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Abstract:  Knee osteoarthritis (KOA) is a chronic degenerative joint disorder that significantly 

impairs mobility and quality of life. While surgical interventions such as total knee arthroplasty 

(TKA) are effective in severe cases, conservative treatments are critical for early and intermediate 

disease management. This review evaluates the efficacy, safety, and clinical applications of both 

conservative and surgical treatment approaches, including lifestyle modifications, physical therapy, 

pharmacological interventions, regenerative medicine, and surgical procedures. The integration of 

a multidisciplinary approach is emphasized as a key strategy for optimizing clinical outcomes and 

tailoring interventions to disease severity. 
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1. Introduction 

Knee osteoarthritis (KOA) is a leading cause of disability worldwide, affecting 

millions of individuals and posing a significant public health challenge [1]. It is a 

progressive degenerative disease characterized by cartilage degradation, subchondral 

bone remodeling, synovial inflammation, and chronic pain [2]. The increasing prevalence 

of KOA is primarily driven by aging populations, rising obesity rates, and sedentary 

lifestyles, leading to substantial functional limitations and reduced quality of life [3]. 

The pathogenesis of KOA is multifactorial, influenced by genetic predisposition, 

metabolic dysfunction, and mechanical stress on the joint [4, 5, 6]. Without timely and 

effective intervention, KOA progresses to advanced stages, often necessitating surgical 

treatment such as total knee arthroplasty (TKA) [7, 8]. Therefore, a comprehensive 

treatment strategy, integrating both conservative and surgical approaches, is essential for 

effective disease management and symptom relief. 

Conservative management plays a crucial role in delaying disease progression and 

alleviating symptoms. This approach includes lifestyle modifications, weight 
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management, structured exercise programs, physical therapy, and pharmacological 

treatments. Emerging regenerative medicine therapies, such as platelet-rich plasma (PRP) 

and mesenchymal stem cells, have shown promising results in tissue regeneration and 

inflammation modulation [9]. Despite their benefits, conservative treatments may not be 

sufficient for advanced KOA cases, necessitating surgical intervention. 

Surgical treatments, including total knee arthroplasty (TKA), unicompartmental 

knee arthroplasty (UKA), and high tibial osteotomy (HTO), provide long-term relief for 

patients with severe KOA who do not respond to conservative therapies. Advances in 

surgical techniques, such as robotic-assisted TKA, have enhanced precision, improving 

patient outcomes and implant longevity [10]. However, surgical procedures carry risks, 

including infection, implant loosening, and persistent pain, highlighting the need for 

careful patient selection and preoperative education [11]. 

The objective of this review is to provide a comprehensive analysis of both 

conservative and surgical treatment strategies for KOA, evaluating their efficacy, safety, 

and clinical applications. This article aims to highlight the strengths and limitations of 

different therapeutic approaches, facilitating informed decision-making for clinicians and 

patients. By integrating evidence-based treatment options, the review seeks to support 

healthcare professionals in developing personalized management plans to optimize 

patient outcomes and improve quality of life. 

2. Conservative Treatment of Knee Osteoarthritis 

Knee osteoarthritis (KOA) is a chronic degenerative joint disease characterized by 

cartilage degradation, subchondral bone remodeling, and synovial inflammation, 

significantly impacting patient quality of life [2]. Conservative management plays a 

pivotal role in delaying disease progression and improving functional outcomes before 

surgical intervention becomes necessary. The primary conservative strategies include 

lifestyle modifications, physical therapy, pharmacological treatments, and emerging 

biologic therapies, which require a multidisciplinary approach for optimal efficacy. 

2.1. Epidemiology and Risk Factors 

Knee osteoarthritis (KOA) has been increasing in prevalence globally, making it a 

major public health concern [3]. Cui et al. [3] reported that aging, obesity, female sex, and 

genetic predisposition are among the most significant risk factors. Wallace et al. [4, 5, 6] 

demonstrated that KOA prevalence has doubled since the mid-20th century, even after 

adjusting for changes in body mass index (BMI) and aging, suggesting that environmental 

and lifestyle factors play an increasing role in disease onset. Pal et al. [3] highlighted the 

epidemiological trends in developing countries, indicating that urbanization, changes in 

physical activity levels, and dietary shifts contribute to the rising incidence of KOA. 

Metabolic syndrome has also been strongly linked to KOA pathogenesis, as 

highlighted by Niu et al. [12]. The interplay between insulin resistance, systemic 

inflammation, and dyslipidemia is believed to accelerate cartilage degradation and 

synovial inflammation [13]. Furthermore, Liu et al. [3] identified an association between 

metabolic disorders and KOA severity, reinforcing the role of systemic metabolic 

dysregulation in disease progression. 

