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Abstract
Joint Osteoarthritis (OA) is a major source of morbidity and disability in the aging population. It is especially a
concern to overweight individuals, as obesity is an important risk factor for the development of OA. The relationship
between obesity and the development of joint damage is not purely the result of mechanical forces as pathologic
inflammatory markers have been implicated in the process as well. Recent clinical practise guidelines state that
weight-loss leads to functional improvement in joint pain. It can then be expected that bariatric surgery, the only proven
long-term weight-loss modality in the morbidly obese, should have a similar effect. However, the improvement in OA
post-surgery is not as drastic in comparison to the change in other obesity-related co-morbidities. Bariatric surgery,
however, can be used in conjunction with orthopaedic surgery to ultimately treat OA through joint replacement. Effective
weight-loss, as achieved through bariatric surgery, can improve post-operative outcomes in the obese population,
making poor surgical candidates into acceptable ones. In this editorial, we explore the relationship between obesity
and osteoarthritis and the roles of combining bariatric and orthopaedic surgeries.
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Introduction
Obesity affects a growing number of North Americans. In the
United States alone 1/3 of all adults are classified as obese [1]. Body
Mass Index (BMI) measurements are used to categorize patients into
different severities of obesity. A BMI of less than 25 kg/m2 is considered
normal. Patients are classified as overweight with a BMI between 25 and
30 kg/m2, obese with a BMI that is over 30 kg/m2, and morbidly obese
with a BMI that is over 40 kg/m2. Bariatric surgery has been shown
to be the most effective treatment modality for achieving significant
weight loss in the morbidly obese [2]. Morbid obesity is associated with
a number of conditions that considerably affect the patient’s health
[1,3]. These conditions include diabetes, hypertension, dyslipidemia,
obstructive sleep apnea, gastroesophageal reflux disease, depression, as
well as joint pain in the knees and lower back [4]. Along with achieving
clinically significant excess weight-loss, bariatric surgery has also
shown effectiveness in improving many of these aforementioned co
morbid conditions [3]. In particular, type 2 diabetes and hypertension
resolve in the overwhelming majority of patients undergoing bariatric
surgery [3,5,6]. The effect of bariatric surgery on osteoarthritis and pain
in weight-bearing joints, however, is not as clear.
Osteoarthritis (OA) is known to be exacerbated or possibly even
caused by obesity. This relationship is not as simple as originally
postulated, as it is not just the increased weight exerted on the joints
that accounts for the development of osteoarthritis [7]. It is this
complexity that complicates the relationship between bariatric surgery
and the progression of osteoarthritis in weight-bearing joints. In a
recent systematic review, we have found that there is a paucity of data in
the current literature establishing a clear relationship between bariatric
surgery and the progression or cessation of osteoarthritis [7]. However,
we found that the available studies do support the notion that there is
a relationship between improved joint pain after significant weight loss
following bariatric surgery [7]. The purpose of this review is to provide
health practitioners with an update and review on the impact and effect
of bariatric surgery on osteoarthritis.

Discussion
Obesity as a cause of osteoarthritis
The two main risk factors for the development of osteoarthritis are
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advanced age and being overweight. Although age is the most important
risk factor, obesity is the greatest modifiable risk factor. This increased
risk is felt to be particularly high in weight-bearing joints [8]. This is
supported by the Framingham Study where obese patients were found
to have a 50% increased risk of knee OA when compared to controls
[9]. Moreover, the relationship between obesity and knee OA has been
further linked by a meta-analysis of 36 papers which found a strong
correlation between knee OA and obesity [10,11]. In another review
of the literature, patients with a BMI >30 were found to have a 7 fold
increased risk for developing knee OA as compared to patients with a
BMI<25 [11,12]. However, the evidence is not as strong regarding the
interplay between obesity and OA in other weight-bearing joints such
as the hip and ankle [8,13,14]. Although obese individuals were found
to have a higher risk for back pain than non-obese individuals (58%
compared to 24%), it is felt that back pain is only moderately associated
with obesity [8,15]. Furthermore, it is difficult to differentiate the
aetiology of back pain since many factors may be involved; thereby
complicating studies investigating back OA.
These discrepancies suggest that there are more than simple
mechanical forces in the development of osteoarthritis. It is felt that
important biochemical factors are also altered in obese patients,
which may accelerate the development of OA in certain joints. Local
inflammatory factors, such as IL-1, IL-6, CRP, and TNF-alpha have
been shown to be elevated in obese patients [16-18]. Furthermore,
inflammation is also mediated by adiponectin and leptin, which
contribute to cartilage breakdown [17,19]. Finally, the muscle weakness
that accompanies obesity, particularly in the quadriceps and lumbar
muscle groups, contributes to the progression of OA in the knees as a
result of altered function, biomechanics, and gait patterns [17].
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Overall, obesity is strongly associated with the development of knee
OA and moderately associated with lower back OA. Its relationship
with other weight-bearing joints, such as the hip, is not clear. The
contributing factors consist not only of the increased mechanical load,
but also involve humoral and inflammatory factors.

