The association between baseline WOMAC function score and one-year follow-up score was
similar in the total knee and the total hip replacement cohorts, so we combined the cohorts in our
analyses (Supplementary Tables 1 and 2). To determine whether patients who started with lower
function improved more than those who started at a higher level of function, patients were stratified
into tertiles using their preoperative WOMAC functional status scores. For each tertile, we
investigated the association between preoperative functional status and both the absolute 12-
month score and the total score improvement. We calculated each group’s mean and used a one-
way ANOVA to test for overall group differences. Tukey’s studentized range test was used to

perform pairwise comparisons when the overall ANOVA was statistically significant.

We used multivariable linear regression models to adjust for sex, procedure (bilateral vs.
unilateral), joint (knee vs. hip), and education. Separate models of hip and knee replacement
yielded similar results, so we provide data on the combined hip and knee replacement cohorts

to achieve more stable estimates.

IRB Approval
This study was approved by the IRBs at both the Brigham and Women’s Hospital in Boston and

the HGPS in Santo Domingo.
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Results:

Program-Level Evaluation (Quality Cateqory Emphases: Structure and Processes)

General Criteria for All Blue Distinction Centers

In the general criteria section, the program received 14 out of a possible 27 points (Table 1). The
program lost four points because it lacks formal conflict of interest policies and it lost seven points
because it does not collaborate with several U.S.-based quality improvement organizations. Two
points were lost because it does not participate in the Surgical Care Improvement Project,

although the program does compensate by following best practice surgical care guidelines.

There are two “required” and three “informational” general criteria; the Op-Walk Boston program
meets one of the required criteria and one of the informational criteria. The program did not meet
one of the required criteria because HGPS is not accredited by a CMS-regulated national
accreditation organization. The two unmet informational criteria relate to using a Surgical Care
Improvement Project (SCIP) database to produce procedure-specific performance reports and to
tracking FDA-recalled prostheses and contacting patients with these prostheses. The hospital
does not have a SCIP database and it also has difficulty tracking patients, which makes it difficult

to contact patients whose prostheses are recalled.

Structure

In the structure category, the program was awarded 30 out of 36 possible points (Table 1). The
only criterion that the program did not fully meet involved reporting to surgical quality improvement
registries and databases. The program also lost three points because it lacks three out of eight
required multi-disciplinary team members: psychiatrists and psychologists, pain management
specialists, and dedicated case managers. Despite lacking psychiatrists and psychologists and
formally trained pain management specialists, the program compensates by having doctors and
nurses work directly with patients to address their mental health needs and by having well-trained

anesthesiologists who commonly provide pain management services.

Aside from the scorable criteria, there were also two criteria listed as “required” and seven listed
as “informational.” The program met both of the required criteria and six of the informational
criteria. It did not meet one informational criterion because it lacks pain management specialists

who have subspecialty certifications in pain management.
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Process

The program received 17 out of 20 possible points in the process category (Table 2). The program
lost one point because it lacks standardized practices for case management and discharge
planning. It lost an additional point because the program does not monitor care transitions for
patients who are discharged to other care settings, although it does compensate by having an
electronic medical record system that helps to track patients over time. It also lost a point because
it lacks formal protocols that ensure patients’ operative notes and discharge summaries are made

available to their primary care physicians (PCPs) upon discharge.

There are six informational criteria in the process category, and the program met three of them.
One unmet criterion involved using shared decision making processes with patients. Another
unmet criterion involved tracking operative notes and discharge forms to ensure the patient's PCP
receives the documents. The final unmet informational criterion involved using BCBS’s case

management team to track transitions of care.

Outcomes and Volume

In the outcomes and volume category, the program received 10 out of 17 possible points (Table
2). The program lost three points because the host facility does fewer than 250 TJRs annually,
and it lost an additional two points because the host facility does fewer than 500 TJRs annually.

It lost two additional points because the host hospital does fewer than 50 TJR revisions annually.

There are two required and two informational criteria in the outcomes and volume category. The
program met both of the required criteria and did not meet either of the informational criteria. One
missed informational criterion requests that the program publicly report average lengths of stay
for patients who need hip and knee revisions and the other criterion involves tracking selection,

administration, and discontinuation of prophylactic antibiotics for knee replacements.

Overall Evaluation
The Op-Walk Boston program met enough criteria to score 71 of 100 possible points (Figure 2),
exceeding the 60-point threshold needed to qualify for Blue Distinction. The program met five of

the possible eight “required” criteria and 11 out of the possible 19 “informational” criteria.

Patient-Level Evaluation (Quality Category Emphasis: Qutcomes)

13



Recruitment

In 2009, 2010, and 2011, a total of 130 patients were invited to participate in this study. 123
patients agreed to participate and subsequently completed baseline forms. Of the patients who
completed baseline forms, 97 attended their one-year follow-up visit and completed a follow-up
form. There were no differences in demographic or baseline clinical characteristics between

patients who attended follow-up and patients who did not attend follow-up.

Demographic Data

The majority of patients were female (81.4%) and the mean age was 60.9 (SD=11.8). 72.9% of
patients received total knee replacements and the remainder received total hip replacements (one
patient received both a total knee and a total hip replacement). 61.5% of cases were unilateral.
75% of patients had less than a high school education, 19.6% were working at the time of the
survey, and 92.7% lived with friends or family members. The mean American Society of
Anesthesiologists (ASA) score was 2.2 (SD=0.5) and the average body mass index (BMI) was
28.9 (SD=5.7). 76.6% believed that the surgery had a greater than 90% chance of relieving their
pain and 58.7% of patients believed that there was less than a 1% chance that they would

experience some kind of complication (Table 3).

Pain and Function Scores

Prior to undergoing TJR, patients had, on average, poor baseline WOMAC function (mean=33.6,
SD=23.3) and SF-36 physical function (mean=15.5, SD=17.4) scores.[29] The cohort also had
poor baseline WOMAC stiffness scores (mean=35.3, SD=26.2). In contrast, the cohort had good
SF-36 mental health scores (mean=75.0, SD= 16.6).

Following surgery, patients improved substantially from their baseline WOMAC function (cohort
mean improvement=53.3, SD=26.0), SF-36 physical function (cohort mean improvement=56.7,
SD=24.3), WOMAC pain (cohort mean improvement=47.8, SD31.0), and WOMAC stiffness
(cohort mean improvement=47.9, SD=33.9) scores. SF-36 mental health scores also improved
modestly (cohort mean=6.5, SD=21.3) (Table 4).

Association Between Preoperative Function and End Outcomes, Unadjusted Analysis
When broken into tertiles based on preoperative WOMAC function scores, the highest functioning
tertile had a mean score of 60.5 (range: 43-94), the middle tertile had a mean score of 29.2

(range: 19-42), and the lowest tertile had a mean score of 10.1 (range: 0—18). When each tertiles’
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one-year follow-up scores were compared to their corresponding preoperative scores, the lowest
functioning tertile made the greatest WOMAC function gains (mean improvement=76.2, SD=14.9)
when compared to the middle (mean=54.5, SD=17.5) and highest functioning tertiles (mean=29.2,
SD=19.5) (p<0.001). Significant pairwise differences were found between all groups (data not
shown, only the adjusted pairwise comparisons are displayed in Table 4). SF-36 function scores
(p=0.047), WOMAC pain (p<0.001), and WOMAC stiffness (p<0.001) all show similar patterns in
which the lowest tertile groups improved more than the highest tertile groups. There was no
significant difference in improvement patterns in SF-36 mental health scores between the tertiles
(p=0.973) (Table 4).

There was no difference in one-year follow-up WOMAC function scores between the patients in
the lowest tertile of preoperative function scores and those in the highest tertile (p=0.089, Figure
3A). Similarly, the three groups did not differ in 12-month SF-36 physical function score (p=0.053,
Figure 3B), WOMAC pain score (p=0.114, Figure 3C), WOMAC stiffness score (p=0.472, Figure
3D), or SF-36 mental health (p=0.456, Figure 3E).

