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Zusammenfassung 
Hintergrund: Das Rauchen von Zigaretten wurde mit postoperativen 

Komplikationen und einem erhöhten Risiko einer frühzeitigen Revisionsoperation 

nach primärer Knieendoprothetik (KTEP) assoziiert. Ziel dieser Arbeit ist es, die 

Komplikationsraten nach KTEPs zwischen RaucherInnen, ehemaligen 

RaucherInnen und NichtraucherInnen zu vergleichen, um einen Überblick über die 

diesbezüglichen Verhältnisse in Österreich zu erhalten.  

Methoden: Insgesamt wurden 681 PatientInnen, die zwischen 2003 und 2006 an 

der Abteilung für Orthopädie und Orthopädische Chirurgie am LKH Radkersburg 

eine KTEP erhalten hatten, retrospektiv nach ihrem Raucherstatus unterschieden. 

Komplikationen und Revisionen waren während des potentiellen Follow-up von bis 

zu 17 Jahren dokumentiert worden. Mittels Chi-Quadrat Test wurden Raucherstatus 

und Revisionen verglichen. Das postoperative Outcome wurde mittels klinischer 

Scores erfasst: Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC), Visual Analogue Scale (VAS), Short-Form 12 Physical Component- und 

Mental Component Summary (SF-12PCS/MCS), und dem Knee Society Score 

(KSS). 

Ergebnisse: RaucherInnen, ehemalige RaucherInnen und NichtraucherInnen 

zeigten keine statisch signifikanten Unterschiede hinsichtlich der gesamten Anzahl 

an Komplikationen. RaucherInnen (13/46, 28.3%) hatten tendenziell ein höheres 

Risiko einer Revisionsoperation als NichtraucherInnen (103/596, 17.3%, p=0.062) 

ohne statistisch signifikanten Unterschied. RaucherInnen (9/46, 19.6%) zeigten ein 

statistisch signifikant und klinisch relevant höheres Risiko Weichteilkomplikationen 

zu erleiden als NichtraucherInnen (56/596, 9.4%, p=0.028). RaucherInnen hatten 

außerdem bessere Ergebnisse im KSS function (79.4 ±24.2, 64.1 ±26.0; p<0.001) 

und SF-12PCS (41.2 ±10.9, 36.8 ±10.4; p=0.0197) als NichtraucherInnen, gaben 

präoperativ jedoch stärkere Schmerzen an (8.3 ±1.2, 7.6 ±1.4; p=0.0031). 

Schlussfolgerung: RaucherInnen zeigen ein höheres Revisionsrisiko als 

NichtraucherInnen in Bezug auf Weichteilkomplikationen. Ehemalige RaucherInnen 

und NichtraucherInnen hatten ähnliche Komplikationsraten, was besonderen Fokus 

auf die Raucherentwöhnung richtet. Bezüglich des funktionellen Outcomes 

schnitten alle Rauchergruppen gut ab, was einen positiven Effekt der KTEP 

unabhängig vom Raucherstatus zeigt.  
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Abstract 
Background: Tobacco smoking has been associated with postoperative 

complications and an increased risk of earlier time to revision surgery after primary 

total knee arthroplasty (TKA). In Austria, no scientific evaluation of the outcome of 

tobacco smoking on TKA has been conducted, despite Austria being a country with 

a high prevalence of active smokers and a high incidence of TKAs. The aim of this 

study was to compare complication rates after primary TKA of smoking status 

groups (active smokers, former smokers, never smokers) in order to provide 

information about the influence of tobacco smoking on the outcome of TKA in 

Austria.  
Methods: A total of 681 patients who underwent primary TKA between 2003 and 

2006 at the Department of Orthopedics and Orthopedic Surgery at the LKH 

Radkersburg, Austria, were retrospectively evaluated according to the patient 

smoking status. Complications and revisions were documented during the potential 

follow-up time of up to 17 years. Smoking status was then analyzed for associations 

with revision TKA using a Chi-square test. Postoperative functional outcome was 

measured using clinical scores: Western Ontario and McMaster Universities 

Osteoarthritis Index (WOMAC), Visual Analogue Scale (VAS), Short-Form 12 

Physical Component- and Mental Component Summary (SF-12PCS/MCS), Knee 

Society Score (KSS).  
Results: For the total amount of revisions, no statistically significant difference 

between active smokers, former smokers, and never smokers could be found. 

However, a tendency towards active smokers (13/46, 28.3%) having a higher risk 

of revision surgery than never smokers (103/596, 17.3%, p=0.062) was present 

without a statistical preference. Subgroup analysis revealed a higher risk of soft 

tissue complications for active smokers (9/46, 19.6%) in comparison to never 

smokers (56/596, 9.4%, p=0.028). Smokers scored higher at KSS function 

(p<0.001) and SF-12PCS (p=0.0197) than never smokers and reported higher pain 

ratings preoperatively (p=0.0031). 

Conclusion: Smoking causes an increased risk of revision surgery in case of active 

smokers compared to never smokers. Former smokers and never smokers had 

similar complication rates, indicating a benefit of smoking cessation on outcome 

after TKA. Our study shows a benefit in functional outcome after primary TKA 

regardless of smoking status.
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1 Introduction 
Osteoarthritis (OA) is a significant cause of disability globally, with knee 

osteoarthritis having the highest prevalence among all age groups (1, 2). It is a 

multifactorial disease that ultimately destroys the synovial joint, leading to pain and 

functional loss (3). Treatment options for knee OA are mostly symptomatic and 

range from conservative measurements to total knee replacement – or arthroplasty 

(TKA) – being the most extensive procedure if the disease’s severity dictates the 

necessity (4). As age and obesity demonstrate two major risk factors for developing 

OA, the joint disease will be of high clinical and socioeconomic significance in an 

increasingly older and more obese population (5-7).  

Complimentary to the high prevalence of knee OA, TKA is one of the most 

commonly performed and cost-effective elective surgeries, with Austria being one 

of the highest-ranked regarding numbers of knee replacement surgeries performed 

among all OECD countries (7, 8). Improvement of quality of life by reducing pain 

and regaining function is the leading patient-based indication for surgery. An overall 

good outcome of TKA affirms this with pain relief and better mobility being the most 

mentioned improvements by patients following surgery (9). Nevertheless, there is a 

risk of residual functional limitation and pain or other complications, possibly leading 

to revision surgery, all of which potentially decrease the outcome and patient 

satisfaction (10, 11). The outcome of knee replacement surgery can be measured 

in several ways, including morbidity and mortality rates after surgery, functional 

outcome, patient defined satisfaction, and implant failure rates (12, 13). Therefore, 

it is of utmost importance to identify and minimize possible causes and risk factors 

leading to residual defects, functional limitation, and revision surgeries.  

Smoking has been described as a leading general health risk by numerous studies 

throughout the last 40 years and is ranked first for all-cause all-age deaths among 

men and ranked eight among women (14). Smoking rates of 24% in Austria surpass 

the OECD average of 18% with slightly rising numbers in recent years, bringing 

special attention to smoking as a risk factor for the Austrian population regarding 

health in general and knee replacement surgery especially (7). Smoking has been 

identified as a considerable risk factor for decreasing outcomes following TKA. 

Previous studies have shown a correlation between smoking and postoperative 

complications and an earlier time to revision surgery (15, 16). These results further 
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solidify the assumption that there is a particular need to find more evidence on the 

impact of smoking on orthopaedic surgeries, especially in Austria, as a country of 

high prevalence. 
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2 Gross & Functional Anatomy of the Knee Joint 
As the lower limb’s intermediate joint, the knee joint allows movement between the 

femur, tibia, and patella and therefore is a compound joint consisting of the 

femorotibial and the patellofemoral joint (17). Knowledge of knee joint anatomy and 

biomechanics is essential for understanding physiological processes and, therefore, 

diagnosing and treating acute or chronic injuries involving the knee. This is 

especially true for knee replacement surgery, where the underlying processes, e.g., 

rheumatoid arthritis or aberrant leg axes (varus or valgus knee) would require 

different surgical approaches.  

Analogous to general joint anatomy, the knee joint consists of osseous structures 

and the corresponding articulate surfaces, the surrounding articulate capsule, 

synovia, menisci, numerous ligaments, bursae, and synovial tendon sheaths. 

Movement is ensured by muscular insertion around the joint. As a whole, this joint 

system should distribute impacting forces evenly and provide movement of the 

corresponding osseous structures (18). The following chapters will describe the 

most important anatomical structures in more detail. 

 

2.1 Osseous Anatomy 

The knee joint (lat. articulatio genus) is the biggest joint in the human body and 

consists of the femur, tibia, and patella. As not all bones directly articulate with each 

other, the knee joint can be subdivided into two joints, patellofemoral (formed by 

patella and femur) and femorotibial joint (formed by femur and tibia). Tibia and fibula 

form a separate joint (tibiofibular joint) with anatomical proximity to the knee joint. It 

may show a connection to the knee joint, but does not participate in its formation 

(18, 19).  

The femur is the longest bone in the human body and can be divided into corpus, 

collum and, caput. Hyaline cartilage covers the caput, which is part of the hip joint 

(lat. articulatio coxae). The distal portion consists of two condyles connected by the 

patellar groove ventrally, a glide surface for the patella, and divided by the 

intercondylar fossa dorsally (20). The condyles show a larger convex curvature 

dorsally than ventrally and a slighter curvature laterally than medially (18). This 

means that the curvature radius becomes continually smaller and that the curvature 

centers are positioned on a spiral. This accounts for no transversal axis but rather 
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multiple axes and therefore allows distinct movements within the knee joint. The 

lateral condyle is wider ventrally than dorsally, whereas the medial condyle shows 

an even width. An even, horizontal contact face while standing upright is provided 

by a tilt of the femoral axis (19). 

The tibia consists of the large trigonal shaft, an upper part, and a lower part forming 

malleoli together with the fibula and articulating with the talar bone. The upper part 

ends in the medial and lateral condyles covered by hyaline cartilage and forming the 

surface area to which the femoral condyles articulate. In between lies the 

intercondyloid eminence that divides the area into an anterior and posterior 

intercondyloid area to which the posterior cruciate ligament (PCL), the anterior 

cruciate ligament (ACL), and both menisci are attached. The anterior surface 

beneath the condyles is called the tibia’s tuberosity to which the patellar ligament is 

attached (18, 19). The medial tibial plateau’s articular surface is concave, whereas 

the lateral plateau has an anteroposterior convexity (17). The incongruency between 

the tibial surface area and the femoral biconvex condyles is compensated by both 

menisci (18). 

The patella, the largest sesamoid bone in the body, is a triangular-shaped bone with 

the base being proximal and the apex being distal. It has an anterior surface and an 

articular surface (femoral side), which is located on the proximal two-thirds of the 

patella’s underlying surface and is divided into a medial, a broader lateral, and a 

smaller more medial odd facet (17, 20). The anterior face is embedded in the 

quadriceps tendon, and the patella tendon is attached to its apex (19). The patella 

serves as a pulley by increasing torque and improving quadriceps strength (20, 21). 

 

2.2 Ligaments 

Ligaments are the fibrous connective tissue – mainly collagen – that form 

connections between bones and provide stability within joints. A complex 

arrangement of intra- and extracapsular ligaments further enhances stability in the 

knee joint but also strengthens the articular capsule, provides for proper guidance 

for the gliding surfaces, and inhibits unphysiological movement (18, 21). 
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2.2.1 Anterior and Posterior Ligaments 

The most prominent anterior structure is the patellar ligament running from fibrous 

connections of the quadriceps muscle to the tibial tuberosity, where it forms the 

connection between the patellar apex and tibia (18). The retinacular connections, 

fibrous continuations of the vastus medialis and lateralis, run alongside the patella 

and have distal attachments at the tibial condyles. They form the anterior part of the 

articulate capsule (18, 21). Between the adductor tubercle above the medial femoral 

epicondyle and medial patella lies the medial patellofemoral ligament (MPFL), 

providing resistance against the patella’s lateral movement. It is rather part of the 

transverse retinacular structures than it is a sole ligament itself but is an essential 

stabilizer of the knee (17, 19, 22). 

The posterior part consists of posterior fibers and the oblique popliteal ligament. The 

posterior fibers form the posterior part of the articulate capsule. The oblique popliteal 

ligament is part of the semimembranosus muscle’s distal attachment, which inserts 

at the profound pes anserinus on the tibia. The ligament attaches to the lateral 

femoral condyle and serves as a posterior reinforcement for the articulate capsule 

(18, 21) 

 

2.2.2 Medial and Lateral Ligaments 

The medial knee’s primary stabilizers are the tibial collateral ligament (medial 

collateral ligament, MCL) and the posterior oblique ligament (POL). The MCL 

stretches from the medial femoral epicondyle to the medial tibial condyle and can 

be divided into an anterior and a posterior part as well as into a superficial and deep 

layer (22). The anterior part has no connection to the medial meniscus and, 

therefore, no connection to the articulate capsule. The posterior part is fused to the 

meniscus but relaxes during flexion and therefore provides for rotational ability when 

the knee is flexed (17, 18). The POL stretches from the adductor tubercle to the 

posteromedial part of the medial tibial condyle where it reinforces the articulate 

capsule and is a restraint to internal rotation and valgus translation (21, 22).  

The lateral knee is stabilized by the fibular collateral ligament (LCL), the 

popliteofibular ligament, the arcuate popliteal ligament and the anterolateral 

ligament. The LCL stretches directly from the lateral femoral epicondyle to the fibular 

head where it has no connection to the lateral meniscus and therefore runs 
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extracapsular. It resists varus stress in extended knee position (18). The 

popliteofibular ligament attaches to the popliteal tendon and the fibular head and 

resists external rotation. The arcuate popliteal ligament stretches from the lateral 

femoral condyle to the posterior fibular head and reinforces the fibrous articulate 

capsule (18, 21). The anterolateral ligament originates at the lateral femoral 

epicondyle and inserts at the lateral tibial condyle. It provides for resistance against 

internal rotation (23). 

2.2.3 Central Ligaments/Cruciate Ligaments 

The cruciate ligaments are the central ligamentous structures in the knee joint 

between the joint capsule’s synovial and fibrous layer, therefore lying intracapsular 

but extraarticular (18). With origins at the intercondylar notch and insertion points 

near the intercondylar eminence, they are crucial for anteroposterior stability but 

also provide for surface adhesion during flexion in the knee joint (19, 21). 

The anterior cruciate ligament (ACL) consists of two bundles, the posterolateral (PL) 

and the anteromedial (AM) bundle. The ACL originates from the posteromedial side 

of the lateral femoral condyle and inserts in the anterior intercondylar area on the 

tibia (24). The PL bundle is tight at full extension, whereas the AM bundle is tight at 

flexion (tightest at 60% and 90% flexion, respectively) (21, 24). The ACL resists 

anterior translation of the tibia against the femur and internal rotation (18). 

The posterior cruciate ligament (PCL) as well consists of two bundles, the 

anterolateral (AL) and the posteromedial (PM) bundle. It originates from the 

anterolateral side of the medial femoral condyle and inserts in the posterior 

intercondylar area (25). The AL bundle is tight in flexion; the PM bundle is tight in 

extension, whereas the PCL’s most significant stabilizing contribution is in flexion to 

resist posterior translation of the tibia against the femur (18, 21). 

 

2.3 Cartilage and Menisci 

The joint surfaces are covered by a layer of specialized articular cartilage, which, 

combined with the underlying calcified cartilage and bone, form a distinctive 

functional composite to transfer loads during weight-bearing and joint motion (26). 

The cartilage matrix is populated by a single cell type, the chondrocyte, and consists 

of water (more than 70%) and organic extracellular components. Those are mainly 

type II collagen and aggrecan or other proteoglycans plus other collagens and non-
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collagenous proteins (27). The collagen network provides tensile strength, and 

proteoglycans provide resilience during compression. Like a sponge, proteoglycans 

accumulate water when the cartilage is decompressed due to their water storage 

capacity, while the collagen network prevents the proteoglycans from expanding too 

much. During compression, the proteoglycans release the stored water to allow for 

the articular cartilage’s weight distributing abilities (28, 29). 

Due to the articular surfaces’ incongruency, the knee has two weight-bearing and -

distributing C-shaped structures composed of fibrocartilage (18, 30). Both are 

triangular-shaped in cross-section and are located between femur and tibia. The 

meniscal tissue is differently vascularized from inside to outside and can therefore 

be classified into three zones: red-red (RR), red-white (RW), and white-white (WW). 

RR is at the base of the meniscus at the synovial membrane and shows the best 

vascularization, RW shows intermediate vascularization, and WW is avascular and 

needs passive diffusion for extraction of nutrients from the synovia (21, 30). Latest 

research suggests avoiding this classification as vascularization changes 

throughout life and is often not directly assessable during surgical procedures (31). 

The medial meniscus is broader and thinner than the lateral meniscus, and its horns 

are further located from each other which provides stability. The posterior part of the 

MCL connects to the medial meniscus (17). The lateral meniscus is rounder than 

the medial meniscus and can move better. It has no connection to the LCL, which 

further provides more mobility (17, 18).  

 

2.4 Muscular Anatomy 

The knee joint is surrounded by musculature, allowing for joint motion and 

enhancing the ligaments’ stabilizing function. 