Weight loss relieving osteoarthritis
As obesity is considered to be the most significant modifiable
cause of osteoarthritis, studies have been designed to prove that weight
loss should lead to an expected improvement or possible prevention
of OA. Surprisingly, there are very few studies that have succeeded
in demonstrating the relationship between conventional weight loss
and OA. This is due primarily to the difficulty in maintaining uniform
weight loss in a study group through conventional means such as diet,
exercise and medication. An often cited randomized control trial by
Christensen et al., randomized 80 patients to a low-energy diet and
a normal diet for 8 weeks [20]. The low-energy diet wing was found
to have improved Western Ontario/McMaster (WOMAC) scores,
scores which assess functionality in patients with OA [20]. The authors
extrapolated that a 10% weight reduction corresponded to a 28%
improvement in function, as measured by WOMAC. This finding
was supported by a meta-analysis which showed moderate to large
clinical improvements in joint pain [20] However, when dealing with
a chronic disease, long-term follow-up is required to adequately assess
the relationship between weight-loss and improvement in OA, yet this
study only had short-term data. Another randomized trial, assessing
the effect of diet and exercise on WOMAC scores, found similar results
and determined that a 5% weight loss over 18 months resulted in a 24%
improvement in function [18,21]. However, this study was limited by
the high rate of patients lost to follow-up (20%). Other studies have
attempted to examine the functional outcomes of medically induced
weight-loss, but these studies were also hampered by non-adherence to
the medication and by weight recidivism [18,22].
Brosseau et al. [23] recently published an updated clinical practice
guideline examining the effect of weight-loss and osteoarthritis.
Although they found the quality of most studies to be methodologically
low, they were able to establish a consensus that physical activity and
diet programs are beneficial to relieve pain and to improve functional
status in patients with OA.

