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Abstract

Objective. In developed countries, the functional status scores of patients with poor preoperative scores
undergoing total joint replacement (TJR) improve more following TJR than those for patients with better
preoperative scores. However, those with better preoperative scores achieve the best postoperative func-
tional outcomes. We determined whether similar associations exist in a developing country.

Methods. Dominican patients undergoing total hip or knee replacement completed WOMAC and SF-36
surveys 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 examined the
associations between the baseline functional status of these groups and two outcomes—improvement
in functional status over 12 months and functional status at 12 months—using analysis of variance with
multivariable linear regression.

Results. Patients who scored the lowest preoperatively made the greatest gains in function and pain relief
following their TURs. However, there were no significant differences in pain or function at 12-month follow-up
between patients who scored low and those who scored high on preoperative WOMAC and SF-36 surveys.

Conclusion. Patients with poor preoperative functional status had greater improvement but similar
12-month functional outcomes compared with patients who had a higher level of function before surgery.
These results suggest that a policy of focusing scarce resources on patients with worse functional status
in developing countries may optimize improvement following TJR without threatening functional outcome.
Additional research is needed to confirm these findings in other developing countries and to understand
why these associations vary between patients in the Dominican Republic and patients from developed
countries.
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As longevity increases sharply in developing countries, the
global burden of chronic disease, including OA and other
joint disease, will rise concurrently [1]. In many developed
countries, people with severe functional limitation and
joint destruction often opt for total joint replacement
(TJR), a procedure that improves function [2], decreases
pain and increases quality of life and satisfaction [3].
Although these procedures are cost effective [4, 5], their
high costs are difficult to finance in developing countries.
To address this growing burden of joint disease in de-
veloping countries, medical mission organizations like
Operation-Walk (Op-Walk) Boston provide TJRs at no
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cost to qualifying patients from the developing world. In
addition, some developing countries are currently estab-
lishing and evaluating their own TJR programmes [6].
Although many medical mission organizations provide
clinical services, few document and assess the outcomes
of the services they provide, despite increasing scrutiny
about outcomes of care provided by short-term medical
mission teams [7]. Quality and safety have been assessed
for some medical mission trips [8, 9], but there is currently
a dearth of outcomes analyses from orthopaedic mission
trips.

To assess TJR outcomes in developed countries, pain
and functional status are typically recorded before and
after surgery with validated patient surveys [10, 11] such
as the WOMAC and the Short Form-36 Health Survey (SF-
36). These instruments measure pain and functional limi-
tations related to lower extremity arthritis (WOMAC) and
overall health status (SF-36). In developed countries,
people with worse functional status scores before surgery
made the greatest gains in these scores following TJR,
but their final scores (at 1 or 2 years postoperatively)
were worse than those of individuals who had better pre-
operative scores. Thus, operating earlier in the course of
functional decline appears to result in better outcomes
[12]. These findings have led to a gradual reappraisal of
optimal timing for TJR, with TJR offered earlier in the pro-
cess of functional decline to reduce the period of disability
and to improve the functional outcome [13]. In previously
reported research from the Dominican Republic, the
Op-Walk Boston team demonstrated that patients’
WOMAC and SF-36 scores improve dramatically following
their TJRs [14]. Associations between preoperative
WOMAC/SF-36 surveys and ultimate TJR outcomes in
the Dominican Republic, and in other developing coun-
tries, have not been studied.

Using data from the WOMAC and SF-36 scores taken
preoperatively and at 1-year follow-up, we evaluated the
improvement patterns of 97 low-income patients from the
Dominican Republic who received total knee and hip re-
placement during Op-Walk Boston’s 2009, 2010 and 2011
trips to the Dominican Republic. By assessing associ-
ations between patients’ preoperative  WOMAC and
SF-36 scores and their ultimate TJR outcomes, we evalu-
ated whether score improvement patterns in developing
countries match patterns observed in developed coun-
tries. Insight into the associations between preoperative
WOMAC and SF-36 scores and TJR outcomes may help
leaders of TJR programmes in developing countries better
understand the optimal point at which to operate during
the process of functional decline, informing the allocation
of these programmes’ limited resources.

Patients and methods

Setting

Although the Dominican Republic has a publically funded
health care plan, low-income citizens typically lack re-
sources for highly complex and high-cost medical inter-
ventions [15], including joint replacement. To address

www.rheumatology.oxfordjournals.org

these unmet needs, the Op-Walk Boston team travels an-
nually to La Hospital General de la Plaza de la Salud in
Santo Domingo, a private hospital, to perform total knee
and hip replacement for qualifying participants.

