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Abstract 

The ability to kneel is an important function of the knee joint, as it is required 

for many daily activities, including religious practices, professional 

occupations and recreational pursuits. The inability to kneel following total 

knee arthroplasty (TKA) is frequently a source of disappointment. This work 

investigates patients’ understanding of the term ‘kneeling’ and what 

proportion of patients can kneel before and after TKA, as well as identifying 

the factors that can affect the ability to kneel following TKA. The underlying 

hypothesis tested was: “There are no differences between kneeling ability 

before and after TKA”.  

Kneeling ability after TKA may be affected by many factors, including patient-

specific factors, the extent of wear on RPC (Retro patellar Cartilage), post-

operative AKP (Anterior Knee Pain) and post-operative ROM (Range of 

Motion). Thus a consecutive series of TKA patients were assessed to test the 

afore-mentioned hypothesis. In particular, the thesis has examined: 

• Interpretation of kneeling and perceptions of kneeling ability after 

TKA. 

• The extent of wear on Retro Patellar Cartilage (RPC) and its 

correlation to kneeling ability. 

• Sensory changes in the knee after TKA. 

• Preoperative and Postoperative Anterior Knee Pain (AKP) 

assessment. 

• The reality of kneeling ability before and after TKA. 

• Postoperative ROM of the knee and its correlation to kneeling 

function. 

The advice offered by healthcare professionals may contribute to a low post-
operative rate of kneeling. The patellofemoral joint plays an essential role in 
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knee function and a person’s kneeling ability, may be greatly affected by the 
performance of this joint.  

 Firstly, this study analysed the responses of two samples of participants 
drawn from diverse cultural backgrounds (Christian and Muslim), it examined 
their primary interpretation of what kneeling constitutes, along with a 
subjective assessment of the importance of kneeling in their everyday lives. 
Secondly, it explored patients’ perceptions of their kneeling ability after TKA, 
with a comparative analysis of their responses to the kneeling questionnaire 
specifically constructed by the author and also the question in relation to 
kneeling in the Oxford Knee Score (OKS). The third component investigated 
retro-patellar cartilage (RPC) morphology using intraoperative examination 
and standardised photography. Fourthly, a cohort of patients listed for TKAs 
was followed prospectively, in order to assess their kneeling ability prior to 
and following treatment, along with identifying the factors that could affect 
this function, i.e. knee pain, range of motion, sensory changes and sensitivity 
to pain on the anterior aspect of the knee as assessed with dolorimetry.	   

Differences were detected in the subjective interpretation of the kneeling 

function, as well as its importance, for the two diverse cultures involved in 

this study.  

Pain, as opposed to poor range of movement, was identified as the main 

reason which led to kneeling difficulties. The majority of respondents 

reported that it was either extremely difficult or impossible to kneel on the 

operated knee. The high flexed position (required for prayer in certain 

cultures) was the most difficult position to achieve for most of the patients. 

Prior to surgery, 30 patients were seen during this period, 15 (50%) out of 30 

consecutive patients were unable to kneel in any position whatsoever. Of 

those who could kneel to some degree, the most common posture that they 

could achieve was the upright kneeling position.  

Considerable variations were found to occur in patients’ understanding of the 

term ‘kneeling’. Consequently, this has significant implications for the design 

and interpretation of questions in relation to kneeling for diverse cultures, 

which are characterised by distinct lifestyles. The current patient-based self-
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administered questionnaires, such as the OKS, although useful as a simple 

measure of overall knee function, were found to have limitations as an 

effective assessment tool in the measurement of kneeling function either 

before or after TKA and indicate that there is a need for a culturally 

appropriate questionnaire to assess kneeling function.  

Retro-patellar cartilage lesions were very prevalent in patients undergoing 

TKA. However, no significant correlation existed between the total amount of 

retro-patellar cartilage wear and the ability to kneel. Patients were more likely 

to be able to kneel if the cartilage of the superior facets of the patella were 

disease free (P=0.02). 

At the six months post-surgery stage, of the 14 consecutive patients, who 

could kneel pre-operatively 6 were able to kneel post-operatively. Of the 13 

consecutive patients who were unable to kneel pre-operatively, all were 

unable to kneel post-operatively.  Knee pain was the main reason attributed 

to this difficulty. However, no link was found to occur between sensory 

changes and kneeling function in the patients who participated in the study, 

after TKA performed via an anterior midline incision. 
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Lay Summary 

Kneeling is an important function of the knee joint, and kneeling ability is 

important socially in Western and Eastern populations, and an important 

aspect of religious practice in almost all major religions. Many factors affect 

kneeling function after Total Knee Replacement, such as patients’ related 

conditions, geographical and cultural variations. 

This research study assessed the patients’ perceptions of their kneeling 

ability after Total Knee Replacement Surgery with a specifically designed 

kneeling questionnaire. The results from this questionnaire were compared 

with the responses with the currently used Oxford Knee Score. This research 

then examined whether differences in the skin sensation accounted for 

altered kneeling ability. The state of the retropatella cartilage and its 

correlation with kneeling ability were also measured and recorded. 

Results: 

the patients’ perception was different to the reality of kneeling ability because 

of many factors: The differences of opinion of health professionals and 

differences in information given by them, could affect the patients’ responses 

to the questionnaires. 

Interpretation of kneeling was different in different populations based on 

differences in cultures and daily activities; the study included a Muslim group 

and a Christian group to investigate kneeling function and its importance by 

using images of different kneeling positions. 

The back of knee cap bone was very commonly damaged in patients 

undergoing Total Knee Replacement, but that damage did not correlate with 

the kneeling ability because many patients with severe damage were still 

able to kneel, whereas others with little damage on the back of the knee cap, 

could not kneel.  

In addition, the study did not show a relationship between the patients’ ability 

to kneel after total knee replacement and the sensory changes in the skin 

over the knee. 
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The findings of this study are of benefit to patients and to health 

professionals, as it addresses key concerns that patients have about their 

ability to kneel after knee replacement. This is of particular importance for 

individuals who consider kneeling function to be very important for their daily 

activities of living. The requirement for kneeling varied greatly with different 

religions and cultures, thus it is important that patient reported outcome 

assessment tools for function after knee replacement are culturally 

appropriate. Current patient reported outcome measures do not provide 

adequate information on kneeling ability, thus making it difficult to ascertain 

whether current knee replacements meet individual patient requirements. 
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Chapter 1 Introduction 
 
Kneeling is an important physical function and fundamental to many daily life 

activities, including various jobs, social and religious practices (Cooper, 

McAlindon et al., 1994, Coggon, Croft et al., 2000). Gardening and praying, 

to name but two examples, may be challenging for people with impaired 

kneeling and occupations such as plumbing, flooring, carpet-laying, painting, 

roofing and mining may be impossible to perform for those suffering from 

kneeling difficulties (Tanaka, Halperin et al., 1985). 

Different degrees of knee flexion are required for various occupations 

(Jensen and Eenberg, 1996). The kneeling position has been used in daily 

activities throughout history in civilisations as diverse as those of Japan, 

China, India, the Middle East and the West (Hefzy, Kelly et al., 1998, 

Hassaballa, Porteous et al., 2004). 

Evidence of the use and importance of the kneeling posture has been noted 

in the temples of ancient Egypt and in some excavations in Peru (Ubelaker, 

1979). 

The kneeling function is of social and religious importance to both Western 

and Eastern populations. It is important for religious practice and prayers, 

which require a variety of kneeling patterns in almost all known religions, 

including Islam, Christianity, Judaism and Buddhism. Different activities 

require different patterns of kneeling (upright and high flex kneeling patterns) 

(Figure 1).  

 

Figure 1 Kneeling positions 

In the high flex kneeling characteristic of Muslim prayers, knee flexion 

reaches between 150 and 160 degrees, with the heels reaching the posterior 
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surface of the thigh (Hefzy, Kelly et al., 1998). In Middle Eastern and Asian 

populations, the ‘Activities of Daily Living’ (ADL) depend heavily on the ability 

to flex the knee joint extensively (Tarabichi, 2010) . 

In religions such as Judaism, Protestantism, Orthodox Christianity and 

Catholicism, practitioners tend to kneel down with 90 degrees of knee flexion 

(i.e. upright kneeling). Moreover, Buddhism, Hinduism and Japanese Shinto 

followers use a kneeling position at 90-100 degrees for their religious and 

spiritual practices (Hassaballa, 2006). Just as kneeling is necessary for 

Western cultures, it is also of paramount importance in Middle and Far 

Eastern cultures, due to daily prayers and sitting habits (Moon, 2000). 

 Moon describes this body position as representing ‘’Floor Life’’ activities 

(Moon, 2000).   

Kneeling in older adults has been shown to be a neutral posture that enables 

them to rise from the floor (Ulbrich, Raheja et al., 2000). It is an activity 

sought by patients after undergoing Total Knee Arthroplasty - TKA (Hanson, 

Park et al., 2007). Special consideration should be given to kneeling function 

after knee replacement, especially in Eastern societies (Hassaballa, 

Porteous et al., 2004). Many patients with arthritis of the knee enquire about 

their kneeling ability after surgery (Palmer, Servant et al., 2002). The decline 

of TKAs in Eastern countries may reflect the inability of patients to resume 

their full religious practices after surgery (Tarabichi, 2010). Many active 

people who have had TKA surgery experience difficulty in kneeling 

afterwards. On the whole, publications focusing on the outcome of knee 

replacement fail to address the ability to kneel after surgery (Dawson, 

Fitzpatrick et al., 1998). 

Active deep flexion of the knee is essential in Eastern countries and is 

needed for, amongst other things, daily tea ceremonies and activities that 

involve squatting and sitting cross-legged. In these cultures, deep flexion of 

the knee is fundamental for a healthy lifestyle. The same movement is also 

important in Western cultures and is required for a full range of activities, 

including those related to recreation and different occupations. The overall 
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quality of life, employment and work may thus be restricted by knee flexion 

limitations (Hassaballa, 2006). 

Compared to other knee functions, there have been relatively few research 

studies with a focus on kneeling ability after TKA. Patients’ perceptions 

regarding kneeling function after TKA may differ from their real kneeling 

ability; many factors may affect patients’ responses on questionnaires 

including their interpretation of kneeling, the advice given by health care 

professionals and their misunderstanding of that advice. The available 

kneeling assessment questionnaires do not include all patterns of kneeling, 

which may affect the overall score of the questionnaire. The Oxford Knee 

Score (OKS) is one such example. 

Many patients do not want to try kneeling either because they are uncertain 

about their ability to do so, or because this function is not important to them 

after TKA. Some patients express dissatisfaction with the results of their TKA 

surgery because of their inability to perform this important function. 

An understanding of functional anatomy, the biomechanics of the knee 

during kneeling and TKA kinematics are essential when assessing kneeling 

ability after TKA. 

Post-operative AKP (Anterior Knee Pain), PFA (Patello-Femoral Arthritis), the 

type of prosthetic design used and knee ROM (Range of Motion) are among 

the factors that may have an apparent effect on kneeling ability after TKA. 

The assessment of different factors that may influence kneeling ability in TKA 

patients could add more value to our understanding of the condition than 

previous work, therefore this thesis examined the hypothesis: 

“There are no differences between kneeling ability before and after TKA.”  
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Chapter 2. Literature Review 

  



 6 

Chapter 2 Literature Review 
 

2.1 Review of relevant anatomy and biomechanics of the patella-
femoral joint 

The following discussion taken from the main text Insall&Scott, 

2017(see appendix 1): 

2.1.1 Patella 

The femoral trochlea includes the biggest human sesamoid bone, which is an 

asymmetrical oval with its apex pointed distally. This is wrapped in the 

quadriceps tendon fibres from the anterior side, and joins the patellar 

ligament distally. The point where the patella and the femoral trochlea 

articulate makes up the patellofemoral compartment (Figure 2). 

 

Figure 2 Merchant view radiograph of a normal patellofemoral joint. The tibial tubercle is superimposed 
over the apex of the femoral trochlea (Insall&Scott, 2017). 

The posterior side of the patella is made up of seven facets. Firstly, the 

medial and lateral facets are split in a vertical fashion into mostly even thirds, 

while the seventh (odd) facet is found along the extreme medial length of the 

patella. The medial facet is less expansive and has a minor convexity, while 

the lateral facet that makes up about two- thirds of the patella has a sagittal 

convexity as well as a coronal concavity, seen in Figure 3. Overall, six 

morphologic differences in the patella have been noted (Figure 4). Types I 

and II are considered stable, while other variants have a greater possibility of 

lateral subluxation due to a lack of balance in the force dispersion. The 

thicken hyaline cartilage in the body is found surrounding these facets, and 

can be up to 6.5mm thick. 
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Figure 3 Articular surface of the patella. The median ridge (r) divides the smaller medial facet (m) from, 
the larger lateral facet (l) (Insall&Scott, 2017). 

 

 

Figure 4 Wiberg's and Baumgartl's patella types(Insall&Scott, 2017). 

 

The contact area between the patella and the femur is different depending on 

the amount of knee flexion. But in position the trochlea of the femur may not 

house the patella perfectly. The patellar contact area has been examined 

through dye and casting methods, which have had almost identical findings. 

Showing that the area of contact is always below 1/3rd of the overall patellar 

articular surface. When the joint is flexed 10-20 degrees, the distal pole of 

the patella touches the trochlea in a narrow band that conjoins the medial 

and lateral facets (Figure 5). At greater degrees of flexion, the contact area 

shifts proximally and laterally. The greatest contact is seen at roughly 45 

degrees, where the contact area stands as an ellipse in continuity through 

the central portion of the medial and lateral facets. As the flexion reaches 90 

degrees, the contact area has moved to the upper part of the medial and 
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lateral patellar facets. As the flexion increases, the contact area splits into 

distinct medial and lateral patches. Due to the fact that the odd facet contacts 

the femur at extensive flexion (for example, when squatting), this facet is 

usually an area that does not receive much contact in Western cultures, 

which is believed to carry pathological importance. 

   

                           

 

 

 

 

Figure 5 Patellofemoral contact areas at different degrees of flexion (Insall&Scott, 2017). 

 

2.1.2 Biomechanical function of the patella 

The key biomechanical use of the patella is to boost the moment arm of the 

quadriceps mechanism, and the load that passes throughout the joint 

increases, as there is more flexion, along with an increase in contact area. 

Thus, the greater force is spread across a greater area. On the other hand, 

when resisted extension is undertaken, the force rises alongside a reduction 

in contact area, and this can increase pain across the patellofemoral region. 

During straight-leg raises there is limited force transmission through the 

patellofemoral joint since the patella is not engaged with the trochlea in full 

extension.  
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2.2 Biomechanics of knee flexion 

2.2.1 Kneeling position 

Sharrard (1965) described the kneeling posture in miners as sitting on the 

back of the heels with the feet pointing vertically side by side and the 

pressure distributed between the two knees in the front and the points of the 

toes behind. According to Sharrard the triangular area (bounded by the lower 

part of the patella proximally with the femoral condyles on either side of it and 

the tibial tubercle distally) was the area of the knee that takes the pressure in 

most of kneeling positions (Figure 6). 

 

Figure 6 Kneeling Pressure Area (After Sharrard 1965). LFC=Lateral Femoral Condyle, MFC=Medial 
Femoral Condyle, LP= Lower part of Patella, TT= Tibial Tubercle. 

2.2.2 Biomechanics during deep knee flexion  

Spanu and Hefzy (2003) used a mathematical model of the human knee in a 

study for the biomechanics of deep flexion activities. The authors found that 

the large muscle forces are required to achieve deep flexion, resulting in 

large TF (Tibio-Femoral) contact forces. The femoral contact point in deep 

flexion was located on the most proximal point of the posterior condyle, a 

location that is not resurfaced during TKA procedures, which could limit the 

maximum flexion. 
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The level of activation of Quadriceps muscle normally affected the tibial 

contact point. Both anterior and posterior fibre bundles of the posterior 

cruciate ligament were found to carry high loads when the knee was 

maximally flexed. The study concluded that the results suggested an 

important role for the posterior cruciate ligament in this position and the 

importance of retaining this ligament, when TKAs that allow high flexion 

angles are being implanted. This finding also provided an explanation to why 

most TKAs do not allow deep flexion. 

Hosseini et al.(2013) investigated the 6 DOF (Degrees of Freedom) 

kinematics and tibiofemoral contact biomechanics during weight bearing from 

extension to deep flexion. Eight knees from seven subjects with no history of 

chronic pain or injuries were recruited. 3D models of the tibia and femur 

including their articular cartilage surfaces created from MRI scan of the 

knees. Using a dual fluoroscopic image system, images were collected as 

the participants performed a weight-bearing, quasi-static, single-legged lunge 

from full extension to full knee flexion. 

The 6 DOF kinematics and the articular cartilage contact locations were 

measured along with the flexion angles of the knee joint. The result showed 

that the internal rotation of the tibia significantly increased at lower flexion 

angles (full extension to 30° flexion), maintained a small significant variation 

in the middle range of flexion (30–120°, and then sharply increased at high 

flexion angles (120° to maximal flexion angle). The contact point moved 

similarly in the medial and lateral compartments before 120° of flexion, but 

lesser on the medial compartment at high flexion. The results indicated that 

the knee ROM could not be analysed using one character in the entire range 

of flexion movement, especially in deep flexion. The knee kinematic data in 

the entire range of motion could be useful for designing new prostheses with 

special features to achieve functional high flexion. 
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2.2.3 Tibio-Femoral Joint Kinematics during deep knee flexion  

According to Zingde et al. (2017) the lateral femoral condyle translates 

posteriorly on the lateral tibial plateau with increasing knee flexion. On the 

other hand, the medial condyle, although it translates posteriorly does so less 

than the lateral condyle.  Consequently, as the knee flexes the femur 

externally rotates with respect to the tibia. 

Previous studies of cadaveric knees have revealed that the lateral femoral 

condyle translates back an average of 18 mm from maximum extension to 

full flexion while the medial femoral condyle translates back only 1.5 

mm(Kostuik, Schmidt et al. 1975). These results have been supported by 

recent in-vivo studies which showed that the average rollback of lateral 

femoral condyle for weight-bearing knee flexion being 21 mm and that for the 

medial femoral condyle being 1.9 mm(Christensen, Brothers et al. 2017). 

Muller et al. (1983) in a study analysed the kinematics of 104 normal knees 

found, that all 104 (100%) subjects with a normal knee experienced posterior 

motion of the lateral femoral condyle while performing a weight-bearing deep 

knee flexion, whereas 102 of 104 subjects experienced posterior motion of 

the medial femoral condyle(Dennis, Komistek et al. 2003).  This shows the 

variation of femoral translations between the medial and lateral 

compartments of the knee. Hence, the consistency of posterior rollback with 

increasing knee flexion is prevalent in both compartments. Nakagawa, 

Freeman and others (Nakagawa, Kadoya et al. 2000, Freeman, M.A.R. and 

Pinskerova, V., 2003) studied living human knees using magnetic resonance 

imaging (MRI). This study was conducted on Japanese volunteers. 

Nakagawa et al’s study showed that, the process of femoral roll back 

continues with further flexion. According to their findings, the lateral femoral 

condyle moved 28 mm posteriorly (backward) at full passive flexion of 162° 

compared with its position at 90°. The lateral femoral condyle lost contact 

with the tibia in this degree of passive flexion. The medial condyle however 

only started moving backward at 110° in the Caucasian knee, then by 1mm 

at 120°. In the Japanese knee this medial backward movement started at 90 
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degrees but increased to only 2mm at 133° of flexion and then a further 4.5 

mm from 133° to 162°. Nakagawa and Freeman concluded that, in Japanese 

knees, forced flexion from 90° to 162° is accompanied by 28° of internal 

rotation of tibia and 4.0 mm femoral posterior translation towards full flexion. 

The lateral condyle is posteriorly subluxed while the medial condyle is still 

over the tibia (Nakagawa, Kadoya et al. 2000). Hofer et al. (2011) studied the 

effects of kneeling on tibiofemoral biomechanics; five human cadaveric 

knees were subjected to simulated kneeling at different flexion angles of 90°, 

105°, 120°, and 135°. Different forces were applied anteriorly to the knee to 

simulate crouching (no force), single stance kneeling (678 N of force) and 

double stance kneeling (339 N of force). Tibiofemoral kinematics, contact 

areas, and pressures were measured. With kneeling, tibial external rotation 

and posterior translation were observed. Posterior translation was less at 90° 

than at higher flexion angles (P<0.05). Compared to moving from a double to 

single kneeling position, moving from crouching to double-stance kneeling 

resulted in significantly greater posterior translation and external rotation (P < 

0.05).  

Single and double stance kneeling significantly increased contact areas and 

pressures when compared to crouching (P<0.05). Significant increase in 

pressures also noticed in moving from double to single stance kneeling 

(P<0.05). ‘Largely because of the action of the PCL’, there is less tibial 

posterior translation at 90° when kneeling than at greater flexion angles. 

Tibial external rotation results from the action of the PCL and anatomical 

differences between medial and lateral compartments. Less external rotation 

and posterior translation allowed by different anatomical constraints that 

moving from the double to the single stance kneeling. This is as a result of 

the increased pressure with kneeling and most likely contributes to the 

development of OA of tibiofemoral compartment of the knee. Furthermore, 

single stance kneeling may be more harmful than double stance kneeling 

(Hofer 2011). According to Meccia, Komistek et al. (2014) and Hassaballa 

(2006); during extension in a normal knee with a normal rotation pattern, the 

tibia rotates externally relative to the femur and internally relative to the femur 
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with flexion (Dennis, Komistek et al. 2004). The tibia of a normal knee rotates 

axially by an average of 28°, internally relative to the femur (normal rotation) 

to reach deeper flexion angles in deep-knee bend activity (Dennis, Komistek 

et al., 2004, Leszko, Hovinga et al., 2011). 

Andriacchi et al.(2003) studied the knee kinematics in deep flexion on native 

Japanese subjects while moving from a standing to a deep squat resting 

position (kneeling down with the back of the thigh resting on a dorsiflexed 

ankle joint). All their subjects were accustomed to this position in their daily 

life activities. The squat/Kneeling position ended with the subject having both 

knees flexed to approximately 150°. As the knee initially flexed in the range 

between 0° and 120°, the femur externally rotated at a uniform rate. The total 

external rotation between 0° and 120° of flexion was approximately 10°. After 

120° flexion the rate of external rotation of the femur with flexion increased 

substantially. Between 120° and 150° flexion, the femur externally rotated 

approximately 20° (Figure 7). 

 

 

Figure 7 The degree of femoral rotation as during knee flexion while going from a standing position to a 
squat in deep flexion. . The rate of external rotation with flexion increases substantially after 120° 

flexion (20°). Point A represents the start of the rapid increase in external rotation of the femur at 120° 
of flexion.(Based on the work of Andriacchi, Derby, Johnson and Todd). 

Therefore, beyond 120° flexion, the knee requires substantial external 

rotation to achieve deep flexion. 
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Currently, most designs of total knee arthroplasty can achieve 120° flexion. 

However, patients requiring deeper flexion need the capacity for substantial 

rotation beyond 120° flexion(Andriacchi, Derby et al. 2003).  

2.2.4 Patello-Femoral Joint Kinematics during deep knee flexion 

Nakagawa et al.(2003) analysed the articulation of the patella from 90° to 

deep flexion (> 130°) in knees of healthy Japanese volunteers. The results of 

their study showed that the contact area of the patella moved distally in deep 

flexion and was divided into two parts, the odd and the lateral facets. 

Although the size of the contact area decreased significantly there were 

several compensatory mechanisms at work in these knees: 

• The internal rotation of the tibia moved the lateral femoral condyle 

posteriorly and prevented excessive contact stress (Nakagawa, 

Kadoya et al. 2000). 

• The quadriceps tendon was in broad contact with the trochlea, 

especially in passive flexion. 

• A large part of the articular surface was in contact with the fat pad, 

which carries specific importance as many surgeons resect it to gain 

access to the knee joint. 

• Hydrostatic pressure probably plays some role in supporting the 

patella  

2.3 Variability of Native Tibial Slope and Knee Flexion  

Posterior Tibial Slope-PTS (Figure 8) defined as the posterior inclination of 

the tibial plateau(Giffin, Vogrin et al. 2004), and considered as an important 

factor affecting  knee flexion following TKA as it affects the kinematics of the 

knee joint(Mohanty, Rao et al. 2013). It affects the stability of posterior-

stabilized and cruciate-retaining knees in both the coronal and sagittal planes 

and also influences the degree of knee flexion (Table 1) (Giffin, Vogrin et al. 

2004).   The PTS was adopted by the American Knee Society for 
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radiographic assessment of knee arthroplasty and reported in studies 

involving the sagittal alignment of the tibial component in TKA patients (Yoo, 

Chang et al. 2008). 

 

Figure 8 Measurement of PTS as defined by the angle between a line perpendicular to the mid-
diaphysis of the tibia and the posterior inclination of the tibial plateaus.(After Giffin, Vogrin et al. 2004) 
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Increased Posterior Slope Decreased Posterior Slope 

. Increased anterior tibial translation, 

thus affecting anteroposterior 

stability 

 

. Increased strain on PCL 

. Increased shear stresses on 

posterior part of tibial polyethylene, 

causing wear 

. Increased stresses on anterior 

subchondral bone, risking 

component subsidence 

 

. Increased wear and deformation of 

tibial post in posterior-stabilised 

knee 

. Increased stress on collateral 

ligaments 

 

. Increased flexion gap . Decreased flexion of knee 

. Decreased quadriceps force 

needed to exert extension moment 

 

 

. Enhancement of femoral rollback 
 

Table 1 Changes associated with Increased or Decreased Posterior Tibial Slope (After Ahmad, Patel et 
al. 2016) 

 

 

 
Inter-individual variations in the anatomical posterior tibial slope (PTS) have 

been attributed to ethnicity and gender (de Boer, Blankevoort et al., 2009). 

The measurements collected by de Boer et al. (2009) from 105 human 
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cadaveric knees, the posterior slope of the medial tibial plateau revealed the 

mean PTS to be 8.4°, with the greatest angle being 16° and the smallest 

being −3° (anterior slope). Ethnicity-based PTS variations have been 

emphasised by Mohanty et al. (2013). The normal range of PTS is 

considered to be 5°–10°, but there are clear patterns of difference between 

ethnicities, with Asian people having a greater PTS compared to Caucasians 

(Chiu, Zhang et al., 2000; Yoo, Chang et al., 2008; Khattak, Umer et al., 

2010). The onset of osteoarthritis is associated with an increase of PTS 

(Chiu, Zhang et al., 2000; Han, Chang et al., 2008; Hashemi, Chandrashekar 

et al., 2008). Twenty-one cadaver simulations of a PCL-retaining total knee 

arthroplasty were evaluated using a 3D-computer model. The researchers 

found that flexion increased by 1.7° in response to a 1° PTS increase 

(Bellemans, Robijns et al., 2005). The tibial component in each knee was 

implanted with 0°, 4°, and 7° of posterior slope. The average maximum 

flexion was found 104° at 0° of posterior slope, 112° at 4°, and 120° at 7°. In 

another study by Walker and Garg used the computer simulation model of 

the knee joint and prosthesis. The study reported that the flexion angle 

influenced by PTS. The maximum flexion angle increased by 30° with a 

posterior tibial slope of 10°, and decreased by 25° with an anterior slope of 

10° (Walker and Garg, 1991). 

The correlation at twelve months following CR-TKA found between PTS and 

the maximum flexion angle (Malviya, Lingard et al. 2009) .Thirty knees in 

Group 1 had  ≤5° of PTS, Thirty-three knees in Group 2 had >5° but <8° of 

PTS, and Thirty-eight knees in Group 3 had 8° to 10° of PTS. The study 

showed that with each degree of PTS there will be an increase of 2.6° of 

flexion. Singh et al. (2013) studied 209 TKAs (167 patients), the prosthetic 

designs used in the study; the Scorpio NRG (Non-Restrictive Geometry; 

Stryker) (n 78) and the Zimmer LPS (Legacy Posterior Stabilized; Zimmer) (n 

131), the study reported that regain of the anatomical PTS appeared to 

maximise the knee flexion angle and the range of motion in posterior 

stabilised TKAs. 
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2.4 Research Studies of Kneeling ability  

Overview: 

The requirement to kneel for work or leisure purposes was explored by 

Ulbrich, Raheja et al. (2000) and Palmer, Servant et al. (2002). Their studies 

focused on patients who will be required to kneel following operations. Yet, 

there are a few studies assessing the kneeling ability after TKA for 

osteoarthritis of the knee (Schai, Gibbon et al. 1999, Coggon, Croft et al. 

2000, Palmer, Servant et al. 2002, Sofat, Ramkumar et al. 2006, Hassaballa, 

Porteous et al. 2007, Jenkins, Barker et al. 2008, Hassaballa, Artz et al. 

2012, Artz, Hassaballa et al. 2015). However, compared with other functions 

before and after TKA there is little- published material on the kneeling ability, 

and this could be the reason for the lack of information and uncertain 

answers given to patients who enquire about the kneeling function they can 

expect after TKA (Hassaballa, 2006). In preoperative assessment clinics, the 

patients’ guide booklet lack answers on kneeling ability after TKA 

(Hassaballa 2006, Palmer, Servant et al. 2002, Tarabichi, 2010).  

2.5 Kneeling difficulties and patients’ expectations after TKA 

The differences between patients’ expectation and clinical outcome following 

joint replacement surgery have been a subject of interest (Weiss, Noble et al. 

2002). 

Weiss et al. (2002) investigated the patients’ function and mobility after 

TKAs. The results showed that 40% of patients regularly performed all 

advanced activities (turning, kneeling, squatting, moving laterally and 

carrying heavy objects). Moderate or severe difficulty in doing routine 

exercises, such as swimming, stationary cycling, and leg strengthening, was 

reported by a few patients but an increase of knee symptoms were recorded 

with activities that required higher knee flexion such as gardening (26%), 

kneeling (47%) and squatting (42%). Many surgeons consider the kneeling 

difficulties as minor issues after total knee arthroplasty, but the relationship to 

patient expectations and satisfaction have seldom been described (Sharkey 
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and Miller 2011). Historically outcome was defined by surgeons, but now the 

importance of patient assessment of outcome is recognised as being of 

paramount importance (McGrory, Stuart et al. 1995).  

The patients’ expectations have been shown to influence post-operative joint 

replacement outcome and satisfaction (McGrory, Stuart et al. 1995, Heck, 

Robinson et al. 1998, Scott, Bugler et al. 2012, Clement, MacDonald et al. 

2014, Clement, MacDonald et al. 2015). Knee replacement surgeries are 

performed mainly for pain relief and restoration of joint function but the 

different goals and expectations of patients will differ, and the post-operative 

results will determine if the expectations have been met(Weiss, Noble et al. 

2002). The younger and active patients have elevated expectations of 

implant performance(Dennis, Heekin et al. 2013). 

2.6 Limitation of patients’ ability to flex their knees 

According to Dennis et.al(2007), factors determining knee flexion include 

patients factors, intraoperative technical errors, TKA kinematics, 

perioperative complications and prosthetic design. The maximum range of 

knee flexion is an important indicator of the success of TKA surgeries (Ritter, 

Harty et al. 2003, Ritter, Lutgring et al. 2008). It correlates closely with 

patients’ satisfaction and functional levels (Anouchi, McShane et al. 1996, 

Chew, Stewart et al. 1997). 

Kneeling involves complex movements between the patella, femur and tibia, 

especially at the extremes of movement (Hefzy, Kelly et al. 1996, Hefzy, 

Kelly et al. 1998). Kneeling requires more than 90° of knee flexion to achieve 

upright kneeling, and up to 150 ° - 160° to achieve kneeling with sitting on the 

heels (Hefzy, Kelly et al. 1998). Ritter et al. (2008) reviewed 5556 TKAs 

performed with cruciate-retaining (CR) prostheses and suggested that 

patients obtained the highest knee society scores with 128° to 132° of post-

operative knee range of motion. Most of the studies have failed to reach a 

conclusion whether the main cause behind the inability to kneel is the pain 

and discomfort with knee flexion or the limited range of knee movement after 
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TKA (Hassaballa, 2006). Moon (2000) reported that knee flexion in the range 

of 0-95° was necessary for daily activities and 5-75° of knee flexion would be 

adequate for normal walking. Whereas, at least 95° was needed for rising 

from a chair. Most of the publications report a final post-operative knee 

flexion between 100° and 115° (Insall, Lachiewicz et al. 1982, Insall, Hood et 

al. 1983, Ranawat and Boachie-Adjei 1988, Figgie, Goldberg et al. 1986). 

The optimal functional result post-TKA has been stated to require full 

extension and 120° of knee flexion(Lee, 2014). 

2.7 Patients reported knee assessment tools 

The studies of knee arthroplasty systems have shown adequate functional 

results at middle to long-term follow- up (Wright, Ewald et al. 1990, 

Rorabeck, Bourne et al. 1993, Knutson, Lewold et al. 1994, Mokris, Smith et 

al. 1997, Schai, Thornhill et al. 1998, Robertsson, Scott et al. 2000). The 

measurements of outcome from most of the functional scoring systems 

quoted in these studies use pain, the ability to ascend and descend stairs 

and the use of walking aids (Lequesne, Mery et al. 1987, Insall, Dorr et al. 

1989, Irrgang, Snyder-Mackler et al. 1998). Kneeling ability is not usually 

considered. The scoring systems derived from patient questionnaires, such 

as the Oxford knee score (OKS) include a kneeling question to assess this 

important function- “could you kneel down and get up afterwards?” 

The post-operative OKS can be used to predict the patient expectations. If 

patients are made aware of their expectations preoperatively, this may 

improve their satisfaction postoperatively (Clement, MacDonald et al. 2015). 

The OKS has been reported to be well- suited to the evaluation of knee 

function both before and after knee arthroplasty surgery(Jenny and Diesinger 

2012),  nevertheless; specific areas of patients’ needs, especially those with 

certain social, religious or professional backgrounds or with age-related 

recreational demands, are not addressed (Dawson, Fitzpatrick et al. 1998). 

Most questionnaires such as the American Knee Society (AKS), The Hospital 

for Special Surgery and the Bristol Knee Scores do not address patient 
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satisfaction as they are primarily concerned with function as an end point 

(Hassaballa, Porteous et al. 2003, Insall, Dorr et al. 1989, Davies 2002). 

Patient-specific questionnaires such as the Short Form 36 (SF36) is a 

general health questionnaire and not knee specific (Talamo, Frater et al. 

1997). The currently available questionnaires have been reported to fail to 

address the reasons for kneeling difficulties (Bach, Nogler et al. 2002). 

2.8 Factors affecting kneeling 

Hassaballa (2006) described the factors that influence kneeling function 

(Table 2) and stated that ‘’identification of a dominant variable that influences 

the ability to kneel might substantially help the health care professionals 

advise the patients with confidence about their kneeling ability’’. 

 

                        
 
 
                  Factors Affecting Kneeling after TKA 
 
 
         1. Patient’s related factors: Age, gender, weight, height,      
              Psychology, level of   activity before surgery. 
 
         2. Geographical and cultural factors. 
 
         3. Preoperative and Postoperative Range of Motion. 
 
         4. Surgical Techniques: 
                 a. Type of incision and sensory changes. 
                 b. Posterior Cruciate Ligament. 
                 c. Extensor Mechanism. 
                 d. Posterior overhanging osteophytes. 
                 e. Posterior capsule. 
                 f. The Position of the femoral component. 
                 g. The Position of the tibial component. 
                 h. Flexion gap. 

Table  2 Factors affecting kneeling after TKA  (Hassaballa 2006) 



 22 

2.8.1 Patients related factors 

The factors include the age of the patient, patient’s gender, weight and 

height. Some other factors in need of careful assessment are the patient’s 

psychology and level of activity before surgery. 

2.8.2 Geographical and Cultural factors 

In Japan, full squatting with the knees to the floor is commonly practised 

because of the sitting activities environment. Good flexion after TKA was 

achieved by Shoji et al. (1987) by using a flat tibial surface to allow rollback 

and rotation at flexion. Full squatting was possible in only 6 patients out of 

50. The average post-operative range of motion was 127° at the end of a 

mean follow-up of 2 years. The non- intentional passive flexion exercise 

imparted by the Japanese sitting-style appeared to be important achieving 

and maintaining full knee flexion after TKA. 

In the Middle East, arthritic patients awaiting TKA enjoy a near normal range 

of movement (Hassaballa, Vale et al. 2002). Like the Japanese patients, this 

has been attributed to cultural habits and activities of daily living practised 

since an early age. 

Although there is a lack of documented research on the functional range of 

motion of non-western populations (Acker, Cockburn et al. 2011), 

Orthopaedic Surgeons with experience from various geographic regions 

have stated that there is a variation in  the normal range of movement in the 

knee and the hip joint in different parts of the world (Hoaglund, Yau et al. 

1973). 

