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Abstract

Obesity is a chronic disease accompanied by inflammation. It is becoming more and
more prevalent all around the world and so are its consequences. Osteoarthritis (OA) is a
degenerative disease of the joints. The range of its risk factors is broad, but the most common
is obesity. OA can be treated in a surgical and non-surgical way. The surgical method - knee
replacement is the most effective way of treating OA, but unfortunately it does not solve the

problem. Obesity takes a part not only in development of OA but is also involved in developing



postoperative complications and impairing the recovery in general. The influence of obesity is
determined not only by the weight and increased mechanical forces affecting the organism, but
also on a molecular level by the hormonal activity of the substances produced by white adipose
tissue. Condition of the patient should be optimised before the surgery in order to minimize the
risk of complications and increase the chances for fast and effective recovery. Obese patients
after the surgery need proper nutrition and care focused on their needs, which often is a
challenge to the healthcare providers. After the surgery those patients cannot be sent back to
the condition that made them sick. Reduction of weight is suggested to prevent the development
of postoperative complications and OA. Prehabilitation seems to improve the immediate
postoperative results. Starting regular training a few weeks after the surgery seems to positively

affect the process of recovery.

Material and methods
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We searched PubMed and Google Scholar using the words “obesity”, “osteoarthritis”, “knee
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arthroplasty”, “post-operative surgery” and “healing”.

Keywords: osteoarthritis, knee joint, obesity, healing, recovery

1. Introduction

According to the World Health Organization (WHO) malnutrition is a deficiency,
excess or imbalance in an individual's consumption of energy or nutrients. Within the term 3
groups of conditions can be distinguished. The first one is undernutrition and refers to low-
weight-for-height (wasting), low height-for-age (stunting) and low weight-for-age
(underweight). The second group applies to micronutrient-related malnutrition such as
micronutrient deficiency or micronutrient excess. The third one concerns overweight, obesity
and non-communicable diseases related to diet, such as stroke, diabetes, certain types of cancer
[1].

Relationship between a person's height and weight can be described using Body Mass
Index (BMI), which is defined as an individual's weight in kilograms divided by the square of

their height in meters. The result of that equation can be assigned to one of three categories. For



adults the results between 18.5 kg/m2 and 24.9 kg/m2 are classified by WHO as normal weight-
for-height, while results lower and higher than that are recognized as underweight and
overweight respectively. Results over 30.0 kg/m?2 are classified as obesity [2].

Full recovery is a crucial element of every successful surgery. According to many
research papers, the sooner the patient starts walking, eating and drinking on his own, the better
[3]. There are many factors affecting the recovery and the healing itself, and malnutrition is
among them [4]. What makes this particular factor important is its modifiability giving some
possibility of influencing the process of wound healing and hence the recovery.

The purpose of this paper is to describe the impact of obesity on the joints and on the

recovery after surgery, especially after total knee joint replacement.

2. Relationship between obesity and knee osteoarthritis

Osteoarthritis (OA) is a chronic condition of joints leading to their destruction. First, the
articular cartilage is gradually damaged, then the subchondral bone and surrounding structures
are destroyed [5]. It is a common disease in the general population, resulting in progressive
disability [6]. Its incidence increased in recent years, making OA one of the most prevalent
orthopaedic conditions [7, 8].

The range of risk factors is broad and according to different studies includes
unmodifiable factors such as injury in the past, ethnicity - OA is more prevalent in Black people,
gender — more incidents reported in women, but also modifiable factors such as obesity [9,10.

In terms of signs and symptoms the most common are pain and movement limitations
during physical activity, which become permanent in more advanced stages of the disease [11].

There are surgical and non-surgical methods of treating OA. Knee replacement is a
surgical method of treating knee OA. It is a procedure in which the patient's knee is replaced
with an implant adequate to the specific problems of that patient [12]. It improves the health-
related quality of life (HRQL) measured with standardised questionnaires such as EQ5D
[13,14].

The non-surgical methods include education, exercise, reduction of weight, use of paracetamol,
anti-inflammatory drugs and corticosteroids. They are recommended as the first line of
treatment; however knee replacement is the most effective way of treating knee OA [15].

