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Introduction

Marked associations between obesity and the development of
knee symptoms have been well established, with one study
reporting that the onset of knee osteoarthritis (OA) and
functional limitations may increase by up to 36% for every 2-
point increase in BMI [1]. Over the last several decades, total
knee arthroplasty (TKA) has been established as the definitive
standard in the treatment of knee symptoms associated with
end-stage osteoarthritis, providing significantly improved
patient-reported outcomes in terms of knee pain and physical
function [2,3]. The prevalence of obesity in Western populations
has continued to rise over the past decades, and this has been
associated with a significant rise in the number of patients with
debilitating knee symptoms who are obese [4]. While many of
these patients may be referred to orthopaedic surgeons for
assessment and consideration of treatment options, in some
cases they may lack intra-articular pathology amenable to
orthopaedic surgical intervention. While there is often little
doubt that these patients are not candidates for knee
arthroplasty, it is not always clear where to refer these patients
for help with their symptoms.

The benefits of weight loss in providing significant reduction
in knee symptoms have been described [5,6]. Based on these
studies, several published guidelines recommend weight loss for
patients with symptomatic osteoarthritis of the knee, [7,8]
including a moderate strength recommendation from the
American Academy of Orthopaedic Surgeons [9]. However,
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achieving lasting weight loss through diet and exercise alone can
be particularly challenging. McGuire et al. reported that 20% of
overweight individuals succeed in losing at least 10% of body
weight and maintaining the loss for at least 1 year with lifestyle
modifications alone, [10] and Wing et al. reported similar
prevalence in a review of several other studies [11].

Bariatric surgery has been repeatedly shown to be an
effective method to achieve lasting reduction in BMI in patients
who are unable to participate in or comply with diet and
exercise regimens, or who have otherwise failed conservative
treatment. While several bariatric techniques have been
described, laparoscopic Roux-en-Y gastric bypass (LRYGB)
surgery is one of the more effective ways to induce and maintain
weight loss, with a favourable long-term safety profile compared
to some other surgical techniques [12-14]. While bariatric
surgery has been reported to provide significant reductions in
knee symptoms, [15,16] little is known concerning the
magnitude of symptomatic improvement when compared to
that experienced by patients who undergo total knee
arthroplasty.

Therefore, the purpose of this study was to assess the impact
of LRYGB on knee-specific patient reported outcomes, and to
compare these findings to a matched cohort of patients who
underwent TKA for OA.

Method

Twenty patients who had self-reported knee pain during pre-
operative bariatric consultation and then scheduled to undergo
bariatric surgery at a single specialized center between April and
August 2011 were enrolled as part of a prospective cohort study.
Baseline demographic and clinical data were obtained. All
patients underwent LRYGB surgery, which is the standard
bariatric procedure performed at our center, performed by one
of four fellowship-trained minimally invasive bariatric surgeons
using similar surgical and post-operative protocols. The study
cohort encompassed 16 women and 4 men, with a mean age of

Table 1: Comparison of baseline characteristics of matched cohorts.
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52 years (range, 45 to 65 years) and a mean BMI of 45.6 kg/m?
(range, 34.6 to 64.3 kg/m2). Clinical follow-up data were
obtained at 6 months and 1 year following surgery. Institutional
review board approval was sought and granted for the present
study, which conforms to the provisions of the Declaration of
Helsinki (as revised in Tokyo 2004).

Baseline demographic information collected included age,
gender, BMI and self-reported osteoarthritis. Ten of 20 patients
in the bariatric cohort reported an existing diagnosis of
osteoarthritis. Clinical data collected at baseline, as well as at
follow-up intervals, included knee-specific Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) pain and
function scores [17].