In a study carried out in Hong Kong by Hoaglund et al.(1973), a greater 

range of hip motion was found in a Chinese population when compared with 

a Caucasian population and this might be explained by differences in daily 

activities. They supposed that the lower incidence of primary hip 

osteoarthritis seen in the Chinese population could be explained by their 

greater mobility in the hip joint (Hoaglund, Yau et al. 1973). Ahleberg et 
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al.(1988) concluded that the same theory might be used to explain why 

primary osteoarthritis is seldom seen in Saudi Arabian subjects compared 

with Scandinavian ones. It has been suggested that the ROM is not only 

subject to inter-individual variations and variations with age but also varies 

with regard to racial and cultural factors (Moon, 2000). 

2.8.3 Preoperative and Postoperative Range of Motion 

It has been stated that the pre-operative Range of Movement (ROM) 

determines the post-operative range of movement (Goodfellow and O'Connor 

1986, Parsley, Engh et al. 1992, Harvey, Barry et al. 1993, Dennis, Komistek 

et al. 1998, Farahini H 2012, Gatha NM 2004). It has been stated that 

kneeling ability requires a substantial range of free movement at the knee 

joint (Lee, 2014) and is affected by the preoperative ROM(Hassaballa, 

Porteous et al. 2004). The Range of Motion (ROM) is an important measure 

of outcome of TKA and is a crucial part of most knee scoring systems such 

as the Hospital for Special Surgery, the American Knee Society and the 

Bristol Knee Score (Insall, Dorr et al. 1989, Bach, Nogler et al. 2002, Chiu, 

K.Y et al. 2002, Seon, Park et al. 2009). The reported postoperative TKA 

range of motion has improved gradually over time. In 1984, Oglesby and 

Wilson(Oglesby and Wilson 1984) noticed a loss of ROM-pre- to 

postoperatively-from 98° to 85° in osteoarthritis patients and from 82° to 76° 

in rheumatoid patients. In 1990, Dodd et al.(Dodd, Hungerford et al. 1990) 

reported an increase in average ROM from 91° preoperatively to 106° 

postoperative. In 1999, Mont et al.(Mont, Yoon et al. 1999) reported that 

flexion improved from 92° average preoperative to 110° postoperative. 

Adalberth et al.(2000) reported average postoperative knee flexion to be 

115°. Haas et al.(2002) reported average maximum knee flexion angle to be 

124° with posterior cruciate-substituting TKA. In a study by Kanekasu et 

al.(2004) 18 of 36 TKA patients were able to achieve flexion of more than 

145°. These improvements in knee ROM are likely to be due to advances in 

implant design, surgical techniques and the better understanding of TKA 

biomechanics(Lee, 2014). Clinical studies of TKA have shown that the 



 24 

average range of motion after surgery is around 100°, depending on multiple 

factors such as the patient population, type of prosthesis used, implant 

geometry, patella replacement, post-operative rehabilitation programme, pre-

operative range of motion, soft tissue status before surgery and surgical 

technique (Schai, Thornhill et al. 1998, Parsley, Engh et al. 1992, Ritter and 

Stringer 1979, Insall, Hood et al. 1983, Schurman, Parker et al. 1985, 

Ranawat and Boachie-Adjei 1988, Ryu, Saito et al. 1993, Ranawat, 

Luessenhop et al. 1997, Ewald, Wright et al. 1999, Callaghan, Squire et al. 

2000). Several studies have demonstrated that knees with good pre-

operative flexion have better flexion post-operatively than those with poor 

pre-operative flexion. Menke et al. (1992) assessed the range of motion in 90 

patients who had a Total Condylar Knee Arthroplasty 5-6 years earlier. He 

concluded that the subjects’ post-operative range of motion showed 

significant correlation with their pre-operative range of motion. On the other 

hand, Kurosaka et al.(2002) reported that, if a patient had a long-standing 

poor pre-operative ROM, the extensor mechanism become stiff, destruction 

of the bony structure occurred and periarticular fibrotic change of the soft 

tissue also was noted. 

Lizaur et al.(1997) studied a group of patients with severe osteoarthritis and 

found that when the pre-operative flexion was less than 90°, the final flexion 

after TKA was 88°, which was significantly less than the final flexion at 103° 

observed in patients whose pre-operative flexion was 90° or more. This 

concurs with other studies in the literature (Ritter and Stringer 1979, 

Schurman, Parker et al. 1985, Parsley, Engh et al. 1992, Harvey, Barry et al. 

1993, Schurman, Matityahu et al. 1998) which showed that those knees with 

good pre-operative flexion tended to lose flexion, while those with poor pre-

operative flexion gained flexion after TKA. The reported range of motion 

between 115° and 120° following TKA is often not typical. The range of 

motion of only 90° to 100° is commonly achieved, which affects the kneeling 

ability (Lee, 2014). 
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2.8.4 Surgical Techniques 

Type of incision and sensory changes 

The postoperative hypersensitivity of the anterior knee area has been 

postulated to be associated with the kneeling difficulty after TKA(Hassaballa, 

Artz et al. 2012). Some TKA patients attribute their kneeling inability to 

numbness in front of the knee. Berg et al.(1991) evaluated the sensitivity of 

the skin, the frequency of neuromas and discomfort on kneeling following 

medial (31 patients) and lateral incisions (31 patients) in patients undergoing 

open repair of knee ligamentous injuries. The results indicated that the 

medial incisions were associated with more neuromas during a follow-up 

period of 3-6 years and medial incisions produced more kneeling discomfort 

than the lateral ones. The study concluded that the kneeling function 

influenced by the nerve lesions caused by the surgical incision.  In 1983 

Muller suggested that medial incision with the cutting of the saphenous nerve 

branches and the anterior cutaneous nerve of the thigh was the main reason 

for the poorer innervation after surgery (Berg and Mjöberg 1991). In a study 

by Kerver et al.(2013). The infrapatellar branch of the saphenous nerve was 

dissected in twenty knees. A computer-assisted surgical anatomy-mapping 

tool was used for the study. The location-dependent direction of the nerve, as 

well as risk and safe zones were calculated. The study concluded that the 

anteromedial approach in knee surgery was associated with damage to the 

infrapatellar branch of the saphenous nerve, especially when longitudinal 

incisions were made. According to Kerver there were low-risk zones for a 

safer anterior approach to the knee (Medial to tibial tuberosity and Medial to 

the lower pole of patella). The direction of the infrapatellar branch of the 

saphenous nerve is location-dependent. The study recommended that the 

direction of incisions should be parallel to the direction of the nerve to 

minimise iatrogenic damage to the nerve. Ojima et al.(2011) evaluated 95 

patients (101 knees) on whom primary TKA was performed with follow up of 

more than two years. A longitudinal incision (40 knees) and a transverse 

incision (61 knees) were used. Blood loss, Operation time complications and 
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knee society score were evaluated. Lengths and widths of the wounds and 

the Manchester Scar Scale (MSS) were measured one year after the 

surgery. Further examination evaluated sensory disturbances and kneeling 

function; the study showed that the transverse incision was superior to 

longitudinal incision with regard to scar formation and interestingly had less 

dysfunction of infrapatellar branch of saphenous nerve and the kneeling 

ability. 

Breitfus et al.(1996), Studied post-operative complications after anterior 

cruciate ligament (ACL) reconstruction using bone tendon bone graft and 

found that functional pain during kneeling activities was observed in 46% of 

patients. Corry et al.(1999) also came to a similar conclusion when 

comparing a patellar tendon autograft and four strands hamstring tendon 

autograft for arthroscopic reconstruction of anterior cruciate ligament (ACL). 

Morshuis and Pavlov (1990) retrospectively studied 22 patients treated for 

patellofemoral pain using the antero-medialization technique. They 

concluded that there were kneeling difficulties and postoperative 

hypoesthesia around the scar in some of their patients, which remained after 

an average follow-up of 15-30 months, On the other hand, Engh (1998) 

suggested that using the mid-vastus incision; instead of the medial Para-

patellar approach would limit disruption of the extensor mechanism and 

improves kneeling and squatting. These conclusions suggest that the 

alteration of skin sensation after TKA depends on the type of incision and this 

in turn may affect the kneeling ability. 

Posterior Cruciate Ligament (PCL) 

The PCL tightens up in deep flexion during TKA surgery, the knee can be 

flexed more easily after its removal, and a larger flexion gap can be obtained.  
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Posterior Cruciate Ligament (PCL)-Retaining or Substituting Implants:  

Posterior Cruciate Retaining  

These retaining designs create stability by harnessing the resistance of an 

intact PCL against the rearward movement of the tibia. To accommodate the 

ligament, there are notches in the femoral and tibial prostheses and the 

central surface of the plastic insert is flat. 

Posterior Cruciate Substituting  

Designs that substitute the PCL mimic the PCL’s normal function. The tibial 

component cushion has an elevated surface with an elevated post or sloping 

cam. By supporting the knee’s backward movement during flexion and 

reducing the forward slide of the femur over the tibia, PCL substituting-

implants confer stability on the knee in the absence of the PCL. These types 

of implants are also known as posterior stabilised knees, Li et al. (2014) 

undertook a meta-analysis of randomised controlled trials (RCT) to compare 

posterior-stabilised TKA with posterior cruciate-retaining TKA. The data 

included trials published up to August 2011 and the Physiotherapy Evidence 

Database (PEDro) scale was used to evaluate the methodological quality of 

the RCTs; Review Manager 5.1 was used to analyse the data. To determine 

the quality of the evidence, the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) method was used. In total 8 RCTs 

comprised of 963 knee joints in 888 patients satisfied the predetermined 

inclusion criteria. The results show that in patients with a posterior-stabilised 

TKA, the post-operative range of motion (ROM) and flexion angle were 

respectively 11.07° and 2.88° greater than in patients with a PCL-retaining 

TKA. In terms of the extension angle, knee society pain score, 2- and 5- year 

knee society score, 2- and 5- year knee and function score, and 

complications following primary TKA, no statistically significant differences 

were observed between the designs. 

It was concluded that the clinical outcomes of posterior cruciate-retaining and 

posterior-stabilised TKA were comparable in terms of post-operative knee 



 28 

pain, other complications and knee function. The lifespan of the implants was 

satisfactory and both types endure similarly; no differences were detected at 

follow-up in the short and mid-term.   

If a PCL-retaining design is used, the tight PCL is released to allow a 

sufficient flexion gap. The desired tension of the PCL, which is tight in deep 

flexion, is difficult to achieve after PCL retaining TKA. 

Arima and Whiteside (1998) studied the effects of partially releasing the PCL 

on kinematics and flexion angle. They concluded that the maximum flexion 

angle improved with partial release and the anteroposterior stability 

maintained with no unfavourable changes in kinematics, whereas full 

resection of the PCL caused undesirable anteroposterior instability. Partial 

PCL release eliminated excessive rollback movement caused by a tight PCL, 

furthermore, the point of articular surface contact shifted anteriorly. The study 

results showed that partial release of the PCL may improve knee function in 

patients with a tight PCL after TKA (Arima, Whiteside et al. 1998). The 

precise release is sometimes difficult to perform. However, in some 

surgeons’ opinion, the PCL substituting prosthesis can provide a more 

predictable flexion gap and a larger flexion angle (Stiehl, Voorhorst et al. 

1997, Dennis, Komistek et al. 1998). 

The Extensor Mechanism 

The extensor mechanism consists of the quadriceps muscles, the quadriceps 

tendon, the patella and the patellar tendon. This structure tightens in deep 

flexion and is an important determinant of the post-operative ROM.  

Posterior Overhanging Osteophytes 

It has been suggested that posterior osteophytes inhibit full flexion and 

should be resected. There is a need to clear any posterior femoral condylar 

remnants. These bony remnants if not cleared, may obstruct knee flexion by 

causing impingement against the tibial insert posteriorly(Kurosaka, Yoshiya 

et al. 2002). 
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Posterior capsule 

The posterior capsule is often released from the tibia and the femur.  It 

becomes loose in knee flexion as suggested by some surgeons. As long as 

significant adhesions can be identified, it is not important to release this 

structure to obtain future flexion (Kurosaka, Yoshiya et al. 2002). 

Position of Femoral Component 

It has been suggested that a slightly flexed positioning of a femoral 

component can produce better flexion after surgery(Kurosaka, Yoshiya et al. 

2002). Murphy et al.(2014) performed a double-blinded randomised 

controlled clinical trial to compare the outcomes of primary cruciate-retaining 

TKA for osteoarthritis with the femoral component implanted in the sagittal 

plane in either a neutral position or 4° flexion. Knee extension and flexion 

were assessed intra-operatively. Lateral radiograph view performed to 

measure the implant flexion. Thirty-nine participants (40 knees) were 

recruited, 20 knees per group. Significant differences in the degree of knee 

flexion were found between the two groups. The researchers noticed a 

significant difference in knee flexion with flexed femoral implant in cruciate 

retaining TKA system compared to a neutral position. The 4° flexed 

placement can also minimise the risk of notching the anterior femoral cortex. 

A possible sequel to this is that positioning of the femoral component in 

significant flexion could lead to an extension block post-operatively. 

Position of Tibial Component 

A slight increase in the tibial component tilt posteriorly could increase the 

post-operative range of motion. Applying high loads to the anterior part of the 

polyethylene insert could lead to accelerated wear. Under cutting the 

posterior slope leads to tightness in flexion, which reduces the ROM 

(Hassaballa, 2006).  



 30 

The Flexion Gap 

There are two further viewpoints in need of further exploration. The first is to 

leave the flexion gap (Figure 9) a little bit lax to gain better flexion(Bach, 

Nogler et al. 2002), the second is to leave the gap tight to minimise the risk of 

dislocation (Hassaballa, 2006). Both of these suggested strategies need 

further research to confirm whether or not they are beneficial. 

 

Figure 9 The flexion gap is created first by removing bone from the tibial plateaus and the posterior 
femoral condyles (Insall & Scott Surgery of the Knee 2017) 

2.9 Anterior Knee Pain following total knee arthroplasty 

According to Geert Pagenstert (2015), anterior knee pain (AKP) is a frequent 

and incessant complication following total knee arthroplasty (TKA). Hefzy 

and Kelly et al. (1998) and Dawson and Fitzpatrick et al. (1998) point out that 

pain can arise due to kneeling both prior to and following surgical 

intervention, while Petersen and Rembitzki et al. (2014) report AKP both in 

patients who have undergone patellar resurfacing and those who have not. 

The peer-reviewed literature has been systematically reviewed by Van 

Jonbergen et al. (2014) with the aim of establishing and evaluating the 

possible factors linked to post-TKA incidents of AKP. The studies reviewed 

made use of different scoring systems for AKP, leading to significant 

deviations in objective pain assessment and contributing to an inconclusive 

body of results and it should also be noted that the reviewers included 

patellofemoral pain in the search strategy, which is not necessarily the same 
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as AKP. Numerous factors were considered, of which some, but not all, were 

demonstrably connected with AKP. For example, patient-specific factors 

such as preoperative AKP, as well as age, BMI, gender, height and weight, 

were not definitive indicators of postoperative AKP, nor were knee-specific 

factors such as diagnosis, deformity, knee scores, range of motion, or 

radiographic grade of osteoarthritis. A correlation between the intra-operative 

degree of patellar cartilage wear and AKP was suggested, but not clear-cut. 

With respect to the design of prostheses, Van Jonbergen et al. (2014) were 

unable to formulate any recommendations regarding the design geometry of 

the tibial insert, patellar component fixation, patella-friendly trochlear designs, 

specific PCL management strategies, or tibial component bearing strategies, 

although a minor endorsement was suggested for prosthetic designs 

incorporating a posterior centre of rotation. The reviewers were also unable 

to offer any firm guidance with respect to operative procedures, including 

specific surgical methodology, navigation, lateral release, or residual patellar 

thickness, although a minor endorsement was suggested for resecting 

Hoffa’s fat pad and for avoiding internal rotation of linked components. 

Patellar resurfacing was not endorsed, while patellar reshaping was mildly 

favoured and the use of patellar rim electrocautery was definitely endorsed. 

The majority of investigations to-date have concentrated on the patella as the 

site of AKP, although neither the grade of patellar cartilage damage 

(radiographically or intra-operatively assessed), nor the patella-friendliness of 

the femoral component have been demonstratively linked to AKP in most of 

the reports cited in this section. 

Nevertheless, a potentially significant observation, which may require further 

evaluation, is the correlation between the patellofemoral joint loading and 

AKP. Several determinants leading to abnormal patellofemoral joint loading 

have been linked to AKP, such as inadequate alignment of components with 

changes in joint line height (Figgie, Goldberg et al. 1986, Fern, Winson et al. 

1992), rotational errors (Barrack, Schrader et al. 2001), anterior positioning of 

the centre of rotation of the femoral component (Mahoney, McClung et al. 

2002), and the pattern of gait (Smith, Lloyd et al. 2004). The largely 
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unsuccessful outcome of secondary resurfacing may be the result of one or 

more of these determinants, although other factors affecting patellofemoral 

load are not linked to AKP - for example, the anterior or posterior offset of the 

tibial component (Burnett, Boone et al. 2007), patella height (Burnett, Boone 

et al. 2007, Erak, Rajgopal et al. 2009, Kim, Reitman et al. 1999, Wood, 

Smith et al. 2002) and patellar thickness (Erak, Rajgopal et al. 2009, Koh, 

Yeo et al. 2002). Thus, it was concluded that while AKP is clinically 

significant, the variations in reported incidence of postoperative AKP suggest 

that the condition is not due to one specific factor. 

2.9.1 Aetiology and Treatment of AKP 

According to Geert Pagenstert (2015), the major challenge of TKA is to 

accomplish a congruity of motion between the various parts of the knee joint. 

This is particularly difficult in the patellofemoral joint as the combined motions 

of rotation, flexion, and mediolateral shift during knee bending and extension 

lead to a complicated patella kinematic profile. The patellofemoral force is 

greater than three times the body weight and minor shifts in patella tracking 

may have a significant impact upon loading. He and Jiang et al. (2011) and 

Pilling and Moulder et al. (2012) indicate that the total incidence of 

patellofemoral pain in TKA patients, both in the presence and absence of 

patellar resurfacing, is between 5 and 45%. Studies by Altay and Ertürk et al. 

(2012), Handel and Riedt et al. (2014), and Pulavarti and Raut et al. (2014) 

are inconclusive regarding the presence of reduced AKP following 

circumferential denervation of the patella, with some investigations 

suggesting a positive result, but others not. The causative factors of 

postoperative AKP can be considered under the following headings: (i) knee 

anatomy, (ii) component design, (iii) position of femoral and tibial 

components, (iv) restoration of the original joint line, (v) adjacent joint 

function and overall limb alignment, and (vi) function of muscle and soft 

tissue. 
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Knee anatomy 

According to Baldwin and House (2005) and Kim and Chung et al. (2009), 

the patella is generally larger in men than in women and, in each group, 

there are broad individual variations in the size and shape of the patella. The 

central ridge ranges from 17 to 33 mm in thickness, while the mediolateral 

width ranges from 25 to 64 mm. Wiberg, G. (1941) notes a significant 

deviation in the size of the medial and lateral patellar facet. Tecklenburg and 

Dejour et al. (2006) similarly noted a significant variation in shape, depth and 

inclination of the anatomically equivalent trochlea. As noted above, the 

benefit of primary patellar resurfacing is uncertain, as no measurable 

difference in AKP following TKA has been demonstrated with or without 

resurfacing. Nevertheless, when resurfacing is to be undertaken, the on-lay 

method is preferable to the in-lay method, as the latter has been linked to the 

presence of painful nerve endings at the unaltered patellar margins. 

According to Ledger and Shakespeare et al. (2005), Fu and Wai et al. 

(2012), and Camp and Bryan et al. (2013), the aim of resurfacing is complete 

coverage without protuberance to give a symmetrical patellar bone reserve of 

12 to 15 mm. Hence, the component generally covers the entire bone 

proximal to distal, while leaving bone uncovered medio-laterally. In order to 

optimise tracking, the component should be located as medially as possible, 

and the excessive lateral patellar facet should be removed to decompress 

the lateral retinaculum. 

Component design 

According to Leichtle and Wünschel et al. (2014), the post-TKA 

patellofemoral pressure can be up to 1.5 to 2.5 times greater than that of the 

native knee. Becher and Heyse et al. (2009) cite numerous investigations 

attesting to the effect of component design upon the patellofemoral pressure 

and some reports exist linking TKA design and the incidence of post-surgical 

patellofemoral complications. Larson and Lachiewicz (1999), for example, 

noted a significant incidence of patellar clunk (up to 21%) in the original 
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Insall-Burstein posterior-stabilized prosthesis design. Alternative TKA 

designs incorporate design aspects which may be linked to patellofemoral 

overloading, such as a thicker anterior flange and a high level of flexion 

designed into the femoral component. Hence, the optimisation of TKA design 

to enhance patellofemoral tracking has become a requisite in recent times. 

Improved patellofemoral kinematics and function are the aims behind design 

adjustments such as incorporation of side-specific components and 

development of anatomically oriented trochlear grooves and longer and 

deeper trochlear grooves. Further, according to Larson and Lachiewicz 

(1999), the incidence of patellofemoral complications may be decreased by 

the availability of a wider range of patellar and femoral component sizes. 

Thus, the so-called patella friendly TKA femoral component design 

incorporates an extended anterior flange and a deeper and wider trochlea 

groove with anatomical orientation of 4-5° valgus to the mechanical axis. As 

shown in Figure 10, stabilisation is enhanced, and the patellofemoral contact 

area increased, by earlier engagement of the patella during flexion. 

 

 

Figure 10 Patellofemoral contact areas at various degrees of knee flexion, showing bifurcation of the 
patellofemoral contact at a knee flexion greater than 100°. The odd facet (most medial portion) of 
patella engages with the medial femoral condyle at a knee flexion between 125° and 135°. The red 
dotted lines indicate changes in patellar tilt angle in the coronal plane during flexion. (After Schindler O. 
S.2011). 

 

According to Theiss and Kitziger et al. (1996) and van Jonbergen and 

Reuver et al. (2014), the use of the patella friendly design has led to reports 

of a major reduction in complications, although van Jonbergen interpreted 

the literature to indicate that the designs failed to minimise the incidence of 

AKP. Furthermore, no differences in clinical outcome with respect to patellar 



 35 

pain were found in association with various femoral designs, classed as 

friendly or otherwise, in a meta-analysis study by Pavlou and Meyer et al. 

(2011). According to van Jonbergen and Scholtes et al. (2011), 

patellofemoral maltracking and patellar dislocation were strongly aggravated 

by both implant design and surgical error. If the femoral artificial trochlea was 

too deep, there could be excessive stress to the patella, leading to 

postoperative pain, implant wear, and patellar fracture. Alternatively, a 

shallow groove might lead to instability and subluxation. The ideal track 

would be in a direction aligned with the pull of the quadriceps muscle, which 

is attached to the femur and the pelvis, but with a standard joint line at right 

angles to the mechanical axis, the tracking of the patella would be between 

3° and 5° directed laterally to adjust for a compromise of the natural valgus 

pull of the quadriceps muscle. 

Position of femoral and tibial components 

The success of TKA surgery is dependent upon the correct sizing and 

positioning of the femoral and tibial components. An overly large femoral 

component can subject the extensor mechanism and the patellar joint 

surface to inordinate stress, giving rise to problems such as scarring, 

synovitis, wear, impaired range of motion, and recurrent hematoma. Incorrect 

positioning of the femoral and tibial components can occur in all three planes 

of the knee: the axial plane (internal and external rotation), the coronal plane 

(varus and valgus position, medial and lateral shift and joint line elevation), 

and the sagittal plane (anterior and posterior shift, flexion and extension). 

According to Bell and Young et al. (2014), excessive internal rotation of the 

femoral and tibial components, both individually and in combination, as well 

as mismatched component rotations, have been considered as contributory 

to unexplained incidences of postoperative AKP.  

Faulty rotation of the femoral and tibial components gives rise to faulty 

patella tracking, which has been reported to be the most common 

complication following TKA. According to Berger and Crossett et al. (1998), 

the combined internal rotation of these components is linked to 
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patellofemoral problems and the severity of anterior knee pain increases with 

increasing rotational aberration. The tension of the medial and lateral 

retinaculum is affected by rotation of the femoral component, with inordinate 

internal rotation placing undue stress on the lateral retinaculum, leading to 

incorrect patella tracking and to considerable discomfort at the lateral patella 

border. An in vitro investigation by Vanbiervliet and Bellemans et al. (2011) 

aimed at elucidating the impact of faulty rotation upon the level of 

patellofemoral wear during walking demonstrated a notable increase in wear 

resulting from faulty patellar tracking due to an internally rotated femoral 

component. This mechanical fault is possibly the most common determinant 

of patellofemoral pain, since the TKA mechanism typically confers 3° of 

external rotation to the posterior femoral condyles. According to Rhoads and 

Noble et al. (1993) and Berger and Crossett et al. (1998), positioning of the 

femoral component parallel to the epicondylar axis is demonstrably more 

dependable and provides decreased patella subluxation and lateral patellar 

pain. 

Excessive internal rotation of the tibial component places the tibial tubercle in 

a lateralised position, in which the patellar tendon and the quadriceps tendon 

(forming the Q-angle) cease to move in a corresponding axis. Contraction of 

the quadriceps muscle can then lead to lateral dislocation of the patella in 

order to re-align it with the quadriceps tendon, with the lower leg and foot 

becoming more externally rotated. The same situation arises when the entire 

TKA is positioned in excessive valgus. The position of the patella relative to 

the tibia is measured by the Caton-Deschamps index. For correct positioning, 

the joint line of the TKA implant with respect to the patella must restore this 

index to an approximate value of one. 

If the tibial bone is inadequately trimmed, the new joint line will be raised, and 

contact of the anterior tibial plateau with the patella will be premature. More 

recent in-lay designs compensate for this issue by moulding the polyethylene 

at the anterior part, affording greater degrees of flexion without patellar clash.  

Patellar tracking is directly influenced by central or lateral shift of the femoral 

component, with a central shift in the frontal plain leading to reduced 
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coverage of the lateral femoral bone and, hence, to lateral patella subluxation 

due to the faulty tracking between the centralised trochlea groove and the 

patella. Pain arises when the patella is constrained to follow the centralised 

trochlear groove, as the lateral retinaculum is subjected to inordinate stress. 

In contrast, a minor lateral displacement of the femoral component moves 

the trochlear groove under the patella and can enhance patella tracking, 

although there is a slight risk of inducing medial patella subluxation. 

According to Brick and Scott (1988), Rand and Bryan (1988) and Whiteside 

and Ohl (1995) dislocation caused by ligamentous insufficiency, in contrast to 

the incidence of faulty patella tracking, is somewhat rare. The latter authors 

suggest that patella dislocation should be managed by tibial tubercle transfer, 

documenting reliable performance without tibial tubercle non-union in their 

studies. In contrast, a significant incidence of non-union and complication 

when using tubercle transfer during TKA were described by Rand et al. 

These researchers advocate rebuilding of the medial patellofemoral ligament 

(MPFL), by means of autologous semitendinosus, quadriceps tendon, or 

synthetic band, since the MPFL supplies the main restriction to lateral 

patellar dislocation. 

Most of the above-mentioned determinants can be assessed by radiographic 

imaging. Rotational performance should be monitored by 3D-CT. According 

to the CT assessment reported by Berger and Crossett et al. (1998), the 

femoral component should be optimally positioned parallel to the epicondylar 

line, while the tibial component should be internally rotated by 18° to the tibial 

tubercle (angular orientation of the tibial component). 

Restoration of the original joint line 

According to Victor and Wong et al. (2009), the behaviour of the medial and 

lateral collateral ligament is close to isometric over the full range of knee 

movement, with a maximum strain of under 2 %. During flexion, the average 

length of the medial patellofemoral ligament first increases (for up to 30° of 

flexion), then shortens continuously until full flexion, while its insertion site 



 38 

alters by 0.25 mm per 10° of knee flexion. In the early postoperative stage, 

patella mobility and tracking can be enhanced by physiotherapy including 

mobilisation of the patella. At this stage, immobilisation of the patella should 

be avoided by closure of the capsule at 30° of knee flexion, the position in 

which the capsule and the MPFL are tightest. At full extension, the capsule is 

slack and closure can readily become too tight. Once the possibility of 

incorrect positioning of the TKA parts has been ruled out by CT scans 

(ideally 3D-CT), the presence of limited patella motion and painful retinacular 

palpation suggest the possibility of lateral patellar hyper compression 

syndrome. This is typified in skyline views by tilting and possible lateral 

displacement of the patella, while local tenderness and impingement may be 

increased by a traction spur of the lateral patella. 

According to Paulos and O'Connor et al. (2008) and Wetzels and Bellemans 

(2012), partial lateral facetectomy is a helpful medium- and long-term 

management choice for isolated patellofemoral osteoarthritis patients and for 

decompression of the lateral retinaculum by reduction of the lateral patellar 

osteophytes. Furthermore, lateral retinacular lengthening can be employed to 

create extra space for the contracted lateral patellofemoral joint, while 

Pagenstert and Wolf et al. (2012) suggest z- lengthening of the lateral 

retinaculum between the superficial and deep layer, with closure at 80° of 

knee flexion, affords successful lateral decompression without loss of the 

deep retinacular link between the patella and the iliotibial tract, which serves 

to safeguard the TKA. Following lateral release, the subcutaneous 

hematoma is connected directly to the TKA, leading to reports of subsequent 

deep infection. According to Pagenstert and Seelhoff et al. (2014), 

facetectomy and medial capsular reefing in patella hyper compression 

syndrome afforded improved patellar tracking and raised outcome score 

compared to simple patellar resurfacing of the painful un-resurfaced patella 

following TKA.  
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Adjacent joint function and overall limb alignment 

The presence of hip osteoarthritis may generate a referred pain in the knee, 

so management should always consider the hip as a source of knee pain. 

Osteoarthritis of the lumbar spine, hypertrophy of the facet joint, or herniation 

of the discus may result in radiculopathy of nerve L4, as the root supplies the 

anterior aspect of the knee, this can also be a cause of knee pain.  

The knee can also be affected by valgus deformity at the ankle joint or 

hyperpronation of the foot, in which case orthotics can assist in correcting the 

position of the foot and limiting the force exerted in the knee. 

Dysfunction of muscle and soft tissue 

According to Park and Hopkins (2013), anterior knee pain has a considerable 

effect upon quadriceps muscle function, while Vahtrik and Gapeyeva et al. 

(2012) argue that this condition may be aggravated by a weakening of 

quadriceps activation following TKA. Nevertheless, Berth and Urbach et al. 

(2002) point to three-year follow-up studies to suggest that the pre-surgery 

deficiencies in quadriceps muscle function are reversible, at least to some 

extent. Chester and Smith et al. (2008) have demonstrated that weakness of 

the vastus medialis of the quadriceps muscle will lead to faulty lateral patella 

tracking. The medial vastus is part of the muscle that atrophies quickly in 

response to any disease involving the knee area; hence strengthening of this 

muscle is vital.  

According to Myer and Ford et al. (2010), an imbalance between the hip 

abductors and adductors can result from weakening of the gluteus medius 

and minimus muscles, the increased hip adduction leading in turn to 

enhanced strain at the iliotibial band and to lateral knee pain. 

The tendinous portion of the tensor fascia lata muscle, which inserts at the 

tubercle of Gerdy in the tibia, is the iliotibial band. Sliding friction between the 

iliotibial band and the lateral femoral epicondyle during knee movement, 

occurring largely at a flexion angle of 30° (termed the impingement angle) 
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gives rise to the iliotibial band syndrome. The iliotibial band connects to the 

intermuscular septum just above the lateral femoral condyle and adhesion 

can render the patella immobile. The iliotibial band functions as a lateral hip 

stabiliser and resists adduction, hence increased hip adduction and internal 

knee rotation exert an increased strain upon the iliotibial band, leading to 

tenderness around 2 to 3 cm above the lateral joint line of the knee and can 

lead to a positive result in the Noble Compression Test (Noble, 1980). 

2.9.2 Methodologies for the assessment of pain 

The works of Huskisson (1974), Scott, and Ansell et al. (1977), Huskisson 

(1982), List and Helkimo et al. (1989), Nussbaum and Downes (1998) and 

Jones and Kilgour et al. (2007) demonstrate the range of methodologies 

applied to the assessment of pain. An investigation into methodologies for 

the evaluation of postoperative pain by Gablenz and Heinen et al. (1988) 

compared the effectiveness of a device that exerts a controlled pressure by a 

probe termed the dolorimeter/algometer (Figure 11), with a linear visual scale 

(VAS) and a verbal rating scale (VRS), they concluded that the dolorimeter 

was less conjectural and more readily applicable than the VAS. Dolorimeters, 

also known as Algometers, are used to measure the pain tolerance of 

individuals. 

 

Figure 11 Baseline Dolorimeter (Algometer) with a circular probe. 
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Previous work by Fischer (1987) and Kinser and Sands et al. (2009) 

confirmed that the pressure threshold measurements acquired using the 

dolorimeter with a 1 cm2 contact area achieved acceptable reliability scores 

among different assessors and for individual (repeat) assessors over the 

course of time.  

Tastekin and Uzunca et al. (2010) have defined the pain-pressure threshold 

as the minimum applied force that induces pain. These authors, following on 

from Wolfe and Smythe et al. (1990), have described studies in which the 

investigator gradually raised the pressure at a rate of approximately 1 kg cm-2 

s-1 and the pain-pressure threshold was recorded when the subjects 

indicated the moment at which the feeling of pressure became pain. This 

threshold varied from one patient to another, hence Jones and Kilgour et al. 

(2007) point out the primary need for standardisation of the testing 

methodology. 

Clinicians and academics have shown considerable interest in the notion of 

pressure pain threshold (PPT) and determining the onset of pain utilising the 

algometer, and these have been widely researched (Jones 2007).  Research 

by Jones in 2007 examined the reliability of PPT measurements relating to 

the upper limbs and torsos of healthy young women. Rakel et al (2012) 

conducted research with patients who had undergone Total Knee 

Arthroplasty (TKA). The aim was to identify indicators of mobility after 

operations and pain while resting, and the Dolorimeter was utilised to 

analyse PPT in relation to knees as part of quantitative sensory testing. Mutlu 

and Ozdincler (2015) found that using a Dolorimeter to determine PPT was 

reliable and responsive. They noted that this could be applied in clinical 

practice to patients with knee OA, particularly if carried out in one 

examination session by a professional.  

Research by Rianne et al (2017) utilised an algometer in relation to patients 

with patellofemoral pain. It was found that these patients’ PPTs were 

significantly lower than those of controls at all points measured. The research 

established that local and generalised pressure hyperalgesia - implying 
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changes in both peripheral and central pain processing, were observed in 

patients with PFP.  However, female patients with PFP were most likely to 

experience generalised hyperalgesia. Haghverdian et al (2016) investigated 

whether the PPT concept was helpful in predicting visual analogue scale pain 

scores, duration of stay in hospital and opioid intake for patients who 

received total joint arthroplasty. However, no evidence was found that PPT 

was useful in estimating acute postoperative pain, consumption of 

medication to combat pain, and duration of hospital stay.  

Nussbaum et al (1998) were able to determine PPT reliability over time, with 

the same results obtained on days one, two and three of measurement. 

However, research by Sand et al (1997) identified a decrease in PPT 

measurements during the time period studied. Nie et al (2005) consider PPT 

an effective indicator of soreness of musculoskeletal structures in conditions 

such as fibromyalgia, pain associated with multiple sclerosis and 

postoperative pain.  

Skilled examiners can utilise an algometer consistently to arrive at very 

reliable PPT values in relation to healthy individuals, when expressed as the 

mean of three trials (Chesterton, 2007). Chesterton points out that the 

reliability of PPT measurements is influenced both by the examiner’s 

technique and the capacity of the subject to express their PPT consistently 

(Chesterton, 2007). Hence variations in PPT calculations might arise from 

observer or participant error, or an error in measurement which is the 

difference between each individual assessment and its actual measurement. 

Thus various factors can affect PPT measurements. The amount of pressure 

applied via the algometer has been found to be a significant cause of 

measurement error, with the application of consistent pressure considered a 

major challenge within algometry. The angle of an algometer’s positioning on 

the body is another cause of error. If there are variations in this, it will 

influence the reliability of the subject’s own indication of PPT. A number of 

studies involving both healthy participants and those with clinical conditions 

employed fixed-angle algometry to address this problem (Greenspan, 1994; 
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Chesterton, 2003; MacDonald, 1990; Vatine, 1993; Walsh 1995). The 

research by Chesterton found that multiple examiners utilising fixed-angle 

algometry achieved high inter-rater reliability in determining PPT in healthy 

individuals. Linde (2017) recently investigated the association between 

algometer application level and PPT when examining myofascial trigger point 

sensitivity. A strong, linear relationship was found between these two 

variables, when the pressure algometry method was employed. Zamani 

(2016) utilised an algometer to measure PPT and sensitivity to pain in 

relation to the upper trapezius muscle in asymptomatic young women. The 

aim was to establish the reliability of measurements across examiner and 

over time. It was concluded that algometry could be used to measure 

pressure pain when diagnosing dysfunction, identifying prognostic markers 

and when assessing the results of treatment. 