2.4.1 Extensors  

The essential extensor muscle at the anterior thigh is the quadriceps muscle. It 

consists of vastus lateralis, medialis, and intermedius and the rectus femoris 

muscle. The vastus muscles originate from the femoral shaft (the rectus femoris 

originates from the anterior inferior iliac spine), merge into a single tendon 

(quadriceps tendon), and insert at the base of the patella. As an extension from its 

apex, it continuous to the tibial tuberosity as the patellar tendon (17, 18). A decrease 

in quadriceps strength is associated with the onset of osteoarthritis of the knee (32). 
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Another extensor is the sartorius muscle, which originates from the anterior superior 

iliac spine and inserts in the pes anserinus and also assists in internal rotation (18). 

2.4.2 Flexors 

The flexor muscles are the biceps femoris muscle, the semitendinosus muscle, the 

semimembranosus muscle, and the gracilis muscle. The biceps femoris consists of 

two heads, which originate from the ischial tuberosity (long head) and posterior 

femoral shaft (short head) and insert in the fibular head (18). It also assists in 

external rotation. The semitendinosus and semimembranosus originate from the 

ischial tuberosity and insert in the superficial pes anserinus (semitendinosus) and 

the profound pes anserinus (semimembranosus), where they assist in internal 

rotation. The gracilis originates from the inferior part of the pubic bone and inserts 

in the superficial pes anserinus (22). Additional flexors are the gastrocnemius 

muscle and the popliteus muscle (18). 
 

2.5 Biomechanics 

The orthopedic guiding principle form follows function underlines the necessity of 

understanding the biomechanical aspects during knee stance and motion. Knee 

surgery, and especially TKA, aims to restore the lower limb’s functional capacities 

by restoring the anatomical structures to as close as possible to ensure proper 

function (33). Therefore, a biomechanical understanding is crucial for successful 

knee surgery. 

2.5.1 Axes 

Two axes (anatomical and mechanical) can be allocated to assess the individual 

lower limb’s biomechanical properties. These axes not only are a predictor for the 

onset of OA when misaligned but are essential aspects of pre- and postoperative 

planning and management of TKAs as well (34, 35). The anatomical axes of femur 

and tibia are lines drawn through their respective intramedullary canals. An ideal 

position would be for the femoral axis to sit in 9° of valgus in relation to the midline 

and the tibial axis to sit 3° of varus relative to the midline (36). This constellation 

accounts for an externally oriented angle between femur and tibia of 172-177° 

(physiological valgus knee angle) (37). 
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The mechanical axis is a line drawn through the femoral head and the ankle. It 

consists of the femoral and tibial mechanical axes. The anatomical and mechanical 

tibial axes are nearly identical, whereas the mechanical and anatomical femoral 

axes form an angle of 5-7° (38). However, in recent years, the concept of a 

constitutional varus has arised and therefore, only 30% of people might have a 

physiological long leg axis as described (39). 

With a description of those axes arise the problem of malalignments in the knee joint 

(37): 

 

• Genu varum: increased angle between femur and tibia; mechanical axis 

moves medially 

• Genu valgum: decreased angle between femur and tibia; mechanical axis 

moves laterally 

• Genu recurvatum: mechanical axis moves anteriorly 

 

2.5.2 Range of motion 

The knee joint offers six degrees of freedom, whereas the main principle of knee 

joint kinematics is rolling, gliding, and rotation. Rotational movement is possible 

through extension/flexion, internal/external rotation and varus/valgus. Translational 

movement is anterior/posterior, medial/lateral, and compression and distraction 

(40).  

Active extension is possible up to 0° and -10° passively according to the neutral zero 

method. While extending the leg, the cruciate ligaments get tensioned before full 

extension is achieved. Therefore, the tibia rotates externally at the free leg (or the 

femur rotates internally at the standing leg), the ACL relaxes, and further extension 

is possible. Additionally, the collateral ligaments get tensioned and prohibit internal 

and external rotational movement in extension. In flexion internal (up to 10°) and 

external (up to 40°) rotation are possible. Active flexion is possible up to 120°, and 

passive flexion is possible for up to 160° before soft-tissue impingement (18).  
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3 Osteoarthritis of the Knee Joint 

3.1 Definition 

Osteoarthritis (OA) does not only affect the knee joint but is a degenerative joint 

disease of small (such as those in the hand) and large (such as the knee and hip 

joints) diarthrodial joints. Tear-and-wear of the cartilage was the defining 

mechanism of OA for a long time. However, recent studies confirm that it rather is a 

whole joint disease that not only involves structural changes in the articular cartilage 

but also in subchondral bone, ligaments, capsule, synovial membrane and 

periarticular muscles (41). Structural changes include loss of cartilage, osteophyte 

formation, subchondral bone changes, and meniscal alterations, which can be seen 

using radiography and MRI and which may be accompanied by pain (42, 43).  

Prevalence data for OA of any location varies widely depending on the definition 

and classification criteria used, but research suggests a higher prevalence for 

radiographic OA than for symptomatic OA and for knee and hand OA than for hip 

OA (44). OA of any location globally in 2010 was the 11th highest cause of years 

lived with disability, affecting over 250 million people or 4% of the world’s population 

(45).  

Knee OA is the most common location of OA, with a global prevalence estimated to 

be 3,8% with peaks at the age of 50 (1). It affects the whole knee joint and shows 

typical clinical and radiographic signs of OA leading to pain and ultimately breaking 

down of the whole knee joint structure and function (46). In combination, this leads 

to knee OA accounting for approximately 85% of OA burden worldwide (2).  

Depending on the affected compartment of the knee, the disease can be subdivided 

into the following locations: 

 

- Unicompartmental patellofemoral OA 

- Unicompartmental femorotibial OA 

- Bicompartmental femorotibial OA 

- Tricompartmental patellofemorotibial OA (pangonarthritis) 

 

Moreover, OA can be classified by the medial or lateral part of the knee affected, 

thus dividing into varus- and valgus-OA.  
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3.2 Etiology 

OA can be classified as primary (or idiopathic) and secondary. Idiopathic OA is 

characterized by an onset without any preceding diseases or injuries that could have 

been causative. Secondary OA develops secondary to recognized and precisely 

defined causative factors (26). Differentiation into primary and secondary OA 

applies to OA for any location. Therefore, it is also valid for OA of the knee. 

Primary Osteoarthritis 
- Localized 
- Generalized  

- Three or more joints affected 
- No causative condition 
- Probably multifactorial 

Secondary Osteoarthritis 
- Mechanical extraarticular factors 

- Axial Malalignment 
- Instabilities of ligaments 
- Muscular Dysbalances 
- Microtrauma 

- Mechanical intraarticular factors  
- Meniscal lesions 
- Meniscectomy 
- Posttraumatic 

- Inflammatory Diseases 
- Rheumatoid arthritis 
- Bacterial arthritis 

- Metabolic factors 
- Connective tissue disease 

- Marfan syndrome 
- Ehlers-Danlos-syndrome 

- Drug-induced 
- Chemotherapy 

Table 1. Primary and Secondary Osteoarthritis (38, 47). 

3.2.1 Risk factors 

Risk factors for OA can be divided into person-level factors that increase the level 

of individual susceptibility and joint-level factors (i.e., factors that alter the 

biomechanical stability) (48).  

3.2.1.1 Person-level risk factors 

Age is one of the most prevalent risk factors of OA. The hypothesis is that a 

multifactorial mechanism leads to joint damage and loss of function. Processes 

included are oxidative damage, thinning of cartilage, muscle weakening, and a 
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reduction in proprioception (48). With age goes sarcopenia, which for itself has been 

described as a risk factor of knee OA, especially for quadriceps weakness  (32). 

Obesity, defined as a body mass index > 30kg/m2, is strongly associated with knee 

OA, whereas overweight (BMI > 25kg/m2 to BMI < 30kg/m2) has a lower risk but is 

also a significant risk factor (5). Research describes weight loss to positively 

influence pain, function, and low-grade-inflammation (49). The association between 

OA and metabolic syndrome suggests that obesity may be a risk factor due to 

increased joint loading and systemic factors (50). 

Female gender is at higher risk of developing knee OA, potentially due to hormonal 

factors, and other parameters such as reduced volume of cartilage, bone loss, or 

muscle weakness (5, 51). 

 

3.2.1.2 Joint-level risk factors 

Previous knee injury increases the risk for the onset of OA (5). ACL rupture leads to 

early-onset knee OA in 13% after 10 to 15 years. When associated with damaged 

cartilage, subchondral bone, or menisci, the prevalence is higher between 21% and 

40% (48).  

Abnormal loading of joints or repetitive high joint usage is associated with the onset 

of knee OA. Especially occupational activities that involve repetitive squatting and 

kneeling show an increased risk of developing knee OA (52). Moreover, several high 

impact sports have been reported as moderate to strong risk factors of knee OA, 

which might be associated with an increased risk of injury (53). 

Malalignment is rather a predictor for progression of knee osteoarthritis than a risk 

factor of onset. Increased structural degradation is caused in the compartment 

under the highest stress: medial progression of knee osteoarthritis four-fold greater 

with varus alignment and lateral progression five-fold greater with valgus alignment 

(48). 

 

3.2.2 Pathogenesis 

Contrary to the standard description of osteoarthritis being a passive degenerative 

disease, it rather is an active dynamic alteration arising from an imbalance 

between repair and destruction of joint tissues (54, 55).  
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In osteoarthritis, the cartilage matrix changes composition and structure and loses 

its integrity. As a consequence, the cartilage shows increased susceptibility to 

disruption by physical forces. Initially, erosions at the surfaces are noticeable, which 

later progress to deep fissures in the cartilage accompanied by enlargement of the 

calcified cartilage zone (26, 54). The chondrocytes show increased synthetic activity 

in an attempt to repair the damaged surfaces (26). During this process, they also 

generate pro-inflammatory mediators that impair chondrocyte function and stimulate 

synovial inflammation and proliferation, accompanied by a pro-inflammatory 

response, hypertrophy, and increased vascularity (54).  

The subchondral bone shows increased bone turnover, and vascular invasion of the 

cartilage (54). The subchondral plate is thickened, especially in areas where severe 

cartilage damage and bone marrow lesions are apparent but may also occur in 

areas without obvious damage (26, 54). These changes in subchondral bone may 

not only occur in later stages of osteoarthritis but eventually initiate cartilage damage 

(26, 56).  

During these processes, patients experience pain as a highly disabling symptom of 

osteoarthritis. Patients may feel pain differently, wherefore, apart from peripheral 

nociceptive pain mechanisms, neuropathic pain mechanisms and central pain 

mechanisms have been hypothesized and identified to be responsible for the pain 

experience (54). Nociceptive pain is due to the altered structures (apart from 

cartilage, which is avascular and aneural) and the accompanying inflammation. The 

inflammation causes a peripheral sensitization of joint nociceptors, which respond 

more intensely to noxious and non-noxious stimuli (55). Central sensitization results 

in pain hypersensitivity by increasing spontaneous neuronal activity, reducing 

activation thresholds and expanding the receptive field. It involves excess 

nociceptive ascending and deficient inhibitory descending signals. (55) Neuropathic 

pain arises from nerve damage in the joint, the peripheral nervous system, or the 

spinal cord (55). Both central sensitization and neuropathic pain could explain the 

interindividual difference between patients regarding pain perception. Imaging 

abnormalities of osteoarthritis are often seen but do not necessarily correlate with 

the experienced pain (57). Therefore, other mechanisms could be the driving factor 

for pain perception, and the ones mentioned above are hypothesized to be relevant 

(55). 
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3.3 Diagnosis 

3.3.1 Clinical Symptoms 

The biggest contributing symptom to disability regarding knee OA and a driving 

factor for consultation of health professionals is pain occurring during weight 

bearing. Due to varying innervation of the knee joint and inter-individual differences 

in pain perception, the onset of pain between patient groups may be variable and 

often incongruent to the radiographic alterations and signs (i.e., structural OA), 

which may take years to appear (58). Pain may start slowly and may only be 

restricted to distinct movements and weight-bearing in early phases but eventually 

exacerbates pain in advanced stages when resting and sleeping (56, 59).  

Functional limitations in terms of loss of range of motion are often present and may 

partly be caused by synovial effusion. Short-lived morning stiffness is also included 

as a criterion for OA (59, 60). 

 

3.3.2 Clinical Diagnosis 

Knee OA can be diagnosed by patient history and clinical examination. Precise 

diagnoses also help differentiate between pain caused by OA and pain caused by 

another underlying diseases such as pain referred from the hip or the back in case 

of coxarthrosis or lower back pain (61). 

An initial assessment should primarily focus on identifying the influence of OA on 

function, social participation and relationships, occupation, quality of life, leisure 

activities and sleep (54). The symptoms mentioned above should be examined, and 

pain quality should be identified as OA pain is often described as a dull, intermittent 

ache, localized to one compartment, contrary to acute inflammatory or traumatic 

pain. Additionally, information on risk factors, relevant comorbidities, occupation, 

family history of OA, and previous knee injuries should be gathered (54, 59, 61).  

Physical examination should include body habitus and gait pattern as well as axial 

malalignment. Additionally, signs may include crepitus on active or passive motion, 

restricted movement, ligamentous instability, and bony enlargement (59).  

In summary, a clinical diagnosis may be sufficient to make a precise diagnosis 

without imaging techniques. According to the EULAR recommendations from 2010 

(59), a clinical diagnosis may be made according to three symptoms (knee pain, 
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short-lived morning stiffness, and functional limitation) and determination of three 

signs on examination (crepitus, restricted movement, and bony enlargement).  

 

3.3.3 Imaging Techniques 

Table 2. Adapted from EULAR 2017 recommendations for imaging techniques for the diagnosis of 
osteoarthritis (57) 

Plain radiography is the gold standard in diagnosing structural alterations of the 

bone (57). Other imaging modalities include MRI, ultrasonography (US), CT, and 

nuclear medicine techniques (scintigraphy, positron emission tomography). 

EULAR recommendations for the use of imaging techniques regarding osteoarthritis 

are listed in table 2.  

When plain radiography is indicated, it is vital to consider the appropriate 

radiographic views to fully assess the structural alterations. Views include standing 

weight-bearing a.p. and lateral views in full extension and flexion for the tibiofemoral 

joint and skyline and lateral projections for the patellofemoral joint (57). 

Concerning the structural alterations and the resulting classification, many grading 

systems are available to assess severity, but the one used the most is the 

classification developed by Kellgren and Lawrence, described in table 3. Figure 1 

shows plain radiographs using the Kellgren and Lawrence grading system. 

Recommendation 

1. Imaging is not required for the diagnosis of OA in typical cases. 

2. Atypical presentations may require imaging to confirm the diagnosis of OA or make 
alternative or additional diagnoses.  

3. Routine imaging in follow-up is not recommended except for unexpected rapid 
progression of symptoms. 

4. Plain radiography is the gold standard. US and MRI may be used for additional soft 
tissue diagnoses, CT for bone. 

5. Radiographic views are important for optimizing detection of OA.  

6. Imaging is not recommended for predicting non-surgical treatment response 

7. Imaging may improve accuracy regarding intraarticular injections. 
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Grade 0 No presence of osteoarthritis 

Grade 1 Possibly slight narrowing of joint space and osteophyte formation 

Grade 2 Narrowing of joint space, osteophyte formation 

Grade 3 Definite narrowing of joint space, moderate osteophyte formation, sclerosis, 
deformity of bony structures 

Grade 4 Severe narrowing of joint space with marked sclerosis, large osteophyte 
formation, and definite deformity of bone ends  

Table 3. Kellgren-Lawrence classification system (62) 

 
Figure 1. Schematic presentation of knee OA using the KL classification system criteria described in table 3. 

Source: https://springloadedtechnology.com/wp-content/uploads/2020/09/Kellgren-Lawrence-Stages-of-Knee-
Osteoarthritis.jpg [last access: 28.12.2020, 10:05]  

  



 

 27 

 

 
  

Figure 2. KL Grade 3. There is moderate osteophyte 
formation and sclerosis but a definite narrowing of the joint 
space. 

Figure 4. The same knee as in figure 3 with KL grade 
4 in lateral view.  

Figure 3 KL Grade 4 in AP view. Severe narrowing of 
joint space with sclerosis, osteophyte formation and 
bony deformities. 
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3.4 Therapy 

As mentioned in the guidelines, key treatment strategies are mostly non-

pharmacological and should focus on education and self-management, exercise 

and weight loss, assistive devices, alternative and complementary approaches (63). 

If severity progresses, surgical intervention can be considered (64). 

 

3.4.1 Conservative Treatment 

As part of a multimodal therapeutic approach, education and self-management are 

strongly recommended to manage osteoarthritis. Information on treatment 

modalities, the disease itself, the pathophysiology as well as diagnostic imaging may 

improve patient compliance and enhance the outcome of variable treatment 

approaches (65).  

Exercise therapy is especially helpful in decreasing pain and improving joint motion 

(66). Land- and water-based low-impact aerobic exercise is considered the exercise 

regimen with the most substantial positive impact. More precisely, exercise 

recommendations include motion/flexibility exercises, quadriceps strengthening, or 

endurance/strengthening exercises (63, 64, 67). Weight loss, as mentioned above, 

may be helpful in patients with BMI > 25kg/m2 (49, 68, 69). Moreover, a combination 

of exercise and dietary weight management seems to provide better effects on pain 

and function than exercise or diet alone (69). 