Participant selection

From 2009 to 2011, physicians from the Orthopaedic
Department at the Hospital General de la Plaza de la
Salud assembled a group of low-income patients who
had advanced arthritis and joint destruction. Prior to the
Op-Walk team’s departure from Boston, Op-Walk’s surgi-
cal team reviewed patients’ radiographic images and
medical records to confirm appropriateness for total hip
or knee replacement. When the Op-Walk team arrives in
the Dominican Republic, Op-Walk’s surgical team per-
forms a detailed preoperative assessment of all patients
to finalize surgical plans and obtain informed consent for
surgery. This study was approved by the institutional
review boards at both the Brigham and Women’s
Hospital in Boston and the Hospital General de la Plaza
de la Salud in Santo Domingo.

Survey information

The pre- and postoperative surveys incorporated Spanish
versions [16, 17] of the SF-36 [18] physical activity and
mental health subscales and the WOMAC [19, 20].
These instruments have been validated previously and
are widely used for evaluating TJR outcomes [21, 22].
To simplify interpretation, we transformed the SF-36 and
WOMAC scores to a 0- to 100-point scale, with 100 rep-
resenting the best score. 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 [14]. This level of reli-
ability exceeds the commonly accepted threshold of 0.70,
supporting the internal consistency of these scales in the
Dominican cohort [23].

In addition to the SF-36 and WOMAC instruments, the
preoperative surveys also requested patients’ demo-
graphic information (age, education level, gender, em-
ployment and living arrangements) as well as their
perception that TJR would relieve their pain or lead to
operative complications. The postoperative 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 associ-
ates then administered the surveys to consenting partici-
pants. 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.
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Statistical analysis

The knee replacement and hip replacement cohorts had
similar baseline and 1-year follow-up characteristics (sup-
plementary Tables S1 and S2, available at Rheumatology
Online). Because of these similarities, we combined the
knee and hip groups together in our analyses. To deter-
mine whether patients who started with lower function
level 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 outcome we investigated the association between
preoperative functional status tertile and both the
12-month score and the score improvement. We calcu-
lated the mean in each group and used one-way analysis
of variance to test for overall group differences. Tukey’s
studentized range test was used to perform pairwise com-
parisons when the overall test 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 provided
data on the combined hip and knee replacement cohorts
to achieve more stable estimates.

Results

Recruitment

In 2009, 2010 and 2011, a total of 130 patients were
invited to participate in our study. A total of 123 patients
agreed to participate and subsequently completed base-
line forms. Of the patients who completed baseline forms,
97 attended their 1-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 (s.0.=11.8). Total knee replacement
was performed in 72.9% of patients and the remainder
received total hip replacement (one patient received
both total knee replacement and total hip replacement);
61.5% of cases were unilateral. The majority (75%) of pa-
tients 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 ASA score was 2.2
(s.n.=0.5) and the average BMI was 28.9 (s.0.=5.7). The
majority (76.6%) of patients believed that the surgery had
a >90% chance of relieving their pain and 58.7% of pa-
tients believed that there was <1% chance that they
would experience some kind of complication (Table 1).

Pain and function scores

Before undergoing TJR, patients had, on average, poor
baseline WOMAC function (mean=33.6, s.0.=23.3) and
SF-36 physical function (mean=15.5, s.0.=17.4) scores
[18]. The cohort also had poor baseline WOMAC stiffness
scores (mean=235.3, s.0.=26.2). By contrast, the cohort

1804

had good SF-36 mental health scores (mean=75.0,
s.0.=16.6).

Following surgery, patients improved substantially from
their baseline WOMAC function (cohort mean improve-
ment=53.3, s.0.=26.0), SF-36 physical function (cohort
mean improvement=56.7, s.0.=24.3), WOMAC pain
(cohort mean improvement=47.8, s.0.=31.0) and
WOMAC stiffness (cohort mean improvement=47.9,
s.0.=33.9) scores. SF-36 mental health scores also im-
proved modestly (cohort mean=6.5, s.0.=21.3) (Table 2).

Association between preoperative function group and
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 tertile’s 1-
year follow-up scores were compared with their corres-
ponding preoperative scores, the lowest functioning tertile
made the greatest WOMAC function gains (mean im-
provement=76.2, s.0.=14.9) when compared with the
middle (mean=54.5, s.0.=17.5) and highest functioning
tertiles (mean=29.2, s.0.=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 2). SF-36 function scores
(P=0.047), WOMAC pain (P <0.001) and WOMAC stiff-
ness (P <0.001) all show similar patterns in which the
lowest tertile groups improved more than the highest ter-
tile groups. There was no significant difference in improve-
ment patterns in SF-36 mental health scores between the
tertiles (P=0.973) (Table 2).