Beyond well-established risk factors, lifestyle habits significantly influence KOA 

development. Georgiev and Angelov [14] emphasized that a sedentary lifestyle 

exacerbates joint degeneration by reducing mechanical stimulation essential for cartilage 

health. Additionally, dietary habits, particularly high sugar and processed food intake, 

contribute to systemic inflammation, further aggravating KOA symptoms [15]. Diets rich 

in anti-inflammatory nutrients, such as omega-3 fatty acids and antioxidants, may offer 

protective benefits [7, 8]. 

Occupational hazards also contribute to KOA risk. Prolonged standing, repetitive 

knee flexion, and heavy lifting are associated with an increased likelihood of KOA 
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development, particularly in labor-intensive professions [3]. Vannini et al. [3] discussed 

the role of high-impact sports in accelerating joint wear and tear, particularly in athletes 

exposed to repetitive microtrauma and inadequate recovery periods. These findings 

highlight the importance of ergonomic interventions and workplace modifications in 

preventing work-related KOA. 

A significant correlation exists between previous knee injuries and KOA onset. 

Snoeker et al. [3] found that individuals with a history of anterior cruciate ligament (ACL) 

injuries, meniscal tears, or intra-articular fractures had a markedly higher risk of 

developing KOA later in life. The study emphasized that post-injury rehabilitation plays 

a crucial role in delaying OA progression. Similarly, Felson et al. [16] and Atukorala et al. 

[4] underscored that synovitis following knee trauma is a strong predictor of radiographic 

KOA development, making early intervention critical in high-risk populations. 

Genetic predisposition has gained attention as a key factor in KOA susceptibility. 

Gardiner et al. [3] proposed computational models integrating genetic and environmental 

factors to predict KOA risk, which could help in personalized risk assessments. Studies 

by Dell’Isola and Steultjens [17] further classified KOA into distinct clinical phenotypes, 

suggesting that genetic profiling may assist in targeted therapy selection. 

Lastly, recent advances in artificial intelligence and machine learning have enabled 

more precise epidemiological assessments. Tiulpin et al. [18, 19] developed deep learning 

models capable of detecting KOA in radiographic images with high accuracy, allowing 

for earlier and more reliable diagnoses. Such advancements could contribute to improved 

screening and preventive strategies for at-risk populations. 

2.2. Role of Obesity and Weight Management 

Obesity remains one of the most critical modifiable risk factors for knee osteoarthritis 

(KOA) [3]. Raud et al. [3] established a dose-response relationship between body mass 

index (BMI) and KOA severity, demonstrating that excessive weight significantly 

increases joint loading and exacerbates inflammatory processes. The biomechanical 

overload caused by excessive body weight accelerates cartilage wear, leading to an 

increased risk of disease progression [3]. Additionally, obesity is associated with 

metabolic alterations that contribute to systemic inflammation, further aggravating joint 

deterioration [12]. 

Weight reduction programs that incorporate both dietary interventions and 

structured physical activity have demonstrated substantial improvements in pain relief 

and functional capacity [7, 8]. Regular physical activity has been shown to reduce intra-

articular stress while improving muscle strength, joint stability, and proprioception, 

factors essential in mitigating disease progression [20, 21, 22]. Furthermore, structured 

weight-loss interventions have resulted in decreased pro-inflammatory cytokine levels, 

which are implicated in cartilage degradation [13]. 

Beyond its biomechanical effects, obesity contributes to KOA pathogenesis through 

adipose tissue-derived bioactive mediators known as adipokines. These substances, 

including leptin, resistin, and visfatin, promote synovial inflammation, cartilage 

degradation, and subchondral bone remodeling [13, 14]. Elevated leptin levels, in 

particular, have been associated with increased cartilage catabolism and enhanced 

expression of pro-inflammatory cytokines, exacerbating the degenerative process [9]. 

Dietary interventions aimed at reducing systemic inflammation have gained traction 

as adjuncts to traditional weight management approaches. Diets rich in anti-inflammatory 

nutrients, such as omega-3 fatty acids and polyphenols, have been associated with 

reduced oxidative stress and cartilage degradation [7, 8, 23]. In contrast, high-sugar and 

high-fat diets have been shown to exacerbate systemic inflammation and contribute to 

disease progression [15]. Implementing personalized nutritional plans tailored to patient 

needs may enhance treatment outcomes. 
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Physical activity, a cornerstone of weight management, plays a dual role in KOA 

management by reducing mechanical load on the joint and modulating inflammatory 

pathways. Zeng et al. [20, 21, 22] emphasized the role of resistance training and aerobic 

exercise in enhancing joint function and alleviating pain. However, exercise programs 

must be adapted to individual patient capabilities to prevent exacerbation of symptoms 

[24]. Aquatic exercise has emerged as a particularly effective intervention, as it provides 

resistance training benefits while minimizing joint stress [23]. 