Multivariable Analysis
There was little change in the statistical significance observed between the tertiles in the
univariate analyses and in multivariate analyses that adjusted for sex, education, procedure

(unilateral vs bilateral), and joint (knee vs hip; Table 4).
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Discussion, Conclusions, and Suqggestions for Future Work

Discussion

In this research, we comprehensively evaluated a medical mission joint replacement program’s
care quality using the structure, process, and outcomes paradigm for quality assessment. To
assess the program’s structure and processes, we used the BCBS’s Blue Distinction Criteria for
Knee and Hip Replacement Centers. Overall, this analysis showed that the program scored
71/100 (Figure 2), which exceeds the 60-point threshold for Blue Distinction designation and
demonstrates that the program scores excellently on the structure and process elements of
quality. We then evaluated patient-level outcomes using preoperative and 12-month post-
operative WOMAC and SF-36 survey scores and observed that all tertiles in the Dominican cohort
exhibited substantial improvements and high absolute scores at one-year follow-up (Figure 3). A
comparison to a cohort study that examined joint replacement outcome patterns in patients from
developed countries[29] shows that Op-Walk achieved similar or better post-operative outcomes
for each tertile, indicating outstanding performance in the outcomes element of quality (Figure 4).
Taken together, our research shows that Op-Walk Boston provides high quality care across all

elements of the structure, process, and outcomes paradigm.

Although there is a growing body of quality assessment literature for medical mission trips in other
fields,[19,20] our inquiry is the first to evaluate the structure, process, and outcomes aspects of
quality in the context of an international TJR medical mission trip. Inquiry into each of these
aspects of care quality revealed important and unique insights. For example, our evaluation of
Op-Walk Boston’s structure and processes highlighted the importance of having dedicated
research teams that monitor outcomes and provide data to improve clinical care, an essential
structural element that other international joint replacement programs should integrate into their
ongoing programs in order to achieve higher-quality care.[43] The relative importance of having
dedicated research teams is illustrated by the fact that Op-Walk Boston’s research team’s
operations accounted for eight out of the 71 points received in the structure and process
categories, and it also helped the program to meet three informational criteria (Tables 1 and 2).

The structure and processes aspect of our analysis also illustrated areas for program
improvement. For example, the program lost a point because it does not use patient navigators.
Since Op-Walk Boston’s patients often have complex social needs and may have difficulties

navigating the health care system, initiating a patient navigation program may help patients with
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the hospital experience and subsequent recovery. The program also lost a point because it does
not evaluate patients’ discharge needs prior to their hospital admission. This is another area Op-
Walk Boston has now identified for improvement. The Op-Walk Boston team plans to discuss
these findings with their medical, nursing, and rehabilitation colleagues in the D.R. to find culturally
acceptable and financially feasible ways of addressing these deficiencies, which will ultimately
lead to higher care quality. Leaders of other international joint replacement medical mission
programs can similarly use the Blue Distinction criteria and follow similar steps to improve their

program’s structure and processes.

The outcomes portions of our care quality analysis, in addition to demonstrating Op-Walk Boston’s
ability to achieve high quality outcomes, illustrated an insight that has never been observed in
research performed in developed countries[28,29]— each tertile in our outcomes analysis had
similar outcomes at 12-month follow-up. In developed countries, studies have consistently shown
that patients with lower preoperative WOMAC function scores have worse functional outcomes at
12-month follow-up than patients who start at a higher baseline functional levels.[28,29] The
reason(s) for why Dominican patients with very low preoperative WOMAC scores nevertheless

attain good postoperative scores is not yet clear.

Conclusion

Although the Blue Distinction criteria for joint replacement centers were created as quality
standards for U.S. hospitals, using these criteria as a benchmark for evaluating TIR medical
mission trips can help demonstrate care quality and identify areas of quality improvement—other
international joint replacement programs should therefore undertake similar analyses to examine

their programs’ care quality and to improve their programs.

Additionally, other medical mission joint replacement program administrators should integrate our
study’s finding that observed improvement patterns in developed countries vary from
improvement patterns witnessed in the D.R. This finding suggests that operating on patients of
lower preoperative functional status may not compromise their end result. More broadly, this
information may be especially important to policy makers from developing countries, as it will

allow them to more thoughtfully allocate their countries’ limited resources.
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Limitations

The data used for the Blue Distinction criteria analysis were potentially subject to observer bias,
as data were collected by an investigator rather than a research assistant blinded to the study’s
hypotheses and objectives. Anticipating this bias, we used data elements from the BCBS’s Blue
Distinction Criteria for Knee and Hip Replacement Centers that were objective, binary, and subject
to little interpretation. Furthermore, the data for this study were collected from a small number of
respondents who provided key information to evaluate if the program meets or does not meet the
criteria; it is therefore possible that responses would have been more heterogeneous if more
people were surveyed but this variability should be limited by the objective and binary nature of
the BCBS’s criteria.

The outcomes evaluation portion of our study is limited because it only examines patient
outcomes from the D.R. Additional work is needed to assess if the observed improvement
patterns occur in other developing countries. The small sample size (97) and low proportion of
subjects that received hip replacements also limit the scope of inferences permitted by our data.
For example, a larger sample would have supported analyses of quartiles instead of tertiles,
providing a richer comparison. Our work suggests, however, that surgical patterns observed in
developed countries vary from patterns observed in developing countries. With medical mission
trips’ growing prevalence, it will become increasingly important for mission groups to track their
outcomes and to have dedicated research teams that analyze outcomes data to determine if
country or region-specific variations in patients’ surgical indicators and surgical outcomes exist.
Better understanding these differences may have important policy implications for developing

health care systems and the mission groups that work in these countries.

Suggestions for Future Work

Since some aspects of the Blue Distinction criteria require organizations to report to U.S.-based
quality improvement organizations, future work should alter the existing criteria so that these
organizations can earn points for reporting to equivalent international quality improvement
organizations, such as Joint Commission International[44] or the International Board of Medicine
and Surgery,[45] or provide waivers for organizations that operate in countries without equivalent
quality improvement organizations. Furthermore, some Blue Distinction criteria require
investment in patient navigators or expensive health care infrastructure, which is difficult because

cost is a common barrier for international medical missions. The criteria should therefore be
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redesigned so that they can be implemented with a level of investment more congruent with the
resource capacity in the country being evaluated. Having a revised set of criteria could help
medical mission trips better evaluate their programs and allow them to enhance the care they

provide.

Since the reasons for the differences in improvement patterns between patients in developed
countries and Dominican patients is not clear, future work should also focus on better
understanding the many potential explanations for these differences. One hypothesis relates to
patients’ demographic status, as it is known that living alone leads to worse functional outcomes
[27] and a relatively high percentage of Op-Walk Boston’s patients live with friends or family
members (Table 3), so this demographic difference may explain the Dominican patients’ ability to
achieve high functional scores, regardless of the preoperative functional status. A second
hypothesis relates to differences in the cohorts’ health status, as the Dominican patients are
screened carefully before being accepted into the program, so there may be selection bias for
patients who have better overall health, leading to greater improvements following surgery. A third
hypothesis involves the cohorts’ age differences. The Dominican patients’ average age (60.9) is
almost ten years less than the average age (70.7) of the combined cohorts used in the literature
from developed countries. Although age did not seem to be a confounder in our study, it has been
noted that higher age predicts lower SF-36 functional scores at two-year follow-up[29] and worse
post-operative function,[27] so it is possible that our patients’ younger age helps them to achieve
better outcomes, regardless of their baseline status. A final hypothesis is that patients’ motivation
to improve post-surgery may be an important driver of these differences, as the Dominican
patients are notably enthusiastic and highly motivated to regain function following surgery.

Additional research is required to more rigorously test these hypotheses.
This work was supported by the American College of Rheumatology Research and Education
Foundation; Harvard Medical School; National Institutes of Health T32 AR 055885, P60 AR47782;

and the Brigham and Women’s Hospital.