Obesity is a serious condition that goes far beyond its visual aspect among others, due

to hormonal activity of the adipose tissue [16, 17]. Its consequences can be found in every

system of the body, and it is recognized as one of the major risk factors of knee OA. Misra et



al. conducted a study among 1653 individuals with no radiographic signs of OA at the baseline.
After 60 months the patients were examined during a follow-up visit and new radiographs were
assessed. The researchers found in their study increased risk of OA in obese patients regardless
of gender. Analogical situation was found in sarcopenic obese patients although the results were
not statistically significant in men [18]. Another study states that overweight or obese
individuals have 2.96 times the risk of OA in comparison to patients with normal BMI (95%
CI 2.56-3.43) [19]. According to Niu et al. regardless of knee alignment, the risk of developing
knee OA seems to increase with the increase of BMI [20]. The above studies unanimously
suggest that weight is a critical factor affecting the development of knee OA and general
condition of the knee joints.

What is interesting is that weight may not be the only obesity-related factor important
in the pathogenesis of OA, as non-weigh bearing joints are also affected in obese patients.
Patients with hand OA showed direct correlation between leptin serum levels and the intensity
of chronic pain, however not with the severity of the process judged by the radiographic
symptoms [21, 22, 23]. In extremely obese patients leptin signalling is disrupted. This induces
changes in the subchondral bone with no alterations in systemic inflammatory cytokine levels
or incidence of OA [24,25]. Studies conducted on mice found that leptin-deficient (ob/ob) mice
experienced altered bone microarchitecture and reduced bone mass, which resulted in changes
in biomechanical properties of the bones, potentially affecting the healing of bone fractures [26,
27, 28, 29]. Leptin affects bone formation, acting through the central nervous system or
peripherally, it can inhibit [29] or enhance [30] it, respectively. In humans, combination of
leptin-resistance and overweight results in poor bone health outcomes [31]. Further studies are
needed to determine the role of leptin in the development of OA.

Another product of adipose tissue associated with the development of OA is a protein
called adiponectin. Its circulating levels are low in morbidly obese patients and tend to increase
with weight loss and thiazolidinediones treatment, making the individual more sensitive to
insulin [32, 33]. Laurberg et al. observed in their study that levels of adiponectin in plasma and
serum of the patients with OA was significantly higher than in healthy controls [34]. In another
study an association between OA biomarkers, local synovial inflammation and serum levels of
adiponectin was found [35, 36].

Resisting is a protein which in humans is mostly produced by macrophages [37]. Its
levels in serum increases with the increase of adipose tissue, as it is connected with the

inflammation [38]. Further studies are needed to understand the role of resisting, and many



other adipokines, in the development of OA, as its pro-inflammatory effect and association with

obesity suggest that it might be involved in the process.

Post-operative wound healing

Regardless of the mechanism of injury, three phases of wound healing can be recognized
- the inflammatory, the proliferative and the remodelling phase. The first one happens right
after the formation of the wound. Inflammatory mediators increase local blood flow by
vasodilation which result in the influx of neutrophils and macrophages. The phagocytic
leucocytes perform a significant function in digestion of the bacteria and autolysis of the tissue.
The proliferative phase is when the wound defect is filled with collagen, granulation tissue and
extracellular matrix, and the new blood vessels are formed. When the wound is closed
remodelling can take place. Collagen fibres reorganise and the wound is devascularized
returning to its basic blood supply [39].

In general, two mechanisms of wound healing can be recognized — primary and
secondary healing. Majority of surgical wounds heal through the primary healing [39].
Regardless of the type of healing, the main objective is the same — effective healing with no
complications.

There are many local and systemic factors affecting the process of wound healing. Local
factors include oxygenation, infection or presence of a foreign body. Systematic factors are a
broad group of elements such as age, gender, stress, ischaemia, level of sex hormones, diseases
(diabetes, fibrosis, jaundice, etc.), obesity, nutrition, drugs, alcoholism, smoking [40]. Many of
those factors are linked and tend to interact with each other mutually intensifying their negative
impact on wound healing.

Nutrition is long known to be important in the process of wound healing [41]. Lack of
specific elements or malnutrition in general can deeply impair the healing after surgery [41].
Protein is especially important, as its deficiency can negatively affect formation of capillaries,
synthesis of collagen and proliferation of fibroblasts, which are all important in the process of
wound healing [41].

