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UNIVERSITY OF SOUTHAMPTON 
 
ABSTRACT 
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Doctor of Philosophy 
 
THE MECHANICS OF PATELLO-FEMORAL JOINT DYSFUNCTION – 
USEFULNESS OF THE Q-ANGLE. 
 
by Fleur Helen Kitsell 
 
Patello-femoral joint syndrome (PFJS) is a common problem that is 
challenging to treat. The dominant theory of its aetiology is „patellar mal-
alignment‟, in which the vastus medialis oblique (VMO) muscle is ineffective 
in controlling patellar position but this is based on assumption.  The Q-angle, 
a frontal plane measure, indicates patellar position relative to the pelvis and 
tibia; however, there is no standardised measurement protocol and it is 
assumed to be a fixed value.   
 
The work reported highlights the tension between measurement rigour and 
clinical utility.  Valid measurement of the Q-angle and VMO muscle were 
established using: motion analysis, magnetic resonance imaging (MRI) and 
ultrasound imaging, in recreationally active healthy participants, then applied 
in various experiments involving people with PFJS, with the following 
conclusions:  
 

 The Q-angle: 
o varied over 60 seconds in relaxed standing  
o exhibited differences in movement patterns of the three 

markers which form the Q-angle between healthy and PFJS 
groups during the stance phase of gait 

o was generally at its maximum at the beginning of the stance 
phase of gait and at its minimum at the end 

o did not correlate with pronation at the sub-talar joint  

 VMO muscle size: 
o linear and CSA measures of the VMO muscle correlated well 
o measures of VMO muscle size from ultrasound were shown to 

be valid when compared with MRI and were equally reliable 
 

 No correlation between the Q-angle and VMO muscle size was found. 
 
These results increase our understanding of the usefulness of the Q-angle, 
particularly its natural variation of between 30 and 40 in static standing and its 
different movement pattern during gait in PFJS.  It was established that 
ultrasound imaging provides valid measures of VMO muscle size and the 
relationships between its CSA and linear dimensions were characterised.  
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CHAPTER 1 

Introduction, background and rationale 

for the research 

 

1.1 – General Introduction 

Patello-femoral joint syndrome (PFJS) has a high incidence with rates of 

between 3% and 25% being reported in young adults (Thomee et al, 1999; 

McConnell, 1996; Witvrouw et al, 2000), yet its cause and aetiology remain 

poorly understood.  Symptoms include peri-patellar and retro-patellar pain, 

which are typically provoked by activities involving knee flexion (Handfield and 

Kramer, 2000).  In the absence of other anatomical causal factors, it is thought 

that the patella may move abnormally within the femoral trochlear groove during 

knee flexion and extension, although it is not clear whether this is a cause or 

effect of PFJS.  During knee flexion compressive joint reaction forces are 

generated within the patello-femoral joint as a result of the tension in the 

quadriceps muscle and the patellar tendon, which combine to pull the patella 

against the trochlea of the femur.  It is thought that during closed chain activities 

e.g. the stance phase of gait, the compressive forces generated increase as the 

knee moves into flexion (Salem and Powers, 2001; Wallace et al 2002).   Figure 

1.1 below is the anterior view of the left knee. 

 

Figure 1.1 –The knee joint, anterior view, left knee (www.thekneedoc.co.uk, 
with permission) 

http://www.thekneedoc.co.uk/
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The Q-angle has become accepted as part of the routine examination of the 

knee joint in individuals presenting with retro-patellar or peri-patellar knee pain 

(Powers et al, 1997).  It is a two-dimensional (2D) frontal plane measure that 

gives information about the position of the patella relative to the pelvis and tibia, 

and the balance between the resultant force of the quadriceps femoris muscle 

and the line of pull of the patellar tendon (Schulthies et al, 1995).  It is the acute 

angle formed between two imaginary lines drawn between three markers on 

the: anterior superior iliac spine (ASIS) of the pelvis, centre of the patella and 

centre of the tibial tubercle on the tibia (see Figure 1.2 below).  It was first 

described by Brattstrom in 1964, and since then has commonly been measured 

in the clinical situation using a long-arm goniometer, as it is the only measure of 

patello-femoral joint mechanics available that does not require complex 

radiographic equipment and measurement techniques.  There is a lack of 

agreement concerning the parameters of the normal range for the Q-angle as it 

is affected by many things.  However, in general, values for healthy individuals 

(male and female) are accepted as being between 12 to 17 degrees (Woodland 

and Francis, 1992).   

 

Figure 1.2 – The Q-angle; anterior view, right leg (www.serpentine.org.uk, with 
permission) 

http://www.serpentine.org.uk/
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The value of the Q-angle is thought to give useful information on the position of 

the patella relative to the pelvis and tibia and by extrapolation its position in 

relation to the femoral groove.  This information gives helpful insights into how 

the patella moves during knee flexion and extension, which is especially useful 

when managing individuals with PFJS.   

 

Movement of the patella is controlled by the quadriceps muscle group, in 

particular by the distal portion of the vastus medialis muscle, the vastus 

medialis oblique (VMO).  Conservative management of PFJS often includes 

techniques that purport to strengthen the quadriceps muscles both as a group 

and the VMO selectively, as it is thought that a stronger VMO muscle will be 

able to control patellar movement more effectively (Hanten and Schulthies, 

1990; McConnell, 2002). 

 

When the programme of work discussed in the current thesis was started, many 

articles describing the management of PFJS advised that treatment decisions 

(including surgery) should be based on the measured value of the Q-angle.  

This does not happen as frequently now, as a number of researchers have 

begun to question the value of the Q-angle.  The implication of the earlier 

advice was that Q-angle measurement is both reliable and accurate, and can be 

used as a clinical management tool.  However, a recent study entitled 

“Comprehensive Physical Examination for instability of the knee” (Lubowitz, 

2008) published in the American Journal of Sports Medicine, recommends 

measuring the Q-angle as part of the assessment of the knee using a long-arm 

goniometer and did not mention any issues related to measurement validity or 

reliability.   

 

This thesis examines the precision and accuracy of Q-angle measurement, and 

measurement of VMO muscle size, leading to the following research question 

which forms the basis of this programme of research: 
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 Is it possible to measure the Q-angle reliably in the clinical situation and 

does it have any relationship with the size of the VMO muscle, and how 

should this information influence the management of PFJS? 

 

In order to address the above question, valid and reliable protocols were 

developed to measure the Q-angle both statically, over time, and during the 

stance phase of gait (dynamic), as well as measuring the size of the VMO 

muscle, these protocols were then applied under a number of circumstances. 

 

Chapter two contains background information on the anatomy of the knee joint 

complex, including biomechanical detail of the patello-femoral joint, as well as 

the role of the VMO muscle, particularly designed for any reader who is not a 

physiotherapist.   

 

Chapter three contains a review of the literature in key areas related to this 

body of work, beginning with a detailed discussion of the Q-angle and the 

issues surrounding its measurement in the clinical situation, followed by the role 

of the VMO muscle in PFJS, and how to measure its size in order to estimate its 

strength.   As some of this work included the development of new protocols for 

measurement, the issues of measurement reliability, and the validity of 

comparing methods of measurement are discussed.    

 

 

Chapter four describes the equipment, general methods and data analysis used 

in the various experimental studies.  The equipment used to measure the Q-

angle was initially done using video motion analysis; and for the measurement 

of VMO muscle size MRI and ultrasound imaging were used.   

Chapter five outlines a small series of experimental studies which involved the 

development of a new valid and consistent method of measuring the Q-angle 

using video motion analysis equipment with their results and brief discussion.   

 

Chapter six reports the identification of a meaningful correlation between the 

CSA and some linear measures of the VMO muscle from MRI images, then the 

establishment of a valid and reliable protocol for measuring the size of the VMO 
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muscle using portable real-time ultrasound imaging with participants in relaxed 

standing. 

 

Chapter seven uses the measurement protocol for the Q-angle established in 

Chapter five and explores the value of the Q-angle over time, during the stance 

phase of gait and the effect of an intervention (medial glide patellar tape). 

 

Chapter eight applies the data from both measurement protocols (Q-angle and 

VMO muscle size) and reports the results of whether there is a relationship 

between the value of the Q-angle and the size of the VMO muscle.  It also 

reports a brief and illustrative case study of a participant with a history of PFJS. 

 

Chapter nine contains a general discussion of all the findings and Chapter ten 

reports the conclusions, as well as some suggestions for future research work 

in this area.   
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CHAPTER 2 

General Background: anatomy and biomechanics of the 

knee joint complex, vastus medialis oblique (VMO) 

muscle, and overview of patello-femoral 

joint syndrome (PFJS) 

 

2.1 – Introduction 

This chapter is divided into six main sections, the first sections cover the 

anatomy and biomechanics of the knee joint complex and the vastus medialis 

oblique (VMO) muscle. The condition of patello-femoral joint syndrome (PFJS) 

is then introduced.   

 2.1 – Introduction 

 2.2 – General anatomy of the knee joint complex 

 2.3 – Patello-femoral joint: anatomy and biomechanics 

 2.4 – The VMO muscle 

 2.5 – Correlation between muscle size and strength 

 2.6 – Patello-femoral joint syndrome 

 2.7 – Summary  

 

2.2 – General anatomy of the knee joint complex 

2.2.1 – Structure 

In order to understand fully the Q-angle and why its measurement is so 

challenging and intriguing, it is important to have some understanding of the 

whole knee joint complex.  The knee joint complex consists of articulations 

between four bones: the: femur, tibia, patella and fibula (Figure 2.1).  It is the 

largest joint in the human body, being situated between the body‟s two longest 

lever arms, the femur and the tibia, which is thought to account for why it is so 

susceptible to injury (Nordin and Frankel, 1989).  The main two synovial 

articulations are those between the femur and tibia, and the femur and patella.  

The tibio-femoral articulation is the main weight-bearing joint and the lower end 

of the femur divides into two barrel-shaped condyles that sit on the almost flat 
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surfaces of the upper end of the tibia.  The stability of this synovial joint 

depends greatly on the menisci, ligaments and musculature.  The articulation 

between the tibia and fibula is also important in weight-bearing.   

 

 

 

Figure 2.1 – The knee joint, anterior view, left knee (www.thekneedoc.co.uk, 

with permission) 

 

2.2.2 – The tibio-femoral joint 

This joint is a major weight-bearing joint and has three degrees of freedom i.e. it 

has movement in all three planes (frontal, sagittal and transverse), with the 

major movements being those of flexion and extension in the sagittal plane.  

The normal range of flexion is approximately 1400 and the normal range of 

extension is 00.  The range of motion in the transverse plane (internal and 

external rotation) depends on the position of the knee in the sagittal plane – with 

very minimal movement occurring when the knee is in full extension.  However, 

http://www.thekneedoc.co.uk/
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with the knee in 900 of flexion there is approximately 450 of external rotation and 

300 of internal rotation.  Again movement in the frontal plane is also affected by 

the position of the knee in the sagittal plane – there is minimal movement 

possible with the knee in full extension but a few degrees of passive abduction 

and adduction are possible with the knee at 300 of flexion (Nordin and Frankel, 

1989). 

 

 

2.3 – The patello-femoral joint: anatomy and biomechanics 

The patello-femoral joint is a synovial joint; the articulation occurs through the 

underside of the patella and its contact within the femoral groove in the femur 

(Figures 2.2 & 2.3).  The shape of the articular surfaces and surrounding soft 

tissues provide static stability; whereas dynamic stability is provided by the 

vastus medialis muscle that pulls the patella medially, and the vastus lateralis 

muscle that pulls the patella laterally, and the vastus intermedius and rectus 

femoris muscles which pull the patella proximally and laterally.   

 

During open chain knee extension (i.e. with the foot free) the patella is drawn 

through the trochlea of the femur by the quadriceps muscles.  The hamstrings 

muscles provide stability by their opposing forces providing rotational control of 

the tibia (Fitzpatrick, 2002).  When the knee is extended, the lower part of the 

patella rests against the femur.  As the knee is flexed to 900 the contact surface 

of both the patella and femur shifts cranially and increases in size (Nordin and 

Frankel, 1989). 



14 

 

 

 
Figure 2.2 – The patellofemoral joint, anterior and lateral views 
(www.hughston.com/hha/b.pfjoint.jpg, with permission)  
 
 
 

 

 

Figure 2.3 – The patello-femoral joint, skyline view (www.kneeguru.co.uk, with 
permission) 

http://www.hughston.com/hha/b.pfjoint.jpg
http://www.kneeguru.co.uk/
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2.3.1 – The patella 

The patella is a sesamoid bone and sits within the inferior tendon of the 

quadriceps muscle.  It is basically a plump triangle in shape, with its apex 

pointing distally and base proximally.  The articular cartilage of the patella is the 

thickest in the body, with a depth of 4-5mm; this cartilage has excellent 

lubrication and provides a low-friction articulation.  The cartilage is subjected to 

large compressive and shearing forces, which increase with increasing knee 

flexion in weight-bearing.  The articular surface of the patella is divided into a 

number of facets with the precise number and pattern varying between 

individuals.  Most patellae have a median ridge that starts proximally and goes 

halfway down the length of the patella, separating its proximal surface into 

medial and lateral facets; this ridge then tends to veer off medially.  Again most 

patellae also have a transverse ridge on their lateral side, and in about 50% of 

patellae this ridge also extends medially.  Approximately 80% of patellae also 

have a ridge which creates the so called „odd‟ facet at the extreme medial 

portion of the patella, which articulates with the medial condyle of the femur in 

full knee flexion (Grelsamer and McConnell, 1998; Staubli et al, 2001). 

 

2.3.2 – Biomechanics of the patello-femoral joint 

According to Fulkerson and Hungerford (1990) the patella has four functions: 

 To increase the efficiency of the quadriceps muscle 

 To centralise the divergent forces of the quadriceps femoris into the 

quadriceps tendon 

 To protect the cartilage at the distal end of the femur, acting as a bony 

shield  

 To improve the aesthetic appearance of the knee joint 

 

The primary or main function of the patella is to increase the efficiency of the 

quadriceps muscle, and it does this by acting as both a lever and a pulley.  

Acting as a lever the patella increases the length of the moment arm of the 

quadriceps muscle from the tibio-femoral joint‟s centre of rotation and thus 

increases the mechanical advantage of the quadriceps mechanism; and by 

acting as a pulley the patella increases the angle of insertion of the patella 
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tendon into the tibial tuberosity, which reduces the compressive forces at the 

tibiofemoral joint (Ozkaya and Nordin, 1999).  Through these two mechanisms 

the patella can increase the torque (the ability of a given force to cause 

rotational motion) of the quadriceps muscle by as much as 50% (Fulkerson and 

Hungerford, 1990).  

 

2.3.3 – Patellar contact area 

At any time only part of the patella articulates with the femoral trochlea.  In full 

extension, with relaxed quadriceps muscles there is thought to be no patello-

femoral contact. When moving into flexion the distal portion of the patella 

articulates with the proximal portion of the trochlea (this is thought to occur by 

about 150 flexion, but in some patellae is considerably earlier), and as the knee 

continues to flex the patella contact area moves proximally.  At 900 of flexion the 

superior portion of the patella is in contact with the trochlea, and as flexion 

increases past this point the contact area of the patella moves inferiorly again.   

Grelsamer and McConnell (1998) in a review report that there is widespread 

agreement in the literature that from 00 to 600 of knee flexion the size of the 

contact area on the patella increases; and that there is less agreement about 

what happens after 600 of flexion, with some authors stating that the size of the 

contact area continues to increase, others finding that the size of the contact 

area remains the same, and still others who find that the size of the contact 

area decreases.  This lack of agreement may stem from the fact that the 

methods used, this was before the advent of magnetic resonance imaging 

(MRI), to measure the size of these contact areas, and there is enormous 

variability between individual persons (Gresalmer and McConnell, 1998).  The 

advent of MRI has led to greater accuracy and reproducibility in calculating 

these patellar contact areas in both cadavaric specimens (Brechter et al, 2003) 

and living persons during weight-bearing (Patel et al, 2003; Salsich et al 2003).    

 

One reason for interest in the size of the patella contact area is due to the fact 

that the larger the physical contact area the greater the spread of the patello-

femoral contact forces.  One of the hypotheses for the reduction in pain after the 

application of tape to the knee, known as the McConnell patellar taping 

techniques, is the fact that the patella is pressed more firmly to the distal end of 
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the femur and thus its contact area is increased, spreading the forces more 

widely and thus reducing pain (Powers, 1998; Fredericson et al, 2002).  The 

physical size of the patella is another factor that is important, and may partly 

explain why some very inactive and obese people suffer from patello-femoral 

joint problems, as their patellae are relatively small for the size of the patello-

femoral forces that they have to manage.  Subjects with a greater degree of 

tibio-femoral rotation (in full extension or hyperextension) tend to have smaller 

patello-femoral contact areas and this may be a contributory factor in patello-

femoral joint problems (Salsich and Perman, 2007). 

     

2.3.4 – Patello-femoral joint reaction forces 

During movement, tension in both the quadriceps muscle and the patellar 

tendon combine to pull the patella against the trochlea of the femur, thus giving 

rise to compressive forces; these are known as patello-femoral joint reaction 

forces (Grelsamer and McConnell, 1998).  As the size of the contact area of the 

patella on the trochlea is relatively small, these compressive forces often reach 

very high levels, and are always higher than those going through the tibio-

femoral and hip joints at the same point in time (Ahmed et al, 1983).  In closed-

chain activity (i.e. foot in contact with a fixed surface) these compressive forces 

increase as the knee moves from 00 to 900 of flexion (Figure 2.4); whereas from 

900 to 1200, the forces are thought to level off or decrease (Salem and Powers, 

2001; Wallace et al, 2002).  In open-chain activities the pattern is reversed 

(Grelsamer and McConnell, 1998). 
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Figure 2.4 – Compressive forces on the patellofemoral joint (www.hksi.org.uk, 
with permission) 
 

The effects of patello-femoral joint reaction forces on the joint itself, are 

determined by the interaction between the magnitude of the force and the size 

of the contact area; according to the equation:       

 

 Stress = force / area 

 

A high force with a small contact area results in high joint stress, but an equally 

high force with a larger contact area will cause relatively little or no stress on the 

joint; and conversely a relatively low force with a very small contact area may 

cause relatively high stress on the joint.  For example, a study by Powers et al. 

(2004) used a patello-femoral brace on 15 subjects during free and fast walking.  

The effect of wearing the brace increased both the compressive forces on the 

patello-femoral joint and the patellar contact area. However, since the contact 

area increased by a greater percentage than the compressive force, the overall 

result was one of decreased stress on the patello-femoral joint.  This may also 

help to explain why many individuals with patello-femoral joint symptoms have 

greater levels of patello-femoral joint stress while walking (Brechter and 

Powers, 2002a) and as a result tend to keep knee flexion to a minimum during 

http://www.hksi.org.uk/
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weight-bearing activity (Salsich et al, 2001; Brechter and Powers, 2002b).  The 

complexity of the combined role of the patella (acting as both a lever and a 

pulley), plus being situated between the two longest lever arms in the body, 

result in exceptionally high joint reaction forces; and may help to explain the 

high incidence of PFJS (see Section 2.6).   

 

 

2.4 – The Vastus Medialis Oblique (VMO) muscle 

The vastus medialis (VM) is the medial component of the three superficial parts 

of the quadriceps muscle and is situated on the inner part of the front of the 

thigh (Figure 2.5). It attaches to the medial aspect of the femur, via the inter-

trochanteric line, spiral line, medial linea aspera and medial inter-muscular 

septum and runs along the inner front down to the base of the patella, via the 

quadriceps tendon and by the patellar tendon onto the tibal tuberosity. It gains 

its nerve supply from the posterior division of the femoral nerve (L3 and 4 nerve 

roots).  The VM muscle is thought to play an important role in stabilising the 

position of the patella in the femoral sulcus; weakness or dysfunction of the 

distal portion of the VM, termed vastus medialis oblique (VMO), is often 

observed in patients with PFJS (Peeler and Anderson, 2007).   Please see 

Figure 2.6. 

   

Due to its size and shape, and the different orientation of fibres at its proximal 

and distal ends (fibres at its proximal end tend to be vertical in orientation and at 

its distal end the fibres are more horizontal) the VM muscle is sometimes 

thought to act in two distinct ways.   
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Figure 2.5 – vastus medialis muscle, anterior view right leg 
http://img.tfd.com/MosbyMD/thumb/vastus_medialis.jpg (with permssion) 
 

 

 
Figure 2.6 - Vastus Medialis Oblique Muscle, (VMO), right leg, anterior view  
(www.aafp.org/afp/20070115/194-f1,jpg, with permission) 

http://img.tfd.com/MosbyMD/thumb/vastus_medialis.jpg
http://www.aafp.org/afp/20070115/194-f1,jpg
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Two cadaveric studies in the late 1990‟s each concluded that normally there is 

no clear anatomical and functional difference between the two ends of the VM 

muscle.  The first by Nozic et al (1997) examined the limbs of 50 cadavers and 

concluded that the VM muscle should be classified as a single muscle with a 

proximal and distal component.  They found that both parts were innervated by 

branches of the femoral nerve.  They found one specimen, out of their sample 

of 50, which had a fascial plane between the more vertical (proximal end) and 

horizontal (distal end) oriented muscle fibres.  The second study by Hubbard et 

al (1998) examined 374 cadaveric limbs and found no relationship between the 

distal fibre angle of the VM muscle and the severity of patello-femoral joint 

deterioration, and concluded that the VM should not be considered as 

functioning in two separate parts i.e. the vastus medialis longus (VML) and the 

VMO.   

 

However, other published work, especially more recently, suggests that the VM 

does operate in two parts, the distal portion the VMO pulls the patella medially 

during knee extension while the proximal portion, the VML works with the rest of 

the quadriceps muscle group and extends the knee (Lieb and Perry, 1968; 

Powers, 2000; Ono et al, 2005; Blazevich et al, 2006).  Thus the distal portion of 

the VM muscle, the VMO, will be referred to throughout this work.  

 

 

2.5 – Correlation between muscle size and strength 

A positive correlation between muscle size and strength has been established 

for sufficient muscles in healthy individuals that it is now accepted as a general 

fact.  The muscle size measurement typically used is its cross-sectional area 

(CSA), although the relationship varies for different muscles (Garfinkel and 

Cafarelli, 1992; Freilich et al, 1995; Schulties et al, 1995; Stokes et al, 1997; 

Rankin et al, 2004; Pressler et al, 2006; Segal, 2007).   

 

As it is impossible to isolate the VMO muscle from the rest of the quadriceps 

muscle group in order to measure its specific strength directly, an indirect 

method is needed.  A number of authors have used surface electrode 
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electromyography (EMG) to measure muscle activation in the separate 

components of the quadriceps muscle, based on accepted evidence that a 

greater level of EMG activity correlates well with the amount of force for 

contractions of increasing strength produced by the muscle (Enoka and Stuart, 

1992).  A common way of recording this is to report the timing of onset of 

activity and level of activity in VM:VL ratios (Voight and Wieder, 1991; Boucher 

et al, 1992; Thomee et al, 1995), although it is thought to be affected more by 

muscle control rather than strength.  As authors report disparate findings, 

probably due to differences in subject inclusion criteria and EMG technique, 

EMG remains a controversial technique for measuring muscle activity (Mc 

Clinton et al, 2007).   

 

Other authors have shown that linear measures from some muscles correlate 

well with their CSA, which in turn correlates well with the strength of the same 

muscle (Loo and Stokes, 1990) 

 

 

2.6 – Patello-femoral joint syndrome 

There is a high reported incidence and prevalence (McConnell, 1996; Thomee 

et al, 1999; Handfield and Kramer, 2000) of persons suffering pain in the 

patello-femoral region, with a vast body of literature on the subject and many 

theories on what the underlying aetiology and patho-physiology might be.  As 

with most topics for which there is a plethora of literature, much of what is 

written and proposed is contradictory and uncorroborated, albeit fascinating.  

However, the problem remains a difficult one to diagnose and treat; with many 

individuals not having a permanent relief of symptoms (Sandow and 

Goodfellow, 1985; Milgrom et al, 1996; Nimon et al 1998).   

 

The terminology used to describe pain at the front of the knee is plentiful – 

historically pain in this area was labelled chondromalacia patellae, although 

more recently the term has been reserved for those cases where there is 

specific evidence of pathology e.g. softening and degeneration, in the cartilage 

of the patella.  In the literature there is broad agreement that it is unusual for 
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there to be any correlation between the presence of degenerative changes in 

the patellar cartilage and pain (Sanchis-Alfonso et al, 1999).  The general term 

„anterior knee pain‟ is often used clinically as a diagnosis for those individuals 

with the symptom of pain in the anterior aspect of the knee, and while it can be 

helpful in identifying where the pain is, it serves little other useful purpose.   

More recently, authors use the title patello-femoral (joint) syndrome e.g. 

Thomee et al, 1995 and Green, 2005.   There have been a number attempts at 

classifying this condition (Merchant, 1988; Thomee et al, 1999); and the system 

devised by Wilk et al (1998) seems particularly useful:  

 

1. Patellar compression syndromes 

a. Excessive lateral pressure syndrome 

b. Global patellar pressure syndrome 

2. Biomechanical dysfunction 

3. Patellar instability 

a. Chronic subluxation 

b. Acute dislocation 

c. Recurrent dislocation 

4. Direct patellar trauma 

5. Soft tissue lesions 

a. Suprapatellar plica 

b. Infrapatellar fat pad syndrome 

c. Medial patellofemoral ligament pain 

d. Iliotibial band friction syndrome  

e. Bursitis 

6. Overuse syndromes 

a. Tendonitis 

b. Apophysitis 

7. Osteochrondritis dessicans 

8. Neurological disorders 

 

Most individuals with patello-femoral pain who seek treatment do so because 

pain limits their activity.  The logical classification system as described by Wilk 

et al (1998) and listed above is helpful in some cases – but the category 2 
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(Biomechanical dysfunction) seems to be another „catch-all‟ diagnosis that 

includes all those individuals who do not neatly fit into any of the other 

categories.  Dye and Vaupel (1994) described the patello-femoral joint as the 

“orthopaedic black hole”.   

 

There are thought to be three major models which might explain the pain 

experienced by persons with PFPS, as can be seen from the descriptions below 

the models and mechanisms described are interlinked and so it is possible that 

all could be present to varying degrees in the same individual.  These are briefly 

outlined below: 

 

 The neural model – this is pain which results from direct pressure on or 

irritation of neural tissue.  It is thought that for some patients with PFJS 

the nerve endings in localized soft tissues are directly stimulated by 

some noxious or abnormal stimuli; these soft tissues include - cartilage, 

synovium, the infrapatellar fat pad, the subchondral bone, and in 

particular the lateral retinaculum.  The noxious or abnormal stimulation 

could be the result of biomechanical mal-alignment which in turn results 

in hyper-innervation of the tissue; this effect has been shown to be 

especially focused in areas close to blood vessels.  This hyper-

innervation can also result in the release of neural growth factor which 

further stimulates the axonogenesis type of hyper-innervation which 

further exacerbates the problem, especially in those patients who 

experience chronic pain.  In addition some types of pain arise from 

noxious chemical stimuli of the nerve endings, especially chronic pain, 

which can result in hypersensitivity to normally non-painful stimuli i.e. 

hyperalgesia.  Substance P (SP) is one such chemical agent whose 

presence can lead to localised inflammation and increased sensitivity to 

pain; it has been found to be at higher levels in some individuals with 

chronic PFJS (Biedert and Sanchis-Alfonso, 2002; Sanchis-Alfonso and 

Rosello-Sastre, 2003). 
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 The homeostatic model – this is the ability of a system to maintain and 

regulate its internal environment.  Dye et al (1998 and 1999) proposed 

that another explanation for the pain felt in PFJS could be due to some 

individuals being unable to maintain the proper homeostatic balance 

within their patello-femoral joint as a result of some noxious stimuli, 

usually pain.  They propose that the persistent presence of injurious 

biomechanical and/or biochemical conditions can result in the loss of 

tissue homeostasis, which in turn will contribute to the mosaic of 

pathophysiology causing PFJS.  They propose that this is likely to be a 

factor in those patients who experience pain, and where there is little or 

no other evidence from usual measurement to corroborate or explain the 

pain symptoms. 