The author of this honors thesis reports no financial interests that would be relevant to this

research.
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Summary:

This work uses the structure, process, and outcomes paradigm of care quality to comprehensively
evaluate a medical mission that provides total knee and hip replacements in the D.R. This analysis

yielded several key insights:

1) Op-Walk Boston, a joint replacement medical mission trip, provides high care quality across all

quality categories,

2) Using tools from developed countries that are designed to measure the structure and process
elements of quality can lead to useful insights into how to improve medical mission trips and can
identify unique ways in which these programs compensate while operating in resource-

constrained environments,

3) Structure and process scoring rubrics from the U.S. and other developed countries need to be
adapted to reflect the unique contexts of developing countries, as many scoring elements on

currently-available scoring rubrics are not applicable in developing countries, and

4) Patterns of improvement following joint replacement in the D.R. do not match improvement
patterns observed in developed countries, which could have major policy implications for the
optimal timing of joint replacements and for the allocation of these scarce resources in the D.R.

and potentially in other developing countries.

20



References:

1. Nugent R: Chronic diseases in developing countries: health and economic burdens. Ann N Y
Acad Sci 2008, 1136:70-79.

2. Brooks PM: The burden of musculoskeletal disease--a global perspective. Clin Rheumatol
2006, 25(6):778-781.

3. March L, Smith EU, Hoy DG, Cross MJ, Sanchez-Riera L, Blyth F, Buchbinder R,Vos T, Woolf
AD: Burden of disability due to musculoskeletal (MSK) disorders. Best Pract Res Clin Rheumatol
2014, 28(3):353-66.

4. Hawker G, Wright J, Coyte P, Paul J, Dittus R, Croxford R, Katz B, Bombardier C, Heck D,
Freund D: Health-related quality of life after knee replacement. J Bone Joint Surg Am 1998,
80(2):163-173.

5. Heck DA, Robinson RL, Partridge CM, Lubitz RM, Freund DA: Patient outcomes after knee
replacement. Clin Orthop Relat Res 1998, 356:93-110.

6. Shan L, Shan B, Suzuki A, Nouh F, Saxena A: Intermediate and long-term quality of life after
total knee replacement: a systematic review and meta-analysis. J Bone Joint Surg Am 2015,
97(2):156-68.

7. Higashi H, Barendregt JJ: Cost-effectiveness of total hip and knee replacements for the
Australian population with osteoarthritis: discrete-event simulation model. PLoS ONE 2011,
6(9):€25403.

8. Losina E, Walensky RP, Kessler CL, Emrani PS, Reichmann WM, Wright EA, Holt HL, Solomon
DH, Yelin E, Paltiel AD, Katz JN: Cost-effectiveness of total knee arthroplasty in the United States:

patient risk and hospital volume. Arch Intern Med 2009, 169(12):1113-1121.

9. Lavernia CJ, lacobelli DA, Brooks L, Villa JM: The cost-utility of total hip arthroplasty: earlier
intervention, improved Economics. J Arthroplasty 2015, 30(6):945-949.

21



10. Tollefson TT, Larrabee WF: Global surgical initiatives to reduce the surgical burden of
disease. JAMA 2012, 307(7):667-668.

11. Bansal S: Repairing the surgery deficit. New York Times. N.p., 8 Aug. 2012. Web. 9 Aug.
2012. <http://opinionator.blogs.nytimes.com/2012/08/08/repairing-the-surgery-deficit>.

12. Kotagal M, Horvath K: Surgical delivery in under-resourced settings: building systems and
capacity around the corner and far away. JAMA Surg 2015, 150(2):100-2.

13. Lubega N, Mkandawire NC, Sibande GC, Norrish AR, Harrison WJ: Joint replacement in
Malawi: establishment of a National Joint Registry. J Bone Joint Surg Br 2009, 91(3):341-343.

14. Holt JA, Aird JJ, Gollogly JG, Ngiep OC, Gollogly S: Developing a sustainable hip service in
Cambodia. Hip Int 2014, 24(5):480-4.

15. Operation Walk: N.p., n.d. Web. 11 July 2012. <http://www.operationwalk.org>.

16. Bido J, Singer SJ, Diez Portela D, Ghazinouri R, Driscoll DA, Alcantara Abreu L, Aggouras
BM, Thornhill TS, Katz JN: Sustainability assessment of a short-term international medical
mission. J Bone Joint Surg Am 2015, 97(11):944-949.

17. Decamp M: Scrutinizing global short-term medical outreach. Hastings Cent Rep 2007,
37(6):21-23.

18. Brooke SM, Samson TD, Mackay DR: Challenges of organizing mission surgery in resource
limited environments. J Craniofac Surg 2015, 26(4):1075-8.

19. Schneider WJ, Politis GD, Gosain AK, Migliori MR, Cullington JR, Peterson EL, Corlew DS,
Wexler AM, Flick R, Van Beek AL: Volunteers in plastic surgery guidelines for providing surgical
care for children in the less developed world. Plast Reconstr Surg 2011, 127(6):2477-2486.

20. Pauyo T, Debas HT, Kyamanywa P, Kushner AL, Jani PG, Lavy C, Dakermandji M, Ambrose
H, Khwaja K, Razek T, Deckelbaum DL: Systematic review of surgical literature from resource-

limited countries: developing strategies for success. World J Surg 2015, 39(9):2173-81.

22



21. Sykes KJ, Le PT, Sale KA, Nicklaus PJ: A 7-year review of the safety of tonsillectomy during
short-term medical mission trips. Otolaryngol Head Neck Surg 2012, 146(5):752-6.

22. Eberlin KR, Zaleski KL, Snyder HD, Hamdan US: Quality assurance guidelines for surgical
outreach programs: a 20-year experience. Cleft-Palate-Craniofacial J 2008, 45(3):246-55.

23. Madsen C, Lough D, Lim A, Harshbarger RJ 3rd, Kumar AR: Cleft and craniofacial care during
military pediatric plastic surgery humanitarian missions. J Craniofac Surg 2015, 26(4):1097-101.

24. Donabedian, A: Evaluating the quality of medical care. The Milbank memorial fund quarterly
(1966): 166-206.

25. "Blue Distinction Specialty Care: An Overview." Blue Distinction Centers. Web. 21 June 2015.

<http://www.bcbs.com/why-bcbs/blue-distinction/bdcenters.html>

26. Benroth R and Gawande S: Patient-reported health status in total joint replacement. J
Arthroplasty J 1999, 14(5):576-80.

27. Braeken A, Lochhass-Gerlach J, Gollish J, Myles J, Mackenzie T: Determinants of 6-12 month
postoperative functional status and pain after elective total hip replacement. Int J Qual Health
Care 1997, 9(6): 413-418.

28. Fortin PR, Penrod JR, Clarke AE, St-Pierre Y, Joseph L, Bélisle P, Liang MH, Ferland D,
Phillips CB, Mahomed N, Tanzer M, Sledge C, Fossel AH, Katz JN: Timing of total joint
replacement affects clinical outcomes among patients with osteoarthritis of the hip or knee.
Arthritis Rheum 2002, 46(12):3327-30.

29. Lingard EA, Katz JN, Wright EA, Sledge CB: Predicting the outcome of total knee arthroplasty.
J Bone Joint Surg Am 2004, 86-A(10):2179-86.

30. Niu NN, Collins JE, Thornhill TS, Alcantara Abreu L, Ghazinouri R, Okike K, Katz JN: Pre-

operative status and quality of life following total joint replacement in a developing country: a
prospective pilot study. Open Ortho J. 2011;5:307-14.