Another factor involved in the wound healing is the way the wound is treated. It is an
important part of post-operative recovery. In order to early recognize healing complications, it
is crucial to regularly review the wound, cleanse and dress it [42]. There is no such thing as two
wounds being the same, which is why every wound should be treated individually. Proper care

is a key to successful and rapid healing. The general rule is that wounds should be maintained



as clean as possible to minimize the risk of infection. If there is a suspicion of infection, an
antibiotic covering most probable causative organisms should be administered [42]. Factors
such as excessive exudate or devitalised tissue may delay wound healing, which is why the
wound should be cleansed if those occur. Nevertheless, excessive cleansing is also a factor
potentially delaying the healing, as it is a kind of interference with the wound [42]. Another
important issue is dressings, which optimally should keep a moist environment for the wound,

simultaneously being a strong barrier against potentially harmful external factors [42].

Impact of obesity on recovery

Post-operative recovery is a complex process of returning to normal functioning and
fitness. It includes healing of the wound but also proper care and rehabilitation. It is well known
that obesity has a negative impact on an individual's health, as it is a risk factor of many diseases
such as type 2 diabetes, coronary heart disease, stroke, dyslipidemia, hypertension or even
cancer. Obese patients are prone to wound healing complications such as dehiscence, infection,
formation of seroma, hematoma or ulcers [43]. Although precise mechanisms are not identified,
that can be due to ischaemia and reduced perfusion occurring in subcutaneous adipose tissue.
In obese patients the tension on the edges of the surgical wound is increased which often leads
to dehiscence of the wound. The tension causes an increase in the pressure exerted on the tissue,
hence reduced microperfusion and therefore reduced influx of oxygen [43, 44].

It was also reported that obese patients more often experience complications such as
implant failure [45]. Individuals with BMI > 40 kg/m2 appear to have worse mobility of the
joints at the baseline, which may worsen after the surgery due to several reasons [45]. According
to Lai et al. the higher the BMI, the greater the risk of misalignment after the surgery [46]. They
also found that the higher the patient's BMI, the greater the decrease in functional scores, which
may affect the individual's satisfaction post-surgery [46].

Obesity generates many perioperative difficulties. The most basic one is the impact of
concomitant diseases, especially of the heart and lungs on the general condition of the patient,
management of anaesthesia and its consequences [47]. Risk of difficult intubation is increased
in obese patients. There is also a greater risk of obese patients being admitted to intensive care
unit after the surgery [47]. Perioperative thromboembolic events are more popular among obese
patients, than among patients with normal BMI, too [48].

Additionally adipose tissue was found to produce a large variety of adipokines which

are bioactive substances affecting the inflammatory response and immune system [49, 50, 51].



Obesity is accompanied by chronic low-grade inflammation which may be contributing to the
development of post-surgery complications as it negatively modulates the response to surgery
[51]. Among substances produced by white adipose tissue, a cytokine-like hormone - leptin is
worth mentioning. The greater the BMI and amount of white adipose tissue, the greater the
level of leptin [52]. In general, its role is to regulate the food intake and consumption of energy.
It induces anorexigenic factors and suppresses orexigenic neuropeptides [53]. Leptin receptor
is widely expressed in peripheral tissues, which is why leptin is regarded as a pleiotropic
hormone regulating processes such as lipid homeostasis, thermogenesis, inflammation, insulin
secretion, reproductive functions or angiogenesis [54, 55].

According to Maniar et al. impact of obesity on recovery after total knee arthroplasty
(TKA) is dependent on the class of obesity [56]. They found in their study that class I obese
experience similar, both early and late, functional recovery as the non-obese. Class II has as
good early functional recovery as the non-obese, however when it comes to late functional
recovery they may have lower results. Class III has lower functional results and lesser flexion
of the knee postoperatively, yet that can be called an improvement compared to their
preoperative condition [56].

Another important factor is the impact of obesity on post-operative care. According to
Gaulton et al. obese patients are a group with increased risk of developing dependence during
the first 2 years after joint surgery [57]. This applies especially to morbidly obese patients, as
they have increased risk of many post-operative complications [57]. Care facilities may not be
prepared to meet the needs of obese patients, as some additional supplies and equipment may
be required [43]. Patients undergoing knee arthroplasty usually have a higher BMI and tend to

be less active, which results in decreased range of motion and difficult rehabilitation [58].