2.10 Patellofemoral arthritis (PFA) 

According to Rytter, Egund et al. (2009) the association between the 

kneeling activity and patellofemoral arthritis (PFA) has not been completely 

elucidated, in contrast to the connection with tibiofemoral arthritis (TFA). The 

pathology of PFA arises from various determinants (see appendix 2). For 

example, PFA can be directly due to; blunt trauma, fracture or traumatic 

dislocation of the patella or to overloading associated with occupational, 

sport, or obesity and less frequently PFA can be due to osteochondritis 

dissecans. In addition, indirect factors that are associated with PFA include 

mis-alignment (inadequate patella tracking and positioning), trochlear 

dysplasia, valgus deformity and femoral anteversion. 

2.10.1 Aetiology 

According to Grelsamer (2006) the articular cartilage of the patella, in 

common with all articular cartilage, is composed of a solid matrix consisting 

primarily of glycosaminoglycans and collagen, and a fluid phase. The fluid 

phase (Water) responds to the application of a load by gradual re-distribution 
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within the moderately permeable solid phase, with the fluid pressure acting 

as the primary source of both the cushioning effect and the low surface 

coefficient of friction of the articular cartilage. When fluid pressure is lost due 

to articular surface damage from cracks, fissures and crevices, the collagen 

fibres are subjected to significant stress and become increasingly susceptible 

to failure. The broad range of clinical reactions to a specific joint load applied 

to different patients suggests that there is a genetic influence upon the 

capacity of collagen to resist significant stresses (Grelsamer, 2006).  

Articular cartilage can become damaged or worn in response to a number of 

biological determinants, such as inflammatory disease and infection, 

although isolated patellofemoral arthritis does not arise from these causes. 

Recently, Harasymowicz et al. (2017) have examined the macrophage 

content of articular adipose tissue depots (the synovial and infrapatellar fat 

pad, IPFP) in patients undergoing knee replacement procedures for the 

treatment of osteoarthritis. They found that obese articular adipose tissue 

depots are the home to numerous macrophages, which might act as powerful 

initiators of inflammation when osteoarthritis and obesity combine forces. 

Apart from the most initial stages of flexion, the full flexion-extension cycle 

places load upon one part or another of the patellar cartilage. As the knee 

flexes, load is applied to the distal portion of the patella, the area of contact 

with the patella moving proximally with continuing flexion up to 90° before 

moving back toward the central aspect of the patella. Thus, the central area 

of the patella experiences the most persistent loading and also manifests the 

greatest thickness of cartilage (6.5 mm) not only in the knee but also in the 

entire human anatomy.  

The majority of actions entailing knee flexion, such as crouching, kneeling, 

arising from a seated position, or climbing a staircase, follow a closed-kinetic-

chain process by which the foot is placed on the ground. Stresses are 

incurred across the patellofemoral joint during actions that entail repetitious 

bending in opposition to a resisting force, most commonly the body weight. 

During the closed-chain process, the forces across the patellofemoral joint, 
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along with the contact pressures (force per unit area), increase with knee 

flexion from 0° to 90°. 

An anomalous stress distribution can arise from an incorrect fit between two 

surfaces coming into close contact. Anomalously high lateral stresses, which 

can result in arthritis, are incurred by rotational mis-alignment in the axial 

plane (posterior tilt of the lateral border of the patella). 

The following four PFA population categories have been described by Dejour 

et al., SOFCOT (2010): 

(i) The primary arthritis population (49%, mean age at surgery: 58). Patients 

with no previous orthopaedic history, especially with respect to dislocation; 

lateral facet joint line narrowing, normal sulcus angle, and no crossing sign 

(Figure 12). 

(ii) The post patellar instability population (33%, mean age at surgery: 54). 

Patients with a history of objective patellar dislocation; lateral facet joint line 

narrowing, dysplastic sulcus angle, crossing sign with trochlear dysplasia 

(Figure 13). 

(iii) The post traumatic population (9%, mean age at surgery: 54). Patients 

having suffered an articular patellar fracture. 

(iv) The chondrocalcinosis population (rheumatoid disease) (9%, mean age 

at surgery: 72). Bilateral arthritis with typical edge notching (Figure 14). 
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Figure 12 Primary isolated patellofemoral arthritis (Dejour et al., SOFCOT 2010) 

 

Figure 13 Postinstability Isolated patellofemoral arthritis (Dejour et al., SOFCOT 2010) 
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Figure 14 Chondrocalcinosis (Pinterest.com/chondroclacinosis image). 

2.10.2 Pathoanatomy 

According to Minkowitz (2009), the anatomical function of the patellofemoral 

joint involves contributions from both static (ligamentous and osseous) and 

dynamic (neuromuscular) components. Patellofemoral joint stability rests 

upon limb alignment and upon the static stabilising contributions of the 

medial and lateral patellofemoral and patellotibial soft tissue complexes. An 

additional important stabilising influence for the knee and various parts of the 

patella is believed to be the relationship between the knee and the position 

and strength of the pelvis. In the face of this intricate combination of 

elements understanding healthy, let alone anomalous, PFJ function presents 

a major challenge. 

Patellofemoral arthritis (PFA) can involve loss of articular cartilage from one 

or more surfaces of the patella, and/or from the trochlear groove. According 

to Newman et al. (2000) retropatella cartilage (RPC) can be divided into four 

quadrants and each graded from 0 to 3 according to Outerbridge’s criteria 
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(Table 3).  This gave a Patella Wear Score of between 0 and 12, which 

represents the degree of degenerative change on the patella itself (Figure 

15). 

 

Score                                                   Description 
 

0 Normal Cartilage 
 

 
1 Cartilage with softening and swelling 

 
2 Fragmentation and fissuring in an 

area half an inch or smaller in 
diameter 
 

3 Fragmentation and fissuring in an 
area larger than half an inch 

 
4 Erosion of cartilage down to bone             

 
Table  3 Outerbridge Classification of joint cartilage damage (Outerbridge RE.1961). 

 

Figure 15 The Patella Wear Score (Newman, J.H., Ackroyd, C.E., 2000) 
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The lateral patellar facet is the primary site of chondral wear, the occurrence 

of lateral facet arthritis implying that overloading of the facet is more frequent 

than that of the central or medial aspects of the patella. This condition is 

related to the extent of tilt or mis-alignment of force incurred by lateral facet 

arthritis. It has been reported that 61 out of 72 knees (85%) undergoing 

patellofemoral arthroplasty for the treatment of PFA have been found to 

require some form of realignment procedure during surgery, implying that 

certain cases of PFA are the result of patellofemoral mis-alignment 

(Grelsamer, 2006). 

2.10.3 Patellofemoral Scoring System 

According to Han, Chang et al. (2005), a number of scoring systems have 

been put forward specifically for symptoms involving the knee, but not many 

have concentrated on patellofemoral pain. Table 4 presents the Bartlett 

Patellofemoral Score system devised by Feller, Bartlett and Lang, which 

allots 15 points to AKP and 5 points each to quadriceps strength, ability to 

arise from a seated position, and stair-climbing ability, with more points 

indicating less pain and improved function. 
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                                                                                                                   Score 
Anterior knee pain 

  None          15 

  Mild          10 

  Moderate           5 

  Severe           0 

 

Quadriceps Strength 
  Good (5/5)           5 

  Fair (4/5)           3 

  Poor (<4/5)           1 

 

Ability to rise from chair 
  Able with ease (no arms)         5 

  Able with ease (with arms)         3 

  Able with difficulty          1 

  Unable           0 

 

Stair-climbing 
  1 foot/stair, no support         5 

  1 foot/stair, with support         4 

  2 feet/stair, no support         3 

  2 feet/stair, with support         2 

Table  4 The Bartlett Patellofemoral Score system (Feller and Bartlett et al. 1996). 

 

According to Kujala, Jaakkola et al. (1993), Witvrouw and Danneels et al. 

(2004), and Callaghan and Selfe et al. (2008), the internationally favoured 

Kujala Patellofemoral Score system was developed in order to establish 

which patellofemoral conditions are linked with patellofemoral pain. Table 5 

presents this scoring system, as described by Kuru, Dereli et al. (2010). 

Patients are assigned a score between 0 and 100 (with highest being best), 

based on their answers to13 questions regarding pain experienced during 

the activities of walking up and down stairs, squatting, running, jumping, and 
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prolonged sitting with knees flexion, and whether they experience symptoms 

of limping, swelling, patella subluxation, atrophy of the quadriceps muscle, 

patellar pain with limited patellar flexion, and whether they needed a walking 

aid.  

 

Table  5 The Kujala patellofemoral scoring system (Kujala, Jaakkola et al. 1993). 

The Kujala scoring system has been validated by diverse populations and 

multiple languages. To assess the Turkish version of the Kujala 

patellofemoral score (KPS), Kuru et al. (2010) applied it to 40 patients with 

patellofemoral pain syndrome (PFPS). The scheme was applied twice in a 

two-week interval to 8 male and 32 female patients (mean age 33 ± 12 years; 

age range 17–54 years). The researchers found the internal consistency and 
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test-retest results of the Turkish-language version to be high. The implication 

of these findings is that the tool’s functionality is appropriate for the target 

population of Turkish patients with PFPS. 

Comparable results were generated by Negahban et al. (2012), who applied 

a Persian version of KPS to Iranian patients with chronic PFPS. The outcome 

measure of disability was found to be valid and reliable, demonstrating the 

instrument’s suitability for application in that environment. Cheung et al. 

(2012) also produced results indicating that the Chinese translation of the 

questionnaire was also valid and reliable for evaluating PFPS in Chinese 

patients. 

To assess KPS in German, Dammerer et al. (2018) applied several stages to 

the translation process. This included recruiting healthy controls as well as 

patients who were receiving reconstructive treatment of the medial 

patellofemoral ligament to resolve repeated dislocation of the patella. 

Patients completed the questionnaire before surgical intervention, then again 

at 6 and 12 months. In addition, the patients completed the KOOS, the 

Lysholm score, SF-12v2 and a VAS pain assessment. Furthermore, in the 

pre-operative stage, the German KPS was reapplied at a 1-week interval. In 

evaluating the KPS findings, a high level of internal consistency was detected 

(Cronbach’s alpha = 0.87). This validity is comparable with the KOOS 

(symptom r  =  0.65, pain r  =  0.78, ADL r  =  0.74, sports/recreation r  =  0.84, 

quality of life r  =  0.70), the Lysholm score (r  =  0.88) and the SF-12 physical 

component summary score (r  =  0.79); also, the VAS pain (r  =  −  0.71) was 

high. Discriminant validity of KPS had a sastisfactory correlation with the SF-

12 mental component summary (r  =  0.14). Thus, the German translation of 

the questionnaire was demonstrated as being valid and reliable for assessing 

patients with patellofemoral disease. 

Using conventional forward and backward translation procedures to modify 

the original English-language questionnaire, Papadopoulous et al. (2017) 

tested the Greek version on local patients. A survey was performed in the 

clinical setting using the Greek KPS in conjunction with a PFPS severity 
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scale. In total, 130 patients (68 male and 62 female; aged 18–45 years) were 

recruited into the study; they were identified as attendees at physical therapy 

clinics who were receiving treatment for anterior knee pain (AKP) that had 

endured at least 4 weeks. The patients were invited to complete the Kujala 

questionnaire on their first visit, and then repeated 2–3 days later; this data 

was used to establish test-retest reliability. A Greek version of the PFPS 

severity scale was also completed at the first visit to the clinic.  The internal 

consistency of the translated KPS was assessed using Cronbach’s alpha, 

and the test-retest reliability was measured using an intraclass correlation 

coefficient. To determine the concurrent validity of the KPS with the PFPS 

severity scale, Pearson’s correlation coefficient was used. The result of the 

study show the KPS internal consistency (Cronbach’s α  =  0.942), test-retest 

reliability (ICC  =  0.921) and concurrent validity (r  >  0.7) to be good and 

correlated with the PFPS severity scale in the cohort of patient participants. 

2.10.4 PFA and Total Knee Arthroplasty 

According to Minkowitz (2009), the positive outcomes of total knee 

arthroplasty for the management of general osteoarthritis of the knee joint led 

surgeons to consider the same technique for the management of isolated 

patellofemoral arthritis. Older patients with isolated patellofemoral disease 

constitute a small fraction of all patients with arthritis of the knee and, since 

the majority of patients have TKAs, little clinical data exist dealing with the 

outcomes of treating this condition by isolated PF arthroplasty. In a study by 

Laskin and Davis, a group of 42 patients were subjected to total knee 

arthroplasty for the treatment of isolated patellofemoral arthritis and followed 

up at an average of 4.2 years. This group was compared retrospectively with 

an identical group of patients with tricompartmental arthritis. The isolated 

patellofemoral arthritis patients experienced a notably higher range of motion 

than the other group (122° compared with 117°; P < 0.05), a notably better 

knee score, and notably greater satisfaction and overall wellbeing on SF-36 

questionnaires. This led to the conclusion that the outcomes of total knee 

arthroplasty for patients with isolated patellofemoral arthritis may be 
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equivalent to, and frequently better than, those for tri-compartmental arthritis 

patients. 

2.11 Prosthetic design and post-operative knee flexion  

The implant design is one of variables affecting the Knee flexion after TKA, 

although early-published studies comparing the high flex  (HF) to standard 

(STD) prostheses are inconclusive(Dennis, Heekin et al. 2013), most recent 

studies  do not support the proposition that the high-flexion designs provide 

better  function results over standard prostheses(Kim, Kim et al. 2016).   

The geometry of the articulating surfaces, intraarticular structures and the 

soft tissues surrounding the knee altogether play an important role in native 

knee flexion (Sultan, Most et al. 2003). 

Anatomical studies reported that the femoral condyles are offset posteriorly 

relative to the posterior femoral cortex and that the medial and lateral 

condyles have a lesser radius posteriorly than distally (Walker and Garg 

1991, Iwaki, Pinskerova et al. 2000) (Figure 16). The posterior space, which 

is formed proximal to the posterior femoral condyles allow the deep knee 

flexion. Without this significant offset, there will be limited flexion movements 

as the posterior edge of the tibial plateau and soft tissues would impinge on 

the posterior cortex of the distal femur. Also, femoral rollback (posterior 

femoral translation) is mandatory for the knee flexion because it helps to 

provide a space for the tibia and intervening soft tissues posterior to the 

femur (Walker and Garg, 1991) (Figure 17). 
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Figure 16 The femoral condyles are offset posteriorly relative to the posterior cortex of the femur. A 
smaller radius posteriorly (R2) than distally (R1) in both medial and lateral femoral condyles. (After 

Sultan, Most et al. 2003) 

 

Figure 17 The lateral meniscus slides off the tibia posteriorly as the flexion angle increases beyond 
110°. This provides the native knee with an effective mobile support system, allowing the lateral 

femoral condyle to roll off the posterior of the tibia (After Sultan, Most et al. 2003) 

The posterior surfaces of the femoral condyles articulate with the posterior 

tibia at higher degrees of knee flexion. The tibia has a natural posterior slope 

of approximately 10°, which is vital to femoral posterior translation. In TKA 

Surgery, failure to appreciate this posterior slope could result in a tight 

posterior capsule and limited flexion space.  It has been postulated that the 

success of any TKA system may in part be linked to the high flexion angles 

obtained after surgery (Sultan, Most et al. 2003). 
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To promote post-operative knee flexion, three high-flex knee systems are 

available: 1) the Zimmer Legacy Knee LPS-Flex (Zimmer Inc, Warsaw, IN), 

2) the Hy-flex II total knee system (Depuy International Inc, Leeds, United 

Kingdom) and 3) the Bisurface knee prosthesis (Kyocera, Kyoto, Japan). 

These systems vary in their design (Sultan, Most et al., 2003). 

The first of these, the LPS-Flex, is a posterior-stabilised TKA. This device 

aims to increase the arc of flexion up to 155°, extending the area of the 

posterior femoral condyles, without the posterior femur extending into the 

tibial articular surface (Figure 18). 

 

Figure 18 By increasing the area of the posterior condyles, the tibiofemoral components are able to 
articulate through a superior flexion arc, limiting scope for the metal condyle to press into the articular 

surface. The dimentions of the component prior to modification are represented by the dotted line(After 
Sultan, Most et al. 2003) 

 

The design of the second system is to incorporate a deep anterior patellar 

cut-out into the tibial polyethylene insert. At deep flexion angles, this provides 

more clearance for the patellar tendon, thereby reducing the tension to the 

extensor mechanism. Furthermore, incorporated into the prosthesis is a 

modified posterior-stabilised cam-spine mechanism, the purpose of which is 

to promote subluxation resistance and improve posterior femoral translation 

during deep flexion. Thirdly, the hy-flex ii total knee system has been 

designed with specific features to enable deep flexion after TKA. Amongst 

these features is 1) a small posterior femoral condylar radius, 2) for the tibial 

joint surface the posterior slope is 4° and 3) through the use of a ligament 

tensor, the soft tissue tension is equal. A study of 114 prostheses implanted 

into the knees of 84 patients found at the one-year follow up that the mean 

flexion was 122.1° ± 15°; a flexion angle ≥ 120° was observed in 71.9% of 

the knees (yamazaki, ishigami et al., 2002). A particular feature that has 



 57 

been incorporated into the bisurface knee prosthesis aims to achieve greater 

knee flexion. There is a secondary articulation at the mid posterior portion of 

the femoral and tibial components; it is comparable to a ball and socket joint 

as it works as a posterior-stabilizing cam mechanism. This is intended to 

prevent tibiofemoral impingement by enhancing femoral rollback and 

providing a load-bearing surface in high flexion. Based upon 223 consecutive 

primary TKAs, the bisurface design has been reported to have a mean post-

operative flexion of 124° (Akagi, Nakamura et al., 2000). The LOSPA knee 

system was studied by Kim et al. (2016) to evaluate the effectiveness of 

high-flexion knee implant in providing a superior range of knee motion as 

compared to that of standard design knee implants that had been the focus 

of previous research. The result of this study revealed that even 2-years 

post-operative; there were no significant differences in the range of motion 

between knees that had been replaced with a standard PS total knee 

prosthesis and those with a high-flexion design. According to Wohlrab et al. 

(2009) high-flex TKAs were designed to accommodate those people who for 

cultural, religious or professional reasons require deeper flexion to squat or 

sit on the floor. Fu, Wang et al. (2015) performed a meta-analysis of RCTS, 

combing the Cochrane database, EMBASE and PubMed for pertinent 

literature. In total, 10 trials comprising 1230 knee joints were included in the 

meta-analysis. The postoperative clinical scores for quality of life outcomes 

flexion range or rate of complication did not differ significantly between the 

two designs. Neither was there any statistically significant improvement 

conferred by high-flex implants for patients with high-preoperative range, 

though there was minor improvement in the post-operative flexion range 

associated with the NexGen system of high-flex implant. From the evidence 

currently available there does not appear to be any advantage of high-flex 

prostheses over standard prostheses.  
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2.12 TKA Implant design and kneeling function  

The range of designs and fixation mechanisms of prosthetic implants are 

diverse. It is postulated that kneeling ability is affected by the design of the 

TKA (Hassaballa, Porteous et al., 2003; Hassaballa, Porteous et al., 2004; 

Hassaballa, 2006; Hassaballa, Porteous et al., 2007; Artz, Hassaballa et al., 

2015). This highlights the significance of understanding the different types of 

implant designs. 

According to Insall& Scott (2017):  

Fixed Bearing Implants 

These are the most common design of knee replacement implants. The 

name is derived from the polyethylene cushion of the tibial section being 

fixed to the metal-platform base. The femoral section is able to slide over the 

cushion. In most patients, this type of prosthesis is as durable as other 

varieties and it facilitates a good range of motion. However, fixed-bearing 

prostheses can be vulnerable to deteriorating in the face of excessive activity 

or weight, which can loosen the implant. Albeit rare, this can cause pain and 

the joint can fail.  

Mobile Bearing Implants 

Patients who are active or overweight and less suited to fixed bearing 

implants may be better suited to a rotating platform/mobile-bearing knee 

replacement as this variety of prosthesis can endure for longer with reduced 

deterioration. One possible drawback is they do demand greater support 

from the ligaments around the knee; where soft tissues are too weak to 

provide support, there is an increased risk of knee dislocation. Yet there is a 

lack of research and consensus as to whether mobile-bearing implants are 

superior to the fixed-bearing design in terms of durability, improved function 

or pain. A study into the kneeling ability of 102 patients who received mobile-

bearing implants and 105 patients with fixed-bearing implants was assessed 

using the Oxford Knee Questionnaire. The questionnaire was administered 

three times: pre-operatively, one year and two years after surgery and the 
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total scores were analysed. The kneeling ability was found to be superior in 

those patients who had fixed-bearing implants (Hassaballa, 2006). 

Medial Pivot Implants 

This variety of implant imitates the natural knee’s flexion, rotation and 

stability. Natural knees pivot on the medial condyle, which only rotates in one 

place when the knee flexes, whilst the lateral condyle slides back. The 

design of the Medial-Pivot implant is more stable than other forms during 

normal knee motion. Barnes et al. (2011) undertook a study into the kneeling 

ability of patients with this form of TKA and noted that the femoro-tibial AP 

articulation stayed inside the boundaries of the design geometry and that 

patients were able to kneel successfully without experiencing pain. 

Single Radius and Multi-radius Designs  

Single-radius knee implants are intended to facilitate superior axial rotation 

and flexion range of motion. As the centre of rotation is posterior compared 

to traditionally designed knee implants, the moment arm of extensors is 

increased (Triathlon® Clinical Compendium 2013, Stryker); this permits 

collateral ligament isometry through the active range of motion and may 

promote quadriceps function (Figure 19).  
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A: Anatomic radius                                        B: Traditional geometry multi-radius 

Ligament stability                                        mid-flexion instability 

Figure 19 A & B Anatomic radius versus traditional geometry multi-radius (Adapted from Triathlon® 
Clinical Compendium 2013, Stryker). 

A randomized controlled trial by Hamilton, and Simpson et al. (2013) 

assessed the function of the patient’s extensor mechanism pre-operatively 

and then at 6, 26 and 52 weeks post TKA by using Leg Extensor Power Rig 

(LEP) (Queens Medical Centre, Nottingham, NG7 2UH). The power output 

was compared in 101 patients with a single radius implant (Triathlon) and 82 

patients receiving multi-radius implant design (Kinemax, Stryker US®). The 

study resulted in higher percentage improvements of lower limb power output 

among the single radius group than the multiradius group. The authors 

suggested that Single radius TKA design provide superior patient outcome 

through theoretical enhanced extensor mechanism efficiency as a result of a 

longer patello-femoral moment arm. 

A prospective non-randomised study by Hinarejos et al. (2016) evaluated 

474 TKAs that had been implemented following the same surgical and 

rehabilitation protocols. Of these, 250 cases were single-radius TKA and the 

remaining 224 were multi-radius posterior-stabilised TKAs. The results from 

the 1- and 5-year follow-ups revealed that over the short and midterm, knee 

function improvements offered by single and multi-radius implants were 



 61 

similar. It was concluded that when selecting the model of TKA, the sagittal 

radius should not be regarded as the prime factor. 

Custom Made Designs  

According to Spencer et al. (2009) standard sized implants do not effectively 

accommodate people with smaller than average skeletons; so bespoke 

implants can be created to meet their unique requirements. Newer implants 

have been devised to fit both males and females who have femora that are 

smaller in the side-to-side dimension than front-to-back.  Custom-fit designs 

aim to align the elements of the knee’s natural flexion-extension axis rather 

than the mechanical axis. 

2.13 Resurfacing and Non-Resurfacing of Patella 

Advocates of patella resurfacing claim that patients who have the procedure 

have a reduced need for secondary resurfacing, experience less pain and 

are generally more satisfied than those who don’t. On the other hand, those 

arguing against patella resurfacing assert that tracking and clinical function 

are superior in the native patella and that there are fewer complications 

associated with the implant (Schindler, 2012). 

According to Barrack et al. (2017) in many parts of the USA, it is standard 

practice to resurface the patella, but in other countries, this procedure is not 

observed. There are numerous adverse consequences arising from 

resurfacing the patella including acute fracture, avascular necrosis, 

fragmentation, lateral facet pain, late fracture, loosening, stress fracture and 

restricted motion; therefore, the procedure cannot be considered benign. 

Berend, Ritter et al (2001) found that the failure rate of patella resurfacing 

was 4.2% and the average time of failure was 2.6 years following the 

intervention. To understand the clinical problems associated with patella 

resurfacing better, a recent study performed at Washington University 

evaluated total knee replacements with and without patella resurfacing. 

Patients came from St. Louis, which is one of USA’s larger cities and the one 
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with the greatest number of total knee replacements without patella 

resurfacing. All 47 patients that were referred to the study over the 4-year 

period had well-localised anterior knee pain; of those, the patellae had been 

resurfaced in 36 patients. Of the 11 who had not undergone patellar 

resurfacing, 2 underwent subsequent surgery, and 8 of the 36 resurfaced 

patellae had surgery. Three times as many patients who were referred for 

pain had had their patella resurfaced than those who did not have resurfaced 

patella. However, of the total number of total knee replacements the number 

where there was not resurfacing was approximately equal to that were they 

were resurfaced. This indicates that the proportion of complications is greater 

in patients with resurfaced patellae. 

A comprehensive, multi-centre RCT was performed over a 5-year period in 

the UK. With the cooperation of 116 surgeons at 34 centres, the study 

collected data on more than 1700 knees and found no difference in the 

Oxford score, SF-12, EQ-5D. Furthermore, there was no difference in 

complications or the need for further surgery. The authors stated, “We see no 

difference in any score, if there is a difference, it is too small to be of any 

clinical significance”(Breeman, 2011). 

No differences were detected in knee score, functional patella questionnaire 

responses or the occurrence of anterior knee pain by a prospective RCT 

undertaken at Tulane University. The time intervals used in the study were 

2–4 years, 5–7 years or more than 10 years after intervention. The knee 

scores of total knee patients whose patella had been resurfaced were 

considerably lower after 10 years than those who had not undergone patella 

resurfacing. As well as the physiological benefits to the knee of not 

resurfacing the patella, other benefits include reduced surgical times, 

lowered risk of major complications (particularly late-commencing 

complications) and reduced expense. Furthermore, should an un-resurfaced 

patella develop symptoms, more treatment and salvage options are available 

than when the patella has been resurfaced. Some total knee patients will 

experience symptoms regardless of whether the patella is resurfaced. There 

are instances in which the patella resurfacing procedure can be beneficial, 
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such as patients with maltracking patella or inflammatory arthritis, or are 

experiencing symptoms that are largely limited to the patellofemoral joint; but 

in most instances, routine patella resurfacing appears to be an unnecessary 

procedure. However, in terms of anterior knee pain following knee 

replacement, the surgical techniques and design of the implant have greater 

influence on the clinical result than whether the patella has or has not been 

resurfaced (Barrack, 2017). 

The results of the study conducted by Keremu et al. (2013) indicate that the 

effectiveness of TKA is not influenced by patellar non-resurfacing. The 

conclusion of the literature review by Swan et al. (2010), which explored the 

necessity of patellar resurfacing in TKA, was that if selection were based on 

reliable criteria and supported by evidence, selective patellar resurfacing 

presents the best solution. What is apparent from the literature is there is no 

consensus opinion. Observer bias and methodological constraints contribute 

to a confusing picture, which is echoed in the mixed results from blinded 

satisfaction-studies that compare resurfaced and non-resurfaced knees 

(Schindler, 2012).“However, none of the studies commented on whether 

resurfacing had an effect on the ability to kneel after TKA”. 

 

 

Thus   from the literature it is evident that there is a dearth of information 

concerning the ability to kneel after TKA, in particular it is: 

(a) Unclear what patients mean by the term kneeling. 

(b) Whether there are cultural differences in this interpretation. 

(c) How patients are answering the question in PROMs. 

(d) Whether kneeling after knee replacement is affected by clinician advice.  

(e) Whether the extent of kneeling is affected by the disease of the 

retropatella cartilage. 
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(f) Whether kneeling is affected by the sensitivity of the skin over the front of 

the knee. 

 

These research questions will be explored in the ensuing chapters.
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Chapter 3. Interpretation of kneeling 

  



 66 

Chapter 3 Interpretation of kneeling 
 
Hypothesis: Interpretations of kneeling vary among different cultures. 

3.1 Introduction 

Kneeling is popularly defined as a position where at least one knee is in 

contact with a part of the environment (usually the ground), and body weight 

is supported predominantly by the knee(s) (Prost, 1974).  

In Japan, kneeling is the position commonly used for daily activities like 

eating and socialising, and religious or traditional ceremonies such as the tea 

ceremony (Hewes, 1957; Terakado, 1973; Terayama, 1986; Bridger, 1991; 

Fujita, 1994). The ability to kneel is considered to be particularly important for 

older women, in order that they can continue socialising and performing 

religious activities in the manner to which they are accustomed (Shoji et al., 

1987). Even in non-traditional Japanese homes people continue to sit on the 

floor, and many restaurants have tatami rooms in which people kneel to dine 

(Terakado, 1973). 

Kneeling is also a common position in Islamic countries due to religious 

practices. Those who are faithful to Islamic practices perform a significant 

number of deep knee flexions over their lifetimes. For example, a person 

following Islamic practices may be expected to pray five times a day, in a 

mosque or at home, from the age of seven years (Meghani-Wise, 1996). In 

Pakistan, it is estimated that those who pray regularly may flex their knees as 

often as 70 times per day (Gibson et al., 1996). It is postulated that the 

poorer population probably have little time for praying as they work long 

hours of manual labour or in the fields, and thus perhaps kneel less 

throughout the day than more affluent members of the population (Gibson et 

al., 1996). Hefzy et al. (1998) used radiography to study the kinematics of 

deep knee flexion in the prayer positions of five healthy Saudi Arabian men. 

They identified that prayer involves two primary motions: (a) kneeling with the 

knees fully flexed (150°-165°) and torso upright; and (b) moving down from a 
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kneeling to a bowing position (head touching the ground), with the knees 

eventually decreasing flexion to 90°. 

What is meant by “kneeling” appears to differ remarkably in different cultures 

because of the diverse patterns of kneeling, such as upright kneeling on one 

knee, upright kneeling on two knees, and high-flexed kneeling patterns. 

Humans can assume more than 1000 different positions, which are used in 

combination with movement to perform ADLs (Hewes, 1957). Culture has a 

significant impact on how ADLs are performed, and the positions used in the 

West and the East often differ (Meghani-Wise, 1996). In many parts of Asia, 

chairs are not commonly used either at work or home, as sitting without 

external support is considered more comfortable. Floor sitting, using static 

positions such as squatting, kneeling, or sitting cross-legged, are the 

positions most commonly used in Asian countries (Hewes, 1957; Sen, 1983; 

Singh and Wason, 1988; Sethi, 1989; Bridger, 1991; Chakrabarti, 1997; 

Cranz, 1998; Gurr et al., 1998).  

3.2. Material and Methods 

One group of individuals who attended their prayers in a mosque (Muslims) 

and another group who attended their prayers in a Roman Catholic church 

(Christians) were selected to answer a questionnaire (see appendix 9) on the 

importance of the function of kneeling to them, how often they need to kneel, 

and to choose the best image to explain what they understood kneeling to 

mean from a set of four images of different kneeling patterns (Figure 20). 

 

 

 

Position 1  Position 2  Position 3  Position 4 

Figure 20 Kneeling positions 

The inclusion criteria included 1) ability to kneel for his/her prayers 2) able to 

understand the English language 3) minimum age of 18 years.  
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Forty (40) individuals in the Muslim group and 40 individuals in the Christian 

group answered the questionnaire without difficulties in the mosque and the 

church. 

G-power software used before collecting data, with a sample size of 80, a 

statistical power of 0.9 was achieved (see appendix 10).  

SPSS version 21.0 used for statistical analysis. Descriptive analysis for the 

responses of the interpretation of kneeling between the two groups, data was 

expressed as percentages (%) or means ±SD. Chi squared test was used to 

test the hypothesis that there was a difference in the interpretation of 

kneeling in individuals of Muslim and Christian background. A ‘P’ value of 

<0.05 was considered as significant.  

3.3 Results 

Demographics of participants showing the gender and the age of both groups 
(Table 6). 

Demographics	   Values	  (SD)	  

Muslims	   40	  
Males	   23	  

Females	   17	  

Age	  (y)	   49.3(15.1)	  

	    
Christians	   40	  

Males	   27	  

Females	   13	  

Age	  (y)	   40.5(7.8)	  

Table  6 Demographics of participants (n=80) 

 

Muslim group: 23 males and 17 females answered the questionnaire, with 

the mean age being 49.3 years ± 15.1. High-flex kneeling with both hands on 

the ground (P4 image) was considered by 24 individuals to be the best 
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definition of kneeling, while 16 individuals chose the P3 image (high-flex 

kneeling with the back of the thighs on the heels) and none of them chose 

the P1 or P2 position images (upright kneeling), and all 40 respondents 

considered kneeling an important function for their daily living activities and 

religious practices. 

Roman Catholic Christian group: 27 males and 13 females answered the 

questionnaire, with a mean age of 40.5 years ± 7.8. Upright kneeling on both 

knees (P2 image) was considered the best definition of kneeling among all 

participants. The ability to kneel was considered important by 39 individuals, 

with 24 participants kneeling on a daily basis, 14 participants kneeling on a 

weekly basis, and two kneeling occasionally (Figure 21).  

 

Figure 21 Responses to kneeling’s frequency question 

Both younger and older Muslim participants (males and females) selected 

high-flex kneeling (P3 and P4) as the best interpretation of kneeling- P 

value= 0.5, while younger and older Christian participants (males and 

females) selected upright kneeling (P2) - P value= 0.6 (Figure 22, 23 and 

24). 
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Figure 22 Age and gender distribution in Muslim and RC Christian groups 

 

Figure 23 Patterns of kneeling positions related to age in both Christian and Muslim participant groups 

 

Figure 24 Patterns of kneeling positions related to gender in both Christian and Muslim participant 
groups 
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The Likert scale (0-10) responses (Figure 25) were analysed to assess the 

importance of the kneeling function for Muslims and Christians, the difference 

was insignificant (P=0.3).  

 

Figure 25 Importance of kneeling on a scale of 1-10 (P Value=0.3) 

3.4 Discussion 
There is a dearth of research on the interpretation of the term ‘kneeling’ in 

different cultures. As there are a variety of ways to kneel, the definition and 

importance of the term kneeling may differ between cultures. These 

variations in the importance of kneeling are also likely to be increased by 

differences in the daily living activities of different cultures/geographical 

regions. The results of the current study confirm the hypothesis.  Both groups 

(Muslim and Christian) revealed the importance of the kneeling function to 

them. Weiss et al. (2002) conducted a study in Texas, on patients who had 

undergone knee replacement surgery, quantifying their function and mobility 

after surgery. Their results show that 58% of patients kneeled occasionally. 

When patients were asked about the level of importance of each activity, 

52% reported that kneeling was necessary to them.  However, the vast 

majority, i.e. 72%, said that they could not kneel without some knee 

symptoms (Weiss et al., 2002). 

The high-flex kneeling position was the most common definition of kneeling 

for the Muslim group. For the Christian group, the upright kneeling position 
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on both knees was the most common definition of kneeling. These positions 

are suitable for the respondents' respective religious practices.  

Although, the responses were consistent with the religious background of the 

participants, the interpretation of kneeling could be influenced by daily living 

style, with some Japanese studies referring to kneeling as ‘squatting 

Japanese style’; Sieza position (high flexion kneeling position) differ than 

Zarei position (knees not on the floor). In each position, ROM may also vary 

depending upon the particular activity performed (Mulholland and Wyss, 

2001). 

In 1997, Unnanantana assessed 465 Thai TKAs patients, and found that the 

Thai patients were in need of more than 110° of knee flexion for their daily 

activities. Postures required in Thai culture include kneeling in high flexion, 

squatting, and sitting cross-legged.  Unnanantana (1997) emphasises the 

fact that most previously published papers on TKA had investigated 

European or American patients. These findings cannot be applied to Thai 

patients who have significant differences in general morphometry, weight, 

and lifestyle (Unnanantana, 1997). Nonetheless, the findings from this study 

of a Thai population may well apply to other ethnic groups, such as 

Japanese, Chinese, Arabs, and Africans.  

Ahlberg et al. (1988) carried out a comparative study to assess the 

differences in the normal range of motion between Scandinavian and Saudi 

Arabian males. Their results show that most of the Saudi men had maximal 

knee flexion, with the heel reaching the posterior surface of the upper thigh. 

The average range of flexion was fifteen degrees greater than the 

Scandinavian subjects (Ahlberg et al., 1988; Roaas and Andersson 1982). 

Ahlberg et al. postulated that one of the possible reasons for the increased 

ROM in Saudi men is their activities of daily living; i.e. sitting cross-legged, 

squatting, and kneeling. 

Populations in the East and the Middle East are more flexible than in the 

West (Ahlberg et al., 1988). Therefore, it has been postulated that Eastern 

populations find it easier to sit on the floor, and may be able to assume many 
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positions requiring substantial flexibility; hence, their definition of kneeling will 

differ from others who have a different lifestyle.  