23



31. "The Word Factbook: Dominican Republic." Central Intelligence Agency. Central Intelligence
Agency. N.D. Web. Accessed Jan 16, 2016. <https://www.cia.gov/library/publications/the-world-
factbook/geos/dr.html>

32. "Operation Walk." Operation Walk. Web. 22 June 2015. <http://www.operationwalk.org/>

33. “Blue Distinction Criteria for Joint Replacement Centers.” Blue Cross Blue Shield. Web. 22
June 2015. <http://www.bcbs.com/healthcare-partners/blue-distinction-for-

providers/knee hip_replacement_midlevel-criteria.pdf>

34. Donabedian A: The quality of care: how can it be assessed?. JAMA 1988, 260(12):1743-1748.

35. Batlle-Gualda E, Esteve-Vives J, Piera MC, Hargreaves R, Cutts J: Adaptacion transcultural
del cuestionario womac especifico para artrosis de rodilla y cadera. Rev Esp Reumatol 1999,
26:38-45.

36. Alonso J: Cuestionario de salud SF-36. Web. 25 July 2012

<http://www.chime.ucla.edu/measurement/SF-36%20Spain.pdf>

37. Ware JE Jr, Sherbourne CD: The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care 1992, 30(6):473-83.

38. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW: Validation study of WOMAC:
a health status instrument for measuring clinically important patient relevant outcomes to
antirheumatic drug therapy in patients with osteoarthritis of the hip or knee. J Rheumatol 1988,
15(12):1833-40.

39. Bellamy N: WOMAC osteoarthritis index: a user's guide. London: ON 1995.
40. Fortin PR, Clarke AE, Joseph L, et al.: Outcomes of total hip and knee replacement:

preoperative functional status predicts outcomes at six months after surgery. Arthritis Rheum
1999, 42(8):1722-8.

24



41. Katz JN, Phillips CB, Baron JA, et al.: Association of hospital and surgeon volume of total hip
replacement with functional status and satisfaction three years following surgery. Arthritis Rheum
2003, 48(2):560-8.

42. Nunnally JC: Psychometric Theory 2ed. New York: McGraw Hill 1978.

43. Suchdev P, Ahrens K, Click E, et al.: A model for sustainable short-term international medical
trips. Amb Ped 2007, 7(4):317-20.

44. Pathway to JCI Accreditation for Hospitals. Joint Commission International, n.d. Web. 13 Jan.

2016. <http://www.jointcommissioninternational.org/pathway/>

45. Centers of Healthcare Excellence Certification. International Board of Medicine and Surgery,

Web. 13 Jan. 2016. <https://www.ibms.us/certification?view=membership&profession_type=2>

46. Dempsey KE, Ghazinouri R, Diez D, Alcantara L, Beagan C, Aggouras B, Hoagland M,
Thornhill TS, Katz JN: Enhancing the quality of international orthopedic medical mission trips
using the Blue Distinction criteria for knee and hip replacement centers. BMC Musculoskeletal
Disorders. 2013, 14(1):275.

47. Dempsey KE, Collins JE, Ghazinouri R, Alcantara L, Thornhill TS, Katz JN: Associations
between preoperative functional status and functional outcomes of total joint replacement in the
Dominican Republic. Rheumatology (Oxford) 2013, 52:1802-8.

25



Table 1. Blue Distinction Criteria, Points Awarded, Accommodations Made to Meet the

Criteria, and Barriers to Criteria’s Implementation for General and Structure Criteria.[46]>

Points
Criteria Earned Explanation | Accommodation Barrier
Out of
Total
General Criteria for all Blue
Distinction Centers
Facility must be an inpatient acute
care hospital that provides
comprehensive inpatient care (e.g., | Required | Criterion met. N/A N/A
Emergency Room, Intensive Care
and other specified services)
Hospital is working
Full facility accreditation by a CMS- Criterion not to meet the Joint
deemed national accreditation Required met Commission's N/A
organization ' accreditation
criteria.
Facility participation in Institute for Criterion not Program has
Healthcare Improvement (IHI) with applicable engaged in quality |IHI does not
a commitment to patient safety, 0/2 because IHI improvement currently
including formal commitment to at does not measures from operate in
least 6 improvement campaigns work in the IHI's list of Ql the D.R.
(i.e., initiatives) Caribbean. initiatives.
Criterion not The
Facility publicly reports on the applicable Leapfrog
Leapfrog Web site via the Leapfrog 0/1 because N/A Group does
Group Quality and Safety Hospital Leapfrog not evaluate
Survey does not international
work in D.R. hospitals.
If facility does not report to
Leapfrog, facility participates in
other initiatives that encourage the
sharing of best practices,
incorporates data feedback for 0/0 Criterion met. N/A N/A
objective analysis, and promotes
collaborative improvement
*Alternate initiatives will be
reviewed on a case-by-case basis
Criterion met.
Hospital
Facility accepts the Association of ir;atrlilfézates
American Medical Colleges (AAMC) 11 : N/A N/A
L T ) multicenter
principles for all clinical trials .
trials, follows
AAMC
principles.

2 This table was previously published in a peer-reviewed journal by the author of this thesis.[46]
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Facility uses a certified electronic
medical record (EMR) certified by

Criterion not

The hospital uses
the LOLCLI 9000

the Certification Commission for 0/1 met EMR b N/A
Healthcare Information Technology ' y
(CCHIT) LOLIMSA.
Physicians e- Medicare
prescribe using an | Modernizati
Facity uses an s-prscrting
program to facilitate communication Criteri he hospital y P |
that meets the standards set forth in 01 r't?.rlogl not toht e hospital's sre "’.‘]E.e to
the 2003 Medicare Modernization applicable. FF)> armacy. f ?pem ;C .
Act (MMA) rescr_lptlons or ormularies
outpatients must that are not
be made relevant in
manually. D.R.
Facility has a formal process of
medication reconciliation that
noudes: 11| Criterion met. N/A N/A
--Clarification
--Reconciliation
Magnet
Award from
ANCC
Facility is currently active in one of .HOSp't?I curren.tly requn'lles
the following quality nursing Improving nursing | compliance
excellence initiatives: quality, including with U.S.
—Has earned the Maénet evaluation of Department
Recognition Award of the American 0/1 g”tﬁggglgm n:?oermance ?r:eLabor and
Nurses Credentialing Center PP : per i ’ d b
--Reports to the American Nurses pa]Elent %ua 'tY an fegartln;]ent
Association’s National Database of zifgl\jEucatlon, gn d (Ia-lautman
Nursing Quality Indicators (NDNQI) meetings. Services
(not
applicable in
the D.R.).
Op-Walk Boston’s
Facility participates in Hospital research team
Consumer Assessment of collects patient .
Healthcare Providers and Systems Criterion not satisfaction SHC;@:;:(F:tSOIS
(HCAHPS) survey and makes data on avplicable surveys, and it UpS
publicly available on the Hospital PP ' uses this hésbitals

Compare Web site for the most
recent public reporting date

information to
improve patient
care.
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Facility utilizes one of the following
national quality improvement
initiatives focused on surgical
safety:

Op-Walk
Boston uses

Criterion met.

--Universal Protocol for Preventing 11 WHO N/A N/A
Wrong Site, Wrong Procedure, Surgical
Wrong Person Surgery Safety
--World Health Organization Checklists.
Surgical Safety Checklist
Hospital follows
best practice
guidelines but
does not
Facility participates in the Surgical 0/2 Criterion not | specifically follow N/A
Care Improvement Project (SCIP) met. SCIP. Working
toward Joint
Commission
International (JCI)
accreditation.
SCIP INF 1a: Prophylactic antibiotic
received within one hour prior to 11 Criterion met. N/A N/A
surgical incision
Criterion met.
Medications
and allergies
SCIP INF 2a: Prophylactic antibiotic 11 are reviewed N/A N/A
selection for surgical patients before
selecting a
prophylactic
antibiotic.
SCIP INF 5: Postoperative wound
infection diagnosed during index o
hospitalization (OUTCOME — facilty | /1| Criterion met. N/A N/A
tracks & internally reports data)
SCIP VTE 1: Surgery patients with
recommended_venous . 11 Criterion met. N/A N/A
thromboembolism prophylaxis
ordered
SCIP VTE 2: Surgery patients who
received appropriate venous
thromboembolism prophylaxis 11 Criterion met. N/A N/A
within 24 hours prior to surgery to
24 hours after surgery
SCIP VTE 3: Intra- or postoperative
pulmonary embolism (PE)
diagnosed during index 11 | Criterion met. N/A N/A

hospitalization and within 30 days
of surgery (OUTCOME - facility
tracks & internally reports data)
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SCIP VTE 4: Intra- or postoperative
deep vein thrombosis (DVT)
diagnosed during index

hospitalization and within 30 days K Criterion met. N/A N/A
of surgery (OUTCOME - facility
tracks & internally reports data)
Facility’s SCIP database is able to | . . Op-Walk Boston’s
o nformati | Criterion not | research team
produce procedure-specific N/A
onal met. evaluates each
performance reports Y
trip's outcomes.