There was no difference in 1-year follow-up scores be-
tween the patients in the lowest tertile of preoperative
function scores and those in the highest tertile
(P=0.089, Fig. 1A). Similarly, the three groups did not
differ in 1-year SF-36 physical function score (P=0.053,
Fig. 1B), WOMAC pain score (P=0.114, Fig. 1C), WOMAC
stiffness score (P=0.472, Fig. 1D) or SF-36 mental health
(P=0.456, Fig. 1E).

Multivariable analysis

There was little change in the statistical significance
observed between the tertiles in the univariate analyses
and in a multivariate analyses that adjusted for sex, edu-
cation, procedure (unilateral vs bilateral) and joint (knee vs
hip; Table 2).

Discussion

In this study, we investigated patterns between preopera-
tive WOMAC and SF-36 function scores and 12-month
functional outcomes in patients undergoing TJR in the
Dominican Republic. Patients with the worst preoperative
WOMAC function scores improved more than those with
the best preoperative scores, which is consistent with ob-
servations made in developed countries [12, 13]. We also
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TasLe 1 Patient demographics for all Op-Walk patients

Highest (best) Medium Lowest (worst)

Demographic tertile (n=33) tertile (n=32) tertile (n=32)
Female sex 79 (81.4) 21 (63.6) 28 (87.5) 30 (93.8)
Age, n; mean (s.n.), years 97; 60.9 (11.8) 33; 62.0 (8.8) 32; 58.0 (13.4) 32; 62.8 (12.6)
Education, completed secondary school or 24 (25.3) 11 (33.3) 8 (25.8) 5(16.1)

higher

Curgently working 19 (19.6) 12 (36.4) 5 (15.6) 2 (6.3)
Living with friends or family members 89 (92.7) 29 (87.9) 31 (100.0) 29 (90.6)
ASA, n; mean (s.n.) 90; 2.2 (0.5) 30; 2.1 (0.5) 29; 2.1 (0.5) 31;2.2 (0.4)
BMI, n; mean (s.p.) 79; 28.9 (5.7) 28; 28.6 (5.6) 24; 29.2 (6.3) 27; 29.0 (5.4)
BMI > 35 10 (12.7) 4 (14.3) 2 (8.3 4 (14.8)
Health > good 47 (50.5) 17 (54.8) 15 (50.0) 15 (46.9)
Surgery > 90% chance of relieving pain 72 (76.6) 23 (71.9) 22 (71.0) 27 (87.1)
Chance of major surgical complication <1% 54 (58.7) 15 (48.4) 16 (53.3) 23 (74.2)
Procedure, knee 70 (72.9) 24 (72.7) 20 (62.5) 26 (83.9)
Procedure, hip 26 (27.1) 9 (27.3) 12 (37.5) 5 (16.1)
Procedure, unilateral 59 (61.5) 28 (84.8) 18 (56.3) 13 (41.9)
Procedure, bilateral 37 (38.5) 5(15.2) 14 (43.8) 18 (58.1)

Data are n (%) unless stated otherwise.

TaBLE 2 Baseline and 12-month WOMAC and SF-36 scores stratified by baseline WOMAC function score

Highest (best) Medium Lowest (worst) Unadjusted Adjusted

tertile tertile tertile P P?

WOMAC function scores

Baseline WOMAC 97; 33.6 (23.3) 33; 60.5 (15.0) 32;29.2 (7.4) 32; 10.1 (5.9)
function

Follow-up WOMAC 94; 86.5 (13.1) 32;90.0 (11.8)  30; 83.0 (14.9) 32; 86.2 (11.9) 0.089 0.051
function

Change in WOMAC 94; 53.3 (26.0) 32;29.2 (19.5) 30; 54.5 (17.5) 32; 76.2 (14.9) <0.001 <0.001
function

SF-36 physical function scores
Baseline SF-36 physical 94;15.5 (17.4) 32;27.2 (22.8) 30;11.2(10.8)  32; 7.7 (7.4)

function

Follow-up SF-36 physical 91; 72.1 (20.4) 32; 77.7 (17.0)  29; 65.0 (21.4) 30; 73.1 (21.2) 0.053 0.043
function

Change in SF-36 physical 88; 56.7 (24.3) 31; 49.3 (22.5) 27; 55.9 (24.6) 30; 65.1 (23.9) 0.047 0.108
function

WOMAC pain score
Baseline WOMAC pain 91; 37.0 (22.0) 30; 55.2 (19.6)  30; 37.0 (14.4)  31; 19.5 (15.4)

Follow-up WOMAC pain 93; 85.0 (17.5) 32; 88.9 (12.9) 30; 80.2 (22.3) 31; 85.6 (15.8) 0.114 0.150
Change in WOMAC pain  87; 47.8 (31.0) 29; 33.4 (24.8) 28; 42.6° (33.2)  30; 66.7 (25.0) <0.001 0.001
WOMAC stiffness scores

Baseline WOMAC 92; 35.3 (26.2) 31;55.2 (20.6) 31; 35.1 (24.5) 30; 15.0 (15.5)
stiffness