 

 The biomechanical model – proposed by several authors (please see 

below) – which explains the presence of PFJS as being due to some 

biomechanical dysfunction within the patella-femoral joint. 

 

The primary cause of PFJS in those individuals categorised as having 

biomechanical dysfunction is thought to be lateral mal-alignment of the patella 

(McConnell, 1986; Wilson, 2007) i.e. the patella sits more laterally in the femoral 

sulcus than normal.  It is assumed that this is due to the overall lateral pull of 

the quadriceps musculature, the relative tightness of the lateral soft tissues and 

relative greater strength of the lateral muscles compared with the medial 

muscles around the knee (McConnell, 1986; Peeler and Anderson, 2007).  A 

common aim of treatment in such cases is to re-align the patella; this is done by 

passively moving the patella to the correct position, applying tape to hold it 

there and strengthening the medial muscles (especially the VMO) to maintain 

this re-alignment in the longer term (Doucette et al, 1992; Vo, 2002; Ono et al, 

2005; Syme et al, 2009).  However, the strength or size of the quadriceps 

muscle group, and the VMO in particular, are rarely objectively measured or 

quoted as useful outcome measures in the treatment of individuals with PFJS 

(Crossley et al, 2004; Heintjes et al, 2004).   
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Boucher et al (1992) report that for a small group of five females who each had 

a Q-angle measurement of greater than 22 degrees and a diagnosis of PFJS, 

their VM:VL peak torque ratios were significantly smaller than healthy controls.  

Another study by Syme et al (2009) found large effect size differences between 

a control group and two groups of patients with PFJS who underwent an 8 week 

exercise programme focussing on strengthening the quadriceps muscles 

generally (group 3) and strengthening the VM muscle specifically (group 2).  

They do not describe in sufficient detail the exercise programme for Group 2, or 

discuss how they knew that it was specifically focussing on the VM muscle in 

comparison to the rest of the quadriceps group.  They reported trivial to small 

differences between the two intervention groups.  The overall sample size was 

69.  Thus there is little substantive evidence in the literature to support the 

assumption that VMO muscle weakness actually exists, or much information on 

how to measure VMO muscle strength in order to determine whether or not this 

intervention is effective or possible (Callaghan and Oldham, 2004; Wilson, 

2007). 

 

2.6.1 – Repositioning the patella 

The pain associated with PFJS can be severe and often is the symptom that 

prompts an individual to seek treatment.  The majority of patients with PFJS 

who seek treatment by a physiotherapist are those with some type of 

biomechanical dysfunction.  As mentioned earlier one management technique is 

to reposition the patella in its proper place within the femoral groove and then 

encourage it to stay there e.g. by strengthening the VMO muscle, by stretching 

tight lateral structures around the knee joint complex and/or by applying a brace 

or tape to keep the patella in the new position (McConnell, 1986; Worrell et al, 

1994).  

 

There are a number of physiotherapeutic techniques designed to reposition the 

patella, the cheapest and easiest of these is patellar taping (Figure 2.7) as 

devised by McConnell in 1986 (Callaghan, 1997).  Patellar taping following the 

McConnell method has commonly proved effective at relieving pain (Wilson et 

al, 2003; Ng and Cheng, 2002; Crossley et al, 2002; Herrington and Payton, 

1997; Harrison et al, 1999), although the original explanation given by 
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McConnell (1986) for how this happens has not been borne out by later 

research, and so its mechanism remains unclear and contradictory.  A few 

authors have reported that the application of patellar tape did not give pain relief 

(Keet et al, 2007; Kowell et al (1996).  The original method of taping devised by 

McConnell, an Australian physiotherapist, states that taping relieves pain by 

normalising the position of the patella within the femoral groove (McConnell, 

1986).  However, subsequent research using X-ray and MRI scans suggests 

that her regime of taping may reposition the patella initially but it does not allow 

sustained repositioning of the patella (Fitzgerald and McClure, 1995; Gigante et 

al, 2001; Zaccherotti et al, 1999; Worrell et al, 1994).   

 

 

Figure 2.7 – McConnell medial glide patellar tape being applied to the left knee 
(Grelsamer and McConnell, 1998, with permission) 
 
 
McConnell‟s regime of taping is very dependent on the position of the patella 

relative to the femoral groove. The original article (McConnell, 1986) did not 

mention the difficulty of defining the precise position or orientation of the patella.  

Two studies have explored the reliability of the McConnell classification of 

patellar orientation and quote results of „poor to fair‟ for intra-tester reliability and 

from „poor to slight‟ for inter-tester reliability (Fitzgerald and McClure, 1995; 

Watson et al, 1999).    However, Wilson et al. (2003) carried out a multi-centre 

single-masked study in which they compared three types of McConnell taping – 
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Medial glide; Lateral glide and Neutral – on 71 patients with PFJS.  Patients 

self-reported pain levels using an 11-point visual analogue scale and all three 

types of tape produced a statistically significant reduction in pain.  The authors 

concluded, therefore, that the tape is probably unable to sustain the position of 

the patella in the re-aligned position, and so its original hypothesis of patellar 

repositioning being the reason for its success in reducing pain should be 

questioned.  Instead it may work through the mechanism of applying general 

pressure to the patella and thus increasing the patellar contact area within the 

femoral sulcus and that is how the pain is reduced (Powers, 1998; Fredericson 

et al, 2002). 

 

 

2.7 – General Summary 

This chapter has described the anatomy of the knee joint complex, including the 

patello-femoral joint and its biomechanics, and given some information on the 

quadriceps muscles and VMO muscle in particular.   It has given a very brief 

outline of patello-femoral joint syndrome and some of the biomechanical factors 

that are thought to contribute to it.   

 

It has been shown that when the patella does not sit centrally within the femoral 

sulcus, this results in an uneven distribution of force on the under-side of the 

patella, which may be part of the aetiology in patello-femoral joint syndrome.  It 

is not clear whether this is a cause or effect of PFJS.  Finding an effective 

method of sustaining the repositioned patella within the femoral groove would 

seem to be very helpful for physiotherapists treating patients who have PFJS.  

Good levels of correlation between linear measures of muscle size and strength 

have been shown to be consistent, albeit different for each muscle.   
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CHAPTER 3 

Review of the Literature 

 

3.1 – Introduction 

This chapter is divided into three main sections, the first two sections (3.2 & 3.3) 

reports and discusses pertinent literature on measuring the Q-angle; the third 

section (3.4) discusses measuring muscle size using real-time Ultrasound. The 

final section states the aims of the work in this thesis. 

 

The work in this chapter is divided into five parts 

 3.1 – Introduction 

 3.2 – Measuring the Q-angle 

 3.3 – Dominance of the Q-angle in the literature 

 3.4 – Measuring VMO muscle size using ultrasound imaging 

 3.5 – Overall aims and research questions 

 

The literature databases searched included: PubMed, AMED (Allied and 

complementary medicine) Embase, Ovid Medline and CINAHL (Cumulative 

Index for Nursing and allied Health literature) 

 

3.2 – Measuring the Q-angle 

The Q-angle is a two-dimensional frontal plane measure which gives 

information about the position of the patella relative to the pelvis, femur and 

tibia, as it sits in the femoral groove.  It is the only measure of patello-femoral 

joint mechanics which can be taken in the clinical situation which does not 

require complex equipment, where it is typically measured using a long-arm 

goniometer, see Figure 3.1 below.  There is a lack of agreement concerning the 

parameters for the normal range for the Q-angle, as it is affected by many 

factors, however, in general typical values for healthy individuals (male and 

female) are accepted as being between 12 to 17 degrees (Woodland and 

Francis, 1992).   
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Figure 3.1 – Measuring the Q-angle with participant in relaxed standing, using a 
Long-arm Goniometer (www.uncg.edu/kin/anrl/facilities.html), with permission 

 

The Q-angle was first described in 1964 by Brattstrom, an Orthopaedic 

Surgeon, in a seminal piece of work published in a special supplement of a 

major Sandinavian orthopaedic journal describing his work to manage the 

recurrent dislocation of the patella.  He described the Q-angle as an angle with 

its apex at the patella, which is formed between the ligamentum patellae and 

the extension of the line formed by the quadriceps femoris muscle‟s resultant 

force, which he described as being the “supplement to the valgus angle in the 

extensor mechanism”.  He further stated that the Q-angle “consists of the bony 

physiologic valgus position of the knee (being 8-10 degrees), plus the extra few 

degrees that are the effect of the slight lateral rotation of the tibia on the femur 

that occurs when the knee is fully extended” (Brattstrom, 1964).  Since that 

original description, the Q-angle has been quoted extensively in the literature as 

being a useful measure of the resultant quadriceps group muscle force on the 

patella, in the frontal plane. 

 

http://www.uncg.edu/kin/anrl/facilities.html
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Many texts on the classification, diagnosis and management of patello-femoral 

joint problems quote Q-angle values, which have been measured in the clinic 

with a long-arm goniometer.  Often comparative data between groups are cited, 

for example mean Q-angles for:  

o individuals with patello-femoral joint problems and healthy 

controls, 

o males and females, 

o measures from the left and right legs, and  

o measures taken from participants in either supine or standing 

 

In many of these studies very small differences between mean Q-angle values 

for separate groups are reported as being statistically significant.  For example 

Moss et al (1992) quote a statistically significant difference of 1.9 degrees 

between the mean Q-angle values of a group of 31 subjects with patello-femoral 

pain compared with a group of 44 healthy controls; Woodland and Francis 

(1992) found that a difference of 3.4 degrees between the mean Q-angle for 

269 healthy males and 257 healthy females, was statistically significantly 

different; and Lathinghouse and Trimble (2000) found that a reduction in mean 

Q-angle of 0.5 degrees following exercise, was statistically significantly different 

for 22 healthy women.   

 

These differences, while being statistically significant, are numerically very 

small and have little meaning clinically as the precision of clinical 

measurements taken with a long-arm goniometer is poor.  The standard error of 

measurement (SEM) for clinical measurements made with a long-arm 

goniometer is at best four degrees (Eliasziw et al, 1994).  A study by Draper et 

al (2011) report comparisons between Q-angle measurements taken using 

short-arm and long-arm goniometers, and comparing these values with 

measures from magnetic resonance imaging (MRI) scans, they reported mean 

differences of 60 and 70 respectively from the MRI images.   Another difficulty 

when measuring the Q-angle is that there is no consensus regarding 

measurement protocol, individual authors of published work describe a variety 

of different measurement protocols, which may take up to 60 seconds to 
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complete.  Researchers report taking Q-angle measurements with subjects in 

supine or in standing; with the quadriceps muscle group relaxed or contracted; 

and some give details of foot position, while others do not.  

 

A third difficulty when measuring the Q-angle in the clinic is the reliable 

identification of the three bony landmarks from which the Q-angle is measured – 

finding the centre of the anterior superior iliac spine (ASIS), the patella and the 

tibial tuberosity consistently is not easy.  Errors in the identification of either the 

centre of the patella or tibial tuberosity in the medial/lateral direction (the frontal 

plane) of 5mm can result in variation of the measured Q-angle of up to 5.53 

degrees, and the cumulative effect of error in identification of both distal bony 

landmarks in the frontal plane can give a variation in the measured Q-angle of 

up to 8.3 degrees (France and Nester, 2001). 

The patella is a sesamoid bone and sits within the common tendon of the 

quadriceps muscle group, its movement being controlled by this muscle group, 

in particular the distal portion of the vastus medialis (VM) muscle. Conservative 

management of patello-femoral joint syndrome (PFJS) often includes 

techniques which purport to strengthen the quadriceps muscle both as a group 

and the VM selectively.  It is assumed that a stronger VM muscle would be 

more able to control the position and movement of the patella more effectively 

as it would be better able to balance the strong lateral pull on the patella 

exerted by the lateral retinaculum and ilio-tibial band (Blazevich et al, 2006), 

although conclusive evidence for this hypothesis is still required. 

 

 3.2.1 – What does the Q-angle measure? 

The value of the Q-angle is believed to correlate positively with the balance, in 

the frontal plane, between the resultant force of the quadriceps femoris muscle 

and the line of pull of the patellar tendon (Schulthies et al, 1995).  It also 

identifies the position of the patella relative to the pelvis and tibia (Merchant, 

1988; Horton and Hall, 1989; Grelsamer and Klein, 1998).  In the literature since 

Brattstrom (1964) the Q-angle has been described as the acute angle 

measured between the quadriceps femoris muscle resultant force and the 

patellar tendon (Hungerford and Barry, 1979).  In clinical practice the 
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quadriceps femoris muscle‟ resultant force is represented by an imaginary line 

drawn between the Anterior Superior Iliac Spine (ASIS) and the centre of the 

patella.  The ASIS is used rather than the Anterior Inferior Iliac Spine (AIIS) 

because it is easier to locate and is very close (in frontal plane terms) to the 

AIIS; although the proximal attachments of the rectus femoris component of the 

quadriceps muscle are at the AIIS and a small groove above the acetabulum. 

 

In 1995 Schulthies et al developed a static model of the quadriceps muscle 

group in which the muscles‟ resultant force in the frontal plane could be 

calculated accurately.  Their model was a combination of muscle-directed and 

fibre-directed models for which they subdivided the quadriceps femoris muscle 

into eight components and used an equation developed by Alexander and 

Vernon (1975) to calculate muscle cross-sectional area (CSA) and force 

production, which is based on the assumption that muscle CSA correlates 

highly with muscle force capability (Schulthies et al, 1995).  They compared this 

to the force that would be generated by using the ASIS as the proximal point to 

determine the resultant line of force of the muscle.  They acknowledged various 

difficulties with their model, particularly the effect of differences in the superficial 

and deep parts of the quadriceps muscle group and that the fibre direction can 

change throughout its length.  They tested their procedure on seven male 

cadaver thighs and concluded that the actual force vector of the quadriceps 

muscle is more laterally directed than the line drawn between the ASIS and the 

centre of the patella and thus measuring the Q-angle using the ASIS as a 

reference point may underestimate the magnitude of the lateral force affecting 

the patella by about 20%.  However, they also concluded that because of the 

high correlation between the measured and calculated Q-angles, that continued 

use of the ASIS as the proximal point to represent the resultant force of the 

quadriceps muscle is valuable.  They stated that approximately 84% of the 

variation of the direction of the quadriceps muscle force on the patella in the 

frontal plane could be explained by a variation in the measured Q-angle using 

the ASIS (Schulthies et al, 1995).  They do not comment on the fact that the 

effect of muscle stimulation on cadavers might be different from that on living 

subjects. 
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3.2.2 – How to measure the Q-angle  

There are a number of ways to measure the Q-angle – in the clinic using simple 

equipment, typically a goniometer; or using X-ray; computerized tomography 

(CT); MRI; video or infra-red equipment.  This section examines how the Q-

angle is measured in clinical practice, typically using a long-arm goniometer. 

 

Forty articles were found in which the Q-angle was measured using a 

goniometer, only 23 of these describe the measurement protocol followed.  The 

protocols vary in detail from a very brief mention of the bony landmarks used to 

a thorough description of techniques.  Conclusions from these articles suggest 

that the measured value of the Q-angle can be affected by the following:  

 

 The gender of the individual (Horton and Hall, 1989; Woodland and 

Francis, 1992; Kuhn et al, 2002; Draper et al, 2011);  

 The individual‟s foot position while the measure is being taken (Olerud 

and Berg, 1984; Callaghan and Baltzopoulos, 1992);  

 The state of contraction of the quadriceps muscle (Guerra et al, 1994; 

Latinghouse and Trimble, 2000; Sarkar et al, 2009);  

 Whether the subject is standing or in supine lying (Woodland and 

Francis, 1992; Doucette and Goble, 1992);  

 The position of the patella in relation to the femoral trochlea (Brown et al, 

1984; Sebastionelli, 1993);  

 The presence or absence of knee pain (Insall et al, 1976; McConnell, 

1986; Moss et al, 1992; Livingston and Mandigo, 1999: Lan et al, 2010);  

 Which knee is measured (Thomee et al, 1995; Livingston and Mandigo, 

1999; Kuhn et al, 2002); 

 The anatomical position of the tibial tubercle (Brattstrom, 1964; 

Grelsamer and Klein, 1998);   

 The amount of knee flexion (Greene et al, 2001); and 

 The accuracy of locating the bony landmarks, in particular the centre of 

patella and tibial tuberosity (France and Nester, 2001) 
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The above conclusions were drawn from studies measuring the Q-angle in 

clinical practice, either using a long-arm goniometer positioned over the patella 

in the way described by Woodland and Francis (1992), or by measuring the Q-

angle, using a goniometer or protractractor, using the bony landmarks from 

photographs with the subject in standing or lying supine.  The usual protocol 

when using a long-arm goniometer is to place the centre of the goniometer over 

the centre of the patella, line up the short arm with an imaginary line joining the 

centre of the patella with the centre of the tibial tuberosity; and line up the long 

arm with an imaginary line joining the centre of the patella with the ASIS, the Q-

angle being the acute angle formed where these two lines meet.  See Chapter 

2, Figure 1.2. 

 

3.2.2.1 – Bony Landmarks 

Thirty eight of the 40 papers identify the three bony landmarks from which to 

measure the Q-angle.  Some just state what these are: e.g. the tibial tuberosity; 

whereas others state more precisely which part of the general bony landmark 

was used e.g. the centre of the tibial tuberosity.  Please see Table 3.1 below for 

full details. 

From the 40 studies summarised in Table 3.1 there is a clear consensus that 

when measuring the Q-angle the bony landmarks to be used are the ASIS, the 

centre of the patella and the tibial tuberosity, although only some authors 

specify which part of the tibial tuberosity should be used.  A few authors 

describe how to palpate or measure the specific part of these bony landmarks 

but that is rare and few authors mention where or how to align the goniometer.  

The more recent studies seem to favour having subjects in a standing position 

as this is more functional, although none mention that it is more difficult for the 

operator to take the measure with the subject in standing, and that this may 

affect the measure‟s reliability.   

 

All the measurement protocols described in the articles summarised in Table 

3.1 appear to be based on the assumption that the Q-angle is an absolute value 

- i.e. a measure that does not vary; and few calculate or even question the issue 

of measurement reliability.  A few authors did carry out some reliability analysis 
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of their measurement technique but on the whole this was not thoroughly done.  

Reliability was calculated from a small group of repeat measures or using 

statistical tools which are not very precise which are likely to give an over-

optimistic assessment of the level of reliability.  Only one paper mentioned the 

difficulty of reliably identifying the bony markers and calculated the effect this 

could have on the measured Q-angle (France and Nester, 2001). 
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Table 3.1 – Summary of participant position and the three bony landmarks used 
from which to measure the Q-angle, when measuring the Q-angle, using a 
goniometer, from a series of 40 articles 

Study Authors Participant Position Proximal 
bony 
landmark: 

Middle bony 
landmark:  

Distal bony 
landmark: 

Aglietti et al 
(1983) 

Supine; knees extended ASIS Centre 
patella 

Middle  ant. 
Tib. tuberos 

Olerud and Berg 
(1984) 

Standing (foot position 
standardised). Supine 
(legs relaxed, foot free) 

ASIS Centre 
patella 

Centre tibial 
tuberosity 

Brown et al 
(1984) 

Knees extended, patella 
in groove, extensor 
relaxed, toes vertical 

ASIS Mid-point 
patella 

Anterior tibial 
tuberosity 

Bourne et al 
(1988) 

Knees extended, 
unspecified 

ASIS Centre 
patella 

Tibial 
tubercle 

Horton and Hall 
(1989) 

Standing, knees extended ASIS Mid-point 
patella 

Tibial 
tubercle 

Kolowich et al 
(1990) 

Knees flexed to 90
0
  ASIS Centre 

patella 
Centre tibial 
tuberosity 

Boucher et al 
(1992) 

Standing in unspecified 
standard position 

ASIS Centre 
patella 

Centre of 
tuberosity 

Caylor et al 
(1992) 

Standing, knees 
extended, BW even 

   

Doucette and 
Goble (1992) 

Supine, knees extended, 
quadriceps relaxed. 
Standing 

ASIS Centre 
patella 

Tibial 
tuberostiy 

Moss et al (1992) Unspecified ASIS Centre 
patella 

Centre 
tuberosity 

Woodland and 
Francis (1992) 

Standing, knees 
extended,  quadriceps 
relaxed. 
Supine, knees extended, 
quadriceps relaxed 

ASIS Centre 
patella 

Centre 
tuberosity 

Eilert (1993) Supine ASIS Centre 
patella 

Tibial 
tubercle 

Sebastianelli 
(1993) 

Unspecified, but knees 
extended, patella in 
trochlea, quadriceps 
relaxed 

ASIS Middle 
patella 

Tibial 
tubercle 

Galanty (1994) Supine, muscles relaxed ASIS Centre 
patella 

Centre 
tuberosity 

Guerra et al 
(1994) 

Standing, foot position 
(described); quadriceps 
relaxed and contracted. 
Supine – as above 

ASIS Middle 
patella 

Tibial 
tubercle 

Kannus and 
Niittymak(1994) 

Unspecified ASIS Mid-patella Tibial 
tubercle 

Fithian et al 
(1995) 

Unspecified position, but 
knee 30

0 
flexion, patella in 

femoral trochlea 

ASIS Centre 
patella 

Tibial 
tubercle 

Thomee et al 
(1995) 

Standing, feet parallel and 
10 cms apart.  Measures 
taken from photograph 

ASIS Middle 
patella 

Tibial 
tubercle 

Tomisch et al 
(1996) 

Supine ASIS Centre 
patella 

Tibial 
tubercle 
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Study Authors Participant Position Sup. bony 
landmark 

Middle bony 
landmark 

Inferior 
bony 
landmark 

Grelsamer and 
Klein (1998) 

Unspecified – knee 
extend, patella in trochlea 

ASIS Centre 
patella 

Tibial 
tubercle 

Heiderscheit et al 
(1999) 

In weight-bearing, nil else ASIS Centre 
patella 

Tibial 
tuberosity 

Livingston and 
Mandigo (1999) 

Standing, knees 
extended, quadriceps 
relaxed 

ASIS Mid-point 
patella 

Mid-point 
tibial tuberos 

Heiderscheit et al 
(2000) 

Standing ASIS Centre 
patella 

Tibial 
tuberosity 

Lathinghouse and 
Trimble (2000) 

Standing, no shoes, 
knees extended, strong 
contraction of quadriceps 
and relaxed quadriceps 

ASIS Mid-point 
patella 

Middle tibial 
tubercle 

Tsujimoto et al 
(2000) 

Supine, knees extended, 
patellae facing straight, 
ankle brace used 

AP Iliac spine Centre 
patella 

Centre tibial 
tubercle 

Greene et al 
(2001) 

Supine – fully extended 
and knee flexed to 20

0
; 

foot in neutral 

ASIS Centre 
patella 

Centre tibial 
tuberosity 

France and 
Nester (2001) 

Relaxed standing ASIS Centre 
patella 

Centref tibial 
tuberosity 

Kuhn et al (2002) Standing, straight knees, 
wearing shoes 

ASIS Centre 
patella 

Centre tibial 
tuberosity 

Devan et al 
(2004) 

Standing ASIS Mid-point 
patella 

Tibial 
tuberosity 

Herrington and 
Nester (2004) 

Sitting with knees straight; 
knees at 20

0
 extended 

and in standing with feet 
facing forwards 

ASIS Centre 
patella 

Tibial 
tuberosity 

Kishali et al 
(2004) 

Supine and Standing, with 
quadriceps relaxed 

ASIS Centre 
patella 

Tibial 
tuberosity 

Sutlive et al 
(2004) 

Standing ASIS Centre 
patella 

Tibial 
tuberosity 

Pantano et al 
(2005) 

Relaxed standing ASIS Centre 
patella 

Tibial 
tuberosity 

Rauh et al (2005) Comfortable standing, no 
shoes, quads relaxed, feet 
forward, shoulder width 
apart, BW even 

ASIS Centre 
patella 

Tibial 
tuberosity 

Piva et al (2006) Supine, knees in full 
extension 

ASIS Centre 
patella 

Tibial 
tuberosity 

Schultz et al 
(2006) 

Standing, knees straight, 
feet shoulder width apart, 
toes pointed anteriorly 

ASIS Centre 
patella 

Tibial 
tuberosity 

Carlson and 
Wilkerson  (2007) 

Supine, legs extended 
and relaxed 

ASIS Centre 
patella 

Tibial 
tuberosity 

Boling et al (2009) Standing Unspecified Unspecified Unspecified 

Sarkar et al 
(2009) 

Standing  a) Relaxed 
b)IQA – strong 
contraction of quads 

ASIS Midpoint 
patella 

Midpoint 
tibial tubercle 

Draper et al 
(2011) 

Supine, quads relaxed, 
knees 10

0
 flexion, 

alignment standardized 
using towel and ankle 
strap 

ASIS Centre 
patella 

Centre tibial 
tuberosity 
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3.2.3 – Reliability of Q-angle measurement protocols 

Forty articles (since 1976) were found in which the authors discuss the Q-angle 

and present a data series, with some authors using the measured value to 

inform treatment decisions.  However, only some authors gave a detailed 

description of their measurement protocol, 19 mentioned the issue of 

measurement reliability and only 14 studies address it in any kind of meaningful 

way.  Horton and Hall (1989) calculated Pearson product-moment correlation 

coefficients; Woodland and Francis (1992) calculated test-retest reliability 

correlation coefficients; Heiderscheit et al (2000); Greene et al (2001); 

Herrington and Nester (2004); Boling et al (2009); and Draper et al (2011) 

calculated Intraclass Correlation Coefficients (ICCs) and Caylor et al (1993); 

Guerra et al (1994); Tomisch et al (1996); Livingston and Mandigo (1999); 

Lathinghouse and Trimble (2000); Sutlive et al (2004) and Piva et al (2006) 

calculated ICCs and Standard Error of Measurements (SEMs).  See Tables 3.2 

and 3.3.   Authors who calculated ICCs used the definition of level of reliability 

suggested by Shrout and Fleiss (1979) or Portney and Watkins (2000), which 

are similar: 

 

 Below 0.5 = poor reliability 

 Between 0.5 and 0.75 = moderate reliability 

 Above 0.75 = good reliability 

 

However none mention that Nunnally (1978) and Portney and Watkins (2000) 

also suggest that measurements used for decision-making or diagnosis need to 

have a greater level of reliability, perhaps at 0.9.  Ten studies concluded that 

their measurement procedure was reliable (Olerud and Berg, 1984; Horton and 

Hall, 1989; Calyor et al, 1992; Woodland and Francis, 1992; Guerra et al, 1994; 

Heiderscheit et al, 2000; Lathinghouse and Trimble, 2000; Herrrington and 

Nester, 2004; Schultz et al, 2006; Draper et al, 2011) and two studies 

concluded that both their intra-rater and inter-rater reliability were poor (Greene 

et al, 2001; Sutlive et al, 2004). 
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Debate continues about the value and meaning of statistical measures of 

reliability.  A number of authors advise that where the reliability of specific 

values are important no measure is sufficient on its own, even ICCs; and 

additional analysis, such as the standard error of measurement (SEM), or the 

Bland and Altman Limits of Agreement is needed in order to be able to make an 

informed judgement about the reliability of a measure (Rankin and Stokes, 

1998; Keating and Matyas, 1998; Chinn, 1990; Bland and Altman, 1986; 

Whittaker et al 2007).  