Facility has a policy on o
physician/surgeon conflict of 0/1 ﬁr:terlon not N/A N/A
interest '
Facility publicly reports
physician/surgeon conflict of Criterion not
interest related to financial 0N N/A N/A

) : . . met.
relationships with pharmaceutical
companies or device manufacturers
Facility discloses to patients prior to
surgery exclusive relationships the Criterion not
facility has with device 0/1 met N/A N/A
manufacturers or pharmaceutical '
companies
Facility has a written policy or o
process for selecting devices in the 0/1 S]rétterlon not N/A N/A
device formulary '
Facility’s policy includes a
mechanism for tracking FDA- Informati | Criterion not

; e N/A N/A

recalled prosthesis and notifying onal met.
patients who have received them
Facility reports incidences of device Informati
malfunction to the device onal Criterion met. N/A N/A
manufacturer
Facility has protocols for acute pain
management in peri-operative 11 Criterion met. N/A N/A
surgical patients
Pain management protocols are Criterion met.
based on national guidelines: Pain
--American Society of management
Anesthesiologists’ Practice protocols
Guidelines for_Acute Pa.in ' 11 modeled after N/A. N/A
Management in the Peri-operative protocols
Setting followed in
--Pain Management Standards of Boston-area
the facility’s accrediting agency teaching
(identified in question #8) hospitals.
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Criterion met.
Team of
anesthesiolo
gists,
Facility has an interdisciplinary internists,
workgroup/committee/team in place nurses,
for implementing pain management 2/2 physical N/A N/A
protocols and monitoring their therapist’s
effectiveness (PT), and
orthopedists
reviews pain
management
needs.
Structure
Program is currently and has been
actively performing knee and hip
replacement surgery since July 1, Required | Criterion met. N/A N/A
2009 or for at least the immediately
previous 12 uninterrupted months
Program has formal care quality
initiatives for knee and hip
replacement services with the
following components:
--Collection of quality indicator data
--Analysis of collected data
--ldentification of issues
--Development of improvement All sub-
goals categories of
--Implementation of changes 212 this criterion N/A N/A
--Demonstration that the are met.
implemented changes improve the
quality of clinical care that patients
receive
--Ongoing requirements for
physician/surgeon learning and
improvement and/or regularly
scheduled educational conferences
Criterion met.
o . Research
Program maintains an internal
. team tracks
registry or database to track knee 5/5 outcomes N/A N/A
and hip replacement patients’ with
treatment and outcome data .
standardized
surveys.
Criterion met.
Complication
Program has a process in place to s reviewed at
track complications in the context of 2/9 the end of N/A N/A
a program-wide quality each trip and
improvement process corrective
actions are
taken to
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minimize
future
complications

Criterion met.

Op-Walk
Boston’s
Program has a process in place to colleagues in
track primary knee and hip the D.R.
replacement patients who return to 11 monitor N/A N/A
the facility for revision of their patients’
primary procedure ongoing
needs
(including
revision).
Program obtains and evaluates
patient satisfaction specific to knee Informati
and hip replacement services with onal Criterion met. N/A N/A
results reported back to program
staff
The hospital lacks Able to
a protocol for contact
Program has a protocol in place to contacting patients, but
contact patients (or primary 0/1 Criterion not | patients. Follow- commur;icati
physicians) for follow-up and status met. up consultations na with
information post-discharge are scheduled by PgCP .
UL s is
the individual challenging
doctors. )
Criterion met.
Op-Walk
Boston keeps
Program reports to a multi-center Informati ‘?hg?;[:t;?msaere d
registry or database that tracks onal between N/A N/A
knee and hip replacement surgery HGPS and
the Brigham
and Women's
Hospital.
Organization
s are
Program reports to at least one of ?gg:géyon
the following registries or database: Op-Walk Boston’s | U.S
--National Surgical Quality I .
Improvement Program (NSQIP) 0/2 Crlte_rlon not | research te.am hosplyals.
—-University HealthSystem applicable. traclfs surgical Reqwrg
Consortium (UHC) quality. expensive
--Premier Clinical Advisor membership
fees or
purchasing

other goods.
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No TJR

Op-Walk Boston reg|st.r|es
- . exist in the
Program plans to participate in a uses a database DR. and
comprehensive national knee and Informati Criteri to track all knee o
: . riterion met. ; there are no
hip replacement registry once one onal and hip onaoin
is developed replacement I 9 tg
outcomes. pans 1o
establish
one.
Criterion met.
During the
mission trip,
Op-Walk
Facility has an inpatient unit Sr?sc;[r?’[ri]rgas
dedicated to the care of orthopedic 2/2 hosDi N/A N/A
patients ospltal ward
dedicated
exclusively to
its patients
and team
members.
Program utilizes multi-disciplinary
clinical pathways/protocols for the
care of knee and hip replacement
patients that include the following
features:
--Treatment goals Criteria met
--Sequence and timing of 4/4 for all sub- N/A N/A
interventions categories.
--Active participation of a multi-
disciplinary team
--Daily milestones
--Coordination of discharge, patient
education and other patient needs
Multi-disciplinary
pathways/protocols address the full 11 Criterion met N/A N/A
continuum of care across inpatient )
and outpatient settings
Electronic
Criterion met. medical
Clinical systems
Multi-disciplinary teams follow within the
pathways/protocols generate 11 pre- and N/A host hospital
standardized pre- and post- post- do not allow
operative order sets operative for
standardized automated,
work flows. electronic
order sets.
Each procedure
Program has standing orders that hastdefllne_tlj_h
are utilized for the care of knee and 11 Criterion met. | Protoco's. these N/A

hip replacement patients

procedures are
documented in the
patients’ chart.
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Pathways/protocols or standing
orders are placed in the medical

; 11 Criterion met. N/A N/A
record for daily use by all care
providers
Criterion met.
e - Deviations
Specific physician orders are : .
required to deviate from the discussed in
. 11 the context of N/A N/A
pathways/protocols or standing an
order set ; N
interdisciplina
ry team.
Criterion met.
Op-Walk
Boston
strives to
Program consults resources to replicate the
develop facility’s Informati TJR process
pathways/protocols or standing followed by N/A N/A
T o onal
orders (e.g., clinical guidelines, Mass
national standards) General
Hospital and
Brigham and
Women's
Hospital.
In addition to orthopedic surgery
and/or neurosurgery, other
dedicated members of the multi- Most criteria
disciplinary care team for knee and met. Op-Walk
hip replacement include: Boston lacks
-- Anesthesmlogy psychiatrists Anesthesia team Case
-- Psychiatry/Psychology and h . :
! - . as experience in | managers
-- Pain Management Specialist psychologists ;
L . ; pain management, | would
-- Clinician focused on peri- 5/8 , pain . .
. . so they function as | require
operative medical management management . "
. L pain management | additional
- Nursing specialists, specialists resources
-- PT/Occupational Therapy and ' ’
-- Physiatrist/Physical Medicine and dedicated
Rehabilitation case
-- Dedicated case managers as managers.
care coordinators for complex
patients
Program identifies departments that
have at least one identified clinician
who provides as-needed
consultation to the knee and hip
replace_ment team: Informati Criterion met. N/A N/A
-- Cardiology onal
-- Endocrinology
-- Pulmonology
-- Nutrition
-- Social Services
Program has pain management Op-Walk Boston's
g ! : Informati | Criterion not | anesthesiologists
specialist(s) with subspecialty . N/A
onal met. provide all needed

certification in Pain Medicine

pain care.
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Program identifies subspecialty
certification(s) held by nurses on

Criterion met,
although not

the care team: _ 11 all nurses N/A N/A
-- Surgical nursing have one of

-- Orthopedic nursing these

-- Rehabilitation nursing certifications.