Pharmacological interventions, such as appetite suppressants and metabolic drugs, 

have been explored as adjuncts to lifestyle modifications. However, their long-term 

efficacy and safety profiles remain uncertain [23]. Certain anti-diabetic medications, 

including glucagon-like peptide-1 (GLP-1) receptor agonists, have demonstrated potential 

in promoting weight loss and reducing systemic inflammation, but further research is 

needed to establish their role in KOA management [17]. While these pharmacologic 

strategies may serve as short-term solutions, they should be used in conjunction with 

lifestyle interventions rather than as standalone treatments [24]. 

Beyond individual behavioral changes, socioeconomic factors influence weight 

management outcomes. Patients with limited access to healthy food options and 

structured exercise programs face additional barriers in managing obesity-related KOA 

[25]. Implementing community-based interventions, including subsidized fitness 

programs and nutritional education initiatives, may improve adherence to weight 

management strategies [26]. Furthermore, behavioral therapy plays a crucial role in 

sustaining long-term weight loss by addressing psychological factors contributing to 

obesity [15]. 

Ultimately, a multidisciplinary approach incorporating dietary modifications, 

structured exercise, pharmacological support, and behavioral interventions is essential for 

effective weight management in KOA patients. By targeting both biomechanical and 

inflammatory pathways, weight reduction strategies can significantly improve symptom 

severity, delay disease progression, and enhance overall quality of life [14, 7, 8]. Future 

research should focus on optimizing integrative treatment models that address both 

metabolic and mechanical contributors to KOA progression. 

2.3. Exercise Therapy and Rehabilitation 

Exercise therapy remains a cornerstone in the conservative management of knee 

osteoarthritis (KOA), offering both symptomatic relief and functional improvement [20, 

21, 22]. Zeng et al. [20, 21, 22] reviewed various exercise modalities, including aerobic 

training, resistance exercises, proprioceptive training, and aquatic therapy, all of which 

improve joint mechanics and reduce symptoms. Regular physical activity has been 

associated with decreased pain severity and enhanced joint mobility, contributing to 

improved quality of life [23]. Furthermore, structured exercise programs tailored to 

individual patient capabilities yield better outcomes than self-directed regimens [24]. 

Aerobic exercise, such as walking, cycling, and swimming, has been shown to 

enhance cardiovascular fitness while reducing pain and stiffness in KOA patients [7, 8]. 

Strength training plays a critical role in knee stability by targeting the quadriceps and 

hamstring muscles, which support joint function [23]. Neuromuscular training, including 

balance and proprioception exercises, has also been highlighted as an effective 

intervention to prevent falls and enhance movement efficiency [20, 21, 22]. 

Beyond strengthening muscles around the knee, exercise plays a role in modulating 

inflammation. Studies by Du et al. [9] suggest that moderate-intensity exercise can 

influence cytokine activity, decreasing levels of interleukin-6 (IL-6) and tumor necrosis 

factor-alpha (TNF-α), which are implicated in KOA pathogenesis. Regular physical 

activity also enhances synovial fluid circulation, which nourishes cartilage and reduces 

joint stiffness [14]. In contrast, prolonged physical inactivity exacerbates cartilage 

degradation and contributes to disease progression [12]. 
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Aquatic therapy, or hydrotherapy, has been particularly beneficial for KOA patients 

with significant pain and mobility limitations. Performing exercises in water reduces joint 

loading while maintaining resistance for muscle strengthening [20, 21, 22]. Hydrotherapy 

has been associated with improvements in pain relief, gait mechanics, and overall 

functional capacity [23]. Additionally, aquatic exercise programs have demonstrated 

superior adherence rates compared to land-based interventions, particularly among 

elderly populations [25]. 

Resistance training, particularly low-impact strength exercises, is another 

fundamental component of KOA rehabilitation. Progressive resistance training increases 

muscle mass and improves load distribution across the knee joint, reducing the risk of 

further cartilage damage [7, 8]. Isometric and isotonic exercises have been shown to 

enhance quadriceps strength, a key factor in knee joint stabilization [3]. However, 

improper exercise execution or excessive mechanical load may lead to exacerbation of 

symptoms, emphasizing the need for supervised rehabilitation programs [24]. 

Individualized rehabilitation programs tailored to patient-specific needs are essential 

for maximizing treatment outcomes. Emery et al. [26] emphasized that patient-reported 

outcomes and functional assessments should guide exercise prescription. Comprehensive 

rehabilitation plans should integrate patient preferences, symptom severity, and 

comorbidities to optimize long-term adherence and efficacy [17]. Personalized 

interventions that incorporate motivational strategies, such as goal setting and patient 

education, have been shown to enhance adherence to exercise regimens [25]. 