Assistive devices such as knee braces and heel wedges may be used but are not 

generally recommended contrary to walking aids such as crutches, canes, and 

walkers. Elevation of chairs and beds may as well be beneficial in order to improve 

the overall quality of life (63). 

Analgesics most often recommended include paracetamol and topical or oral 

NSAIDs. Recent literature suggests the use of oral NSAIDs over paracetamol as 

first-line and single treatment. The administration should aim at short-term use at 

the smallest dose possible (70). Topical NSAIDs are considered other first-line 

methods, with lesser systemic side effects but still measurable effects (71). Intra-

articular corticosteroids are recommended for patients who do not respond to oral 

or topical analgesics in short-term and hyaluronic acid for long-term treatment (63).	

For refractory symptoms, opioids such as tramadol, in particular, are recommended, 

and duloxetine, a serotonin and norepinephrine reuptake inhibitor, can be 
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considered (63). However, the better the effect of conservative therapies, the more 

severe potential side effects have to be expected. 

 

3.4.2 Surgical Treatment 

Surgical interventions may be indicated if the disease progresses and pain and 

functional impairment intensify. The different approaches are discussed 

controversially in the literature and corresponding guidelines (63). 

Knee osteotomy aiming at re-alignment of the joint axis is associated with benefits 

in pain and function. Its use is restricted to unicompartmental knee OA, as the 

procedure aims at a load transfer from the affected compartment to the one (54). It 

is mainly considered for young and active patients and can postpone joint 

replacement surgery for up to 10 years (72). Older, more inactive patients have a 

greater benefit from unicompartmental knee endoprostheses due to shorter 

rehabilitation time and faster recovery period (72). 

In general, arthroscopic procedures with cartilage smoothing, removal of loose 

bodies, and synovectomy are not recommended despite its wide usage in the early 

management of OA (63). Given the minimal benefits and potential harms, 

arthroscopy should not be the primary focus in the management of OA (73). 

Today, joint replacement surgery is considered a clinically appropriate and cost-

effective treatment for late-stage OA (74). It should be restricted to patients with 

more severely affected functional status after all appropriate conservative options 

have failed (54, 74).  
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4 Total Knee Arthroplasty (TKA) 

4.1 Epidemiology 

Treatment of OA with knee endoprostheses continues to increase in usage globally, 

as reported by many joint registries worldwide (8). Total numbers of performed knee 

replacement surgeries are variable due to population differences but have reached 

700.000 per year in the USA. Furthermore, prevalence data from 2010 has shown 

a prevalence maximum of 1,5% in the general population and 10,4% in patients 

aged 80 years (75). Estimations suggest that the use of TKA will continue to 

increase in the future (76).  

Literature from 2018, analyzing the number of TKAs performed in Austria and its 

relation to demographic changes from 2009 to 2015, suggests a trend towards 

increasing numbers of TKA. A 13% increase in TKA has been observed over six 

years, together with an increase of 1.1% in the population aged 50-90 (77). These 

changes also accounted for Austria having the highest rate of TKA per inhabitant 

among OECD countries in 2014 (77). The same development has been 

demonstrated for 2019 (227/100.000) (7). The average age of patients undergoing 

TKA in Austria was 69.6 years, similar to other developed countries (8, 77). 

Likewise, in the patient group aged 60 years and younger increasing numbers of 

TKA have been observed, which may partly explain the growing number of revision 

surgeries (76). Recent evidence suggests that this patient group had an increased 

lifetime risk of revision surgery of 35% for men and 20% for women, with half of 

revision surgeries occurring within the first five years after primary surgery (78).  

The increasing demand for TKA may also be in part explained by demographic 

changes in terms of an elderly population and increasing numbers of obesity but 

may not solely be caused by them (79). Ongoing development of medical care, a 

growing number of knee injuries, and expanding indications for the procedure also 

seem to be responsible for increased intervention numbers (77, 79). 

 

4.2 Development of TKA 

The first surgical trials for the treatment of knee osteoarthritis date back to as far as 

the mid 19th century when Verneuil described an excision arthroplasty by the 

interposition of soft tissue to prevent bony ankylosis (80). In 1890 the German 

surgeon Gluck presented the first knee prosthesis made of ivory. Highly septic 
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conditions led to infection and early implant failure, which – in combination with 

complex fixation components – did not provide ideal circumstances for further use 

(81).  

Advancements in hip endoprostheses in the mid 20th century also marked the 

beginning of a new generation of knee endoprostheses. Though the newly 

developed techniques showed success, progress in modification of total knee 

endoprostheses was limited due to complex anatomical and biomechanical 

differences within the knee in comparison to the hip joint (81). 

Sir John Charnley achieved a developmental milestone in 1961 with his Low Friction 

Arthroplasty. The usage of polymethylmethacrylate (PMMA) for implant fixation and 

the combination of metal and polyethylene laid the foundations for modern 

endoprosthesis designs (82). Charnley’s invention led to the first implantation of an 

actual surface layer prosthesis by Gunston in 1969 by using a femoral component 

and tibial inlays (83). Engelbrecht further developed this system as an unicondylar 

joint replacement (84).  

With the introduction of the full bicondylar joint replacement by Walker, Insall, and 

Ranawat in 1974, the endoprosthetic era underwent another upswing in usage and 

development (81, 85). During the following years, standardized procedures were 

introduced and surface materials improved (81). 

 

4.3 Indications and Contraindications 

As previously mentioned, knee replacement is considered the ultimate treatment 

modality if conservative methods and less invasive surgical procedures do not 

provide enough functional benefit and pain reduction (86).  

Traditionally, patients with morbid obesity (higher risk of perioperative 

complications), as well as patients younger than 55 (increased risk of an earlier time 

of revision), have more likely been excluded from the decision-making process (8, 

78, 87). The same applies to patients suffering from severe medical comorbidities, 

widespread pain, and catastrophizing behavior, as these factors are associated with 

a higher risk of persistent pain postoperatively (88, 89). 

Recent studies suggest reconsidering classic indications and contraindications. 

Although morbid obesity is associated with a higher risk of perioperative 

complications, patients with a BMI of more than 35 or even higher seem to benefit 
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from knee replacements regarding pain relief as much as normal-weight patients 

(87, 90).  

Although a declining and not-improving functional status may be an indicator of 

inevitable TKA, studies have shown an association between worse functional status 

preoperatively and worse functional status postoperatively. This association 

suggests being cautious in letting the patient’s functional status deteriorate to 

prevent a worse outcome (91). 

The shared decision-making model enables the patient to participate in the decision-

making process, whether to undertake TKA or try conservative measures. The 

widely recommended and adopted use of this model empowers the surgeon to 

reconsider and broaden the indications of TKA (92). This is especially necessary in 

patients being on either end of the age spectrum, as an earlier time of revision (in 

patients younger than 55) or higher risk of complications (patients aged 80-90) have 

to be weighed against functional improvements and improved quality of life. The 

patient is the ultimate entity to decide for or against surgery, depending on the 

individual needs (86).  

Nevertheless, adequately informed and educated patients are necessary to prevent 

exaggerated expectations and a disappointing result. This requires the clinician to 

focus on explaining alternative treatment methods as well as providing realistic 

results, depending on the patient’s pre-existing condition, functional status, and 

prospective lifestyle (81). 

 

4.4 Materials 

In implant-design, the choice of materials is one key-point to produce well-

functioning prostheses and minimize the risk of complications. Special attention is 

directed to wear of the different components to achieve high durability and 

biomechanical properties in terms of sliding behavior, which in turn as well prevents 

wear of the components involved. Biologically compatible materials should be used 

to minimize the risk of complicated allergic and septic reactions that can worsen the 

outcome of the procedure (93). 

Nowadays, conventional implant designs are made of cobalt-chromium-alloys and 

pure titan or titan-alloys. Knee endoprostheses are mostly produced using a cobalt-

chromium-molybdenum-alloy (CoCrMo) (94). As for the inlay, the standard material 
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is polyethylene, which has been developed by increasing the molecular weight to 

produce so called ultra-high molecular weight polyethylene. This material, combined 

with sterilization processes using ionizing radiation, reduces wear, and increases 

durability significantly (95, 96). 

Materials used for anchoring the components to the bone are dependent on the type 

of anchoring. Three types can be distinguished: cemented, cementless, and a hybrid 

fixation where both types are combined. The cement used is PMMA, whereas the 

cementless type fixation requires specific materials used in the implant itself – 

mainly titanium-alloys or tantalum. Those materials are osteoconductive and 

provide the requirements for integration into the bone (93).  

 

4.5 Implant Designs 

The choice of implant material and implant design is highly dependent on individual 

needs and the patient’s pre-existing condition. This includes functional status and 

the anatomical and biomechanical properties of the individual knee (94). As wear of 

the PE inlay is a significant concern, the development of implant designs has led to 

an optimization of wear resistance and biomechanics and consequently has 

reduced the number of revision surgeries caused by PE-wear (93). 

The indications dictate the type of implant necessary to achieve the best possible 

result for the patient. The different types can be distinguished as follows: (21, 94, 

97) 

 

- Unicompartmental knee replacement  

- Bicompartmental knee arthroplasty/total condylar arthroplasty with/without 

patellar resurfacing 

- Cruciate retaining 

- Cruciate sacrificing 

- Posterior stabilized knee 

- Anterior stabilized knee 

- Constrained non-hinged 

- Constrained hinged 
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4.5.1 Unicompartmental knee arthroplasty 

Although the vast majority of patients today receives a TKA implant 

unicompartmental knee arthroplasties (UKA) in the patellofemoral, medial or lateral 

compartment are currently used in approximately 8% of cases (8). UKA’s superiority 

against TKA has been suggested in terms of optimized functional outcome, fewer 

medical complications, lower postoperative length of in-patient stay and greater 

cost-effectiveness (98-100). Higher revision rates and subsequent surgeries to 

implant TKA, in case the other compartments develop OA as well, demonstrate 

notable arguments against a wider implantation of UKA (8, 97).  

 

4.5.2 Total condylar arthroplasty, Bi-/Tricompartimental knee 
arthroplasty 

Bicompartmental knee arthroplasty refers to the resurfacing of two compartments, 

mainly the medial and lateral, representing total condylar arthroplasty. The ACL 

usually has to be removed while the remaining capsule and ligaments are the 

primary stabilizers. The PCL either can be retained (cruciate retaining) or has to be 

removed (cruciate sacrificing/posterior stabilized), depending on the implant design 

(94). These methods remain the two most widely used replacement options (8).  

Proponents of either of the two options emphasize the advantages and 

disadvantages presented in table 4 (101-104). Nevertheless, literature suggests no 

significant difference between posterior stabilized and cruciate-retaining TKA 

regarding knee function, postoperative knee pain, and complication rates (104). One 

paper stated better flexion and range of motion in the posterior stabilized patient 

collectives but questions the clinical importance (105). 
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Figure 6. Example of a fixed bearing TKA in lateral 
X-Ray. Implant design by Stryker®, Mahwah, NJ, 
USA. 

Figure 5. Example of a fixed bearing TKA in AP X-
Ray. Implant design by Stryker®, Mahwah, NJ, USA. 

Figure 7. Example of a cruciate retaining TKA in AP 
view. Implant design by Implantcast, Buxtehude, 
Germany. 
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 Advantages Disadvantages 

Cruciate 
Retaining 

- Inherent stability 

- Less load between bone & cement 

- Improved kinematics 

- Improved proprioception 

- Better implant stabilization 

- Anterior knee pain 

- Sagittal laxity 

- Knee dysfunction 

- Tibial bearing damage 

Posterior 
stabilized 

- Conforming articulation 

- Better knee flexion 

- More predictable kinematics and 
reproducible rollback  

- Lower range of axial rotation and 

condylar rotation 

- Anterior knee pain 

- Patella clunk syndrome 
- Tibial post fracture 

- Impingement 

- Breakage 

Table 4. The advantages and disadvantages of cruciate-retaining and posterior stabilized TKA. 

TKAs can further be subdivided into fixed- (FB) and mobile-bearing (MB) implant 

designs. The FB is attached to the tibial tray whereas the MB allows for movement 

between the bearing and the tray. During the MB’s development the hypothesis was 

to improve PE wear and loosening of implant components (106). Earlier FB implants 

have had the problem of either having high conformity bearing surfaces with low 

contact-stress but high torque at the bony inserts or vice versa having low conformity 

bearing surfaces with less torque but high contact-stress (107). The MB provides 

both congruity and mobility to either reduce contact-stress and constraint force 

(108). The MB device’s kinematic advantage is a better rotational capability between 

femur and tibia, resulting in a better gliding of patella and femur. The disadvantage 

is a higher risk of dislocation and instability because of better mobility (109).  

Despite the hypothesized advantages the published data has not demonstrated any 

MB’s superiority against the FB implants. Both designs show excellent results and 

survival. Therefore, it is an individual choice on which design to use (106, 109, 110). 

 

4.5.3 Constraint TKA 

The usage of non-constrained implant designs is dependent on soft-tissue stability 

and enough bone-mass to support the implant. If such implant designs seem not 

feasible pre- or intraoperatively, constrained designs may be used (111). 

Differentiation can be made into semi-constrained (Constraint Condylar knee/CCK) 

and constrained/hinged devices.  
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The CCK is based on the posterior stabilized design, 

whereas a longer PE stem is used to improve varus 

and valgus stability. Indications are revision surgeries 

and primary TKAs when the knee shows high 

instability and substantial deformation (94). The 

higher stabilization properties of CCK come at the 

cost of higher torque at the anchorage, hypothesized 

to lead to earlier implant loosening. Research could 

disprove this hypothesis and even determine a 96% 

survival after ten years (112). Additionally, routine 

implantation of CCK is recommended for complex 

primary situations (113).  

The hinged design uses a connecting bar and usually 

rotating bearings to link the femur and tibia, producing 

a fixed extension stop (21). Modern hinged designs 

feature rotating hinges inserted in the tibial 

component to reduce torque on the bone and reduce 

the risk of implant loosening, which was especially 

problematic in earlier designs (94). Primary 

indications are complex revision surgeries and 

primary TKAs with severe varus or valgus, collateral 

ligament insufficiency, or relevant bone loss. Results 

vary widely, with reported 10-year survival rates of 51-

92.5%. The same goes for complication rates of 9.2-

63% (114).  

  

Figure 8. Example of a semi-
constrained TKA in AP view. Implant 
design by Stryker, Mahwah, NJ, USA 

Figure 9. Example of a semi-
constrained TKA in lateral view. 
Implant design by Stryker, Mahwah, 
NJ, USA 
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4.6 Alignment 

To ensure the best possible outcome of TKA, surgeons have to ensure the best 

possible alignment of the different implant designs according to preset standards. 

For nearly three decades, the benchmark has been the mechanical alignment 

described by Insall, where a joint line should be created perpendicular to the 

mechanical axis. A biomechanical simplification allows for the even load distribution 

across the medial and lateral compartments: instead of a correct anatomical cut at 

3° of varus at the tibia and 9° of valgus at the femur, the tibia and the femur are cut 

at 90° relatively to its anatomical axis and 4 to 6° of valgus in relation to its 

anatomical axis, respectively (115). Research has shown an increased force on the 

medial compartment and increased PE wear when adhering to the anatomical 

requirements (116-118). 

Due to its high implant survivorship, this method has been established as a gold 

standard. Despite improvements in implant design and precision in surgery (i.e., 

navigation systems, patient-specific instrumentation, robotics), the functional 

outcome seems limited concerning dissatisfaction and residual symptoms (119, 

120). Those technology-based assistive devices rather are in a developmental 

phase than widely implemented in implanting TKAs (121).  

It has been hypothesized that a more kinematically (anatomically) aligned TKA 

would lead to less ligament release and better functional outcomes (36). 

Accordingly, there is an interindividual difference between anatomical and 

mechanical axes between patient groups, which requires a more individual 

approach to implant alignment (39). This hypothesis may be seen as a re-

emergence, as earlier trials showed high failure rates due to limitations of the 

implant systems and high PE wear. More recent systems are more reliable, and 

recent literature suggests beneficial outcomes of kinematically aligned TKAs (122). 

Contradictory, Young et al. have shown no benefit in functional outcome and 

question the justification of taking the risk of implanting a kinematically aligned TKA 

in terms of long-time survival (123). More research is needed, but a more individual 

approach to implant alignment may be the key to improve functionality and patient 

satisfaction in the long term. 
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4.7 Complications and causes for revision 

A revision rate of 3-5% for many TKA designs is generally reported over all registries 

(8). Literature contradicts itself in identifying the leading causes mentioning 

significantly different percentage values for the respective indications. This 

inconsistency may be due to different trial designs or different implant designs used 

during the trial. Therefore, registry databases provide a better foundation on which 

the causes for revision can properly be determined. Sadoghi et al. have found 

aseptic loosening, septic loosening (i.e., infection), pain, and wear to be the most 

frequent causes in this order (11).  

Aseptic loosening seems to become relevant after a long period, whereas 

periprosthetic joint infection (PJI) is the leading cause for early revision (i.e., within 

the first 15 years) (124). The registries of New Zealand, Australia and Sweden 

similarly show an increase in early revision due to PJI (8). An attempt at an 

explanation for this occurrence is the combination of, one the one hand, increasing 

numbers of obesity and younger patients that receive TKAs and, on the other hand, 

that both obesity and younger age have been identified to be independent risk 

factors for the development of PJI after TKA (6, 76, 87, 125). 