The mean age difference between the two groups - 49.3 years ± 15.1 for the 

Muslim group and 40.5years ± 7.8 for the Christian group – was not 

considered to have an effect on the interpretation of kneeling, as both 

younger and older participants chose the same kneeling pattern. The level of 

importance, assessed by a simple scale ranging from 0 to 10 in this study, 

shows how important this function is for them (40 Muslims and 39 

Christians). Very few research articles have covered this particular subject, 

and caution must be exercised when making generalisations, as there could 

be significant diversity within cultures and ethnic groups, as well as between 

individuals. However, whatever a patient’s background, these findings 

suggest that, more consideration of the kneeling function in questionnaires is 

required. 

3.5 Conclusion 
This study stresses the importance of considering the aspect of culture in 

designing any questionnaire related to the ability to kneel. The observations 

in this study provide insight into the differences in the definition of kneeling 

patterns in two culturally different populations with different demands on knee 

flexion. This information could guide the design of new assessment tools, 

which will be more culturally appropriate and more representative of all 

kneeling patterns. A questionnaire designed to be culturally appropriate has 

a greater chance of being successful in meeting an individual’s needs, and a 

more reliable tool for the assessment of the various patterns of kneeling 

function.  
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Chapter 4. Perceptions of kneeling ability after 
TKA 
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Chapter 4 Perceptions of kneeling ability after TKA 
 

Hypothesis: There is no difference in perceptions of kneeling ability before 

and after TKA 

4.1 Introduction  

Various knee-scoring systems have been developed to assess knee function 

after surgical procedures (Lysholm and Gillquist, 1982). Focusing on a 

scoring system-assessing outcome after knee arthroplasty, in 1989 the 

"American Knee Society" group published the "American Knee Society 

Score" (AKSS), an examiner-dependent clinical evaluation system that was 

divided into two components. The first involved clinical assessment of the 

knee through a physical examination (Clinical AKSS - "Knee Score"), while 

the second assessed the individual's ‘functionality’ (Functional AKSS - 

"Function Score") (Insall, Dorr et al., 1989). In more recent studies, there has 

been a shift towards scores that use the patient’s evaluation, such as the 

Short Form 36 (Ware and Sherbourne, 1992). Dawson, Fitzpatrick and 

Murray, using the Oxford Knee Score questionnaire on patients’ perceptions 

regarding knee arthroplasty, concluded that questionnaires were a sensitive 

measure of outcome for total knee arthroplasty (Dawson, Fitzpatrick et al., 

1998). However, with kneeling, there is a need for a careful comparison of 

the patients’ perception and the objectively assessed ability to kneel 

(Hassaballa, Porteous et al., 2004).  

There are a limited number of studies in existence on the ability to kneel after 

surgery for osteoarthritis of the knee, relative to the number of studies on 

other knee functions (Palmer, Servant et al., 2002, Hassaballa, Porteous et 

al., 2003, Hassaballa, Vale et al., 2002, Weiss, Noble et al., 2002). In a 

previous study by Hassaballa et al. (2007) on kneeling ability after different 

arthroplasty procedures, a patient-based questionnaire was used to collect 

data and ultimately demonstrated a low rate of kneeling ability (Hassaballa, 

Porteous et al., 2003). However, their questionnaire did not distinguish 
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between the different types of kneeling. The OKS and KS-P (Knee Society 

clinical rating system) are more responsive than the SF-36 (general Health 

status measure short form 36) for assessment of TKA patients (Ko, Lo et al., 

2013). The current study investigates the patients’ reported ability to kneel in 

different positions after TKA and aims to assess how the kneeling question in 

the OKS relates to the various patterns of kneeling. 

4.2 Patients and Methods 

Three hundred (300) TKA consecutive patients received self-completed, 

patient-based kneeling ability questionnaires (see appendix 11) twelve 

months after their operations. The questionnaires were the OKS and one 

specifically designed for this thesis. 

The TKAs of all of these patients were performed at the Royal Infirmary of 

Edinburgh (RIE) by 12 orthopaedic consultants. The patients had been 

operated on over a period of seven months from March 2013 to November 

2013. The study population is representative of the wider population, in that 

the subjects were not ‘selected’, but rather were consecutive knee 

replacement patients having surgery for primary osteoarthritis.  

Two hundred and fifty-one patients (147 Women and 104 Men) responded 

and completed the questionnaires. The response rate (84%) is in line with 

the normal response rate for the department. Forty-nine patients did not 

return the questionnaires, those patients had the same demographics as 

those who answered the questionnaires; reminder questionnaires were not 

sent. The mean age of the patients was 68.3± 8.8 years (44.2 to 93.6) and 

143 underwent Right TKA, while the other 108 underwent Left TKA. 

Patient demographics questions were included within the ‘kneeling ability’ 

questionnaire, which included questions to determine (1) the reasons for any 

kneeling problems, (2) if they had been given any instructions concerning 

kneeling and if so by whom and (3) the type of kneeling positions they could 

and could not do. For this latter component, 6 images (Figure 26 and 27) 

showing different kneeling positions and different amounts of knee flexion for 

normal daily activities were depicted and the patients asked to indicate on a 
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5-point scale (4 = easily to 0 = impossible) how easily they could get into this 

position before and after TKA.  

The department routinely follows up arthroplasty patients at six months and 

one year after the surgery takes place. The three hundred questionnaires 

were sent to consecutive patients who had unilateral primary TKA for 

osteoarthritis of the knee joint. 

Patients were contacted by letter that included a questionnaire and were 

asked to complete the OKS and the kneeling questionnaire.  

 

 

 

 

Position 1  Position 2  Position 3  Position 4 

Figure 26 Kneeling Positions 1-4 

 

Position 5   Position 6 

Figure 27 Sitting Positions 5 and 6 

The SPSS statistical software package, version 21.0, was used for statistical 

analysis. The data were expressed as numbers (%) or mean± SD. 

The descriptive statistical analysis includes reasons for kneeling difficulty, pre 

and post-operative responses in all patterns of kneeling and responses to the 

kneeling question of the OKS. Chi square test used to detect the significance 

difference p= <0.05. Statistical Correlation analysis to detect the relationship 
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between the kneeling question in OKS and the kneeling questionnaire of the 

study. 

4.3 Results 

Table 7 shows the demographics of 251 participants who completed both the 

kneeling questionnaires and the OKS questionnaire. 

Demographics Values (SD) 

Age (y) 68.3 (8.8) 

Height (m) 1.67 (0.10) 

Weight (kg) 89.1 (19.17)  

Body mass index (kg/m2) 31.77 (6.38) 

Involved knee Left 108 

Right 143 

  
  

Table  7 Demographics of participants (n=251) 

 

Table 8 gives the causes of kneeling problems after TKA. Pain and medical 

problems were the main reasons for kneeling difficulties and were found in 

75% of TKA patients (188/251), while 41 patients cited numbness around the 

knee as the main cause, accounting for 16% (41/251). 
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Difficulty Kneeling N % 

Pain 111/251 44 

Medical Problems 77/251 31 

Numbness 41/251 16 

Other joint problems 26/251 10 

Other 9/251 4 

Table  8 Reasons for kneeling difficulty (More than one answer given by patients) 

Most of the patients (147, ie 63.6%) received advice regarding kneeling 

before or after TKA and 84, ie 36.4% no advice given to them.  90% of 

patients received the advice not to kneel after TKAs from the arthroplasty 

nurse practitioner, 45 patients (31%) received the advice not to kneel after 

TKAs from their consultants, 29 patients (20%) received the advice not to 

kneel from their GPs and 9 patients (6%) received the advice not to kneel 

from their physiotherapists (Table 9). 

Advice- Not to kneel after TKA N % 

Consultant 45 31 

GP 29  20 

Physiotherapist 9 6 

6 Nurse Practitioner 132  90 

Other 8  5 

Table  9 Health professionals’ advice about kneeling for the 147patients given advice not to kneel (% is 
the percent of the 147) 

4.3.1 Upright Kneeling on operated knee (Position 1) 

Changes in the kneeling ability before and after TKA were noted; only 8.4% 

and 10.4% of patients could kneel on the operated knee easily pre and post 

operation, respectively. Before TKA, 58.8% found that kneeling on the 

affected knee was either extremely difficult or impossible, whereas 1 year 

after surgery, 63.2% reported that it was extremely difficult or impossible to 

kneel on the knee that had been operated on (Figure 28). 
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The most common reason behind the inability to kneel for most patients was 

to do with the knee undergoing surgery (44.2% pre-operatively and 45.8% 

post-operatively). Less commonly, problems with the other knee caused this 

inability (15.9% pre-operatively and 19.9% post-operatively), followed by any 

other reasons that might affect their kneeling ability (6.8% pre-operatively 

and 4.8% post-operatively). 

 

Figure 28 Pre and Post-Operative change of kneeling ability /Upright Kneeling on operated knee 
(position 1)(P Value=<0.05) 

4.3.2 Upright kneeling on both knees (position 2) 

Only 6.7 % of patients were able to kneel on both knees pre-operatively, 67% 

of patients reported this position to be either extremely difficult or impossible 

(Figure 29) and the majority of patients (51.4%) responded that the operated-

on knee restricted them from this pattern of kneeling. 
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Figure 29 Pre and post-operative change of kneeling ability /upright kneeling on both knees (Position 
2)(P Value= <0.05) 

4.3.3 Kneeling at full flexion (Position 3) 

This position was the most awkward position for most of the patients; 86.5 % 

responded that it was either extremely difficult or impossible and only 5.9% 

were able to kneel with little difficulty (Figure 30). 53.8 % of patients could not 

kneel because of the operated-on knee. 

 

Figure 30 Pre and post-operative change of kneeling ability / Kneeling at full flexion (Position3)(P 
Value= <0.05) 
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4.3.4 Kneeling with hands on the ground (Position 4) 

The pre-operative findings for this position range from the 8.1% who 

answered that it was easy to achieve the position, to the 39.6 % who 

answered that it was impossible, while the post-operative answers to the 

same questions ranged from 5.6% to 50.9%, respectively (Figure 31). The 

operated-on knee was the most common cause of kneeling problems for 

most of the patients (46.2% pre-op and 47.8% post-op). Less common were 

problems with the other knee (27.5% pre-op and 24.3% post-op), followed by 

other reasons (5.6% pre-op and 6% post-op). 

 

 

Figure 31 Pre and post-operative change of kneeling ability/Kneeling with hands on the ground 
(Position 4) (P Value= <0.05) 

4.3.5 Sitting on a chair with knees flexion 90°  

This position can be performed by most of the patients, as only small 

percentages find it either extremely difficult or impossible (1.7% post-op) 

(Figure 32).  
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Figure 32 Sitting on a chair with knees flexion 90 degrees (P Value=< 0.05) 

4.3.6 Sitting on a low- level seat with knee flexion more than 90° 

This position is difficult for many patients both pre-operatively and post-

operatively, as only 14.5% can perform it easily pre-operatively and 18.1% 

post-operatively (Figure 33).  

 

Figure 33 Sitting on a low- level seat with knee flexion more than 90 degrees (P Value=< 0.05) 
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4.3.7 Reasons for not kneeling or sitting  

In assessing reasons given by patients for not kneeling (pre-op and post-op), 

it was noted that the majority of patients gave reasons related to the knee 

operated on in all positions (Figure 34 and 35). The data is based on only 

patients who responded that they were unable to kneel pre-operatively and 

post-operatively (P1 position 66.9% of patients, P2 position 77.7%, P3 

position 90.1%, P4 position 79.3%, P5 position 26.3 and P6 position 61.3%); 

the other percentages of patients responded that they were able to kneel 

easily.  

 

 

Figure 34 Pre-Operative Reasons (Other reason=other than knee / knees i.e.: medical problem, other 
joint problems)-Percentage of each reason out of the total number of patients that could not achieve 

that position (or only with extreme difficulty). 

P1	  Pre-‐
Op	  

P2	  Pre-‐
Op	  

P3	  Pre-‐
Op	  

P4	  Pre-‐
Op	  

P5-‐Pre-‐
Op	  

P6	  Pre-‐
Op	  

Operated	  Knee	   44.2	   47.8	   53.8	   46.2	   16.3	   38.6	  

Other	  Knee	   15.9	   26.3	   28.7	   27.5	   8.8	   19.1	  

Other	  reason	   6.8	   3.6	   7.6	   5.6	   1.2	   3.6	  
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Figure 35 Post-Operative Reasons- Percentage of each reason out of the total number of patients that 
could not achieve that position (or only with extreme difficulty) 

Kneeling Question in Oxford Knee Score 

One hundred and eighty-three patients (183/251- 102 Women, 81 Men) 

responded and completed both the kneeling questionnaire and OKS kneeling 

question pre-operatively, as well as one year after surgery. The mean age of 

the patients was 67.1± 8.3 years, 92 underwent Right TKA and 91-Left TKA 

(Table 10A and B) (Figure 36).  
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P2	  Post-‐
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P3	  Post-‐
Op	  

P4	  Post-‐
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P5	  Post-‐
Op	  

P6	  Post-‐
Op	  

Operated	  Knee	   45.8	   51.4	   52.6	   47.8	   11.6	   25.5	  

Other	  Knee	   19.9	   23.9	   26.7	   24.3	   5.2	   15.1	  

Other	  reason	   4.8	   5.2	   6.4	   6	   1.2	   3.6	  
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PRE-OP Kneeling 

(OKS Responses) 

   

POST OP Kneeling 

(OKS Responses) 

  Kneeling Pre-op N % 

 

Kneeling Post-op N % 

Easily 15 8% 

 

Easily 5 3% 

With little difficulty 11 6% 

 

With little difficulty 17 9% 

With moderate 

difficulty 43 24% 

 

With moderate 

difficulty 36 20% 

With extreme 

difficulty 63 34% 

 

With extreme 

difficulty 53 29% 

Impossible 51 28% 

 

Impossible 72 39% 

Total 183 100 

 

Total 183 100 

 
Table  10 A and B-OKS Kneeling question 

 

 

Figure 36 OKS kneeling question responses (Pre and Post-Operative) 

Easily  With little 
difficulty  

With 
moderate 
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With 
extreme 
difficulty  

Impossible  

Pre-Operative 15 11 43 63 51 
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Correlation between responses to the OKS kneeling question and 
the kneeling questionnaire  

For those patients that answered the kneeling question in the Oxford score, 

there may have been variability in what the patient considered to be 

‘kneeling’. Therefore, in the questionnaire, clear images for different kneeling 

positions were used. The patients, even those from different cultures for 

whom “to kneel” refers to various knee positions, did not report any 

difficulties with understanding the knee positions depicted. Figure 37 and 38 

shows the differences in the pre-operative and post-operative responses to 

both the OKS kneeling question and this thesis’s kneeling questions. 

 

Figure 37 The Pre-op responses – the OKS Kneeling question & this thesis’s kneeling questionnaire 

 

Figure 38 The Post-Op responses – the OKS kneeling question and this thesis’s kneeling 
questionnaire 
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Paired t-test performed to detect the mean difference (POST-PRE) and the 

significance of that difference (Table 11). 

 

                                                       Mean Difference                 P-Value 

 

OKSPOST – OKSPRE                    -0.25                                   0.03 

 

P1POST - P1PRE                            -0.11                                   0.2 

 

P2POST - P2PRE                            -0.06                                   0.5 

 

P3POST - P3PRE                            -0.26                                   0.001 

 

P4POST - P4PRE                             -0.20                                   0.02 
Table 11 The mean changes in the oks and kneeling positions from preop to post-op (POST-PRE) 

The correlation (Spearman’s R) calculated between responses to the OKS 

kneeling question and the four positions in the questionnaire, (P1, P2, P3, 

P4) both pre-operatively and post-operatively, resulted in a stronger positive 

correlation with upright kneeling and high flex kneeling post-operatively, 

which is significant at the 0.01 level (Figure 39 and Tables 12 -15)-see 

appendix 13.  
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Figure 39 Correlation between Postoerative OKS and P1 kneeling questions (Spearman's R=0.57) - 0= 
Impossible, 1=with extreme difficulty, 2=with moderate difficulty, 3=with little difficulty, 4=Easily. 

 

 

Table 12 Responses to Postoperative OKS and P1 kneeling questions - Spearman's R=0.57 

0	  

1	  

2	  

3	  

4	  

0	   1	   2	   3	   4	  

P1
 P

O
ST

 

OKS POST 

48	   15	   2	   4	   3	  

17	   21	   11	   2	   2	  

4	   10	   9	   10	   3	  

1	   1	   2	   4	   9	  

1	   0	   0	   2	   2	  

 P1POST Total 
0 1 2 3 4 

OKSPOST 0 48 15 2 4 3 72 
1 17 21 11 2 2 53 
2 4 10 9 10 3 36 
3 1 1 2 4 9 17 
4 1 0 0 2 2 5 

Total 71 47 24 22 19 183 
!
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Table 13 Responses to Postoperative OKS and P2 kneeling questions- Spearman's R=0.56 

 

Table 14 Responses to Postoperative OKS and P3 kneeling questions- Spearman's R=0.35 

 

Table 15 Responses to Postoperative OKS and P4 kneeling questions- Spearman's R=0.55 

 

4.4 Discussion 

The aim of the current study was to assess the kneeling ability of patients 

following TKA through the use of a novel patient based kneeling 

questionnaire. This study obtained scores for patients’ kneeling ability and 

also compared these results with the kneeling question of the OKS. Although 

prospective studies reduce some of the problems of retrospective studies 

 P2POST Total 
0 1 2 3 4 

OKSPOST 

0 54 10 5 2 1 72 
1 19 21 11 1 1 53 
2 6 10 10 8 2 36 
3 3 0 2 10 2 17 
4 1 0 0 2 2 5 

Total 83 41 28 23 8 183 
!

 P3POST Total 
0 1 2 3 4 

OKSPOST 0 48 15 2 4 3 72 
1 17 21 11 2 2 53 
2 4 10 9 10 3 36 
3 1 1 2 4 9 17 
4 1 0 0 2 2 5 

Total 71 47 24 22 19 183 
!

 P4POST Total 
0 1 2 3 4 

OKSPOST 

0 57 8 4 2 1 72 
1 24 21 4 4 0 53 
2 7 12 9 6 2 36 
3 3 1 3 7 3 17 
4 1 0 0 3 1 5 

Total 92 42 20 22 7 183 
!
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they are still observational studies and hence the potential influences of 

confounding variables may not have been completely controlled. 

Retrospective studies are dependent upon the written record or individual 

recall with regards to accuracy. This presents a limitation, with reports being 

vulnerable to recall bias. However, recently N Clement et al. (2018) have 

demonstrated that patients’ recall data is of value.  

There are a few limitations of this research. One of these is self-reporting. 

Another is that the study could have benefitted from a larger sample. 

However, there were 183 patients who answered both the OKS and this 

study’s specifically designed kneeling questionnaire. The responses given for 

the OKS most closely matched the answers given for P1 (upright kneeling on 

one knee) pre-operatively and a mixture of P1 and P2 (upright kneeling on 

both knees) post-operatively.  

Given that the majority of these patients had a Christian rather than a Muslim 

background, these results are in keeping with the findings chapter 3, which 

found that Christian considered kneeling to consist of being in the upright 

kneeling posture. A stronger and significant positive correlation (according to 

Cohen’s guidelines, 1992) was noticed after TKAs were compared to pre-

operative correlation between the kneeling question in the OKS and the four 

patterns of kneeling. 

The disadvantage of using patient-based questionnaires to analyse function 

is that the scores are greatly influenced by pain and patients' perceptions of 

their immediate functional outcome (Smith, Rowe et al., 2013). 

In a study by Wright et al. (Wright, Santaguida et al., 2010) that looked at 

patient preferences before and after surgery, a cohort of 119 TKA patients 

(primary or revision) were interviewed at two tertiary care hospitals. In 

addition, patients submitted responses to the Short Form 36, the Knee 

Society Scale (KSS), the Western Ontario and McMaster University 

Osteoarthritis Index (WOMAC) and the McMaster-Toronto Arthritis Patient 

Preference Disability Questionnaire (MACTAR). 
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 The study reported that 42 symptoms and physical limitations improved after 

TKAs, but crouching/kneeling and walking up and down stairs did not 

improve. The data presented here, concurs with this as none of the patients 

improved sufficiently, to enable patients who were unable to kneel pre-

operatively, to be able to kneel post-operatively. The mean change in the oks 

from preop to post-op was -0.25(POST-PRE), P=0.03 .In another study (Kim, 

Kwon et al., 2010), which was designed to investigate functional disabilities 

and patient satisfaction in female Korean patients after Total Knee 

Arthroplasty, 261 out of 372 (70.2%) of the patients with a follow-up longer 

than 12 months completed a questionnaire designed to evaluate functional 

disabilities, importance and patient satisfaction. The top 5 functional 

disabilities were difficulties in kneeling, squatting, sitting with legs crossed, 

sexual activity and recreational activities. The top 5 in order of importance 

were difficulties in walking, using a bathtub, working, recreation activities and 

climbing stairs; kneeling was not one of them. Severity of functional 

disabilities was not found to be correlated with importance. 23 patients 

(8.8%) were never satisfied with their replaced knees and for most activities 

had more severe disabilities than the patients who were satisfied. The 

functional disabilities in high-flexion activities for the dissatisfied patients 

were more important for them than for those who were satisfied. 

The data suggests that a high percentage of TKA patients experience post-

operative kneeling difficulties. According to the knee surgeons at Edinburgh 

Royal Infirmary, patients are told that kneeling is not advisable for some time 

following their operation, but that they can kneel as much as they feel able. 

They are advised that they may find kneeling uncomfortable and / or painful. 

The information booklet issued to patients does not give specific advice on 

kneeling. Ninety six (96) % of patients were advised by healthcare 

professionals not to kneel, according to the responses reported by TKA 

patients included in this study and this negative advice given to patients 

regarding kneeling, along with their misunderstanding of the advice, could be 

a major factor in the low percentage of patients kneeling after knee 

replacement. One of the limitations of the study is that it was not possible to 
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include patients from eastern countries who may have different perceptions 

based on their high flexion activities. 

There was a significant difference in perceptions of kneeling ability before 

and after TKA in all kneeling positions. 

 

4.5 Conclusion 
The OKS kneeling question: “Could you kneel down and get up afterwards?” 

is problematic due to the following factors, which were found to affect 

patients’ responses: The patients were told not to kneel by healthcare 

professionals (e.g. nurses, consultants, etc.). There may also have been 

differences in the interpretation of the meaning of kneeling by different 

patients. Thus, although the OKS does provide a simple and brief scale for 

the assessment of outcomes after total knee replacement and these scores 

are quick and easy to calculate and analyse, this study has demonstrated 

that various factors affect the kneeling question of the OKS and thus the total 

score. These findings should be taken into account when using the OKS in 

populations of patients with different cultural backgrounds and in advising 

patients about which kneeling position they are likely to achieve.  
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Chapter 5. Retropatellar Cartilage Morphology and 
Kneeling Ability 
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Chapter 5 Retropatellar Cartilage Morphology and 
Kneeling Ability 
 

Hypothesis: The Limitation of Kneeling function in TKA patients is directly 

linked to the severity and patterns of RPC wear. 

Aim: To investigate the retro-patellar cartilage morphology and the patterns 

of retropatellar cartilage wear as well as the patients’ kneeling ability in order 

to determine whether kneeling ability is related to the area and pattern of 

wear in the cartilage. 

5.1 Introduction 

Most published studies have correlated the degree of RPC damage with 

patellofemoral pain but not with kneeling function (van der Heijden, Oei et al., 

2016). Dye (2005) has said that increased cartilage wear leads to synovitis 

and that this leads to pain. Different techniques have been used to assess 

the RPC damage; two cross-sectional studies used MRI to evaluate cartilage 

change in relation to particular types of occupational activities, including knee 

bending. This study examined the changes in different compartments (Amin, 

Goggins et al., 2008, Teichtahl, Wluka et al., 2010). Horng et al. (2011) used 

a high-resolution 3D-MRI to analyse regional deformation patterns as an 

indication of contact areas in patellar cartilage after different loading 

exercises. The articular surface of the patella is composed of thick hyaline 

cartilage, which provides an insensitive, avascular area specifically adapted 

to bearing high compressive loads (Rhee S.J, Haddad F.S, 2008). The 

patellar articular cartilage has to withstand huge forces and is the thickest 

hyaline cartilage in the body. The thickest point is 7 mm deep and the facets 

of the patella are unique in shape and position to each knee (Kwak, Colman 

et al. 1997). The retro patellar cartilage is also unique, in that it does not 

follow the contours of the underlying subchondral bone, as is the norm 

elsewhere in the body (Stäubli, Dürrenmatt et al., 1999). Patellar cartilage is 

more permeable and more compressive than cartilage elsewhere, (Froimson, 
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Ratcliffe et al., 1997) which may, along with large contact pressures and the 

fact that it does not follow the contours of the bone, explain why patella 

cartilage lesions are more prevalent than cartilaginous lesions elsewhere. An 

elaborate system of intraosseous and extraosseous vasculature provides 

blood supply to the patella (Björkström and Goldie 1980, Kayler and Lyttle 

1988). A peri-patellar anastomotic ring consisting of six main arteries forms 

the extraosseous blood supply. These six arteries supplying the ring are (1) 

the articular branch of the descending genicular artery, (2) the medial 

superior genicular artery, (3) the medial inferior genicular artery, (4) the 

anterior tibial recurrent artery, (5) the lateral inferior genicular artery and (6) 

the descending branch of the lateral femoral circumflex artery. The superior 

part of the ring passes anterior to the quadriceps tendon and the inferior 

portion passes posterior to the patellar tendon through the substance of the 

fat pad. The knowledge of PF contact points in different degrees of knee 

flexion and the biomechanics affecting the patterns and degrees of retro 

patellar cartilage wear are a useful basis for analysing the retro patellar 

cartilage morphology. 

The patella articulates with the cartilage in the patellar groove on the distal 

femur between 10 and 100 degrees of flexion. The trochlea averages 31-34 

mm in height (from the base of the ‘V’ to the crest of the lateral condyle). 

However, there is considerable variation in trochlear height, width and shape 

within the population(Yoshioka, Siu et al., 1987). The patella is a shifting 

fulcrum of the extensor mechanism as the knee flexes and extends 

(Grelsamer, Proctor et al., 1994). The amount of contact the patella has with 

the femur varies depending on the position of the knee. The patella contact 

area is small and distal in early flexion and increases in area and progresses 

proximally with increasing flexion (Hehne, 1990). Maximum patella-femoral 

contact area occurs at 120 degrees of flexion (Huberti and Hayes, 1984). 

The contact pressure between the patella and femur is high, with the 

maximum pressure occurring at 90 degrees of flexion in knees with a normal 

Q-angle (Huberti and Hayes, 1984). During activities such as kneeling, the 

reactionary force through the patella-femoral joint is as much as 7.6 times the 
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body weight (Reilly and Martens, 1972). This pressure can increase 

significantly where the Q-angle is increased, as in a valgus knee joint.  

5.2 Patients and Methods 

30 consecutive patients undergoing primary TKAs (Triathlon- Single Radius 

implant design), who consented to take part, were entered into this part of 

the study; the recruitment based on the kneeling ability and stopped when 15 

patients identified in each category (15 patients able to kneel and 15 patients 

unable to kneel). These patients were recruited from six consultants’ pre-

operative assessment clinics at RIE-NHS Lothian (November 2016 to 

February 2017). There were 20 women and 10 men, 16 underwent (Right) 

TKA and 14 (Left) TKA. 

The patients were seen in the preoperative assessment clinics and 

consented to allow intraoperative photographing of their retro patellar 

cartilage. The process of intraoperative photographing was standardised as 

follows: 

• Keeping the overhead lights away to avoid light reflection. 

• Marking of the patella- S=Superior, I=Inferior, M=Medial, L=Lateral. 

• The photo was taken after patella eversion and before nibbling of 

patella osteophytes. 

• The focal length between camera and knee was standardised to the 

best photographic quality (the length of the alignment rod). 

• The photo was taken from the same side of the surgery. 

• The camera used was a SONY Cyber-shot DSC-WX220B Compact 

Camera (Super auto option). 

• Photographs were excluded from the study if they could not meet the 

process standards. 

These images were used to determine the area and pattern of wear by using 

Image J software. Created by the National Institutes of Health, Image J is a 
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powerful image analysis software programme that can edit, analyse and 

process images. It is an open source programme that runs on a variety of 

operating systems and is updated regularly (Abràmoff, M.D., Magalhães, P.J 

2004, Ferreira, T. and Rasband, W., 2012). 

The total area of the retropatellar cartilage and the area of wear was 

measured and used to calculate the percentage of RPC wear. The following 

were the steps used to measure the % RPC wear: (1) Calibrate and set up 

the scale 300 pixels/mm, (2) Draw and then measure the total area of RPC 

(Freehand), (3) Draw and measure the damaged area of RPC, (4) Calculate 

the % of the area that is damaged (Figure 40 and 41). Intra-Rater and Inter-

Rater Reliability were statistically assessed through use of Intraclass 

Correlation Coefficient-ICC; the measurements of RPC wear % performed on 

all of the photographs by myself once a week for 3 weeks and by two 

orthopaedic surgeons who followed the same standardised steps for the 

measurements.  

 

 

Figure 40 Measurement of total area of RPC using Image J software 
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Figure 41 Measurement of damaged area of RPC using Image J software 

The photographs were then analysed to investigate the patterns of damage, 

i.e. the facets involved in the wear process. The retro patellar cartilage was 

divided into: medial and lateral facets of the upper, middle and lower thirds of 

the retro patellar surface (Figure 42). A damaged area was scored a number 

(+1), while an undamaged area was given a number (0). The following was 

the standard method used to divide the RPC surface for all photos: 

• Identify most lateral point of patella. 

• Draw transverse reference line across patella to most medial point 

(usually longest line possible). 

• Find most inferior point of patella (in middle of infrapatellar fat pad). 

• Draw vertical reference line up from this point perpendicular to the 

transverse reference line. 

• Remove transverse reference line and replace with 2 transverse lines 

perpendicular to the vertical reference line that bisects the line in to 

equal thirds. 
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Figure 42 Retro patella Surface-(superior medial-SM, Superior Lateral-SL, Middle Medial-MM, Middle 
Lateral-ML, Inferior Medial-IM, Inferior Lateral-IL) 

The kneeling ability for all of the patients was recorded before their TKA 

surgery. The percentages of retro patellar cartilage wear for all the patients 

were linked with their kneeling ability before the surgery. 

Patients were numbered from 1 to 30. They were divided into those ‘able’ 

and ‘unable’ to kneel and analysed accordingly. SPSS version 21.0 was used 

for statistical analysis; a box and whisker plot was used to compare the link 

between the kneeling ability before TKA and RPC % wear in the two groups 

and a Chi- Square Test was used to evaluate the significance of the relation 

between the kneeling ability and patterns of wear. Logistic regression 

analysis for independent variables to predict the kneeling ability after TKA. 

5.3 Results 

30 patients participated in the study (20 women & 10men); their mean age 

was 70.1 yrs (± 9.2). 16 underwent (Right) TKA and 14 underwent (Left) TKA 

(Table 16). Three of the thirty photographs were excluded from the study 

because 2 of them did not meet the standards (see appendix 14), and one 
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patient missed intraoperative photographing of his patella due to unexpected 

change of order of the operating list. 

Demographics Values (SD) 

Age (y) 

Gender 

Height (m) 

Weight (kg) 

Body mass index (kg/m2) 

Diagnosis 

Involved Knee        Left  

                               Right 

70.1(9.2) 

20(F), 10(M) 

1.62 (0.101) 

81.2 (17.173) 

31.62 (5.281) 

OA 

14 

16 

Table 16 Demographics of participants (n =30) 

5.3.1 Kneeling ability and percentage of RPC wear 

15 patients (cases numbered 1-15, termed group A) were able to kneel and 

15 patients (cases numbered 16-30, termed group B) were unable to kneel. 

Group A included 6 women and 9 men; 7 underwent Right TKA and 8 

underwent Left TKA; their mean age was 70.6yrs (± 6.0) and Group B 

included 14 women and 1 man; 9 underwent Right TKA and 6 underwent Left 

TKA; their mean age was 69.7 yrs (± 11.9). RPC wear was observed in both 

groups. The % of wear for all RPC images was measured 3 times with a 

week interval and the average of the records in the 1st, 2nd, and 3rd week 

recorded for statistical analysis. The values of an intra-rater and inter-rater 

reliability of measurements ranges from excellent ICC=0.9 and good ICC= 

0.7 respectively (see Appendix 15). 

The mean % of RPC wear in-group A (able to kneel) was (17%) and in-group 

B (unable to kneel) was (33%). However, this difference was not significant 

(P value=0.4, t test).   
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There was no direct link between the kneeling ability and total percentage of 

RPC wear, as a number of TKA patients with higher RPC wear were still able 

to kneel and others with a lower % of RPC wear were unable to kneel (Figure 

43). 

 

 

 

Figure 43 Kneeling ability and % RPC wear (Group A- Patients able to kneel, Group B- Patients unable 
to kneel. 

5.3.2 Patterns of RPC Wear 

The wear affected the RPC in different zones in both groups (A, those able to 

kneel and B, those unable to kneel) of TKA patients in both medial and 

lateral facets (Figure 44 and 45). 
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Figure 44 Photograph (Right RPC) from group A –Able to kneel 

 

Figure 45 Photograph (Right RPC) from group B –unable to kneel 

 

The damaged (+1) and undamaged (0) RPC surfaces in both groups A&B 

were assessed to determine the patterns of wear and the total number of 

damaged areas calculated for comparison between the two groups (Figure 

46 and 47). 
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Figure 46 Group A (13 Images)-patients Able to kneel (Frequencies of damage in each surface area-
damaged =+1, undamaged=0) 

 

 

Figure 47 Group B (14 Images) - patients unable to kneel (Frequencies of damage in each surface 
area-damaged=+1, undamaged=0) 
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Patients who were able to kneel (Group A) had normal RPC superior 

surfaces with no damage in comparison with patients who were unable to 

kneel (Group B), who had medially and laterally damaged superior surfaces. 

The middle and inferior surfaces of their medial and lateral facets were more 

affected than the superior surfaces in both groups of patients. Across the 

group, all the RPC surfaces (Superior, Middle and Inferior) were damaged in 

Group B patients (unable to kneel). 

There were distinct patterns of wear in superior facets and these were 

directly linked to the ability to kneel; patients who able to kneel have free 

disease in the superior facets; ie SM and SL surfaces (Chi square test, 

P=0.02).   

5.3.3 The prediction of kneeling ability after TKA  

The postoperative kneeling abilities were explored using a Binary logistic 

regression analysis. Pre-operative kneeling was a significant factor in 

predicting post-operative kneeling on univariate analysis. However on 

adjusting for confounding variables (Age, gender, superior facet disease) 

pre-operative kneeling was not found to be an independent predictor of post-

operative kneeling. This is likely to be due to limited patient numbers, as 

approximately 30 patients per variable in the model are required. Therefore, 

for the four factors assessed 120 patients would be needed (Table 17). 

 

Table 17 logistic regression analysis of Gender, Age, Preop Kneeling Ability, and Superior Facet as 
predictors of kneeling ability after TKA 

 

Variables 
 

 Exp(B) 
95% C.I.for 
EXP(B) Sig. 

  
 

 
Lower Upper 

 Gender Male  Reference 
   

 
Female  2.64 0.20 35.68 0.47 

Age 
 

 0.81 0.56 1.17 0.27 
Preop Kneeling 
Ability Yes  Reference 

   
 

No  0.00 0.00 . 1.00 
Superior facet Yes  Reference 

   
 

No  0.29 0.00 . 1.00 
!
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. 

5.4 Discussion  

The purpose of this research study was to determine whether a high % of 

RPC wear and the pattern of this wear were related to the kneeling ability 

before TKA. The most important findings of the present study were that the 

RPC damaged area does influence the kneeling ability however; the effect of 

the amount of RPC damage on kneeling ability is poorly studied and in need 

of further study, especially in cultures with frequent kneeling activities.  

Few reports in the literature have focused on the link between the kneeling 

function and the retropatellar cartilage wear.  The fact that there was only a 

small number of patients drawn from one single culture limited this study’s 

results. However, the results were important for the design of a future larger 

scale study to include different cultures with different kneeling activities. 

The RPC wear area relates to the area where the medial and lateral patellar 

facets are in contact with the anterior femoral condyle (Gorniak, 2009). In the 

elderly, activities that require a higher knee flexion are performed with either 

more difficulty or avoided altogether (Gorniak, 2009) as a result of decreases 

in the  strength of the knee and hip extensors (Lindle, Metter et al., 1997, 

Petrella, Kim et al., 2005). 

Abnormal anthropometrics of the patella or distal femoral condyles due to 

ageing or repetitive movement of the knee would alter the joint function and 

tend to affect the joint-specific wear pattern (Salsich and Perman, 2007). 