Adherence to long-term exercise is influenced by several factors, including 

motivational support, accessibility to rehabilitation facilities, and socioeconomic barriers 

[26]. Group exercise programs and tele-rehabilitation interventions have emerged as 

promising strategies to improve adherence rates [23]. Furthermore, wearable technology 

and mobile applications are increasingly being utilized to monitor physical activity levels 

and provide real-time feedback, further enhancing patient engagement [18, 19]. 

The integration of manual therapy with exercise-based rehabilitation has been 

explored as a complementary strategy for KOA management. Manual therapy techniques, 

such as joint mobilization and soft tissue manipulation, may alleviate pain and improve 

joint range of motion when combined with structured exercise [24]. Moreover, 

electrotherapy modalities, including transcutaneous electrical nerve stimulation (TENS) 

and ultrasound therapy, have been investigated for their potential role in enhancing 

exercise effectiveness [7, 8]. 

Psychosocial factors also play a significant role in the effectiveness of exercise therapy 

for KOA. Wallis et al. [25] reported that patients with higher self-efficacy and social 

support are more likely to adhere to long-term physical activity programs. Behavioral 

interventions, such as cognitive-behavioral therapy (CBT) and motivational interviewing, 

have been explored as adjunct strategies to improve exercise adherence and self-

management skills [15]. Addressing psychological barriers, such as fear-avoidance 

behaviors and anxiety related to physical activity, is crucial in promoting sustained 

engagement in rehabilitation programs [17]. 

Ultimately, exercise therapy should be regarded as a multifaceted intervention that 

combines biomechanical, physiological, and behavioral components to optimize KOA 

management. Future research should focus on refining exercise protocols, evaluating 

novel rehabilitation technologies, and identifying patient-specific predictors of 

therapeutic success [14]. By integrating individualized exercise regimens with emerging 

digital health tools, clinicians can enhance patient outcomes and improve long-term 

disease management in KOA populations. 

2.4. Pharmacological Management 

Pharmacological therapy is a fundamental component of knee osteoarthritis (KOA) 

management, primarily aiming at symptom relief, inflammation control, and delaying 
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disease progression. The treatment approach varies based on disease severity, patient 

comorbidities, and individual response to therapy. Traditional pharmacological 

interventions include nonsteroidal anti-inflammatory drugs (NSAIDs), analgesics, intra-

articular injections, and disease-modifying therapies, while emerging biologic treatments 

are under investigation for their potential long-term benefits [7, 8]. 

NSAIDs remain the first-line pharmacologic agents for KOA due to their efficacy in 

reducing pain and inflammation. However, their prolonged use is associated with 

significant risks, including gastrointestinal bleeding, renal impairment, and 

cardiovascular complications [7, 8, 27]. Selective COX-2 inhibitors, such as celecoxib, offer 

a safer alternative with fewer gastrointestinal side effects, though they still pose 

cardiovascular risks, necessitating careful patient selection [23]. 

For patients contraindicated for systemic NSAIDs, topical NSAIDs such as diclofenac 

gel provide localized pain relief with a lower risk of systemic adverse effects [28]. 

Capsaicin cream, an alternative topical treatment, has demonstrated moderate efficacy in 

reducing KOA-associated pain through desensitization of nociceptive nerve endings [9]. 

These agents are particularly beneficial for older adults and those with multiple 

comorbidities who are at higher risk for NSAID-induced complications [23]. 

Intra-articular injections represent another pharmacological approach, with 

corticosteroids and hyaluronic acid being the most widely used. Corticosteroid injections 

provide short-term pain relief and are effective in reducing synovial inflammation, but 

their repeated use may contribute to cartilage degradation and structural deterioration of 

the joint [28]. Hyaluronic acid injections, intended to improve joint lubrication and shock 

absorption, have shown inconsistent results in clinical trials, with some studies indicating 

only marginal benefits over placebo [27, 7, 8]. 

Emerging biologic therapies, such as platelet-rich plasma (PRP) and mesenchymal 

stem cells (MSCs), have generated interest for their potential to modify disease 

progression rather than solely alleviating symptoms [9]. PRP injections, which involve the 

administration of autologous growth factors, have shown promise in improving pain and 

function, particularly in early-stage KOA [24]. Similarly, MSC therapy is being explored 

for its regenerative potential, with preliminary studies suggesting that these cells may 

enhance cartilage repair and modulate inflammation [17]. 

Despite their potential, biologic therapies remain under scrutiny due to variability in 

study outcomes and the lack of standardized protocols regarding preparation, dosing, 

and long-term effects [26]. Further randomized controlled trials are needed to establish 

their efficacy, safety, and cost-effectiveness compared to traditional pharmacologic 

treatments [14]. 