The outcome of TKA is generally considered satisfactory, although a survey from 

Sweden showed 8% dissatisfaction 2-17 years after primary TKA, which 

approximately doubled after revision surgery (126). Not surprisingly, revision 

surgery is associated with a higher risk of complications, a longer length of stay, 

unsatisfactory outcomes, and a relatively shorter implant survival compared to 

primary TKAs (127). Additionally, the risk of re-revision after revision is estimated to 

be four to five times higher further deteriorating the outcome (97). Apart from clinical 

measures, the economic burden of revision TKAs is enormous. In the US, 

estimations on revision surgery costs are 49.360$ for each surgery, additionally 

consuming significant resources and capacities (127). 

As revision surgeries in total are increasing following the growing number of patients 

requiring TKA, the clinical and economic burden will rise significantly (127, 128). 

Furthermore, the younger and more active patient collective requiring TKA will 

substantially contribute to revising TKA (129). 

After all, identifying the causes for revision and the predisposing risk factors for 

complications is vital for improved outcomes and reduced economic and clinical 

impact. 
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5 Tobacco Smoking 
Tobacco smoking is probably one of the most evident occupational risk factors for 

developing debilitating diseases. Currently, the number of smokers globally is 

estimated at 1.3 billion people, with most smokers living in low- to middle-income 

countries (130, 131). The confirmation that cigarette smoking causes lung cancer is 

more than 50 years old (132). Twenty-five years ago, estimations suggested that 

15% (one in seven cases) of cancer is caused by cigarette smoking (133). In 2000, 

more than one in every ten cardiovascular deaths worldwide (1.62 million) was 

attributable to tobacco smoking (134). In 2017 smoking ranked as the second 

leading risk factor for both death and DALYs (disability-adjusted life years), with 

smoking-attributable deaths having increased by 24.9% from 1990 to 2017 (14). 

During the same period, the percentage of all-cause all-age deaths due to smoking 

decreased in high SDI countries, whereas it increased in the countries with a lower 

SDI (14). In the 21st century, an estimated one billion people will die due to tobacco 

smoking (130). Smoking’s tremendous impact on public health does not stop at 

causing disabling diseases, but it also negatively influences surgical procedures. A 

wide range of complications attributable to tobacco smoking has been identified, 

including pulmonary complications, surgical-site infections, and death (135-137). 

Several pathways responsible for developing diseases and complications have 

been identified. Cigarette smoke is a complex mix of more than 7000 chemicals, of 

which some act as cardiotoxins and 69 as identified carcinogens (138, 139). 

Smoking cessation programs have proven tremendously beneficial in reducing and 

reversing devastating effects of smoking on health. Not only do former smokers 

have a reduced risk of developing cardiovascular diseases (CVDs) in comparison 

to active smokers, but they also have better pre-existing conditions to better cope 

with the demand of surgeries (140-142).  

 

5.1 Health risks 

The health risks caused by tobacco smoking are numerous, including nicotine’s 

neurotoxicity, cancer development – of which lung cancer is the most prominent one 

- , respiratory and CVDs, and adverse effects on the reproductive system (132). 

Additionally, metabolic and immunological changes have been observed (132). 

Those effects are not only restricted to active smoking but passive smoking as well, 
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bringing a particular focus on smoking’s health risks regarding non-smokers (132) 

A full description of the all pathophysiological pathways and effects on every organ 

system and disease would go beyond this paper’s scope, and focus will lie on the 

most prominent physical consequences of tobacco smoking. 

 

5.1.1 Nicotine 

Nicotine is the chemical agent responsible for addiction to tobacco products (143). 

Nicotine addiction is dependent on the dose of the nicotine delivered and the way it 

is delivered (144). As nicotine is a highly bioactive compound, it was hypothesized 

that it could promote cancer: nicotinic receptors are not only found in the brain but 

throughout the body, triggering several cellular pathways involved in carcinogenesis 

(145). Angiogenesis is considered vital for cancer survival and metastasis. Nicotine 

stimulates various processes to promote angiogenesis (i.e., endothelial cell 

migration, proliferation, and survival) (145). However, studies showed no cancer 

promoting effects but suggested an attenuating effect of nicotine on the cigarette 

smoke’s cytotoxicity (146). A definite association between nicotine and cancer 

cannot be made due to insufficient data (132). 

Nicotine promotes the release of catecholamines and other neurotransmitters, both 

provoking cardiovascular and metabolic effects (elevated heart rate, blood pressure, 

and cardiac output; lipolysis), suggesting a negative influence on the development 

of CVDs (138, 147). Comparisons between cigarette smoke and smokeless tobacco 

products have concluded that other constituents of tobacco smoke, apart from 

nicotine, are responsible for CVDs, not nicotine itself (138). Therefore, nicotine is 

seen as the driving factor for initiating and maintaining addiction and consequently 

provoking CVDs (138). 
 

5.1.2 Pathophysiological effects on the cardiovascular system 

Active tobacco smoking. Tobacco smoking is a major risk factor for developing 

many CVDs. Notably, it has a more significant impact on acute, thrombotic events 

than on atherogenesis itself (148). Current cigarette smokers have considerably 

higher odds of myocardial infarction (MI) (odds ratio [OR]: 2.95, 95% CI 2.77-3.14, 

p<0.0001) than never-smokers (149). The relative risk of cardiovascular events is 

generally higher for younger than older smokers, as – usually – such events are 
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rarer in young non-smokers than in old non-smokers (132, 149). Death from stroke 

is twice as likely in smokers than in non-smokers and former smokers, and smokers 

treated for coronary artery disease have a higher risk of sudden cardiac death (150, 

151).  
The number of cigarettes smoked per day over years may indicate the risk of 

developing CVDs, as the association between CVDs and tobacco smoking is 

nonlinear (152). Shallow levels of cigarette consumption (i.e., 1-4 cigarettes per day) 

increase the risk of dying from coronary heart disease almost threefold (153).  

Cigarette smoking is an established risk factor for peripheral arterial disease (PAD), 

where, on the contrary to the above mentioned, a dose-response relationship 

between smoking and PAD has been observed, with two- to threefold higher odds 

of PAD than non-smokers (132, 154). 

Smoking acutely raises blood pressure, but no clear association between smoking 

and hypertension is observable (155). Interestingly, smoking acts in a multiplicative 

manner with other cardiovascular risk factors. When combined with another risk 

factor, the multiplicated risk is generally higher than both risk factors added together 

(138). For example, smoking exacerbates the influence of systolic blood pressure 

on the risk of hemorrhagic stroke (156). 

Tobacco smoking has been identified as the most significant modifiable risk factor 

for developing abdominal aortic aneurysms (AAA). By causing early atherosclerotic 

lesions in the abdominal aorta, tobacco smoking provokes AAA formation and 

progression (132, 138). 

 

Exposure to second-hand smoke. Exposure to second-hand smoke (SHS) is 

associated with an increased risk for CVDs and stroke, confirmed by two large meta-

analyses nearly ten years apart (157, 158). Interestingly, the confirmed risk for non-

smokers exposed to SHS is out of proportion compared to active smoker’s risk. SHS 

is mainly derived from the sidestream smoke from the cigarette’s lit end and is 

qualitatively different and far more toxic than the mainstream smoke inhaled by 

active smokers (138). 
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Pathophysiology. Cigarette smoke is a complex compound of over more than 7000 

toxic chemicals. These constituents provoke the critical aspects of the pathogenesis 

of smoking-induced CVD (132):  

• endothelial dysfunction 

• prothrombotic effect 

• inflammation 

• altered lipid metabolism 

• increased demand for myocardial oxygen and blood 

• decreased supply of myocardial oxygen and blood 

Key constituents are the free radicals and reactive oxygen species, causing 

endothelial dysfunction and platelet activation, and early atherosclerosis by 

oxidizing low density-lipoproteins (159). 

 

5.1.3 Pathophysiological effects on the respiratory system 

Active tobacco smoking. Tobacco smoking adversely affects the respiratory 

system in many ways and confers the risk of dying from respiratory disease. The 

Global Burden of Disease Study 2017 estimated the global prevalence of COPD at 

about 299 million cases (2). Its high prevalence makes it one of the leading causes 

of morbidity and mortality, ranking third among the global age-standardized death 

rates for both sexes (3.2 million deaths) (160). Tobacco smoking is the primary 

cause of developing COPD and its comorbidities and may also promote the onset 

of exacerbations (161, 162). As the proportion of actively smoking women is 

growing, the number of female COPD-related deaths has surpassed male death-

counts (132).  

Emerging data suggest that smoking is a key aspect of promoting the onset and 

exacerbation of other respiratory diseases than COPD and lung cancer. Smoking 

may play a vital role in developing asthma and idiopathic pulmonary fibrosis and has 

been identified to increase susceptibility to tuberculosis infection, disease, and 

mortality (132). Additionally, smoking is a risk factor for developing both community-

acquired pneumonia and invasive pneumococcal disease (163).  

In general, respiratory symptoms (i.e., cough, phlegm, rhinitis) occur more often in 

smokers than in non-smokers, whereas smoking cessation significantly reduces 
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those symptoms (163). As for lung function in general, smoking is a fundamental 

contributor to decreased FEV1. It reduces growth velocity during adolescence, 

causes an earlier onset of FEV1 decline, and accelerates the decline of FEV1 in the 

elderly (163). 

Exposure to second-hand smoke. Children exposed to second-hand smoke have 

an increased risk of sudden infant death syndrome, acute respiratory infections, ear 

problems, asthma, respiratory symptoms, and slower lung growth (162). Adult non-

smokers have an increased risk of developing lung cancer and probably COPD, but 

data is insufficient to infer a causal relationship between SHS and COPD (163). 

 

5.1.4 Pathophysiological effects on cancer development 

Lung cancer. Due to its nearly 70 confirmed carcinogenic constituents, tobacco 

smoking is a leading cause for developing neoplastic diseases (132). The list of 

neoplasms having a causal relationship with tobacco smoking is increasing, 

currently led by lung cancer. Over fifty years ago, lung cancer was discovered to be 

associated with tobacco smoking. Today, tobacco smoking is the primary cause of 

lung cancer (132, 164). Lung cancer is the most common cancer, with approximately 

1.8 million new cases per year. Furthermore, it accounts for 20% of all cancer deaths 

(estimations are at 1.59 million deaths per year), thus being the most common cause 

of cancer death (163, 165, 166). The risk of developing lung cancer rises 

proportionately to the cigarette consumption per day, as well as the total duration of 

smoking (167). The number of years of tobacco smoking is more critical than 

consumed cigarettes per day. Therefore, a better variable to assess smoking risk is 

to calculate the pack-years (163). 

Other cancers. Tobacco smoking is responsible for 30% of all cancer deaths 

globally. Other cancers, including lung cancer, being causally linked to tobacco 

smoking, are noted in table 5 (132). Regarding breast cancer, insufficient data is 

available to link it to tobacco smoking causally, but the data available is highly 

suggestive (132). 
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Oropharynx Liver 

Larynx Pancreas 

Esophagus Kidney 

Trachea Ureter 

Bronchus Cervix 

Lung Bladder 

Acute myeloid leukemia Colorectal 

Stomach  

Table 5. Cancers causally linked to tobacco smoking. 

5.2 Problems in surgery 

Surgery in general. As described above, the diseases and their sequelae caused 

by smoking are numerous and debilitating, possibly leading to severe health 

restrictions and death. However, tobacco smoking does not only promote the 

development of new diseases but also adversely affects existing cardiovascular and 

respiratory diseases. These adverse effects are also apparent intra- and 

postoperatively (135).  

Consequences of smoking on surgical outcomes relate to the toxic effects of acute 

smoke inhalation and chronic cumulative exposure. Smoking has been identified to 

cause tissue hypoxia, a driving mechanism for delayed wound healing and 

consecutively also infection, immediately as a response to smoke inhalation, 

remaining low for 30 to 50 minutes (168). Additionally, fibroblasts are stimulated to 

produce a stress response, resulting in an inappropriate buildup of connective 

tissue, possibly leading to delayed wound healing (169). Activation of the 

inflammatory system in response to the toxins and particles in tobacco smoke may 

destroy alveoli and reduce the surface area for gas exchange, providing 

predispositions for postoperative pneumonia and respiratory failure (170). 

Furthermore, tobacco smoke may lead to an increased bacterial load and delayed 

bacterial clearance, as shown in a study of mice infected with Pseudomonas 

aeruginosa (171). 

Hawn et al. compared the surgical complications of non-smokers, prior smokers, 

and current smokers. A total of 393.794 patients from 8 major surgical 

subspecialties was available for analysis. Compared with non-smokers and prior 

smokers, current smokers had an increased risk of major respiratory complications 

(i.e., failure to wean, pneumonia, reintubation), surgical-site infection, and death. 
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These findings apply to all subspecialties. They also concluded a dose-response 

relationship, stating a significantly increased risk of complications for patients with 

more than 20 pack-years (current and prior smokers) (135). For former smokers, 

respiratory complications seem to diminish with more extended periods after quitting 

(172). Previous studies focusing on specific surgeries or related subspecialties have 

similar conclusions (136, 173, 174). 

Orthopedic surgery. As mentioned above, OA is a highly prevalent disease, 

ultimately resulting in TKA. As smoking remains a widespread occupational habit, 

estimations of active smokers among TKA or total hip arthroplasty (THA) patients 

range between 10% and 24% (175). Smoking as a risk factor for surgical 

complications implies the hypothesis that specific complications in orthopedic 

surgery, especially TKA and THA, would more often be observed in smokers 

compared to non-smokers. Several studies have been conducted, confirming an 

association between tobacco smoking and surgical complications described above, 

as well as earlier time to revision surgery in case of smoking (15, 16, 137, 175, 176). 

Many of these studies focused on identifying short-term complications, namely 

deep-wound infections, cardiopulmonary complications, the requirement of 

postoperative intensive care, and mortality (16, 137, 175). Long-term complications 

in terms of earlier revision are indecisive. It has been mentioned that earlier time to 

revision was due to tobacco smoking (177). Singh et al. have conducted a 

systematic review including 21 studies and concluded an increased risk for 

postoperative complications and mortality for smokers among THA and TKA 

patients. However, they stated that more research was needed to determine an 

association of smoking with prosthetic loosening (178). In another study, Singh et 

al. confirm an increased risk for infectious complications, and they show an 

increased risk for adverse functional outcomes requiring revision arthroplasty (176).  
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5.3 Smoking Cessation 

The lasting effects of tobacco smoking are sustained by continued cigarette 

consumption. Fortunately, studies have confirmed the tremendously beneficial 

effects of quitting. Smokers tend to lose a life-decade; however, those effects can 

almost be eliminated by smoking cessation before the age of 40 (164). 

Nevertheless, patients aged older than 70 also benefit from those mortality-reducing 

effects (179). Additionally, quitting is more effective than just reducing the number 

of cigarettes smoked (150, 153). Apart from mortality benefits, former smokers also 

reduce their risk of developing tobacco-associated CVDs, pulmonary diseases, and 

neoplasms (132).  

After a cardiovascular event, continued smoking increases the risk of re-

experiencing another cardiovascular event dramatically (i.e., myocardial infarction, 

stroke, death) (142). Smoking cessation also has positive effects on COPD - 

reducing lung function decline and the odds of exacerbation - and lung cancer - 

reducing the risk of recurrence, development of a second primary cancer, and 

mortality (142). 

As for surgical complications, smoking cessation is generally recommended based 

on studies identifying the risk (135, 175). However, suggestions are to define the 

ideal intervention time to provide better short-term and long-term outcomes (176). 

Thomsen et al. concluded in a Cochrane review that the current evidence supports 

that active smokers should be offered intensive interventions, including behavioral 

support and pharmacotherapy, prior to surgical procedures. Those interventions 

have proved beneficial for changing smoking behavior postoperatively and may also 

reduce the incidence of complications. A definite timing could not be determined, 

but the authors suggested at least four weeks prior to the procedure (180).  

Despite the evidence that smoking cessation is beneficial, it is difficult for many 

smokers to quit smoking. Treatment approaches to aid in smoking cessation are 

available and can help smokers quit. Cessation programs primarily are planned for 

the individual smoker, who wants to quit, but may also be aided by public measures. 

Individual treatment approaches fall into two categories: psychosocial counseling 

and pharmacotherapy (162). The combination of both has been found to enhance 

success (181). Clinical practice guidelines recommend using pharmacotherapy and 

identify three strategies: nicotine-replacement therapy, bupropion, and varenicline 

(162). 
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Additionally, public options may help to increase cessation rates and to drop the rate 

of new smokers. Approaches mentioned in the literature are higher prices for 

cigarettes by increased taxes, restriction on smoking in public places, bans on 

tobacco advertising, education, and easy access to cessation efforts (130, 164). 
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6 Aim of the study 
Previous studies have found smoking to be one of the most important modifiable 

risk factors affecting human health. In combination with TKA being a delicate and 

technically demanding procedure, the burden on patients increases. Previous 

studies have concluded that smoking diminishes short- and long-term outcomes. 

Such a study has not been conducted in Austria before despite Austria being a high 

prevalence country concerning both smoking and TKA. 