 

Pearson correlation coefficients, as used by Horton and Hall (1989) are a 

measure of relative reliability i.e. the degree to which measures maintain their 

position in a sample of repeated measures and thus give an indication of 

consistency of ranking of the measures, without taking into account the actual 

value of the measurement itself (Bruton et al, 2001).  When interpreting a 

Pearson r-value it is possible to assume, erroneously, that if the r-value is high 

(i.e. close to 1.0), then the individual measures are very similar, when in actual 

fact they may be hugely different from each other but in a consistent way 

(Maher, 1993).  Thus most Pearson r-values tend to give an overestimation of 

the reliability of reported individual measures.   

 

Intra-class correlation coefficients (ICC) as used by Greene et al (2001), and 

others, have similar properties to the Pearson correlation co-efficient but 

overcome some of its limitations by using variance estimates calculated using 

either one-way or two-way analysis of variance (ANOVA), and thus reflect both 

the degree of consistency and the agreement among measurements (Bruton et 

al, 2001).  There are a number of models of the ICC and it is very important to 

use the correct version; Shrout and Fleiss (1979) show the importance of this by 

quoting six different ICCs (range 0.17-0.91) that were calculated from the same 

set of data, using different models of the ICC.  Common errors made in the use 

of the ICC are not to be specific about which model is being used, and to have 

an insufficient number of data; Chinn (1991) recommends at least 25 degrees of 

freedom.  Greene et al (2001) quote very poor results when measuring the Q-

angle, for both intra-rater reliability (ICCs ranged from 0.14-0.37) and inter-rater 

reliability (ICCs ranged from 0.17-0.29).  They had 24 raters, and reported 
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slightly higher values when the measures were taken with the knee in extension 

(supine) rather than with the knee in 20 degrees of flexion, but they do not 

specify which type of ICC they used to calculate these values (Greene et al, 

2001). 

 

Seven studies calculated SEM for either or both intra-rater and inter-raters.  All 

results were less than 4 degrees (see Table 3.2).  On the face of it these errors 

may seem fairly small but in order to put them in to context it is important to 

bear in mind the size of the Q-angle, which for normal healthy adults is typically 

between 12 and 17 degrees (Woodland and Francis, 1992) and so an SEM of 

between three and four degrees is a high percentage variation.  Also, according 

to the calculations suggested by Eliasziw et al (1994) when using a long-arm 

goniometer to measure joint angles, this would mean that the minimum 

difference needed to show a true difference in measured values would be 

between approximately five and six degrees.   

 

Each of the studies which calculated the reliability of the Q-angle assumed that 

it is a fixed or absolute value which does not vary and that any variation in the 

measured values was due to measurement error rather than a possible 

variation in the measure itself, over time.   
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Table 3.2 – Q-angle reliability quoting Intra-class Correlation Coefficient (ICC) 
and Standard Error of Measurement (SEM) statistics, from seven reported 
studies (see key below).  

 

Study No. of 
testers 

No. of 
Repeat 
meas 

No. of 
subject 

Knee 
positio
n 

Intra-
tester 
ICC’s 

Intra-
tester 
SEM’s 

Inter-
tester 
ICC’s 

Inter-
tester 
SEM 

1 
 

2 2 50 Extend 
(stand) 

0.84 - 
0.90 

2.01 – 
2.23 

0.83 2.49 

2 2 50 Flexed 
(stand) 

0.83 for 
both 

0.68 - 
2.45 

0.65 3.50 

2 1 2 16 Extend 
(stand, 
relax + 
contr); 
Extend 
(sup, 
relax + 
contr) 

0.73 - 
0.87 

1.47 - 
2.15 

N/A N/A 

3 3 3 5 Extend 
(supine 

 
0.63 

 
2.7 

 
0.23 

 
3.7 

4 Not 
known 

Not 
known 

Not 
known 

Extend(
stand) 

Not 
known 

Not 
known 

0.67 1.50 

5 1 Not 
known 

Not 
known 

Stand  0.98 Not 
known 

N/A N/A 

6 Not 
known 

Not 
known 

30 Stand Not 
known 

Not 
known 

0.4 4.2 

7 2 Not 
known 

30 Extend(
supine 

Not 
known 

Not 
known 

0.7 2.9 

 
Key: 
Study 1 = Caylor et al, 1993;  

Study 2 = Guerra et al, 1994;  

Study 3 = Tomisch et al, 1996; 

Study 4 = Livingston and Mandigo, 1999;  

Study 5 = Lathinghouse and Trimble, 2000;  

Study 6 = Sutlive et al, 2004;  

Study 7 = Piva et al, 2006). 

 
ICC = Intra-class Correlation Coefficient 
SEM = Standard Error of Measurement 
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Table 3.3 – Q-angle reliability quoting Pearson Product reliability co-efficient or 
Intra-class Correlation co-efficients (ICC) from seven reported studies (see key 
below). 
 

Study Number of 
testers 

Number of 
repeat 
measures 

Number of 
knees 

Knee 
Position 

Intra-rater 
PP/ICC 

Inter-rater 
PP/ICC 

1 2 Not given 7 Extended 
(standing) 

0.92 0.78 

2 
 

1 2 15 Extended 
(supine) 

0.81 N/A 

1 2 15 Extended 
(standing) 

0.76 N/A 

3 1 3 10 Extend 
(standing) 

0.92-0.94 N/A 

4 
 

 
22 
 
22 

 
N/A 
 
N\A 

 
50 
 
50 

Extended 
(supine) 
20 flexion 
(supine) 

 
N/A 
 
N/A 

0.20 (L) 
0.26 (R) 
0.29 (L) 
0.17 (R) 

 
3 
 
3 

 
3 
 
3 

 
26 
 
26 

Extended 
(supine) 
20 flexion 
(supine) 

0.37 (L) 
0.22 (R) 
0.27 (L) 
0.14 (R) 

 
N/A 
 
N\A 

5 1 2 10 Extend 
(standing) 

0.98 N/A 

6 Not known 3 1597 Extend 
(standing) 

Not known 0.83 

7 1 2 18 100 flex 
supine

 
0.78-0.92 N/A 

2 2 18 100 flex 
supine 

N/A 0.56- 0.88 

 

Note: 
Study 1 = Horton and Hall, 1989;  
Study 2 = Woodland and Francis, 1992;  
Study 3 = Heiderscheit, 2000;  
Study 4 = Greene et al, 2001;  
Study 5 = Herrington and Nester, 2004; 
Study 6 = Boling et al, 2009; 
Study 7 = Draper et al, 2011 
 
ICC = Intra-class Correlation Coefficient 
PP = Pearson Product reliability co-efficient (r) 
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3.3 – Dominance of the Q-angle in the literature 

The Q-angle is mentioned extensively in literature on the knee joint, particularly 

in literature on the patello-femoral joint.  It was first identified by Brattstrom 

(1964), and since then has become widely accepted as a useful measure and 

an important part of any full clinical assessment of the knee joint.  It is 

commonly mentioned in literature on Anterior Knee Pain (AKP) and Patello-

femoral joint Syndrome (PFJS).  However, a review paper on Anterior Knee 

Pain by Cutbill et al, (1997) concludes that the range of normal values for the Q-

angle is variable and that there are minimal quantifiable data supporting its 

diagnostic relevance.  Another review paper by Selfe (2004) concluded that the 

ICCs for intra-rater and inter-rater reliability for measuring the Q-angle were 

poor and questions its usefulness, particularly in determining treatment options.  

 

3.3.1– Usefulness of the Q-angle and clinical decisions made on its value 

Thirty-two articles were found which reported a series of Q-angle measures 

taken from various subjects, following varying measurement protocols.  The first 

group of articles reviewed contain a clinical patient series with a management 

programme and its outcomes, or look at the predictive nature of the measured 

Q-angle on outcome or injury. The second group are those in which the Q-angle 

is measured to examine similarities or differences between groups, or where 

authors are looking to see if the measured Q-angle correlates with other 

measures or to create a normal database; but has no direct immediate clinical 

application. 

 

The findings from each paper will be outlined briefly, and then the strengths and 

weaknesses of the different approaches and findings will be commented on in 

the summary sections. 

 

3.3.1.2 – First Group of articles – immediate clinical application (13 

articles) 

Insall et al (1976) measured 50 normal knees of hospital personnel and found 

that the average Q-angle was 14 degrees, they give no other details about the 

subject group, do not describe their measurement protocol and only quote 
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average figures for their results. They report that the measures were very 

constant and varied by no more than a few degrees, but do not elaborate on 

this.  They conclude that measured Q-angles of 20 degrees or more are 

abnormal and indicative of patellar instability.  They used this Q-angle value to 

allocate individuals to treatment, those with a measured Q-angle of 20 degrees 

or more underwent a surgical procedure to realign the extensor mechanism by 

moving the tibial tubercle, others had conservative treatment.  One hundred and 

five knees had this surgical procedure and 76% had an excellent or satisfactory 

outcome, as measured by patients reporting a relief of pre-operative symptoms 

when audited (no details given) at a minimum of 2 years following surgery.  

They do not report post-surgical Q-angle measurements and state that there 

seemed to be no prognostic factors by which to predict the result of their 

surgical intervention.  This study illustrates the importance attached to the 

measured value of the Q-angle, despite the measurement protocol itself not 

being described at all nor subject to any reliability analysis. 

 

Aglietti et al (1983) measured the Q-angle of the right knee of 150 healthy 

adults and the symptomatic knee of 106 adults to see if there were differences 

between the two groups. The symptomatic group consisted of patients with 

recurrent subluxation and/or chondromalacia of the patella.  They describe their 

method of measuring the Q-angle very briefly, and do not describe any reliability 

analysis for their technique.  For the healthy group the average value of the Q-

angle for whole group was 15 degrees (males 14 degrees, SD of 3 degrees; 

females 17 degrees, SD of 3 degrees).  The whole group average for the 

symptomatic group was 18 degrees (males 16 degrees, SD of 5 degrees; 

females 19 degrees, SD of 4 degrees).  These average values between the 2 

whole groups were statistically significantly different, as were those between the 

males and females.  For those in the symptomatic group who recovered with 

conservative management within a 4-year period (35 persons) the one 

significant factor when compared to the rest of their group was an average Q-

angle of less than 18 degrees.  Twenty-one of the symptomatic group had 

„realignment‟ surgery as conservative management was not successful, they 

gave no details about the outcome following surgery.  Treatment decisions were 

not made on the Q-angle value as all symptomatic individuals underwent 
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conservative management initially, and only those for whom this was not 

successful underwent surgery.  They do not report any repeat Q-angle values 

following treatment. 

 

Brown et al (1984) took Q-angle measurements pre and post surgery, on 

individuals diagnosed with an unstable patella who had the Elmslie-Trillat 

surgical procedure to realign the extensor mechanism by repositioning the tibial 

tuberosity medially.  The purpose was to see if there was any correlation post-

operatively between the new value of the Q-angle and the outcome as rated by 

the Cox rating system.  They describe their Q-angle measurement protocol in 

some detail and state their protocol “yielded the most reproducible results in our 

hands”, but do not state how they came to this conclusion.  Twenty seven knees 

were followed up for a minimum of 2 years post surgery; 22 (81%) were rated 

as having had an excellent or good outcome according to the Cox rating scale 

(Cox, 1982).  After surgery they found that a reduction in the measured value of 

the Q-angle correlated well with the Cox rating scale.  All patients with a post-

surgical Q-angle of 10 degrees or less had a good or excellent outcome as 

measured on the Cox scale.   

 

 McConnell (1986) recorded the Q-angle of 35 adults with PFJS, ten of whom 

had a Q-angle of greater than 15 degrees.  No measurement protocol or 

reliability analysis for the Q-angle is given.  She describes a new conservative 

treatment programme developed by herself, and reports a success rate of 90% 

six months following discharge, most patients having attended for a maximum 

of 3 sessions and then continued with the exercise regime at home, she does 

not comment again on the Q-angle.   

 

Whitelaw et al (1989) describe a series of 85 patients with AKP, with 114 

affected knees.  Of these they report that 19 knees (17%) had a measured Q-

angle of greater than 20 degrees, but did not state why the value of 20 degrees 

was important.  No detail is given of the Q-angle measurement protocol at all 

and there is no mention of any reliability analysis of measures obtained.  All 

patients were given standard doses of NSAID‟s (ibuprofen or naproxen) and 

then attended a physical therapy programme 3 times per week for 4-6 weeks.  
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Overall 87% of patients‟ knee symptoms improved during the programme with 

70% of all patients being able to return to their pre-morbid level of activity.  

Fourteen patients (18%) worsened with this regime and they had surgical 

management, 12 had a lateral release procedure in order to realign the patella.  

No mention is made of the Q-angle of this subgroup. 

 

Doucette and Goble (1992) describe a series of 56 knees with lateral patellar 

compression syndrome.  Several measures, including the Q-angle (in standing 

and supine) were taken both before and after completion of a physical therapy 

treatment programme.  A brief description of the subjects‟ position for 

measuring the Q-angle was given, but no further detail about the measurement 

protocol or its reliability.  Following completion of the exercise programme the 

group were subdivided into three subgroups.  Group 1 (43 knees) became pain-

free after an average of 8 weeks treatment, Group 2 (8 knees) had no decrease 

in symptoms after 14 weeks of treatment, and Group 3 consisted of 5 normal 

healthy control knees.  For group 1 the Q-angle values post-treatment in both 

standing and supine decreased slightly, but this was not significant (17.65 to 

16.53 degrees for supine; and 17.86 to 16.55 degrees for standing); for group 2 

the Q-angle values post-treatment also decreased slightly but by a smaller 

margin (18.62 to18.50 degrees for supine; and 19.75 to 19.38 degrees for 

standing) and the same happened for those in group 3 (17.20 to 16.80 degrees 

for supine; and no change from 17.00 degrees for standing).  They concluded 

that the measured Q-angle was not a useful predictor for determining outcome 

following treatment, and make no comment on whether their measurement 

protocol could have affected this.  It is worth noting that all their average Q-

angles were high and outside of the range of between twelve and seventeen 

degrees, which a number of authors consider to be normal (Woodland and 

Francis, 1992). 

 

Moss et al (1992) measured the Q-angle of three groups of people.  Group 1 

consisted of subjects with patellofemoral pain (21 knees); Group 2 consisted of 

healthy subjects (30 knees) and Group 3 consisted of a mixed group of subjects 

of 14 asymptomatic knees and 10 symptomatic knees.  Q-angle values were 

measured from pictures from a video camera, no measurement reliability is 
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mentioned.  They found that Q-angle was significantly greater (by 12%, or 1.9 

degrees) in those subjects with symptomatic knees (p=0.01).  They 

acknowledged that a difference in average Q-angle of 1.9 degrees was small 

but felt that it was still a useful statistic as it formed part of a predictive equation, 

created by them, using discriminant analysis which was 89% accurate in 

predicting which subjects would or would not have patellofemoral stress 

syndrome.  The equation used an individual‟s weight, pelvic width, and Q-angle.  

They suggested that with proper screening individuals susceptible to 

patellofemoral stress syndrome could be identified prior to becoming 

symptomatic and that preventative corrective procedures should be introduced 

at that stage.  As yet there has been no follow-up study published describing 

such a scheme. 

 

Kannus and Niittymaki (1994) described a series of 49 consecutive patients with 

unilateral PFPS.  Twenty-two variables (including the Q-angle) which are 

thought to have an outcome-predictive role were measured both before and 

after completion of the six week treatment protocol of relative rest, NSAID‟s and 

intensive quadriceps muscle exercises.  They state what the Q-angle is, but do 

not describe their measurement protocol, and give very brief details only of 

some of the other measures taken.  All 22 pre and post treatment variables 

were compared to see if they correlated with the general outcome as measured 

by a self-completed visual analogue score (VAS) for pain, and the Lysolm and 

Tegner functional knee scoring systems.  There was no statistically significant 

difference in Q-angle measures immediately following treatment nor at six 

months follow-up.  In general those with higher measured Q-angles had a 

poorer outcome.  The authors do not mention the issue of measurement 

reliability for any of their chosen clinical measures when discussing their results.   

 

Thomee et al (1995) reported a set of bilateral Q-angle measures taken from a 

group of 60 females.  The main purpose of their study was to compare muscle 

function in individuals with and without patellofemoral pain before and after 

participation in one of two types of muscle strengthening programme.  The 

group was subdivided into 40 individuals who had unilateral pain arising from 

the patellofemoral joint, and 20 healthy controls.  Subjects had their Q-angle 
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measured only before participation in the strengthening programme. Each 

subject stood at right angles to a video camera with their feet 10 cms apart with 

the Q-angle measurements made using a goniometer on a 28-inch television 

screen.  The reported results for group 1 were: symptomatic knee mean Q-

angle of 16.8 degrees (SD of 4.6); asymptomatic knee mean Q-angle of 16.4 

degrees (SD of 5.4); for group 2: the right knee mean Q-angle was 17.9 

degrees (SD of 5.2); for the left knee the mean Q-angle was 15.1 degrees (SD 

of 4.9).  There were no statistically significant differences between the average 

measured values for the two subgroups, no mention was made of statistical 

tests for significance between the right and left Q-angle measurements of the 

control groups, but the values are different.  They did not mention measurement 

reliability when discussing their results.  

 

Devan et al (2004) measured the Q-angle of both knees of 53 healthy women, 

in college athletic teams, measures were taken with the women in standing with 

a long-arm goniometer, using bony landmarks of the anterior superior iliac 

spine, the midpoint of the patella and the tibial tubercle.  No further details are 

given and no reliability analysis is reported.  They found mean differences 

between the right and left knees reporting results of 12.8 and 11.2 degrees 

respectively.   The measures were taken as part of a series of measures 

exploring muscle balance/imbalance in athletes, and they report that 9 of the 

athletes who sustained an overuse knee injury during the season had an 

„excessive‟ Q-angle for at least one knee, but they do not clarify what their 

threshold level of measured Q-angle was. 

 

Sutlive et al (2004) measured the Q-angle of 78 knees with PFJS from 45 

participants on active military duty, they measured the Q-angle in standing but 

do not describe their protocol at all.  The purpose of their study was to see the 

effect of using foot orthoses for individuals with PFJS.  They carried out inter-

rater reliability analysis calculation ICC (2,1) and SEM.   They do not give 

details of the number of testers or the number of repeat measures used in their 

reliability analysis; so it is not possible fully to understand the meaning of the 

ICC values.  They report an inter-rater ICC of 0.4 and SEM of 4.2 degrees, and 

an average Q-angle for the group of 9.2 degrees.  They recognise their 
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measurement reliability was low and that this „may pose a threat to the internal 

validity of our investigation‟.   

 

Rauh et al (2005) measured the Q-angle of 421 (235 boys) High School cross-

country runners at the beginning of the season as one measure looking at risk 

factors for injury.  All measures were taken by the same tester using a standard 

method, brief details of this are given i.e. subjects were in comfortable standing 

(without shoes), with their quadriceps muscles relaxed, feet facing anteriorly 

shoulder-width apart, and body weight distributed evenly over both feet.   The 

three bony landmarks (ASIS, centre of patella and tibial tuberosity) were 

marked with a dot to aid measurement.  No reliability analysis for any of the 

measurement protocols was mentioned.  The incidence of injury for each runner 

was recorded throughout the season.  They reported that the incidence of lower 

limb injury was greatest in: girls, those who had a larger measured Q-angle and 

a history of previous injury.  They conclude that measured Q-angle may be a 

useful predictor of injury in cross-country runners of High School age.  However 

they do not give details of what constitutes a „larger measured Q-angle‟. 

 

Schultz et al (2006) measured the Q-angle of 79 healthy National Collegiate 

Athletic Association Division 1 female athletes.  The measures were part of a 

range of measures taken to explore the effects of Navicular drop and Q-angle 

on neuromuscular response to a weight-bearing perturbation.  The Q-angle was 

measured with subjects in standing, their feet shoulder width apart, knees 

straight and their toes pointed anteriorly.  The ASIS, centre of patella 

(determined by palpation) and tibial tubercle were the bony landmarks  used.  

Measures were taken by the same experienced investigator and recorded to the 

nearest degree, using a standard goniometer.  Intra-tester reliability was 

determined by taking repeat measures from 15 individuals within one week of 

the first measure, and being blinded to the original value.    Calculating the ICC 

value from a total of 30 measurements is considered good practice, following 

the recommendation of Chin (1991) that the number of measurements used in 

the calculations should exceed 25.  ICC (2,k) of 0.84 and measurement error of 

1.4 degrees were reported, these values would be considered good in general 

reliability terms, but not high enough for the results of the measurements to be 
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used for diagnostic or treatment purposes (Portney and Watkins, 2000).  Their 

results suggest that higher Q-angle and Navicular drop values when present 

together cancel each other out, when subjects are exposed to a weight-bearing 

perturbation.   

3.3.1.3 – Summary of findings from the above articles 

Of the thirteen articles presented here that report a series of measured Q-angle 

data from patient groups, only two address the issues of measurement 

reliability.  Sutlive et al (2004) calculated inter-tester ICC values, but gave no 

details of the number of testers or the number of repeat measures taken, so it 

would be impossible to try and replicate their work.  In addition they only report 

reliability testing using one method of analysis which is deemed insufficient; 

they reported an inter-tester ICC of 0.4 and recognise that this is low.  

According to Portney and Watkins (2000) this would be considered a poor level 

of reliability and so it would be difficult to use their measured value of the Q-

angle in any meaningful way.  Schultz et al (2006) calculated intra-tester ICCs 

(0.84) and measurement error (1.4 degrees), using two tests for analysing 

results is considered good practice and their results would be considered to 

show a good level of reliability, but their ICC value is less than 0.9, the level 

suggested by Portney and Watkins (2000) as being the threshold necessary for 

diagnostic or treatment decisions to be made on its value. 

 

3.3.1.4– Second Group of articles – no immediate clinical purpose (21 

articles) 

Olerud and Berg (1984) undertook a series of repeat Q-angle measures on 34 

healthy subjects in three conditions;  

a)  standing 2.5 m in front of a camera and being filmed;  

b) standing with their foot position standardised, measured with a long-arm 

goniometer;  

c) supine, with their legs relaxed and knees extended and the foot position 

not standardised, measured with a long arm goniometer.   

They give no further details of their measurement protocol and calculate 

reproducibility by comparing a repeat and original measure from 12 subjects in 

each case, but do not describe which test their r-value is calculated from.  They 
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calculated a reliability co-efficient from 24 measures which is close to the 

minimum of 25 recommended by Chinn (1991).  They report that the measured 

Q-angle from the photographic method i.e. condition a) was very reproducible  

with r=0.95; as was the method with the person in a standing position, with the 

foot position standardised i.e. condition b) with r=0.96.  They also report that the 

values obtained with the subject in a supine position i.e. condition c) varied from 

those obtained with the subjects in a standing position, but were also 

reproducible with r=0.71.  A further 12 subjects had their Q-angle measured in 

standing with their foot in 15 degrees of outward rotation, neutral and 15 

degrees of inward rotation and the measured Q-angle increased with inward 

rotation of the foot (p=0.001).  Twenty-two subjects had their Q-angle measured 

in standing in 25, 15 and 10 degrees of pronation, neutral and 10, 15 and 25 

degrees of supination (the position of the foot was maintained by using a 

wooden wedge underneath the foot), and the Q-angle decreased as the foot 

position moved from pronation to supination.  Their reliability analysis would be 

considered good, although only one method of calculating it was used; their 

reliability figures for the first 2 conditions, a) and b) were above the 0.75 

threshold which are considered good; whereas their reliability for the measures 

taken in supine (0.71) would be considered moderate; this is particularly 

interesting as in practice it is easier to position the goniometer when taking 

measures with the subject in supine rather than in standing, although 

standardising foot position with subjects in supine is done less often.  They 

conclude that foot position must be standardised when measuring the Q-angle 

due to its effect on the measured value.   

 

Horton and Hall (1989) report a series of measures taken on a group of 100 

healthy young adults (aged 18-35 years) in standing with their knees in full 

extension.  The mean Q-angle for 50 males was 11.2 degrees (SD of 3.0); and 

that for 50 females was 15.8 degrees (SD of 4.5); a difference of 4.6 degrees.  

Using a point biserial correlation calculation the relationship between Q-angle 

and gender was significant (p =0.001).  They also report that none of the males 

had a Q-angle of 20 degrees or greater, but 13 of the 50 females had a Q-angle 

of greater than 20 degrees.  They state that their Q-angle measurement 

protocol was „in the manner suggested by the literature‟ but give no specific 
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reference or any further details.  All measurements from each subject were 

made by the same investigator.   Their measurement reliability was calculated 

on a subgroup of seven subjects, however, the number of repeat measures was 

not given, nor the number of testers, and so it is not possible to know whether 

these calculations were approriate.  They used just one tool to determine their 

reliability – the Pearson product-moment correlation coefficient – and quote r 

values of 0.92 for intra-rater reliability and 0.87 for inter-rater reliability for repeat 

measures, which they consider to be good.  They used string between the 

anterior superior iliac spine and centre of the patella in order to ensure the long-

arm of the goniometer was correctly positioned. 

 

Boucher et al (1992) report Q-angle measures taken from a group of 18 female 

subjects.  Measures were taken with the subjects standing in a standardised 

position parallel to the frontal plane of a camera.  The Q-angle was calculated 

from the film using specially designed software.  No measurement protocol or 

reliability analysis is reported.  The groups were subdivided into two, the first 

had no knee pain and had a mean Q-angle of 8.25 degrees; the second had 

knee pain and a mean Q-angle of 21.05 degrees.  They do not report how many 

subjects were in each group. 

 

Caylor et al (1992) report a set of Q-angle measures taken from two groups of 

subjects.  Group 1 consisted of 50 subjects (18 males, 32 female) with a 

diagnosis of anterior knee pain (AKP) and Group 2 consisted of 26 control 

subjects (9 male, 17 female).  Measures were taken in standing with the knee 

extended and the body weight evenly distributed over both feet, they give a 

detailed description of their measurement protocol.  An initial reliability study 

was carried out on the group of 26 healthy controls by two testers who had 

completed 3 hours of training in taking Q-angle measurements.  The Q-angle 

for both knees of each subject were measured twice in each of two positions 

(knee extended and slightly flexed) by each tester, the two testers then 

repeated the process until in total each tester had measured the Q-angle of 

each knee 16 times; all measurements being taken during one session.  Intra-

class correlation coefficients (details of specific model not given) and Standard 

Error of Measurement (SEM) were calculated.  The intra-rater ICC values for Q-
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angle measures taken with the knee extended were 0.84 and 0.90, and the 

SEM values were 2.01 and 2.23 degrees; the Inter-tester ICC was 0.83 and 

SEM was 2.49 degrees.  The intra-rater ICC values for Q-angle measures taken 

with the knee slightly flexed were 0.83 for each tester, and the SEM values 

were 0.68 and 2.45 degrees; the Inter-tester ICC was 0.65 and SEM was 3.50 

degrees.    Due to the poorer reliability of the Q-angle measurements taken with 

the knee partially flexed, this measurement was not taken from the group of 

subjects with AKP.  The average measured Q-angle (with the knee extended) 

for the group with AKP was 12.4 degrees (SD of 5.1) and for the healthy 

controls was 11.1 degrees (SD of 5.5).  The difference between the 2 groups 

was not statistically significant (p=0.07). The authors conclude that for this 

group of subjects there was no difference in Q-angle between those with AKP 

and those without.  Their reliability analysis would be considered good and their 

reliability results above 0.75 also good, although only one individual had met the 

reliability threshold of 0.90 recommended by Portney and Watkins (2000) as 

being the level of reliability necessary for diagnostic or treatment decisions. 