Opioid analgesics are occasionally prescribed for severe KOA pain that is 

unresponsive to conventional treatments. However, their use is highly discouraged due 

to the risks of dependency, cognitive impairment, and gastrointestinal side effects, 

particularly in elderly populations [28]. The 2019 guidelines from the Osteoarthritis 

Research Society International (OARSI) recommend against routine opioid use in KOA 

patients, except in cases of intolerable pain where all other options have been exhausted 

[7, 8]. 

Alternative pharmacologic strategies, including serotonin-norepinephrine reuptake 

inhibitors (SNRIs) such as duloxetine, have gained traction for their dual action on pain 

perception and mood regulation [16]. Duloxetine has been found to reduce KOA-related 

pain while also addressing psychological comorbidities such as depression and anxiety, 

which are common in chronic pain conditions [25]. Additionally, anticonvulsants like 

pregabalin have been explored for their potential role in neuropathic pain management 

in KOA, though evidence supporting their efficacy remains limited [15]. 

Recent advancements in molecular therapy and gene-based treatments hold promise 

for the future of KOA management. Research into targeted biologic agents, such as 

interleukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-α) inhibitors, is ongoing, with 
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preliminary findings suggesting that these agents may slow disease progression and 

reduce inflammation [9]. However, further large-scale studies are needed to determine 

their long-term benefits and safety profile [14]. 

Overall, pharmacological management of KOA should be individualized, balancing 

the benefits of symptom relief with the risks of adverse effects. An integrated approach 

that combines pharmacologic interventions with non-pharmacologic strategies, such as 

weight management and physical therapy, offers the best outcomes for long-term disease 

control [23]. Future research should focus on refining biologic therapies and exploring 

novel molecular targets to improve KOA treatment paradigms [26]. 

3. Total Knee Arthroplasty 

Total Knee Arthroplasty (TKA) is a widely performed surgical intervention for end-

stage knee osteoarthritis and other degenerative joint diseases, aiming to alleviate pain 

and restore function [11]. This procedure is often recommended when conservative 

treatments such as physical therapy, pharmacological management, and lifestyle 

modifications fail to provide adequate relief. 

The increasing global incidence of knee osteoarthritis has fueled the demand for TKA, 

making it one of the most frequently performed orthopedic procedures worldwide [3, 29]. 

As life expectancy rises and more individuals seek to maintain an active lifestyle into older 

age, the prevalence of TKA is expected to continue growing. 

Advances in surgical techniques, prosthetic design, and perioperative care have led 

to significant improvements in clinical outcomes [30]. These innovations have contributed 

to enhanced implant longevity, reduced complication rates, and improved patient 

satisfaction post-surgery. 

Despite these advancements, challenges remain in optimizing patient selection, 

addressing complications such as periprosthetic joint infections, and refining 

rehabilitation strategies to maximize functional outcomes. Understanding the evolving 

landscape of TKA is crucial for clinicians to provide evidence-based care and improve 

long-term success rates. 

3.1. Periodicity of TKA 

TKA is often indicated in patients with severe osteoarthritis who fail to respond to 

conservative treatments such as physiotherapy, pharmacological interventions, and 

lifestyle modifications [24, 53]. Despite these interventions, many patients experience 

progressive joint deterioration, leading to debilitating pain and functional limitations that 

necessitate surgical intervention [7, 8, 31, 32]. 

The timing of TKA is influenced by several factors, including the severity of joint 

deterioration, patient-reported pain levels, and radiographic findings [33, 34]. Prolonged 

deferral of TKA may lead to worse postoperative function, increased surgical complexity, 

and higher complication rates [35, 36]. Consequently, early surgical intervention in 

appropriate candidates is associated with better functional recovery and long-term 

satisfaction [37, 38]. 

An increasing number of younger patients are undergoing TKA, which raises 

concerns about implant longevity and the potential for future revision surgeries [11, 39]. 

Younger patients are often more active, placing greater mechanical stress on implants, 

which can lead to early wear and failure [40, 41]. Consequently, ongoing research is 

focused on developing more durable prosthetic materials and refining surgical techniques 

to extend implant lifespan [42, 43]. 

Implant survival rates have significantly improved over the past decades, with many 

prostheses lasting beyond 20 years [44, 45]. However, long-term outcomes vary 

depending on factors such as implant design, patient activity levels, and surgical precision 

[10, 46]. The introduction of highly cross-linked polyethylene (HXLPE) has been a major 

advancement in reducing wear and extending implant longevity [42, 43]. 
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Robotic-assisted TKA has also demonstrated superior implant positioning accuracy, 

which contributes to improved biomechanical alignment and reduced revision rates [10, 

47]. These technological advancements, coupled with refined surgical techniques, are 

critical in addressing the evolving needs of a younger and more active patient population 

[48, 49]. 