Bariatric patients enrolled in the present study were matched
on a one-to-two basis to forty patients who had previously
undergone unilateral primary total knee arthroplasty at a single
high-volume specialized adult reconstruction center at the same
academic hospital, and who had participated previous separate
prospective cohort study. All procedures were performed by one
of four fellowship-trained adult reconstruction surgeons through
a standard medial parapatellar incision using cemented
components. Matching was performed by gender (exact match)
and age (nearest neighbour), without replacement. While formal
matching by BMI was not done due to a limited number of
available TKA candidates, patients with higher BMI were
preferentially selected when more than one match candidate
was identified in an attempt to more closely approximate the
known baseline elevated BMI profile of the bypass cohort. The
matched cohort encompassed 8 women and 32 men with a
mean age of 56 years (range, 45 to 67 years) and mean BMI of
44.6 kg/m? (range, 34.1 to 64.9 kg/m?2). Demographic and
clinical data were collected according to similar protocol and
follow-up intervals as for the bariatric cohort. While the TKA
cohort was significantly older when compared to the LRYGB
group (mean age 56 vs. 52 years; p<0.001), no significant
differences in BMI were seen (Table 1).

Gastric Bypass Cohort Total Knee Arthroplasty Cohort p value
Number of patients 20 40 -
Male:Female (percent) 4 (20) : 16 (80) 8 (20) : 32 (80) -
Mean age in years (range) 52 (45 to 65) 56 (45 to 67) <0.001
Baseline BMI in kg/m2 (range) 45.6 (34.6 to 64.3) 44.6 (34.1t0 64.9) 0.672
BMI: Body Mass Index

In addition to comparison of absolute WOMAC pain and
function scores, change scores at each follow-up interval were
obtained through comparison to baseline pre-operative values.
The patients in the bariatric cohort were recruited based on
their qualification for LRYGB based on degree of obesity only;
they were not screened based on the presence or absence of
clinical or radiographic knee osteoarthritis. In contrast, patients
in the TKA cohort all had a pre-operative diagnosis of end-stage

2

osteoarthritis of the knee and failure of non-arthroplasty
management. The intent of our study was not to compare the
outcomes of TKA vs. gastric bypass in patients with similar knee
pathology/symptoms, but rather to compare the magnitude of
change in knee symptoms in the two groups, given baseline
differences in the magnitude of their knee pain. Consequently,
to account for differences in baseline pain and function scores
between cohorts, percentage change scores were calculated for
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each follow-up interval. These represented the percentage of
maximum attainable improvement in score for a given domain
and were obtained by subtracting the score obtained at a given
follow-up interval from the baseline score and dividing by the
baseline score.

Statistical method

Descriptive statistics were obtained for the study cohort.
Univariate analysis was performed using matched tests (paired t-
test) to compare baseline demographic characteristics, as well
as baseline and follow-up clinical measures. Additionally,
comparisons were repeated, stratified by the presence or
absence of self-reported OA among the bariatric cohort. Given
the relatively low number of observations, comparisons were
repeated using non-parametric paired tests, with no relevant
differences in findings identified. No a priori sample size
calculation was performed, as our study sample size was fixed
secondary to the number of LRYGB patients recruited for a
separate prospective study and available for analysis. However,
post hoc analysis given the 20 matched pairs available, and
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assuming a two-tailed alpha of 0.05 and power of 0.8 (i.e. 20%
risk of type Il error), revealed that our study was sufficiently
powered to detect a minimum effect size of 0.45 in both
WOMAC pain and function relative change scores. This is
equivalent to a ‘moderate’ effect size according to the work of
Cohen, [18] and is smaller than then effect sizes seen with 7
days of ibuprofen use in patients with knee and hip OA (0.54 and
0.65, respectively) [19]. For comparison, the reported effect size
of TKA on 12-month WOMAC pain and function scores is 2.54
and 2.51, respectively [20].

Results

Bariatric surgery patients reported significant improvements
in mean knee-specific WOMAC pain scores at both 6-month
(2.95 vs. 6.95; p<0.001) and 1-year (2.30 vs. 6.95; p<0.001)
follow-up compared to baseline (Table 2). Similarly, significant
improvements in mean knee-specific WOMAC function scores
were observed at both 6-month (20.60 vs. 41.25; p<0.001) and
1-year (19.53 vs. 41.25; p<0.001) follow-up.