Previous studies analysed the RPC wear and patterns of damage. Many of 

these studies assessed the PF dysfunction but do not specifically relate the 

observed retropatellar cartilage changes to the kneeling ability. Certain 

studies described the damage in the medial facet (Buff, Jones et al., 1988, 

Fulkerson and Shea, 1990, Huberti and Hayes, 1984, Kalichman, Zhang et 

al., 2007, Nomura, Inoue et al., 2003, Potter, Linklater et al., 1998, Sharma, 

Song et al., 2001); the lateral facet (Buff, Jones et al., 1988, Cohen, Mow et 

al., 2003, Fulkerson and Shea, 1990, Harilainen, Lindroos et al., 2005, 
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Huberti and Hayes, 1984, Kalichman, Zhang et al., 2007, Moro-oka, Matsuda 

et al., 2002, Potter, Linklater et al., 1998, Salsich, Ward et al., 2003, Sharma, 

Song et al., 2001, Thomeé, Augustsson et al., 1999); the central patella 

(Harilainen, Lindroos et al., 2005, Nomura, Inoue et al., 2003, Potter, 

Linklater et al., 1998); the medial femoral condyle (Cohen, Mow et al., 2003, 

Potter, Linklater et al., 1998) and the lateral femoral condyle (Cohen, Mow et 

al., 2003, Nomura, Inoue et al., 2003, Potter, Linklater et al., 1998). These 

studies reported that the lateral and medial facets could be damaged with 

malalignment of the patella. Moreover; the lateral patellar facet is mainly 

involved in cases of chondromalacia patellae and with patellofemoral 

compression syndrome. Studies on patellofemoral dysfunction and pain 

describe increased lateral contact and patellofemoral joint pressure (Cohen, 

Mow et al., 2003, Harilainen, Lindroos et al., 2005, Hehne 1990, Petrella, 

Kim et al., 2005, Potter, Linklater et al., 1998, Salsich and Perman, 2007) 

and suggest an increase in lateral patellar and lateral femoral articular wear. 

These studies also indicate that the medial facet shows more damage with 

aging than the lateral facet (Fulkerson and Shea, 1990, Nomura, Inoue et al., 

2003), which is different from the observed RPC damage in this study; here, 

the lateral facets and medial facets were almost equally affected. The 

authors of some of these studies described gender differences in 

patellofemoral anatomy and mechanics (Besier, Draper et al., 2005, Cicuttini, 

Wluka et al., 2002, Csintalan, Schulz et al., 2002, Draper, Besier et al., 2006, 

Grelsamer and Klein, 1998, Lindle, Metter et al., 1997, Petrella, Kim et al., 

2005) but others describe no such gender differences (Fulkerson and Shea, 

1990, Grelsamer and Klein, 1998 ,Ireland, Willson et al., 2003, Kwak, 

Colman et al., 1997, Lindle, Metter et al., 1997, Nomura, Inoue et al., 2003, 

Ota, Nakashima et al., 2008). Regarding kneeling ability in this research 

study; 70% of women who participated were unable to kneel before the 

surgery (14/20), while the same was true for only one man (10%); i.e. 90% of 

men (9/10) and 30% of women (6/20) were able to kneel. The gender effect 

on kneeling ability is an important observation but inconclusive because of 

the relatively small number of patients involved. According to Gorniak et al., 
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(2009) the pattern of RPC wear was more central and compact in males than 

in females (gender difference in wear area). This gender difference both in 

wear area noticed by Gorniak et al. (2009) and the observed kneeling ability 

differences may also relate to males usually having a larger body mass and 

greater hip and knee muscle strength than females (Petrella, Kim et al., 

2005). This gender difference may also relate to hip and knee muscular 

tightness, restricting movement and affecting PF joint wear. Due to these, as 

well as many other factors and the relatively small sample size, further study 

is needed to determine if the difference in kneeling ability between males and 

females is significant and, if so, what particular factors may be involved in 

this difference. 

While many studies analyse the location and severity of wear on the patellar 

facets for pathological patellofemoral conditions, there is no common RPC 

wear pattern that can be described for all patients. In this study, the 

photographs of the retro patellar cartilage showed that the wear was located 

in both lateral and medial facets. This current study evaluated the % of RPC 

wear and the pattern of wear in 27 patients; however, the femoral trochlea 

was not assessed. The results do not support the hypothesis, postulating that 

kneeling function limitation in TKA patients is directly linked to the total extent 

of RPC wear, however severe wear in the superior facets was associated 

with an inability to kneel. 

A study was performed by Gorniak et al., (2009) to detect any common, 

specific-joint wear pattern at the patellofemoral joint in 26 cadavers (50 

patellae) of older individuals. The study found that there was greater medial 

patellar facet wear than lateral facet wear, suggesting higher medial than 

lateral patellofemoral joint contact forces.  The smaller amount of wear on the 

anterior aspect of the lateral femoral condyle suggests that contact forces 

between the lateral facet and anterior aspect of the lateral femoral condyle 

are low during most of knee flexion. This study is in agreement with 

Gorniak’s study in that the presence of a common wear pattern at the PFJ 

would seem unlikely because multiple factors are involved, such as 
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anatomical variations, tissue pathologies, misalignment and physical 

behaviour.  

The different joint-specific patterns noticed in Gorniaks’ study and the results 

of this study could be considered in further studies of kneeling function and 

its link with retropatellar cartilage and the retrospective contact area in the 

femoral condyle.  

5.5 Conclusion 

The middle and lower thirds of both lateral and medial facets were the most 

damaged areas, whether the patients were able or unable to kneel. 

Furthermore, no direct link was found between the % of RPC wear and the 

patients’ kneeling ability. Patients who were able to kneel were free of 

disease in the superior facets of the RPC. The preoperative kneeling ability 

could be an important predictor of kneeling ability after TKA. 
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Chapter 6 Skin Sensitivity to pressure and Kneeling 
Ability before and After TKA 
 

Hypotheses There is no difference in kneeling ability before and after TKA. 

   Post-Operative skin sensitivity to pressure limits the kneeling 

ability following TKA. 

Sensory changes after TKA have no effect on the kneeling ability of patients. 

6.1 Introduction 

One of the most frequently asked questions by patients undergoing TKA 

concerns their post-operative mobility, specifically their ease of kneeling. Full 

functionality of the knee is reduced following TKA, potentially making 

kneeling difficult which, leads to patient dissatisfaction (Hassaballa, 2006; 

Unnanantana, 1997). Mulholand et al. (2001) reviewed the available 

literature to investigate the functional range of motion requirements of Asian 

and the Middle Eastern populations. The study reported that the majority of 

daily activities require a high level of flexion in the knee to allow actions such 

as squatting, kneeling or sitting with both legs crossed. The study revealed 

that the need for flexibility in the knee joint of Western populations is lower 

than that in Asian and Middle Eastern populations. The authors reported that 

studies which report the range of flexion in the knee and hip are inadequate 

and have provided inconsistent data. The authors suggested a 130° range of 

motion in the hip and 111°-165° or more degrees of flexion in the knee for 

squatting. Likewise, sitting with the legs crossed requires a 90°-100° range of 

motion in the hip and 111°-165° or more degrees of flexion in the knee. The 

study concluded that the poor description of measurement techniques and 

methodology weakens the validity of any findings in this field of study. 

In this study pre and post-operative assessments of kneeling ability 

employed qualitative and quantitative data collection techniques. These 
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included the assessment of AKP, range of motion and the extent of sensory 

changes following TKA.  

6.2 Patients and Methods 

6.2.1 Ethical Considerations 

The study received the R&D approval from the NHS Health Research 

Authority - NRES Committee Yorkshire and the Humber - Leeds West; and 

from NHS Lothian (see appendix 3,4 and 5). 

6.2.2 Patient Selection 

Patients undergoing primary TKAs in the Royal Infirmary of Edinburgh –NHS 

Lothian, were invited to take part in the study (see appendix 6). Thirty (30) 

knees (16 right, 14 left) of 30 consecutive patients attending the pre-

assessment clinics of six different consultants were given a detailed 

information sheet (see appendix 7) and included in the study after they had 

signed a consent form (They were the same patients of chapter 5).  The 

patients were reviewed in the follow-up clinic 6 months after surgery. In all 

patients an anterior midline skin incision was used for the surgery and the 

knee replacement used was a single radius implant design (Triathlon- 

Stryker). The patella was not resurfaced. Exclusion criteria include 1) 

Rheumatoid arthritis 2) history of knee surgery on the same knee 3) steroid 

or analgesic injection interventions for the knee pain in the last 6 months. 

6.2.3 Study Design 

Kneeling Ability 

In the pre-operative assessment clinic, the patient’s ability to kneel (before 

surgery) was recorded. More specifically, the patients were asked about their 

ability to kneel. They were then asked to demonstrate kneeling on a firm 

surface if able to do so, and to record the importance of kneeling during their 

daily activities. Four images of the different kneeling positions were used to 
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facilitate communication and ensure an understanding of what was meant by 

the term “kneeling” (Figure 48). The patients who were unwilling or unable to 

kneel were asked to explain the reason (knee pain, back or hip stiffness, 

anxiety, etc.) and this was recorded. 

 

 

 

 

 

   Position 1               Position 2           Position 3      Position 4 

 

Figure 48 Kneeling images showing different kneeling positions (P1, P2, P3, P4) 

Sensitivity to Pain 

Apparatus: 

A dolorimeter (also known as an algometer) was used to test Pre-op and 

Post-op sensitivity to pain. The Dolorimeter used was a pain threshold meter 

model PTH-AF2, commercially available through the Pain Diagnostic and 

Treatment Corporation (Great Neck, NY 11021, USA). The device is a force 

gauge fitted with a disc shape tip bearing a surface of exactly 1cm2.The 

range of gauge is 3-30kg(6-66 LBS); all readings are expressed as kilograms 

per square centimetre (Kg/cm2 ) 

Protocol: 

A previously described standard method for studying patients was followed in 

this research (Reeves, Jaeger et al. 1986, Fischer 1987, Ohrbach and Gale 

1989). This consisted of: 

• Information was given to each patient explaining the purpose and the 

method used for the clinical assessment of pain sensitivity (stimulation 

of deep tissue receptors).  
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• The patient was positioned supine with a pillow under the knee. 

• The applicator tip, (which was 1cm square, but had a rounded profile) 

was applied 3 times on different areas of the knee at a slow steady 

rate perpendicular to the area with 30 seconds between applications. 

The average of the 3 readings recorded. 

• The patient was instructed to respond verbally (‘Yes’) as soon as the 

sensation of pressure became painful (Onset of Pain).  

The areas tested include the Quadriceps Tendon area (QT), Mid-Patellar 

area (MP), Patellar Tendon area (PT), and the anterior fibres of the Deltoid in 

the normal shoulder (i.e. the anterior surface between the shoulder and 

upper arm), as a control area, (Jones, Kilgour et al. 2007, Elson, Jones et al. 

2011).  

The Photographic AKP map (Elson, Jones et al. 2011) was used for 

communicating and recording the results (Figure 49).  

 

Figure 49 PAKP Map-Photographic AKP Map (After Hassaballa, Artz et al. 2012) 

The knee areas indicated with the help of the photographic AKP map. The 

dolorimeter was used to record the pain sensitivity in kilograms in those 

areas (2-3 cm from the edge of the patella). 
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Six months after the surgery (1) the kneeling ability, (2) the pain threshold, 

(3) the range of motion and (4) the grades of sensory changes on the knee 

(Table 18) were recorded. 

 

Sensory grade                   Definition Terminology  
   
-2 Absent sensation to pin-prick/light touch Anaesthesia 

   
-1 Diminished sensation to light touch Hypoesthesia 
 Blunt sensation to pin prick  
   
   
0 Normal sensation Normal 
   
+1 Abnormal but tolerable sensation to pin- Sensitive 
 Prick/light touch   
   
+2 Marked/unbearable sensation to pin-prick/ Hypersensitive 
 Light touch  

Table 18 Grading of sensation of pinprick and light touch testing (Hassaballa, Artz et al. 2012) 

 

SPSS version 21.0 used for data analysis. Descriptive statistical analysis of 

kneeling ability and patterns of kneeling before and after TKA, data were 

expressed as numbers (%) or mean±SD. The measurement of means of 

‘onset of pain’ sensitivity records before surgery and 6 months after were 

compared using the t- test; a P-Value of <0.05 was considered significant. 

 

6.3 Results 

Table 19 shows the demographics of TKA patients selected for the study. 
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Demographics Values (SD) 

Age (y) 

Gender 

Height (m) 

Weight (kg) 

Body mass index (kg/m2) 

Diagnosis 

Involved Knee        Left  

70.1(9.2) 

20(F), 10(M) 

1.62 (0.101) 

81.2 (17.173) 

31.62 (5.281) 

OA 

14 

                                Right 16 

Table 19 Demographics of participants (n=30) 

6.3.1 Pre-operative kneeling ability and patterns of kneeling 

Thirty patients (under the care of six different consultants) were seen in pre-

operative assessment clinics. Their mean age was 70.1 years ±9.2 and most 

were women (n=20). They were tested for their kneeling ability before TKA 

and sequentially recruited until there were15 patients able to kneel and 15 

patients unable to kneel. The only kneeling pattern which was impossible for 

every patient even in the ‘able’ to kneel group was the P4 kneeling position. 

The most common kneeling positions were upright kneeling positions P1 (7 

patients) and P2 (7 patients). Only one female patient was able to kneel with 

fully flexed knees-P3 without any difficulty (Figure 50). The specific advice on 

kneeling was given to only 4 patients. 26 patients reported that no advice 

was given to them by any healthcare professionals. 21 patients considered 

kneeling to be an important function. 9 patients reported that this function 

was not important for them. Knee pain was the main reason behind 

difficulties relating to kneeling inability in 50% of patients (15 out of 30). 
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Figure 50 Kneeling ability and Patterns of Kneeling before TKA (15 patients able to kneel) 

 

Out of the 20 females involved in this study only 6 were able to kneel prior to 

surgery. 9 males out of 10 were able to kneel prior to surgery (Table 20). 

 Preoperative Kneeling Ability Total 

Able to kneel Unable to kneel 

Gender 
Male 9 1 10 

Female 6 14 20 

Total 15 15 30 

Table 20 Relationship between Preoperative Kneeling Ability and Gender of TKA Patients (P= 0.002) 

6.3.2 Post-Operative Kneeling Ability and Patterns of Kneeling 

Among the 27 patients who completed the study, 21 patients were unable to 

kneel and 6 patients were able to kneel 6 months after the surgery (Figure 

51). As with the pre-operative findings, the P1 and P2 were the most 

common positions of kneeling post-operatively. The female patient, who was 

able to kneel with fully flexed knees (P3 Position) before the surgery was 

unable to attain this kneeling position 6 months after TKA. 
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Figure 51 Kneeling ability and Patterns of Kneeling after TKA (6 patients were able to kneel) 

 

The post-operative kneeling ability in males (3/10-30%) was greater 

compared with female patients (3/17-17%). This was true for the pre-

operative kneeling ability both in males (9/10-90%) and females (6/20-30%) 

(Table 21). 

 Postoperative kneeling ability Total 

Able to kneel Unable to 
kneel 

Gender 
Male 3 7 10 

Female 3 14 17 

Total 6 21 27 

Table 21 Relationship between Post-Operative Kneeling Ability and Gender of TKA Patients (P=0.4) 

A significant relationship was observed between the pre-operative and post-

operative kneeling ability; Pearson Correlation=0.5 (P =0.003). 

Among the reasons behind the inability to kneel, the knee pain was the main 

reason before and after TKA. 15 patients before TKA, 13 patients after TKA, 



 119 

moreover; after TKAs 7 patients did not want to kneel due to feelings of 

anxiety, and one patient referred to other joint problems. 

6.3.3 Anterior Knee Pain Assessment before and after TKA  

The area that was perceived to be most painful before TKA was the medial 

joint line (MJLA) for 21 patients and the lateral joint line area (LJLA) for 9 

patients. After 6 months the most painful area was the lateral joint line area 

(LJLA) for 13 patients, MJLA for another 13 patients and Mid-patellar area for 

only one patient.  

Pressure pain tolerance on the surface of the knee joint: 

The means of the Pain Pressure Thresholds (PPTs) from QT (quadriceps 

Tendon) area, MP (Mid-Patellar) area, PT (Patellar Tendon) area and normal 

deltoid area  (Control) for all the patients able to kneel and the patients 

unable to kneel PRE-operatively and POST-operatively were statistically 

analysed for comparison.  

Before surgery, the PPTs measures were lower in the patients who were 

unable to kneel compared to those who were able to kneel. However, this 

difference was not significant at QT area (p=0.2) but significant in all other 

areas (P= < 0.05).  

At 6 months the values were changed but again the differences were not 

significant (p=>0.05) (Figures 52 and 53).  



 120 

 

Figure 52 The mean PPTs measures and kneeling ability before TKA 

 

Figure 53 The mean PPTs measures and kneeling ability after TKA 

 

 Further analysis of the relationship between the PPTs and the kneeling 

ability in groups of TKA patients, identified according to their kneeling ability 

before and after TKA (see appendix 17): Group (1); patients who were able 

to kneel before and after TKA (n=6), Group (2); patients who were unable to 
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kneel before and after TKA (n=13), and Group (3); patients who were able to 

kneel before TKA and unable to kneel after TKA (n=8). The mean changes of 

each patient’s PPT in the control and knee areas after TKA was analysed 

(POST-PRE) in the 3 groups of TKA patients defined immediately above 

(Figure 54). 

Group1 (n=6): there was an Increase of PPTs after TKA in all areas but that 

increase was only significant at UL and QT areas (P=0.03, P=0.02 

respectively).  

Group 2 (n=13): there was a significant increase of PPTs at UL area (P= 

0.03), insignificant decrease at PT area (P= 0.4), and also insignificant 

increase of PPTs at MP and QT areas (P=0.3, P=0.1 respectively).  

Group 3(n=8): there was insignificant increase of PPTs at UL and MP areas 

(P=0.5, P=0.8), and insignificant decrease of PPTs at PT and QT areas 

(P=0.1, P=0.8).  

 

Figure 54 The mean changes of PTTs in the 3 groups of TKA Patients (Group 1-able to kneel before 
and after TKA, Group 2- unable to kneel before and after TKA, Group 3- able to kneel before TKA and 

Unable after TKA)  
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6.3.4 Sensory Changes and Kneeling Ability after TKA 

Hypoaesthesia (grade -1) and anaesthesia (grade -2) were the sensory 

disturbances on the distal and lateral side of the knee joint 6 months after the 

surgery for all patients (n=27) (Table 22). The sensory changes in both 

groups of patients showed no significant relationship to the kneeling ability (P 

=0.6, chi square test). 

 Postoperative kneeling Total 
Able to kneel Unable to 

kneel 

Postop Sensation 
Anaesthesia 4 12 16 
Hypoesthesia 2 9 11 

Total 6 21 27 
Table 22 Kneeling Ability and Sensory Changes 6 months after TKA 

6.3.5 Knee ROM after TKA 

The mean ROM following TKA was 96°. Patients who were able to kneel had 

ROM from 90° to 110° while patients who were unable to kneel had ROM 

from 80° to 110°. The difference was not significant, P=0.08. 

 

6.4 Discussion 

A differential factor in this study is that all patterns of kneeling were 

incorporated in the results. This study corresponds with that of Palmer and 

Servant (2002), which reported that the ability to kneel was hindered post-

operation. This study highlighted several factors that might be a cause of 

kneeling difficulties after TKA. 

Total Knee Arthroplasty, although not able to restore full knee flexion, can 

improve the range of joint motion of pre-operative osteoarthritis patients. 

Previous studies demonstrated that the procedure can make the action of 

kneeling easier (Hassaballa, Porteous et al., 2003; Wilkens, Duong et al., 

2007), this is not the case in this current study as  77% were unable to kneel 
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postoperatively, whereas the groups were recruited to ensure that 50% could 

kneel preoperatively. White, Stockwell et al. (2016) recognised the inability to 

kneel following TKA surgery was due to multiple contributory elements. 

Schai, Gibbon et al. (1999) acknowledge that in-depth studies of TKA post-

operative patients were inadequate.  Schai observed knee flexion and 

reported in post-operative patients that the observed flexion was greater than 

their perceived ability following the TKA procedure. The current research 

study expressed the reality of kneeling before and after TKA. 

Findings of this study may be affected by the patients being afraid of doing 

post-operative damage and therefore their perceived performance of knee 

joint flexion may be under-represented with approximately 50% of patients 

unable to kneel. This present study indicated that the pre-operative and post-

operative kneeling ability differed depending on gender, with males being 

able to kneel more frequently than females. Therefore, a further study on 

gender differences is justified. 

Where a restriction in movement was noticed, the underlying issues were 

generally scar pain or issues associated with back related problems (Schai, 

Gibbon et al. 1999). It is interesting to note that 72% of a group of pre-

operative patients who were informed about how kneeling would be affected 

by the surgery found no issues with kneeling one year after TKA. White, 

Stockwell et al. (2016) employed a survey, that was taken bi-annually by up 

to 115 patients following TKA along with the Oxford Knee Score (OKS) 

survey. They deduced that pain was not the only factor which affected 

kneeling; this assertion is in keeping with this present study. In another study, 

a total of one hundred knee replacements (75 patients) were assessed 6 

months post-operation for kneeling capability and pain levels. These were 

scored from one to ten (Palmer et al., 2002). Patients described why they 

were unable, or did not want to kneel. Again, perception of ability and actual 

ability were recorded. Patients were divided into two categories: those who 

were able to kneel without pain or with only mild pain and those who were 

unable to kneel due to pain. Thirty-two post-operative patients were able to 

kneel without noteworthy pain whereas fifty-four patients refused to kneel 
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through fear of damage or pain. Sixty-four patients knelt without difficulty with 

mild to no pain recorded and only twelve failed to kneel due to unrelated 

ailments. The authors established that there was no significant distinction 

between the two groups based on the ability to kneel or not with regards to 

the range of motion in the joint and the overall knee score. 

In the current study, kneeling difficulties following TKA were noticed in the 

majority of patients. The patient who was able to perform the high flexion 

kneeling pre-operatively failed to perform the same function following TKA 

and all of the patients who were able to kneel (6) performed kneeling on a 

knee or knees which had been operated on (P1 position& P2) following TKA. 

The changes in the ability to kneel (excluding 3 patients who refused to 

complete the study) were monitored in the 14 patients who were able to 

kneel and 13 patients were unable to kneel pre-operatively. Post-operatively 

6 (23%) of the patients were able to kneel and 21 (77%) were unable to 

kneel after 6 months, thereby indicating no improvement in the kneeling 

function after TKA. This result was at variance with previous studies, which 

have reported an improvement in the kneeling ability following TKA 

(Hassaballa, Porteous et al. 2003, Wilkens, Duong, et al. 2007). However, 

the different outcome in the results presented here compared to the study 

conducted by Hassaballa et al. may be due to the sample selection which 

included randomly scheduled post-operative check-ups at an average of 40 

months, different types of surgery which did not necessarily involve a full 

knee replacement and the specific action of kneeling asked about.  

This study has investigated different types of kneeling. Upright Kneeling is 

the most frequently utilised method of kneeling after total replacements. A 

small number of previous studies involving Asian and Middle Eastern 

patients have focused on assessing a full knee flexion of achieving a 

kneeling position (Sresuriyasawad, 2012; Kim, Seo et al., 2015; Tarabichi, 

Tarabichi et al., 2010, Kim, Seo et al. 2015). 

Fu, Wang et al. (2011), Baliga, McNair et al., (2012), Hwang, Yang et al., 

(2012), van Jonbergen, Scholtes et al., (2014), Zha, Sun et al., (2014) have 



 125 

all documented up to 38% of post-operative cases who have experienced 

anteriorly located knee pain. However, this figure can be as low as 6.1%. The 

current study showed no distinct link between an awareness of pain and 

kneeling ability at six months after joint replacement. The dolorimeter’s 

records of the pain sensitivity before and after TKAs and the differences 

noticed in different areas of the anterior knee were not all significantly linked 

with the patients kneeling abilities; thus, although AKP remains one of the 

factors associated with the kneeling difficulty, the significance differences of 

PPTs recorded by the dolorimeter in different knee areas did not 

demonstrate a direct relationship between the kneeling function and pain 

pressure thresholds in all the three groups of patients. Although the number 

of patients in-group 1 (patients who were able to kneel before and after TKA) 

was small (n=6), but the result suggested an important link between the 

PPTs and the kneeling ability. The insignificant changes of PPTs in different 

areas of the knee could be due to smaller number of patients; most patients 

have no change or increase except for patients in-group 3 in the PT area 

where their sensitivity to pain increases, so to confirm the results might need 

larger number of patients in each group. Regarding the postoperative 

sensory changes over the anterior aspect of the knee this current study 

partially correlates with the findings of Hassaballa et al. (2012) who 

performed a range of incisions in a group of 78 joint replacements. There are 

three types of incisions used for TKA procedures. These are mid line, short 

medial and long antero-medial. They found that the larger the incision, the 

larger the zone of sensory alteration anterior to the joint post-surgery. 

Therefore, the longest type of incision had the greatest impact on the 

sensitivity of the surrounding area. Elevated sensitivity in the front part of the 

knee was concluded as being a factor that contributed to poor kneeling 

performance. However, it is important to note that sensitivity can decrease 

over time (Hassaballa, Artz et al., 2012). 

The results showed that numbness following knee replacement, while 

common, is not significantly associated with poorer patient-reported 

outcomes. This concurs with a recent study by Blackburn (2017). This study 
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did, however, indicate a correlation between difficulty in kneeling and both 

patient-reported outcome measures (PROM) scores (WOMAC® pain 

subscale: 0.62 p < 0.001, KOOS: 0.64 (p < 0.001)) and self-reported 

measures. In a study conducted by Jariwala et al. (2017), numbness was not 

found to affect functional outcomes following TKA. This corresponds with the 

current study in which kneeling function and numbness were tested post-

TKA. 

The participants in this study exhibited limited functional knee flexion. This is 

consistent with earlier studies (Myles et al., 2002; Nagura et al., 2005; Rowe 

et al., 2005) which reported limits of flexion of 81° during ambulatory tasks 

and 90° when rising from a kneeling position. These studies collectively 

indicate that the considerable effort invested in maximising the range of knee 

motion that patients are able to achieve post-operatively has not yet resulted 

in patients being able to generate high ranges of flexion while performing 

functional activities.  

Rowe et al. (2000) reported that a range of knee motion of less than 90° is 

required for the majority of daily activities. However, the demands of more 

active and younger patients are increasing the requirement for the 

optimisation of functional outcomes from TKA. An essential aspect of 

outcome that is widely discussed is TKA surgery that enables squatting, 

kneeling and participation in sport (Schai et al., 1999; Hassaballa et al., 

2002; Hartford, 2003; Hanson et al., 2007; Hamai et al., 2008). These 

patients more so than others may be less satisfied with the outcome of their 

TKA by a functional knee flexion range which does not extend beyond 90°. 

This may limit the extent to which patients are able to participate in functional 

activities. Investigations to ensure that advances in enhancing the flexion 

range of motion following surgery can be translated into greater participation 

in high-flexion functional activities, while not compromising prosthesis 

integrity are crucial if TKA surgery is to continue to meet the patients’ 

requirements. This necessitates the identification of other factors that might 

restrict the range of knee flexion while performing functional activities. 



 127 

Discrepancies in the results between this study and previous studies can 

also be accounted for by considering the differences in the protocols 

employed. For example, the kneeling ability and range of knee flexion 

following TKA can be dependent on the incisions used, while sample size 

and selection, patients’ pain threshold and awareness and the follow-up 

period may also influence the results.  

6.5 Conclusion 

A patient’s kneeling ability following TKA is related to their ability to kneel 

prior to TKA. Patients who were unable to kneel before TKA were not able to 

kneel following the surgery. There were notable gender differences in the 

kneeling ability before and after TKA.  The dolorimeter is a useful instrument 

for quantitative assessment of the sensitivity to pressure pain in TKA 

patients.  Numbness developed following a midline incision for TKA can be 

expected to improve with time but is not related to the kneeling ability. 
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Chapter 7 Summary: discussion, conclusions, 
limitations and further work 
 

7.1 Summary, Discussion and Conclusions 

Chapter One 

Delineates the significance of the knee joint’s ability to perform the kneeling 

action and continues by outlining the clinical problem caused by kneeling 

difficulties.	  

Chapter Two 

Delineates the biomechanical operations performed by the bones, muscles 

and cartilage of the knee joint to achieve deep knee flexion, explaining the 

relevant kinematic function of the tibiofemoral and patellofemoral joints and 

summarising the clinical conditions that may obstruct the process of kneeling. 

It notes the paucity of available research material relating to the effects of a 

total knee arthroplasty (TKA) procedure on the subsequent ability to kneel. 

The findings of existing studies on this subject are considered, with particular 

reference to the consequences of loads and forces upon the knee-joints of 

patients for whom deep-knee flexion is an intrinsic element of their life-style. 	  

Chapter Three 

Considers how cultural differences regarding definition and the role of 

kneeling affect the interpretation and responses of members of two cultural 

groups in society. Eighty participants were selected for this study, of whom 

forty were Muslim and forty were Roman Catholic Christian. This research 

established that all members of the Muslim group both accepted deep knee 

flexion as their best definition of the action of ‘kneeling,’ and regarded deep 

knee flexion as an ‘important’ element of their religious practices and 

everyday lives, whereas the Roman Catholic group unanimously accepted 

upright kneeling as their best definition of ‘kneeling’ and thirty-nine members 

regarded kneeling as ‘important’ to their ability to carry out their religious 
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practices and conduct their everyday lives. This research reveals a 

significant difference of perspective around the concept of ‘kneeling’ between 

these two cultural groups in society, which indicates that future 

questionnaires about kneeling should be designed to incorporate this new 

found cultural awareness in order to satisfy scientific criteria. 	  

Chapter Four  

Compares the results of a subsequent questionnaire-based study of patients’ 

kneeling ability one year post-TKA surgery with a similar study based on the 

more established Oxford Knee Score (OKS), which was designed to elicit the 

patients’ post-operative experience of pain, function and mobility. The more 

recent study included 251 participants and the OKS study included 183. This 

chapter focusses on examining the data collected by both studies specific to 

the action of kneeling and concludes that the differences between ‘flexed 

kneeling’ and ‘upright kneeling’ were insufficiently taken into consideration by 

the standard questionnaire. Furthermore, it was revealed that patients’ 

perceptions were influenced by precautionary medical advice they had 

previously been given. The usefulness of the OKS questionnaire as a quick 

and straightforward assessment of post-TKA knee function is acknowledged. 

However, it emphasises that the OKS questionnaire is most consistent with 

the definition of ‘upright kneeling’ and notes that the cultural bias inherent in 

this definition implies that further refinement of the questionnaires in this field 

is needed. 

Chapter Five  

Refers to a study of the correlation between retropatellar cartilage (RPC) 

damage and kneeling function. The kneeling ability of thirty patients was 

tested prior to a total knee arthroplasty operation, photographs were taken 

during surgery to calculate the extent of the RPC damaged area and a 

comparison was made between these two sets of data for each patient. This 

research revealed a low correlation between the percentage of RPC damage 

revealed in the photograph and the kneeling function impairment the patient 

had previously suffered. However, the location of the damage, could be a key 
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factor as all of the patients who could kneel had no disease in the superior 

facets (0/13), whereas 8 /14, i.e. 57% of patients unable to kneel had disease 

in their superior facets. Some patients had a comparatively small surface 

area damage but were unable to kneel, whereas some with an extensive 

area of damage retained this ability. Therefore, the conclusion is that the total 

surface area of RPC damage is in itself a poor predictor of kneeling function 

impairment.	  

Chapter Six 

This chapter examines two sets of data for thirty TKA patients, for whom 

knee pain was the foremost cause of kneeling function impairment. The first 

set of data was recorded prior to surgery, while the second set was recorded 

six months after the operation. These included: a comparison of their pre-

operative and post-operative kneeling ability tests; their comparative 

experience of pain; changes in sensory capacity and the results of knee 

range of motion (ROM) tests. Where P1 position is defined as ‘upright 

kneeling on the operated knee’ and P2 position is defined as ‘upright 

kneeling on both knees’ this study revealed that, for these two kneeling 

patterns, there was appreciable difference between the pre-operative and 

post-operative results in terms of pain or kneeling ability. Where post-

operative sensory changes occurred after an anterior midline incision, these 

sensory changes were not associated with impaired kneeling ability. Chapter 

six concludes that the result of this study enables healthcare professionals to 

provide TKA patients with relevant information about post-surgical knee 

function, anterior knee pain and sensory changes over the front of the knee, 

which will help ensure patients can give informed consent.	  

Patients undergo knee surgery in the hope that they will have reduced pain 

and improved knee function so that they can resume the lifestyle that they 

lost due to their condition. For 100% of Muslims and 97% of Christians, 

kneeling was important or very important in their daily living. 

Although pain was the most significant factor associated with ongoing 

inability to kneel, there were also other contributory factors. One important 
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factor was the patients’ fear that some of their activities might damage the 

replaced knee joint. A lack of consistent information from healthcare 

professionals and conflicting medical advice also contributed to the patients’ 

fearful attitude towards their post-surgical capabilities. Furthermore, despite 

their original motivation for undergoing arthroplasty, post-operative concerns 

about the possibility of developing infection or blood clotting problems tended 

to take priority over the patients’ earlier hopes of regaining the ability to 

kneel. 	  

Developing a more detailed and specific questionnaire regarding the action 

of kneeling would provide the dual benefit of both enhancing medical 

awareness of the way cultural differences impact clinical issues and 

producing a more accurate picture of the way knee physical damage affects 

a range of inter-related knee functions. This would empower healthcare 

professionals to tailor their response in order to meet the specific needs of 

their individual patients better. 

The questionnaire, developed in this study, enables clinicians to gain insight 

into the kind of recovery the patients hope for, and the specific type of 

kneeling positions they hope to regain after surgery. 

The answers to the OKS questionnaire implied that most of the patients, 

(whose ethnicity was not recorded), interpreted ‘kneeling’ to mean the upright 

kneeling position. As the questionnaire did not specify kneeling patterns, the 

existence of different kneeling positions was not in fact acknowledged, so the 

results inevitably reflect a partial, perhaps culturally biased, assessment.	  

The OKS is the most frequently-employed of the Patient Reported Outcome 

questionnaires relating to knee surgery, but its omission of differing kneeling 

positions is a weakness shared by many other similar questionnaires. 

The patellofemoral joint (PFJ) is susceptible to unexplained pain and chronic 

joint dysfunction, both in its natural state and after knee replacement surgery. 

There is, as yet, little evidence correlating retropatellar cartilage damage to 

impaired kneeling function, yet that does not eliminate patellofemoral arthritis 

as a factor contributing to kneeling impairment. The patellofemoral joint is 
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vital to the function of the knee, particularly the deep flexion kneeling position 

that is so problematic for post-surgical TKA patients.  

Regarding the patterns of RPC wears; an important result of this current 

study was that the RPC superior facets wears might be one of the predictors 

of the kneeling ability after surgery. In all patients who abled to kneel after 

TKA, I found that their superior facets were disease free. On the other hand, 

in all patients who unable to kneel, the superior facets were damaged. The 

finding could raise an important question ‘’ Is the kneeling patterns in western 

culture related to the RPC wear patterns’’? . 

The femoral trochlea imaging were not included in this study; the patterns of 

wears of the trochleae could explain further that important result, and might 

verify the relationship between the contact areas and the biomechanics of 

the patellofemoral joint during kneeling. Moreover; the higher percentage of 

RPC wear did not appear to be correlated to the kneeling ability. Patients 

with smaller percentages of RPC wears were found unable to kneel and 

others with higher percentages of RPC wears kneeled without difficulties. 

The importance of PFA as a source of unexplained AKP, and the complexity 

of the different functional actions between PFJ and all other anatomical 

structures of the knee appeared to be behind the uncertainties among 

healthcare professionals, who unable to give scientific consistent answers to 

their patients about the kneeling function. The relationship between different 

patterns of kneeling and the PFA should take more attentions in the future 

studies, that might help the healthcare professionals to give an accurate and 

precise advice for TKA patients who concern about their kneeling ability after 

surgery. 

 

The process of TKA surgery and the introduction of the knee implant can 

encroach upon the function of the tissues comprising the PFJ, potentially 

initiating many physiological problems. This research indicates that patients 

presenting themselves for knee treatment were typically already suffering 
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from impaired kneeling function, but that surgery did not improve that 

condition in the majority of cases. 

All the prosthetic implants included in the study were of the non-resurfaced 

design, as preferred by the majority of knee surgeons at the Royal Infirmary 

of Edinburgh, as they consider that patella resurfacing has no impact on the 

success of the arthroplasty operation.  

7.2 Limitations 

The current research has a few limitations. First, a single radius design has 

been studied without any control groups such as a multi radius standard 

design or other types of prostheses. Second, it was not possible to 

investigate fully patients who have a different traditional kneeling lifestyle. 

Further limitations include the type of incision, the short period of follow up. 