Despite these improvements, revision TKA remains a significant challenge. 

Periprosthetic infections, aseptic loosening, and instability are among the leading causes 

of implant failure, necessitating additional surgical intervention [50, 51]. Identifying and 

optimizing modifiable risk factors, such as obesity, diabetes, and smoking, can help 

enhance the longevity of primary TKA and reduce the likelihood of complications [52, 53]. 

Patient expectations play a crucial role in postoperative satisfaction following TKA. 

Unrealistic expectations regarding pain relief and functional recovery can lead to 

dissatisfaction, even when objective surgical outcomes are favorable [38, 54]. Preoperative 

education and patient counseling have been shown to significantly improve satisfaction 

rates by aligning patient expectations with realistic outcomes [35, 37]. 

In addition to surgical advancements, perioperative and postoperative rehabilitation 

strategies play a vital role in optimizing outcomes. Rapid rehabilitation protocols that 

emphasize early mobilization and multimodal pain management have demonstrated 

significant benefits in accelerating recovery and reducing hospital stays [55, 56]. 

Additionally, neuromuscular training and balance exercises have been shown to improve 

postoperative function and reduce fall risk [57, 58]. 

As TKA continues to evolve, future research should focus on developing 

individualized surgical approaches that consider patient-specific anatomical variations 

and functional demands [39, 10]. Innovations in implant materials, robotic-assisted 

techniques, and perioperative care protocols will play a pivotal role in enhancing long-

term outcomes and ensuring that TKA remains a viable solution for patients with severe 

knee osteoarthritis [46, 45]. 

3.2. Surgical Procedure 

TKA can be performed using three main surgical techniques: conventional, 

computer-navigated, and robotic-assisted approaches. Each technique has distinct 

advantages and limitations, influencing surgical precision, alignment accuracy, and 

patient outcomes. 

3.2.1. Conventional Total Knee Arthroplasty 

Conventional TKA has long been the gold standard for knee replacement surgery. 

This approach involves manual bone cutting, ligament balancing, and implant placement 

using mechanical alignment guides [10]. Mechanical alignment techniques aim to achieve 

a neutral alignment by referencing anatomical landmarks to ensure optimal joint function 

[48]. 

Despite its widespread adoption, conventional TKA has inherent limitations related 

to intraoperative variability. Surgeon experience plays a crucial role in ensuring optimal 

implant positioning and soft tissue balancing [49]. Studies have shown that alignment 

deviations exceeding three degrees can lead to increased implant wear and reduced 

prosthesis longevity [42]. 

One of the major challenges in conventional TKA is restoring native knee kinematics. 

Mechanical alignment does not account for individual anatomical variations, potentially 

leading to mid-flexion instability or altered joint biomechanics [39]. As a result, newer 

alignment techniques, such as kinematic alignment, have been developed to improve 

patient outcomes [59]. 

3.2.2. Computer-Navigated Total Knee Arthroplasty 
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Computer-navigated TKA (nTKA) was introduced to improve surgical precision and 

reduce alignment variability. This technique utilizes real-time computer-assisted tracking 

to guide bone cuts, ligament balancing, and implant positioning [60]. Studies indicate that 

computer navigation enhances coronal and sagittal plane alignment, reducing the risk of 

implant malpositioning and early failure [44]. 

Compared to conventional TKA, nTKA has demonstrated superior accuracy in 

achieving mechanical alignment and reducing outliers beyond the accepted three-degree 

threshold [45]. This is particularly beneficial in complex cases, such as severe deformities 

or previous knee surgeries, where anatomical landmarks may be difficult to identify 

intraoperatively [46]. 

Although nTKA improves alignment precision, it does not eliminate the risk of soft 

tissue imbalance. Soft tissue tensioning and ligament balancing still require manual 

adjustments by the surgeon, potentially influencing postoperative stability [48]. 

Additionally, nTKA may result in longer operative times, although this is mitigated with 

increased surgeon experience [41]. 

3.2.3. Robotic-Assisted Total Knee Arthroplasty 

Robotic-assisted TKA (rTKA) represents the latest advancement in knee replacement 

surgery, incorporating active robotic systems to optimize implant positioning, bone 

preparation, and soft tissue preservation [10]. Robotic platforms provide real-time 

feedback, allowing for precise execution of the preoperative surgical plan while 

minimizing intraoperative deviations [44]. 

Studies comparing rTKA to conventional and navigated TKA have shown that 

robotic assistance leads to improved component positioning, reduced soft tissue trauma, 

and more consistent limb alignment [47]. Additionally, rTKA has been associated with 

lower postoperative pain levels and faster functional recovery due to its ability to 

minimize soft tissue disruption [45]. 