Physical therapists on the care

team maintain the American

Physical Therapy Association 11 Criterion met. N/A N/A
(APTA) certification in orthopedic

care

Knee and hip replacement team

holds multi-disciplinary team 11 | Criterion met. N/A N/A
meetings or case management

conferences at least monthly

Surgeons performing knee and hip

replacement surgery are certified or

eligible for certification by the

American Board of Medical . Requirement

Specialties, the Royal College of Required met. N/A NiA
Physicians and Surgeons Board, or

the American Osteopathic Board of

Orthopedic Surgery

50% of knee and hip replacement All surgeons

surgeons have Accreditation are fellowship

Council for Graduate Medical trained in

Education (ACGME) fellowship | Reconstructiv N/A N/A
training in Adult Reconstructive e

Orthopedics Orthopedics.

Surgeon participation in American

Board of Medical Specialties Informati o

(ABMS) Maintenance of onal Criterion met. N/A N/A

Certification (MOC)
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Table 2. Blue Distinction Criteria, Points Awarded, Accommodations Made to Meet the
Criteria, and Barriers to Criteria’s Implementation for Process and Outcomes and Volume
criteria.[46]°

Points
p Earned . Accomm .
Criteria Out of Explanation odation Barrier
Total

Process

Structured functional assessments that
are routinely performed and tracked for all
knee and hip replacement patients
include: 3/3 Criterion met. N/A N/A
--Preoperative functional assessments
--Functional assessments four or more
weeks post-operatively

Program identifies routine pre- and post-
op assessment of functional status that
are used f_or standardized mdex_es (e.q., Informati Criterion met. N/A N/A
Knee Society Score or Harris Hip Score, onal

Western Ontario and McMaster
Osteoarthritis Index, SF-36, EuroQol 5-D)
Program has written patient selection
criteria that are applied to all adult 11

patients referred for knee or hip Criterion met. N/A N/A
replacement

Patient selection criteria are developed by

a multi-disciplinary team of physicians 11 Criterion met. N/A N/A
and staff

Program screens knee and hip patients

preoperatively for the presence of anxiety 11 Criterion met. N/A N/A
or depression

Program uses formal measures to screen

preoperatively for anxiety or depression:

--Beck Depression Inventory Criterion met.

--The Hospital Anxiety and Depression Op-Walk

Scale Boston uses

--The nine-item depression scale of the 11 the mental N/A N/A
Patient Health Questionnaire health

--The mental health subscale of the subscale of

Health status Questionnaire Short Form- the SF-36.

36 (SF-36)

--Euro QOL 5-D

3 This table was previously published in a peer-reviewed journal by the author of this thesis.[46]
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Program employs or is willing to
implement SDM processes with patients
considering knee or hip replacement
surgery

Informati
onal

Criterion not
met.

N/A

Dominican
patients are
accustomed
to agreeing
with
Doctors'
recommend
ations.

Program provides standardized
preoperative patient education

11

Criterion met.

N/A

N/A

Preoperative patient education activities
include:

Educational group session or class
Interactive electronic media program
Materials provided to the patient (print,
video)

Written questionnaire completed by the
patient

2/2

Criterion met.
Educational
sessions,
classes, and
print material
provided.

Hospital's
staff offers
reading
help for all
print
material.

N/A

Percentage of patients participating in
preoperative patient education process
greater than or equal to 90%

171

Criterion met.

N/A

N/A

Protocol informing patients with relevant
comorbidities (e.g., BMI > 40 kg/m?,
diabetes mellitus) of the increased risks
associated with knee and hip replacement
surgery

171

Criterion met.

N/A

N/A

Program utilizes established practice
standards/recommendations for the peri-
operative care of knee and hip
replacement patients:

--American Society of Anesthesiologists
(ASA) Practice Advisory for Pre-
anesthesia Evaluation

--American College of
Cardiology/American Heart Association
(ACC/AHA) Guideline for the
Perioperative Cardiovascular Evaluation
for Non-cardiac Surgery

--American Diabetes Association (ADA)
Standards of Diabetes Care in the
Hospital

--AHA recommendations for Smoking
Cessation - Making Hospital-Wide System
Level Changes That Succeed

2/2

Criteria met.
ASA, ACC,
and ADA
requirements
met.

N/A

Following
AHA
guidelines
requires
prolonged
and
repeated
contact with
patients.

Program has a thromboprophylaxis
protocol in place that is specific for knee
and hip replacement patients and
incorporates the American Academy of
Orthopedic Surgeons (AAQS) Clinical
Guideline on the Prevention of
Symptomatic Pulmonary Embolism in
Patients Undergoing Total Hip or Total
Knee Arthroplasty

171

Criterion met.

N/A

N/A
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Program implements the following
anesthesia practices:

--Knee and hip replacement patients are
routinely evaluated for the use of regional

anesthesia 11 Criterion met. N/A N/A
--The program has a protocol in place for
monitoring and maintaining intraoperative
normothermia for appropriate knee and
hip replacement patients
Program has protocols for the
assessment an.d treatment of phys;lcal 11 Criterion met. N/A N/A
therapy needs in the post-operative knee
and hip replacement surgery patients
Program identifies aspects of PT/OT care
that are provided routinely (e.g.,
preopelratwe and post-operative _ Informati Criterion met. N/A N/A
education, home assessment, functional onal
assessment, readiness-for-discharge
assessment)
Criteria not
Standard practices for case management met. Does
and discharge planning for knee and hip not evaluate
replacement patients include: discharge
--Evaluation for discharge needs occurs needs before
prior to the hospital admission admission
--Written cr_lte_rla for hospital discharge 0/1 and lacks N/A N/A
and readmission protocols for
--Coordination of post-discharge needs emergency
(e.g., physical therapy, home care evaluations
services) and
--Written protocol for emergency treatment
evaluation and treatment post discharge post
discharge.
Percentage of patients admitted from Informati | 100% return
N/A N/A
home who return to home onal home.
Patient
stored in
Program monitors transitions of care for hospital's Formal
patients discharged to another setting Criterion not EHR, so tracking
o . 0/1 .
(e.g., home, rehab facility) using a formal met. patient protocol not
method informatio | followed.
n could be
tracked.
Op-Walk Most
Program has an established protocol Boston's patients lack
. : colleagues | PCPs and
ensuring the operation note and o .
. . Criterion not | follow-up there is no
discharge summary of each patient are 0N . ;
. : met. with their care
made available to the primary care : dinati
hysician upon discharge patients coor ination
P for any infrastructur
needed e.
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post-op

care.
Most
patients lack
. : PCPs and
Program tr_acks receipt of the opere_lt|on Informati | Criterion not there is no
note and discharge summary by primary N/A
- onal met. care
care physician L
coordination
infrastructur
e.
- . Blue Cross/
Program ut|I|z§s services of the local Blue Informati | Criterion not Shield does
Cross Blue Shield case management care N/A
. iy onal met. not operate
team to coordinate transitions of care .
in the D.R.
Outcomes and Volume
Average and median surgeon volumes
(across all surgeons actively performing
TKA or THA) are at least 50 primary or . o
revision TKA or THA procedures during Required | Criteria met. N/A N/A
reported 12-month period. Surgeons may
include cases done at any facility.
Facility performs at least 100 total knee
and total hip replacement surgeries Requirement
(primary and revisions) during reported Required me? N/A N/A
12-month period, with at least 25 each of )
total knee and total hip replacements
Facility volume >= 250_surgerles during 0/3 Criterion not N/A N/A
reported 12-month period met.
Facility volume >= 500_surgerles during 0/2 Criterion not N/A N/A
reported 12-month period met.
Facility performs 50 net revisions for Total
Knee and Total Hip Arthroplasty
(Net Volume = total reported TKA/THA Criterion not
revisions minus revisions performed 0/2 : N/A N/A
. . applicable.
< 6 months following a primary procedure
where both procedures were done at the
facility)
Average LOS for primary Total Knee
Arthroplasty (TKA) less than or equal to 3/3 Criterion met. N/A N/A
3.5 days
Average LOS for primary Total Hip
Arthroplasty (THA) less than or equal to 3/3 Criterion met. N/A N/A

4.0 days
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Revisions

Average LOS for Revision Hip _ | rare.
Replacement, Hip Resurfacing and Infg;r:latl Idnaatcaiiguate N/A N/A
Revision Knee Replacement access
criterion.