Bariatric Surgery link to improved osteoarthritis
There have been numerous studies examining the effect of bariatric
surgery on the progression of osteoarthritis. An early study by McGoey
et al. [24] demonstrated an improvement in lumbar spine pain from
62 to 11%, hip pain from 11% to 2% and knee pain from 57 to 14%
in 62 patients who underwent roux-en-Y gastric bypass (RYGB). A
later study by Hooper et al. published similar results in a prospective
study of 48 patients with joint pain who underwent RYGB [8]. Patients
experienced an average weight loss of 41 kg, coinciding to a BMI
reduction from 51 to 36, and a significant improvement in pain in
weight-bearing joints from 100% to 37% postoperatively. Interestingly,
there was also a similar reduction in pain scores from 79% to 40% in
non-weight-bearing joints and McGoey et al. found that there was
no difference in pain reduction between patients who lost <60lbs (27
kg) compared to patients who lost >99 lbs (45 kg) [8,24]. These two
observations lend credence to the hypothesis that factors other than
mechanical loads contribute to the development of OA. The authors
also postulate that a psychosomatic component could contribute
to ameliorate symptoms as pain is a subjective variable. Thus, any
somatised pain could have been improved in this group of motivated
patients.
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Peltonen et al. [25] also demonstrated an improvement in workrelated restricting pain. In a large case-controlled study, surgical
management of obesity was compared to conventionally managed
controls. The authors reported that surgical intervention accounted for
an average weight loss of 28 kg with significant improvement in workrelated pain in five different locations (neck back, hip, knee, and ankle).
However, other studies have failed to support this conclusion.
Korenkov et al. [26] followed 145 patients over 8 years who underwent
adjustable gastric band. Despite a BMI drop from 48 to 34 and an
improvement of other medical comorbidities, they only reported a
drop in knee pain from 47% to 38%. Although a statistically significant
result, the clinical difference was quite minimal. It was postulated that
there was a less than expected effect on knee pain because degeneration
had already occurred and thus the damage was irreparable [26].
Thus, it can then be extrapolated that it is important to alter the
course of OA before joint changes become permanent. Therefore,
there may be a role for bariatric surgery in preventative healthcare. An
interesting study by Abu-Abeid et al. [27] studied 64 patients with knee
pain and early signs of OA on radiographs, who underwent bariatric
surgery. At 3-month follow-up, the joint space increased an average of
0.65 mm with an associated average BMI reduction of 6.3 kg/m2 which
correlated with improved pain-control. In fact, a larger change in BMI
correlated with a larger joint space.
A recent systematic review examining the effect that bariatric
surgery has on hip and knee osteoarthritis was conducted by our
group [7]. Among 400 related articles, only six studies were found
to be appropriate for analysis. Of these six studies, five were case
series and only one was a case-controlled study. We concluded that
bariatric surgery does confer a moderate improvement in both Knee
Society Score (KSS) and Harris Hip Score, however this improvement
is tempered compared to the improvement seen in other comorbid
conditions such as diabetes and hypertension post-surgery [3,7]. Still
further prospective studies with a larger patient population are needed
to be fully comfortable in describing the effect that bariatric surgery
has on OA [7].
The small variation in effect that is seen between studies is most
likely a result of osteoarthritis being affected by many different factors.
Mechanical causes, as well as humoral and inflammatory causes play
a role in the degeneration. Furthermore, many of the studies focus on
pain relief, which is a subjective entity. This subjectivity may or may not
be affected by the improvement in mental depression and activity that
accompanies many patients who undergo bariatric surgery, regardless
of the presence of OA [18,28]

Outcomes of weight loss prior to orthopaedic surgery
As the eventual treatment for osteoarthritis is joint replacement,
there has been interest directed at the management of obesity prior
to orthopaedic surgery and whether this affects patient outcomes.
Morbid obesity is considered a relative contraindication to unilateral
knee replacement [18,29]. Obese patients have higher rates of wound
infection, dehiscence, venous thromboembolic events, prosthetic
loosening and cardiac complications after arthroplasty [30,31].
Moreover, Foran et al. showed that a BMI >30 had a negative effect
on outcomes in Total Knee Replacements (TKR) [29]. To add to this,
resource utilization for obese patients increased on average by 7-9%
compared to non-obese patients who have hip or knee replacements
[18].
Studies examining outcome measures of weight-loss prior to joint
replacement have been very difficult to conduct due to the ineffectiveness
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of conventional weight-loss measures in attaining significant and
sustained weight loss. The inability of these patients to mobilize is cited
as the main reason for weight-loss failure. A questionnaire by Howarth
et al. [32] examined 45 obese patients awaiting orthopaedic operations
[32]. They found that although half of the patients felt it was important
to lose weight prior to surgery, and despite 89% of patients having
made an attempt to lose weight, up to 55% of patients were unable to
lose the weight that they had expected to lose and 25% were unable
to maintain the weight loss. The study cited that lack of motivation
accounted for a greater part of reason than knee pain did for inability
to lose weight. In addition, on average, patients do not lose weight post
total joint replacement as there is a high correlation between pre- and
post-operative BMI [33,34]. Thus, patients should not rely on total
joint replacement as a method of weight loss as physical activity levels
are not increased during the first post-operative year. In contrast, gait
speed and improved ability to climb stairs have been seen following
bariatric surgery in as little as 3 months following the procedure [35].