Knowledge of how smoking affects the outcome of TKA in an Austrian clinic could 

provide the experience necessary to convince patients of smoking cessation and 

improve the outcome of TKA. The aim of this study was to identify smoking as an 

independent significant risk factor for TKA in an Austrian clinic.  

The hypothesis was that patients who receive a TKA and smoke have an earlier 

time to revision surgery and an overall higher complication rate. Additionally, this 

study included secondary findings regarding clinical function after TKA among 

smokers.  
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7 Materials and Methods 
For this retrospective analysis, a pre-existing study cohort was evaluated, including 

patients who received a primary TKA at the Department of Orthopedics and 

Orthopedic Surgery at the LKH Radkersburg, Austria, between 2003 and 2006.  

Regular follow-ups – either by clinical examination or by telephone call - are 

intended to ensure satisfying results and detect potential complications. Follow-ups 

were performed at the Department of Orthopedics and Orthopedic Surgery at the 

LKH Radkersburg, Austria, and the Department of Orthopedics and Trauma, 

Medical University of Graz, LKH Univ.-Klinikum Graz, Austria. Both hospitals are 

part of the KAGes (abbreviation for Steiermärkische Krankenanstaltengesellschaft 

m.b.H.), which provides the same patient organizing system (MEDOCS) across its 

hospitals. Therefore, it was possible to search for specific patient data 

retrospectively. Nursing staff consistently ascertains smoking status at admission 

for patients at all KAGes hospitals, including type of product (cigarette, cigar, pipe) 

and number of specific products consumed in a day. 

For patients included, the potential follow-up period was up until 2020, with the date 

of last follow-up and time to last follow-up ascertained in each case. The predictor 

of interest was smoking status at time of surgery, including active smoking, former 

smoking, and never smoking.  

The primary outcome of interest was any complication for which revision surgery 

became necessary during the follow-up period. The secondary outcome of interest 

was assessment of functional status, utilizing the clinical scores Knee Society Score 

(KSS), Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), 

and Short Form 12 Physical and Mental Health Composite Scores (SF-12PCS and 

SF-12MCS). Pain Visual Analogue Scale (VAS) pre-and postoperatively facilitated 

pain evaluation and improvement. 

Additional variables were time to last follow-up from date of surgery, time from 

primary TKA to revision for implant-related causes, and gender, for which 

differences were also calculated.  
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7.1 Clinical Outcome 

TKA may be evaluated solely by documenting revision and complication rates. 

However, evaluation of TKA has improved over time by incorporating patient-

reported outcome measures (PROMs) and objectified scores. Several measures 

are available, of which the KSS, WOMAC, SF-12PCS and SF-12MCS, and the VAS 

were used. In a review by Harris et al., in which 32 shortlisted measures were 

reviewed for the quality of their measurement properties, WOMAC was among the 

best performing condition-specific PROMs, and SF-12 was the best performing 

generic measure (182). Since the adoption of PROMs, these instruments have 

shown a beneficial effect of TKA in terms of quality of life for most patients (9). 

However, with 15-20% of patients reporting dissatisfying results after TKA, the 

importance of implementation of such instruments in addition to traditional 

assessments during follow-ups after surgery (i.e., assessing complication and 

revision rates) is highlighted (10). For assessing pain, a wide variety of rating scales 

is available, of which the VAS is a widely used measurement in diverse adult 

populations due to its simplicity and adaptability (183). 

The KSS has been added for gathering objective information on outcome after TKA, 

being the most popular method of evaluating TKA surgeries worldwide due to its 

simplicity and wide adoption (184). 

 

Visual Analogue Scale. The VAS is a unidimensional scale consisting of a 

horizontal or vertical line, usually 100 millimeters in length. On each end of the line, 

verbal instructions describe either extreme (i.e., “no pain” and “worst imaginable 

pain”). Usually, the recall period is the current situation or the last 24 hours. The 

patient is asked to mark any point on the line reflecting the current pain condition. 

The score may be determined afterward and interpreted, whereas higher scores 

indicate more pain (183). 

 

Western Ontario and McMaster Universities Osteoarthritis Index. The WOMAC 

has initially been developed for hip and knee OA for evaluating clinically significant 

changes in health status following treatment. It then has been validated for its use 

in OA patients undergoing TKA. The WOMAC evaluates pain, stiffness, and physical 

function with 5, 2, and 17 questions, respectively. Maximum scores for each 

subscale are 20, 8, and 68, with lower scores indicating worse outcomes (185). 
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Various adoptions are obtainable. This study cohort was evaluated using a modified 

WOMAC score based on the work of Roos et al. (186), in which additional questions 

(9, 7, and 17, respectively, according to the scheme mentioned above) were merged 

with the original WOMAC score. Each question had to be answered from 0 – 4, 

whereas 0 being extreme disabilities and 4 being no symptoms. The achieved score 

then is translated to a scale from 0 – 100, whereas 0 being severe disability and 100 

being no symptoms (186). The questionnaire is self-administered and can be 

completed in 5 to 10 minutes.  

 

Short-form 12. The 12-item short-form health survey (SF-12) is a generic 

questionnaire for evaluating patient-based quality of life. It is derived from the 36-

item short-form health survey (SF-36) and comprises physical and mental health 

(Physical Component Summary, PCS; Mental Component Summary, MCS) in 12 

questions. Its use has been validated and compared to the SF-36, where the SF-12 

has shown considerable accurateness with far less respondent burden (187, 188). 

 

Knee Society Score. The original Knee Society Clinical Rating System was 

developed as a simple but objective scoring system consisting of two parts. The 

knee is assessed for pain, stability, and range of motion with maximum scores of 50 

(pain-free), 25 (stable knee), and 25 (maximum range of motion 125°), with 

deductions for flexion contracture and extension lag. Stair climbing without help and 

unlimited walking distance are awarded 100 points, with deductions when utilizing 

walking aids (184, 189).  

The original rating system has been refined to balance objective and subjective 

ratings and to combine them into one scoring system. Additionally, the younger 

patient population’s expectations, satisfaction, and physical activities should be 

better characterized using the new scoring system (184).  

Part of this study cohort was evaluated using the original rating system due to its 

validity, simplicity, objectivity, and the fact, that the enhanced rating system is 

relatively novel. 
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7.2 Patient Collective 

For this study cohort, the exclusion criteria were the following: 

 

- Primary TKA before 2003 

- Revision TKA between the years 2003 and 2006 

- No smoking status available 

- Double entries 

- No patient data available in MEDOCS 

 

Seven hundred eight patients were initially included in the study cohort. After 

checking for exclusion criteria, data of 681 (n=681) patients was gathered for 

statistical analysis. Of those, 478 (70.2%) were female, and 203 (29.8%) were male. 

Mean age at time of surgery was 68.4 years (±8.9 years). Smoking status was 

defined as current smokers, former smokers, and never smokers.  

For 466 (68.4%) patients, data of WOMAC and SF-12PCS and SF-12MCS was 

accessible. For 469 (68.9%) patients, data of KSS knee and KSS function was 

accessible. 470 (69.0%) patients were assessed for pain pre-and postoperatively 

via the VAS. (Table 9) 

 

7.3 Statistical Analysis  

All statistical analyses were performed using Stata® Version 16 (StataCorp LLC, 

Texas, USA). Continuous variables are reported as means and standard deviations 

or medians with the lower (Q1) and upper (Q3) quartile, where appropriate. Discrete 

variables are presented as proportions and percentages. For the comparison of 

discrete variables, the chi-squared test for proportions was used. For the analysis 

and comparison of mean values of binominal data and continuous data, a two-

sample, unpaired t-test was used. A p-value of less than 0.05 was considered 

statistically significant. 

Notably, regarding functional status, the scores and measurements had not been 

gathered for all patients, wherefore separate statistical analyses were done, using 

the smaller study cohort only.  
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8 Results 
In total, 681 patients treated for OA and having received a primary TKA were 

evaluated and included in statistical analyses. 

 

Forty-six (6.8%) patients were current smokers, 39 (5.7%) were former smokers, 

and 596 (87.5%) were never smokers. Of the smokers, 26 (56.5%) were female, 

and 20 (43.5%) were male. Of the former smokers, 10 (25.6%) were female, 29 

(74.4%) were male. In an adjusted analysis, active smokers were more likely to be 

male than female (p=0.010) compared to never smokers, and more men were 

former smokers than women (p<0.001). The relative proportion of active smokers 

against former smokers was significantly higher in women than in men (p=0.004). 

The mean age at the time of surgery was significantly lower in active smokers with 

57.0 years (p<0.001) and former smokers with 63.3 years (p<0.001) compared to 

never smokers with a mean age of 69.6 years. Additionally, compared to active 

smokers, former smokers showed a significant increase in age at time of surgery 

(p=0.015). (Table 6) 

 
Figure 10. Chart illustrating the proportions of the smoking status groups. 
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Active 

smoker 

(n=46) 
N (%) 

SD (±) 

95% CI 

Never 

smoker 

(n=596) 
N (%) 

SD (±) 

95% CI 

p  

Former 

smoker 

(n=39) 
N (%) 

SD (±) 

95% CI 

Never 

smoker 

(n=596) 
N (%) 

SD (±) 

95% CI 

p 

Active 

smoker 

(n=46) 
N (%) 

SD (±) 

95% CI 

Former 

smoker 

(n=39) 
N (%) 

SD (±) 

95% CI 

p 

Male 
20 

(11.5%) 
154 

(88.5%) 
0.010a 

29 
(15.8%) 

154 
(84.2%) 

<0.001a 
20 

(40.8%) 
29 

(59.2%) 
0.004a 

Female 
26 

(5.6%) 

442 

(94.4%) 
 

10 

(2.2%) 

442 

(97.8%) 
 

26 

(72.2%) 

10 

(27.8%) 
 

Age 

surgery 

57.0  

(±9.7) 

69.6  

(±8.2) 
<0.001b 

63.3  

(±7.7) 

69.6  

(±8.2) 
<0.001b 

57.0  

(±9.7) 

63.3 

(±7.7) 
0.015b 

Table 6. Gender and mean age at time of surgery in relation to smoking status. 

 a Chi-squared test, b two-sample t-test with equal variances, 95% CI 95% Confidence Interval, Age surgery mean age at 

time of surgery, bold statistically significant p-value (<0.05) 

 
Figure 11. Chart illustrating the different proportions of active smokers and former smokers with respect to gender. 
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8.1 Revisions and complications 

The majority of endoprosthesis systems used was ACS® Knee System (Implantcast, 

Buxtehude, Germany; 540 implantations, 79.3%), followed by Scorpio® Knee 

System (Stryker Orthopaedics, Mahwah, NJ, USA; 138 implantations, 20.3%), and 

AMC MkII™ (Corin, Eisenstadt, Austria; 3 implantations, 0.4%). 

Minimum noted follow-up time was within the first month (zero months) 

postoperatively (13 days) and median follow-up time was 117 (Q1=59, Q3=126) 

months. In total, 126 (18.5%) complications were observed, of which 57 (45.2%) 

were mechanical complications, 69 (54.8%) were soft-tissue complications. In 124 

(18.2%) patients, complications led to revision surgery. Median time from primary 

TKA to revision was 25 months (Q1=12, Q3=51). In 2 (0.3%) patients, complications 

did not lead to revision surgery because conservative management was successful. 

 

For the overall revision likelihood, no statistically significant difference between 

active smokers (13/46, 28.3%) and never smokers (103/596, 17.3%) could be 

shown (p=0.062). However, a tendency towards active smokers having a higher risk 

of revision surgery than never smokers was present without statistical significance. 

Moreover, there was no difference between former smokers (8/39, 20.5%) and 

never smokers (103/596, 17.3%; p=0.607), as well as former smokers and active 

smokers (p=0.409) regarding any revision.  

For soft tissue complications, a significant difference between active smokers (9/46, 

19.6%) and never smokers (56/596, 9.4%) was notable (p=0.028). For former 

smokers and never smokers (p=0.859) and former smokers and active smokers 

(p=0.235), no such significance was apparent. Regarding mechanical 

complications, neither active smokers compared to never smokers (p=0.910), nor 

former smokers compared to never smokers (p=0.656), or former smokers 

compared to active smokers (p=0.806), revealed any statistically significant 

difference. (Table 7) 
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Active 

smoker 

(n=46) 
N (%) 

Never 

smoker 

(n=596) 
N (%) 

p* 

Former 

smoker 

(n=39) 
N (%) 

Never 

smoker 

(n=596) 
N (%) 

p* 

Active 

smoker 

(n=46) 
N (%) 

Former 

smoker 

(n=39) 
N (%) 

p* 

ST comp. 9 (19.6) 56 (9.4) 0.028 4 (10.3) 56 (9.4) 0.859 9 (19.6) 4 (10.3) 0.235 

Mech. comp. 4 (8.7) 49 (8.2) 0.910 4 (10.3) 49 (8.22) 0.656 4 (8.7) 4 (10.3) 0.806 

AL 2 (4.4) 27 (4.5) 0.954 4 (10.3) 27 (4.5) 0.108 2 (4.4) 4 (10.3) 0.289 

Infection 2 (4.4) 22 (3.7) 0.821 3 (7.7) 22 (3.7) 0.213 2 (4.4) 3 (7.7) 0.514 

RM 5 (10.9) 20 (3.4) 0.011 1 (2.6) 20 (3.4) 0.789 5 (10.9) 1 (2.6) 0.136 

PF 1 (2.2) 13 (2.2) 0.997 0 (0.0) 13 (2.2) 0.351 1 (2.2) 0 (0.0) 0.354 

Wear 1 (2.2) 8 (1.3) 0.644 0 (0.0) 8 (1.3) 0.467 1 (2.2) 0 (0.0) 0.354 

WD 0 (0.0) 7 (1.2) 0.460 0 (0.0) 7 (1.7) 0.496 0 (0.0) 0 (0.0) - 

Haematoma 2 (4.4) 5 (0.8) 0.027 0 (0.0) 5 (0.8) 0.566 2 (4.4) 0 (0.0) 0.188 

Luxation 0 (0.0) 2 (0.3) 0.694 0 (0.0) 2 (0.3) 0.717 0 (0.0) 0 (0.0) - 

Table 7. Comparison of complications depending on smoking status. 

* Chi-squared test, bold statistically significant p-value (<0.05), ST compl. soft tissue complication, mech. compl. 

mechanical complication, AL aseptic loosening, RM restricted movement, PF periprosthetic fracture, WD wound dehiscence 

 

 

Of one-hundred-twenty-six documented complications (18.5%), 33 (26.2%; 4.8% of 

the whole study cohort, n=681) were aseptic loosenings, 27 (21.4%; 4.0%) 

infections, 26 (20.6%; 3.8%) restricted movements, 14 (11.1%; 2.1%) periprosthetic 

fractures, 9 (7.1%; 1.3%) mechanical wears, 7 (5.6%; 1.0%) wound dehiscences, 7 

(5.6%; 1.0%) haematomas, 2 (1.6%; 0.3%) luxations, and one (0.8%; 0.2%) non-

further specified soft-tissue complication. Active smokers were more likely to have 

restricted movement and hematoma in comparison to never smokers, whereas no 

difference for any of the other complications was observed. (Table 7) 

Regarding gender, hematoma was more likely to appear in males than in females 

(p=0.001). The remaining complications showed no significant tendency towards a 

specific gender, indicating gender may not be the predisposing factor, eventually 

increasing the risk for particular complications. (Table 8) 
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Figure 12. Diagram illustrating the causes for revision surgery after TKA in relative percentages with respect to the total 

number of revisions reported. 

 

 

 

 

Male 

(n=203) 

N (%) 

Female 

(n=478) 

N (%) 

p* 

Aseptic loosening 13 (6.4) 20 (4.18) 0.229 

Infection 9 (4.3) 18 (3.8) 0.683 

Restricted movement 5 (2.5) 21 (4.4) 0.229 

Periprosthetic fracture 6 (3.0) 8 (1.7) 0.281 

Wear 2 (1.0) 7 (1.5) 0.616 

Wound dehiscence 2 (1.0) 5 (1.1) 0.943 

Haematoma 6 (3.0) 1 (0.2) 0.001 

Luxation 0 (0.0) 2 (0.4) 0.356 

Table 8. Influences of gender on specific complication risk. 

*Chi-squared test, bold significant p-value (<0.05) 
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8.2 Clinical Outcome 

Clinical-outcome data was collected in 466, 469, and 470 patients during follow-up. 

Clinical outcome was measured using WOMAC, KSS knee, KSS function, VAS 

preoperatively, VAS postoperatively, the mean reduction of VAS pre- to 

postoperatively, SF-12PCS, and SF-12MCS. (Table 9) 

Smokers were more likely to score higher at KSS function (p<0.001) and SF-12PCS 

(p=0.0197) and to report higher pain ratings preoperatively (p=0.0031) compared to 

never smokers. The remaining scores were similar throughout all smoking status 

groups, indicating an overall positive outcome of TKA surgery regardless of smoking 

status (Table 9). 