A key advantage of rTKA is its ability to customize implant placement based on 

patient-specific knee kinematics. Unlike mechanical alignment, which applies a 

standardized approach, robotic systems allow for personalized alignment strategies, 

including kinematic and functional alignment techniques [39]. This individualized 

approach aims to enhance patient satisfaction and long-term implant survival [59]. 

Despite its benefits, rTKA has limitations, including higher costs, longer learning 

curves, and increased surgical duration compared to conventional techniques [46]. 

Additionally, long-term clinical outcomes comparing rTKA with conventional and 

navigated TKA remain under investigation, necessitating further research to determine 

its cost-effectiveness [11]. 

3.3. Prosthesis Models 

Total knee arthroplasty prostheses have evolved to accommodate different patient 

needs, anatomical considerations, and biomechanical requirements. The primary types of 

prostheses include cemented, cementless, fixed-bearing, mobile-bearing, posterior-

stabilized, cruciate-retaining, bicruciate-retaining, medial pivot, constrained knee, 

rotating-hinge, custom-made and highly constrained. Each of these models presents 

distinct biomechanical features influencing joint kinematics, wear patterns, and long-term 

outcomes. 

Mobile-bearing prostheses allow greater movement between the tibial insert and the 

femoral component, reducing stress and improving wear resistance [61]. These designs 

aim to enhance knee kinematics and reduce polyethylene wear, which can extend implant 

longevity [4]. 

These prostheses are particularly beneficial for younger, more active patients who 

require greater flexibility and durability from their implants [16]. The additional mobility 
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permits a more natural range of motion, reducing stress concentration at the bone-implant 

interface [14]. 

However, mobile-bearing prostheses require precise surgical implantation and 

proper soft tissue balancing to prevent instability [7, 8]. If not positioned correctly, 

excessive movement of the polyethylene insert can lead to increased wear and eventual 

failure [62]. 

Despite these considerations, long-term studies indicate that mobile-bearing designs 

can significantly reduce revision rates compared to fixed-bearing alternatives [63]. 

Continued advancements in materials and manufacturing are expected to further improve 

their performance [61]. 

Fixed-bearing prostheses feature a stationary polyethylene insert between the tibial 

and femoral components, reducing complexity and minimizing the risk of dislocation [16]. 

These implants are widely used due to their durability and long-term success rates [14]. 

Fixed-bearing designs require precise surgical implantation to optimize joint 

mechanics and minimize polyethylene wear [7, 8]. When appropriately placed, they 

provide stable and predictable knee kinematics [63]. 

Studies indicate that fixed-bearing prostheses can offer superior outcomes in older 

and less active patients due to their simplified design and lower risk of insert dislocation 

[61]. 

Posterior-stabilized (PS) prostheses feature a polyethylene post that articulates with 

a femoral cam to replace the function of the posterior cruciate ligament (PCL) [64]. This 

design improves knee flexion and enhances stability in patients with a deficient PCL [65]. 

Cruciate-retaining (CR) prostheses are designed to preserve the PCL, allowing for 

more natural knee motion and proprioception [4]. Retaining the PCL provides stability 

and enables a more physiological femoral rollback during knee flexion [61]. 

Bicruciate-retaining (BCR) prostheses aim to preserve both the anterior and posterior 

cruciate ligaments, maintaining more natural knee kinematics [62]. This design has been 

associated with improved proprioception and increased patient satisfaction [14]. 

Medial pivot prostheses are designed to mimic natural knee biomechanics by 

providing increased medial stability while allowing lateral mobility [16]. These implants 

have been shown to improve quadriceps efficiency and enhance patient-reported 

outcomes [63]. 

Constrained knee prostheses are used for patients with severe ligamentous instability 

or bone loss that precludes standard TKA designs [66]. These implants provide additional 

constraints to enhance joint stability but can lead to increased bone stress and risk of 

loosening [64]. 

Rotating-hinge prostheses feature a hinge mechanism that allows controlled rotation, 

making them suitable for cases with extensive bone loss or severe instability [65]. While 

providing superior stability, these implants carry a higher risk of aseptic loosening and 

mechanical failure [7, 8]. 

Custom-made prostheses are tailored to individual patient anatomy using advanced 

imaging and 3D printing technologies [63]. These implants enhance fit and alignment, 

leading to improved outcomes in complex cases [62]. 

Highly constrained prostheses provide maximal joint stability in patients with severe 

soft tissue deficiencies [61]. These designs limit knee motion to prevent dislocation but 

may accelerate implant wear and loosening [14]. 