Average 30-day readmission rate for
primary Total Knee Arthroplasty (TKA) 2/2 Criterion met. N/A N/A
less than or equal to 10%
Average 30-day readmission rate for
primary Total Hip Arthroplasty (THA) less 2/2 Criterion met. N/A N/A
than or equal to 10%

Each

surgeon
Program tracks the selection, tracks
administration and discontinuation of . o their
prophylactic antibiotics for total knee Informlatl Crltterlon not patients, N/A
replacement patients: SCIP INF 1e, INF ona met. but no
2e, and INF 3e programm

atic level

tracking.
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Table 3. Patient Demographics for All Op-Walk Patients.[47]*

Lives with Friends or
Family Members

ASA (n, Mean (SD))

BMI (n, Mean (SD))

BMI > 35
Health >= GOOD

Surgery > 90 percent
Chance of relieving pain

Chance of major
surgical complication <
1 percent

Procedure - Knee
Procedure - Hip
Procedure - Unilateral

Procedure - Bilateral

89 (92.7%)
90
2.2 (0.5)

79
28.9 (5.7)

10 (12.7%)
47 (50.5%)

72 (76.6%)

54 (58.7%)

70 (72.9%)
26 (27.1%)
59 (61.5%)
37 (38.5%)

29 (87.9%)
30
2.1 (0.5)

28
28.6 (5.6)

4 (14.3%)
17 (54.8%)

23 (71.9%)

15 (48.4%)

24 (72.7%)
9 (27.3%)
28 (84.8%)
5 (15.2%)

31 (100.0%)
29
2.1 (0.5)

24
29.2 (6.3)

2 (8.3%)
15 (50.0%)

22 (71.0%)

16 (53.3%)

20 (62.5%)
12 (37.5%)
18 (56.3%)
14 (43.8%)

Highest Medium
(best) Tertile Tertile Lowest (worst)
Demographic Overall (n=97) (n=33) (n=32) Tertile (n=32)
Sex — Female 79 (81.4%) 21 (63.6%) 28 (87.5%) 30 (93.8%)
97 33 32 32
AR, BT (SR, 609 (118)  620(88) 580(134)  62.8 (12.6)
Education — completed
secondary school or 24 (25.3%) 11 (33.3%) 8 (25.8%) 5 (16.1%)
higher
Currently Working 19 (19.6%) 12 (36.4%) 5 (15.6%) 2 (6.3%)

29 (90.6%)
31
2.2 (0.4)

27
29.0 (5.4)

4 (14.8%)
15 (46.9%)

27 (87.1%)

23 (74.2%)

26 (83.9%)
5(16.1%)
13 (41.9%)
18 (58.1%)

4 This table was previously published in a peer-reviewed journal by the author of this thesis.[47]
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Table 4. Baseline and 12-Month WOMAC and SF-36 Scores Stratified by Baseline WOMAC
Function Score.[47]°

. . Lowest . .
Unadjusted
verar  Motot(Bes) Medum (S} Unacsted acjuse
Tertile p-value P

WOMAC Function Scores
Baseline N=97 33 32 32
WOMAC Mean (S.D.)=33.6 60.5 (15.0) 29.2 (7.4) 10.1 (5.9)
Function (23.3)
Follow-Up N=94 32 30 32 0.089 0.051
WOMAC Mean (S.D.)=86.5 90.0 (11.8) 83.0 (14.8) 86.2 (11.9)
Function (13.1)
Change in N=94 32 30 32 <0.001 <0.001
WOMAC Mean (S.D.)=53.3 29.2 (19.5)  54.5(17.5) 76.2(14.9)
Function (26.0)
SF-36 Physical Function Scores
Baseline SF-36 N=94 32 30 32
Physical Mean (S.D.)=15.5 27.2 (22.8) 11.2(10.8) 7.7 (7.4)
Function (17.4)
Follow-Up SF-36 N=91 32 29 30 0.053 0.043
Physical Mean (S.D.)=72.1 77.7(17.0)  65.0 (21.4) 73.1(21.2)
Function (20.4)
Change in SF-36 N=88 31 27 30 0.047 0.108
Physical Mean (S.D.)=56.7 49.3 (22.5) 55.9 (24.6) 65.1(23.9)
Function (24.3)
WOMAC Pain Score
Baseline N=91 30 30 31
WOMAC Pain Mean (S.D.)=37.0 55.2 (19.6)  37.0 (14.4) 19.5(15.4)

(22.0)
Follow-Up N=93 32 30 31 0.114 0.150
WOMAC Pain Mean (S.D.)=85.0 88.9 (12.9) 80.2 (22.3) 85.6(15.8)

(17.5)
Change in N=87 29 28 30 <0.001 0.001
WOMAC Pain Mean (S.D.)=47.8  33.4 (24.8) 42.6(33.2) 66.7 (25.0)

(31.0)
WOMAC Stiffness Scores
Baseline N=92 31 31 30
WOMAC Mean (S.D.)=35.3 55.2 (20.6) 35.1(24.5) 15.0(15.5)
Stiffness (26.2)

5 This table was previously published in a peer-reviewed journal by the author of this thesis.[47]
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Follow-Up N=94 33 29 32 0.472 0.374

WOMAC Mean (S.D.)=83.8 85.6 (16.6) 80.2 (25.3) 85.2(17.5)

Stiffness (19.9)

Change in N=89 31 28 30 <0.001 <0.001
WOMAC Mean (S.D.)=47.9 30.6 (26.0) 42.9 (35.9) 70.4(26.8)

Stiffness (33.9)

SF-36 Mental Health Scores

Baseline SF-36 N=97 33 32 32
Mental Health Mean (S.D.)=75.0 74.7 (15.2) 72.0 (15.0) 78.3(19.2)
(16.6)
Follow-Up SF-36 N=93 31 32 30 0.456 0.165
Mental Health Mean (S.D.)=81.5 81.3 (17.8) 78.5(21.2) 85.1(17.1)
(18.8)
Change in SF- N=93 31 32 30 0.973 0.753
36 Mental Mean (S.D.)=6.5 7.4 (25.2) 6.5 (19.5) 5.7 (19.3)
Health (21.3)

Significant pairwise comparisons from adjusted analysis were found in Change in WOMAC
Function (all comparisons); change in WOMAC Pain (H vs L; M vs L); change in WOMAC Stiffness
(HvsL; MvslL).

*Adjusted for sex, education, procedure (unilateral vs. bilateral), and joint (hip vs. knee)
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Figure 1. Explanation and examples of structure, process, and outcomes categories.[24]

Care quality

Explanation
category

Focus on physical place where outcomes produced.
Structure Examples: facility conditions, provider qualifications,
facility certifications, administrative structure

Focus on how the care is provided.
Process Examples: appropriateness of patient selection,
coordination and continuity, progression to home

Focus on patient’s health after the intervention.
Outcomes Examples: time to recovery, restoration of function,
reduction of pain, survival
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Figure 2. Weighted Score Breakdowns for Blue Cross/Blue Shield’s Joint Replacement
Center of Excellence Criteria that are Met or not Met in Each of the Four Quality Categories.