Table 2: Comparison of WOMAC pain and function absolute and change scores between matched cohorts.

Gastric Bypass ;(:':ﬁlro last C«L(I:‘:ri value
Cohort (n=20) throplasty P
(n=40)
Mean WOMAC Pain score (range) 6.95 (0 to 13) 12.58 (4 to 19) <0.001
Baseline
Mean WOMAC Function score in points (range) 21.35 (0 to 44) 41.25 (7 to 63) <0.001
Mean WOMAC Pain score in points (range) 2.95(0t09) 4.83 (0to 12) 0.058
6 month Mean WOMAC Pain change score in points (range) 4.00 (0to 12) 7.75 (-3 to 16) 0.007
follow-up . . .
Mean WOMAC Function score in points (range) 6.25 (0 to 24) 20.60 (0 to 43) <0.001
Mean WOMAC Function change score in points (range) 15.10 (0 to 44) 20.65 (-18 to 54) 0.132
Mean WOMAC Pain score in points (range) 2.30 (0to 9) 3.98 (0 to 15) 0.057
12 month Mean WOMAC Pain change score in points (range) 4.65 (0 to 13) 8.60 (0 to 16) 0.003
follow-up . . .
Mean WOMAC Function score in points (range) 7.05 (0 to 39) 19.53 (0 to 51) <0.001
Mean WOMAC Function change score in points (range) 14.30 (-5 to 44) 22.44 (-14 to 57) 0.075

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index

The mean percentage improvement in scores was similar
between groups for most assessment periods (Table 3). Patients
in the LRYGB cohort had significantly better mean WOMAC pain
(6.95 vs. 12.58; p<0.001) and function (21.35 vs. 41.25; p<0.001)
scores at baseline when compared to patients who underwent
TKA, and lower absolute mean change scores at all follow-up
assessments. However, the mean percentage improvement in
knee-specific pain scores was similar between groups at both 6-

month (49.9% vs. 58.3%; p=0.438) and 1-year (62.7% vs. 68.2%;
p=0.576) follow-up intervals. Furthermore, patients who
underwent LRYGB had significantly greater mean percent
improvement in knee-specific WOMAC function scores at 6-
month follow-up (66.3% vs. 46.8%; p=0.048), and a similar
though marginally non-significant improvement at 12-month
follow-up (68.4% vs. 51.6%; p=0.094).

Table 3: Comparison of percent of maximum attainable improvement in WOMAC scores compared to baseline.

Gastric Bypass
Cohort (n=20)

Total Knee Arthroplasty

Cohort (n=40) p value

6 month
follow-up

Mean percent improvement in WOMAC Pain score (range)

0.438

49.9 (0 to 100) 58.3 (-43 to 100)
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Mean percent improvement in WOMAC Function score (range) 66.3 (0 to 100) 46.8 (-95 to 100) 0.048
12 month Mean percent improvement in WOMAC Pain score (range) 62.7 (0 to 100) 68.2 (0 to 100) 0.576
follow-up Mean percent improvement in WOMAC Function score (range) 68.4 (-15 to 100) 51.6 (-74 to 100) 0.094
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index

Comparatively, LRYGB patients with self-reported OA had
greater knee pain and worse function pre-operatively when

compared to those without OA (Table 4), as well a smaller mean

percentage improvement in pain (50.5% vs. 74.9%) and function
(55.0% vs. 81.8%) scores at final follow-up.

Table 4: Comparison of WOMAC pain and function absolute and change scores between matched cohorts with bypass patients
stratified by presence or absence of self-reported OA.