 

Active 
smoker 

n† 

SD (±) 

Never 
smoker 

n* 

SD (±) 

pa 

Former 
smoker 

(n=30) 

SD (±) 

Never 
smoker 

n* 

SD (±) 

pa 

Active 
smoker 

n† 

SD (±) 

Former 
smoker 

(n=30) 

SD (±) 

pa 

WOMAC 84.0 
(±16.5) 

80.1 
(±15.5) 0.2127 86.2 

(±13.4) 
80.1 

(±15.5) 0.0554 84.0 
(±16.5) 

86.2 
(±13.4) 0.5583 

KSS knee 84.8 
(±14.2) 

82.8 
(±15.8) 0.4676 87.4 

(±15.7) 
82.8 

(±15.8) 0.1213 84.8 
(±14.2) 

87.4 
(±15.7) 0.4739 

KSS 
function 

79.4 
(±24.2) 

64.1 
(±26.0) <0.001 72.1 

(±22.2) 
64.1 

(±26.0) 0.0994 79.4 
(±24.2) 

72.1 
(±22.2) 0.2094 

VAS pre. 8.3 
(±1.2) 

7.6 
(±1.4) 0.0031 7.6 

(±1.1) 
7.6 

(±1.4) 0.8651 8.3  
(±1.2) 

7.6 
(±1.1) 0.0284 

VAS post. 2.2 
(±2.0) 

1.9 
(±2.0) 0.4214 1.3 

(±1.7) 
1.9 

(±2.0) 0.1036 2.2  
(±2.0) 

1.3 
(±1.7) 0.0640 

VAS diff. 6.0 
(±1.8) 

5.6 
(±2.3) 0.2935 6.3 

(±2.1) 
5.6 

(±2.3) 0.1313 6.0 
(±1.8) 

5.6 
(±2.3) 0.6201 

SF-12PCS 41.2 
(±10.9) 

36.8 
(±10.4) 0.0197 40.4 

(±10.5) 
36.8 

(±10.4) 0.071 41.2 
(±10.9) 

40.4 
(±10.5) 0.7674 

SF-12MCS 53.2 
(±10.5) 

52.8 
(±10.9) 0.8358 54.8 

(±10.3) 
52.8 

(±10.9) 0.3268 53.2 
(±10.5) 

54.8 
(±10.3) 0.5376 

Table 9. Mean clinical scores in relation to smoking status. 

* n=400 WOMAC; n=401 KSS function; n=402 SF-12PCS, SF-12MCS; n=403 KSS pain;  

n=404 VAS pre., VAS post., VAS diff. 
† n=34 SF12PCS, SF12MCS; n=36 WOMAC, KSS knee, KSS function, VAS pre. VAS post., VAS diff.  

a two-sample t test with equal variances, bold statistically significant p-value (<0.05) 
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Regarding gender, significant differences were seen across all scores except pre-

to-postoperative VAS difference and SF-12PCS (Table 10). 

 

Male 

n* 
SD (±) 

Female 

n† 

SD (±) 
pa 

WOMAC 85.0 (±13.0) 79.7 (±16.2) <0.001 

KSS knee 87.4 (±11.6) 81.6 (±16.8) <0.001 

KSS function 73.0 (±24.4) 62.9 (±26.0) <0.001 

VAS pre. 7.4 (±1.4) 7.7 (±1.3) 0.0313 

VAS post. 1.5 (±1.5) 2.1 (±2.1) 0.0021 

VAS diff. 5.9 (±2.2) 5.6 (±2.3) 0.1549 

SF-12PCS 38.8 (±10.5) 36.8 (±10.4) 0.0537 

SF-12MCS 54.7 (±9.2) 52.2 (±11.3) 0.0268 

Table 10. Mean clinical scores in relation to gender. 

* n=132 SF-12PCS, SF-12MCS; n=135 WOMAC, KSS knee, KSS function; n=136 VAS pre., VAS post., VAS diff. 
† n=331 WOMAC; n=332 KSS function; n=334 KSS knee, VAS pre., VAS post., VAS diff, SF-12PCS, SF-12MCS 

a two-sample t test with equal variances, bold statistically significant p-value (<0.05) 
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9 Discussion 
The aim of this study was to analyze whether smoking negatively influences the 

outcome of primary TKA. Statistically analyzing and comparing TKA specific 

complications as well as functional scores after primary TKA with regards to 

smoking status groups should provide information on how smoking influences the 

outcome after primary TKA.  

Although our study group did not exactly replicate the findings from previously 

documented studies for any TKA-related revision surgery, a tendency towards an 

increased risk for revision in active smokers compared to never smokers could be 

found (15, 16, 137, 141, 175, 176). Our major finding was a significant increase in 

soft-tissue complication risk, which was apparent in the active smoker group. In 

contrast, the risk of infection was similar in both the active and never smoker groups, 

which does not comply with earlier findings from Moller et al., Duchman et al., and 

Singh et al. (16, 137, 175). In our cohort, primarily restricted movement and 

hematoma formation were significantly more common in active smokers as 

compared with never smokers. However, the incidence of these findings was 

relatively low, wherefore the clinical relevance of these findings remains to be 

questioned. 

Interestingly, the percentage of active smokers at time of TKA-implantation was 

6.8% in our cohort, compared to 10% to 24% of active smokers in primary TKA 

groups described previously (175). Additionally, with 18.2%, we observed a higher 

percentage of revision surgeries than across many registries of 3-5% at ten years 

(8). A possible cause may be the missing differentiation of short- and long-term 

complications, the potential longer than usual follow-up period of up to 17 years, 

and the inclusion of complications not traditionally defined as revisions, but also 

having been revised surgically, such as restricted movement. Eventually, the study 

cohort’s high revision rate compared to registries could potentially be a coincidental 

finding or due to selection bias.  

Confounding bias could be discussed as a possible cause for falsely lower revision 

rates in current smokers. For former smokers, the risk for revision was similar to the 

risk of never smokers. However, literature describes contradicting results, with 

Duchman et al. concluding that former smokers have an increased total 

complication risk compared to never smokers (137) and Lim et al. concluding that 

former smokers and never smokers have a similar complication risk (15). 
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Our study showed similar results regarding complication rates following primary TKA 

as described in a systematic review by Sadoghi et al. (11). We also found Aseptic 

loosening (21.4% of all complications) and infection (20.6%) to be the most 

predominant complications following surgery. However, in our study, the percentage 

of both complications is higher than described by Sadoghi et al. (29.8% and 14.8%). 

Therefore, we can affirm the impression that aseptic loosening and infection are 

crucial aspects following primary TKA surgeries that have to be considered during 

follow-up. 

We found significantly more men to be active smokers, complying with current 

literature describing a higher percentage of male smokers than female smokers 

(132). Additionally, more men were former smokers, implying a higher rate of male 

smokers at any given time.  

An interesting secondary finding was, that active smokers (57 ±9.7 years), as well 

as former smokers (63.3 ±7.7 years), had a significantly lower age at time of primary 

endoprosthetic knee surgery than never smokers (69.6 ±8.2 years). Similar results 

have been mentioned in the literature, indicating a particular need to investigate 

further why active and former smokers are at an increased risk of undergoing earlier 

TKA implantation (175-177).  

Regarding clinical outcomes, interestingly, active smokers scored significantly 

better at KSS function and SF-12PCS postoperatively. Active smokers also reported 

higher pain ratings prior to surgery. A study from Matharu et al. found no clinically 

significant differences in patient-reported outcome measures between active 

smokers, former smokers, and never smokers, in-line with our findings (190). Future 

research should focus on more in-depth research of potential differences in clinical 

outcomes between the smoking status groups, as well as the investigation of 

reasons for differing outcome scores. We have no clear explanation of why active 

smokers score higher in specific functional outcome scores. However, we speculate 

that an overall decreased lifestyle level could have distorted the function-based 

scores as less physically active current smokers may not be as limited in their 

lifestyle as more physically active never smokers. 

 

Gender differences 
Our study found male patients to be at an increased risk of hematoma formation. 

However, with the sample size being small and with no significant gender 
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differences in other complication rates between male and female patients, we 

conclude an even overall complication risk following primary TKA regardless of 

gender. However, this does not comply with Singh et al.’s findings, implying higher 

rates of revision surgery and wound infections in men (191). Clinical outcome was 

significantly better in males for all scores except for the pre-to-postoperative VAS 

difference and SF-12PCS, indicating a favorable effect of primary TKA in male 

patients. In line with this, a review from O’Connor found that male patients reported 

lower pain ratings pre-and postoperatively and achieved better physical function 

than female patients (192). In our study, the differences were significant and 

complied with existing literature, but the absolute differences in scores are minor, 

wherefore the clinical significance remains debatable. 

 

9.1 Limitations 

This study has several limitations. First, we did not divide revisions and 

complications into early and late revisions or complications.  

Second, the study cohort might not include enough patients to represent a proper 

sample size for active smokers. As mentioned above, with 6.8% of active smokers, 

our study cohort is below the previously mentioned rate of active smokers among 

TKA patients. This could either be due to the small sample size or incomplete 

reporting of actual smoking status at time of primary surgery. Related to this, 

obtaining smoking status was complicated as there was no standardized 

identification of patient records, although smoking status should be routinely 

ascertained at admission. Especially in Austria, with its high prevalence of active 

smokers, we can assume a higher rate of active smokers in a primary TKA study 

cohort than 6.8%. Moreover, we were also unable to obtain information on pack-

years and cannot comment on dose-response on revision risk. 

Third, we did not correlate our findings that active smokers present at an earlier age 

at time of surgery than never smokers. In light of this, additional research has to be 

done, correlating our preliminary findings with supplementary parameters, such as 

BMI, age, gender. All of these are known factors influencing time to development of 

OA and have to be considered when analyzing smoking status and an earlier age 

at the time of surgery, supposing that active smokers have an unhealthier lifestyle 

than non-smokers.  
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Fourth, no preoperative scores for KSS, WOMAC, and SF-12 were available, which 

would have provided insight into how the smoking status group would be different 

regarding pre-and postoperative functional improvement.  
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10 Conclusion 
Our study highlights the need for further research on the effects of smoking on 

orthopedic surgeries, especially primary TKA. We could partly replicate the 

significant findings of earlier studies, and we could show a tendency of smoking 

being a risk factor of decreased outcome following TKA implantation. Future studies 

should include larger sample size and adjust for other confounding risk factors 

negatively influencing the success of primary implantation. At this moment, with our 

findings and the findings from earlier studies, we strongly recommend advising 

patients to discontinue tobacco smoking upon and after surgery to minimize 

complication risk.  



 

 66 

11 References 

1. Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, et al. The global burden of hip 
and knee osteoarthritis: estimates from the global burden of disease 2010 study. Ann Rheum Dis. 
2014;73(7):1323-30. 

2. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and 
national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 
countries and territories, 1990–2017: a systematic analysis for the Global Burden of Disease Study 
2017. The Lancet. 2018;392(10159):1789-858. 

3. Deveza LA, Loeser RF. Is osteoarthritis one disease or a collection of many? Rheumatology 
(Oxford). 2018;57(suppl_4):iv34-iv42. 

4. Robinson WH, Lepus CM, Wang Q, Raghu H, Mao R, Lindstrom TM, et al. Low-grade 
inflammation as a key mediator of the pathogenesis of osteoarthritis. Nat Rev Rheumatol. 
2016;12(10):580-92. 

5. Silverwood V, Blagojevic-Bucknall M, Jinks C, Jordan JL, Protheroe J, Jordan KP. Current 
evidence on risk factors for knee osteoarthritis in older adults: a systematic review and meta-analysis. 
Osteoarthritis Cartilage. 2015;23(4):507-15. 

6. Turkiewicz A, Petersson IF, Bjork J, Hawker G, Dahlberg LE, Lohmander LS, et al. Current 
and future impact of osteoarthritis on health care: a population-based study with projections to year 
2032. Osteoarthritis Cartilage. 2014;22(11):1826-32. 

7. OECD. Health at a Glance 20192019. 

8. Price AJ, Alvand A, Troelsen A, Katz JN, Hooper G, Gray A, et al. Knee replacement. The 
Lancet. 2018;392(10158):1672-82. 

9. Skou ST, Roos EM, Laursen MB, Rathleff MS, Arendt-Nielsen L, Simonsen O, et al. A 
Randomized, Controlled Trial of Total Knee Replacement. New England Journal of Medicine. 
2015;373(17):1597-606. 

10. Beswick AD, Wylde V, Gooberman-Hill R, Blom A, Dieppe P. What proportion of patients 
report long-term pain after total hip or knee replacement for osteoarthritis? A systematic review of 
prospective studies in unselected patients. BMJ Open. 2012;2(1):e000435. 

11. Sadoghi P, Liebensteiner M, Agreiter M, Leithner A, Bohler N, Labek G. Revision surgery 
after total joint arthroplasty: a complication-based analysis using worldwide arthroplasty registers. J 
Arthroplasty. 2013;28(8):1329-32. 

12. Hunt LP, Ben-Shlomo Y, Clark EM, Dieppe P, Judge A, MacGregor AJ, et al. 45-day mortality 
after 467,779 knee replacements for osteoarthritis from the National Joint Registry for England and 
Wales: an observational study. Lancet. 2014;384(9952):1429-36. 

13. Judge A, Arden NK, Kiran A, Price A, Javaid MK, Beard D, et al. Interpretation of patient-
reported outcomes for hip and knee replacement surgery: identification of thresholds associated with 
satisfaction with surgery. J Bone Joint Surg Br. 2012;94(3):412-8. 

14. Global, regional, and national comparative risk assessment of 84 behavioural, environmental 
and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017: 
a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1923-
94. 

15. Lim CT, Goodman SB, Huddleston JI, 3rd, Harris AHS, Bhowmick S, Maloney WJ, et al. 
Smoking is associated with earlier time to revision of total knee arthroplasty. Knee. 2017;24(5):1182-
6. 



 

 67 

16. Moller AM, Pedersen T, Villebro N, Munksgaard A. Effect of smoking on early complications 
after elective orthopaedic surgery. J Bone Joint Surg Br. 2003;85(2):178-81. 

17. Flandry F, Hommel G. Normal anatomy and biomechanics of the knee. Sports Med Arthrosc 
Rev. 2011;19(2):82-92. 

18. Waldeyer A, Anderhuber F, Pera F, Streicher J. Waldeyer - Anatomie des Menschen: De 
Gruyter; 2012. 

19. Platzer W, Shiozawa T. Allgemeine Anatomie. In: Platzer W, Shiozawa T, editors. 
Taschenatlas Anatomie, Band 1: Bewegungsapparat. 12., aktualisierte Auflage ed: Georg Thieme 
Verlag; 2018. 

20. Tecklenburg K, Dejour D, Hoser C, Fink C. Bony and cartilaginous anatomy of the 
patellofemoral joint. Knee Surg Sports Traumatol Arthrosc. 2006;14(3):235-40. 

21. Miller MD, Thompson SR. Miller's Review of Orthopaedics E-Book: Elsevier Health Sciences; 
2015. 

22. LaPrade MD, Kennedy MI, Wijdicks CA, LaPrade RF. Anatomy and biomechanics of the 
medial side of the knee and their surgical implications. Sports Med Arthrosc Rev. 2015;23(2):63-70. 

23. Musahl V, Herbst E, Burnham JM, Fu FH. The Anterolateral Complex and Anterolateral 
Ligament of the Knee. J Am Acad Orthop Surg. 2018;26(8):261-7. 

24. Siegel L, Vandenakker-Albanese C, Siegel D. Anterior cruciate ligament injuries: anatomy, 
physiology, biomechanics, and management. Clin J Sport Med. 2012;22(4):349-55. 

25. Logterman SL, Wydra FB, Frank RM. Posterior Cruciate Ligament: Anatomy and 
Biomechanics. Curr Rev Musculoskelet Med. 2018;11(3):510-4. 

26. Martel-Pelletier J, Barr AJ, Cicuttini FM, Conaghan PG, Cooper C, Goldring MB, et al. 
Osteoarthritis. Nat Rev Dis Primers. 2016;2:16072. 

27. Heinegård D, Saxne T. The role of the cartilage matrix in osteoarthritis. Nat Rev Rheumatol. 
2011;7(1):50-6. 

28. Guo H, Maher SA, Torzilli PA. A biphasic finite element study on the role of the articular 
cartilage superficial zone in confined compression. J Biomech. 2015;48(1):166-70. 

29. Lüllmann-Rauch R, Asan E. Taschenlehrbuch Histologie. 5., vollständig überarbeitete 
Auflage ed. Stuttgart ; New York: Georg Thieme Verlag; 2015. 

30. Makris EA, Hadidi P, Athanasiou KA. The knee meniscus: structure-function, 
pathophysiology, current repair techniques, and prospects for regeneration. Biomaterials. 
2011;32(30):7411-31. 

31. Kopf S, Beaufils P, Hirschmann MT, Rotigliano N, Ollivier M, Pereira H, et al. Management 
of traumatic meniscus tears: the 2019 ESSKA meniscus consensus. Knee Surg Sports Traumatol 
Arthrosc. 2020;28(4):1177-94. 

32. Oiestad BE, Juhl CB, Eitzen I, Thorlund JB. Knee extensor muscle weakness is a risk factor 
for development of knee osteoarthritis. A systematic review and meta-analysis. Osteoarthritis 
Cartilage. 2015;23(2):171-7. 

33. Manjunath KS, Gopalakrishna KG, Vineeth G. Evaluation of alignment in total knee 
arthroplasty: a prospective study. Eur J Orthop Surg Traumatol. 2015;25(5):895-903. 

34. Rivière C, Iranpour F, Auvinet E, Howell S, Vendittoli PA, Cobb J, et al. Alignment options 
for total knee arthroplasty: A systematic review. Orthop Traumatol Surg Res. 2017;103(7):1047-56. 