 

Woodland and Francis (1992) report a set of Q-angle measures taken from the 

right knee of healthy young adult subjects, 269 males and 257 females.  The 

measurements were taken in both supine and standing, with the knee in full 

extension, with the patella directed into the sagittal plane and foot position 

disregarded; by the same investigator.  Subjects were asked to keep their 

quadriceps muscles as relaxed as possible for all measures.  They report 

average values for males of 12.7 degrees (SD of 0.071) in supine and 13.6 (SD 

of 0.70) in standing; and for females an average of 15.8 degrees (SD of 0.072) 

in supine and 17.0 degrees (SD of 0.073) in standing.  When these results were 

put through an ANOVA test they revealed significant differences between the 

values for males and females in both positions and also a significant difference 

between measures taken in supine and standing positions.  Before the study 

measures were taken a test-retest reliability was calculated on 15 subjects (they 

do not specify which test was used) and an r value of 0.81 is reported for 

measures taken in a supine position, and 0.76 for those taken with the subjects 

in standing.  Using 30 measures for their reliability analysis would be 

considered good, but all their results are below the 0.90 threshold 
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recommended by Portney and Watkins (2000).  They conclude that gender and 

the position in which the Q-angle measure is taken affect its value, they also 

quote that many of the individuals in their group of healthy individuals had Q-

angle measurements that would be considered abnormally high. 

 

Guerra et al (1994) report a set of Q-angle measures taken of the right knee 

from a convenience sample of 60 healthy adults (30 males and 30 females) 

taken under four randomly ordered test conditions.  For all conditions the foot 

position was standardised to neutral.  The conditions were: 

1) in standing with quadriceps muscles relaxed,  

2) in standing with quadriceps muscles contracted isometrically,  

3) in supine with quadriceps muscles relaxed, and  

4) in supine with quadriceps muscles contracted isometrically.    

The measurement protocol was clearly described, and foot position was 

controlled.  They undertook a preliminary reliability study and calculated ICCs 

(using model 2,1 and 2,3) and SEM were calculated, but do not give details of 

the number of testers or measures used in this analysis They report ICC values 

of between 0.73 and 0.87 and SEM values of between 1.47 and 2.15 degrees; 

for the four positions.   It is not possible to comment fully on their reliability 

analysis as they give insufficient details, all ICC values fall below the 0.90 

threshold recommended by Portney and Watkins (2000) and at least one falls 

into the moderate banding suggested by Portney and Watkins (2000). In the 

relaxed standing position the mean Q-angle value for the males was 8.6 

degrees (SD of 3.79); for the females it was 13.5 degrees (SD of 4.75).  In the 

contracted standing position the mean Q-angle value for the males was 7.4 

degrees (SD of 3.70); for the females it was 12.0 degrees (SD of 4.09).  In the 

relaxed supine position the mean Q-angle value for the males was 8.4 degrees 

(SD of 4.52); for the females it was 14.2 degrees (SD of 3.49).  In the 

contracted supine position the mean Q-angle value for the males was 6.6 

degrees (SD of 4.31); for the females it was 10.7 degrees (SD of 3.22).  A two-

way multivariate analysis of variance for repeated measures (MANOVA) was 

used to examine differences between genders and among the test conditions.  

The MANOVA showed a significant difference between the men and women for 

all test conditions and among the test conditions.  The separate gender 
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ANOVA‟s showed a significant effect of quadriceps contraction for both the 

males and the females.  They conclude that it is important to standardise the 

protocol for measuring the Q-angle as it appears to be affected by the 

contractual condition of the quadriceps muscle as well as gender and whether 

the subject is in a standing or supine lying position. 

 

Tomisch et al (1996) measured the Q-angle of the right knee of 27 healthy 

subjects; the purpose of their study was to determine the reliability of various 

measurements involving the position of the patella.  They state that the Q-angle 

was measured with subjects in supine, and used a length of string stretched 

from the ASIS to the centre of the patella to assist them.  Three physical 

therapists took the measurements.  They calculated intra-tester and inter-tester 

ICCs (type 2,1) based on one set of 3 repeat measures for each tester, this 

number of measurements is too few to make their calculations meaningful being 

based on a group of 6 measurements. They report an average intra-tester 

reliability ICC of 0.63, this is considered moderate by Portney and Watkins 

(2000), an inter-tester reliability ICC of 0.23, this is considered poor by Portney 

and Watkins (2000).  They report intra-tester SEM of 2.7 degrees and inter-

tester SEM of 3.7 degrees.  They conclude that these low „agreement 

coefficients were clinically unacceptable‟ and that „treatment decisions based on 

these measurements should not be made‟.  This conclusion is completely 

appropriate based on their analysis and results, but it is interesting that they 

make this very general conclusion and do not question their own measurement 

protocol (and lack of detail) or suggest that it might be possible to develop a 

more reliable measurement protocol.          

 

Heiderscheit et al (1999) report a series of Q-angle measures taken from the 

right knee of 32 healthy pain-free subjects (16 males and 16 females).  They 

were investigating whether or not the value of the Q-angle had any influence on 

the variability of lower extremity co-ordination during running.  Q-angle 

measures were taken with subjects in standing, they do not give any further 

details of their measurement protocol, and no reliability analysis was carried out 

on the Q-angle measurement protocol.  They subdivided their group into two 

smaller groups, those with a Q-angle of greater than 15 degrees (HQ) and 
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those with a Q-angle of 15 degrees or less (LQ), they do not give details of the 

size of these two subgroups.  The mean Q-angle for the HQ group was 18.4 

degrees (SD of 2.5) and the mean value for the LQ group was 11.8 degrees 

(SD of 1.8); these were statistically different from each other.  In their discussion 

they conclude that there was no difference in continuous relative phase (CRP) 

during running for those individuals with a low or high Q-angle, and thus Q-

angle did not influence this aspect of lower extremity co-ordination while 

running, although the group with the higher mean Q-angle value had greater 

variability in CRP than the group with a lower mean Q-angle.  When discussing 

their results they do not mention the issue of measurement reliability. 

 

Livingston and Mandigo (1999) reported a series in which bilateral Q-angle 

values were measured in 75 subjects.  Following completion of a „knee 

questionnaire‟ measuring the presence of knee pain during static activity i.e. 

prolonged standing, and dynamic activity i.e. walking, jogging, or stair climbing 

subjects were assigned to one of 3 groups.   

 Group 1 were asymptomatic - 50 subjects,  

 Group 2 had unilateral knee pain - 11 subjects, and  

 Group 3 had bilateral knee pain - 14 subjects.   

Q-angle measures were taken bilaterally with the subjects in standing with the 

knees extended and the quadriceps muscle relaxed, all measurements for a 

given subject were taken by the same investigator.  A brief description of the 

measurement protocol was given, and some pre-testing reliability analysis was 

carried out although no details for this are given.  They quote a value of 0.67 for 

the intertester ICC (2,1), and an SEM of 1.5 degrees; and conclude that 

reliability was therefore good.   This is surprising as according to both Portney 

and Watkins (2000) and Shrout and Fleiss (1979) this value would be 

considered as moderate only.  Differences in mean Q-angle by group, limb and 

gender were analysed using an analysis of variance procedure.  Differences 

between Q-angles (right minus left) were calculated so that the magnitude and 

direction of within-subject bilateral asymmetry could be evaluated.  Correlation 

coefficients were used to determine the degree of association between the Q-

angle and other variables i.e. pain, group and gender measures.  For the entire 

sample the average Q-angle for both the right and left knees was 11.5 degrees, 
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despite the fact that almost half of the subjects had a difference of at least 4 

degrees between their right and left Q-angles.  One significant difference 

between groups was that 36 (72%) of those in group 1 had a left Q-angle which 

was greater than their right Q-angle, and in group 3, 12 (86%) had a right Q-

angle value higher than their left.  They also report that the size of the Q-angle 

in symptomatic knees and the difference between Q-angle values positively and 

significantly correlated with the extent of pain.   They point out how the act of 

summarising data can lead to a compromise between simplicity and accuracy 

and mask individual differences. 

 

Heiderscheit et al (2000) measured the Q-angle of 32 healthy individuals, 

looking at the influence of the Q-angle on running kinematics.  The same 

individual measured the Q-angle of the right knee of all subjects, in standing 

with a goniometer using the centre of the patella, the anterior superior iliac 

spine and the tibial tuberosity as the bony landmarks.  They undertook some 

preliminary Intra-rater reliability testing by having the same tester measuring 10 

knees on 3 consecutive occasions.  They report ICCs values of 0.92 - 0.94 and 

conclude that their Q-angle measurement protocol was good.  This group are 

the first to have all reliability calculations exceed the 0.90 threshold set by 

Portney and Watkins (2000).  They found no mean difference in mean Q-angle 

values between the 16 males and 16 females, and no correlation between the 

Q-angle and any of the kinematic variables.  They suggest that measuring the 

Q-angle dynamically might be more useful. 

 

Lathinghouse and Trimble (2000) measured the Q-angle of 22 healthy women 

(aged between 18-30 years).  Small reflective markers were placed on the 

ASIS, the midpoint of the right patella and the middle of the right tibial tubercle.  

Subjects stood, without shoes, with their feet shoulder-width apart and with their 

weight evenly distributed over both feet; in front of and parallel to the frontal 

plane of a video camera.  Each subject‟s foot position was marked to ensure it 

was the same for all measures taken.  Measures were taken under two 

conditions: 

a) Standing with the quadriceps muscles relaxed, and  

b) Standing with the quadriceps muscles fully statically contracted.   
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Each subject then exercised their quadriceps muscles vigorously by riding a 

cycle ergometer for 5 minutes at 55% of their maximum heart rate, keeping the 

bony markers in place so when the Q-angle measures were taken after exercise 

the bony markers were still in position, thus reducing the potential for error in re-

identifying the position of the bony markers.  Immediately following this exercise 

subjects were filmed in their previously recorded position.  The same tester 

made all Q-angle measures and intra-rater reliability was assessed for 10 

subjects by repeating the Q-angle measures on different days and then 

calculating ICCs (3,1) using a 2-way analysis of variance.  They report an ICC 

of 0.98 and a method error of 0.37 degrees and so felt reassured that their 

technique had good reliability.   Their ICC result exceeds the threshold of 0.90 

recommended by Portney and Watkins (2000), however it was calculated on 20 

measures rather than the minimum of 25 recommended by Chinn (1991).  They 

found that there was a statistically significant difference in the Q-angle values 

when comparing the relaxed versus the contracted status of the quadriceps 

muscle, both before and after vigorous exercise.  There was no relationship 

between the state of contraction and the effect of exercise.  They also noted a 

linear relationship between the value of the Q-angle with the quadriceps relaxed 

and the amount it decreased when the quadriceps were contracted ie. the 

greater the resting value of Q-angle the greater the decrease in Q-angle when 

the quadriceps were contracted.    

 

Greene et al (2001) used a group of 25 healthy physiotherapists who worked in 

orthopaedics and had them each measure the Q-angle of both knees of each 

other.  The purpose of their study was to explore the reliability of Q-angle 

measurement by the same and several individuals and then to compare these 

clinical measurements with those taken from radiographs.  Their intra-rater 

reliability was undertaken by a sub-group of three individuals who measured the 

Q-angle of 13 individuals a total of three times.   All measures were taken with 

subjects in supine with the knee in two positions – fully extended and in 20 

degrees of flexion with the foot in neutral; using a pocket goniometer.  The bony 

landmarks used were the ASIS, centre of the patella and centre of the tibial 

tuberosity.   Their reliability calculations were the ICCs (type not specified).  

They report intra-rater reliability ICC values between 0.14 and 0.37; inter-rater 



62 

 

reliability ICC values between 0.17 and 0.29, and reliability between clinical 

(goniometric) measurements and those taken from a radiograph of 0.13 to 0.32.  

They concluded that measurement reliability of the Q-angle is poor.   Their ICC 

values were calculated from a good number of measures (39) which exceeds 

the minimum number recommended by Chinn (1991), but as they do not specify 

which ICC model was used it is difficult to comment on their results.  Shrout and 

Fleiss (1979) reported a range of r-values between 0.17 and 0.91 when different 

models of ICC were used on the same data set.   

 

France and Nester (2001) explored the effect of errors on the identification of 

the bony anatomical landmarks used to measure the Q-angle.  They used the 

centre of the tibial tuberosity, (found by manual palpation), the centre of the 

patella (found by manual palpation, checked by using a ruler) and the area 

above the anterior superior iliac spine (found by manual palpation).  The three-

dimensional position of each marker was found while subjects stood in the 

relaxed standing position, using a MacReflex motion analysis system, using 

their measurement protocol which they had previously shown to have a 0.25 

degree measurement error.  Three recordings of each subject were taken.  

They then manipulated the co-ordinates of each marker in 1mm increments to 

see the effect this had on the Q-angle.  They report variations in the Q-angle of 

0.12–0.56 degrees; 1.13-5.53 degrees and 1.02-5.18 degrees with changes of 

1-5mm in medial/lateral direction of the ASIS, patella and tibial tubercle 

respectively.   When the bony markers were manipulated in a vertical direction 

there were much smaller effects on the Q-angle, with a maximum change of 

1.46 degrees found for a 5mm manipulation of the tubial tuberosity.  When 

errors in bony marker identification are compounded maximum differences of 

8.3 degrees are reported. They recognise the difficulty of accurately identifying 

the bony landmarks of the centre of the tibiial tuberosity and centre of the 

patella, but report that that in order to keep the Q-angle to within 3 degrees of 

its „true‟ angle, marker identification needs to be within 1-2mm; which they 

suggest is rarely achievable.  They are the first to report in the literature that 

measured Q-angle values may be less reliable than they appear, and are 

affected by the ability of the tester to correctly identify the bony landmarks.   
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Kuhn et al (2002) measured the Q-angle from both legs of 40 healthy males in 

standing using a long-arm goniometer.  Subjects wore shoes and stood with 

straight knees.  The bony landmarks used were the centre of the patella, the 

tibial tuberosity and the anterior superior iliac spine.  The same tester took all 

measures, reliability was determined by the tester taking repeat measures and 

when he achieved 2 identical measures, this was the value recorded.  They 

gave each subject full-length foot orthoses for both feet to neutralise pronation 

of the foot and then took repeat measures, following the same protocol.   They 

report different average values of the Q-angle with and without the orthoses and 

from these results conclude that using a foot orthosis is beneficial in reducing 

the Q-angle of individuals who have foot pronation.  They do not mention the 

issue of measurement reliability when discussing their results. 

 

Herrington and Nester (2004) explored the effect of centring the patella in the 

femoral trochlear groove on the reliability and accuracy of Q-angle 

measurement.  They measured the Q-angle of 109 healthy individuals (51 

male).  Initially subjects were in long-sitting and the bony landmarks of the 

ASIS, centre of the patella and tibial tubercle were marked, the knee was then 

put in a relaxed position of 20 degrees of flexion (in order to sit the patella within 

the trochlear groove, and its centre marked again and the distance between the 

two marks noted.  Q-angle measures were taken with subjects in standing with 

their feet facing forwards (position standardised by using tape on the floor), the 

same experienced physiotherapist palpated and marked the ASIS, centre of 

patella and tibial tubercle and a photograph taken using a digital camera.   Q-

angle values were measured from the photograph with a goniometer, using both 

positions of the centre of the patella.  Intra-rater reliability was determined by 10 

Q-angle photographs being randomly selected and repeat Q-angle measures 

taken – an ICC (type not specified) of 0.98 was reported; and ICC (type not 

specified) of 0.99 for repeat measures of the distance between the two positions 

of the centre of the patella.  Their reliability analysis used 20 measurements, 

which is a little below the minimum recommended by Chinn (1991), and it is 

always difficult to comment meaningfully on ICCs when the model used is not 

specified; however their quoted results of 0.98 and 0.99 respectively exceed the 

threshold of 0.90 recommended by Portney and Watkins (2000).  They report 
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that of their 109 subjects 68 had a laterally displaced patella in standing, with 

the average displacement for females being 6.6mm (range 1-16mm) and 

5.9mm for males (range 1-12mm); and 28 subjects had medially displaced 

patellae in standing, with the average for females being 2.5mm (range 1-7mm) 

and 2.3mm for males (range 1-6mm).  They suggest that subjects with laterally 

displaced patella have measured Q-angle values that are lower than they really 

are and subjects with medially displaced patella have measured Q-angle values 

greater than they really are. 

 

Kishali et al (2004) measured the Q-angle of both knees of 180 healthy elite 

soccer and taekwondo athletes (116 males) in supine and standing positions.  

Their purpose was to create a normal database for the Turkish population.   The 

measurement protocol is briefly described, a modified goniometer was used and 

subjects were instructed to keep their quadriceps muscles relaxed; foot position 

was not mentioned.  All measures were taken by the same investigator, there is 

no mention of reliability analysis.  They report the results in Table 3.4: 

 

Table 3.4 – Q-angle values for soccer and taekwondo players in Turkey, as 
reported by Kishali et al (2004) 

 

Gender Sport Position Right Knee 

(degrees) 

Left Knee 

(degrees) 

Male Soccer Standing 15.15 14.42 

Male Soccer Supine 13.82 13.02 

Male Taekwondo Standing 13.80 12.96 

Male Taekwondo Supine 12.69 11.85 

Female Soccer Standing 16.52 16.08 

Female Soccer Supine 16.04 15.44 

Female Taekwondo Standing 18.00 17.40 

Female Taekwondo Supine 17.06 16.57 

 

In their discussion they comment on the significant differences in mean angle 

found between the 2 different sports, gender and position, they do not mention 

the issue of measurement reliability. 
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Pantano et al (2005) measured the Q-angle of 204 college students, in order to 

see if there was any relationship between knee valgus angle during a single 

limb squat and the measured Q-angle.  They hypothesised that individuals with 

a larger Q-angle would also have a greater knee valgus angle.  Q-angle 

measures were taken from each subject‟s right knee with a long-arm 

goniometer by the same experienced physiotherapist; subjects were in relaxed 

standing and bony landmarks of the ASIS, the centre of the patella and the tibial 

tuberosity were used.  A second physiotherapist (blinded to the first value) 

measured the Q-angle following the same protocol, and if the two values were 

within 5 degrees of each other the subject was included in the study.  They do 

not mention measurement reliability and found no relationship between the 

measured Q-angle and knee valgus angle during a single limb squat. 

 

Piva et al (2006) measured the Q-angle of the affected leg of 30 subjects with 

(PFJS), as part of a set of repeat measures taken by 2 experienced 

physiotherapists in order to determine their inter-tester reliability.  The three 

bony landmarks of the ASIS, centre of patella and tibial tubercle were palpated 

and a mark placed on them with which to line the goniometer.  Subjects were 

supine with the knee in full extension.  Each of the two physiotherapists took the 

measurement within the same assessment session, but were blinded to the 

results of each other.  Reliability of the two sets of measurements were 

determined by calculating the ICC (2,1) and SEM.  The inter-tester ICC was 0.7; 

and the SEM was 2.9 degrees.  Using the definitions of Shrout and Fleiss 

(1979) they conclude that there was only moderate agreement between the two 

sets of Q-angle measures, but comment that their results were more reliable 

than a number of other authors.        

 

Carlson and Wilkerson (2007) measured the Q-angle of both knees of 52 

healthy subjects in supine with their legs extended and relaxed.  The ASIS, 

centre of patella and tibial tuberosity were the bony landmarks used, and were 

marked with a pen to aid measurement.  A standard goniometer was used and 

the average of three measurements was used.  They report an average Q-angle 

for the males of 13 degrees (range 10 – 15 degrees) and an average for the 

females of 15.9 degrees (range 14 – 20 degrees).  They comment that their 
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results are similar to those in other published papers, and make no further 

reference to reliability. 

 

Boling et al (2009) measured the Q-angle of 1597 midshipman from the United 

States Naval Academy.  Measures were taken with participants in a standing 

position using a standard goniometer.  The Q-angle was recorded in three 

separate trials and the average used.  Pilot intra-rater reliability testing (no 

details given) gave ICC(2,k) results of 0.83.  The cohort size is impressively 

large, but it is difficult to comment on the reliability as there are too few details 

given. 

 

Draper et al (2011) measured the Q-angle of both knees of 18 healthy subjects, 

using: a long-arm goniometer, a short-arm goniometer and then compared 

these to measures taken from MRI images.  Participants were in supine with 

their knees flexed to 100.  Two testers each took two measures from each knee 

on two occasions.  They analysed all measures using ICCs and reported the 

following: 

 Intra-tester ICC = 0.92 (long-arm goniometer) and 0.88 (short-arm 

goniometer) 

 Inter-tester ICC = 0.78 (long-arm goniometer) and 0.56 (short-arm 

goniometer) 

 MRI intra-tester ICC for tester 1 = 0.87 

 MRI intra-tester ICC for tester 2 = 0.76 

 MRI inter-tester ICC = 0.83 

 MRI and long-arm goniometer; ICC = 0.4 

 MRI and short-arm goniometer; ICC = 0.44 

 

In general the measures taken with a goniometer tended to underestimate the 

value of the Q-angle when compared with the MRI values.  These results all 

look good, but as only one method of reliability analysis was carried it is 

important to be cautious when interpreting their results. 
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3.3.1.5 – Summary of findings from the above articles 

Of the twenty-one articles presented here which report a series of measured Q-

angle data from non-patient groups, seventeen addressed the issue of 

measurement reliability and nine carried out this analysis well, following 

recommendations.  However, most only calculated one recognised measure of 

reliability, typically ICC calculations; but did them well and according to 

recommendations specifying which model was used and having a large enough 

sample of measurements.  Of these seven studies two reported ICC values that 

exceeded the 0.90 threshold set by Portney and Watkins (2000); these were 

Lathinghouse and Trimble (2000) and Heiderscheit et al (2000).  

 

3.3.2  – Overall Summary of issues affecting measurement of the Q-angle 

In general it is interesting to note that of the articles presented above, the group 

of thirteen articles that involved a patient series which had direct implications for 

clinical management only two authors addressed the issue of measurement 

reliability in any meaningful way i.e. Sutlive et al (2004) who report an inter-

tester ICC of 0.40 and recognise that this is low; and Schultz et al (2006) who 

report an intra-tester ICC of 0.84, which is considered good but is still below the 

threshold of 0.90 recommended by Portney and Watkins (2000) as being the 

level necessary for diagnostic or treatment decisions to be made on its value.  

In contrast for the group of twenty-one articles which mainly included healthy 

subjects and had a less immediate and direct impact on clinical practice, the 

issue of measurement reliability was much more established and addressed 

more often and more thoroughly, although only two authors report ICC values 

which exceeded the 0.90 minimum recommended by Portney and Watkins 

(2000).  Despite this lack of measurement rigour, the conclusions drawn by 

authors seem to be generally accepted by clinicians, who recognise that in 

order to measure the Q-angle accurately and reliably a strict protocol must be 

followed.  There is also general consensus that normal values for the Q-angle 

are 15 degrees or less and that the following factors may affect the value of the 

measured Q-angle; although there is no consensus on whether the effect is to 

increase or decrease the measured value: 
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 Gender – it appears that females have larger Q-angles than males; the 

reasons for this are not clear, but it is suggested that this may be due to 

the relatively greater ratio of pelvic width to height in women compared to 

men;  

 Position of the foot – it appears that an increase in pronation correlates 

with an increase in Q-angle; 

 Contraction of the quadriceps muscles – overall it appears that 

contracting the quadriceps muscle will decrease the Q-angle as this will 

pull the patella laterally; 

 Whether the subject is standing or lying – overall greater Q-angles 

were reported when subjects were in standing; 

 Anatomic position of the patella in the femoral sulcus – a more 

laterally situated patella will tend to give a smaller Q-angle 

 Anatomic position of the tibial tubercle – a more laterally positioned 

tibial tubercle will give a relatively larger Q-angle 

 Presence of patello-femoral pain – it appears that patello-femoral pain 

is usually associated with a larger Q-angle 

 Which knee is measured – there appears to be no consensus at all on 

which knee is likely to be associated with a larger Q-angle; although it is 

thought that leg dominance might be a factor; however all studies agree 

that individuals very rarely have equal Q-angles bilaterally; 

 Knee flexion – it appears that knee flexion is usually associated with a 

reduced Q-angle 

 

The Q-angle measure quickly became accepted as being a useful and 

important part of a full examination of the knee joint, following its first mention 

by Brattstrom (1964), despite the fact that he did not describe a protocol for its 

measurement, nor mention the issue of measurement reliability.  The volume of 

literature which has as its focus the measurement of the Q-angle and the use 

made of its value when known, as reported here, did not appear to take our 

understanding of its measurement and impact a great deal further forwards.  

Most authors appeared to be aware of what others had done before them, and 

made reference to their work, but did not critically question what had been 
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done, and thus the thinking around the issues surrounding its measurement 

appeared rather to go around in circles rather than advancing in a productive 

way.  Most studies, but not all, had relatively small sample sizes, and accepted 

the measurement protocol used by others in an unquestioning way; or 

questioned it in what seems to be quite small matters of detail e.g. the position 

of the foot, whether to measure the left or right knee; rather than examining or 

critically questioning the fundamental challenges of clinical measurement 

protocol and reliability. 

 

Clinical measurement reliability has gained greater recognition in recent years 

and authors increasingly tend to address the issue, even if only partially.  It is 

interesting that only one published paper (France and Nester, 2001) explored 

the fact that accurate identification of the bony landmarks from which the Q-

angle is measured has an impact on the measured value. 

 

The position and movement of the patella is controlled by the VMO muscle, and 

Selfe‟s (2004) review of primary research on the management of patello-femoral 

joint syndrome acknowledged that there is a vast amount of literature of variable 

quality.   He reported that most recent research work had focussed on the 

topics of: anatomy and biomechanics; muscle parameters and taping 

techniques with the greatest amount of clinical research being carried out on 

healthy subjects.  His review included a published paper on some experimental 

work that forms part of the programme of research for this thesis (Wilson and 

Kitsell, 2002).  One of his conclusions was that the available evidence does not 

support the use of measuring the Q-angle (Selfe, 2004).  The conclusions of 

this review paper support the need to determine whether the Q-angle is a useful 

clinical measure or not, which is the main theme of this programme of research.    

 

 

3.4 – Measuring VMO muscle size using ultrasound imaging 

The vastus medialis oblique (VMO) muscle is the distal portion of the Vastus 

medialis (VM) muscle.  Details of its size, orientation of muscle fibres , angle at 

distal insertion have been studied in cadavers (Ono et al, 2005; Blazevich et al, 
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2006), but studies of its size in vivo are rare, it is usually measured as part of 

the quadriceps complex.  As stated earlier (Section Chapter 2, Section2.5), it 

has been established that there is a positive correlation between muscle size 

and strength for sufficient muscles in healthy individuals that it is now accepted 

as a general fact.  The muscle size measurement typically used is its cross-

sectional area (CSA), although the relationship varies for different muscles 

(Garfinkel and Cafarelli, 1992; Freilich et al, 1995; Schulties et al, 1995; Stokes 

et al, 1997; Rankin et al, 2004; Pressler et al, 2006; Segal, 2007).   

 

As it is impossible to isolate the VMO muscle from the rest of the quadriceps 

muscle group in order to measure its specific strength directly, an indirect 

method is needed.  A number of authors have used surface electrode 

electromyography (EMG) to measure muscle activation in the separate 

components of the quadriceps muscle, based on accepted evidence that a 

greater level of EMG activity correlates well with the amount of force for 

contractions of increasing strength produced by the muscle (Enoka and Stuart, 

1992).  A common way of recording this is to report the timing of onset of 

activity and level of activity in VM:VL ratios (Voight and Wieder, 1991; Boucher 

et al, 1992; Thomee et al, 1995), although it is thought to be affected more by 

muscle control rather than strength.  As authors report disparate findings, 

probably due to differences in subject inclusion criteria and EMG technique, 

EMG remains a controversial technique for measuring muscle activity (Mc 

Clinton et al, 2007).   