Only one type of incision (Anterior midline) and the medial parapatellar 

approach used by all surgeons in this study. The results of different incisions 

and approaches could result in different relationships between kneeling 

function and the sensory changes after TKA. The follow up period was only 

six months after surgery, and that might not be enough to conclude; more 

time needed for TKA patients to regain their confidence to perform certain 

ADLs and kneeling function. The preoperative ROM were not measured, 

hence; I could not compare the preoperative and postoperative changes of 

ROM and the effects on kneeling ability after TKA.The study did not include 

the degrees of damages in the patella facets and the femoral trochleae, 

where the patellofemoral contact points could have been explained differently 

during upright and high flex kneeling patterns. The PPT testing of the knee 

performed only by myself because of the time limit of the clinics, the 

accuracy of the test and reliability between other testers might result in more 

important data. 
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7.3 Further Work 

This research has established that the perceived outcomes of total knee 

arthroplasty operations have been adversely affected by a range of 

uncertainties, shared by both patients and healthcare professionals. The 

subjects of these uncertainties include: the definition (or definitions) of the 

term ‘kneeling;’ the circumstances in which the individual patient is most 

likely to kneel during their daily lives; the effect of religion and culture on 

anticipated outcomes of knee-joint treatments; the length of post-operative 

recovery period; the precautions a patient should take during a specified 

post-operative recovery period; and the success criteria by which the 

outcome of total knee arthroplasty is assessed. 

One way to address some of these uncertainties would be to undertake 

further research into patients’ experience of kneeling after TKA, with 

particular attention to the different kneeling positions. Thus, patients could be 

informed of which forms of kneeling they would be able to achieve after 

surgery before the surgery takes place and advised on which form of 

kneeling could be safely undertaken at each stage during their recovery 

period. Patients should have access to this information both during the pre-

surgical clinical assessment and during post-surgical physiotherapy 

programmes.  

Data collected by Patient Reported Outcomes research, such as the Oxford 

Knee Score, are an essential element of post-surgical assessment. One of 

the weaknesses of the OKS is that only one question out of the twelve 

relates to kneeling, so any inherent lack of precision within that question may 

potentially distort all the results related to kneeling. This could be addressed 

by including diagrams of the different kneeling positions in the prototype of a 

new questionnaire, to ascertain whether this would elicit additional useful 

information, which would help to clarify the uncertainties. 

It has been reported that post-operative changes in sensory capacity do not 

affect the ability to kneel, but the reason behind these changes remains 

unclear and the veracity of the statement has been inadequately established, 
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indicating the need for a larger-scale research programme to investigate the 

range of different possible sensory changes and their causes, the 

relationship if any on post-operative pain, and the effects of both on post-

TKA kneeling ability. It may also be beneficial to continue to refine both the 

design of knee implants and the surgical techniques employed and to 

observe and collate the results. This thesis has examined the data on 

retropatellar cartilage damage and post-operative kneeling ability of a small 

cohort of non-Muslim patients, who are statistically more likely to relate to the 

definition of ‘kneeling’ as the upright kneeling position. Therefore, there 

remains a clear need to conduct similar research with a cohort of Muslim, 

retropatellar-cartilage damaged patients who are statistically more likely to 

relate to the definition of ‘kneeling’ as a position of deep flexion, an activity 

which they regard as ‘important’ for their daily needs and religious practices. 
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Appendix 1: Review of Human Knee Anatomy and Function 

 Knee joint  

A synovial joint, the knee is made up of the femur, the patella and the tibia, 

which creates three unique and partially separated compartments. These are 

the medial tibiofemoral, lateral tibiofemoral and patellofemoral compartment. 

The next section describes the knee joint as taken from the standard texts 

(Insall& Scott, Surgery of the knee 2017, Last’s Anatomy 2011). 

 Femur 

The femur's distal end has a complicated structure, and this section is used 

as the attachment location for a number of ligaments and tendons (Figure 1 

and 2). The femoral condyles are not proportionally symmetrical, and the 

bigger medial condyle has greater symmetry in its curve. Seen from the side, 

the lateral condyle has a quickly increasing curve radius, from the posterior 

angle. When seen from the surface, the femoral condyles join with the tibia, 

and it is seen that the lateral condyle is marginally smaller in length than the 

medial. The vast axis of the lateral condyle is also marginally greater in 

length, and is position at a greater sagittal plane compared to the long axis of 

the medial condyle, which is angled at roughly 22 degrees and opened from 

the posterior. The lateral condyle has marginally greater width compared to 

the medial condyle in the middle of the intercondylar notch. From the anterior 

perspective, the condyles are split by a groove called the femoral trochlea 

(Figure 3). The sulcus is at the deepest location of the trochlea, and 

compared to the midplane amongst condyles, is positioned laterally. This 

anatomic link is crucial when it comes to re-instating correct patellofemoral 

mechanics following TKA. 
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Figure 1 Bony landmarks with ligament and tendon attachment sites on the anterior (A), and 
medial (B) 

 

Figure 2 Bony landmarks with ligament and tendon attachment sites on the lateral(C) and 
posterior (D) aspects of the knee. 
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Figure 3  Bony architecture of the distal femur. B, Anatomic specimen of the distal femur. 
The lateral and medial femoral condyles are separated by the femoral 

trochlea. The deepest point is situated slightly toward the lateral side. The 
anterior aspect of the lateral condyle is more prominent than the medial 

condyle. 

 

The two condyles are set apart by the intercondylar notch, distally and 

posteriorly. There is a flat impression on the notch's lateral wall, and here the 

proximal origin of the anterior cruciate ligament (ACL) is found. The notch's 

medial wall has greater size, from which the posterior cruciate ligament 

(PCL) begins. A short groove exists proximal to the articular margin of the 

lateral condyle, where the popliteus muscle has its tendinous origin, and this 

groove splits the lateral epicondyle from the joint line. The lateral epicondyle 

is not large, and it is where the lateral (fibular) collateral ligament (LCL) is 

attached. When it comes to the medial condyle, the adductor tubercle, which 

sticks out, is where the Adductor Magnus inserts. The medial epicondyle is 

found anterior and distal relative to the adductor tubercle and is a C -shaped 

ridge with a middle depression or sulcus (Figure 4). Instead of beginning from 

the ridge, the sulcus is the origin point of the medial collateral ligament 

(MCL). The epicondylar axis extends through the centre of the medial 

epicondyle and the lateral epicondyle prominence (Figure 5). 

This line is seen as a valuable point of reference when it comes to complete 

knee replacement. With regards to the line tangent relative to the posterior 

femoral condyles, the epicondylar axis is externally rotated about 3.5 degrees 

and 1 degree in males and females respectively, in cases of healthy normal 

knees. Patients that suffer from osteoarthritis and valgus knee alignment 
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have a transepicondylar axis that is externally rotated up to 10 degrees in 

relation to the posterior condylar line.  

 

Figure 4 A, Bony landmarks of the lateral aspect of the distal femur. The groove for the 
popliteus tendon is obvious and is situated proximally to the articular surface 
of the lateral condyle. The prominence of the lateral epicondyle (indicated by 
an arrow) is posterior to this groove. B, Bony landmarks of the medial aspect 

of the distal femur. The center of the sulcus of the C -shaped, ridgelike 
medial epicondyle (both marked) and this is the middle of the attachment for 

the medial collateral ligament. 

 

 

Figure 5 Compared to the posterior condylar line, the epicondylar axis is rotated externally; it 
joins the prominence of the lateral epicondyle with the sulcus of the medial 

epicondyle. 

There have been crucial anatomic differences in the morphology of the distal 

femur noted in contemporary times, for males and females across various 

racial groups. It has been seen that Asian and Caucasian females alike have 

narrower femurs when it comes to the medial-lateral aspect than males do, 

for all anterior-posterior aspects. This finding was detailed with regards to the 

aspect ratio of the distal femur, where medial-lateral width is split by the 
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anterior-posterior dimension × 100. For female individuals, the aspect ratio is 

usually less than for males, across Asian and Caucasian populations. On the 

other hand, this aspect ratio is impacted by race, since Japanese females 

were shown to have more medial-lateral width than white females, for all 

anterior-posterior dimensions. Further to these results, racial disparities is 

seen in the rotational anatomy of the distal femur, with greater levels of 

natural external rotation of the transepicondylar axis against the posterior 

condylar line for Asian individuals. Unique racial properties and sexual 

dimorphism between people can have substantial impacts for prosthesis 

development and surgical technique in TKA. This data has brought on 

intense discussion regarding the fact that gender-specific femoral 

components and knee prostheses should be based on specific racial groups 

and designed accordingly. Specifically, implants that have a narrower medial-

lateral geometry for a certain anterior-posterior dimension could be suitable 

for specific females. Along the same lines, this type of prosthesis has been 

put forward for implementation across Indian populations, where there has 

been a wider variability in medial-lateral size for anterior-posterior dimensions 

found. Even though there has been a clear gender bias seen in modern knee 

prostheses, there is no evidence as to if this bias has had a negative impact 

on the results of TKA in females compared to males.  

Tibia 

A macerated skeleton had the tibial plateau examined, and it was considered 

that the femoral and tibial surfaces are not conforming to any extent, since 

the more expansive medial tibial plateau is almost flat and has a squared-off 

posterior side, which is visible on a lateral radiograph. Conversely, the 

articular surface of the narrower lateral plateau is almost convex, and the two 

surfaces show a posterior lean of roughly 10 degrees against the shaft of the 

tibia. On the other hand, there is no clear conformity amongst femoral and 

tibial articular surfaces, which might appear to be greater than it is in reality. 

For a complete knee, the menisci make the contact area greater by a large 

extent, and allow the joint surfaces to conform better. It has already been 
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discussed that the femur is impacted by gender and race, when it comes to 

the proximal tibia. This can impact the effective design of prosthesis when it 

comes to complete arthroplasty.  

The spine of the tibia is the eminence that fills up the median portion of the 

tibia amongst plateaus. From the anterior side there is a depression, which is 

the anterior intercondylar fossa, and here there are two attachments from 

anterior to posterior, the anterior horn of the medial meniscus, and the 

anterior horn of the lateral meniscus. The medial and lateral tubercles exist 

behind this area, and they are split by a depression called the intertubercular 

sulcus. When viewed through an anteroposterior radiograph, the medial 

tubercle is often more visible compared to the lateral tubercle, whereas with a 

lateral radiograph, the medial tubercle is positioned anterior to the lateral 

tubercle (Figure 6). The tubercles are unable to act as attachment sites for 

the cruciate ligaments or menisci, while they are able to be used as lateral 

movement stabilisers through projecting towards the inner sides of the 

femoral condyles. Together with the menisci, the tibial spine increases the 

impression of cupping observed in intact examples. For the posterior 

intercondylar fossa, the attachment of the lateral and medial menisci is 

anterior to posterior, behind the tubercles. At the posterior end, the PCL is 

inserted onto the edge of the tibia amongst condyles. From the anterior side 

of the tibia, the tuberosity stands out to the greatest extent and acts as the 

attachment point for the patellar tendon. Gerdy's tubercle is found roughly 2-

3cm laterally from the tibial tubercle, and this is where the iliotibial band (ITB) 

inserts. 
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Figure 6 Anteroposterior (A) and lateral (B) radiographs of a normal knee. 

 Ligaments of the knee 

There are two types of knee joint ligaments, known as the extra-capsular and 

intra-articular. The former is made up of the patellar retinacula, medial (Tibial) 

collateral, lateral (Fibular) collateral and the oblique popliteal ligaments, while 

the latter consists of the anterior and posterior cruciate ligaments and the 

medial and lateral menisci, related to the transverse and menisco-femoral 

ligaments. The patellar retinacula reach from the bottom areas of the tibia 

condyles to the patella, and these are fibrous expansions from the 

quadriceps tendon and the vastus medialis and lateralis muscles. From the 

anterior perspective, these are attached to the margins of the patellar 

ligament. Hoffa's fat pad is found deep to the patellar retinacula, and below 

the patella, there is the powerful patellar ligament, attached to the tibial 

tuberosity. Due to its thickness, it is able to maintain the patella at a 

consistent range from the tibia (Figure 7). 
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Figure 7 Diagrams from Atlas of Human Anatomy,Netter, Frank H,MD. ed 6,2014, Plates 494 
and 496.) 

Medial Aspect 

In the work of Warren and Marshall, it has been shown that there are three 

layers of supporting structure on the medial side of the knee. The layer 

closest to the surface, Layer 1, is the first fascial plane contacted following 

any cut to the skin on the medial side of the knee. This plane is set by the 

fascia, which invests the sartorius muscle (Figure 8). There is no clear 

insertion on the distal side of the tibia for the sartorius, which joins this 
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collection of fascial fibers. On the posterior side, there is a layer of fatty tissue 

amongst layer 1 and the deeper structures. The gracilis and semitendinosus 

tendons are found in the plane amongst layers 1 and 2 (Figure 9). Continuing 

on the posterior side, layer 1 is a fascial sheet, which is over the two heads of 

the gastrocnemius and the popliteal fossa components, and this layer acts as 

a foundation for muscle bellies and neurovascular structures throughout the 

popliteal area. Layer 1 can be split form the parallel and oblique portions of 

the superficial MCL found underneath. When a vertical cut is made on the 

posterior side of the parallel ligament fibres, the anterior portion of layer 1 

can be examined anteriorly to show the superficial MCL. Roughly 1 cm 

anterior to the superficial MCL, layer 1 joins the anterior side of layer 2, and 

the medial patellar retinaculum created from the vastus medialis. On the 

anterior and distal plane, layer 1 connects with the periosteum of the tibia. 

 

Figure 8 Medial aspect of the knee, layer 1. B, Anatomic dissection of the medial knee. Layer 
1 on the medial aspect of the knee is defined by the fascial layer, which invests the sartorius 

muscle (s) ( vm, vastus medialis). 
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Figure 9 Anatomic dissection of the medial aspect of the knee. The tendons of the gracilis (g) 
and the semitendinosus (t) are between layer 1 (the fascia investing the sartorius) and layer 
2 (m, the superficial medial collateral ligament). In this specimen, layer 1 has been split, and 
the sartorius insertion and fascia are pulled back posteriorly ( s, inferior forceps), and the 
anterior fascial margin is retracted anteriorly ( a, superior forceps). 

The superficial MCL's plane is Layer 2, and in the work of Brantigan and 

Voshell has been shown to be made up of parallel and oblique portions 

(Figure 10). Anterior or parallel fibres appear from the sulcus of the medial 

epicondyle of the femur and are made up of heavy, vertically oriented fibres, 

which stretch distally to an insertion on the medial side of the tibia. Roughly 

4.6cm inferior to the tibial articular surface, this insertion is exactly posterior 

to the insertion of the pes anserinus. The posterior oblique fibres are found 

from the medial epicondyle and join layer 3 to create the posteromedial joint 

capsule. 
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Figure 10 A, Medial aspect of the knee, layer 2. B, Anatomic dissection of the medial knee. 
The pes tendons are pulled back distally and posteriorly to show the anterior parallel fibers 
(a) and the posterior oblique fibers (p) of the superficial medial collateral ligament (layer 2). 

In the work of Warren and Marshall it is seen that layer 2 splits vertically. The 

fibers on the anterior side of the split continue cephalad to the vastus 

medialis and connect with the layer 1 plane to create the parapatellar 

retinaculum. The fibres on the posterior side of the split run cephalad to the 

femoral condyle, and transverse fibres continue from this point in the layer 2 

plane to the patella and this creates the medial patellofemoral ligament. In 

turn, the medial patellofemoral ligament joins the patella with the medial 

femoral condyle and acts as a passive way of restricting lateral patellar 

movement. When it comes to the inferior border of the medial patella, the 

medial meniscopatellar ligament is found, which joins the patella with the 

anterior horn of the medial meniscus. The medial retinaculum can be clearly 

seen with a regular MRI, and any tears or similar disturbances with the 

surrounding oedema and haemorrhage, which happens due to patella 

dislocations, can be observed (Figure 11). 
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Figure 11 A, High-resolution axial magnetic resonance image (MRI) of the knee. The 
popliteal vessels and the tibial nerve can be identified between the two heads of the 

gastrocnemius. The other following structures are marked: patella articular cartilage (c), 
medial patellar retinaculum (R), sartorius muscle (S), gracilis muscle (G), semimembranosus 
muscle (M), semitendinosus tendon (T), medial head of the gastrocnemius (mg), lateral head 
of the gastrocnemius (lg), and biceps femoris (BF). B, Axial MRI showing a partial tear of the 

medial retinaculum (arrow) with greater signal on the two sides secondary to acute lateral 
patella dislocation. 

 

 

The capsule of the knee joint is Layer 3, and is differentiated from layer 2 

apart from the margin of the patella, at which point it is very thin (Figure 12). 

Layer 3 has a greater thickness, and creates a vertically aligned stretch of 

short fibres called the deep MCL. The deep MCL ranges from the femur to 

the middle of the peripheral edge of the meniscus and tibia (Figure 13). On 

the anterior side, the deep MCL has an obvious level of separation from the 

superficial MCL, and a bursa is interposed. On the posterior side, the layers 

join together as the meniscofemoral section of the deep ligament usually 

joins the overlying superficial ligament around the cephalad attachment point. 

On the other hand, the meniscotibial section of the deep MCL is clearly apart 

from the overlying superficial ligament and is known as the coronary 

ligament. The various parts of the MCL are clearly noticed on MRI scans, and 

coronal images allow for accurate depictions, while axial images are able to 

offer additional beneficial data as well (Figure 14). 
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Figure 12 Medial aspect of the knee, layer 3 

 

 

Figure 13 Anatomic dissections of the medial aspect of the knee. A, The anterior parallel 
fibers (a) of the superficial medial collateral ligament (MCL) (layer 2) have been sectioned 
transversely through the middle of the ligament and retracted posteriorly (both forceps) to 
show the fibers of the deep MCL (d) and capsule (c, layer 3). B, Close-up view of fibers of 
the deep MCL (d) from the femur to the periphery of the meniscus attachment on the tibia. 

The superficial MCL (s) has been partitioned and the proximal portion pulled back proximally 
(forceps). 
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Figure 14 Coronal magnetic resonance image with increased fluid signal about the medial 
collateral ligament consistent with a sprain. 

The posteromedial section created from joining layers 2 and 3 is supported 

further by five insertions of the semimembranosus tendon and tendon 

sheath. The semimembranosus is directly inserted via tendon on the 

posteromedial corner of the tibia and a second tibial insertion deep to the 

superficial MCL. In addition, a third tract joins the oblique fibres of the 

superficial MCL, while a fourth returns to insert into the capsule proximally 

over the medial meniscus. The popliteal ligament, also known as Winslow's, 

is made up by the fifth tract running proximally and laterally across the 

posterior capsule (Figure 15). 
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Figure 15 A, Anatomic dissection of medial aspect of the knee. The superficial medial 
collateral ligament (MCL) is cute open and pulled back to show the direct insertion (i) of the 
semimembranosus (sm) on the posteromedial tibia and the anterior extension (a) deep to the 
superficial MCL. A band of fibers (d) runs distally to insert into the retracted superficial MCL. 
B, Relationship of the oblique popliteal ligament (o) to the semimembranosus muscle. C, 
Anatomic dissection of the posterior aspect of the knee, demonstrating the oblique popliteal 
ligament (o), which passes obliquely across the posterior capsule to insert on the lateral 
femoral condyle.  

From the medial perspective, the three layers are clearly separated around 

the superficial MCL. On the anterior side, the superficial layer and a section 

of the middle layer join together and connect with the quadriceps extension's 

overlying retinacular expansion. When it comes to the middle layer's other 

cephalad portion, this is created at the point where it splits anterior to the 

superficial medial ligament, and continues on as an independent layer, 

establishing the patellofemoral ligament. On the anterior side, even though it 

is separated, the deep layer is very thin and is not easily defined. From the 

posterior perspective, layer 1 turns into the deep fascia, while layers 2 and 3 

join together to create the joint capsule. 

Valgus stress is primarily inhibited by the superficial MCL, and this layer also 

limits external rotation of the tibia, as well as act as a minor restraint to 

anterior tibial translation in knees that suffer from ACL problems. When it 

comes to tension, the anterior parallel fibres of the superficial MCL are under 

load from full extension to 90 degrees of flexion, with the most tightness 

noticed at 45 to 90 degrees of flexion. Throughout extension, the anterior 

fibres release and the posterior fibers tighten up. Tests were conducted to 
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examine the strain on the ligament, and it was seen that various sections of 

the superficial MCL are put under differing strains, based on valgus load and 

joint position. It was seen that the greatest strain through valgus loading 

happened at the fully extended position close to the femoral insertion, which 

is potentially a cause for the large amount of clinical injury found to happen in 

this section of the ligament. Oblique fibers are seen to have limited 

importance in general function in the superficial MCL, while the deep MCL 

only acts in a secondary capacity to stabilize against valgus stress. 

 Lateral Aspect 

The components that support the knee's lateral aspects are shown to be 

made up of three layers as well. Layer 1 includes the superficial fascia (fascia 

lata), the iliotibial tract, and the biceps femoris, involving the posterior-side 

expansion (Figure 16). Layer 2 is made up of the quadriceps retinaculum on 

the anterior side, and is not completely intact on the posterior side, at which 

point it is made up of two patellofemoral ligaments. Layer 3 consists of the 

lateral capsule (Figure 17), and posterior to the overlying iliotibial tract, the 

posterior capsule is split into two laminae. The deep lamina is made up of the 

coronary ligament and the arcuate ligament. On the other hand, the 

superficial lamina depicts the original capsule and is made up of the LCL and 

the fabellofibular ligament. These two laminae have the inferior lateral 

geniculate artery run amongst them (Figure 18). 
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Figure 16 A, Lateral side of the knee, layer 1. B, Anatomic dissection of the lateral knee. 
Layer 1 on the lateral side of the knee with a prominent iliotibial band (i) insertion on Gerdy's 

tubercle (g). 

 

 

 

 

 

Figure 17 Lateral side of the knee, layer 3. 
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Figure 18 Anatomic dissections of the posterolateral aspect of the knee. A, The superficial 
layers along the posterior margin of the iliotibial band (i) have been cut and pulled back from 

the posterior side to show layer 3 of the lateral aspect of the knee. The prominent lateral 
collateral ligament (l) joins the biceps deep (b, pulled back by probe) on the fibular head. B, 
The lateral head of the gastrocnemius (g) has been pulled back medially (forceps) to show 
the fabellofibular (f) and arcuate ligaments (a). The inferior lateral geniculate artery (arrow) 
passes between the fabellofibular ligament (superficial lamina of layer 3) and the arcuate 

ligament (deep lamina of layer 3) just distal to the probe placed between the two laminae (b, 
biceps femoris). 

Found along the lateral side of the knee, the ITB (Ilio-Tibial Band) is a 

longitudinal thickening in the fascia that inserts into Gerdy's tubercle on the 

tibia. A number of the fibres continue side to side on Gerdy's tubercle to the 

tibial tuberosity. From the proximal perspective, the fascia lata adheres to the 

lateral intermuscular septum, at which point it is a joined onto the femur. On 

the posterior side, the fascia latae combines into the biceps fascia. It is seen 

that the biceps femoris muscle is made up of the long head and the short 

head. The long head comes up together with the semitendinosus from the 

ischial tuberosity, and the short head comes up from the lateral edge of the 

linea aspera, the lateral supracondylar line, and the lateral intermuscular 

septum. The sciatic nerve supplies the nerves for the two heads, from 

separate branches, as the long head is supplied by the tibial branch, while 

the short head is innervated via the common popliteal nerve. The two heads 

join at a common tendon that wraps around the LCL insertion on the fibular 

styloid above the knee joint, and is then split into three layers. The top 

superficial layer expands and inserts as a wide expansion covering the 

adjoining section of the proximal tibia. The middle layer is thin, and not very 

distinct, which covers the LCL and a bursa splits it from the ligament. The 

deep layer splits into two, and imbeds on the fibular styloid and on the tibia at 
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Gerdy's tubercle. The key action of the biceps femoris is knee flexion, but it 

also serves as a weak hip extensor as well as external rotator of the tibia. In 

addition, the biceps is considered to be a critical static and dynamic stabiliser 

of the lateral side of the knee, particularly when the knee's flexion goes past 

30 degrees.  

The work of Fulkerson and Gossling includes in-depth discussion of the 

lateral knee retinaculum (Figure 19). The lateral patellar retinaculum is made 

up of two key areas, the superficial oblique retinaculum and the deep 

transverse retinaculum. The superficial oblique retinaculum extends 

superficially from the ITB to the patella (Figure 20). The deep transverse 

retinaculum has greater thickness, and is made up of three key elements. 

Firstly, the epicondylopatellar band, called the transverse patellofemoral 

ligament, offers superolateral patellar support. The transverse retinaculum 

extends straight from the ITB to the midpatella and offers the lateral patella 

its primary support. The patellotibial band, the third part, extends from 

amongst the patella and the tibia inferiorly (Figure 21). As a whole the lateral 

retinaculum offers robust support for the patella, superior to that of its medial 

equivalent. 

 

Figure 19 Structures of the lateral retinaculum. 
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Figure 20 Anatomic dissection of the lateral aspect of the knee. The superficial oblique (so) 
fibers of the lateral retinaculum run between the anterior margin of the iliotibial band (i) and 

the lateral aspect of the patella (p) (arrow, Gerdy's tubercle). 

 

 

Figure 21 Close-up of an anatomic dissection of the lateral retinaculum. With the superficial 
oblique retinaculum removed, the patellotibial band (p) and transverse fibers (d) of the deep 

retinaculum can be identified. 

For Layer 3, the lateral joint capsule is not thick, and is a fibrous layer 

attached to the femur and tibia around the circumference, at the proximal and 

distal edges of the knee joint. Along the edge of the articular margin of the 

tibia, the inferior border of the lateral meniscus holds the attachment, and this 

is known as the coronary ligament. The LCL beings on the lateral epicondyle 

of the femur, from an anterior perspective of the gastrocnemius origin, 
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starting underneath the lateral retinaculum to join onto fibula's head, merging 

with the insertion of the biceps femoris. When it comes to MRI studies, the 

LCL is shown to the greatest degree on coronal images, and is shown as thin 

strip of low signal intensity.  

The fabello-fibular ligament is a collected mass of fibres that are found 

amongst the LCL and the arcuate ligaments that extend from the fabella, a 

sesamoid bone located at the gastrocnemius lateral head, to the fibular 

styloid. The arcuate ligament is defined in a number of ways. Last states that 

it is a complicated collection of fibres that extend at various angles, at this 

point of the capsule, with which any patterns could be made. Certain fibres 

reach from the lateral condyle of the femur to the posterior section of the 

capsule, but the most robust and consistent fibres of the arcuate ligament 

create a triangular sheet which shifts upwards from the fibular styloid.  From 

the lateral perspective, there is a thick and strong limb, connected to the 

femur and the popliteal tendon. The weaker medial limb encircles the 

popliteal muscle and merges with the fibres of the oblique popliteal ligament. 

The other unattached surface of this medial limb is crescentic, and the lateral 

or femoral section of the popliteus extends under it towards the tibial 

attachment. There are three main fabellofibular and arcuate ligament 

categories usually seen. For the majority of knee cases (67%), the 

fabellofibular as well as the arcuate ligaments are found, whereas for 

significantly sized fabella, the fabellofibular ligament is overpowering, and 

there is no arcuate ligament found (20%). On the other hand, when there is 

no fabella, the arcuate ligament is exclusively present (13%). Watanabe et al 

additionally established seven types, depending on whether there was a 

fibular insertion of a section of the popliteal tendon or not. 

Stemming from a groove on the anterior section of an indent on the lateral 

condyle of the femur, the popliteal muscle appears as a robust tendon, 2.5cm 

long. Invested in synovial membrane, this tendon extends under the medial 

limb of the arcuate ligament and turns into a thin, flat, triangular muscle which 

inserts into the triangle's medial two thirds, proximal to the popliteal line 

found on the tibia's posterior side. Here, a direct attachment to the fibular 
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head is re-established. Additionally, this tendon is attached to the arcuate 

ligament, and based on the work of Last; it is considered that up to 50% of 

the fibres are attached to the lateral meniscus. The synovial membrane 

underneath the meniscus penetrates the muscle as the popliteus bursa. The 

popliteus function is not fully agreed upon, but it is possible it works together 

with the meniscofemoral ligaments to oversee the movement of the meniscus 

throughout knee flexion. On the other hand, its key action is thought to be 

unlocking the knee and facilitate flexion, through external rotation of the 

femur in the loaded position. The nerve for the popliteus comes about from 

the tibial nerve and extends in the distal plane throughout the popliteal 

vessels in order to stretch to the lower edge of the muscle, at which point it 

joins the deep surface. 

The LCL, PCL, and popliteal–arcuate work together in order to provide 

stability to the posterolateral corner of the knee in the face of varus stress, 

external tibial rotation, and posterior flexion. Any disruption or degradation to 

these structures brings about a lack of stability in posterolateral rotation.  

 The Cruciate Ligaments 

The cruciate ligaments are made up of two extremely robust ligaments 

conjoining the tibia to the femur, and they are found inside the knee joint 

capsule, and they are known by their tibial origins. 

The cruciate ligaments work in order to stabilise the knee joint and stop any 

anteroposterior movement of the tibia on the femur. The fact that there are a 

number of sensory endings means there is an additional proprioceptive 

function. Even though the cruciate ligaments are intra-articular they are 

extrasynovial, due to the fact they are covered in synovium. Blood flows to 

them from middle genicular branches and the two inferior genicular arteries. 

Girgis et al have examined the cruciate ligament in depth (Figure 22). 
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Figure 22 A, Anterior cruciate ligament (ACL) and (B) posterior cruciate ligament (PCL).C, 
Close-up of an anatomic specimen seen examined the anterior aspect, showing the 

relationship of the ACL (a), ligament of Humphry (h), and PCL (p) from anterior to posterior 
in the intercondylar notch. D, Arthroscopic view of the contents of the intercondylar notch 

showing, from left to right, the ligamentum mucosum, PCL, and ACL (probe posterior to the 
ACL). 

Anterior Cruciate Ligament 

The ACL has its origin in the medial surface of the lateral femoral condyle on 

the posterior side, within the intercondylar notch in the shape of a partial 

circle (Figure 23). The attachment's anterior perspective is nearly straight, 

and the posterior side is curved in a convex fashion. The ligament extends in 

the anterior plane, and medially towards the tibia (Figure 24). Throughout its 

length, the fibres of the ligament become externally rotated to a small extent. 

On average, the ligaments are 38 mm long and 11 mm wide. Roughly 10 mm 

underneath the femoral attachment, the ligament is prominent as it continues 

in the distal plane to the tibial attachment, the latter of which is a wide, 

depressed section that is anterior and lateral to the medial tibial tubercle 

within the intercondylar fossa (Figure 25). The tibial attachment has an 

oblique orientation, and is stronger than the femoral attachment. There is a 

slip for the anterior horn of the lateral meniscus, which is clearly seen.  In 
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extension of the knee the posterolateral bulk of ACL is taut, whereas in 

flexion, the anteromedial band is tight and the posterolateral bulk is mostly 

relaxed (Figure 26) 

 

Figure 23 Attachments of the anterior and posterior cruciate ligaments to the femur. (From 
Girgis FG 1975)  

 

 

 

 

Figure 24 Arthroscopic view of a normal anterior cruciate ligament (ACL). The fibers of the 
ACL spread in a distal, anterior and medial fashion to insert on the tibia. The origin of the 

posterior cruciate ligament can be visualized posterior to the ACL. 
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Figure 25 Attachments of the anterior and posterior cruciate ligaments to the tibia. (From 
Girgis FG 1975) 

 

 

 

Figure 26 Diagram of the anterior cruciate ligament in extension and flexion. (From Girgis 
FG 1975) 

 



 200 

Posterior Cruciate Ligament 

The PCL has its origin in the posterior section of the medial femoral condyle's 

lateral side, in the intercondylar notch. The tibial attachment is seen to be at 

the depression posterior to the intra-articular upper surface of the tibia, and it 

ranges up to 1 cm distally onto the tibia's posterior side next to it (Figure 27). 

On the proximal side of the tibial attachment, the PCL has a slip that merges 

with the posterior horn of the lateral meniscus.  

 

 

Figure 27 Anatomic dissection of the posterior aspect of the knee. The posterior cruciate 
ligament (p) originates on the lateral aspect of the medial femoral condyle and inserts on the 
posterior aspect of the tibia distal to the articular surface (l, probe on the superior aspect of 

the lateral meniscus). 

Due to its proximity to the joint's central rotation axis and the fact it is double 

the strength of the ACL, the PCL is thought as the primary stabiliser of the 

knee. The PCL is found to offer roughly 95% of the entire restraint capacity 

for posterior translation of the tibia on the femur. Full tightness is achieved at 

full flexion, and is tighter under internal rotation (Figure 28). There are two 

parts of the PCL that cannot be set apart. The anterior fibres make up the 

majority of the ligament and are considered to be tight under flexion, and 

relaxed under extension. The thinner, posterior section acts in the opposite 

manner. The PCL works together with the LCL and the popliteus tendon to 

provide stability to the knee joint. 
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Figure 28 Posterior cruciate ligament. Under flexion, most of the bulk of the ligament tightens 
up, compared to being relaxed under extension. (From Girgis FG 1975) 

 Menisci 

The description that follows from a standard text (Last’s Anatomy, 2011). 

The menisci, previously known as the semilunar cartilages, are segment 

shaped fibrocartilage pieces made up primarily of collagenous fibrous tissue 

found on, and attached to, the tibial plateau (Figure 29). Under cross-section 

they are triangular, with greater thickness at their convex periphery. The 

distal surfaces are also flat, while proximal counterparts are concave, 

articulating with the convex femoral condyles. The menisci are primarily 

avascular, while the peripheral zone is vascularised with capillaries from the 

capsule. The medial meniscus has a wider posterior front, and is nearly a 

semicircle shape. The anterior horn of the medial meniscus is connected to 

the intercondylar area in front of the anterior cruciate ligament, whereas the 

posterior horn is attached in this way in front of the posterior cruciate 

ligament. There is a solid attachment between the medial meniscus and the 

capsule and the tibial collateral ligament. 

The lateral meniscus is almost a full circle, and has an even width 

throughout. The anterior horn here is attached to the front of the tibia's 

intercondylar eminence, behind the anterior cruciate ligament. Additionally, it 

merges to an extent with the ACL. The posterior horn is attached behind the 

intercondylar eminence, in front of the posterior horn of the medial meniscus. 

With regard to the posterior convexity of the lateral meniscus, fibrous bands 
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extend upwards and in a medial fashion to the medial femoral condyle, both 

in front and behind the PCL, which are considered to be the anterior and 

posterior meniscofemoral ligaments (of Humphry and Wrisberg). 

Additionally, on the medial side, there are some fibres from the popliteus 

muscle that are attached to the posterior convexity of the lateral meniscus. 

The transverse ligament is a variable band that acts as a link between the 

lateral meniscus' anterior convexity and medial meniscus' anterior horn. 

 

Figure 29 Menisci of the Right knee joint, from above 

 Nerves and Blood Supply 

Nerve supply 

Nerves are provided to the joint by the femoral nerve via its branches to the 

three vasti, from the sciatic nerve with the genicular branches of its tibial and 

common peroneal components, and lastly through the twig from the obturator 

nerve's posterior section, alongside the femoral artery between the gap in the 

Adductor Magnus into the popliteal fossa.  
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Blood supply 

The anastomoses surrounding the knee offer blood supply to the capsule and 

joint structures, mainly with the five- genicular branches of the popliteal 

artery, with the middle genicular handling the cruciate ligaments in this 

regard. 

The following figures 30-33 showing the nerves and blood supply of the knee 

joint. 

 

Figure 30 Superficial neurovascular structures of the anterior side of the knee. 
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Figure 31 Superficial neurovascular structures of the anteromedial side of the knee. 

 

Figure 32 Neurovascular structures of the popliteal fossa. 
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Figure 33 Superficial neurovascular structures of the lateral aspect of the knee 

 Knee joint motion and function  

The following discussion of the knee joint motion and function summarised 

from the main text book- Insall& Scott, Surgery of the Knee 2017, chapter 1. 

Through the knee joint' bone architecture, there is a certain level of inherent 

stability in this modified hinge. Where the bony surfaces do not conform, this 

brings about 6 degrees of freedom of motion for the knee, with translation in 

medial-lateral, anterior-posterior, proximal-distal planes, as well as rotation in 

flexion-extension, internal-external, and varus-valgus planes (Figure 34).  
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Figure 34 Six degrees of freedom of the knee joint, which include 3 rotational and 3 
translational motions (After Komdeur, Pollo et al. 2002) 

The movement and stability of the joint are overseen through intra-articular 

static stabilisers, including the menisci and cruciate ligaments, in addition to 

extra-articular static and dynamic stabilisers, for example the collateral 

ligaments and muscles. When there is complete extension, the collateral and 

cruciate ligaments are tightened, and the anterior sides of the two menisci 

are firmly set amongst the tibia and femur condyles. At the start of flexion 

movement, the knee “unlocks” and there is external rotation of the femur on 

the tibia. Based on the work of Last, this is caused when the popliteus 

muscle contracts. At the initial 30 degrees of flexion, there is femur fallback 

on the tibia, and there is greater presence laterally. Past the 30 degrees 

point, the femoral condyles turn at a certain spot on the tibial condyles. 