Outcomes of Orthopaedic surgery in morbidly obese patients
Certainly, morbidly obese patients undergoing total joint
replacement for OA present many challenge to the Orthopaedic
surgeon and have higher rates of morbidity. On average, these patients
are approximately 10 years younger than non-obese patients [36]. As
the outcomes for total joint replacement are less favourable in younger
patients in general, this potentiates the opportunity for early failure
and a higher revision rate in this patient population. However, this has
yet to be proven. During the operative procedure, technical difficulties
are more likely to arise in the morbidly obese. The most common
difficulty is in obtaining visualization and the lack of exposure. This
may consequently lead to longer operative times, higher intra-operative
blood loss, higher surgeon mental stress, and malposition of implants
[37-39]. In addition, soft tissue damage to nerves, the collateral
ligaments, and/or patella tendon avulsions are more likely [40].
Following the procedure, patients are found to have more complex
medical management as a result of multiple medical comorbidities. They
have a higher incidence of wound dehiscence, superficial infections,
infections requiring surgical debridement, and thromboembolic events
[41-43]. In fact, Baker et al. reported a 17% wound complication rate in
morbidly obese patients as compared to 9% in normal BMI individuals
[44]. Patella-femoral pain is also found to be higher post-operatively
in the obese group [45]. Also, due to a lack of overall body physical
strength, rehabilitation is difficult. Furthermore, multiple studies
have indicated a clear trend towards a higher rate of revision most
often for septic and aseptic loosening in both total knee and total hip
arthroplasties in morbidly obese patients [29,45-48]. For these reasons,
it is beneficial for a patient to both lose and retain the weight loss
prior to any orthopaedic procedures in an attempt to reduce patient
morbidity and improve overall outcomes.

Outcomes of bariatric surgery prior to orthopaedic surgery
As a direct result of effective weight-loss achieved by patients
undergoing bariatric surgery, juxtaposed against the ineffective weightloss seen by conventional management, there has been an increased
interest in the orthopaedic field of managing obese patients by means of
bariatric surgery prior to a planned orthopaedic surgical intervention.
In spite of this interest, very few current studies have examined the
outcomes of this proposed preoperative bariatric surgery. Parvizi et al.
[30] conducted a small study of 12 patients who underwent knee or
hip surgery within 24 months after either RYGB or VBG. Although the
sample size was small and there lacked a control group, patients were
found to have a significant improvement in pain scores, while only one
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patient required a revision of their arthroplasty. The lack of a control
group was overlooked as the authors stated that these patients would not
have been acceptable surgical candidates prior to bariatric surgery, as
their obesity was considered a surgical contraindication [30]. Severson
et al. investigated TKA preformed before bariatric surgery (group 1),
within 2 years of bariatric surgery (group 2), 2 years following bariatric
surgery (group 3) [49]. Their results showed significantly shorter
anesthesia, operative, and tourniquet times in group 3 [49]. Thus, there
seems to be a benefit to having patients undergo bariatric surgery prior
to arthroplasty. The early success of this two-step bariatric-orthopaedic
intervention warrants further study by means of controlled trials.

Conclusion
The complex relationship between obesity and osteoarthritis
continues to require further investigations to be fully elucidated.
Although many studies have been performed to give insight into this
relationship, several important factors remain overlooked. Obesity
appears to be directly related to pathological joint changes leading to
both pain and osteoarthritis. This effect is due not only to increased
mechanical load, but also to physiologic, humoral and inflammatory
factors. Furthermore, the psychosomatic component of joint pain has
not yet been explored. . The fact that obese individuals have a higher
frequency of musculoskeletal pain than non-obese individuals opens
the possibility that a psychosomatic component may play a large role
[8,28].
Bariatric surgery does seem to improve symptoms of osteoarthritis.
This is felt to be true of both weight-bearing joints and non-weight
bearing joints. Undoubtedly, factors other than mechanical load must
play a part in the development of osteoarthritis. A small discordance
that may explain some of the mixed results from different studies is the
fact that OA was found to be significantly increased in patients with
a BMI of over 30. However, bariatric surgery is indicated for patients
with a BMI of over 40 or a BMI of over 35 with a corresponding
obesity-related co morbidity. Weight-loss in many of these patients
will be successful but will frequently not attain a level that is lower than
a BMI of 30. This theoretically should not provide much benefit to the
improvement of osteoarthritis in these patients. Further controlled
trials are needed to clearly establish the effect of bariatric surgery on
the progression of osteoarthritis.
An area that remains relatively unexplored is the relationship
between bariatric surgery and the outcomes of subsequent arthroplasty.
There are very few studies in this field, which is an area that may have
large implications in the management strategy of these patients. The
potential benefits that bariatric surgery prior to arthroplasty could
range from eliminating the need for arthroplasty all-together, to
dramatically improving post-operative outcomes for those who do
undergo arthroplasty. Further trials in this area may pave the way for
multi-modal management of these complex patients.
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