 

Other authors have shown that linear measures from some muscles correlate 

well with their CSA, which in turn correlates well with the strength of the same 

muscle (Loo and Stokes, 1990) 

 

Walton et al (1997) reported work comparing the accuracy of CSA 

measurements of the quadriceps muscle group taken from MRI and static B-

mode ultrasound imaging (USI) on a group of 10 healthy individuals at the mid-

thigh point.  They found no significant difference between the two sets of 

measures (Walton et al, 1997).  MRI is able to image the CSA of muscles of 

every size, the images are clear and it is easy to differentiate between muscle 
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and other tissues; however it is often inaccessible, also costly, time-consuming 

and expensive; but is now seen as the „gold standard‟ for imaging muscles and 

other soft tissues (Reeves et al, 2004). 

 

In order to overcome the need to use complex hard to access equipment or 

time-consuming techniques to measure muscle CSA, Loo and Stokes (1990) 

investigated whether there was a relationship between identified linear 

measures from real-time ultrasound images of the quadriceps muscle and its 

strength.  Their purpose in exploring such a relationship was that if such a 

relationship were found then it might be possible to measure muscle size using 

small portable equipment in the clinical setting.  Loo and Stokes (1990) used a 

real-time ultrasound (RUS) system to scan the quadriceps muscle of 19 healthy 

females, and tested quadriceps muscle strength (isometric maximal voluntary 

contraction) using a Cybex II dynamometer (Loo and Stokes, 1990).  They 

identified various linear measures from the scanned muscle images and 

compared these with muscle strength measures to see if there was an 

acceptable level of correlation between the two.  They found moderate levels of 

correlation between the various linear measures and muscle strength: ranging 

from r=0.50 to r=0.75.  Since then, other authors have also explored the 

relationship between linear measures and muscle strength and/or CSA on 

various muscle groups and have reported the following: 

 
Correlation between Linear and CSA measures from ultrasound images 

for various muscles: 

 Linear measure (thickness) from quadriceps muscle group and their 

CSA: 32 elderly men; r=0.70-0.76 (Sipila and Suominen, 1991) 

 Linear measures from posterior neck muscles (width and depth) and their 

CSA: 46 healthy males; r=0.63–0.96; 53 healthy females; r=0.71–0.84; 

higher levels of correlation occurred when linear measures were 

multiplied together (Rankin et al, 2005) 

 Linear measures from the semispinalis capitis muscle (width and depth) 

and its CSA: 6 junior ice hockey players; r=0.73-0.79; all correlations 

were calculated with the width and depth measures multiplied together 

(Rezasoltani et al, 2002) 
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 Linear measures from Multifidus and its CSA: 51 healthy individuals 

r=0.92-0.97 (Hides, J et al; 1994) 

 Linear measures from the Anterior tibial muscles and their CSA; 17 

healthy women; r=0.75-0.90; higher levels of correlation occurred when 

linear measures were multiplied together (Martinson and Stokes, 1991)  

 Linear measures (various) from the masseter muscle and its CSA; 39 

healthy subjects (19 males; 20 females); r = 0.86-0.97; higher levels of 

correlation occurred when linear measures were multiplied together 

(Close et al, 1995) 

 

Correlation between linear and strength measures for different muscles: 

 Linear measure (thickness) from quadriceps muscle group and strength: 

126 healthy individuals; r=0.71 (Freilich et al, 1995) 

 Linear measure (thickness) was related to bite force and EMG activity of 

the masseter muscle (Bakke el al, 1992) 

 

From the results listed above, it is clear that there is a useful relationship 

between the linear and CSA or strength measures of muscles, but that this 

relationship varies between muscles and so the relationship must be 

established for each muscle.  Measuring the size of the quadriceps muscle 

group (for both CSA and linear measures) has typically been done at the level 

of the mid-thigh and standardised protocols are now used.   In order to identify 

the level of correlation between muscle size and strength for the VMO muscle, it 

would be necessary to determine the relationship between linear and CSA 

measures, as this relationship has not been established in the literature and it is 

not possible to separate out strength measurement from one portion of the 

group of four quadriceps muscles.  A new measurement protocol would need to 

be developed in order to take measures from the VMO muscle alone, rather 

than the whole of the quadriceps at the mid-thigh level which has traditionally 

been used. 
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3.5. Overall Aim and Research Questions  

The aim and purpose of this programme of research is to address the following 

questions: 

 

The Q-angle: 

1. Can the Q-angle be measured reliably, with a measurement of error of 

less than one degree?  If so then – 

a) Does the Q-angle vary over time, in relaxed standing? 

b) Does the application of McConnell‟s medial glide patellar tape alter 

the measured value of the Q-angle? 

2. Can the Q-angle be measured during functional activity i.e. the stance 

phase of walking?  If so then –  

a) Does the Q-angle have its maximum value at heel strike? 

b) Does the Q-angle increase with increasing levels of pronation at the 

sub-talar joint? 

c) How do the three bony markers from which the Q-angle is derived 

move, when viewed from the frontal and sagittal planes? 

 

The VMO muscle 

3. Do linear measures of the VMO muscle correlate with its CSA when 

measured at the same level, from images taken with an MRI? 

4. Are linear measures from the VMO muscle, taken from real-time 

ultrasound images, as accurate and reliable as those taken from MRI 

images?  If so then  

a) Is there a difference in VMO muscle dimensions between sitting and 

standing? 

b) Is there any correlation between the value of the Q-angle and the size 

of the VMO muscle?  

c) Is there any difference in size of the VMO muscle between individuals 

with PFJS and those without? 

  

One of the consensus recommendations from an International Research 

Retreat on Patellofemoral Pain Syndrome: Proximal, Distal and Local Factors 
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held in 2009, and reported by Davis and Powers (2010), was to establish how 

the complex imaging and modelling techniques relate to more simple clinical 

measures, and so understanding more fully if the Q-angle is a useful clinical 

measure will be of great value. 

 

The body of work reported in this thesis aims to answer the questions posed 

above using equipment and techniques that are accessible and easy to use in 

the clinical environment.   
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Chapter Four 

 

Equipment and General Methods  
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CHAPTER 4 

Equipment and General Methods 

 

4.1 – Introduction 

In order to establish valid and reliable protocols for measuring the Q-angle and 

the size of the vastus medialis oblique (VMO) muscle, a variety of equipment 

and methods were used.   Measuring the Q-angle initially was done using the 

Peak Video Motion Analysis technology and later the Vicon technology. As 

there was no agreed standardized protocol or gold-standard against which to 

compare the results, measurement reliability only was analysed and validity 

could not be assessed.  The situation differed when developing the protocol for 

measuring the size of VMO muscle using ultrasound imaging, as the results 

could be compared with those obtained when using the gold-standard of 

magnetic resonance imaging (MRI), in order to assess validity, as well as 

reliability of repeated measurements.     

 

The approach followed throughout this work was based on the idea that valid 

and reliable measurement techniques and protocols are essential in order to 

achieve useful results that are clinically applicable.  In the clinical environment it 

is undoubtedly helpful to have meaningful and accurate information when 

assessing symptoms, the effect of interventions and/or the natural progression 

of any presenting condition.  In order for a measurement to be able to do this it 

is important to understand how much natural variability any measure may have, 

as well as how much inherent variability the measurement protocol includes, in 

order to determine effectively how much actual or real change has occurred.  
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This chapter is divided into six parts: 

 4.1 – Introduction 

 4.2 – Equipment and methods for measuring the Q-angle 

 4.3 – Equipment and methods for measuring VMO muscle size 

 4.4 – Participants and recruitment processes 

 4.5 – Ethical considerations 

 4.6 – Statistical analysis 

 

4.2 – Equipment and methods for measuring the Q-angle  

The initial studies to establish a valid and reliable method for measuring the Q-

angle used the Peak-5 video motion analysis equipment.  This was later 

upgraded to the Peak Motus system, both supplied by Peak Performance 

Technologies, Denver, Colorado, USA.  For the later studies, the motion 

analysis system had been replaced with a Vicon (460) system (Vicon, Oxford).  

Each of the experimental chapters (Chapters 5 – 8) states which motion 

analysis system was used. 

 

4.2.1 Peak-5 and Peak Motus systems 

The Peak system is an optical motion capture system based on the use of 

video. Participants were filmed using Panasonic F15HS cameras that recorded 

to Panasonic AG5700 video recorders, each camera took pictures at the rate of 

50Hz and SVHS video tapes were used.  When more than one camera was 

used the cameras were genlocked, which synchronised the shutters of the 

cameras so that they opened at the same time, and the video was then 

synchronized using the „event synchronisation unit‟ from Peak Performance 

Technologies.   

 

Before data could be captured the area in which participants were to stand 

while being filmed had to be calibrated – this was done following the guidelines 

set out by Peak.  For 2D filming a rod of known length (1.0m) was placed in the 
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area (Figure 4.1), it was filmed and then two points were digitized from the 

video tape in the X and Y axis, and then this information was uploaded to the 

software which then calculated the calibration, translating the distances into the 

number of pixels.  For 3D filming a calibration frame (Figure 4.2) was placed in 

the area to be filmed (the length of each rod in the frame was also 1.0m), the 

calibration frame rods were then filmed by each camera used and then digitized 

in the same way, from the video images, and the distances calibrated by the 

Peak performance software.   

 

 

 

 

Figure 4.1 – 2D calibration rod, 1.0m in length 
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Figure 4.2 – 3D calibration frame for video motion analysis, each rod is 1.0 m in 
length 
 
The system was relatively straightforward to use and could be operated by the 

author after some training and familiarization with the equipment, but did not 

require specialist technical support during filming or when digitizing the data 

gathered.     

 

4.2.1.1 – Process of filming 

All filming took place within the Biomechanics Laboratory of the School of 

Health Professions and Rehabilitation Sciences of the University of 

Southampton.  Participants wore dark cycling shorts with holes cut over the 

relevant bony landmarks (anterior superior iliac spine, the patella and the tibial 

tuberosity), to allow the reflective markers to be placed directly on the skin while 

also giving a dark contrast background to aid in the detection of the digitization 

process (Figure 4.3). 
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Figure 4.3 – Reflective marker placement for measuring the Q-angle in relaxed 
standing using the Peak video motion analysis system 
 
 

For 2D filming, participants stood with their frontal plane parallel to the plane of 

the camera, and all 3D filming required participants to walk along a walkway, 

and the cameras were placed on tripods or other mounts at the required angle 

to the plane of the walkway.  Each participant was asked to stand in a relaxed 

position with their knees straight, but not locked back, and their quadriceps 

muscles‟ relaxed.  In order to check that the quadriceps muscles were relaxed 

the operator checked that the patellae were „loose‟ and could be moved 

passively.  After filming the data was digitised, following manufacturer‟s 

instructions, please see Appendix 00A for details. 

 

4.2.2  - Vicon Motion Analysis System 

Later still the motion analysis system was upgraded to the Vicon system, 

another more sophisticated „optical motion capture system, this enabled better 

3D analysis than the Peak video motion analysis system and software, which 

was proving to be rather cumbersome for the volume of data generated in 3D 

analysis.   
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The Vicon system used was the „Vicon 460‟ system with six „V-cam‟ cameras 

from Vicon Motion Systems, Oxford, UK.  The Vicon sampled at 120Hz.  The 

cameras were positioned in a circular fashion around the capture volume (the 

space in which the markers to be captured will be placed).  A static calibration 

was performed by placing the L-frame in the centre of the capture volume which 

defined the origin point and set the global axis.  The L-frame was orientated so 

that the global X axis pointed forward, the Y axis to the right, and the Z axis 

pointed upwards.  A dynamic calibration was then performed by the operator, 

this involved waving the calibration wand around the capture volume.  The 

system used its own proprietary algorithms to calibrate the system.  A 

calibration was deemed successful if the mean residual error of the calibration 

was below 1mm.  The residual error gives an estimation of the error from each 

camera, the mean is then the average from all the cameras. The software used 

was the Vicon Workstation v5.2.4. The q-angle was calculated using a custom 

written kinematic model in Vicon Bodybuilder v3.6 software. 

 

4.2.2.1 – Process of data capture 

The process of capturing data using the Vicon was the same as that for the 

Peak system.  Each participant had reflective markers placed on the relevant 

bony landmarks; as this system was more sophisticated and more sensitive, 

there was no longer any need for the same degree of contrasting backgrounds 

and so participants did not need to wear the dark cycling shorts. 

 

4.2.2.2 – Marker reconstruction Process.  

Although the Vicon system was also an optical motion analysis system there 

was no requirement for digitization of the data as the system works on the basis 

that the camera captures data in 2D and then using its internal algorithms the 

camera converts the data to 3D and then reports it.  The one disadvantage with 

this system is that there is no recognizable image to replay should the operator 

wish to review the activity that was filmed e.g. walking along the walk-way, but 

the data capture and general ease of use are much greater than for the Peak 

motion analysis system. 
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4.3 – Equipment and methods for measuring VMO muscle size 

The initial study to measure the size of the VMO muscle, described in Chapter 

6, Section 6.2, required participants to have an MRI image of their right knee.  

The equipment used was an extremity scanner in the radiology department of a 

local hospital.  The MRE scanner used was an „Esaote open MR scanner‟ with 

a 0.2 tesla magnet.  The knee was imaged using the following sequence – 

Coronal T1, Coronal STIR, Sagittal T1, Sagittal TSE T2, Axial STIR; following 

normal protocol for the scanning a knee.  The scanning process took between 

30 and 40 minutes. 

 

Once the relationship between the CSA and linear measures of the VMO 

muscle had been established, all subsequent images of the VMO muscle were 

taken using portable ultrasound equipment in the School of Health Professions 

and Rehabilitation Sciences at the University of Southampton.  The ultrasound 

scanner used was an „Aquila‟ (Esaote S.p.a. Genova, Italy).  The linear 

transducer was used, its diameter was 60mm and the frequency used was 

8MHz.  The gain, the time-gain compensation (TGC) and focal depth were 

adjusted in order to obtain a clear image for each participant. 

 

4.3.1 – Process of image capture 

The MRI scans and initial ultrasound images were taken with participants in a 

long-sitting position.  Each participant wore a pair of shorts and sat on a plinth, 

with a back support (a hip flexion angle of about 1000 - 1100) with his legs out in 

front and a pillow placed at the lateral side of the knee in order to prevent any 

lateral rotation of the hip. Please see Figure 4.4 for an example of an MRI scan. 
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Figure 4.4 – MRI image from a typical participant.  Muscle tissue is darker than 
bone or other soft tissues, and the vastus medialis oblique (VMO) is the main 
muscle (kidney-shaped) seen on the right of the image, the central pale area is 
the femur bone. 
 

For ultrasound imaging, a water-based gel was applied over the area of the 

VMO (this was done following manufacturer‟s guidelines in order to facilitate a 

constant link between the transducer head and the skin over the VMO in order 

to protect the machine and gain as clear an image as possible.  As this was 

real-time ultrasound the image was directly visible on the screen and so when 

the view of the VMO was deemed to be as clear as possible then that image 

was captured.  A total of three images were taken in each imaging session.  For 

example of an ultrasound scan please see Figure 4.5. 

 

Ultrasound images taken with the participant in relaxed standing followed the 

same process for image capture used for video filming, described in Section 

4.2.1.1.  Following capture of the image the CSA measure was identified by 

tracing around the outside border of the muscle and linear measures (described 

in Chapter 6, Figure 6.3) were identified and measured using the Imagej 

software available from (http://rsb.info.nih.gov/ij/docs/index.html). 

 

http://rsb.info.nih.gov/ij/docs/index.html
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Figure 4.5 – example of an ultrasound image of a VMO muscle, the VMO is on 
the right and is kidney shaped 
 

 

4.4 – Participants and recruitment processes 

Healthy participants were all recruited from the staff and student body of the 

University of Southampton, by means of posters (Appendix 0A).  Participants 

with PFJS were recruited from local orthopaedic out-patient clinics and 

physiotherapy departments, once permission had been gained to approach 

those individuals who met the relevant inclusion and exclusion criteria (please 

see section 4.4.2).    

 

4.4.1 –Issues and permission 

A protocol for the initial study involving healthy recreationally active participants 

was submitted to the School of Health Professions and Rehabilitation Sciences 

Ethics Committee, and the two studies in which individuals with patello-femoral 

joint syndrome (PFJS) were recruited were submitted to the Local NHS 

Research Ethics Committee for approval.  In addition, the study which required 

participants to undergo a magnetic resonance image (MRI) scan was submitted 

to the internal research scrutiny process as required by the Southampton 

University Hospitals NHS Trust (see Appendices A, A1, A2).  The protocol was 

scrutinised and for Risk Assessed and Peer Reviewed by the University (see 

Appendices F and G). 
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Individuals with PFJS were recruited from local orthopaedic out-patient clinics 

and physiotherapy departments.  A copy of a sample letter to the head of such 

a physiotherapy department seeking permission to approach their patients can 

be found in Appendix B. 

 

4.4.2 – Inclusion and Exclusion criteria 

o Inclusion criteria for all healthy participants: 

o Healthy and recreationally active at least twice each week 

o Aged 18 – 35 years (to decrease the chances of there being some 
signs of early OA in the knee joint complex) 

o Able to understand written and spoken English 

o Additional Inclusion criteria for participants with PFJS 

o A diagnosis by a relevant health professional (e.g. doctor, 
physiotherapist) of PFJS which prompted the seeking of treatment 

o Symptoms of PFJS for a minimum period of 6 weeks 

o Exclusion criteria for all healthy participants 

o Injury to lower limb or back, requiring treatment, within the 
previous five years 

o Neurological or other general physical disability 

o Additional exclusion criteria for individuals with PFJS 

o Had already begun physiotherapy treatment 

o Additional exclusion criteria for participants undergoing an MRI scan 

o Heart pacemaker 

o Pregnancy 

o Metal implants e.g. hip replacement 

o An eye injury involving  metal at any time in your life 

 

4.4.3 – Participant information and consent 

Once an individual had expressed an interest he/she was given a Participant 

Information Sheet which outlined the study and what the participant would be 

required to do, for an example please see Appendix C.  Each Participant 

Information Sheet made clear that a participant could withdraw at any time 
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without prejudice.  Those participants who were still interested, after reading the 

information sheet, were invited to make an appointment for him/her to attend at 

the relevant site – for most studies this was the Biomechanics Laboratory at the 

School of Health Professions and Rehabilitation Sciences at the University of 

Southampton; and for those who agreed to have an MRI scan this was the 

Emergency X-ray Department at Southampton General Hospital.  At that initial 

appointment the study was again explained to each participant and their role 

within it, and if the participant was still interested then he/she signed a consent 

form.  For an example please see Appendix D. 

 

 

4.5 – Ethical considerations 

All measures and data gathered for this programme of work carried no risk to 

participants.   An example copy of a submission to a local Research Ethics 

committee is found in Appendix E, and formal approval in Appendix E1. All 

participants gave their written, informed consent and were free to withdraw from 

the study at any time. 

 

 

4.6 – Statistical analysis 

The main types of statistical analysis used in this study were those to do with 

measurement reliability, validity and correlation.  The specific tests used are 

each outlined within the relevant chapter in which the experiment is described.   

In addition Chapter 3, Section 3.2.3 discusses the issues of statistical analysis 

for measurement reliability, and so only brief descriptions will be used here. 

 

4.6.1 – Measurement reliability 

A number of authors advise that where the reliability of specific values are 

important no measure is sufficient on its own, even intraclass correlation 

coefficients (ICCs) and a second measure should always be used (Bland and 

Altman, 1986; Rankin and Stokes, 1998).  For the reliability analysis in this body 

of work the Bland and Altman Limits of Agreement test was used, as this gives 

a visual representation and so it is easy to see if there is any bias or consistent 
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variation between sets of measurements, for example if one set of measures is 

consistently larger or smaller than another set, something which may not be 

obvious when analyzing the data using ICC‟s.  Portney and Watkins (2000) 

recommended that ICC values of 0.9 or above should be the threshold set for 

reliability between different sets of measures when clinical decisions will be 

made on their value. 

 

4.6.2 – Measurement validity 

Measurement validity is usually tested when a new form of, or new 

measurement tool is involved and it is important to see if the results achieved 

compare favourably to the existing tool and processes.  Again there is debate in 

the literature about which statistical tests are most appropriate.  When 

comparing ultrasound measurements with the accepted gold standard of MRI, 

the convention has recently been accepted that comparing data sets using 

Pearson correlation coefficients and Bland and Altman Limits of Agreement 

tests are the tests of choice (O‟Sullivan et al, 2009).  The purpose of agreeing 

tests will mean that in future the data from multiple studies might be able to be 

grouped allowing study results to add to previous work.  In this body of work 

sometimes that was done, at other times the ICC was used, as that is also a 

useful test for comparing validity in measurement. 

 

4.6.3 – Measurement correlation 

Some of the work described in Chapter 6, explored the level of correlation 

between two sets of measures, i.e. the linear and CSA measures taken from the 

VMO muscle.  Pearson‟s correlation coefficients were used to measure the level 

of correlation.  Levels of correlation of r=0.7 or above were set as a threshold, 

as other authors have stated that this is required for measures values to be 

clinically meaningful (Sipila and Suominen, 1991; Rankin et al, 2005). 
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Chapter Five 
 

Establishing a valid and reliable protocol for 

measurement of the Q-angle using  

Video Motion Analysis 
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CHAPTER 5.0 

Establishing a valid and reliable protocol for the 

measurement of the Q-Angle using 

Video Motion Analysis 

 

5.1 – Introduction 

Due to the previously described inaccuracies and problems when using a long-

arm goniometer to measure the Q-angle, it was important to establish a valid 

and reliable measurement method using other equipment.  Thus the purpose of 

the work carried out and reported in this chapter was to establish a valid and 

reliable measurement protocol for measuring the Q-angle using a video motion 

analysis system designed by Peak Performance Technologies, Denver, 

Colorado, USA.   

 

The work in this chapter is divided into five parts: 

• 5.1 – Introduction 

• 5.2 – Measurement protocol for validity and consistency using mock 

static Q-angles drawn on a flat board, using the Peak-5 manual 

digitisation process 

• 5.3 – Applying the same measurement protocol using mock static Q-

angles drawn on a flat board, using the Peak-5 automatic digitisation 

process 

• 5.4 – Applying the same measurement protocol piloted on three human 

participants using the Peak-5 manual digitisation process, to test 

consistency  

• 5.5 – General Discussion and Conclusions 

 

5.1.1 – Measuring the Q-angle 

The literature review in Chapter 3 concluded that there were a number of 

weaknesses in current practice when measuring the Q-angle in the clinical 

situation.  Firstly there is no universally agreed measurement protocol, and 

secondly there is an assumption that the Q-angle is an absolute value, with no 
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recognition that the value itself may vary during the time taken to make the 

measurement.  Typically it takes up to 60 seconds for a clinician to measure an 

individual‟s Q-angle in the clinical situation using a long-arm goniometer; and so 

it is possible that even when using a reliable,  accurate and valid measurement 

protocol, the Q-angle itself may vary during the time required for the 

measurement to be taken.   

 

One of the challenges of biomechanical measurement techniques is to be able 

to take measures in real-life situations.  However, it is often difficult to 

standardise and control the environment in real-life leading to a tension 

between the scientific rigour needed for measurement precision, accuracy and 

repeatability as well as the need for valid representative measurements.  For 

example Q-angle measurements taken with a long-arm goniometer are much 

easier to take reliably with the participant in long-sitting with the quadriceps 

muscle group fully relaxed.  However, measures of the Q-angle size taken in 

this position may be less valid than those taken with participants in standing, 

which is a more functional position (Holmes and Clancy, 1998; Lathinghouse 

and Trimble, 2000; Wilson and Kitsell, 2002).  Participants in standing tend to 

have to make constant minor adjustments in response to natural postural sway.  

These postural adjustments often involve small contractions of the quadriceps 

muscle group; which may in turn affect the position of the patella and thus alter 

the value of the Q-angle. 

 

The aim of the series of experiments described in this chapter was to develop a 

valid and reliable measurement protocol for the Q-angle, with a variation of one 

degree or less; while participants were in a relaxed standing position, using the 

Peak-5 video motion analysis system.  The equipment used, and general 

methods have been described in Chapter 4 and so only brief descriptions of 

methods used will be given here. 
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5.2 – Measuring a mock static Q-angle (part I) 

5.2.1 – Background: 

An initial pilot test for validity and consistency was carried out using a flat 2D 

board with mock Q-angles drawn on it.  The accuracy and reliability of the 

measurement protocol for measuring the Q-angle with the Peak-5 Video Motion 

Analysis System used in this work needed to match those achieved by Selfe 

(1998) and Scholz and Millford (1993) as reported earlier i.e. to have a variation 

of one degree or less.   

 

5.2.2 – Aim: 

The aim of the following test was to establish the validity and consistency of a 

protocol for measuring mock Q-angles (drawn angles on a flat board), using the 

Peak-5 Video Motion analysis system.  

 

Question: Is the following measurement protocol able to measure a mock Q-

angle both validly and consistently, with a variation of less than one degree 

matching that achieved by Selfe in 1998? 

 

5.2.3 – Method 

A 2D spatial model representing the Q-angle was developed using the Peak-5 

software and the area in which the object to be videoed would be placed was 

calibrated following the manufacturer‟s guidelines using a one metre rod (Figure 

5.1).  Then three reflective markers were placed on a flat static board to mimic a 

Q-angle.  The true value of this angle was measured using a protractor and 

then recorded.   The board was filmed for 60 seconds (using SVHS video tapes 

at a picture rate of 50 pictures per second) with the plane of the lens of the 

camera being parallel to the flat surface of the board and its axis perpendicular 

to it, following manufacturer‟s instructions.  This same procedure was repeated 

for three different angles, giving a data set of 3,000 pictures for each mock Q-

angle.  A static board was used so that there would not be any variability in the 

angle itself, any variation in the measured angles could only be due to the 

measurement protocol or equipment used.   
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The following day two individuals (both experienced users of the equipment, 

listed as Tester A and Tester B) independently manually digitised the first 

picture per second in each data set for each of the three angles, using the 

Peak-5 Video Motion Analysis system software (for further details please see 

Chapter 4, Section 4.2).  The value of these Q-angles was calculated by the 

Peak-5 software, resulting in a data set of 60 angles for each 60 seconds worth 

of video tape.  In order to test the consistency of the manual digitisation 

process, each Tester independently repeated the digitisation process twice 

more the following day, with a gap of at least six hours between each 

digitisation session.  Thus there were three data sets of 60 values for each 

digitised mock Q-angle from each Tester, and the mean was calculated for each 

data set. The difference between each of the three mean digitised Q-angles and 

the true Q-angle value was calculated, and from this the mean difference 

between the mean digitised Q-angle and true Q-angle value was calculated for 

each Tester. 

 

 

Figure 5.1 – One-metre calibration rod for 2D video motion analysis 
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5.2.4 – Results  

The overall mean difference for Tester A between each true angle and the 

mean digitised mock Q-angle was 0.7 degrees, and for Tester B was 0.8 

degrees (see Table 5.1 below).  The direction of difference between the 

digitised and true Q-angle values was not important it did not matter whether 

the differences were larger or smaller than the true angle.  

 

Table 5.1 – Mean differences between the three sets of digitised and true mock 
Q-angles for Tester A and Tester B, using manual digitisation 
 

True Angle Tester A - Difference  
between true angle 
and mean of 3 sets of 
digitised angles 
(degrees) 

Tester B – Difference 
between true angle 
and mean of 3 sets of 
digitised angles  
(degrees) 

1 (48 degrees) 0.6 0.6 

2 (30 degrees) 0.7 0.9 

3 (19 degrees) 0.7 0.9 

Mean 0.7 0.8 

 

 

5.2.5 – Conclusion  

This measurement protocol, using the Peak-5 Video Motion Analysis System 

achieved the parameter set i.e. a variability of less than one degree, matching 

that reported by Selfe (1998), illustrating that it was sufficiently accurate and 

consistent to be applied to measure the actual Q-angles on real participants. 