Recent studies using dynamic MRI have shown that the medial condyle stays 

mostly static on the tibia during flexion, with rollback mostly restricted to the 

lateral condyle. The menisci, wedges amongst joint surfaces under 
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extension, now shift in a posterior fashion with the femur in flexion, 

particularly for the lateral. The articular surface of the medial femoral condyle 

is greater than lateral femoral condyle, and when the movement direction is 

the opposite, then the lateral compartment achieves full extension prior to the 

medial compartment completing its extension. Terminal extension is reached, 

and then the knee is locked, through internal rotation of the femur on the tibia 

(known as the screw home mechanism), unless the medial compartment gets 

to its extension limit (Figure 35) 

 

Figure 35 Screw home mechanism. At full extension, the tibial tubercle lies lateral to the 
midpoint of the patella 

A certain section of the superficial MCL stays tight during the entire flexion 

movement, while the LCL is tight during extension alone, and is lax when the 

knee is flexed, thus allowing for more excursion of the lateral tibial condyle. 

When it comes to medial stabilisation, it is considered that the superficial 

MCL is of primary importance. Parallel fibres extend posteriorly once the 

knee flexes. When the knee extends, the posterior fibres are tight while the 

anterior fibers relax and withdraw under the ligament's posterior side (Figure 

36). As the knee flexes, the anterior fibres shift proximally and tighten, put 

under a rising amount of tension as the joint achieves flexion (Figure 37). In 

the eyes of Palmer, this movement is due to the oval shape of the femoral 

origin, and the fact that it shifts its orientation under flexion so the 

attachments of the most anterior fibres are raised. Once the anterior edge 
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tightens, the posterior fibres become lax as the knee flexes, and stay relaxed 

during flexion. The posterior oblique fibres are not tight under extension, and 

are slightly underneath the parallel fibres. Under flexion, the fibers are drawn 

out (Figure 38) and based on the work of Palmer, due to their attachment to 

the capsule and the periphery of the medial meniscus, they oversee the 

backward sliding of the meniscus, which happens throughout flexion. When 

the parallel fibres are intact, then there is a 1-2mm medial opening to valgus 

stress seen. Joint tightness rises at full extension, and the largest amount of 

medial opening is seen at 45 degrees.  Additionally, parallel fibres of the 

superficial MCL oversee the rotation movement, and sectioning these fibres 

boosts how much medial opening to valgus stress occurs, as well as 

increasing external rotation substantially. In distinction, sectioning the 

capsule, the deep MCL, or the oblique fibres of the superficial MCL brings 

about a minimal amount of rotation.  

 

Figure 36 In extension, the posterior margin of the medial collateral ligament is tightened and 
the anterior border more relaxed. Proximal anterior fibers are drawn underneath the posterior 

fibers. 
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Figure 37 Diagram of the superficial medial ligament with flexion and extension of the knee. 
As point B shifts in a superior way, the anterior edge is taut under flexion. On the other hand, 
under extension, point C shifts proximally, and the posterior margin of the ligament becomes 

more taut. 
(From Warren LF 1974) 

 

  

 

Figure 38 The posterior oblique fibers tighten in flexion. (From Palmer, I., 1938) 

 

A number of structures in the knee offer lateral stability. When extended, the 

fibres of the iliotibial tract are of great importance, and since these fibres 

attach proximally to the femur and distally to the tibia, they are seen to be a 

real ligament. On the other hand, Kaplan has shown with electrical 
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stimulation of the tensor fascia lata and traction on the iliotibial tract in 

cadavers that contractions of the tensor fascia lata and gluteus maximus do 

not get sent to the tibia, and so the iliotibial tract is not, in fact, a tendon. 

Once the knee goes through flexion, the iliotibial tract shifts in a posterior 

fashion, and relaxes. Once there is more than 30 degrees of flexion, the 

biceps femoris tendon can be crucial to lateral stability.  

Additionally, the lateral ligament is tight in extension, while remaining relaxed 

during flexion. This is the case for the arcuate ligament as well. As a result, 

under flexion, a larger degree of rotation can be achieved laterally instead of 

medially, with the movement being made possible through the attachments of 

the lateral meniscus and by relaxing the supporting ligaments during flexion. 

The femur on the tibia is observed to have larger levels of rolling, but the 

movement is limited. The attachment of the popliteal tendon to the lateral 

meniscus pulls the meniscus in a posterior fashion, and does not allow for 

entrapment as the knee is flexed.  

The ACL is made up of two functional bands, which are the anteromedial 

band and a more robust, larger posterolateral section. When extended, the 

ligament is seen as a flat band, and the posterolateral bulk of the ligament is 

tightened. Straight after flexion starts, the smaller anteromedial band is taut, 

and most of the ligament goes lax. Under flexion, it is the anteromedial band 

that acts as the main way of restricting anterior shifting of the tibia.  

The PCL is made up of two sections that cannot be split apart. The anterior 

section is the main part of the ligament, with a smaller posterior section 

extending obliquely to the back of the tibia. During the joint's extension, most 

of the ligament stays relaxed, the posterior band being the only tight section. 

Under flexion, most of the ligament tightens, while the posterior band 

mentioned above stays relaxed. 

The ACL acts as a guard in the fact of possible hyperextension and internal 

and external rotation, while the PCL does this when it comes to posterior 

instability in the flexed knee without it being the case for hyperextension, 

when the anterior cruciate is intact. 
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Palmer states that tightening in the ACL under extension sets the lateral 

femoral condyle anteriorly, so further movement into hyperextension can only 

happen when there is simultaneous inward rotation of the femur.  

Rotation happens on an axis in the middle of the medial femoral condyle 

because of more restrictive anchorage of this condyle by the superficial MCL. 

Once this ligament has ruptured, the axis moves laterally. In the work of 

Palmer, it is described that due to the medially moved axis of rotation, 

external rotation of the tibia causes the ACL to go lax via forward movement 

of the lateral femoral condyle. Simultaneously, the PCL becomes stretched. 

Internal rotation brings about the opposite result, where the ACL is tightened 

and the PCL is relaxed. 

A fibrous band acts as a link between the posterior cruciate and the posterior 

margin of the lateral meniscus (the tibiomeniscal ligament of Kaplan), and is 

likely to limit the forward sliding movement that the lateral meniscus 

undergoes during internal rotation. 

Girgis et al. have described that the rotary movements of the tibia on the 

femur happens through all ranges of motion. Their work has shown that the 

ACL is a check against external rotation under flexion, without any ability to 

substantially restrict internal rotation. Under extension, the ACL acts as a 

guard for external rotation and in a more limited capacity to internal rotation. 

As a result, the exact function of the cruciate ligaments when it comes to 

rotation is not widely agreed upon. 
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Appendix 2:  PFA 

 Clinical symptoms 

According to Minkowitz (2009) a range of activities, including ascending and 

descending a staircase, walking on hills, arising from a low-seated position, 

sitting with the knee flexed, and squatting, can aggravate patellofemoral pain. 

As crepitus and effusions are common, although patients’ accounts often 

point to crepitus at the anterior aspect of the knee, physical examination is 

nonspecific. According to Leslie and Bentley, quadriceps wasting in excess of 

2 cm, effusions, and retro patellar crepitus are indicators of imminent articular 

failure of the patella. Pain in the early stages of the flexion arc is considered 

to arise from distal patella lesions and pain from the proximal lesions in the 

advanced flexion stage. The standard initial approach to these patients 

consists of a detailed history, along with physical examination of the axial 

alignment and the patellofemoral joint. 

Berruto et al. (2010) have suggested a number of techniques involving x-rays 

and CT scanning for the assessment of the numerous elements leading to 

patellar instability or pain. A classification scheme developed by the 

Lyonnaises School suggests that existing and potential patellar instabilities 

are governed by the following four primary determinants, each of which is 

defined by parameters acquired from lateral or axial view X-rays and/or CT 

scans: (a) Trochlear dysplasia, (b) Pathological TT-TG (Tibial Tubercle-

Trocheal Groove) value, (c) Patella tilt, and (d) Patella Alta. 

Henry Dejour first suggested the classification of trochlear dysplasia using 

lateral view X-rays, which was subsequently coordinated with data from CT 

scanning in axial projection. Goutallier et al. (1978) established the 

measurement of TT-TG length from CT scans of the extended knee joint in 

axial view. They defined the normal value as lying within the range of 0.8 to 

1.2 mm. A variety of radiographic measures were suggested for assessing 

the height of the patella from lateral X-ray examination, the standard normal 

value again being 0.8 to 1.2 mm. Radiography and, lately, CT scanning have 
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been used in the assessment of patellar tilt with and without quadriceps 

contraction.  

For the assessment of the cartilage condition of the patellofemoral joint, and 

for dynamic assessment of anomalous patellofemoral tracking, which may 

indicate patellar instability, MRI is preferred to the measurement of 

parameters. The specific benefits of MRI include the possibility of knee 

evaluation in full extension (as with CT scanning), the absence of ionising 

radiation, and the acquisition of data regarding the other osseous, 

cartilaginous and soft tissues structures of the knee, facilitating the detection 

of associated lesions or injuries. Comparing MRI with CT scanning, the 

former avoids the use of ionising radiation, provides thinner slices, increased 

resolution of the cartilage surface of the patellofemoral joint, and facilitates 

measurements at the cartilaginous level (Figure 1), whereas radiographic 

examination allows measurements only at the level of the subchondral bone 

(Figure 2). 

 

Figure 1 Measurement of TSE-T2 angles at the cartilaginous level (After Minkowitz 2009) 
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Figure 2 Measurement of TSE-T2 angles at the level of the subchondral bone (After 
Minkowitz 2009) 

 Non-surgical management 

According to R. Grelsamer and J. Mc Connell (2010), the aim of non-surgical 

management is to limit pain and swelling, to enhance flexibility and patellar 

tracking, and to re-establish natural gait patterns. Approaches for non-

surgical management include alteration of activity, knee supports, 

medications such as steroid injection or viscosupplementation, nutritional 

supplements, orthotics, physical therapy such as muscle strengthening or 

taping, water exercise, and weight control. A central tenet in non-surgical 

management has been the important role of soft-tissue balance in the re-

establishment of healthy knee kinematics by means of capsular stretching 

and vastus medialis strengthening. Encouraging results have recently been 

published with respect to positive changes in the frontal plane kinematics and 

dynamic function of the lower extremities via improvement in the strength and 

endurance of the hip and core musculature. The majority of patients will 

experience relief from patellofemoral pain via non-surgical treatment with the 

help of a well-trained physical therapist and will therefore not need surgical 

intervention. However, surgical procedures are needed in some patients with 

full-thickness cartilage defects for whom nonsurgical treatment proves 

inadequate (Grelsamer 2010). 
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 Surgical Management  

The surgical management has been discussed by Mosier et al. (2016) and 

briefly it can be categorised as follows: 

Cartilage restoration 

The fundamental intricacy of the patellofemoral joint presents a challenge to 

the treatment of lesions in the patellofemoral cartilage, the number of 

available cartilage restoration options being limited by the differential 

cartilage thickness, articular contour, and high shear stresses encountered in 

the patellofemoral joint. Further, a positive outcome necessitates a precise 

surgical technique (Mosier 2016). As indicated in Table 1, prior to cartilage 

restoration, the patient must be checked for any possible contraindications 

that may result in heightened risk of an unfavourable result. 

 

Table 1 Cartilage restoration procedures for the treatment of high-grade patellofemoral 
chondrosis (After Mosier, Arendt et al. 2016). 
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The performance of a tibial tubercle osteotomy (TTO) in accompaniment with 

cartilage restoration surgery is justified, as the anteromedialisation osteotomy 

helps restore alignment and relieve the loading of the patellofemoral joint. 

This concomitant procedure is applied to patients with patellar chondrosis 

and a TT-TG distance less than 20 mm and is particularly beneficial for 

patients whose condition affects the lateral facet or the lower pole of the 

patella (Mosier 2016). 

Debridement and Chondroplasty 

The published literature has not clearly detailed the function of debridement 

in the treatment of lesions in the patellar and trochlear cartilage. Although 

mechanical and thermal debridement approaches have been outlined for 

every compartment of the knee, there is little agreement regarding the 

breadth and amount of chondrocyte death linked with these methods. The 

use of chondroplasty is largely restricted to subsidiary findings chanced upon 

in the course of arthroscopy - for example, the extraction of an irregular 

chondral flap no more than 1 or 2 cm2 in size, which might or might not be 

linked to a patient’s mechanical problems. Technically, a major aim of 

debridement, which may present a significant challenge due to the distinctive 

anatomy of the patella, is the formation of stable vertical walls.  

Chondroplasty is of limited effect for the treatment of lesions in the 

patellofemoral cartilage (Mosier 2016). The accounts of 36 patients who were 

subjected to arthroscopic debridement for the treatment of isolated patellar 

lesions, which was associated with patellofemoral pain proven 

unmanageable by nonsurgical treatment for at least four months, has been 

reviewed by Reider. Each of the patients had no history of patellar instability 

or mis-alignment and had presented with isolated lesions of grade 2 or 3 

according to the Cartilage Repair Society score. The results of the study 

indicated an improvement in the mean Fulkerson-Shea Patellofemoral Joint 

Evaluation score from 51.9 to 78.8, with good to excellent outcomes being 

recorded for 58% of traumatic lesion cases and 41% of atraumatic lesion 

cases. 
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Marrow Stimulation 

The successful treatment of patellar and trochlear cartilage lesions by 

marrow stimulation approaches, e.g. microfracture, rests upon rigid 

compliance with definitive procedures, including complete debridement of 

soft tissue from the base, removal of the calcified layer, formation of precisely 

vertical walls, and the generation of microfracture holes at intervals of 2 to 4 

mm (Mosier 2016). The use of microfracture for the treatment of lesions of 

the patellofemoral cartilage may prove challenging. Although access to the 

trochlea is straightforward and microfracture is technically uncomplicated, the 

patella can be seriously problematic with respect to the location of the lesion, 

such that a mini-arthrotomy may be necessary to facilitate the procedure. 

The arthroscopic microfracture procedure may be further complicated by the 

mobility of the patella. A mechanical device, e.g. a drill, Kirschner wire, 

manufacturer-specific accessory, or the more traditional awl, can be 

employed to penetrate the calcified layer to create a defect that becomes 

readily populated by mesenchymal cells from the marrow, which fill the lesion 

with fibrocartilaginous scar tissue. The scar tissue is largely of Type 1 

collagen, which affords limited capacity to withstand the wear and tear arising 

from the significant shear stresses incurred in the patellofemoral joint, as has 

been demonstrated in an investigation by Kreuz et al. (2006) involving 85 

patients with full-thickness cartilage lesions who were subjected to 

microfracture. The observed outcome was an initial improvement followed 

two years after the microfracture by an abrupt decrease in function, most 

probably due to inadequate marginal fusion and poor histologic quality of the 

largely Type 1 collagen scar tissue. 

Thus, the effective use of microfracture for the management of lesions in the 

patellofemoral cartilage is backed by very little meritorious data and the 

procedure perhaps should, at present, be restricted to patients presenting 

with patellofemoral cartilage lesions less than 2 cm2 in size. 
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Autologous Chondrocyte Implantation (ACI) and Cell-based 
Techniques 

In 1997 the Food and Drug Administration (FDA) endorsed the use of 

Autologous Chondrocyte Implantation (ACI) for the treatment of substantial 

(greater than 3 to 4 cm2) full-thickness injuries of the femoral condyles and 

trochlea. Patients with substantial defects of the subchondral plate, such as 

cystic alterations, may need a concurrent bone graft or an alternative 

cartilage restoration technique to ACI, so the surgeon must scrupulously 

examine the patients’s subchondral plate by pre-operative imaging before 

proceeding. Contraindications for ACI include obesity, smoking habit, and 

inflammatory or global osteoarthritis.  

The second phase of ACI involves debridement of the injury to remove any 

unhealthy tissue, followed by the generation of secure vertical walls. In order 

to prevent harm to the subchondral plate, and to preserve haemostasis, the 

calcified cartilage layer is excised by precise surgical procedure. 

Debridement of decayed tissue in the patella can sometimes result in an 

uncontrolled defect. In an optimal procedure, the surgeon should leave a 

slight edge of tissue to which sutures can be sewn rather than employing 

suture anchors.  

According to Brittberg et al. (2010) early results of the ACI procedure for the 

treatment of patellofemoral cartilage lesions were not encouraging. While 14 

out of 16 patients reported good or superior outcomes following ACI for the 

treatment of femoral condyle defects, just two out of seven patients 

experienced good or superior outcomes of ACI for the management of 

patellar facet defects. Since then, results have significantly improved in the 

light of extended knowledge of patellofemoral anatomy, kinematics, and ACI 

implantation techniques, along with the employment of concurrent 

procedures to correct alignment. Gobbi et al. (2009) have published an 

investigation involving 34 patients subjected to ACI for the treatment of full-

thickness patellofemoral cartilage lesions, indicating a statistically significant 

enhancement of all outcome scores at follow-up periods of 2 and 5 years, 
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and an increase in the mean International Knee Documentation Committee 

score from a pre-operative value of 46.09 to a value of 77.06 after 5 years. 

Similarly, Mandelbaum et al. (2007) undertook a series of multi-centre case 

studies of 40 patients subjected to ACI for the management of isolated full-

thickness trochlear lesions, indicating enhanced functional results at an 

average follow-up period of 59 months. Further, Gomoll et al. (2014) have 

published a multi-centre study of 110 patients subjected to ACI for the 

treatment of cartilage lesions of the patella, including bipolar defects, 

indicating that 84% of the patients experienced good to superior outcomes 

after a minimum follow-up period of 4 years, with 92% of the patients 

affirming that they would undergo ACI again. Persistently good results have 

been reported regarding the use of tibial tubercle osteotomy (TTO) in 

combination with ACI for the management of lesions of the inferior pole or 

lateral facet. While the use of TTO in combination with ACI for the treatment 

of medial facet defects remains contentious, enhanced results have been 

noted for patients with lateral or pan-patellar lesions. 

As an alternative to ACI, the less technically demanding and more 

economical particulated or minced cartilage techniques are rapidly growing in 

favour in the United States. The contexts in which particulated cartilage 

implantation is applicable are the same as for ACI. Following preparation of a 

defect, particulated cartilage allograft is implanted, haemostasis is achieved, 

and the graft is fixed in place with fibrin glue. Patients subjected to the 

particulated cartilage procedure for the management of patellofemoral 

cartilage defects have experienced enhanced functionality and symptom 

relief up to two years after surgery. 

Osteochondral Autograft Transfer (OAT) 

Effective results have been achieved by the use of osteochondral autograft 

transfer (OAT) for the treatment of femoral condyle defects, but not for the 

treatment of patellofemoral cartilage defects. This is probably because the 

procedure uses grafts from the periphery of the trochlea or the intercondylar 

notch; the distinct anatomy of the trochlea creates a mis-match in contour 
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which results in enhanced contact pressure when the OAT plug is left 

protruding or to rim loading when the OAT plug is recessed. The cartilage is 

significantly thicker in the patella and central trochlea than in the sites from 

which OAT plugs are generally derived, hence the overhang formed by the 

bony part of the OAT plug that protrudes beyond the native subchondral plate 

is considered to generate a stress riser, which can lead to cyst formation and 

graft failure. 

The treatment of patellofemoral cartilage defects by OAT is restricted to 

minor lesions (less than 2 to 4 cm2) of the patella and trochlea and precise 

surgical procedure is necessary, as shown in Figure 3, and reported 

outcomes have been variable. Good to superior results were reported in 79% 

of patients subjected to OAT for the treatment of patellar and/or trochlear 

defects, according to a study by Hangody and Füles. Similarly, Nho et al. 

(2010) published an investigation involving 22 patients subjected to OAT for 

the management of patellar defects, indicating an increase in the mean 

International Knee Documentation Committee score from 47.2 before surgery 

to 74.4 at an average period of 28.7 months following surgery. Good to 

superior results were also published by Miniaci et al. (2006) in a study 

involving 8 patients with full-thickness patellar defects treated by OAT. In 

contrast, Bentley et al. (2013) described a controlled trial of 100 patients with 

osteochondral defects of the knee that were randomly assigned either ACI or 

mosaicplasty, indicating that OAT failed in 100% of the patellar defect cases. 

Precise surgical procedure is eminently important during OAT for the 

management of lesions in the patellofemoral cartilage. As mentioned above, 

protruding OAT plugs can lead to heightened contact stresses, which, under 

the already high shear stress conditions of the patellofemoral joint, can lead 

to inadequate results. It has also already been noted that mis-match between 

the implant site/OAT plug and the subchondral bone and cartilage junction 

can lead to mechanical insecurity, fibrous linkage and cyst formation. 

Patients frequently require a mini-arthrotomy to enhance site visibility and 

guarantee accurate fitting of the OAT plug, especially in the patella, which is 

not amenable to examination and /or treatment using an arthroscope. 
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Figure 3 Precise surgical procedure during OAT (After Mosier, Arendt et al. 2016) 

Transplantation of the osteochondral allograft 

The reduced risk of infection following the establishment of more rigid FDA 

guidelines regarding the acquisition and storage of allograft tissue has 

encouraged the greater use of osteochondral allografts. The transplantation 

of osteochondral allografts in patients with lesions in the patellofemoral 

cartilage is a significant challenge due to the potential difficulty involved in 

morphologically matching one patella to another. Furthermore, only one 

attempt at the procedure is realistically practicable, making transplantation of 

osteochondral allografts the most difficult cartilage restoration procedure 

available for the management of patellofemoral cartilage defects. The 

procedure is largely applicable to patients presenting with full-thickness 

defects with abnormal subchondral bone. Larger osteochondral shell 

allografts can generally be employed for patients under 40 years of age 

presenting with more extensive uncontrolled lesions or with bipolar lesions 

that cannot be managed by alternative cartilage restoration methodologies. 

An arthrotomy is necessary for the transplantation of an osteochondral 

allograft. Once a suitably sized defect has been constructed, an 

osteochondral allograft plug of matching size and shape is pressed into 

place. This procedure can also be employed as a salvage operation for 

patients with large and irregular patellofemoral cartilage defects. In this case, 

the patella is prepared as for patellar arthroplasty, while preserving at least 

12 to 15 mm of bone to avoid fracture. In order to prepare the trochlea, an 
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incision is made in a single plane as close as possible to the roof of the 

intercondylar notch, then continued closely towards the head of the near 

aspect of the trochlea without scratching the anterior femoral cortex. The 

osteochondral allograft is cut and biocompression or metal screws are used 

to affix it outside the articulating surface. The presence of marrow elements 

in the tissue is considered to be the sole source of immunogenic response; 

hence meticulous irrigation of the bony portion of the osteochondral allograft 

is essential to limit this hazard. Due to the use of this practice, and perhaps 

also to the supposedly immune-privileged condition of chondrocytes, the 

occurrence of immunogenic responses in patients subjected to osteochondral 

allograft transplantation is uncommon. 

The use of osteochondral allograft transplantation for the management of 

lesions in the patellofemoral cartilage has generated less encouraging results 

than the use of the same procedure for the management of condylar lesions. 

Jamali et al. (2005) have published a reassessment of a study involving 

osteochondral allograft transplantations applied to 20 knees (18 patients), in 

which 60% of the patients experienced good to superior results at an average 

follow-up period of 94 months. Similarly, Torga Spak and Teitge (2006) have 

described a study in which 14 patellofemoral arthritic knees (11 patients) 

were managed by fresh osteochondral allograft transplantation, indicating 

graft viability in 57% of the patients at 10 years after surgery. This failure rate 

is less positive than osteochondral allograft viability achieved in other knee 

compartments, and is also more significant than the failure rates noted for 

ACI treatment or patellofemoral arthroplasty. In the light of such failure rates, 

there is only minor support for the use of osteochondral allografts, although 

the lack of surgical alternatives means the procedure is offered to patients 

under 40 years of age presenting with diffuse degenerative patellofemoral 

joint alterations that are unresponsive to nonsurgical treatment. 

Partial Lateral Facetectomy and Lateral Retinacular Lengthening 

For the treatment of patients with isolated lateral patellar arthrosis or bipolar 

lesions of the lateral patellofemoral joint who have not responded to 
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nonsurgical approaches, a comparatively straightforward resection 

arthroplasty technique is that of partial lateral facetectomy and lateral 

retinacular lengthening. Isolated patellofemoral arthritis tends to develop 

gradually and is largely faced with endurance, the patients complaining of 

pain primarily during knee flexion as they arise from a seated position and 

when they climb stairs. Physical examination frequently reveals lateral 

patellar tenderness and a reduced capacity form medial translation of the 

patella, while imaging investigations such as axial radiography or MRI 

scanning commonly indicating a substantial lateral narrowing of the 

patellofemoral joint space, pseudolateral patellar tilt, and a large trailing 

osteophyte. 

The techniques of partial lateral facetectomy and lateral retinacular 

lengthening are applicable to individuals with isolated lateral facet arthrosis 

and patellar tilt who do not have substantial subluxation or a current history of 

patellofemoral instability. Axial MRI should show minimal evidence of 

tibiofemoral arthritis and, as mentioned above, the presence of a large trailing 

osteophyte. The patient should have experienced improved strength without 

concurrent enhanced pain relief during physiotherapy and should have 

shown a positive response to McConnell taping. An open technique is 

favoured for the performance of partial lateral facetectomy and lateral 

retinacular lengthening, and it is also preferable to perform the two 

techniques in combination because it enables the surgeon to achieve 

improved balance of the patellofemoral forces while limiting the risk of 

excessive medial translation.  

To proceed with partial lateral retinacular lengthening, a longitudinal cut is 

made adjacent to the lateral border of the patella and the patellar contribution 

of the iliotibial band is then divided. The incisions in the lateral patellofemoral 

ligament and capsule are made in a more lateral location and these are 

dissected medially from the underlying osteophyte, which is then removed by 

use of an oscillating saw. As shown in Figure 4, the iliotibial band contribution 

that was divided at the lateral border of the patella is then stitched to the 
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edge of the lateral patellofemoral ligament and capsule, effectively 

lengthening the lateral soft tissues by about 10 to 15 mm. 

 

 

Figure 4 Stitching of the iliotibial band to the edge of the lateral patellofemoral ligament and 
capsule (After Mosier, Arendt et al. 2016) 

Following partial lateral facetectomy and lateral retinacular lengthening for 

the management of isolated patellofemoral arthritis, patients have reported 

adequate medium- to long-term results. For example, Yercan et al. (2005) 

published an investigation involving 11 patients who were subjected to partial 

lateral facetectomy for the treatment of isolated lateral patellofemoral 

osteoarthritis, indicating a statistically significant improvement in the mean 

Knee Society score from a pre-surgery value of 150 to a value of 176 at 14 

years after surgery. Similarly, Paulos et al. (2008) have described an 

investigation involving 66 knees (63 patients) treated for patellofemoral 

arthritis by partial lateral facetectomy and lateral retinacular lengthening, 

revealing that 80% of the patients continued to have symptomatic relief at an 

average of 5 years after surgery, and 88% of the patients said they were 

satisfied or greatly satisfied and would be willing to undergo the procedure 

again. A report by Wetzels and Bellemans (2012) presented the longest 

follow-up investigation involving patients subjected to partial lateral 

facetectomy for the management of isolated patellofemoral arthritis, with an 

average follow-up period of 10.9 years, at which 50% of 155 patients were 

satisfied. Adequate results are achieved with partial lateral facetectomy and 

lateral retinacular lengthening for patients with end-stage isolated lateral 

patellar arthrosis for whom total knee arthroplasty or patellofemoral 

arthroplasty are not yet considered appropriate. Nevertheless, the surgeon 
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should take pains to certify that the expectations of the patients being offered 

these treatments are in line with realistic surgical prognosis. 

Patellofemoral Arthroplasty 

According to Mosier and Arendt et al. (2016) and Nathanael Ahearn and 

James Murray (2017), revision surgery rates as great as 63% were reported 

following the performance of patellofemoral arthroplasty using first-generation 

implants. Outcomes have greatly improved for patellofemoral arthroplasty 

using second-generation implants, with 80 to 90% of patients at midterm 

follow-up (6 to 7 years) reporting good and superior results. The design of 

second-generation patellofemoral arthroplasty implants incorporated wider 

anterior flanges to facilitate more proximal extension than the first-generation 

implants as well as more effectively matching the radius of curvature of the 

trochlear groove. The wider mediolateral dimension and greater proximal 

extension of the second-generation implants is less restricting than the first-

generation implants, thus facilitating improved patellar tracking. As indicated 

in Table 2, numerous investigations have indicated that suitable patient 

selection and precise surgical procedure have made patellofemoral 

arthroplasty with second-generation implants a dependable alternative to 

total knee arthroplasty for active patients under 40 years of age presenting 

with isolated diffuse patellofemoral arthritis. 
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Table 2 Outcomes of patellofemoral arthroplasty with second-generation implants (After 
Mosier, Arendt et al. 2016) 

 

According to Wilkinson M.P.R and Haddad F.S (2010), the Avon 

Patellofemoral Joint Replacement (PFJ) is cited by the Australian joint 

registry as the most effective design. Its revision rate at five years of only 

9.9% compared with a rate of 15% for all other designs. The 5-year revision 

rate is 3.8% following TKA and 8.8% following unicompartmental knee 

arthroplasty (UKA). For younger patients (less than 65 years of age) who are 

more closely comparable, the revision rate is 10.8% following UKA and 

5.62% following TKA. 

The PFA technique is much less frequently used than the TKA technique. 

According to the National Joint Registry of England and Wales (NJR, 2015) 

9945 PFA operations were performed between 2003 and 2014, amounting to 

as little as 1.3% of all primary knee replacements carried out over this 

interval. Nevertheless, this represents almost three times the proportion of 
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PFA operations (0.5%) recorded in either the Swedish or Australian registries 

(Swedish JR 2015, Australian JR 2015). According to NJR (2016), the 

revision rate following PFA is greater than that following TKA, or that 

following UKA combined with mobile or fixed bearing. Specifically, the 

cumulative probability of PFA revision is 9.5% at 5 years and 18.7% at 10 

years after surgery. 

According to Lonner and Jasko et al. (2006), the most frequent modes of 

failure linked to PF arthroplasty have been disease progression within the 

tibiofemoral compartments, continuing patellar pain, catching, subluxation 

arising from soft-tissue imbalance, incorrect component positioning, and 

questionable implant design. 

Farr and Barrett (2008) argue that PFA facilitates a more straightforward and 

operational revision surgery following a primary TKA compared to revision of 

a primary TKA. Mulford, J. S. (2009) suggests that the conversion of PFA to 

TKA does not necessitate changing stems, augments, or revision implants, 

and that retention of the patellar component is frequently feasible. According 

to Lonner, Jasko et al. (2006), the results of TKA are not greatly impaired 

following revision of the failed PFA. The positive outcomes observed 

following revision surgery of PFA make this approach more likely to be 

undertaken. 

The registry data (NJR 2016, Swedish JR 2015, Australian JR 2015) 

demonstrate that the age at which PFA is generally performed also has an 

impact upon the rates of revision, with an increased risk of revision after 

primary knee arthroplasty for younger patients. According to Swedish JR 

2015, the revision rate for patients under 65 years old was twice that for 

those over 75 years of age, regardless of implant design. According to NJR 

2016, the median age group for patients undergoing PFA is 59, i.e. 4 years 

younger than the median age for UKA and more than 10 years younger than 

the median age for TKA. 

A significant shortcoming of the literature on PFA is that the majority of the 

reports are case studies and are frequently provided by design surgeons or 
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PFA supporters. The only three investigations to involve more than 100 PFA 

patients with a single implant design were those of Ackroyd and Newman et 

al. (2007), Ahearn and Metcalfe et al. (2016), and van Jonbergen and 

Werkman et al. (2010). There are no well-designed, randomised, statistically 

significant (large participant number) investigations to compare the outcomes 

of PFA with those of TKA. 

Tibial Tubercle Osteotomies  

According to Insall & Scot (2017): 

It was Maquet who first described the technique for anterior tibial tubercle 

(TT) transfer. Biomechanical studies have shown that the process reduces 

stress on the patellofemoral (PF) joint. The technique itself is similar to that of 

a medial transfer, except that it involves anterior transfer of the tibial tubercle 

and the insertion of an iliac crest graft between the tibia and the tubercle. 

Fulkerson proposed a version of anteromedialisation of the tibial tubercle 

along the same lines, but employing an oblique osteotomy fixed with screws 

instead of a bone graft. This is different from Maquet’s technique, and may 

correct poor alignment. It is also suitable for use in treating arthritis in the 

lateral and inferior parts of the patella, as it reduces the load at these points. 

A study was made of patients with PF arthritis who were treated with tibial 

tubercle osteotomy using the bone allograft technique. In the study, 50 knees 

were treated, and 77% of patients had results that were classified as 

excellent or good at their follow-up appointment a mean time of 6.9 years 

later (Atkinson et al., 2012). A smaller study of 19 patients over the age of 50 

who received treatment using Fulkerson’s osteotomy resulted in 63% with 

excellent or good results, and only 5% with poor results at the follow-up 

appointment a mean time of 6.4 years later (Carofino and Fulkerson, 2008). 

The suggestion is that Fulkerson’s anteromedialisation technique is most 

suitable for those patients over the age of 50 who are active and who do not 

smoke or have obesity (Carofino and Fulkerson, 2008).  
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Assessing the results of patellofemoral procedures 

R. P. Grelsamer (2006) notes that, out of the few devices that have been 

developed for the specific evaluation of the outcomes of patellofemoral joint 

procedures, none has been consistently endorsed by surgeons with 

experience in the management of patellofemoral conditions. The design of 

such a device is challenging because patients in different age groups 

entertain inherently different assumptions and requirements regarding the 

functioning of the patellofemoral joint. Consequently, an outcome evaluation 

device such as the popular Western Ontario and McMaster Universities 

Osteoarthritis (WOMAC) device, which was designed for older patients 

treated for arthritis, may present a misleadingly positive evaluation for the 

generally younger patients following treatment for patellofemoral arthritis. 

Conversely, a device such as the Lysholm instrument, which was designed to 

assess sporting functionality and instability, may present an older group of 

patients with a misleadingly negative assessment. Although the Knee Society 

Score (KSS) Clinical Rating System has found frequent application in the 

assessment of knee replacements, doubts regarding its dependability and 

appropriateness have been raised and it is not amenable to self-

administration. Further, while the International Knee Documentation 

Committee (IKDC) device has been found appropriate and dependable for 

the assessment of procedures for the management of patellofemoral 

diseases, it has not been tested with respect to arthritis. After a published 

review by Paxton and Fithian (2005) included the general health instruments 

(Medical Outcomes Study (MOS) SF-36 and SF-12), knee scales (KSS, 

Knee Outcome Survey, IKDC, KOOS) and a disease specific scale 

(WOMAC) for PF arthroplasty outcome assessment, the authors 

recommend the SF-36 and KOOS for evaluation of PF arthroplasty 

outcomes and implementation of these health instruments in the clinical 

settings. 
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Appendix 3: NRES Sub-Committee Decision Approval 

 

 
 
 
 

                                NRES Committee Yorkshire & The Humber - Leeds West 
 
 

                                                        Room 002, Jarrow Business Centre 
                                                       Rolling Mill Road 

                                                       Jarrow 
                                                        Tyne and Wear 

                                                         NE32 3DT 
 

                                                    Telephone: 0191 4283548 
 
14 October 2014 
 
Dr Rida Benfayed 
Orthopaedic Surgeon 
University of Edinburgh 
Department of Orthopaedics 
Edinburgh Royal Infirmary 
Edinburgh 
EH16 4SA 
 
Dear Dr Benfayed 
 
Study title:Kneeling Ability following total knee arthroplasty 
REC reference: 14/YH/1215 
IRAS project ID:153125 
 

Thank you for your letter of 9th October, responding to the Proportionate Review 
Sub-Committee’s request for changes to the documentation for the above study. 
 
The revised documentation has been reviewed and approved by the sub-committee. 
 
We plan to publish your research summary wording for the above study on the  
NRES website,together with your contact details, unless you expressly withhold permission to do so
.Publication will be no earlier than three months from the date of this favourable opinion letter. 
 
Should you wish to provide a substitute contact point, require further information, or wish to 
withhold permission to publish, please contact the REC Manager 
 Miss Sarah Grimshaw, nrescommittee.yorkandhumber-leedswest@nhs.net. 
Confirmation of ethical opinion 
 
On behalf of the Committee, I am pleased to confirm a favourable ethical opinion     for the above 
research on the basis described in the application form, protocol and  
supporting documentation as revised. 
 
Conditions of the favourable opinion 
 
The favourable opinion is subject to the following conditions being met prior to 
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 the start of the study. 
 