Gastric Bypass Cohort Gastric Bypass Total Knee
without self-reported OA subgroup  with  self- Arthroplasty
(n=10) reported OA (n=10) subgroup (n=20) p value’
Mean WOMAC Pain score (range) 6.3 (0to 12) 7.6 (0to 13) 13.0 (8 to 16) 0.006
Mean WOMAC Function score in points
Baseline (range) 18.6 (2to0 41) 24.1 (0 to 44) 41.8 (19 to 56) 0.010
Mean WOMAC Pain score in points
(range) 2.9(0to9) 3.0 (0to 6) 3.25 (0 to 6) 0795
Mean WOMAC Pain change score in
points (range) 3.4 (0to 11) 4.6 (0to 12) 9.75 (6 to 15) 0016
Mean percent improvement in WOMAC
Pain score (range) 52.8 (0 to 100) 46.9 (0 to 92) 74.6 (53 to 100) 0.038
6 month
follow-up . ) )
Mean WOMAC Function score in points
(range) 6.6 (0 to 24) 5.9 (0to 12) 16.8 (6 to 28) 0.003
Mean WOMAC Function change score in
points (range) 12.0 (0 to 29) 18.2 (0 to 44) 25.0 (13 to 37) 0.236
Mean percent improvement in WOMAC
Function score (range) 67.8 (0 to 100) 64.7 (0 to 80) 59.0 (37 to 83) 0.603
Mean WOMAC Pain score in points
(range) 1.60 (0to 9) 3.00 (0 to 6) 35(0to9) 0.665
Mean WOMAC Pain change score in
points (range) 4.7 (0 to 11) 4.6 (0to 13) 9.5 (6 to 16) 0018
Mean percent improvement in WOMAC
Pain score (range) 74.9 (0 to 100) 50.5 (0 to 100) 73.7 (39 to 100) 0.070
12 month
follow-up . . .
Mean WOMAC Function score in points
(range) 5.7 (0 to 39) 8.4 (0to 19) 18.9 (2 to 39) 0013
Mean WOMAC Function change score in
points (range) 20.6 (4 to 46) 15.7 (0 to 44) 22.9 (6 to 47) 0.200
Mean percent improvement in WOMAC .
Function score (range) 81.8 (-15 to 100) 55.0 (0 to 100) 56.6 (15 to 97) 0.890
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; OA: osteoarthritis
" p values are for comparison of bypass patients with self-reported OA to a matched subset of patients who underwent TKA

When compared to patients who underwent TKA, the sub
cohort of LRYGB patients with self-reported OA had significantly
lower percentage improvement in pain at 6-month follow-up
(46.9% vs. 74.6%; p=0.038) and trended toward significantly
lower percentage improvement at 12 months (50.5% vs. 73.7%;

p=0.070). No significant differences in percentage improvement
in function were seen at either time point (Table 5). It should be
noted, however, that the ability to detect significant differences
in this sub-analysis was limited by low patient numbers.
Nevertheless, even in the presence of self-reported OA, patients
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still experienced a mean 50% improvement in knee-specific pain
and function scores 12 months following LRYGB.
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Table 5: Comparison of WOMAC pain and function absolute and change scores between matched cohorts for the subgroup of

bypass patients with self-reported OA.

Gastric Bypass subgroup with Total Knee Arthroplasty
self-reported OA (n=10) subgroup (n=20) p value
Mean WOMAC Pain score (range) 7.6 (0to 13) 13.0 (8 to 16) 0.006
Baseline
Mean WOMAC Function score in points (range) 24.1 (0 to 44) 41.8 (19 to 56) 0.010
Mean WOMAC Pain score in points (range) 3.0 (0to 6) 3.25 (0 to 6) 0.795
Mean WOMAC Pain change score in points (range) 4.6 (0to12) 9.75 (6 to 15) 0.016
6 month follow-
up Mean WOMAC Function score in points (range) 5.9(0to 12) 16.8 (6 to 28) 0.003
Mean WOMAC Function change score in points 18.2 (0 to 44) 25.0 (13 10 37) 0.236
(range)
Mean WOMAC Pain score in points (range) 3.00 (0 to 6) 3.5(0to9) 0.665
Mean WOMAC Pain change score in points (range) 4.6 (0to 13) 9.5 (6 to 16) 0.018
12 month follow-
up Mean WOMAC Function score in points (range) 8.4 (0to 19) 18.9 (2 to 39) 0.013
z\f::;e)WOMAC Function change score in points 15.7 (0 to 44) 22.9 (6 to 47) 0.200