 

 68 

35. Heller MO, Taylor WR, Perka C, Duda GN. The influence of alignment on the musculo-
skeletal loading conditions at the knee. Langenbecks Arch Surg. 2003;388(5):291-7. 

36. Jaffe WL, Dundon JM, Camus T. Alignment and Balance Methods in Total Knee Arthroplasty. 
J Am Acad Orthop Surg. 2018;26(20):709-16. 

37. Vaienti E, Scita G, Ceccarelli F, Pogliacomi F. Understanding the human knee and its 
relationship to total knee replacement. Acta Biomed. 2017;88(2s):6-16. 

38. Ruchholz S, Wirtz D. Orthopädie und Unfallchirurgie essentials. 3. Auflage ed. Stuttgart: 
Thieme; 2019. 

39. Bellemans J, Colyn W, Vandenneucker H, Victor J. The Chitranjan Ranawat award: is neutral 
mechanical alignment normal for all patients? The concept of constitutional varus. Clin Orthop Relat 
Res. 2012;470(1):45-53. 

40. Hirschmann MT, Müller W. Complex function of the knee joint: the current understanding of 
the knee. Knee Surg Sports Traumatol Arthrosc. 2015;23(10):2780-8. 

41. Brandt KD, Radin EL, Dieppe PA, van de Putte L. Yet more evidence that osteoarthritis is 
not a cartilage disease. Ann Rheum Dis. 2006;65(10):1261-4. 

42. Kohn MD, Sassoon AA, Fernando ND. Classifications in Brief: Kellgren-Lawrence 
Classification of Osteoarthritis. Clin Orthop Relat Res. 2016;474(8):1886-93. 

43. Pelletier JP, Cooper C, Peterfy C, Reginster JY, Brandi ML, Bruyère O, et al. What is the 
predictive value of MRI for the occurrence of knee replacement surgery in knee osteoarthritis? Ann 
Rheum Dis. 2013;72(10):1594-604. 

44. Pereira D, Peleteiro B, Araújo J, Branco J, Santos RA, Ramos E. The effect of osteoarthritis 
definition on prevalence and incidence estimates: a systematic review. Osteoarthritis Cartilage. 
2011;19(11):1270-85. 

45. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with 
disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic analysis 
for the Global Burden of Disease Study 2010. Lancet. 2012;380(9859):2163-96. 

46. Ondresik M, Azevedo Maia FR, da Silva Morais A, Gertrudes AC, Dias Bacelar AH, Correia 
C, et al. Management of knee osteoarthritis. Current status and future trends. Biotechnol Bioeng. 
2017;114(4):717-39. 

47. Lespasio MJ, Piuzzi NS, Husni ME, Muschler GF, Guarino A, Mont MA. Knee Osteoarthritis: 
A Primer. Perm J. 2017;21:16-183. 

48. Palazzo C, Nguyen C, Lefevre-Colau MM, Rannou F, Poiraudeau S. Risk factors and burden 
of osteoarthritis. Ann Phys Rehabil Med. 2016;59(3):134-8. 

49. Richette P, Poitou C, Garnero P, Vicaut E, Bouillot JL, Lacorte JM, et al. Benefits of massive 
weight loss on symptoms, systemic inflammation and cartilage turnover in obese patients with knee 
osteoarthritis. Ann Rheum Dis. 2011;70(1):139-44. 

50. Sellam J, Berenbaum F. Is osteoarthritis a metabolic disease? Joint Bone Spine. 
2013;80(6):568-73. 

51. Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res Clin Rheumatol. 
2014;28(1):5-15. 

52. Ezzat AM, Li LC. Occupational physical loading tasks and knee osteoarthritis: a review of 
the evidence. Physiother Can. 2014;66(1):91-107. 



 

 69 

53. Driban JB, Hootman JM, Sitler MR, Harris KP, Cattano NM. Is Participation in Certain Sports 
Associated With Knee Osteoarthritis? A Systematic Review. J Athl Train. 2017;52(6):497-506. 

54. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. The Lancet. 2019;393(10182):1745-59. 

55. Fu K, Robbins SR, McDougall JJ. Osteoarthritis: the genesis of pain. Rheumatology 
(Oxford). 2018;57(suppl_4):iv43-iv50. 

56. Bijlsma JWJ, Berenbaum F, Lafeber FPJG. Osteoarthritis: an update with relevance for 
clinical practice. The Lancet. 2011;377(9783):2115-26. 

57. Sakellariou G, Conaghan PG, Zhang W, Bijlsma JWJ, Boyesen P, D'Agostino MA, et al. 
EULAR recommendations for the use of imaging in the clinical management of peripheral joint 
osteoarthritis. Ann Rheum Dis. 2017;76(9):1484-94. 

58. Bedson J, Croft PR. The discordance between clinical and radiographic knee osteoarthritis: 
a systematic search and summary of the literature. BMC Musculoskelet Disord. 2008;9:116. 

59. Zhang W, Doherty M, Peat G, Bierma-Zeinstra MA, Arden NK, Bresnihan B, et al. EULAR 
evidence-based recommendations for the diagnosis of knee osteoarthritis. Ann Rheum Dis. 
2010;69(3):483-9. 

60. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. Development of criteria 
for the classification and reporting of osteoarthritis. Classification of osteoarthritis of the knee. 
Diagnostic and Therapeutic Criteria Committee of the American Rheumatism Association. Arthritis 
Rheum. 1986;29(8):1039-49. 

61. Hussain SM, Neilly DW, Baliga S, Patil S, Meek R. Knee osteoarthritis: a review of 
management options. Scott Med J. 2016;61(1):7-16. 

62. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 
1957;16(4):494-502. 

63. Nelson AE, Allen KD, Golightly YM, Goode AP, Jordan JM. A systematic review of 
recommendations and guidelines for the management of osteoarthritis: The chronic osteoarthritis 
management initiative of the U.S. bone and joint initiative. Semin Arthritis Rheum. 2014;43(6):701-
12. 

64. Jevsevar DS. Treatment of osteoarthritis of the knee: evidence-based guideline, 2nd edition. 
J Am Acad Orthop Surg. 2013;21(9):571-6. 

65. French SD, Bennell KL, Nicolson PJ, Hodges PW, Dobson FL, Hinman RS. What do people 
with knee or hip osteoarthritis need to know? An international consensus list of essential statements 
for osteoarthritis. Arthritis Care Res (Hoboken). 2015;67(6):809-16. 

66. Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M, Bennell KL. Exercise for 
osteoarthritis of the knee. Cochrane Database Syst Rev. 2015;1:Cd004376. 

67. Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW, Dieppe P, et al. EULAR 
Recommendations 2003: an evidence based approach to the management of knee osteoarthritis: 
Report of a Task Force of the Standing Committee for International Clinical Studies Including 
Therapeutic Trials (ESCISIT). Ann Rheum Dis. 2003;62(12):1145-55. 

68. Christensen R, Bartels EM, Astrup A, Bliddal H. Effect of weight reduction in obese patients 
diagnosed with knee osteoarthritis: a systematic review and meta-analysis. Ann Rheum Dis. 
2007;66(4):433-9. 

69. Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, DeVita P, et al. Effects of intensive 
diet and exercise on knee joint loads, inflammation, and clinical outcomes among overweight and 
obese adults with knee osteoarthritis: the IDEA randomized clinical trial. Jama. 2013;310(12):1263-
73. 



 

 70 

70. da Costa BR, Reichenbach S, Keller N, Nartey L, Wandel S, Jüni P, et al. Effectiveness of 
non-steroidal anti-inflammatory drugs for the treatment of pain in knee and hip osteoarthritis: a 
network meta-analysis. Lancet. 2017;390(10090):e21-e33. 

71. Zeng C, Wei J, Persson MSM, Sarmanova A, Doherty M, Xie D, et al. Relative efficacy and 
safety of topical non-steroidal anti-inflammatory drugs for osteoarthritis: a systematic review and 
network meta-analysis of randomised controlled trials and observational studies. Br J Sports Med. 
2018;52(10):642-50. 

72. Santoso MB, Wu L. Unicompartmental knee arthroplasty, is it superior to high tibial 
osteotomy in treating unicompartmental osteoarthritis? A meta-analysis and systemic review. J 
Orthop Surg Res. 2017;12(1):50. 

73. Thorlund JB, Juhl CB, Roos EM, Lohmander LS. Arthroscopic surgery for degenerative knee: 
systematic review and meta-analysis of benefits and harms. Bmj. 2015;350:h2747. 

74. Ferket BS, Feldman Z, Zhou J, Oei EH, Bierma-Zeinstra SM, Mazumdar M. Impact of total 
knee replacement practice: cost effectiveness analysis of data from the Osteoarthritis Initiative. BMJ. 
2017;356:j1131. 

75. Maradit Kremers H, Larson DR, Crowson CS, Kremers WK, Washington RE, Steiner CA, et 
al. Prevalence of Total Hip and Knee Replacement in the United States. J Bone Joint Surg Am. 
2015;97(17):1386-97. 

76. Culliford D, Maskell J, Judge A, Cooper C, Prieto-Alhambra D, Arden NK. Future projections 
of total hip and knee arthroplasty in the UK: results from the UK Clinical Practice Research Datalink. 
Osteoarthritis Cartilage. 2015;23(4):594-600. 

77. Leitner L, Turk S, Heidinger M, Stockl B, Posch F, Maurer-Ertl W, et al. Trends and Economic 
Impact of Hip and Knee Arthroplasty in Central Europe: Findings from the Austrian National 
Database. Sci Rep. 2018;8(1):4707. 

78. Bayliss LE, Culliford D, Monk AP, Glyn-Jones S, Prieto-Alhambra D, Judge A, et al. The 
effect of patient age at intervention on risk of implant revision after total replacement of the hip or 
knee: a population-based cohort study. Lancet. 2017;389(10077):1424-30. 

79. Losina E, Thornhill TS, Rome BN, Wright J, Katz JN. The dramatic increase in total knee 
replacement utilization rates in the United States cannot be fully explained by growth in population 
size and the obesity epidemic. J Bone Joint Surg Am. 2012;94(3):201-7. 

80. Steinberg DR, Steinberg ME. The early history of arthroplasty in the United States. Clin 
Orthop Relat Res. 2000(374):55-89. 

81. Mettelsiefen J, Kirschner S, Lützner J, Günther K-P. Entwicklung der Knieendoprothetik, 
Indikation und sozioökonomische Gesichtspunkte. In: Wirtz DC, editor. AE-Manual der 
Endoprothetik: Knie. Berlin, Heidelberg: Springer Berlin Heidelberg; 2011. p. 47-55. 

82. Charnley J. The long-term results of low-friction arthroplasty of the hip performed as a 
primary intervention. 1970. Clin Orthop Relat Res. 2005(430):3-11; discussion 2. 

83. Gunston FH. Polycentric knee arthroplasty. Prosthetic simulation of normal knee movement. 
J Bone Joint Surg Br. 1971;53(2):272-7. 

84. Engelbrecht E. [Sliding prosthesis, a partial prosthesis in destructive processes of the knee 
joint]. Chirurg. 1971;42(11):510-4. 

85. Insall J, Scott WN, Ranawat CS. The total condylar knee prosthesis. A report of two hundred 
and twenty cases. J Bone Joint Surg Am. 1979;61(2):173-80. 

86. Dieppe P, Lim K, Lohmander S. Who should have knee joint replacement surgery for 
osteoarthritis? Int J Rheum Dis. 2011;14(2):175-80. 



 

 71 

87. Kerkhoffs GM, Servien E, Dunn W, Dahm D, Bramer JA, Haverkamp D. The influence of 
obesity on the complication rate and outcome of total knee arthroplasty: a meta-analysis and 
systematic literature review. J Bone Joint Surg Am. 2012;94(20):1839-44. 

88. Dave AJ, Selzer F, Losina E, Usiskin I, Collins JE, Lee YC, et al. The association of pre-
operative body pain diagram scores with pain outcomes following total knee arthroplasty. 
Osteoarthritis Cartilage. 2017;25(5):667-75. 

89. Burns LC, Ritvo SE, Ferguson MK, Clarke H, Seltzer Z, Katz J. Pain catastrophizing as a 
risk factor for chronic pain after total knee arthroplasty: a systematic review. J Pain Res. 2015;8:21-
32. 

90. Collins JE, Donnell-Fink LA, Yang HY, Usiskin IM, Lape EC, Wright J, et al. Effect of Obesity 
on Pain and Functional Recovery Following Total Knee Arthroplasty. J Bone Joint Surg Am. 
2017;99(21):1812-8. 

91. Fortin PR, Penrod JR, Clarke AE, St-Pierre Y, Joseph L, Bélisle P, et al. Timing of total joint 
replacement affects clinical outcomes among patients with osteoarthritis of the hip or knee. Arthritis 
Rheum. 2002;46(12):3327-30. 

92. Manner PA, Tubb CC, Levine BR. AAOS Appropriate Use Criteria: Surgical Management of 
Osteoarthritis of the Knee. J Am Acad Orthop Surg. 2018;26(9):e194-e7. 

93. Morlock MM, Jäger M. [Endoprostheses in the elderly : Biomaterials, implant selection and 
fixation technique]. Orthopade. 2017;46(1):4-17. 

94. Flören M, Reichel H. Implantate. In: Wirtz DC, editor. AE-Manual der Endoprothetik: Knie. 
Berlin, Heidelberg: Springer Berlin Heidelberg; 2011. p. 57-71. 

95. Blunn G, Brach del Preva EM, Costa L, Fisher J, Freeman MA. Ultra high molecular-weight 
polyethylene (UHMWPE) in total knee replacement: fabrication, sterilisation and wear. J Bone Joint 
Surg Br. 2002;84(7):946-9. 

96. Wilhelm SK, Henrichsen JL, Siljander M, Moore D, Karadsheh M. Polyethylene in total knee 
arthroplasty: Where are we now? J Orthop Surg (Hong Kong). 2018;26(3):2309499018808356. 

97. Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, et al. Knee replacement. 
Lancet. 2012;379(9823):1331-40. 

98. Odgaard A, Madsen F, Kristensen PW, Kappel A, Fabrin J. The Mark Coventry Award: 
Patellofemoral Arthroplasty Results in Better Range of Movement and Early Patient-reported 
Outcomes Than TKA. Clin Orthop Relat Res. 2018;476(1):87-100. 

99. Kulshrestha V, Datta B, Kumar S, Mittal G. Outcome of Unicondylar Knee Arthroplasty vs 
Total Knee Arthroplasty for Early Medial Compartment Arthritis: A Randomized Study. J Arthroplasty. 
2017;32(5):1460-9. 

100. Burn E, Liddle AD, Hamilton TW, Judge A, Pandit HG, Murray DW, et al. Cost-effectiveness 
of unicompartmental compared with total knee replacement: a population-based study using data 
from the National Joint Registry for England and Wales. BMJ Open. 2018;8(4):e020977. 

101. Chalidis BE, Sachinis NP, Papadopoulos P, Petsatodis E, Christodoulou AG, Petsatodis G. 
Long-term results of posterior-cruciate-retaining Genesis I total knee arthroplasty. J Orthop Sci. 
2011;16(6):726-31. 

102. Banks SA, Hodge WA. 2003 Hap Paul Award Paper of the International Society for 
Technology in Arthroplasty. Design and activity dependence of kinematics in fixed and mobile-
bearing knee arthroplasties. J Arthroplasty. 2004;19(7):809-16. 



 

 72 

103. Mikulak SA, Mahoney OM, dela Rosa MA, Schmalzried TP. Loosening and osteolysis with 
the press-fit condylar posterior-cruciate-substituting total knee replacement. J Bone Joint Surg Am. 
2001;83(3):398-403. 

104. Li N, Tan Y, Deng Y, Chen L. Posterior cruciate-retaining versus posterior stabilized total 
knee arthroplasty: a meta-analysis of randomized controlled trials. Knee Surg Sports Traumatol 
Arthrosc. 2014;22(3):556-64. 

105. Bercik MJ, Joshi A, Parvizi J. Posterior cruciate-retaining versus posterior-stabilized total 
knee arthroplasty: a meta-analysis. J Arthroplasty. 2013;28(3):439-44. 

106. Huang CH, Liau JJ, Cheng CK. Fixed or mobile-bearing total knee arthroplasty. J Orthop 
Surg Res. 2007;2:1. 

107. Sathasivam S, Walker PS. Optimization of the bearing surface geometry of total knees. J 
Biomech. 1994;27(3):255-64. 

108. Callaghan JJ, Insall JN, Greenwald AS, Dennis DA, Komistek RD, Murray DW, et al. Mobile-
bearing knee replacement: concepts and results. Instr Course Lect. 2001;50:431-49. 

109. Capella M, Dolfin M, Saccia F. Mobile bearing and fixed bearing total knee arthroplasty. Ann 
Transl Med. 2016;4(7):127. 

110. Kim YH, Kook HK, Kim JS. Comparison of fixed-bearing and mobile-bearing total knee 
arthroplasties. Clin Orthop Relat Res. 2001(392):101-15. 

111. Sculco TP. The role of constraint in total knee arthoplasty. J Arthroplasty. 2006;21(4 Suppl 
1):54-6. 

112. Lachiewicz PF, Soileau ES. Ten-year survival and clinical results of constrained components 
in primary total knee arthroplasty. J Arthroplasty. 2006;21(6):803-8. 