 

 

5.3 – Measuring a mock static Q-angle (part II) 

5.3.1 – Background 

The initial study described above used the manual digitisation facility of the 

Peak-5 software.  This requires the operator to view each required video image 

and manually identify the centre of each reflective marker on the screen using a 

computer mouse.  However, the Peak-5 software has an automatic digitisation 

facility which means that the software identifies the centre of the marker and 

records it automatically.  However, occasionally the software is unable to 
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identify a marker, and this is recorded as missing data, and then the operator 

has to identify the marker manually as before.  It is probable that using the 

automatic digitisation facility is more accurate in locating the centre of a small 

reflective marker on a screen and is also a great deal quicker, however, as 

there are times when for some reason this process does not work, it was felt to 

be important that the initial tests for consistency were carried out with the 

operator using the manual digitisation process.  However, as we then planned 

to use the measurement protocol for larger participant groups it became 

obvious that using the manual digitisation process was not really feasible nor 

desirable and so a further consistency test was carried out using markers on a  

flat board with mock Q-angle values.    

 

5.3.2 - Aim: 

The aim of the following test was to establish the validity and consistency of the 

protocol for measuring mock Q-angles (drawn angles on a flat board), using the 

Peak-5 Video Motion analysis system, using the automatic digitisation process.  

 

Question: Is the Q-angle measurement protocol described above as valid and 

consistent when the automatic digitisation process on the Peak-5 video motion 

analysis system is used? 

 

5.3.3 - Method: 

A 2D spatial model representing the Q-angle was developed using the Peak-5 

software and the area in which the object to be videoed would be placed was 

calibrated following the manufacturer‟s guidelines using a one metre rod (Figure 

5.1).  Then three reflective markers were placed on a flat static board to mimic a 

Q-angle.  The true value of this angle was measured using a protractor and 

then recorded.   The board was filmed for 60 seconds (using SVHS video tapes 

at a picture rate of 50 pictures per second) with the plane of the lens of the 

camera being parallel to the flat surface of the board and its axis perpendicular 

to it, following manufacturer‟s instructions.  This same procedure was repeated 

for five further angles, giving a data set of 3,000 pictures for each mock Q-

angle. 
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Each video data set was then digitised using the Peak-5 automatic digitisation 

process by the same operator, again the first picture per second in each data 

set for each of the three angles.  The value of these Q-angles was calculated by 

the Peak-5 software, resulting in a data set of 60 angles for each 60 seconds 

worth of video tape.   

 

5.3.4 – Results: 

The mean range in variability for the digitised value of the Q-angle compared 

with the true value of the Q-angle was 0.69 degrees, with an overall mean of 

standard deviation of 0.16 degrees.  The level of variability between the 

digitised and true  mock Q-angle is virtually the same as the initial pilot test 

which used the same methodology but had the operator manually digitise each 

marker on each video frame (see Table 5.2 below).  This experiment has 

already been published (Wilson and Kitsell, 2002), which is why the data is 

reported to two decimal places, rather than just to one decimal place as in 

Section 5.2. 

 
Table 5.2 – Mean differences between the six sets of digitised and true mock 
Q-angles for automatic digitisation 
 

Angle Range over 60 
seconds (degrees) 

SD of range over 60 
seconds (degrees) 

1 0.58 0.13 

2 0.57 0.15 

3 0.87 0.20 

4 0.61 0.15 

5 0.91 0.20 

6 0.60 0.15 

Mean 0.69 0.16 

 

 

5.3.5 – Conclusion 

The level of variability for this measurement protocol, using the automatic 

digitisation facility on the Peak-5 video motion analysis system gives a 

variability which is within the one degree threshold set, and also reported by 

Selfe in (1998), and so can be used in confidence for future experiments. 
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5.4 – Measuring a real static Q-angle  

5.4.1 – Background: 

This experiment used the same measurement protocol described above and 

used human participants, rather than a flat board, to see if real Q-angles could 

be measured with the same level of consistency as before.  There was no way 

of testing validity against a „gold standard‟ at this time, as it was expected that 

using the Peak-5 video motion analysis system would be far more valid and 

accurate than using a goniometer, which is why the measurement protocol 

using the Peak-5 system was being developed.  However as the investigator is 

an experienced physiotherapist, she would be able to apply a „sense check‟ to 

the results, being able to determine if they seemed probable.  In addition 

comparing the results to the ranges for healthy participants reported in the 

literature would also give a sense of whether the results were likely to be 

realistic. 

 

5.4.2 – Aim: 

The aim of this experiment is to see whether the same measurement protocol 

for measuring the mock Q-angle on a flat board can be effectively applied to the 

Q-angle of a real participant. 

 

Question: Can the measurement protocol outlined above, achieve the same 

level of consistency when applied to the Q-angle of real participants? 

 

5.4.3 – Method:  

The same 2D spatial model representing the Q-angle using the Peak-5 software 

was used, and the area in which the participants were to be videoed was 

calibrated following the manufacturer‟s guidelines using a one metre rod (Figure 

5.1).  Three healthy subjects, (see Chapter 4 for further details) each had three 

reflective markers placed on the relevant bony landmarks to identify the Q-angle 

- the anterior superior iliac spine (ASIS), the centre of patella, and the centre of 

the tibial tubercle.  Each subject wore a pair of black lycra cycling shorts with 

holes cut in them enabling the reflective markers to be placed directly on to the 

skin, but also giving a dark background to accentuate the contrast between the 
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reflective markers and the skin.  This was done to ensure the reflective markers 

would show up as brightly as possible on the video images and thus aid the 

digitisation process (Figure 5.2).  Each subject stood in a comfortable relaxed 

standing position with his/her weight evenly distributed on both legs (following 

the protocol of Livingston and Mandigo, 1997) and his/her toes just touching a 

line drawn parallel to the frontal plane of a camera lens -   ensuring his/her 

anterior aspect was parallel to the frontal plane of the camera.  This was 

checked with a spirit level.  Each participant was then videoed for 60 seconds 

followed by a period of 60 seconds rest.  This method was repeated until there 

were five sets of video data for each subject.   

 

The picture rate for the video camera was the same as before, i.e. 60 pictures 

per second.  The reflective markers on the first picture per second on each of 

the 60 images in the five data sets were then manually digitised by the 

researcher and the Q-angle calculated using the Peak-5 Video Motion analysis 

software, as before.  The mean Q-angle value was then calculated for each of 

the five data sets.  Each image in each data set was then re-digitised manually 

by the same researcher one week later and a second mean Q-angle value was 

calculated in the same way. 

 

 
Figure 5.2 – Reflective marker placement for measuring the Q-angle in relaxed 
standing using the Peak video motion analysis system  
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  From this the following analysis was done: 

 The difference between each mean Q-angle for each of the five pairs of 

measures i.e. between the first and repeat set of digitised data (1 week 

apart);  

 The overall mean difference of Q-angle value from all five data sets for 

each subject; between the first and repeat set of digitised measures (1 

week apart); 

 The overall mean difference in Q-angle between the first and repeat set 

of digitised measures (1 week apart).   

 

Note:  Actual values of the Q-angle were not important, the differences between 

pairs of measures was of interest, as this was testing consistency of 

measurement.  

 

5.4.4 – Results:  

Table 5.3 illustrates the following results: 

 The difference between each mean Q-angle for each of the five pairs of 

measures i.e. between the first and repeat set of digitised data (1 week 

apart) was 0.8 degrees 

 The overall mean difference of Q-angle value from all five data sets for 

each subject; between the first and repeat set of digitised measures (1 

week apart); was 1.0 degree 

 The overall mean difference in Q-angle between the first and repeat set 

of digitised measures (1 week apart); was 1.1 degree 

 

The overall mean of all three means listed above is 1.0 degree. 
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Table 5.3 – Mean differences between the first and repeat calculation of Q-
angle values (1 week apart) of 5 data sets on 3 different participants, by the 
same tester, with Range and Standard Deviation (SD) 
 

Participant Data 
Set 

Difference in Q-angle 
value between first 
and second 
digitisation of data 
sets, 1 week apart, 
(degrees) 

Mean 
difference 
(degrees) 

SD Range 
(degrees) 

1 
 

1 0.1  
 
 
 
0.8 

 
 
 
 
0.4 

 
 
 
 
0.1 - 1.4 

2 0.7 

3 1.4 

4 0.9 

5 0.9 

2 
 

1 0.3  
 
 
 
1.0 

 
 
 
 
1.4 

 
 
 
 
0.2 – 3.8 

2 0.3 

3 0.2 

4 0.2 

5 3.8 

3 
 

1 0.4  
 
 
 
1.1 

 
 
 
 
1.1 

 
 
 
 
0.4 – 3.2 

2 0.8 

3 0.4 

4 3.2 

5 0.8 

 

Overall Mean Difference between first and repeat digitisation = 1.0 degree 

 

5.4.5 – Conclusion:  

Overall the mean difference between each set of mean Q-angle values, as 

determined by the small consistency test, meets the criteria set i.e. it has a 

variation of one degree or less which enables this protocol to be used for the 

future research programme.    
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5.5 – General Discussion and Conclusions 

5.5.1 – Discussion  

The results achieved using this protocol for measuring mock and real Q-angles 

appears to be sufficiently accurate and consistent.  The mean variation of each 

set of repeat digitised measures from each true angle in each experiment is less 

than one degree.  These results match the level of consistency reported by 

Selfe (1998), which was the threshold set.  Most Q-angle values are reported to 

one decimal place only, as in the pilot studies using the flat board the value of 

the true angle was measured with a hand-held protractor, which can only 

measure to a precision of one degree, whereas the software on the Peak-5 

Video Motion analysis system could report values of several decimal places.  

The values obtained from the Peak-5 software were rounded up to one decimal 

place, and then when means from each data set were calculated these were 

also rounded up to one decimal place.   

 

However, the experiment reported in Section 5.4 (Table 5.3) which reports the 

results of Q-angle measurements on real participants illustrates that the 

difference between each pair of mean angles was generally less than one 

degree, the standard deviation for data sets from Participant 2 and Participant 3 

were both greater than 1.0 and two pairs of mean Q-angle values had a 

difference of greater than three degrees which was a concern (Participant 2, 

data set 5; and Participant 3, data set 4).  On re-viewing the video tapes there 

was no obvious reason in terms of quality of image or participant movement to 

explain why these particular data sets should have been more difficult to 

digitise.  As there were only three participants, it was not possible to draw any 

conclusions about why this variation occurred.   

 

It was noted that the mean difference between the true and mean digitised 

angle values for both Testers was very slightly larger for the true angles of 190 

and 300 , especially for Tester B, than it was for the true Q-angle of 480 for both 

testers (in the experiment reported in Section 5.2, Table 5.1).  This might be 

important, as many reported mean Q-angle results include values in this range 

for healthy individuals (Woodland and Francis, 1992) and those with patello-
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femoral joint syndrome (Lin et al, 2008).  However as only three different angles 

were used it is difficult to know if this is a concern, and as the level of 

consistency for all angles is within the parameter set i.e. within one degree, 

there should be no unease.  However, it would have been beneficial to have 

kept the raw data so that further analysis could be carried out. 

 

The concept of how much variability in measurement testing is acceptable is a 

difficult one, as the need for consistency in measurement is largely dependent 

on what decisions the measurement data will be used to determine (Portney 

and Watkins, 2000).  Thus the level of variability chosen as being acceptable for 

the protocols used in this work, were those determined and used by 

Selfe(1998), who also used the Peak-5 Video Motion Analysis System. 

 

These small tests of validity and consistency illustrate that when the 

measurement protocol is applied to the Q-angle on real participants, it is 

consistent enough to use for this planned research.  However, these small tests 

of consistency and variability cannot count as a formal reliability study, as both 

the number of participants and the number of repeat measures was too small, 

and this is acknowledged as a weakness in this body of work.   For thorough 

reliability testing Chinn (1991) recommends a data set of at least 25 measures. 

 

5.5.2 – Conclusions 

The results reported in these small studies of validity and consistency have 

illustrated that the Q-angle can be measured in the clinical situation, with 

participants in relaxed standing, with a measurement variation of one degree or 

less. 

 

The findings illustrate that the measurement protocol is both valid and 

consistent, as long as the work is carried out by the same operator, since inter-

rater reliability was not examined.  However, as the reliability testing for the Q-

angle measurement protocol was not thorough, it did not have enough repeat 

measures, and so those conclusions must be treated as tentative. 
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Chapter Six 

 

Establishing a valid and reliable protocol 

 for the measurement of vastus medialis 

oblique (VMO) muscle size using  

ultrasound imaging 
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CHAPTER 6.0 

Establishing a valid and reliable protocol for the 

measurement of vastus medialis oblique 

(VMO) muscle size using 

ultrasound imaging 

 

6.1 – Introduction 

In order to explore whether there was any relationship between the size of the 

VMO muscle and the value of the Q-angle, it was necessary to establish a way 

of measuring the size of the VMO in the clinical situation.  Access to the current 

gold standard – Magnetic resonance imaging (MRI) – is very expensive and 

time-consuming.  The purpose of the work carried out and reported in this 

chapter was to establish a valid and reliable measurement protocol for 

measuring the size of the vastus medialis oblique (VMO) muscle.     

 

This work in this chapter is divided into six parts: 

• 6.1 – Introduction  

• 6.2 – Validity of linear measures from the VMO muscle and their 

correlation with cross-sectional area (CSA) measures, using MRI images 

• 6.3 – Validity and reliability of measuring the VMO muscle size using 

ultrasound images, compared with MRI images 

• 6.4 – Reliability and correlation between linear and CSA measures of the 

VMO muscle size using real-time ultrasound (RUS) – in standing 

• 6.5 – The effect of posture on VMO muscle size and shape 

• 6.6 – General Discussion and Conclusions 

 

6.1.1 – Measuring the size of the VMO muscle 

The gold-standard for measuring the size and clarity of soft-tissues in humans is 

currently magnetic resonance imaging (MRI) (Reeves et al, 2004).  However, 

MRI scans are very difficult to access, especially for individuals who are not 

unwell, are expensive and are time-consuming to obtain, and so alternative 

valid, accurate and reliable measurement options are needed in order to enable 
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measures of muscle size to be more easily available for research and other 

purposes.  Several authors have shown that muscle size measurements taken 

from real-time ultrasound (RUS) images are both valid and reliable (Pretorius 

and Keating, 2008), although at the time of writing this had not been specifically 

demonstrated for the VMO. 

 

The majority of existing work to measure the muscle size of the quadriceps 

muscle from RUS images has involved images being taken at the level of the 

mid-thigh, as at that point it is possible to image all four parts of the quadriceps 

muscle effectively.  However, the current work is interested only in the VMO 

portion of the quadriceps muscles, specifically its distal aspect where it engages 

with the patella.  Thus it required the development of a new measurement 

protocol in order to measure the size of the VM muscle at its distal end where it 

inserts into the medial retinaculum and patella (Lin et al, 2008) and is termed 

vastus medialis obliquus (VMO) as described in Chapter 2. 

 

 

6.2 – Validity of linear measurements from the Vastus Medialis 

Oblique (VMO) muscle and their correlation with CSA 

measures, using MRI 

6.2.1 – Background 

The gold-standard for measuring the size and clarity of soft-tissues in humans is 

currently magnetic resonance imaging (MRI), see chapter 3.0 for further details 

(Reeves et al, 2004).  However due to difficulties in accessibility and the cost 

and the time-commitment required by participants to obtain an MRI scan it was 

decided to explore other options for measuring the size of the VMO muscle, 

particularly real-time ultrasound (RUS).   

 

A number of researchers have reported the effective use of RUS images for 

measuring the size of muscles e.g. the cervical multifidus muscle (Fernandez-

de-las-Penas et al, 2008) the lumbar multifidus muscle (Hides et al, 1994), 

various abdominal muscles (Jhong-Lin et al, 2010; Hides et al, 2007; Jansen et 

al, 2009), the lower fibres of the trapezius muscle (O‟Sullivan et al, 2007), 
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anterior hip muscles (Mendis et al, 2010) and the anterior tibial muscles 

(Martinson and Stokes, 1991).  A systematic review of thirteen studies on the 

validity of using RUS for measuring muscle size as an alternative to images 

obtained from MRI or computed tomography (CT) by Pretorius and Keating 

(2008) concluded that RUS can provide valid measurements of skeletal 

muscles. They concluded that, due to the varied nature of the populations in the 

reviewed studies, it was possible to generalise this statement, rather than 

restrict it only to the particular muscles used in the studies they reviewed.  

However, they acknowledge that further studies were needed to validate this 

conclusion for symptomatic participants. 

 

Thus there is evidence enough to accept that RUS is both valid and reliable as 

a tool for imaging the muscles of asymptomatic participants, as long as a clearly 

defined measurement protocol is followed.  However the size of the RUS image 

is limited by the size of the ultrasound machine transducer head.  As the 

average diameter of a transducer head of a typical ultrasound machine is 4-

5cms, this means that a typical machine and transducer can only directly obtain 

full images of muscles which have a similar or smaller diameter than the 

transducer head and thus limits it to rather small muscles.  It is possible to take 

images of larger muscles with Ultrasound using the technique of compound 

scanning (Stokes et al, 1997).  This was used by Young et al (1985) in early 

work exploring the use of ultrasound to measure skeletal muscle size but this is 

also time-consuming and complex and so is now rarely used in practice.   It was 

clear that the diameter of the VMO muscle at its distal end (where it attaches to 

the patella) was likely to exceed the diameter of the transducer head of a 

normal RUS machine, and so this problem needed to be overcome, if RUS 

imaging was to prove a viable alternative to MRI.  

 

Fortunately several authors have reported useful levels of correlation between 

various linear measures and the cross-sectional area (CSA) measures of 

specific muscles, thus allowing RUS to be used to measure muscles which are 

larger than the size of the transducer head (Sipila and Suominen, 1991; 

Martinson and Stokes, 1991; Hides et al, 1994; Close et al, 1995; Rankin et al, 

2006).  These levels of correlation have been found to be different and specific 
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for each muscle so far trialled, (Chapter 2, Section 2.5) so this relationship 

needed to be examined for the VMO muscle. 

 

The distal portion of the VM muscle is easily distinguishable as its muscle fibre 

angle is more horizontal than in the more proximal parts of the muscle (Ono et 

al, 2005), and due to this its CSA is relatively large for its volume and thus it is 

easy to image at this point (Blazevich et al, 2006).   As mentioned above the 

correlation relationship between the CSA and linear measures has been shown 

to differ for each muscle reported to date, and so the actual linear measures to 

be used would need to be determined from MRI images before they could be 

measured on RUS images.  Any linear measures chosen would need to be 

easy to identify on images from different subjects to facilitate the development 

and use of a reliable measurement protocol.  The threshold for acceptable 

correlation between CSA and linear measures of the VMO muscle was set to 

r=0.7 or above, as this is what other authors for other muscles have reported as 

being clinically meaningful (Sipila and Suominen, 1991; Martinson and Stokes, 

1991; Hides et al, 1994; Close et al 1995; Rezasoltani et al, 2002; Rankin et al, 

2005). 

 

6.2.2 - Aims 

A the time of writing, there were no reported studies describing whether a 

correlation existed between linear and CSA measures of the VMO muscle, and 

so it was first necessary to determine whether or not there is a useful level of 

correlation between some identified linear and CSA measures of the VMO 

muscle using images from MRI scans.  If a close relationship was found then it 

would be appropriate to explore whether measures taken from MRI and RUS 

images were sufficiently similar to allow RUS images to be used in further work.  

Therefore two aspects of validity need to be studied.  The first of these, relating 

to the correlation of linear and CSA measures is addressed in this experiment.  

Comparison between MRI and RUS measures is dealt with in Section 6.3. 
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The aims of this study were to: 

 Examine the relationship between linear and CSA measurements of the 

VMO muscle from MRI images 

 Establish the reliability of measurements made from MRI images  

 

Question: Is there an acceptable level of correlation between the CSA and any 

linear measure of the distal portion of the VM muscle (r = 0.7 or above), using 

measures taken from MRI images? 

 

It was decided to limit recruitment to male subjects, as there are documented 

gender differences in CSA measures of the quadriceps muscles, with males 

typically having a larger CSA (Freilich et al, 1995; Montes, 2001).   Also females 

often have higher levels of body fat in the thigh, compared to males, and so 

eliminating females should make imaging of the VMO muscle more straight-

forward.   Pretorius and Keating (2008) reported that variations in muscle size 

exist between gender, backgrounds, ages, conditions (symptomatic versus 

asymptomatic), muscles and muscles groups and activity levels; also restricting 

the participants to the same gender would avoid one possible cause of inherent 

variation. 

 

6.2.3 – Method 

Twelve healthy, recreationally active adult males, aged between 18 and 30, 

were recruited and screened for contraindications to MRI following the normal 

procedure used in the radiology department of Southampton University 

Hospitals Trust (Appendix H).  Each participant was healthy with no history of 

lower limb pathology or injury requiring treatment and was recreationally active.  

For further details on recruitment and participant criteria please see Chapter 4. 

 

Participants were scanned using a magnetic resonance extremity (MRE) 

scanner, please see Chapter 4, as this is routinely used in clinical practice to 

obtain images of the knee joint.  Each participant was positioned in long-sitting 

with his right knee in extension, the quadriceps muscle relaxed and a lateral 

support placed at the side of the knee to prevent lateral rotation of the hip.   
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Each participant had his right knee scanned and several images or slices were 

produced, at intervals of 7mm (following normal procedure for examining the 

knee joint using MRI), between the junction of the middle and upper third of the 

tibia through to the junction of the lower and middle third of the thigh, thus 

ensuring the whole of the distal end of the VM muscle would be included (See 

Figure 6.1).  These images were examined by the researcher looking first at the 

distal images through to the proximal ones.  It was agreed that the first image 

which did not include the patella would be the one from which measures would 

be taken; this rule was easy to apply to each set of images, and thus ensured a 

level of consistency in identifying the image from which measures would be 

taken, as well as ensuring that a sufficiently distal portion of the VM muscle 

would be visible in the image, where it inserts into the medial retinaculum.   At 

its distal aspect the VM muscle has a good CSA to volume ratio (Blazevitch et 

al, 2006), which should facilitate ease of measurement, and in addition this 

point is as close to the cephaloid or proximal border of the patella (the base) as 

possible.  CSA and linar measures from the MRI images were then taken using 

the „Imagej‟ software, with all measures taken by the same investigator.  For 

further details please see Chapter 4. 

 

Once the images had been obtained, the CSA measure of the VMO was 

obtained by manually tracing around the inside edge of the border of the VMO 

muscle image, following the procedure used by Whittaker et al, (2007); and 

from this the ImageJ software (Imagej software available from 

http://rsb.info.nih.gov/ij/docs/index.html) calculated the value of the CSA.  In 

addition it was necessary to find some appropriate linear measures to see if 

there was any correlation between these linear measures and the CSA.  These 

linear measures would need to be easily and consistently identified from each 

image, and so would need to have clear bony or other landmarks to ensure they 

could be consistently identified.   These linear measures are defined and 

illustrated in Figure 6.2. 

 

http://rsb.info.nih.gov/ij/docs/index.html
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Figure 6.1 – MRI scan of a typical participant.  Muscle tissue is darker than 
bone or other soft tissues, and the vastus medialis oblique (VMO) is the main 
muscle (kidney-shaped) seen on the right of the image, the central pale area is 
the femur bone. 
 
 
 
 

 
 
Line A – the longest line drawn from where the VMO touches the medial border 
of the femur to the outer edge of the muscle, remaining inside the muscle 
border 
Line B – the line 90 degrees clockwise from Line A, remaining inside the 
muscle border 
Line C – the line mid-way between lines A and B, remaining inside the muscle 
border  

 
Figure 6.2 – Diagram of a typical cross-section of the vastus medialis oblique 
(VMO) muscle on a magnetic resonance image taken at the base of the patella, 
showing the three linear measures – Line A, Line B and Line C 
 

Line A 
Line C 

Line B 
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6.2.3.1 – Statistical analysis for Reliability Testing 

In order to examine the correlation between linear and CSA measurements on 

MRI scans, the intra-rater reliability of making the manual measurements 

needed to be established.  Measurements were made by the investigator, as 

described above, on the same set of scans from the 12 participants on two 

separate occasions.  From these two data sets (initial and repeat) Intra-class 

correlation coefficients (ICCs) and Bland and Altman Limits of Agreement were 

calculated.  These two statistical tests were chosen as these have been used 

by others in this field and so these results could be compared to the work of 

others (Stokes et al, 1997; Rankin and Stokes, 1998; O‟Sullivan et al, 2007).  It 

is reported by Rankin and Stokes (1998) that neither calculation is sufficient on 

its own to provide sufficient information, but when used together they are more 

effective in determining the reliability of repeat measures.  The ICC is used as it 

reflects both correlation and agreement between pairs of measures; and the 

Bland and Altman Limits of Agreement illustrate the level of agreement between 

pairs of measures (Rankin and Stokes, 1998; Bruton et al, 2001; O‟Sullivan et 

al, 2007).    

 

It was hoped ICCs of 0.9 or above would be achieved for the reliability between 

repeat measures, as this is stated by Portney and Watkins (2000) as being an 

appropriate level of reliability for measures used for decision-making or 

diagnosis.  They acknowledge that setting limits is somewhat arbitrary as limits 

must be based on the precision of the measured variable and how the results 

will be used. 

 

6.2.3.2 – Statistical analysis for relationship between CSA and linear 

measures 

The relationship between linear and CSA measures was examined using 

Pearson correlation coefficients for each identified linear measure, multiples of 

linear measures and the corresponding CSA, as previous researchers have 

done (Loo and Stokes, 1990; Rankin et al, 2005).   A level of correlation of 0.7 

or above would be accepted, as Kline (1986); quoted by Stokes et al, (2007) 

states that correlation coefficients of above 0.7 are required in order for the 

relationship to be considered clinically significant. 
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6.2.4 – Results 

6.2.4.1 Intra-rater reliability of CSA and Linear measures from the VMO 

muscle:  

The ICCs between the set of first and repeat linear and CSA measurements 

ranged from 0.95 to 0.99 as listed in Table 6.1 below.  The difference between 

each pair of measures was calculated (following the guidelines set by Bland and 

Altman, 1986) and from this the mean difference for each pair of linear and CSA 

measures were calculated (initial and repeat).  These differences were all very 

small ranging from -0.15mm to -0.74mm.  When the difference between pairs of 

measures were plotted against their mean, almost all values were within the 

95% confidence intervals set (Mean difference +/-2xSD), see Figure 6.3 below.  

Full data in Appendices J and K. 

 
 
Table 6.1 – ICC and Bland and Altman results for first and repeat set of linear 
and CSA measures taken from the same set of MRI images.  ICC figures in 
bold have met or exceeded the threshold level of 0.90.  All Bland and Altman 
95% Limits of Agreement contain the number 0. 
 

 ICC Bland and Altman  

 
ICC 
Coefficient 

95% 
Confidence 
Limits 

 
Mean 
difference  

 
SD of 
differences 

95% Limits 
of 
Agreement 

Line A 0.99 0.96 to  
0.99 

-0.58 1.39 -3.36 to 
2.20 

Line B 0.96 0.87 to  
0.99 

-0.50 1.93 -4.36 to 
3.36 

Line C 0.95 0.84 to  
0.99 

-0.74 2.36 -5.46 to 
3.98 

CSA 0.99 0.97 to  
1.00` 

-0.15 2.02 -4.19 to 
3.89 
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Figure 6.3 – Bland and Altman Plot showing differences scores between first 
and repeat Line C measure plotted against mean scores for first and repeat 
measures.  Dashed line shows the mean difference score (-0.74 mm).  The 
solid dark pink lines show the 95% upper and lower limits of agreement which 
are 2 standard deviations above and below the mean difference score (-0.74 +/- 
4.72).   
 