Possible remedies

In order to create optimal conditions for wound healing and therefore for the recovery
the nutritional needs of the patient should be fulfilled. On a cellular level there are large numbers
of cell types involved in the process and therefore the wound's nutritional needs are complex.
Nutrition support including substances such as proteins, polyunsaturated fatty acids,
carbohydrates, vitamin C, A and E, magnesium, zinc, iron and copper would benefit wound
healing [59].

In terms of OA Felson et al. suggested in their study that decreasing an individual's

weight of Skg decreases the risk of developing OA by about 50%_[60]. This suggests that weight



loss may be an effective tool in prevention of development of OA. It may also be the most basic
way of preventing post-operative complications of knee arthroplasty since elimination of OA
is in fact elimination of the most common indication for the procedure. Not to mention the other
benefits of weight loss, as obesity and related with it chronic inflammation affects many
systems of the organism.

Furthermore, de Mello et al. found in their study that weight loss can cause improvement
in many of the changes in immune function caused by obesity [61]. Weight loss decreases the
production of pro-inflammatory factors and promotes the synthesis of anti-inflammatory
cytokines produced by the subcutaneous adipose [62]. Levels of leptin and CRP are also
reduced [62].

Hsu et al. conducted a study in which they divided a group of patients who underwent
total knee arthroplasty into an exercise group and control group. The exercise group was
subjected to 24 weeks of circuit training, starting 3 months after TKA. For the group they found
the improvement in the active range of motion, step velocity and stride length compared to the
control group. Greater improvement in pain and total scores, as well as in general health and
social function was noted for the exercise group [63]. The study suggests benefits for patients
undergoing circuit training, however further investigation is needed.

Matassi et al. stated in their study that the most important factor affecting the final
flexion after TKA is the preoperative range of motion (ROM) [64]. In their study they evenly
divided 122 patients with gonarthrosis into 2 groups — treatment and control. The treatment
group was subjected to 6 weeks of exercise program prior to TKA. The study found
improved motion of the knee in the treatment group before TKA and faster achievement of 90°
of knee flexion after the surgery [64]. However, no prolonged effect was observed between 6
weeks and 1 year after the surgery [64]. The study suggests that prehabilitation improves the
immediate postoperative recovery after TKA.

Calatayud et al. carried out similar research. The objective of their study was to
determine the effect of a preoperative high-intensity resistance training on patients undergoing
TKA [65]. The study had 44 participants, mostly women, the assessment was made 8 weeks
before the surgery, after 8 weeks of training, 1 month after the surgery and 3 months after the
surgery [65]. The researchers concluded that pre-operative high intensity resistance training
improves the strength of muscles and range of motion, while reducing the pain, what results in

faster recovery after TKA [65].



However further studies are needed to determine the importance of prehabilitation in the
process of recovery and kind of exercises bringing the best results, especially in combination

with obesity.

Conclusion

Obesity is becoming more and more prevalent and so are its consequences. It affects the
joints, especially the knee, not only in a mechanical way, but also through the hormonal activity
of the substances produced by the adipose tissue and their impact on the signalling pathways of
the organism. Obesity is a serious problem since as a major risk factor of osteoarthritis it leads
to a situation in which the joint must be replaced in order to treat the patient. Yet when the joint
is replaced, the same obesity that led to the surgery impairs the healing process, resulting in
complications and dissatisfaction of the patients, which is why the problem of obesity and
proper nutrition should be addressed at early stages of treatment and prevention. Understanding
how obesity affects the degeneration of the joints, and the healing process is crucial to
successful intervention and elimination of its consequences. Various studies suggested that the
severity of the post-operative complications is positively correlated with the weight of the
patient. Pre-operative weight loss seems to be a potentially successful way to prevent the
complications and improve the process of healing, yet further study is needed. Physical activity
a few weeks before and after the surgery also possibly improves the recovery of the patient, but
more research is needed in order to fully understand the dependence between the type of
exercise, optimal time, intensity and recovery. It seems that prevention of obesity is the best

way to prevent secondary diseases.
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