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; OA: osteoarthritis

Discussion

Given the rising prevalence of obesity, and the known
associations between increased BMI and knee pain, orthopaedic
surgeons may find themselves advising obese patients with
marked knee symptoms in the absence of intra-articular
pathology amenable to surgical intervention. While studies and
clinical practice guidelines have suggested that weight loss may
be beneficial for the management of such symptoms, many
patients fail to achieve lasting reductions in BMI with diet and
exercise alone. Bariatric surgery, and LRYGB in particular, has
been reported to be safe and effective in achieving lasting
weight loss, and also concomitant reductions in knee symptoms.
However, the magnitude of symptomatic improvement is
unclear. Thus, we endeavoured to evaluate the changes in knee-
specific WOMAC pain and function scores following LRYGB, as
compared those attained in patients who underwent TKA.

We acknowledge several limitations to the present study.
First, the patients in the present study underwent surgery for
different indications. While the TKA group underwent surgery
for end-stage OA of the knee, the LRYGB patients presented for
management of refractory obesity. While patients in the
bariatric cohort were assessed for self-reported OA, they were
not selected based on either severity of knee symptoms, or on
the presence of degenerative changes in the joint. Second, while
a matched cohort design was used in an attempt to control for
potentially confounding demographic factors, the use of a
nearest-neighbor algorithm for age, rather than an absolute
maximum caliper width, resulted in a persistent significant
difference in age between cohorts. Third, patients in the TKA
group were preferentially selected to have elevated BMlis to
more closely reflect the BMI profile of the LRYGB cohort. In a

© Under License of Creative Commons Attribution 3.0 License

cohort study of 13,673 primary TKAs, Baker et al. recently
reported that increasing BMI is associated with poorer pre and
post-operative patient-reported outcomes as measured using
the Oxford Knee Score, although no differences in absolute
change scores were seen [21]. Similarly, Rajgopal et al. reported
differences in absolute but not change scores with the use of the
WOMAC following TKA, although outcomes stratified by
individual WOMAC domains were not reported [22].
Consequently, given the high mean BMI of the TKA group in the
present study, their clinical outcomes may not be generalizable
to the wider population of all patients who undergo this
procedure. However, a recent large database study reviewed
20,308 patients from approximately 250 medical centers who
underwent laparoscopic bariatric surgery [23]. The mean BMI of
this study cohort was 46.0 kg/m?, which is broadly similar to the
mean BMI of both the bariatric (45.6 kg/m2) and TKA (44.6
kg/m2) cohorts in our study, suggesting that our findings are
generalizable to the wider population of patients who are
suitable candidates for bariatric surgical procedures. Fourth, our
follow-up time was limited to 12 months, which we expected
would capture the majority of differences in outcome scores
associated with the procedures performed. Multiple authors
have reported that clinical and functional outcomes following
TKA plateau within 1 year of surgery [24-27], although Williams
et al. reported that overall Oxford Knee Scores and certain sub-
components may not peak until several years following surgery
[28]. Longitudinal study of patients who underwent gastric
bypass revealed that most of the maximal weight change occurs
within the first year of surgery, although some return of body
weight may occur years later [29]. Consequently, while these
data suggest that maximal change in clinical outcome scores can
be reasonably expected to occur within the first year after
surgery, further variation in scores may occur at longer follow
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up, which would not have been captured in our study. Finally,
the group sizes in the study were relatively small, increasing the
likelihood of underpowering to detect differences between
groups, as well as increasing the theoretical susceptibility to
outliers. Specifically, post hoc analysis revealed that our study
was sufficiently powered to detect a minimum effect size of
0.45, with a greater than 20% risk of failing to identify significant
differences in relative WOMAC change scores associated with
smaller effect sizes. However, given that our study was
sufficiently powered to detect effect sizes smaller than those
seen with short-term ibuprofen use for knee and hip OA [19],
the clinical relevance of even smaller effect sizes is debatable.
Nevertheless, we believe that the findings of the present study,
namely that LRYGB in obese patients can provide similar
percentage improvement in knee symptoms when compared to
TKA in patients with end-stage osteoarthritis, can provide
valuable guidance to orthopaedic surgeons and other health
care providers when counselling obese patients with marked
knee symptoms in the absence of surgical pathology.