Potential points for each category (total=100)
27 36 20 17

Do not meet Do not meet

Do not meet Do not meet but Do not meet but
compensate compensate

80

Do not meet but
compensate

60
Percent of
category
points

40

20

Outcomes and
Volume

General/Admin Structure Process
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Figure 3. Baseline and 12-Month WOMAC and SF-36 Scores with 95% CI, Stratified by
Baseline WOMAC Function Score.[47]°

Each line represents a different group: blue dots are patients in the lowest (worst) baseline
WOMAC Function tertile; green squares are patients in the medium baseline WOMAC Function
tertile; purple triangles are patients in the highest (best) baseline WOMAC Function tertile. The
X-axis has the two timepoints: baseline and 12-month. The y-axis has the mean outcome
measured at each timepoint. Each symbol represents the mean outcome score for that
particular group at that timepoint, with a 95% confidence interval.

A. WOMAC Function Scores. Mean B. SF-36 Physical Function Scores. Mean
WOMAC Function is the outcome and is SF-36 Physical Function is the outcome and
along the y-axis. is along the y-axis.
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6 These figures were previously published in a peer-reviewed journal by the author of this thesis.[47]
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E. SF-36 Mental Health Scores. Mean SF-
36 Mental Health is the outcome and is along

the y-axis.
1004

40

304

Mean SF-36 Mental Health
3

201
10

O {
Baseline 12 Months
Time Point

Lowest (worst) Tertile [ ] Medium Tertile Highest (best) Tertile A
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Figure 4. Merged Improvement Pattern Tertile Data at Baseline and 12-month Follow-up
from Developed Countries’[29] and Op-Walk Boston’s D.R. Program.*

Mean WOMAC Function Score

1001
80
60
404
Developed Countries
204 ==DR highest pre-op tertile
==DR middle pre-op tertile
==DR lowest pre-op tertile
0 1
Baseline 12-Month

*Data for developed countries’ tertiles were extracted and extrapolated from Lingard et al.’s original paper[29] by
assigning Lingard’s quartile one to developed countries’ lowest tertile, the average of Lingard’s quartiles two and three
to developed countries’ middle tertile, and Lingard’s quartile four to developed countries third tertile. The grouping of
Lingard’s quartiles two and three into developed countries’ middle tertile was based on pairing the Lingard quartiles to
best mimic the baseline scores of the D.R. tertiles.
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Supplementary Table 1. Baseline and 12-Month WOMAC and SF-36 Scores in Knee
Replacement Patients Stratified by Baseline WOMAC Function Scores.[47]’

Highest (Best) - - Lowest (Worst)

Overall Tertile Medium Tertile Tertile
WOMAC Function Scores
Baseline WOMAC N=70 24 20 26
Function Mean (S.D.)=32.3 (23.2) 58.7 (15.5) 29.5 (7.3) 10.1 (5.9)
Follow-Up WOMAC N=68 23 19 26
Function Mean (S.D.)=84.9 (13.9) 88.3 (13.0) 81.1(16.7) 84.7 (12.2)
Change in WOMAC N=68 23 19 26
Function Mean (S.D.)=53.0 (26.5) 29.4 (20.6) 52.0 (19.7) 74.6 (15.2)
SF-36 Physical Function Scores
Baseline SF-36 N=67 23 18 26
Physical Function Mean (S.D.)=14.6 (17.2) 25.4 (22.9) 12.0 (11.4) 6.8 (7.7)
Follow-Up SF-36 N=67 23 19 25
Physical Function Mean (S.D.)=69.4 (20.6) 76.2 (18.1) 59.9 (19.7) 70.3 (21.3)
Change in SF-36 N=64 22 17 25
Physical Function Mean (S.D.)=54.7 (25.1) 49.3 (24.2) 49.2 (24.0) 63.3 (25.1)
WOMAC Pain Scores
Baseline WOMAC N=64 21 18 25
Pain Mean (S.D.)=35.4 (20.2) 50.0 (18.2) 38.3 (13.8) 21.2 (16.0)
Follow-Up WOMAC N=67 23 19 25
Pain Mean (S.D.)=84.2 (17.3) 88.5 (13.3) 78.0 (21.5) 85.0 (16.2)
Change in WOMAC N=61 20 17 24
Pain Mean (S.D.)=48.5 (29.0) 38.3 (25.1) 38.2 (29.7) 64.4 (25.1)
WOMAC Stiffness Scores
Baseline WOMAC N=66 22 19 25
Stiffness Mean (S.D.)=33.1 (26.6) 51.1(21.8) 35.5 (28.6) 15.5 (16.3)
Follow-Up WOMAC N=68 24 18 26
Stiffness Mean (S.D.)=82.0 (19.4) 83.3 (17.9) 79.2 (23.5) 82.7 (18.1)
Change in WOMAC N=64 22 17 25
Stiffness Mean (S.D.)=48.2 (34.3) 32.4 (28.8) 39.7 (37.0) 68.0 (27.5)
SF-36 Mental Health Scores

7 This table was previously published in a peer-reviewed journal by the author of this thesis.[47]
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Follow-Up SF-36 N=66 22 20 24

Mental Health Mean (S.D.)=81.3 (17.7) 80.9 (16.9) 79.8 (19.2) 83.0 (17.6)
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Supplementary Table 2. Baseline and 12-Month WOMAC and SF-36 Scores in Hip
Replacement Patients Stratified by WOMAC Function Scores.[47]®

Overall Highest (Best) Medium Lowest (Worst)

Tertile Tertile Tertile
WOMAC Function Scores
Baseline WOMAC N=26 9 12 5
Function Mean (S.D.)=37.6 (23.9) 65.3 (13.2) 28.8 (7.7) 8.5 (6.4)
Follow-Up N=25 9 1 5
WOMAC Function Mean (S.D.)=90.3 (9.6) 94.3 (7.1) 86.5 (11.0) 91.4 (9.0)
Change in N=25 9 11 5
WOMAC Function Mean (S.D.)=52.9 (24.8) 28.9 (17.4) 58.8 (12.5) 82.9 (13.4)
SF-36 Physical Function Scores
Baseline SF-36 N=26 9 12 5
Physical Function ~ Mean (S.D.)=17.8 (18.2) 31.9 (23.2) 10.0 (10.2) 11.0 (4.2)
Follow-Up SF-36 N=23 9 10 4
Physical Function ~ Mean (S.D.)=79.1 (18.2) 81.3 (14.1) 74.8 (22.1) 85.0 (17.3)
Change in SF-36 N=23 9 10 4
Physical Function ~ Mean (S.D.)=61.2 (21.8) 49.4 (19.2) 67.3 (22.1) 725 (17.6)
WOMAC Pain Scores
Baseline WOMAC N=26 9 12 5
Pain Mean (S.D.)=42.0 (25.7) 67.4 (18.2) 35.0 (15.7) 13.0 (12.0)
Follow-Up N=25 9 1 5
WOMAC Pain Mean (S.D.)=86.5 (18.5) 90.0 (12.5) 83.9 (24.1) 86.0 (15.6)
Change in N=25 9 11 5
WOMAC Pain Mean (S.D.)=44.5 (35.3) 22.6 (21.6) 49.3 (38.4) 73.0 (26.6)
WOMAC Stiffness Scores
Baseline WOMAC N=25 9 12 4
Stiffness Mean (S.D.)=42.0 (24.4) 65.3 (13.7) 34.4 (17.0) 12.5 (14.4)
Follow-Up N=25 9 1 5
WOMAC Stiffness ~ Mean (S.D.)=88.0 (21.2) 91.7 (10.8) 81.8 (29.2) 95.0 (11.2)
Change in N=24 9 11 4
WOMAC Stiffness ~ Mean (S.D.)=45.3 (33.1) 26.4 (18.2) 47.7 (35.3) 81.3 (23.9)

8 This table was previously published in a peer-reviewed journal by the author of this thesis.[47]
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SF-36 Mental Health Scores

Follow-Up SF-36 N=26 9 12 5
Mental Health Mean (S.D.)=81.4 (21.8) 82.2 (20.7) 76.3 (24.9) 92.0 (13.9)
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