113. Anderson JA, Baldini A, MacDonald JH, Pellicci PM, Sculco TP. Primary constrained 
condylar knee arthroplasty without stem extensions for the valgus knee. Clin Orthop Relat Res. 
2006;442:199-203. 

114. Rodríguez-Merchán EC. Total knee arthroplasty using hinge joints: Indications and results. 
EFORT Open Rev. 2019;4(4):121-32. 

115. Insall JN, Binazzi R, Soudry M, Mestriner LA. Total knee arthroplasty. Clin Orthop Relat Res. 
1985(192):13-22. 

116. Berend ME, Ritter MA, Meding JB, Faris PM, Keating EM, Redelman R, et al. Tibial 
component failure mechanisms in total knee arthroplasty. Clin Orthop Relat Res. 2004(428):26-34. 

117. Ritter MA, Davis KE, Meding JB, Pierson JL, Berend ME, Malinzak RA. The effect of 
alignment and BMI on failure of total knee replacement. J Bone Joint Surg Am. 2011;93(17):1588-
96. 

118. Collier MB, Engh CA, Jr., McAuley JP, Engh GA. Factors associated with the loss of 
thickness of polyethylene tibial bearings after knee arthroplasty. J Bone Joint Surg Am. 
2007;89(6):1306-14. 

119. D. N, M. NR, L. BR. Patient dissatisfaction following total knee replacement. The Bone & 
Joint Journal. 2014;96-B(11_Supple_A):96-100. 

120. Abdel MP, Parratte S, Blanc G, Ollivier M, Pomero V, Viehweger E, et al. No Benefit of 
Patient-specific Instrumentation in TKA on Functional and Gait Outcomes: A Randomized Clinical 
Trial. Clinical Orthopaedics and Related Research®. 2014;472(8):2468-76. 



 

 73 

121. van der List JP, Chawla H, Joskowicz L, Pearle AD. Current state of computer navigation 
and robotics in unicompartmental and total knee arthroplasty: a systematic review with meta-
analysis. Knee Surg Sports Traumatol Arthrosc. 2016;24(11):3482-95. 

122. Courtney PM, Lee GC. Early Outcomes of Kinematic Alignment in Primary Total Knee 
Arthroplasty: A Meta-Analysis of the Literature. J Arthroplasty. 2017;32(6):2028-32.e1. 

123. Young SW, Walker ML, Bayan A, Briant-Evans T, Pavlou P, Farrington B. The Chitranjan S. 
Ranawat Award : No Difference in 2-year Functional Outcomes Using Kinematic versus Mechanical 
Alignment in TKA: A Randomized Controlled Clinical Trial. Clin Orthop Relat Res. 2017;475(1):9-20. 

124. Koh CK, Zeng I, Ravi S, Zhu M, Vince KG, Young SW. Periprosthetic Joint Infection Is the 
Main Cause of Failure for Modern Knee Arthroplasty: An Analysis of 11,134 Knees. Clin Orthop Relat 
Res. 2017;475(9):2194-201. 

125. Meehan JP, Danielsen B, Kim SH, Jamali AA, White RH. Younger age is associated with a 
higher risk of early periprosthetic joint infection and aseptic mechanical failure after total knee 
arthroplasty. J Bone Joint Surg Am. 2014;96(7):529-35. 

126. Robertsson O, Dunbar M, Pehrsson T, Knutson K, Lidgren L. Patient satisfaction after knee 
arthroplasty: a report on 27,372 knees operated on between 1981 and 1995 in Sweden. Acta Orthop 
Scand. 2000;71(3):262-7. 

127. Bhandari M, Smith J, Miller LE, Block JE. Clinical and economic burden of revision knee 
arthroplasty. Clin Med Insights Arthritis Musculoskelet Disord. 2012;5:89-94. 

128. Bozic KJ, Kamath AF, Ong K, Lau E, Kurtz S, Chan V, et al. Comparative Epidemiology of 
Revision Arthroplasty: Failed THA Poses Greater Clinical and Economic Burdens Than Failed TKA. 
Clin Orthop Relat Res. 2015;473(6):2131-8. 

129. Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future young patient demand for primary 
and revision joint replacement: national projections from 2010 to 2030. Clinical orthopaedics and 
related research. 2009;467(10):2606-12. 

130. Jha P. Avoidable global cancer deaths and total deaths from smoking. Nat Rev Cancer. 
2009;9(9):655-64. 

131. Giovino GA, Mirza SA, Samet JM, Gupta PC, Jarvis MJ, Bhala N, et al. Tobacco use in 3 
billion individuals from 16 countries: an analysis of nationally representative cross-sectional 
household surveys. Lancet. 2012;380(9842):668-79. 

132. National Center for Chronic Disease P, Health Promotion Office on S, Health. Reports of the 
Surgeon General.  The Health Consequences of Smoking—50 Years of Progress: A Report of the 
Surgeon General. Atlanta (GA): Centers for Disease Control and Prevention (US); 2014. 

133. Parkin DM, Pisani P, Lopez AD, Masuyer E. At least one in seven cases of cancer is caused 
by smoking. Global estimates for 1985. Int J Cancer. 1994;59(4):494-504. 

134. Ezzati M, Lopez AD. Regional, disease specific patterns of smoking-attributable mortality in 
2000. Tob Control. 2004;13(4):388-95. 

135. Hawn MT, Houston TK, Campagna EJ, Graham LA, Singh J, Bishop M, et al. The attributable 
risk of smoking on surgical complications. Ann Surg. 2011;254(6):914-20. 

136. Myles PS, Iacono GA, Hunt JO, Fletcher H, Morris J, McIlroy D, et al. Risk of respiratory 
complications and wound infection in patients undergoing ambulatory surgery: smokers versus 
nonsmokers. Anesthesiology. 2002;97(4):842-7. 

137. Duchman KR, Gao Y, Pugely AJ, Martin CT, Noiseux NO, Callaghan JJ. The Effect of 
Smoking on Short-Term Complications Following Total Hip and Knee Arthroplasty. J Bone Joint Surg 
Am. 2015;97(13):1049-58. 



 

 74 

138. Bullen C. Impact of tobacco smoking and smoking cessation on cardiovascular risk and 
disease. Expert Rev Cardiovasc Ther. 2008;6(6):883-95. 

139. Kuper H, Adami HO, Boffetta P. Tobacco use, cancer causation and public health impact. J 
Intern Med. 2002;251(6):455-66. 

140. Thomsen T, Tønnesen H, Møller AM. Effect of preoperative smoking cessation interventions 
on postoperative complications and smoking cessation. Br J Surg. 2009;96(5):451-61. 

141. Møller AM, Villebro N, Pedersen T, Tønnesen H. Effect of preoperative smoking intervention 
on postoperative complications: a randomised clinical trial. Lancet. 2002;359(9301):114-7. 

142. Kalkhoran S, Benowitz NL, Rigotti NA. Prevention and Treatment of Tobacco Use: JACC 
Health Promotion Series. J Am Coll Cardiol. 2018;72(9):1030-45. 

143. Stolerman IP, Jarvis MJ. The scientific case that nicotine is addictive. Psychopharmacology 
(Berl). 1995;117(1):2-10; discussion 4-20. 

144. Carter LP, Stitzer ML, Henningfield JE, O'Connor RJ, Cummings KM, Hatsukami DK. Abuse 
liability assessment of tobacco products including potential reduced exposure products. Cancer 
Epidemiol Biomarkers Prev. 2009;18(12):3241-62. 

145. Cardinale A, Nastrucci C, Cesario A, Russo P. Nicotine: specific role in angiogenesis, 
proliferation and apoptosis. Crit Rev Toxicol. 2012;42(1):68-89. 

146. Chen J, Higby R, Tian D, Tan D, Johnson MD, Xiao Y, et al. Toxicological analysis of low-
nicotine and nicotine-free cigarettes. Toxicology. 2008;249(2-3):194-203. 

147. Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and cardiovascular 
disease: an update. J Am Coll Cardiol. 2004;43(10):1731-7. 

148. Benowitz NL. Cigarette smoking and cardiovascular disease: pathophysiology and 
implications for treatment. Prog Cardiovasc Dis. 2003;46(1):91-111. 

149. Teo KK, Ounpuu S, Hawken S, Pandey MR, Valentin V, Hunt D, et al. Tobacco use and risk 
of myocardial infarction in 52 countries in the INTERHEART study: a case-control study. Lancet. 
2006;368(9536):647-58. 

150. Thun MJ, Carter BD, Feskanich D, Freedman ND, Prentice R, Lopez AD, et al. 50-year 
trends in smoking-related mortality in the United States. N Engl J Med. 2013;368(4):351-64. 

151. Goldenberg I, Jonas M, Tenenbaum A, Boyko V, Matetzky S, Shotan A, et al. Current 
smoking, smoking cessation, and the risk of sudden cardiac death in patients with coronary artery 
disease. Arch Intern Med. 2003;163(19):2301-5. 

152. Hackshaw A, Morris JK, Boniface S, Tang JL, Milenković D. Low cigarette consumption and 
risk of coronary heart disease and stroke: meta-analysis of 141 cohort studies in 55 study reports. 
Bmj. 2018;360:j5855. 

153. Bjartveit K, Tverdal A. Health consequences of smoking 1-4 cigarettes per day. Tob Control. 
2005;14(5):315-20. 

154. Lu L, Mackay DF, Pell JP. Meta-analysis of the association between cigarette smoking and 
peripheral arterial disease. Heart. 2014;100(5):414-23. 

155. Primatesta P, Falaschetti E, Gupta S, Marmot MG, Poulter NR. Association between 
smoking and blood pressure: evidence from the health survey for England. Hypertension. 
2001;37(2):187-93. 



 

 75 

156. Nakamura K, Barzi F, Lam TH, Huxley R, Feigin VL, Ueshima H, et al. Cigarette smoking, 
systolic blood pressure, and cardiovascular diseases in the Asia-Pacific region. Stroke. 
2008;39(6):1694-702. 

157. He J, Vupputuri S, Allen K, Prerost MR, Hughes J, Whelton PK. Passive smoking and the 
risk of coronary heart disease--a meta-analysis of epidemiologic studies. N Engl J Med. 
1999;340(12):920-6. 

158. Barnoya J, Glantz SA. Cardiovascular effects of secondhand smoke: nearly as large as 
smoking. Circulation. 2005;111(20):2684-98. 

159. Messner B, Bernhard D. Smoking and cardiovascular disease: mechanisms of endothelial 
dysfunction and early atherogenesis. Arterioscler Thromb Vasc Biol. 2014;34(3):509-15. 

160. Global, regional, and national life expectancy, all-cause mortality, and cause-specific 
mortality for 249 causes of death, 1980-2015: a systematic analysis for the Global Burden of Disease 
Study 2015. Lancet. 2016;388(10053):1459-544. 

161. Rabe KF, Watz H. Chronic obstructive pulmonary disease. Lancet. 2017;389(10082):1931-
40. 

162. Rigotti NA. Smoking cessation in patients with respiratory disease: existing treatments and 
future directions. Lancet Respir Med. 2013;1(3):241-50. 

163. Tønnesen P, Carrozzi L, Fagerström KO, Gratziou C, Jimenez-Ruiz C, Nardini S, et al. 
Smoking cessation in patients with respiratory diseases: a high priority, integral component of 
therapy. Eur Respir J. 2007;29(2):390-417. 

164. Jha P, Ramasundarahettige C, Landsman V, Rostron B, Thun M, Anderson RN, et al. 21st-
Century Hazards of Smoking and Benefits of Cessation in the United States. New England Journal 
of Medicine. 2013;368(4):341-50. 

165. Bialous SA, Sarna L. Lung Cancer and Tobacco: What Is New? Nurs Clin North Am. 
2017;52(1):53-63. 

166. Nasim F, Sabath BF, Eapen GA. Lung Cancer. Med Clin North Am. 2019;103(3):463-73. 

167. Alberg AJ, Samet JM. Epidemiology of lung cancer. Chest. 2003;123(1 Suppl):21s-49s. 

168. Jensen JA, Goodson WH, Hopf HW, Hunt TK. Cigarette Smoking Decreases Tissue Oxygen. 
Archives of Surgery. 1991;126(9):1131-4. 

169. Wong LS, Martins-Green M. Firsthand cigarette smoke alters fibroblast migration and 
survival: implications for impaired healing. Wound Repair Regen. 2004;12(4):471-84. 

170. Mattison S, Christensen M. The pathophysiology of emphysema: considerations for critical 
care nursing practice. Intensive Crit Care Nurs. 2006;22(6):329-37. 

171. Drannik AG, Pouladi MA, Robbins CS, Goncharova SI, Kianpour S, Stämpfli MR. Impact of 
cigarette smoke on clearance and inflammation after Pseudomonas aeruginosa infection. Am J 
Respir Crit Care Med. 2004;170(11):1164-71. 

172. Barrera R, Shi W, Amar D, Thaler HT, Gabovich N, Bains MS, et al. Smoking and timing of 
cessation: impact on pulmonary complications after thoracotomy. Chest. 2005;127(6):1977-83. 

173. Finan KR, Vick CC, Kiefe CI, Neumayer L, Hawn MT. Predictors of wound infection in ventral 
hernia repair. Am J Surg. 2005;190(5):676-81. 

174. Al-Sarraf N, Thalib L, Hughes A, Tolan M, Young V, McGovern E. Effect of smoking on short-
term outcome of patients undergoing coronary artery bypass surgery. Ann Thorac Surg. 
2008;86(2):517-23. 



 

 76 

175. Singh JA, Houston TK, Ponce BA, Maddox G, Bishop MJ, Richman J, et al. Smoking as a 
risk factor for short-term outcomes following primary total hip and total knee replacement in veterans. 
Arthritis Care Res (Hoboken). 2011;63(10):1365-74. 

176. Singh JA, Schleck C, Harmsen WS, Jacob AK, Warner DO, Lewallen DG. Current tobacco 
use is associated with higher rates of implant revision and deep infection after total hip or knee 
arthroplasty: a prospective cohort study. BMC Med. 2015;13:283. 

177. Nwachukwu BU, Gurary EB, Lerner V, Collins JE, Thornhill TS, Losina E, et al. Effect of 
smoking and soft tissue release on risk of revision after total knee arthroplasty: a case- control study. 
BMC Musculoskelet Disord. 2015;16:245. 

178. Singh JA. Smoking and outcomes after knee and hip arthroplasty: a systematic review. J 
Rheumatol. 2011;38(9):1824-34. 

179. Nash SH, Liao LM, Harris TB, Freedman ND. Cigarette Smoking and Mortality in Adults Aged 
70 Years and Older: Results From the NIH-AARP Cohort. Am J Prev Med. 2017;52(3):276-83. 

180. Thomsen T, Villebro N, Møller AM. Interventions for preoperative smoking cessation. 
Cochrane Database Syst Rev. 2014;2014(3):Cd002294. 

181. Stead LF, Koilpillai P, Fanshawe TR, Lancaster T. Combined pharmacotherapy and 
behavioural interventions for smoking cessation. Cochrane Database Syst Rev. 2016;3:Cd008286. 

182. Harris K, Dawson J, Gibbons E, Lim CR, Beard DJ, Fitzpatrick R, et al. Systematic review of 
measurement properties of patient-reported outcome measures used in patients undergoing hip and 
knee arthroplasty. Patient Relat Outcome Meas. 2016;7:101-8. 

183. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: Visual Analog Scale 
for Pain (VAS Pain), Numeric Rating Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), 
Short-Form McGill Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-
36 Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent and Constant Osteoarthritis Pain 
(ICOAP). Arthritis Care & Research. 2011;63(S11):S240-S52. 

184. Scuderi GR, Bourne RB, Noble PC, Benjamin JB, Lonner JH, Scott WN. The new Knee 
Society Knee Scoring System. Clin Orthop Relat Res. 2012;470(1):3-19. 

185. McConnell S, Kolopack P, Davis AM. The Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC): a review of its utility and measurement properties. Arthritis Rheum. 
2001;45(5):453-61. 

186. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis 
Outcome Score (KOOS)--development of a self-administered outcome measure. J Orthop Sports 
Phys Ther. 1998;28(2):88-96. 

187. Jenkinson C, Layte R. Development and testing of the UK SF-12 (short form health survey). 
J Health Serv Res Policy. 1997;2(1):14-8. 

188. Ware J, Jr., Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of 
scales and preliminary tests of reliability and validity. Med Care. 1996;34(3):220-33. 

189. Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clinical rating system. 
Clin Orthop Relat Res. 1989(248):13-4. 

190. Matharu GS, Mouchti S, Twigg S, Delmestri A, Murray DW, Judge A, et al. The effect of 
smoking on outcomes following primary total hip and knee arthroplasty: a population-based cohort 
study of 117,024 patients. Acta Orthop. 2019;90(6):559-67. 

191. Singh JA, Kwoh CK, Richardson D, Chen W, Ibrahim SA. Sex and surgical outcomes and 
mortality after primary total knee arthroplasty: a risk-adjusted analysis. Arthritis Care Res (Hoboken). 
2013;65(7):1095-102. 



 

 77 

192. O'Connor MI. Implant survival, knee function, and pain relief after TKA: are there differences 
between men and women? Clin Orthop Relat Res. 2011;469(7):1846-51. 
 