It is important to note that two cohorts in the present study
were not matched for baseline WOMAC scores. Given the
important differences between cohorts in underlying pathology/
pathologies potentially contributing to patients’ knee symptoms,
as well pathophysiologic effects of TKA vs. LRYGB on knee pain,
there were expected significant differences in baseline, follow-
up, and absolute WOMAC change scores between groups.
However, it is well recognized that from the patient perspective,
the magnitude of change in absolute scores needed to achieve a
minimal clinically important difference in symptoms is related to
the baseline state (in other words, patients who have worse
symptoms need to experience a greater change in score to
consider themselves improved) [30,31]. Consequently, relative
change scores may be better representative of the magnitude of
change in symptoms from the patients’ perspective, especially
given differences in baseline status. In the present study, we
found that patients who underwent LRYGB had considerably
milder baseline symptoms (as evidenced by higher WOMAC pain
and function scores), as well as a smaller improvement in
absolute scores at final follow-up. However, given the similar
relative change scores at final follow-up, it is likely that the
magnitude of improvement in knee symptoms was more
comparable between groups than would be suggested by
examination of absolute scores in isolation.

To date, there have been few studies evaluating the impact of
bariatric surgery on knee symptoms. A systematic review by Gill
et al. published in 2011 identified 5 studies that assessed the
influence of bariatric surgery on lower limb joint pain in patients
with osteoarthritis [15]. While two studies assessed both hip
and knee joint pain, the other three evaluated knee symptoms
only. All five studies identified benefits in terms of reduction
pain and/or improved function following bariatric surgery. More
recently, Edwards et al. evaluated 24 patients with
radiographically-confirmed symptomatic osteoarthritis of the
knee (mean Kellgren-Lawrence grade of 1.85 in left knee and
1.89 in right knee; ranges not reported) [16]. The authors
reported significant improvements in all domains of the WOMAC
and Knee Injury and Osteoarthritis Outcome Scores (KOOS) at 1
year follow up. The mean improvement in WOMAC pain scores
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was 5.3 points, and the mean improvement in WOMAC function
scores was 19.2 points. These findings were broadly similar to
mean change scores of 4.7 and 14.3, respectively, for the LRYGB
cohort in the present study.

There are a range of non-surgical options available to patients
to help with weight loss, including dietary, exercise,
pharmacologic and psychotherapeutic interventions alone or in
combination. Bariatric patients are best managed using a
multidisciplinary approach, with bypass surgery indicated in the
subset of patients who have failed one or more conservative
treatment options, and who have met a range of clinical and
psychological qualification criteria [32-34]. Consequently, it is
important to recognize that the goal of bariatric consultation is
to provide patients with expert assessment and advice
concerning the full range of options to achieve and maintain
meaningful weight loss.

In summary, bariatric surgery provides significant
improvements in patient-reported knee pain and physical
function up to one year following surgery, although the effect on
patient-reported outcomes was somewhat less in those who
reported concurrent OA. The relative improvement in symptoms
was similar to that of a matched group of patients who
underwent TKA for end-stage OA. While further work is needed
to better delineate the contribution of elevated BMI to knee
symptoms, as well as to ascertain whether these findings are
maintained at longer-term follow-up, surgeons should consider
bariatric consultation for obese patients with knee symptoms
lacking either focal pathology amenable to orthopaedic
management or degenerative changes sufficiently advanced to
warrant joint arthroplasty.
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