 

6.2.4.2 Correlation between the CSA and linear measures 

Pearson‟s correlation coefficients ranged between 0.32 and 0.87 for the single 

and combined linear measurements.  Line C had the highest level of correlation 

r=0.87, see Table 6.2 and Figure 6.4 below, with line B having a poor level of 

correlation of r=0.32.  The threshold level of correlation set as being clinically 

acceptable was 0.7.  The linear measures were then multiplied together and 

Pearson correlation coefficients were calculated for these multiples with the 

CSA, as many authors of earlier work had found higher levels of correlation 

between CSA and multiplication of linear measures.  As can be seen from Table 

6.2 below, the level of correlation for multiples of linear measurements with CSA 

for this group of participants also increased. 
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Table 6.2 – Pearson correlation coefficients for each line measure and 
multiplication of line measures with the CSA.  Measures were taken from the 
MRI images of the VMO muscle.  Figures in bold indicate Pearson correlation 
coefficients above the r =0.7 threshold level set. 
 

Linear measure Correlation with CSA measure (r) 

A 0.65 

B 0.32 

C 0.87 

AxB 0.64 

AxC 0.87 

BxC 0.72 

 
 
 
 
 

 

 
Figure 6.4 – Regression plot of CSA and Line C from MRI images of VMO 
muscle, r=0.87 
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6.2.5 – Conclusions  

 The measurement protocol for measuring the CSA and linear measures 

from the MRI images, has been shown to have high levels of intra-rater 

reliability, and thus can be used with confidence by the researcher in this 

work.   

 Linear measure C alone and multiples of other linear measures which 

include linear measure C exhibit good levels of correlation with CSA 

measures from the distal end of the VM muscle, when the procedure 

outlined here is followed.   

 

This will allow linear measure C alone or multiples involving line measure C to 

be used as an indicator of the CSA of the distal VM muscle, and will be used in 

future work to represent its size and therefore strength.   

 

 

6.3 – Validity and reliability of measuring VMO muscle size 

using ultrasound imaging compared with MRI images  

6.3.1 - Background 

Having established that the measurement protocol for obtaining linear 

measures from the MRI images was sufficiently reliable and there was a useful 

level of correlation between the CSA and linear measures of the VMO muscle 

using measures taken from MRI images; it was then necessary to see if linear 

measures from images of the VMO muscles taken with RUS were valid 

compared with those taken from MRI images.  Firstly it was necessary to 

establish if the ultrasound measures were reliable, and if so then it would be 

appropriate to test for validity.  As MRI images were taken with participants in 

long-sitting, the first section of this work, uses RUS images taken with 

participants in long-sitting. 

   

Many researchers have shown that it is possible to take valid, accurate and 

reliable measurements of muscle size from images using real-time US 

equipment.  A review of thirteen studies by Pretorius and Keating (2008), 

confirms this is the case; they state that due to the variability of the participants 
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and muscles studied in the articles which met their stringent review criteria, that 

these results can be generalised to all muscles.  

 

Two previous studies have compared measures taken from US and MRI images 

of the quadriceps muscle group (Walton et al, 1996; Reeves et al, 2004) both of 

these studies used a compound scanning technique, which is when a number of 

images are taken and then added together allowing a compound image to be 

formed.  The compound scanning technique was used in order to overcome the 

problem that the size of the transducer head was smaller than the CSA of 

muscle being imaged.  A third study by O‟Sullivan et al in (2009) examined the 

validity of RUS measurements of the trapezius muscle compared with MRI, for 

18 healthy participants, using both Pearson‟s correlation, and Bland and Altman 

analyses.  They found good correlation for muscle thickness measures from 

images taken at the level of T8 (r=0.77), with very small mean differences on the 

Bland and Altman tests, which were evenly distributed around and close to 0; a 

moderate level of correlation from images taken at the level of T5 (r=0.62), a fair 

level of correlation for images taken at the C6 level (r=0.52); and no correlation 

for images taken at the level of T1.  The authors suggest that the difference in 

correlation at the different spinal levels was due to the clarity of anatomical 

reference points, from which the images were taken.  

 

A fourth study by Mendis et al (2010) compared the CSA measures of the 

anterior hip muscles from both MRI and RUS images.  They also used ICC 

(model 3.1) to compare each pair of measures for each muscle and reported 

values of between 0.81 and 0.89 and no statistically significant differences 

between the mean CSA for each set of measures using images from MRI and 

RUS for each muscle. 

 

Walton et al (1996) compared the agreement of CSA and volume measures 

taken from MRI and US images of the quadriceps femoris muscle group of the 

left leg at the junction of the proximal one third and distal two-thirds, of 10 

healthy participants (six male).  They took one set of scans using MRI and 

Ultrasound on the same day, with subjects in the supine position.  They used a 

compound scanning technique for their RUS images, which involves taking 
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several scans in order to build a picture of the whole muscle at the chosen 

point, using the Cavalieri technique.  They did not comment on their own 

measurement protocol reliability.  They found no statistically significant 

difference between both data sets using the Wilcoxon matched pairs test, and 

95% confidence intervals of between -9.27 and 8.39 cm2 for Bland and Altman 

Limits of Agreement, with a mean difference of 0.08% between CSA measures 

in each data set.     

 

Reeves et al (2004) compared the agreement of CSA measures, taken from 

MRI and US images of the Vastus Lateralis muscle on the right leg at the level 

of its proximal insertion in six healthy participants, with participants in the supine 

position.  They took one set of scans using MRI and Ultrasound on the same 

day.  They also used a compound scanning technique for their RUS images, 

which involved taking several scans in order to build a picture of the whole 

muscle at the chosen point.  They used ICCs only to assess their intra-rater 

measurement reliability (initial compared with repeat from the same scans with 

a 3-day interval), and quote ICCs of between 0.997 and 0.999 with a mean error 

of 2.6%).   They plotted the CSA from the MRI images on one axis and the CSA 

from the US images on the other, showing a correlation coefficient of r=0.99. 

 

The study by Mendis et al (2010) compared the validity of RUS imaging to 

measure anterior hip muscle size (CSA) with MRI images.  They obtained 

bilateral images of the iliopsoas, sartorius and rectus femoris muscles from nine 

healthy participants (5 males) in the supine position.  They took two images 

using RUS in the same session, and removed the transducer head from the 

skin between each image capture.  They compared MRI and RUS measures for 

each muscle using ICCs and obtained values of 0.81 to 0.89.  They also used 

an ANOVA test to assess differences between the mean CSA for each imaging 

technique for each muscle, and found no significant differences between them.   
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6.3.2 – Aims 

 The primary aim of this experiment was to establish whether the linear 

measurements on RUS images are valid, compared with MRI as the gold 

standard in the same participants; prior to this it was necessary  

 To examine the reliability of a protocol for measuring linear measures of 

VMO from RUS images  

 

Questions:  

 Are linear measures of the distal portion of the VM muscle taken from 

RUS images valid in comparison to those taken from MRI images of the 

same participants? 

 What is the reliability of linear measurements taken on ultrasound 

images? 

 

6.3.3 – Method 

The same twelve adult males who participated in the MRI study described 

above (Section 6.2) were the participants for this study.  In addition to the MRI 

scans each participant had RUS images taken, using the technique described in 

Chapter 4.  Briefly, each participant was positioned in long-sitting with his right 

knee in extension and with a soft support on the outside of the knee to prevent 

lateral rotation of the hip, as before.  Two ultrasound images were taken of the 

VMO muscle, at the level of the base of the patella of the right knee, using real-

time Ultrasound equipment (Aquila, Pie Medical, UK), using a 8MHz linear 

transducer (Figure 6.5).  The transducer head was removed from the skin, 

between each image.  In addition six participants returned two days later and 

had two additional images taken following the same procedure.  All ultrasound 

images were taken by the same investigator. 

 

Once the ultrasound images were obtained, linear measures A, B and C 

(identified in the previous study and following the same procedure) were 

measured from each image, using the Imagej software, with all measures being 

taken by the same investigator. 

 



122 

 

 

Figure 6.5 – Participant having US scan of his VMO muscle, right leg, in long-
sitting 
 

Reliability and consistency of the ultrasound measurements were tested in the 

following ways –  

a) reliability of making repeated linear measures from the same images  

a. linear measures were taken from the same images of all 12 

subjects on two separate occasions, a week apart;  

b) reliability of procedure for obtaining images  

a. within session: two images were taken from all 12 subjects on the 

same occasion, and linear measures from each image were taken 

and compared between the two; 

b. between sessions: two images were taken from six subjects on 

two separate occasions, two days apart, following the same 

imaging protocol 

 

6.3.3.1 - Statistical analysis 

ICCs and Bland and Altman Limits of Agreement were calculated for the repeat 

measures taken from the same image, and the measures taken from repeat 

images.   

 

Once the reliability testing of the RUS images described above was completed, 

the linear measures (A, B and C) from the MRI scans and US images were 

compared using ICCs and Bland and Altman Limits of agreement; in order to 
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determine the level of agreement between these two methods of obtaining 

muscle size measures of the VMO muscle.  

 

6.3.4 – Results: 

6.3.4.1 Validity Results  

6.3.4.1.1 - Level of agreement and validity of linear measures taken from the 

MRI and US images of the same subjects 

The ICC results in table 6.3 show that there is a very good level of agreement 

between all linear measures taken from the MRI and US images of the same 

subjects excepting linear measure C which shows only a moderate level of 

agreement.  Linear measures A and B both exceed the threshold of 0.90.  The 

Bland and Altman results support this and show the greater differences 

between the measures for Line C.  The mean difference for the Line C 

measures is 2.81mm, showing that on average the MRI measures were larger 

than the US measures (Figure 6.6).  Full data in Appendices J, K, L and M. 

 

Table 6.3 – ICC and Bland and Altman Limits of Agreement for linear measures 
A, B and C, and multiplication of these measures, comparing readings from MRI 
and US images; with the US values being subtracted from the MRI values.  ICC 
figures in bold exceed the 0.9 threshold level set. 
 

 ICC Bland and Altman  

 
ICC 
Coefficient 

95% 
Confidence 
Limits 

 
Mean 
difference  

 
SD of 
differences 

95% Limits 
of 
Agreement 

Line A 0.97 0.88 to 0.91 0.20 2.60 -5.00 to 
5.40 

Line B 0.92 0.73 to 0.98 -0.53 2.46 -5.45 to 
4.39 

Line C 0.74 0.11 to 0.93 2.81 5.06 -7.31 to 
12.93 
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Figure 6.6 – Bland and Altman Plot Showing difference scores for line measure 
C between measures taken from MRI and US scans.  The dashed line shows 
the mean difference score (2.81mm).  The 95% upper and lower limits of 
agreement represent 2 standard deviations above and below the mean 
difference score (2.81 +/- 10.12). 
 

 

6.3.4.2 – Reliability Results 

6.3.4.2.1 - Intra-rater reliability: repeat measures from the same US images: 

Results listed in Table 6.4, and illustrated in Figure 6.7 below, show that the 

intra-rater reliability for taking initial and repeat linear measures from the same 

12 US images is very reliable and consistent.  All ICC values are well above the 

0.9 threshold and the mean differences are all less than 1mm on the Bland and 

Altman test.  Full data in Appendix L. 
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Table 6.4 – ICC and Bland and Altman Limits of Agreement for repeat 
measures A, B and C from the same US images 
 

 ICC Bland and Altman  

 
ICC 
Coefficient 

95% 
Confidence 
Limits 

 
Mean 
difference  

 
SD of 
differences 

95% Limits 
of 
Agreement 

Line A 0.995 0.982 to 
0.999 

0.68 1.03 -1.38 to 
2.74 

Line B 0.986 0.950 to 
0.996 

-0.42 1.02 -2.46 to 
1.62 

Line C 0.988 0.958 to 
0.996 

-0.49 1.15 -2.79 to 
1.81 

 

 

 

Figure 6.7 – Bland and Altman Plot showing differences scores between first 
and repeat line measure C plotted against mean line C values for first and 
repeat measures, taken from the same US scans.  The dashed line shows the 
mean difference score (-0.49 mm).  The solid dark pink lines show the 95% 
upper and lower limits of agreement which are 2 standard deviations above and 
below the mean difference score (-0.49 +/- 2.30).   
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6.3.4.2.2 - Intra-rater reliability: measures taken from repeat US images in the 

same session, for all twelve subjects: 

The results shown in Table 6.5, and illustrated in Figure 6.8 below, show that 

the intra-rater reliability for measurements taken from repeat US images is also 

reliable and consistent.  All ICC values are at 0.9 or above, and the mean 

differences range from 1.5 through to 3.06 mm.  Full data Appendix M. 

 

Table 6.5 – Intra-class Correlation Coefficients and Bland and Altman Limits of 
Agreement for line measures (A, B and C), from repeat US images 
 

 ICC Bland and Altman  

 
ICC 
Coefficient 

95% 
Confidence 
Limits 

 
Mean 
difference  

 
SD of 
differences 

95% Limits 
of 
Agreement 

Line A 0.966 0.881 to 
0.990 

-1.04 3.06 -7.16 to 
6.12 

Line B 0.900 0.654 to 
0.971 

-0.23 2.51 -5.25 to 
4.79 

Line C 0.979 0.928 to 
0.994 

-0.78 1.50 -3.78 to 
2.22 
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Figure 6.8 – Bland and Altman Plot showing differences scores between first 
and repeat linear measure C plotted against mean scores for first and repeat 
measures, taken from separate images.  Dashed line shows the mean 
difference score (-0.78 mm).  The solid dark pink lines show the 95% upper and 
lower limits of agreement which are 2 standard deviations above and below the 
mean difference score (-0.78 +/- 3.00).   
 
 
 
6.3.4.2.3 - Intra-rater reliability of measures taken from repeat images for six 

participants on two separate occasions, two days apart: 

The results shown in Table 6.6, and illustrated in Figure 6.9 below, show that 

consistency of line measures A, B and C from the six individuals who were 

scanned twice, is again very high.  All ICC values comfortably exceed 0.90.  

The mean differences are all less than 1mm, ranging from 0.08 through to 0.47 

mm, with the Standard deviation of differences also being very small. 
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Table 6.6– ICC and Bland and Altman Limits of Agreement for linear measures 
A, B and C from separate US images of six subjects taken two days apart. 
 

 ICC Bland and Altman  

 
ICC 
Coefficient 

95% 
Confidence 
Limits 

 
Mean 
difference  

 
SD of 
differences 

95% Limits 
of 
Agreement 

Line A 0.995 0.964 to 
0.999 

-0.08 1.26 -1.34 to 
1.18 

Line B 0.983 0.879 to 
0.998 

0.35 1.00 -1.65 to 
2.35 

Line C 0.970 0.786 to 
0.996 

0.47 0.82 -1.17 to 
2.11 

 
 
 
 
 

 

 
Figure 6.9 – Bland and Altman Plot showing differences scores between first 
and repeat line measure C plotted against mean scores for first and repeat 
measures, taken from separate scans, 2 days apart.  Dashed line shows the 
mean difference score (0.47 mm).  The solid dark pink lines show the 95% 
upper and lower limits of agreement which are 2 standard deviations above and 
below the mean difference score (0.47 +/- 2.11).   
 

 



129 

 

6.3.5 – Conclusion 

 The findings demonstrate that there is sufficient agreement between the 

linear measures from the MRI and RUS images, showing that RUS is 

valid enough, to be used to measure the size of the VMO muscle in 

future work; however the technique of taking RUS images, in particular 

the practice of applying pressure to the RUS transducer head, has to be 

improved.  

 The findings also illustrate that the measurement protocol is sufficiently 

reliable and consistent, when used by the same investigator, to allow the 

protocol to be used with confidence. 

 

NB: Fortunately the problem of applying too much pressure to the transducer 

head while taking ultrasound scans was overcome in later studies – please see 

Section 6.4. 

 

 

6.4 – Reliability and correlation between linear and CSA 

measures of the VMO muscle using RUS – in standing 

6.4.1 - Background 

In Chapter 5, Section 5.4, a reliable protocol for the measurement of the Q-

angle of participants in relaxed standing, using the Peak-5 video motion 

analysis system, was demonstrated.  The next logical step was to explore 

whether it would be possible to develop a reliable protocol for taking images of 

the VMO muscle using RUS from participants in relaxed standing, as this would 

then allow us to see if there was any relationship between the size of the VMO 

muscle and the Q-angle from subjects in relaxed standing.  One of the great 

benefits of using portable real-time US to image muscles is that it allows the 

possibility of taking images from participants in different body postures e.g. 

sitting, lying and standing (Coldron et al, 2003). 

 

The following authors have reported experiments in which they have taken 

images of muscles using RUS, from participants in different postures:  
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 Coldron et al, (2003) compared lumbar multifidus muscle size in 20 

healthy participants in both prone and side-lying.  They carried out a very 

thorough analysis, reporting correlation coefficients of 0.90 for the right 

side and 0.91 for the left side; included regression plots of measures 

from the side-lying and prone lying; Bland and Altman Limits of 

Agreement and paired t-tests for the means of each set of measures and 

found no significant differences between any of them; concluding that 

there was no difference in multifidus muscle size and shape between the 

two postures. 

 Ainscough-Potts et al, (2005) compared the transverse abdominis and 

internal oblique muscle size in three different sitting postures of 30 

healthy participants.  They analysed their measurements using ICCs and 

report results of between 0.97 and 0.99 between postures; they also 

compared means of measurements using t-tests.  They found no 

significant differences in either muscle size between two positions in 

which both muscles were relaxed, but once they introduced an element 

of instability there was a corresponding significant increase in muscle 

thickness. 

 

6.4.2 – Aims 

This experiment aimed to: 

 establish whether it was possible to achieve the same level of 

measurement consistency from RUS images of the VMO muscle 

obtained from participants in a relaxed standing posture, as achieved 

when they were in long-sitting 

 examine the relationship between CSA and linear measures made on 

ultrasound scans of the VMO taken from participants in relaxed standing 

 

Questions:  

 What is the reliability of measuring the size of the VMO muscle using 

ultrasound imaging with the participant in a relaxed standing posture? 

 Are CSA and linear measures on these ultrasound scans highly 

correlated? 
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6.4.3 – Method 

Ten of the 12 adult males who participated in the earlier MRI and RUS tests 

described above were the participants in this study.  Each participant had two 

images of his VMO taken using RUS while he was in relaxed standing, i.e. 

standing with his weight evenly distributed over both feet, with confirmation of 

the relaxed muscle being made by the patella being able to be moved passively 

by the investigator (See Figure 6.10).   There was an interval of at least five 

minutes between each scan, and the transducer head was removed from the 

leg of the participant between each scan. 

 

The linear measures A, B and C (used in the previous study) were identified on 

the images and were measured (See Figure 6.2).  Again all scans and 

measurements on each RUS image were taken by the same investigator using 

the „Imagej‟ software.    

 

 

Figure 6.10 – Participant having RUS image of his right vastus medialis oblique 
(VMO) muscle while in relaxed standing 
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The intra-rater reliability of the technique of taking RUS images from 

participants in long-sitting was established in Section 5.4.   The intra-rater 

reliability of the technique of taking RUS images from participants in relaxed 

standing was examined in two ways: 

a) Within-scan measurements - reliability of taking repeat linear 

measurements from the same scans of all participants on two separate 

occasions, two days apart; by the same investigator, and 

b) reliability of taking scans within the same session – two images were 

taken from all participants on  the same occasion, by the same 

investigator, and linear measures using the Imagej software were taken 

from each scan and compared. 

 

6.4.3.1 - Analysis of data 

ICCs and Bland and Altman Limits of Agreement were calculated for the repeat 

measures taken from the same scan, and the measures taken from repeat 

scans. 

 

As it was possible to image the whole CSA of the VMO muscle for all ten 

subjects in this group, Pearson‟s correlation coefficients were also calculated to 

establish the level of correlation between the linear measures A, B and C, as 

well as multiplications of the linear measures, with the CSA measures.   

 

6.4.4 – Results: 

6.4.4.1 – Intra-rater reliability: repeat measures from the same RUS images 
(within-scan measurements): 

 
Results listed in Table 6.7, show that the intra-rater reliability for taking repeat 

linear measures from the same images of the VMO was very reliable and 

repeatable, all pairs of measures for Line B and C had ICC‟s of above the 0.90 

threshold level set.   Line A had a lower level but was still high at 0.83; it had the 

lowest mean difference at 0.02mm and the highest SD, suggesting there was 

probably an outlier.  All mean differences between pairs of measures were 0.57 

mm or less and all 95% limits of agreement for the Bland and Altman 

calculations contained the number 0, showing there was no systematic bias. 
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The variability for the pairs of CSA measures were greater than for the linear 

measures, but again the ICC was high at 0.98 and the mean difference was 

2.27 cm2.  Full data in Appendices P and Q. 

 

Table 6.7 – ICC and Bland and Altman Limits of Agreement for repeat 
measures A, B and C; and CSA, from the same RUS images for all ten 
participants, taken in relaxed standing.  ICC figures in bold exceed the set 
threshold of 0.9. 

 ICC Bland and Altman  

 
ICC 
Coefficient 

95% 
Confidence 
Limits 

Mean 
difference 
mm  

SD of 
differences 
mm 

95% Limits 
of 
Agreement 

Line A 0.83 0.32 to 0.96 0.02 3.56 -7.10 to 
7.14  

Line B 0.99 0.96 to 1.00 -0.11 0.99 -2.09 to 
1.87 

Line C 0.96 0.85 to 0.99 -0.57 1.71 -3.99 to 
2.85 

CSA 0.98 0.93 to 1.00 -2.27 6.34 -14.95 to 
10.41 

 

 

6.4.4.2 - Intra-rater reliability: measures taken from repeat scans, within 

the same session: 

Results in Table 6.8 below illustrated that the intra-rater reliability for 

measurements taken from repeat scans was also reliable and consistent.  

There was no difference between the level of reliability between repeat 

measures taken from the same images than these taken from a second set of 

images, showing that both the taking of the images and then taking the 

measures from the images was very reliable.  In this case all ICC values were 

above the 0.9 threshold, and mean differences for the linear measures were 

smaller being 0.20 mm or below and all 95% limits of agreement for the Bland 

and Altman calculations contained the number 0, showing there was no 

systematic bias.  Full data Appendix R. 

 

The results for the CSA measures are as reliable as for the linear measures for 

this set of results. 
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Table 6.8 – ICC and Bland and Altman Limits of Agreement for repeat linear 
measures A, B and C and CSA, from repeat US images for all ten subjects, 
taken in relaxed standing.  ICC figures in bold exceed the set threshold of 0.9. 
 

 ICC Bland and Altman  

 
ICC 
Coefficient 

95% 
Confidence 
Limits 

 
Mean 
difference  

 
SD of 
differences 

95% Limits 
of 
Agreement 

Line A 0.98 0.93 to 0.99 -0.17 1.36 -2.89 to 
2.55 

Line B 0.99 0.97 to 1.00 0.01 0.86 -1.71 to 
1.73 

Line C 0.97 0.90 to 0.99 -0.20 1.32 -2.84 to 
2.44 

CSA 0.99 0.98 to 1.00 -0.14 3.57 -7.28 to 
7.00 

 

 

6.4.4.3 - Correlation between the linear measures, multiplication of linear 

measures and CSA measures: 

Table 6.9 illustrates that each linear measure and multiplication of linear 

measures correlated well with the CSA measurement taken; each correlation 

being above the 0.7 level set as a threshold for this programme of work.  It is 

interesting to note that once again Line C had the highest individual level of 

correlation (r=0.86) for the individual linear measures and it was at almost the 

same level as that for the measures taken from MRI images (r=0.87). 

 

Table 6.9 – Pearson correlation coefficients between the CSA and linear 
measures A, B and C and multiplication of linear measures from US images of 
the VMO muscle taken in relaxed standing, n=10.  All figures in bold all met or 
exceeded the threshold set of 0.7. 
 

Linear Measure Pearson Correlation 
Coefficient (r) 

P values from 
paired t-test 

A 0.75  

B 0.76  

C 0.86  

AxB 0.72  

AxC 0.86  

BxC 0.82  
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6.4.5 – Conclusions 

 Taking consistent RUS images of the distal portion of the VMO muscle 

from participants in relaxed standing is technically more difficult than 

when participants are in long-sitting; however the reliability of the 

technique is good.  The ICCs from initial and repeat linear and CSA 

measures from the images were all high with three being above the 0.90 

threshold, and mean differences between pairs of measures were very 

small.   

 The level of correlation between the CSA and linear measurements was 

high, all being above the threshold set,  

 The technical difficulties in the earlier studies of applying too much 

pressure to the US transducer head when taking the image, which 

affected line measure C in particular, have been overcome, as evidenced 

by the consistency of measures and its level of correlation with the CSA 

measure.  

 

 

6.5 Effect of posture on VMO muscle size and shape 

6.5.1 – Background 

In Sections 6.3 and 6.4 of this chapter it was established that it was possible to 

take reliable RUS images of the VMO muscle from participants in long-sitting 

and relaxed standing, and that these measures were valid compared with MRI 

measures as well as the linear measures being highly correlated with CSA.  It 

was now possible to compare the level of agreement between the CSA and 

linear measures taken from the US images of subjects in these two different 

positions to see if there was any effect of posture on the measurements.   As 

has already been described in Section 6.4 two authors have compared muscle 

size measures, taken from RUS images, from participants in different postures, 

and found no significant differences as long as the muscles being measured 

remained relaxed.    

 

However, a study by Fulton et al, (2008) explored the effect on muscle 

thickness of the Transversus Abdominis muscle as participants performed an 
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upper limb task which required the participant to maintain their postural stability.  

They reported a significant change in the thickness measure.  They analysed 

their measurements using a random coefficient analysis regression (mixed 

model) and found significant differences between younger and older subjects as 

well as a non-linear increase in muscle thickness.  They acknowledge a 

limitation of their study was relatively poor consistency in measurement of 

muscle thickness, reporting ICC figures of 0.52 for baseline measures and 0.32 

for repeat performance of the test between weeks.  As they only used one test 

of reliability for their measures, their results should be treated with caution. 

 

Thus it is possible that the VMO muscle in relaxed standing may show an 

increase in thickness (Linear measure C, is most closely related to thickness) 

compared to its measure in long-sitting, due to weight-bearing and the 

increased instability of standing compared to long-sitting.  This section used 

data from sections 6.3 and 6.4 to perform retrospective analysis to compare 

measures taken in the two postures. 

 

6.5.2 Aim 

The purpose of this further data analysis was to establish whether there were 

differences in the CSA and linear measures of the VMO muscle taken from 

RUS images, when a participant was in long-sitting or relaxed standing.   

 

Question: Does posture affect the CSA and linear measures of the VMO 

muscle made on RUS images? 

 

6.5.3 – Method  

The mean measures from the two existing complete data sets in Sections 6.3 

and 6.4 were used in the analysis i.e. CSA and linear measures A, B and C 

taken from US images of the VMO muscle taken in long-sitting and relaxed 

standing; from the 10 healthy recreationally active male participants.  The data 

were compared using ICCs, Bland and Altman Limits of Agreement, and paired 

T-tests, following the methods used by others (Ainscough-Potts, 2005; Coldron 

et al, 2003). 
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6.5.4 – Results 

As can be seen from Table 6.10 below, three ICCs were above the threshold of 

0.90, and all were above the 0.80 level, showing good to very good levels of 

agreement between the two sets of measures.  All Bland and Altman limits of 

agreement 95% confidence intervals include 0, showing that there was no 

consistent level of difference between the two sets of measures; although there 

was a much higher level of mean differences for all sets of measures, than 

those taken from repeat measures from images when participants were in the 

same posture (see Tables 6.3, 6.4, 6.5, 6.7 and 6.8). This suggests that the 

VMO muscle does not adopt a different shape in relaxed standing compared 

with that in long-sitting, although our sample size of ten was really too small to 

be certain. 