Management permission or approval must be obtained from each host organisation 
 prior to the start of the study at the site concerned. 
Management permission (“R&D approval”) should be sought from all NHS organisations involved 
in the study in accordance with NHS research governance arrangements. 
Guidance on applying for NHS permission for research is available in the Integrated Research 
Application System or at http://www.rdforum.nhs.uk. 
Where a NHS organisation’s role in the study is limited to identifying and referring  
Potential participants to research sites (“participant identification centre”), guidance 
 should be sought from the R&D office on the information it requires to give permission     
 for this activity. 
For non NHS sites, site management permission should be obtained in accordance with  
The procedures of the relevant host organisation. 
Sponsors are not required to notify the Committee of approvals from host organisations. 
Management permission (“R&D approval”) should be sought from all NHS organisations involved 
in the study in accordance with NHS research governance arrangements. 
Guidance on applying for NHS permission for research is available in the Integrated Research 
Application System or at http://www.rdforum.nhs.uk. 
Where a NHS organisation’s role in the study is limited to identifying and referring potential 
participants to research sites (“participant identification centre”), guidance should be sought from 
the R&D office on the information it requires to give permission for this activity. 
For non-NHS sites, site management permission should be obtained in accordance with the 
procedures of the relevant host organisation. 
Sponsors are not required to notify the Committee of approvals from host organisations. 
Registration of Clinical Trials 
All clinical trials (defined as the first four categories on the IRAS filter page) must be registered on 
a publically accessible database within 6 weeks of recruitment of the first participant (for medical 
device studies, within the timeline determined by the current registration and publication trees). 
There is no requirement to separately notify the REC but you should do so at the earliest 
opportunity e.g. when submitting an amendment. We will audit the registration details as part of 
the annual progress reporting process. 
To ensure transparency in research, we strongly recommend that all research is registered but for 
non-clinical trials this is not currently mandatory. 
If a sponsor wishes to contest the need for registration they should contact Catherine Blewett 
(catherineblewett@nhs.net), the HRA does not, however, expect exceptions to be made. 
Guidance on where to register is provided within IRAS. 
 
It is the responsibility of the sponsor to ensure that all the conditions are complied with 
before the start of the study or its initiation at a particular site (as applicable). 
Ethical review of research sites 
The favourable opinion applies to all NHS sites taking part in the study, subject to management 
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see 
“Conditions of the favourable opinion” above).  
Statement of compliance 
The Committee is constituted in accordance with the Governance Arrangements for Research 
Ethics Committees and complies fully with the Standard Operating Procedures for Research 
Ethics Committees in the UK. 
After ethical review 
Reporting requirements 
The attached document “After ethical review – guidance for researchers” gives detailed guidance 
on reporting requirements for studies with a favourable opinion, including: 
 
Notifying substantial amendments 
Adding new sites and investigators 
Notification of serious breaches of the protocol 
Progress and safety reports 
Notifying the end of the study 
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The HRA website also provides guidance on these topics, which is updated in the light of 
changes in reporting requirements or procedures. 
 
Feedback 
You are invited to give your view of the service that you have received from the National 
Research Ethics Service and the application procedure. If you wish to make your views known 
please use the feedback form available on the HRA website: 
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance 
 
We are pleased to welcome researchers and R & D staff at our NRES committee members’ 
training days – see details at http://www.hra.nhs.uk/hra-training/ 
 
14/YH/1215 Please quote this number on all correspondence 
With the Committee’s best wishes for the success of this project. 
Yours sincerely 
 
 
 
 
Mr Anthony Warnock-Smith 
Alternate Vice Chair 
 
 
Email: nrescommittee.yorkandhumber-leedswest@nhs.net 
Enclosures: “After ethical review – guidance for researchers” 
Copy to: Ms Marianne Laird, University of Edinburgh 
Ms Karen Maitland, NHS Lothian  
 

Approved documents 

The documents reviewed and approved by the Committee are 
 

Research protocol or project proposal [Protocol] 1.0 03 June 2014 

Summary CV for Chief Investigator (CI) [CV Rida Benfayed] 1.0 24 June 2014 

Summary CV for student [CV Rida Benfayed] 1.0 24 June 2014 

Summary CV for supervisor (student research) [CV Hamish 

Simpson] 

1.0 27 May 2014 

Validated questionnaire [Kneeling Questionnaire] 1.1 09 October 2014 

Document Version Date 

Covering letter on headed paper [Ethics Cover Letter] 1.0 24 June 2014 

GP/consultant information sheets or letters [GP Letter] 1.0 03 June 2014 

Other [Cover letter-response to REC committee] 1.0 09 October 2014 

Participant consent form [Consent Form] 1.0 03 June 2014 

Participant information sheet (PIS) [Patient Info Sheet] 1.1 09 October 2014 

REC Application Form [REC_Form_30092014]  30 September 201

4 
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Appendix 5: Notice of Substantial Amendment Approval 

 

 
 
 

Yorkshire & The Humber - Leeds West Research Ethics Committee 
Room 001, Jarrow Business Centre 

Rolling Mill Road 
Jarrow 

Tyne and Wear 
NE32 3DT 

 
Tel: 0191 428 3444 
11 December 2015 
 
Dr Rida Benfayed 
Orthopaedic Surgeon 
University of Edinburgh 
Department of Orthopaedics 
Edinburgh Royal Infirmary 
Edinburgh 
EH16 4SA 
 
Dear Dr Benfayed 
 
Study title:Kneeling Ability following total knee arthroplasty 
REC reference: 14/YH/1215 
Protocol number: NA 
Amendment number: Substantial Amendment 1 
Amendment date: 16 November 2015 
IRAS project ID: 153125 
 
The above amendment was reviewed by the Sub-Committee in correspondence. 
 
Summary of amendment 
 
This amendment was submitted to replace the one year visit to a visit after six  
Months following Total Knee Replacement. This was due to noticing small  
changes in kneeling ability after six months. 
 
Ethical opinion 
The members of the Committee taking part in the review gave a favourable ethical 
opinionof the amendment on the basis described in the notice of amendment 
 form and supporting documentation. 
 
The Sub-Committee noted that that changes that were made were not clear and  
that the changes should be either highlighted or tracked, rather than made bold.  
The Sub-Committee requested documents with tracked changes to make  
the changes clearer.You provided copies of the documents with changes 
 highlighted. 
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The Sub Committee approved the amendment, but recommended that all  
Instances of the term ‘patient’ should be amended to read ‘participant’  
Throughout study documentation.  
The Sub-Committee explained that the term ‘participant’ was preferred as it 
 accurately and sensitively reflects the nature of the research relationship. 
 
A Research Ethics Committee established by the Health Research Authority 
 
The Sub-
Committee also recommended that the term ‘prospective patient’ should be 
amended to read ‘people with knee arthritis’ to sensitively refer to the participant  pri
or to undertaking a research role. 
 
 
Membership of the Committee 
 
The members of the Committee who took part in the review are listed on the attach
ed 
sheet. 
 
R&D approval 
 
All investigators and research collaborators in the NHS should notify the R&D officef
or the relevant NHS care organisation of this amendment and check whether it  
affects R&D approval of the research. 
 
Statement of compliance 
The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees and complies fully with the Standard Operating 
 Procedures fo Research Ethics Committees in the UK. 
 
We are pleased to welcome researchers and R & D staff at our NRES committee 
 members’ training days – see details at http://www.hra.nhs.uk/hra-training/ 
14/YH/1215: Please quote this number on all correspondence 
 
Yours sincerely 
pp 
 
 
Mr Anthony Warnock-Smith 
Alternate Vice-Chair 
 
E-mail: nrescommittee.yorkandhumber-leedswest@nhs.net 
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Appendix 6: Research Study Protocol 

 

 

 

 

 

 
 
 
PROTOCOL OF THE STUDY 
 
 
 
Kneeling Function Following Total Knee 
Arthroplasty 
 
 
Version 2. 16 November 2015 
 
Principal Researchers 
 
*Dr R Benfayed (MD student-University of Edinburgh) 
*Professor. H Simpson (Professor of Trauma and Orthopaedics) 
*Mr M Moran (Consultant Orthopaedic Surgeon) 
 
 
 
 
List of Abbreviations 
 
TKR  Total Knee Replacement 
TKA  Total Knee Arthroplasty  
OA  Osteoarthritis  
 
 
 
1. Introduction  
 
Kneeling function is an activity that is required for a variety of reasons. Its 
importance is related in part to, occupation, culture, and the recreational activities of 
an individual. It is important in occupations such plumbing, carpet-laying, and 
construction. Hobbies and recreational activities such as gardening may also require 
kneeling for extended periods of time. Culturally, kneeling plays a large role in the 
lives of people from Middle Eastern and Asian countries, where activities of daily 
living and religious activities such as prayer require the ability to kneel in deep 
flexion. 
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1.1 Background  
 
Several variables interact to affect the kneeling ability in a normal subject or in a 
TKA patient, and the range of knee flexion is an important determinant of kneeling 
ability (M Hassaballa 2003). These include pre and post-operative advice from the 
surgical team, the state of the patellofemoral joint, design of TKA, surgical technique 
and successful postoperative rehabilitation. One of the aims of TKR is to provide an 
adequate range of movement. A minimum of 90° flexion is necessary for normal 
daily activities (Lauben-thal, Smidt and Kettelkamp 1972; Ritter and Campbell 
1987), but there have been reports on factors which influence this range of flexion 
after knee arthroplasty. The most important factors were the preoperative range of 
flexion and the body-weight of the patient. Kneeling involves complex movements 
between the patella, femur and tibia especially at the extremes of movement. It 
requires more than 90° of flexion at the knee to kneel effectively during initiation f 
the movement. Weiss et al surveyed more than 200 patients after TKA to define the 
importance of particular activities and the extent to which these were limited by TKA. 
More than 50% identified kneeling as important and also experienced limitations in 
kneeling after TKA, Reviewing 100 TKAs in 70 patients, Schai et al reported that 
where as 31 patients were able to kneel where supervised. The authors note that in 
patients with observed difficulty in kneeling, scar pain or spine related problems 
were the major factors limiting kneeling ability. 
 
1.2. Rationale for the study 
 
The research study is designed to determine what preoperative and postoperative 
factors influence a patient’s ability to kneel after Total Knee Replacement 
 
2. Study objectives 
 
2.1. Primary and secondary objectives 

I. To correlate the condition of the knee before and after the surgery 
II. To assess the range of knee movement and kneeling ability before 

and after surgery  
III. To find out how the sensory changes over the knee can affect the 

kneeling ability after surgery. 
IV. To investigate the relationship between perceived and observed 

ability to kneel after TKR 
 
2.2. Primary and secondary endpoints 
Measurement tools are the designed kneeling questionnaires, intraoperative 3D 
photos to assess the retro patellar cartilage morphology. 
 
3. Study Design 
The study designed to be non invasive and include only clinical tests to monitor the 
kneeling function before and after surgery. 
 
The prospective research study will include the following  
There will be only 3 visits, the first in the preoperative assessment clinic and the 
other 2 in the follow up clinics (6wks and 6 months post-operative), each visit will 
require an additional 10 minutes for assessment. These clinic visits are part of the 
normal routine for patients undergoing TKR. 

1. Examination of the kneeling function on 40 patients before surgery, 30 
patients listed for Triathlon TKR and 10 patients listed for PFC –TKR 
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2. Sensation changes examination after surgery during their normal clinical 
visits by soft cotton, pin prick and Dolorimeter (Non Invasive electronic 
device to test for sensory changes) 

 
 
4. Study population 
The analysis will be as the following 
1. Patients with kneeling problems because of sensory changes over knee 
2. Patients with kneeling problems not due to sensory changes 
3. Patients without kneeling problems 
4. Patients with PFC TKR surgery 
 
4.1. Number of participants 
40 patients in total, 30 patients listed for Triathlon TKR and 10 patients listed for 
PFC –TKR. 
4.2. Inclusion /Exclusion criteria 
We will select only patients listed for primary TKR with no medical problem 
preventing them from kneeling  
We will exclude any patient listed for Revision knee surgery or with additional hip or 
spinal pathology. 
4.3. Identification of participants 
Patients awaiting knee replacement surgery will be identified from the departmental 
waiting lists. 
4.4. Consent 
Patients will be consented during their attendance at their preoperative assessment 
clinic. Dr Rida Benfayed will carry out informed consent. 
4.5. Risks and Benefits to participants 
The study includes only a clinical assessment during their normal visits. These 
routine assessments will require a short additional time to the normal clinic visit. 
There is no additional intervention and so we do not anticipate any additional risks 
to standard TKR. There may be no direct benefits or payments. There is some 
evidence that patients participating in trials have improved Outcomes. 
 
5. Data collection 
I will examine each patient and record the results using excel format and all the 
recorded anonymised data will be stored in the university computers with strict 
password controlled access. 
 
The data include the kneeling ability results before the surgery and 1 year after 
surgery, the sensation changes after surgery will be recorded at the time of 
examination by using the knee pain map to locate the sites affected in each patient 
6weeks and 1year after surgery  
 
6. Statistics and data analysis 
SPSS will be used for statistics and data analysis, the frequencies between the 
patients who able and unable to kneel, and by using the knee pain map to test for 
sensation changes after knee surgery will locate the sites of sensory changes in all 
the patients, grading of the sensory changes will be part of the analysis  
6.1. Sample size calculation 
40 patients listed for TKR will be examined for the kneeling ability and the sensation 
changes before and after surgery. 
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6.2. Proposed analyses 
Anova and t-Test will be used in the analysis of the data generated by the study. 
 
7. Data Protection 
 
7.1. Data Protection 
All Investigators and study staff involved with this study must comply with the 
requirements of the Data Protection Act 1998 with regard to the collection, storage, 
processing and disclosure of personal information and will uphold the Act’s core 
principles. Access to collated participant data will be restricted to the study team. 
 
Computers used to collate the data will have limited access measures via user 
names and passwords. 
 
Published results will not contain any personal data that could allow identification of 
individual participants. 
 
7.2. Data Storage 
The anonymised Data collected in this study will be stored in the university 
computers, and all passwords controlled and will be stored up to 2 years after the 
end of the study  
 
7.3 Confidentiality 
All laboratory specimens, evaluation forms, reports, and other records must be 
identified in a manner designed to maintain participant confidentiality.  All records 
must be kept in a secure storage area with limited access.  Clinical information must 
not be released without the written permission of the participant.  The Investigator 
and study staff involved with this study may not disclose or use for any purpose 
other than performance of the study, any data, record, or other unpublished, 
confidential information disclosed to those individuals for the purpose of the study.  
Prior written agreement from the sponsor or its designee must be obtained for the 
disclosure of any said confidential information to other parties. 
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Appendix 7: Patient information sheet 

 

 

Patient Information Sheet 
 
Kneeling Function Following 
Total Knee Arthroplasty 
 
Version 1.0 12.September 2014 
 
Principal Researchers 
*Dr R Benfayed 
*Professor Hamish Simpson 
*Mr M Moran  
 
Dear Patient, 
You are being invited to take part in a research study. Before you decide whether or 
not to take part, it is important for you to understand why the research is being done 
and what it will involve. Please take time to read the following information carefully. 
Talk to others about the study if you wish. Contact us if there is anything that is not 
clear or if you would like more information. 
Thank you for reading this. 
 
What is the purpose of the study? 
Kneeling is important part of the normal use of your knee. Many patients with knee 
arthritis have problems kneeling. This may also be the case after Knee 
Replacement. The purpose of this study is to look at patient’s ability to kneel before 
and after surgery. We hope to identify what factors affect your ability to kneel after 
surgery. If we know what influences kneeling after surgery we may be able to 
improve outcomes for our patients in the future. 
 
Why have I been asked to take part? 
You have been asked to take part as you have been previously diagnosed with 
osteoarthritis of the knee and you have been listed for total knee replacement at the 
Edinburgh Royal Infirmary. We hope to recruit 40 patients in total. 
 
Do I have to take part? 
No, it is up to you to decide whether or not to take part. If you decide to take part 
you will be given this information sheet to keep and be asked to sign a consent 
form. If you decide to take part you are still free to withdraw at any time and without 
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giving a reason. Deciding not to take part or withdrawing from the study will not 
affect the healthcare that you receive, or your legal rights. 
 
What will happen if I take part? 
If you decide to take part we will examine your kneeling ability before surgery during 
your routine attendance at pre-assessment clinic.  
After your Knee Replacement you would be followed up at 6 weeks and one year. 
These visits are part of the normal routine after surgery. At these visits we will 
examine your knee again. We will also examine the skin around the scar on the 
front of your knee for changes in the feeling in the skin. The sensation tests will be 
carried out at 6 weeks and 1 year after surgery with: soft cotton, pinprick and 
Dolorimeter (an electronic device testing levels of pain). There may be slight pain 
sensations associated with the tests. 
At 1 year after the surgery we will examine your kneeling ability and compare the 
changes before and after your surgery .In all your visits you will also receive your 
normal health care as planned by your treatment team. 
The sensation record will include normal, lower or higher sensation in different areas 
around the knee. 
The kneeling ability test will compare the degree of bending (Flexion) according to 
the patient position during kneeling. 
What are the possible benefits of taking part? 
There may not be any direct benefits to taking part in this study, but the results of 
this study could potentially help for better understanding of factors affecting the 
kneeling ability after knee replacement surgery. 
 
What are the possible disadvantages and risks of taking part? 
It is not thought that there are any additional risks; the examination and the tests will 
not affect the knee function before or after the surgery. The surgery is carried out as 
normal. There are no additional clinic visits required however your clinic visits will 
last a little longer if you participate in the study. 
 
What if there is a problem?  
We take every opportunity to reduce risk. If you believe that you have been harmed 
in any way by taking part in this study, you have a right to pursue a complaint 
through the usual NHS process. See NHS complaints contact at the end of this 
document. 
 
What happens when the study is finished? 
The data will be analysed and the results presented to the medical community by 
way of degree completion at the University of Edinburgh, presentations at 
conferences and publication in journals. Published data will not contain any 
information that will allow you to be identified. All stored data will be password 
protected. 
 
Will my taking part in the study be kept confidential? 
All the information we collect during the course of the research will be kept 
confidential and there are strict laws, which safeguard your privacy at every stage. 
Study researchers will need access to your medical records or personal data to 
carry out this research. Only anonymised data will be stored in the University of 
Edinburgh computers with all the confidential measures used to protect the research 
data at all time. 
 
With your consent we will inform your GP that you are taking part. 
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To insure that the study is being run correctly, we will ask your consent for 
responsible representatives from the Sponsor and NHS Institution to access your 
medical records and data collected during the study, where it is relevant to you 
taking part in this research. The Sponsor is responsible for overall management of 
the study and providing insurance and indemnity. 
 
What will happen to the results of the study? 
The study will be written up as part of a degree completion, published /conference 
presentation. You will not be identifiable in any published results. The information 
can be made available to the participants and you can access that information at the 
end of the study if you wish by sending that information to you. 
 
Who is organising the research and why? 
This study will be co-sponsored by the university of Edinburgh and NHS Lothian. 
The study is part of requirements of a higher degree completion for Dr R Benfayed. 
 
Who has reviewed the study? 
All research in the NHS is looked at by independent group of people, called a 
Research Ethics Committee. The South East Scotland Research Ethics Committee 
has reviewed this study and given it a favourable opinion NHS Lothian management 
approval has also been obtained. 
 
Who can I contact for more information? 
If you have any questions or you wish to obtain further information about this study, 
you may contact: 
Dr R Benfayed 0131 242 6465 
Mr M Moran  0131 242 3490 

 

If you would like to discuss this study with someone independent of the study please 
contact:  
Mr Sam Patton 
Clinical Director  
Department of Orthopaedic Surgery  
Edinburgh Royal Infirmary 
Little France 
Edinburgh 
EH16 4SA 
Tel: 0131 242 3447  
Sam.Patton@nhslothian.scot.nhs.uk 
If you wish to make a complaint about the study please contact NHS Lothian: 
NHS Lothian Complaints Team 
2nd Floor 
Waverley Gate 
2-4 Waterloo Place 
Edinburgh 
EH1 3EG 
Tel: 0131 465 5708  
Complaints.team@nhslothian.scot.nhs.uk 
Thank you for taking the time to read this information sheet and considering taking 
part in this study. 
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Appendix 8: UOE Letter of copyright permission 

 
 
 
 
Hi Rida,  
 
It sounds like your use of the figures for your thesis will fall under the copyright 
exception of Quotation, Criticism, & Review. 
In order to meet the criteria for this exception the material you are using needs to 
be: 

1 Demonstrably used for quotation, criticism, or review 
2 Already publicly available (you are not releasing someone else’s unpublished 

data/figures) 
3 The use of the material is fair (you are only using as much as is necessary for 

your purpose of quotation, criticism, or review) 
4 The use is accompanied by a clear acknowledgement of the source. 

 
More information on this copyright exception can be found on the incredibly useful 
website http://copyrightuser.org/topics/quotation/ 
 
Warm regards,  
 
- Charlie 
  
(Stephanie Farley) 
  
ISG Copyright Service 
----------------------------------------- 
Open Education Resources Advisor 
Learning, Teaching, and Web Services 
University of Edinburgh 
Tel: +44 (0) 131 650 8487 
Email: Stephanie.Farley@ed.ac.uk  
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Appendix 9 : Questionnaire, Interpretation of kneeling 

 

 

PERCEPTION OF KNEELING FUNCTION 

 
 
Gender:  Male  Female  Age:  
Religion: 
 
Is kneeling an important function for you? Yes  No 
 
On a scale of 0 to 10 how important is it?   

0 10 
 

 
How often do you need to kneel? 
   
Daily 
 
Weekly 
 
Occasionally 
 
Very occasionally 
 
Never 
 
Which of the images below best defines YOUR perception of kneeling? 
 
 

 
 
Image 1  Image 2  Image 3  Image 4  
 
 
 
 
Thank you for your help 
  

C C 
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Appendix 10: Sample size and power calculation (Chapter 3) 

 
Analysis: A priori: Compute required sample size (Chi 

square test)  

Input:  Effect size w                  = 0.5 

   α err prob                     = 0.05 

   Power (1-β err prob)           = 0.9 

   Df                             = 9 

Output:  Noncentrality parameter λ      = 20.0000000 

   Critical χ²                    = 16.9189776 

   Total sample size              = 80 

      Actual power          =   0.9 

 

 5 10 15 20 25 30 35 40 45 50 55 60
0

0.02

0.04

0.06

0.08

0.1
critical χ² = 16.919

αβ
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Appendix 11: Questionnaire, Perceptions of kneeling ability before 
and after TKA 

 



 249 

 



 250 

 



 251 

 



 252 

 



 253 

 



 254 

 

Kneeling question in OKS 

During the past 4 weeks………. 

        Could you kneel down and get up again afterwards? 

Yes,  with little with moderate  with extreme      No, 

Easily   difficulty difficulty  difficulty      Impossible 

 �    �                       �                               �                          � 
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Appendix 12: Cohen’s guidelines for the interpretation of a 
correlation coefficient  

 

-0.3 to +0.3 Weak  

-0.5 to -0.3 or 0.3 to 0.5 Moderate  

-0.9 to -0.5 or 0.5 to 0.9 Strong 

 -1.0 to -0.9 or 0.9 to 1.0 Very strong  

 

Cohen, L. (1992). Power Primer. Psychological Bulletin, 112(1) 155-159 
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Appendix 13: Responses to Preoperative OKS and P1, P2, P3 and 
P4 kneeling questions, correlation between OKS and P1, P2, P3 
and P4 kneeling questions (PRE and POST TKA) 

 

 
 

 
 P1PRE Total 

0 1 2 3 4 

OKSPRE 

0 17 19 7 5 3 51 
1 20 18 18 4 3 63 
2 6 16 10 9 2 43 
3 1 4 2 2 2 11 
4 3 5 2 2 3 15 

Total 47 62 39 22 13 183 
 

Table 1 Responses to Preoperative OKS and P1 kneeling questions (0= Impossible, 1=with extreme difficulty, 2=with 
moderate difficulty, 3=with little difficulty, 4=Easily)- Spearman’s R=0.20 

 

 

 
Table 2 Responses to Preoperative OKS and P2 kneeling questions- Spearman's R=0.24 

!
!
!
!
!
!
!
!
!
!
!
!
 
 

 
 
 P2PRE Total 

0 1 2 3 4 
OKSPRE 0 22 18 6 3 2 51 

1 29 20 11 2 1 63 
2 10 13 9 9 2 43 
3 3 2 2 2 2 11 
4 5 2 2 5 1 15 

Total 69 55 30 21 8 183 
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 P3PRE Total 
0 1 2 3 4 

OKSPRE 

0 33 10 2 4 2 51 
1 37 20 3 3 0 63 
2 21 10 6 4 2 43 
3 7 2 0 0 2 11 
4 7 3 1 3 1 15 

Total 105 45 12 14 7 183 
 

Table 3 Responses to Preoperative OKS and P3 kneeling questions- Spearman's R=0.13 

 
 
 

 
 
 P4PRE Total 

0 1 2 3 4 

OKSPRE 

0 24 17 4 3 3 51 
1 22 26 10 5 0 63 
2 16 7 8 9 3 43 
3 3 2 2 1 3 11 
4 6 2 2 2 3 15 

Total 71 54 26 20 12 183 
 

Table 4 Responses to Preoperative OKS and P4 kneeling questions- Spearman's R=0.19 

 
!
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Figure 1 Correlation between Pre-operative OKS kneeling question Responses and P1 Position- 
Spearman's R=0.20, (0= Impossible, 1=with extreme difficulty, 2=with moderate difficulty, 3=with little 

difficulty, 4=Easily) 

 

Figure 2 Correlation between Pre-operative OKS kneeling question Responses and P2 Position- 
Spearman's R=0.24 
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Figure 3 Correlation between Pre-operative OKS kneeling question Responses and P3 Position- 
Spearman's R=0.13 

 

 

Figure 4 Correlation between Pre-operative OKS kneeling question Responses and P4 Position- 
Spearman's R=0.19 

0	  

1	  

2	  

3	  

4	  

0	   1	   2	   3	   4	  

P3
 P

R
E 

OKS PRE 

0	  

1	  

2	  

3	  

4	  

0	   1	   2	   3	   4	  

P4
 P

R
E 

OKS PRE 



 260 

 

Figure 5 Correlation between Postoperative OKS kneeling question Responses and P1 position- 
Spearman's R=0.57 

 

Figure 6 Correlation between Postoperative OKS kneeling question Responses and P2 position- 
Spearman's R=0.56 
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Figure 7 Correlation between Postoperative OKS Kneeling question Responses and P3 position- 
Spearman's R=0.35 

 

Figure 8 Correlation between responses to Postoperative OKS kneeling question and P4 position 
kneeling question- Spearman's R=0.55 
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PRE$OP&
& & & Spearman’s&rho&&&&&&&&&&&&Pearson&Correlation&&&&&&&&&&&&&&&&&P$Value&
&
OKS&P1& & 0.207&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.205&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.005&
& &
OKS&P2& & 0.242&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.263&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.001&
&
OKS&P3& & 0.133&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.155&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.073&
&
OKS&P4& & 0.194&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.299&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.008&
&
Table 5 PRE-Operative Correlations 
&
&
&
POST$OP&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Spearman’s&rho&&&&&&&&&&&&Pearson&Correlation&&&&&&&&&&&&&&&&&P$Value&
&
OKS&P1& &&&&&&&&&&&0.569&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.580&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.000&
&
OKS&P2& &&&&&&&&&&&0.567&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.586&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.000&
&
OKS&P3& &&&&&&&&&&&0.352&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.374&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.000&
&
OKS&P4& &&&&&&&&&&&0.553&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.568&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&0.000&
&
Table 6 POST-Operative Correlations 
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Appendix 14: RPC Photographs 

Able to Kneel Images 1-15 

 

1(Left) 

 

1(L) 

 

2(Left) 
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2(L) 

 

3(Right) 

 

3(R) 
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4(Left) 

 

4(L) 

 

5(Left) 
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5(L) 

 

6(Right) 

 

6(R) 
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7(Right) 

 

8(Left) 

 

8(L) 
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9(Right) 

 

9(R) 

 

10(Right) 
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10(R) 

 

11(Left) 

 

11(L) 
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12(Right) 

 

12(R) 

 

13(Right) 
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13(R) 

 

14(Left) 

 

14(L) 
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15(Left) 

 

15(L) 

Unable to kneel Images 16-30 

 

16(Right) 
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16(R) 

 

17(Right) 

 

17(R) 
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18(Right) 

 

18(R) 

NO. 19- No Photo-Right 

 

20(Left) 
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20(L) 

 

21(Left) 

 

21(L) 
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22(Right) 

 

22(R) 

 

23(Right) 
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23(R) 

 

24(Right) 

 

24(R) 
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25(Left) 

 

25(L) 

 

26(Left) 
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26(L) 

 

27(Left) 

 

27(L) 
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28(Left) 

 

28(L) 

 

29(Right) 
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29(R) 

 

30(Right) 

 

30(R) 
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Appendix 15: Raw Data/ Measurement of % of RPC wears by the 
main observer and two orthopaedic surgeons (Chapter 5)  

Patient 

Number 

Week 1 Week 2 Week 3  Rater 1 Rater 2 

1 0 0 0 26% 35% 

2 0 0 0 11% 22% 

3 0 0 0 7% 17% 

4 30% 35% 32% 100% 100% 

5 10% 12% 10% 6.5% 14% 

6 / / / / / 

7 6% 8% 65 0 20% 

8 0 0 0 33% 48% 

9 0 0 0 0 39% 

10 25% 30% 23% 10% 5% 

11 60% 60% 64% 0 4% 

12 5% 5% 7% 5% 6% 

13 29% 30% 33% 22% 52% 

14 20% 20% 21% 92% 100% 

15 / / / / / 

16 35% 35% 30% 0 12% 

17 100% 100% 100% 8% 15% 

18 0 0 0 0 3% 

19 / / / / / 

20 19% 20% 20% 20% 60% 

21 69% 70% 70% 17% 32% 

22 10% 9% 10% 52% 71% 

23 68% 66% 70% 0 42% 

24 100% 100% 100% 0 6% 

25 0 0 0 40% 84% 

26 22% 25% 25% 10.5% 36% 

27 50% 50% 52% 6% 22% 

28 13% 14% 12% 12% 52% 

29 0 0 0 0 16% 

30 0 0 0 7.5% 19% 
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ICC Interpretation 

Cicchetti (1994) gives the following often quoted guidelines for interpretation for ICC 
inter-rater agreement measures: 

• Less than 0.40—poor. 
• Between 0.40 and 0.59—Fair. 
• Between 0.60 and 0.74—Good. 
• Between 0.75 and 1.00—Excellent. 
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Appendix 16: Sample size and power calculation (Chapter 6) 

Analysis: A priori: Compute required sample size (Based on 

published material, t test)  

Input:  Tail(s)                        = One 

   Effect size |ρ|                = 0.5 

   α err prob                     = 0.05 

   Power (1-β err prob)           = 0.9 

Output:  Noncentrality parameter δ      = 3.0550505 

   Critical t                     = 1.7056179 

   Df                             = 26 

   Total sample size              = 28 

   Actual power                   = 0.9 

 

 

 

 

 

 

-3 -2 -1 0 1 2 3 4 5 6 7
0

0.1

0.2

0.3

critical t = 1.7056

αβ
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Appendix 17: PPTs measures before and after TKA in 3 groups of 
TKA patients, the mean difference of PPTs measures before and 
after TKA (chapter 6). 

Kneeling                  UL                PT                 MP               QT 

 
PRE     POST   PRE      POST     PRE     POST   PRE      POST   PRE    POST 

1.00 1.00 4.00 6.30 6.00 5.60 4.00 5.30 4.00 6.30 

1.00 1.00 3.00 6.66 4.00 5.33 4.00 5.66 3.00 6.00 

1.00 1.00 3.00 3.33 2.00 2.66 2.00 5.16 1.00 5.66 

1.00 1.00 4.00 6.00 3.00 3.60 2.00 6.60 2.00 6.30 

1.00 1.00 4.00 4.00 4.00 3.00 3.00 4.00 4.00 3.66 

1.00 1.00 4.00 5.30 4.00 4.60 5.00 3.00 4.00 5.3 

2.00 2.00 3.00 4.00 3.00 3.00 3.00 3.20 3.00 4.00 

2.00 2.00 2.00 3.33 3.00 3.00 2.00 3.00 2.00 4.00 

2.00 2.00 2.00 4.00 2.00 3.00 2.00 4.00 2.00 3.30 

2.00 2.00 4.00 3.00 3.00 3.33 3.00 4.00 4.00 4.00 

2.00 2.00 2.00 3.00 3.00 3.00 2.00 3.00 2.00 3.00 

2.00 2.00 2.00 3.00 3.00 3.00 3.00 3.00 4.00 7.00 

2.00 2.00 2.00 3.33 2.00 3.33 2.00 6.60 2.00 5.00 

2.00 2.00 4.00 4.00 4.00 5.00 3.00 3.60 6.00 4.60 

2.00 2.00 3.00 3.30 6.00 3.60 4.00 3.00 4.00 4.30 

2.00 2.00 3.00 3.00 5.00 3.00 2.00 3.00 4.00 4.00 

2.00 2.00 4.00 3.30 4.00 3.00 5.00 4.00 6.00 5.60 

2.00 2.00 4.00 4.00 5.00 3.30 2.00 4.00 6.00 4.60 

2.00 2.00 3.00 4.00 3.00 3.00 5.00 3.00 6.00 3.60 

1.00 2.00 3.00 4.00 3.00 3.00 3.00 4.30 4.00 6.30 

1.00 2.00 4.00 6.00 7.00 3.00 4.00 3.30 6.00 4.30 

1.00 2.00 4.00 3.00 7.00 3.00 6.00 3.00 5.00 4.00 

1.00 2.00 5.00 10.00 3.00 5.60 2.00 8.60 3.00 10.60 

1.00 2.00 6.00 5.30 7.00 4.30 8.00 7.60 6.00 5.30 

1.00 2.00 6.00 9.60 7.00 5.30 6.00 4.00 8.00 6.30 

1.00 2.00 4.00 3.00 5.00 3.00 4.00 3.00 6.00 3.00 

1.00 2.00 11.00 7.00 9.00 9.60 6.00 7.30 10.00 6.30 
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1.00  7.00  4.00  4.00  4.00  

2.00  1.00  2.00  1.00  2.00 

2.00  3.00  3.00  5.00  6.00  

 

The Dolorimeter records (Kg), Group 1=Yellow-able to kneel before and after TKA, 
Group 2=Green-unable to kneel before and after TKA, Group 3=Blue- able before 
and unable after TKA, violet =missed patients. Kneeling ability 1=Able to kneel, 
2=Unable to kneel. 
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Mean Difference (POST-PRE)                                                                 P-Value 
 
UL                                 1.5                                                                           0.03          
 
PT                                 0.2                                                                           0.4 
 
MP                                1.6                                                                           0.1 
 
QT                                2.5                                                                            0.02 

 

Table 1 PPTs mean difference in Group 1- Patients able to kneel before and after TKA (n=6) 

                              Mean Difference (POST-PRE)                                  P-Value 
 
UL                                 0.55                                                                            0.03          
 
PT                                 0.26                                                                             0.4 
 
MP                               0.72                                                                              0.1 
 
QT                                0.46                                                                              0.3 

 

Table 2 PPTs mean difference in Group 2- Patients Unable to kneel before and after TKA 

(n=13) 

 

                              Mean Difference (POST-PRE)                                  P-Value 
 
UL                                 0.61                                                                            0.5          
 
PT                                 -1.4                                                                             0.1 
 
MP                               0.26                                                                              0.8 
 
QT                                -0.23                                                                             0.8 

 

Table 3 PPTs mean difference in Group 3- Patients able to kneel before TKA and unable 

after TKA (n=8) 
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Appendix 18: 10th Global Orthopaedicians Annual Meeting, 
Malaysia. 

 

 

10th Global Orthopedicians Annual Meeting 

July 03-04, 2017 Kuala Lumpur, Malaysia 
Theme: Trends and technologies from across the globe in orthopedic 
research 

 

Dear Dr. Rida Benfayed, 
  
Greetings from Orthopedicians 2017, 
  
Thank you for submitting your abstract for the esteemed conference. We would like 
to inform you that the abstract titled “The Racial and Cultural differences in 
interpretation of kneeling after TKA” has been accepted for oral presentation by the 
review committee so we request you to register for the conference to confirm your 
participation. Kindly follow the link to register 
http://annualmeeting.conferenceseries.com/orthopedicians/registration.php. We 
anticipate your gracious presence at the conference. 
  
Please feel free to contact us if you have any further queries 
  
Sincerely, 
Program coordinator 
Orthopedicians 2017 | Surgery Conferences | Conference series LLC 
 
Conferenceseries.com Direct: (702) 508-5200 Extn-8040 Customer Service: +1 
(800) 216 6499 Email: orthopedicians@conferenceseries.net 
 
www.conferenceseries.com 
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Appendix 19: 7th International Saudi Orthopaedic Conference,KSA 

 

 
 

 

Dear Dr. R. Benfayed,    

 

Greetings! 

We would like to thank you for submitting an abstract to present at The 
7th International Conference of Saudi Orthopedic Association 
SaudiOrtho2017 which will be held on November 18 - 20, 2017 at Park Hyatt 
Hotel, Jeddah, Saudi Arabia. 

In connection with this, we would like to inform you that your abstract entitled: 

The Racial and Cultural Differences in Interpretation of Kneeling after Total 
Knee Arthroplasty (TKA) has been accepted for ORAL presentation.  

Full details will be sent after your confirmation.  

Looking forward to see you at the event. 

 

Best Regards, 
Alexia  
 

speaker@saudiortho2017.com 
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Appendix 20: Published article (Chapter 3) 
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Appendix 21: Published abstract (Chapter 4) 
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Appendix 22: Published article (Chapter 4) 

 



 296 

 



 297 

 



 298 

 



 299 

 



 300 

 



 301 
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Appendix 23: Published article (Chapter 5) 
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