Follow-up WOMAC 94; 83.8 (19.9) 33; 85.6 (16.6) 29; 80.2 (25.3) 32; 85.2 (17.5) 0.472 0.374
stiffness

Change in WOMAC 89; 47.9 (33.9) 31; 30.6% (26.0) 28; 42.9° (35.9) 30; 70.4 (26.8) <0.001 <0.001
stiffness

SF-36 mental health scores
Baseline SF-36 mental 97; 75.0 (16.6) 33; 74.7 (156.2) 32; 72.0 (15.0) 32; 78.3 (19.2)

health

Follow-up SF-36 mental 93; 81.5(18.8) 31;81.3(17.8) 32;78.5(21.2) 30; 85.1 (17.1) 0.456 0.165
health

Change in SF-36 mental 93; 6.5 (21.3) 31;7.4(25.2) 32; 6.5 (19.5) 30; 5.7 (19.3) 0.973 0.753
health

Values are n; mean (s.n.) unless otherwise stated. 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) and change in WOMAC stiffness (H vs
L; M vs L). ®Adjusted for sex, education, procedure (unilateral vs bilateral) and joint (hip vs knee).
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Fic. 1 Baseline and 12-month WOMAC and SF-36 scores with 95% Cl, stratified by baseline WOMAC function score.
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observed that each tertile had similar outcomes at 12-
month follow-up, contrasting with patterns seen in devel-
oped countries [12, 13] and suggesting that a low baseline
WOMAC function score did not compromise the TJR
outcome.

Our first finding, that the lowest-scoring preoperative
tertile improves more than the highest-scoring preopera-
tive tertile, is consistent with a large study that included
patients from three developed countries: the USA, the UK
and Australia [13]. Our second finding, that all tertiles have
similar outcomes at 12-month follow-up, contrasts with
observations from developed countries, which have
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 base-
line functional level [12, 13]. It should be noted that our
cohort’s mean baseline WOMAC function score (33.6) was
lower than the mean baseline WOMAC function scores
observed in cohorts from developed countries, which
ranged from 42.3 [13] to 54.0 [12]. Since lower baseline
scores are typically associated with greater gains [12, 13],
this baseline difference in WOMAC function scores could
explain our cohorts’ relatively large improvements. Our
observation that Dominican patients with very low pre-
operative WOMAC scores nevertheless attain good post-
operative scores is not observed in joint replacement
cohorts from other countries, but the reason for this dif-
ference is not clear.

One potential explanation may be due to differences in
patients’ motivation to improve after surgery. The
Dominican patients are notably enthusiastic and highly
motivated to regain function following surgery. It is
known that living alone leads to worse functional out-
comes [11], but a relatively high percentage of our pa-
tients live with friends or family members (Table 1), so
this demographic difference may lead to our patients’
large improvements. Due to the level of complexity of
TJR and the limited resource context in which the Op-
Walk team works, the Dominican patients are screened
carefully before being accepted into the programme.
Therefore there may also be selection bias for patients
who have better overall health, which may lead to greater
improvement following surgery. Finally, patients’ average
age (60.9) is almost 10 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 was noted that higher age pre-
dicts lower SF-36 functional scores at 2-year follow-up
[13] and worse postoperative function [11], so it is pos-
sible that our patients’ younger age helps them to achieve
better outcomes, regardless of their baseline status.
Additional research is required to more rigorously test
these hypotheses.

Regardless of the reasons for the observed difference,
our study suggests that in developing countries, operating
on patients at a lower level of functional status may not
compromise their end result. Although this practice would
increase patients’ period of arthritis-associated disability,
a policy of waiting longer to operate will optimize the

www.rheumatology.oxfordjournals.org

amount of improvement patients experience from TJR
without threatening the functional outcome. This informa-
tion may be especially important to policymakers from
developing countries, as it will allow them to thoughtfully
allocate their countries’ limited resources.

Our study is limited because it only examines patient
outcomes from the Dominican Republic. Additional work
is needed to see if the observed pattern occurs in other
developing countries. The small sample size (97) and low
proportion of subjects who received hip replacement also
limit the scope of inferences permitted by our data. For
example, a larger sample would have supported analysis
of quartiles instead of tertiles, providing a richer compari-
son. Our work suggests, however, that surgical patterns
observed in developed countries vary from patterns
observed in developing countries. With medical mission
trips growing in prevalence, it will become increasingly
important for mission groups to track their outcomes
and to have dedicated research teams that analyse out-
comes data to see 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.

Rheumatology key messages

e This is the first study to investigate improvement
patterns following joint replacement in a developing
country.

o Improvement patterns following joint replacement in
the Dominican Republic vary from patterns
observed in developed countries.
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