TKA prosthesis selection is critical to optimizing patient outcomes, considering 

individual anatomical variations, biomechanical demands, and functional goals. Future 

research should continue refining prosthesis biomechanics to enhance survivorship and 

patient satisfaction [39, 10]. 

3.4. Functional Results and Quality of Life 
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Postoperative functional recovery is influenced by patient-specific factors, surgical 

techniques, and rehabilitation protocols [36]. Studies report high satisfaction rates, with 

improved Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 

scores postoperatively [34]. However, anterior knee pain remains a common complaint, 

influenced by prosthesis design and patellar resurfacing techniques [67, 68]. 

Patients undergoing TKA often experience significant improvements in pain relief, 

range of motion, and overall mobility [57]. Although initial postoperative discomfort is 

common, long-term recovery trends indicate enhanced functional independence and 

participation in daily activities [58]. However, some individuals may encounter 

limitations due to pre-existing comorbidities, muscle weakness, or suboptimal 

rehabilitation adherence [69, 70]. 

Balance and mobility improvements have been documented post-TKA, reducing fall 

risk in older adults [57, 58]. Falls represent a major concern in elderly populations, and 

TKA contributes to better weight distribution, muscle activation, and proprioception, 

mitigating instability-related risks [58]. Nevertheless, targeted rehabilitation interventions 

remain essential to optimizing these benefits. 

Furthermore, personalized rehabilitation programs incorporating neuromuscular 

training enhance functional outcomes and quality of life [70]. Tailored exercise regimens 

focusing on strength, coordination, and flexibility have been linked to improved gait 

efficiency and patient-reported functional status [38]. Postoperative physical therapy 

adherence plays a crucial role in maintaining and extending these benefits over time. 

Psychological factors, including resilience and patient expectations, significantly 

impact satisfaction and perceived outcomes [38, 54]. Higher preoperative expectations 

correlate with greater dissatisfaction if postoperative outcomes do not align with 

anticipated improvements [54]. Emotional well-being, mental health status, and patient 

education regarding realistic recovery timelines can facilitate smoother postoperative 

adaptation. 

Social support and participation in rehabilitation programs further contribute to 

long-term functional success following TKA [36]. Studies suggest that patients who 

engage in structured physiotherapy and receive encouragement from caregivers 

experience greater motivation and commitment to recovery protocols [34]. This highlights 

the necessity of a multidisciplinary approach in optimizing patient-centered care. 

Despite overall positive functional outcomes, variability in patient response to TKA 

underscores the importance of individualized assessment and tailored rehabilitation 

strategies [70]. Addressing modifiable risk factors, such as muscle deconditioning, 

preoperative obesity, and psychological distress, can significantly enhance postoperative 

recovery trajectories [38]. 

Longitudinal research continues to explore ways to further refine functional 

outcomes and long-term patient satisfaction following TKA [58]. Emerging technologies, 

including wearable rehabilitation sensors and artificial intelligence-driven gait analysis, 

may provide novel insights into optimizing rehabilitation protocols and monitoring 

recovery progression. 

4. Conclusion 

This review has provided a comprehensive evaluation of conservative and surgical 

treatment strategies for knee osteoarthritis, addressing their efficacy, safety, and clinical 

applications in disease management. The findings indicate that conservative treatments 

remain the first-line approach, particularly for early and moderate KOA cases. Lifestyle 

modifications, structured physical therapy, and pharmacological interventions are 

essential components in managing symptoms and slowing disease progression [14]. 

Emerging regenerative therapies, such as platelet-rich plasma (PRP) and mesenchymal 

stem cells, offer promising alternatives, although further research is required to establish 

their long-term benefits [9]. 
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For patients with severe KOA who do not respond adequately to conservative 

treatment, surgical interventions such as total knee arthroplasty (TKA) provide significant 

symptom relief and functional restoration. Advances in surgical techniques, including 

robotic-assisted procedures, have improved precision and patient outcomes [10]. 

However, surgical options must be carefully considered, balancing potential benefits 

against risks such as infections and implant failures [11]. 

In response to the article's objective, it is clear that no single treatment strategy is 

universally optimal for all patients. The choice of treatment should be individualized 

based on disease severity, patient preferences, and overall health status. A 

multidisciplinary, patient-centered approach is crucial in optimizing therapeutic 

outcomes, incorporating both conservative and surgical options when appropriate [17]. 

By integrating evidence-based interventions and emerging therapies, healthcare 

providers can enhance the quality of life for individuals with KOA while minimizing 

long-term complications. 

Ongoing research and innovation in both conservative and surgical treatments 

remain essential for refining therapeutic strategies and improving patient outcomes. 

Future studies should continue exploring personalized medicine approaches, integrating 

novel biological therapies, and optimizing rehabilitation protocols to further enhance the 

management of knee osteoarthritis [4, 5, 6]. 
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