 

The regression plot for Line C (Figure 6.11) shows no significant differences 

between measures of Line C, taken from images obtained in both postures. 
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Table 6.10 – Comparison of measures taken from ultrasound images in long-
sitting and relaxed standing: ICC and Bland and Altman Limits of Agreement for 
CSA and linear measures A, B and C.  ICC figures in bold exceed the set 
threshold of 0.9. 
 

 ICC Bland and Altman (mm) 

ICC 
Coefficient  

95% 
Confidence 
Limits 

Mean 
difference  

SD of 
differences 

95% Limits 
of 
Agreement 

Line A  
0.81 

 
0.23 to 0.95 

 
-2.10 

 
4.07 

-10.24 to 
6.04 

Line B  
0.98 

 
0.92 to 1.00 

 
2.46 

 
1.40 

-0.34 to 
5.26 

Line C  
0.91 

 
0.64 to 0.98 

 
1.91 

 
3.20 

-4.49 to 
8.31 

CSA  
0.87 

 
0.46 to 0.97 

 
5.11 

 
23.04 

-40.97 to 
51.19 

Line AxB  
0.91 

 
0.65 to 0.98 

 
9.15 

 
17.14 

-25.13 to 
43.43 

Line AxC  
0.89 

 
0.54 to 0.97 

 
4.97 

 
21.87 

-38.77 to 
48.71 

Line BxC  
0.83 

 
0.32 to 0.96 

 
13.56 

 
14.17 

-14.78 to 
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Figure 6.11 – Regression Plot of Linear measure C from US images taken in 
long-sitting against those taken in relaxed standing; r=0.91. 
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When the two sets of mean data were compared using T-tests (Table 6.11), 

there were no statistically significant differences between them.  The mean data 

showed that linear measure A was slightly larger when taken in relaxed 

standing and linear measures B and C and the CSA were slightly larger when 

taken in long-sitting, but none of these differences were significant.   

 
 
Table 6.11 – Mean, standard deviation (SD) and T-test results, comparing 
measures taken in relaxed standing and long-sitting 
 

Measure Mean mm SD mm T-Test 

A – sitting  42.5 5.7  
P=0.37 A – standing  44.6 4.3 

B – sitting 25.2 4.8  
P=0.27 B – standing  22.7 4.9 

C – sitting  28.5 6.5  
P=0.45 C – standing  26.6 4.4 

CSA – sitting  112.4 35.8  
P=0.73 CSA – standing  107.3 30.8 

 

 

6.5.5 – Conclusion 

There were no important or consistent differences between the CSA and linear 

measures A, B, and C, taken from US images of the VMO muscle in long-sitting 

and relaxed standing.  Posture, therefore did not influence the measures taken.  

 
 
 
 
 
 
 
 
 
 
 
 
 



140 

 

6.6 General Discussion and Conclusions for Studies in 

Chapter 6 

6.6.1 – General Discussion: 

This chapter reported a number of studies which were designed to establish a 

valid and reliable protocol for the measurement of the vastus medialis oblique 

(VMO) muscle, using ultrasound images taken with a portable ultrasound 

machine.  A positive answer was found.   

 

Prior to addressing this question it was necessary to establish a number of other 

things: 

 Is there a meaningful correlation between the CSA and linear measures 

of the VMO muscle, when measures are taken from images obtained 

using the gold standard for muscle imaging, namely MRI scans?  And 

prior to this it was necessary to establish whether CSA and linear 

measures of the VMO could be taken reliably from MRI images 

 Can the CSA and linear measurements of the VMO muscle be made as 

validly and reliably from ultrasound images as they are from MRI images?  

And prior to this it was necessary to establish whether ultrasound images 

could be taken reliably from participants 

 Is there any effect of posture on the size and shape of the VMO muscle? 

 

6.6.1.1 – Correlation between the CSA and linear measures of the VMO 

muscle 

Other researchers have reported that there is a meaningful correlation between 

the CSA and linear measures for other muscles (see Chapter 3).  This was 

important to establish as it was felt likely that the CSA of the VMO muscle might 

be larger than the size of the ultrasound transducer head, at least for some 

participants, rendering it impossible to capture the full size of the VMO muscle 

with the portable ultrasound equipment, as outlined in Section 6.2.  Although it 

should be noted that a study by Yeong-Fwu et al (2008) took ultrasound scans 

of the VMO from 58 participants (89 knees) in Taiwan and was able to image the 

CSA of all participants, using a normal ultrasound machine transducer head. 
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6.6.1.1.1 – Reliability of taking CSA and linear measures from MRI images 

First of all a number of repeat measures of the CSA and linear measures A, B 

and C were taken from the MRI scans and tested for repeatability.  All ICCs for 

the initial and repeat measures exceeded 0.9, which Portney and Watkins 

(2000) consider to be a necessary minimum threshold for the consistency of 

clinical measures.  These results are in line with those of other authors who 

studied different muscles, most of whom report ICCs of initial and repeat intra-

rater measures of 0.9 or above for example (Rankin and Stokes, 1998; 

O‟Sullivan et al, 2007).   

 

All mean differences between pairs of initial and repeat measures as calculated 

following the procedure outlined by Bland and Altman Limits of Agreement 

(1986) were all very small (range -0.15mm to -0.74mm).  All differences were 

negative, showing that the mean repeat set of measures taken were slightly 

larger than the initial set.  It is difficult to know whether this is something to be 

concerned about or not, the only other paper who report on this is the paper by 

Rankin and Stokes (1998), who also found that for one of their researchers (a 

relative novice in the use of ultrasound imaging) the repeat set of measures 

were larger than the initial ones.  The repeat set of measures were closer in 

agreement to that of a more experienced researcher who was also participating, 

they also report that this was not evident in the ICC results (as is the case here) 

and suggest that this difference may be due to the fact that the researcher in 

question was a relative novice. 

 

Each 95% confidence interval for the Bland and Altman Limits of Agreement 

contained the number 0 and a range which was similar above and below 0; 

however the minimum of the confidence interval was slightly further away from 0 

than the upper limit, again illustrating the small level of consistent systematic 

bias in the measurement technique, i.e. the repeat measures were consistently 

slightly larger than the first set of measures.   
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6.6.1.1.2 -  Correlation between CSA and linear measures from the MRI image 

Three linear measures from the VMO muscle were identified (A, B and C) and 

Pearson correlation coefficients were calculated between each one and the 

CSA; as well as multiples of the linear measures with the CSA.  It was felt that a 

minimum level of correlation of r=0.7 was required in order for the correlation to 

be considered useful.  Pearson correlation levels of above 0.7 have been found 

by other researchers for the following muscles: 

 Width and Depth measures from posterior neck muscles (semispinalis 

capitis, semispinalis cervicis, multifidus and rotators) of 53 healthy 

females (Rankin et al, 2004), r = 0.66-0.84; 

 Multiples of width and depth measures from semispinalis capitis for six 

junior ice hockey players (Rezasoltani et al, 2002); 

 Linear measures from lumbar multifidus for 51 healthy individuals (Hides 

et al, 1994); 

 Linear (anterior/posterior and lateral) for lumbar multifidus for 120 healthy 

individuals (Stokes et al, 2004); 

 Linear measures of the anterior tibial muscles for 17 healthy women 

(Martinson and Stokes, 1991);  

 Linear measures from the masseter for 39 healthy subjects (Close et al, 

1995) 

 

In this work Linear measure C exhibited the highest individual level of correlation 

with the CSA of the muscle (r=0.87) as shown in Table 6.2.  Each multiplication 

involving linear measure C also produced a Pearson correlation coefficient 

greater than the r=0.7 threshold when correlated with the CSA i.e. line A x C 

r=0.87; and line B x C r= 0.72.  Linear measure A has a correlation of r=0.65, 

which is not close enough to the r=0.7 threshold level stated by Kline (1986) and 

quoted by Stokes et al (2007) as being clinically useful.  These results support 

those of the authors listed above.   

 

However, it is interesting that when linear measures were multiplied together 

they did not show a higher level of correlation than line C on its own.  This was 

different from others who found that when linear measures were multiplied 
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together these multiples gave a higher level of correlation with CSA than 

individual linear measures (Loo and Stokes, 1990; Stokes et al 2005).  It is not 

clear why there was this difference.  Apart from this point, these results fit in well 

with those of the other researchers (listed above) who have explored correlation 

relationships between line and CSA measurements of other skeletal muscles. 

 

Linear measure C is the line which is closest to measuring anterior-posterior 

muscle thickness, and the authors listed above have also shown that this 

particular linear measure tends to correlate very well with the CSA of the 

muscle; thus this work supports the developing pattern that anterior/posterior 

muscle thickness appears to have an effective correlation between the CSA of 

the same muscle.  Thus if only one linear measure can be taken, then the 

anterior/posterior thickness would be the one of choice. 

 

In summary it has been established that taking CSA and linear measures from 

MRI scans is highly repeatable, and that there is a meaningful level of 

correlation between the CSA and linear measures of the VMO muscle.  

 

6.6.1.2 – Validity and reliability of measuring VMO muscle size using 

ultrasound imaging compared with MRI 

As described in Section 6.3 it was established that it was possible to measure 

the VMO muscle size as validly and reliably using ultrasound images as it was 

using MRI images, when repeat measurements were assessed using two 

measures of reliability testing, namely ICC and Bland and Altman Limits of 

Agreement, as advocated by Rankin and Stokes (1998).   

 

The high levels of reliability found are consistent with the results reported by 

others (Pretorius and Keating, 2008).  The results also show that the level of 

consistency between repeat measures taken from the same image is greater 

than those taken from repeat images; however again all ICCs met or exceed the 

0.90 threshold, although those from repeat scans did not exceed it to the same 

extent as when repeat measures were taken from the same scans.  By default it 

also showed that the investigator‟s technique of taking ultrasound images and 
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taking linear measures from these images was also very reliable which means 

that RUS imaging will be able to be used in further work.   

 

However, when the linear measures from the RUS images were compared with 

those obtained from the MRI scans there was a lower level of agreement and 

consistency than when comparing repeat measures from the same RUS or 

repeat RUS images.  The threshold set for acceptability was an ICC value of 

0.90.  The level of agreement for line measures A and B exceeded this 

threshold, whereas that for Line C did not.  When re-examining the US images it 

was clear that the superior border of the muscle had a slightly flattened 

appearance, which suggested that despite careful technique during the scanning 

procedure, too much pressure was being applied to the transducer head.  This 

particularly affected line measure C (which is a close approximate on the 

anterior-posterior thickness of the VMO) and accounts for the fact that on 

average line measure C taken from US images was smaller than those taken 

from MRI images.  This affected the level of agreement between line measure C 

from the MRI and US images, resulting in it being only moderate (0.72) when 

using the definitions recommended by Portney and Watkins, (2000).   However, 

this pressure must have been applied in a consistent way as the level of 

agreement between line measure C from repeat RUS images exceeded the 0.9 

level.  It was important that this technical problem was remedied as line measure 

C showed the highest degree of correlation with the CSA (from the MRI images) 

and so would be the line measure of choice taken to represent VMO muscle size 

in future work.  This issue of applying too much pressure during the imaging 

process has been highlighted by other authors (Dupont et al, 2001; Reeves et 

al, 2004; Teyhen et al, 2007). 

 

A number of other authors have also compared measures taken from images of 

the same muscles using both MRI and RUS, see Section 6.3.1.  Hides et al 

(2006) compared linear muscle measures taken from images of the transverses 

abdominis and internal oblique muscles from both RUS and MRI images.  They 

compared each set of measures using ICC (model 3) and reported values of 

between 0.78 and 0.95; however only using one statistical tool for measuring 
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agreement is not considered sufficient to be confident of showing full agreement 

between the two sets of measures. 

 

Mendis et al (2010) compared the CSA measures of anterior hip muscles taken 

from both MRI and RUS muscle images.  They also used ICCs (class 3.1) to 

compare each pair of measures for each muscle and reported values of 

between 0.81 and 0.89 and no statistically significant differences between the 

mean CSA for each set of measures using images from MRI and RUS for each 

muscle. 

 

Pretorius and Keating (2008) report a review of 13 studies in which investigators 

compared measures of muscle size taken from RUS images and either MRI or 

CT.  Ten of these studies report Pearson correlation coefficient values, three 

also report  t-test between mean values.  None of the studies used Bland and 

Altman Limits of Agreement, which seemed surprising, given the clear purpose 

of the Limits of Agreement is to test the level of Agreement between two 

different measurement tools or methods.   

 

A more recent study by O‟Sullivan et al (2009) examined the validity of RUS 

measurements of the trapezius muscle compared with MRI, using both 

Pearson‟s correlation, and Bland and Altman analyses and found good 

correlation for muscle thickness measures from images taken at the level of T8 

(r=0.77), with very small mean differences on the Bland and Altman tests, which 

were evenly distributed around and close to 0; a moderate level of correlation 

from images taken at the level of T5 (r=0.62), a fair level of correlation for 

images taken at the C6 level (r=0.52); and no correlation for images taken at the 

level of T1.  The authors suggest that the difference in correlation at the different 

spinal levels was due to the clarity of anatomical reference points, from which 

the images were taken.  

 

6.6.1.3 – Effect of posture on VMO muscle size 

It was also necessary to establish whether there were any statistically significant 

differences found for any of the measurements taken in the two postures of 

long-sitting and relaxed standing, because in order to compare the value of the 
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Q-angle and size of the VMO muscle in a meaningful way, it would be important 

to have all measures taken from participants in the same posture – ideally 

relaxed standing.  We found no statistically significant differences in measures 

taken from images from participants in both postures.  These results support the 

findings of Coldron et al (2003) and Ainscough-Potts et al (2005) who also found 

no significant effects of posture on muscle size measures for the lumbar 

multifidus, and transverse abdominis, internal oblique muscles of healthy 

participants respectively as long as the muscles remained relaxed. 

 

It was thought possible that linear measure C might be larger when measured in 

relaxed standing, due to low-level muscle contraction needed to maintain 

position in weight-bearing in a posture less stable than long-sitting; in 

accordance with the findings of Fulton, et al (2008).  However, this was not the 

case in this work.  This may be due to the fact that the VMO was relaxed during 

both sets of measurements (evidenced by a patella which could be moved 

passively) and any low-level muscle contraction required to maintain the position 

in weight-bearing may have come from elsewhere in the quadriceps muscle 

group or any contribution made by the VMO was not sufficiently great to effect a 

detectable difference in muscle thickness. 

 

The results reported in Section 6.5 show that it was possible to take good 

reliable RUS images of the VMO muscle of healthy individuals who are in a 

relaxed standing posture.  Taking RUS images of this aspect of the VMO muscle 

from an individual in relaxed standing is technically more difficult than with the 

participant in long-sitting, as the operator needs to be at the height of the knee 

joint, which usually requires sitting or kneeling on the floor, while operating the 

RUS equipment.  Despite the quadriceps muscles, including the VMO being 

relaxed – as determined by the operator being able to move the subject‟s patella 

passively – the investigator observed that the VMO muscle was „more rounded‟ 

in the standing position, and so the temptation to apply pressure to the 

transducer head in order to gain a broad field of view and thus obtain an 

accurate and clear picture of the VMO muscle felt greater than when the subject 

was in long-sitting.  
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Various other researchers have taken ultrasound images from muscles during 

dynamic events e.g. while they perform a voluntary contraction or balance 

activity i.e. an isometric maximal voluntary contraction (MVC); and two have also 

mentioned the issue of applying pressure, as discussed below. 

 

These have been divided up by muscle group for ease of reference:  

 Posterior neck muscles:  

o Rezasoltani et al, (2002) took US images of the semispinalis 

capitis muscle while subjects performed an MVC,  the participants 

were six ice hockey players; they did not mention any technical 

issues regarding the US imaging techniques;  

 Quadriceps muscle group:  

o Montes, (2001) took US images from the rectus femoris and vastus 

intermedius muscles of 38 healthy individuals who performed a 

maximum voluntary contraction and mentions that “special care 

was taken to avoid pressure with the probe on the subjects’ 

tissue during the test”;  

 Abdominal muscles: 

o Hides et al, (2006) took US images of the transversus abdominis 

muscle during the “drawing-in” movement of 13 elite male cricket 

players, they did not mention any technical issues regarding the 

US imaging techniques; 

o Hides et al, (2007) measured the intra-rater reliability of a novice 

US operator who took scans of the abdominal wall during a 

“drawing in” movement – they do not specifically mention the issue 

of applying pressure to the transducer head but did suggest that 

movement of the transducer head during the imaging may 

have resulted in the low ICC values reported for the measures 

taken from the repeat scans; 

o Hides et al, (2007) took US images of the abdominal muscles 

during a simulated unilateral weight-bearing task of 19 healthy 

participants –  again they did not mention the issue of applying 

pressure through the transducer head on the muscle; but state 
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“their simulation was undertaken in supine lying to “avoid the 

confounding variables of balance control which would be 

present in the standing position”; 

o Springer et al, (2006) took US images of the lateral abdominal 

muscles of 32 healthy participants while undertaking an abdominal 

drawing-in procedure; they did not mention any technical issues 

regarding the US imaging techniques; 

o Ainscough-Potts, et al (2006) – took US images of the transverse 

abdominis and internal oblique muscles of 30 healthy subjects in 

various sitting postures, including the relatively unstable position of 

sitting on a gym ball with one foot raised; they did not mention any 

technical issues regarding the US imaging technique. 

 

All of the studies listed above took ultrasound images under very controlled 

conditions, with subjects in non-weight-bearing.  It may be that this particular 

phenomenon was only particularly apparent in the present study due to the 

images being taken in weight-bearing, and included the need for participants to 

maintain and control their balance while the image was being taken.  

 

There were high levels of correlation between the linear and CSA measures of 

the images taken in relaxed standing.  Line C, showed the highest level of 

correlation for an individual line measure, giving an almost identical correlation 

value (r=0.86) to that found for MRI (r=0.87) in the same group of individuals 

(see Section 6.5).   

 

However, no reliability testing was performed to examine the reliability of the 

technique on different days (all scans were taken during the same session); this 

is a weakness of this reliability testing.  In order to determine whether the 

technique could be used to measure changes in VMO muscle size over time or 

in response to an intervention, between-day repeatability would need to be 

established. 
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6.6.2 – General Conclusions 

The summary findings and conclusion of the experiments reported in this 

chapter are: 

1. It is possible to take valid and reliable measures of the size of the VMO 

muscle using portable ultrasound equipment, which are consistent with 

those obtained from the acknowledged  „gold standard‟ of MRI images, 

and: 

2. There is a meaningful level of correlation between the CSA and linear 

measures of the VMO muscle; allowing linear measures to be used 

instead of CSA if necessary 

3. There was no effect of posture on the Linear and CSA measures of the 

VMO muscle obtained from ultrasound images of healthy participants in 

long-sitting or relaxed standing. 
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Chapter Seven 

 

Exploring the Q-angle: over time, during the 

stance phase of gait, and the  

effect of an intervention 
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CHAPTER 7.0 

Exploring the Q-angle: over time, during the 

stance phase of gait, and the effect 

of an intervention 

 

7.1 – Introduction 

Within the literature on the Q-angle there has always been the implied 

assumption that its value is an absolute or non-varying fact, and thus by 

implication any variability in its value must be due to measurement error.  

Having established a valid and reliable protocol for measuring the Q-angle 

using the Peak-5 video motion analysis equipment, in Chapter 5, it now seemed 

appropriate to apply this measurement protocol and measure to the Q-angle in 

a variety of circumstances.   

 

The work in this chapter is in nine parts: 

 7.1 – Introduction; 

 7.2 – Measuring the Q-angle over time; 

 7.3 – Measuring the Q-angle during the stance phase of gait; 

 7.4 – The Q-angle and Pronation at the sub-talar joint, during the stance 

phase of gait;  

 7.5 – The pattern of movement of the three markers which form the Q-

angle, during the stance phase of gait; 

 7.6 – The effect on  the Q-angle of applying McConnell medial glide 

patellar tape;  

 7.7 – The influence of exercise on the effect of medial-glide patellar tape 

on the Q-angle; 

 7.8 – Medial glide patellar tape, how does it affect the Q-angle;  

 7.9 – General Discussion and Conclusions 
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7.2 – Measuring the Q-angle over time  

7.2.1 – Background 

The time required to measure the Q-angle in the clinic using a long-arm 

goniometer can often take up to 60 seconds, and there has  been no 

questioning in the literature of whether the Q-angle itself may vary during this 

time.  Thus the first thing to be explored was to see whether the Q-angle would 

vary during a period of 60 seconds, while participants were in the relaxed 

standing position. 

 

7.2.2 – Aim 

The purpose of this first part of the work was to use the measurement protocol 

established in Chapter 5, to measure the Q-angle during a 60 second period 

while participants stood in the relaxed standing position.    

 

Question: Two elements were explored:  

 Does the Q-angle vary during a 60 second period, when participants are 

in relaxed standing?  And if so -   

 Is there any consistency in this pattern of variation over time? 

 

7.2.3 – Method 

Fifty-one healthy recreationally active participants were recruited, 27 female and 

24 males; mean age 32 years; age range 19-38 years.  The experimental 

procedure was described in Chapter 5, Section 5.4).  Briefly, each participant 

had three reflective markers placed on his/her right leg on the relevant bony 

landmarks to identify the Q-angle - the anterior superior iliac spine (ASIS), the 

centre of the patella, and the centre of the tibial tubercle.  Each participant wore 

a pair of black lycra cycling shorts with holes cut in them enabling the reflective 

markers to be placed directly on to the skin, but also giving a dark background 

to accentuate the contrast between the reflective markers and the skin.  This 

was done to ensure the reflective markers would appear as brightly as possible 

on the video images and thus aid the digitisation process.  Each participant 

stood in a comfortable relaxed standing position with his/her weight evenly 

distributed on both legs (following the protocol of Livingston and Mandigo, 1997) 



155 

 

and his/her toes just touching a line drawn parallel to the frontal plane of a 

camera lens, ensuring his/her anterior aspect was parallel to the frontal plane of 

the camera, this was checked with a spirit level.  Each participant was then 

videoed for 60 seconds.   

 

The picture rate for the video camera was the same as before, i.e. 60 pictures 

per second.  The data were filtered with a Butterworth filter and then 

automatically digitised by the Peak-5 software, with any markers which were not 

detected by the software, manually digitised by the operator, and the Q-angle 

calculated using the Peak-5 software, as previously (Section 5.4).  To simplify 

the calculations, data analysis was conducted on every first picture frame per 

second, thus giving 60 measurements for inclusion in the data analysis per 

participant.  From these data the maximum and minimum Q-angle values for 

each participant were indentified and the range recorded. The group mean Q-

angle value and standard deviation were also calculated.  The repeatability 

coefficient as described by Bland and Altman (1986) was then calculated and in 

addition the (range divided by the mean) x 100 was calculated to give a 

percentage of the mean by which the Q-angle varied during the period of 60 

seconds (Wilson and Kitsell, 2002). 

 

Repeated testing: Twenty (ten males) of these same participants were 

additionally videod for a further four periods of 60 seconds, with a break of five 

minutes between each video period; this was performed in order to see if there 

was a consistent pattern for an individual in variation of the Q-angle during a 60 

second period.  Thus 100 data sets were obtained.  The video tape data was 

digitised by the same individual and Q-angle values calculated at one second 

intervals for the 60 seconds for each data set, in the same way as before.  The 

minimum and maximum values of the Q-angle were recorded and the range 

between the minimum and maximum values plotted.   

 

An extended chi-square test was undertaken to see if there was any 

consistency in trial number which gave the greatest or smallest range in Q-

angle. 
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7.2.4 – Results 

7.2.4.1 - Data for the group of 51 subjects:  

The mean range between the maximum and minimum values of the Q-angle 

over 60 seconds was 3.12 degrees (range 1.46 degrees to 6.97 degrees; SD = 

1.2 degrees), as shown in Table 7.1 and Figure 7.1.  There was no relationship 

between the variation of the Q-angle and gender; the mean range for males 

was 3.04 degrees, and for females was 3.18 degrees.  As can be seen in the 

histogram (Figure 7.2), all participants had some change in Q-angle during the 

60 second period of filming, and 25 participants (49%) had a range in Q-angle 

variation of over 3.0 degrees.  (Please see Appendix S for complete data). 

 

Table 7.1 – Group Q-angle data (n=51): Mean range, mean standard deviation 
and repeatability coefficient. 

Statistic  

Mean Group range (degrees) 3.12 

Mean Group Standard Deviation  1.2 

Repeatability Coefficient 3.4 

 
 
 

 
 
Figure 7.1 – Variation in Q-angle over 60 seconds for each subject (n=51) 
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Figure 7.2 – Variation in Q-angle over 60 seconds by participant (n=51) 
 

 

7.2.4.2 – Repeated tests in the subgroup of 20 participants:  

The mean range between the maximum and minimum values of the Q-angle 

over 60 seconds was calculated for each of the 100 data sets; and the mean of 

the five data sets for each participant was calculated.  The smallest range of 

change in the Q-angle for an individual was 2.0 degrees; and the largest was 

7.9 degrees.  The mean range for the group was 4.0 degrees (SD of 1.9).  The 

histogram (Figure 7.3) shows again that all participants experienced a change 

in Q-angle during each 60 second period, with 12 of the 20 data sets (60%) 

having a range of change greater than three degrees, which is larger than the 

49% for the results for the 51 subjects described above.  The extended chi-

square value of X2=5.38 was not significant, showing that there was no 

consistency between trial number and the largest or smallest range in Q-angle. 
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Figure 7.3 – Mean range in Q-angle during 60 seconds from the 5 repeat data 
sets for 20 participants 
 
 
7.2.5 – Conclusion  

As this measurement protocol for measuring the Q-angle has been shown to be 

accurate to within one degree, these results suggest that for a healthy individual 

the Q-angle varies on average between two and five degrees during a 60 

second period in relaxed standing.  This is particularly interesting and has 

important implications for the measurement of the Q-angle in clinical practice.  

No previous author has reported a variation in the Q-angle during its 

measurement period.  This novel finding raises questions about the clinical 

meaningfulness of Q-angle values measured and reported.   

 

There were no differences between the genders and only the right leg was 

included, so there were no complications between measures from different legs.  
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7.3 – Measuring the Q-angle during the stance phase of gait 

7.3.1 – Background 

The earlier work described in Chapter 5 established a reliable protocol for 

measuring the Q-angle of healthy individuals in relaxed standing, with the knee 

joint in extension.  During flexion and extension of the knee the patella moves 

within the femoral sulcus and it is commonly believed that one of the main 

contributing factors to some patello-femoral joint problems is that the patella 

moves differently i.e. it does not track normally in the femoral sulcus (Wilson, 

2007; Sarsich and Perman, 2007; Souza et al, 2010).  One of the purposes 

behind measuring the Q-angle is that its value gives an indication of where the 

patella sits in the femoral sulcus in relation to the pelvis and tibia, and thus 

some insight into how it might track during flexion and extension of the knee.   

 

The purpose of this next stage of the investigations was to see if it was possible 

to measure the Q-angle dynamically i.e. during flexion and extension of the 

knee.  It was decided that this would be most clinically relevant if it could be 

measured during the stance phase (heel-strike to toe-off) during normal relaxed 

gait, as most symptoms of PFJS occur during weight-bearing (Wilson et al, 

2003; Ryan and Rowe, 2006; Mei-Hwa et al, 2009). 

 

Moss et al (1992) first described a procedure to measure the Q-angle 

dynamically. They filmed individuals while running on a treadmill at a fixed 

speed (3.5m per sec; 12.6 km per hour).  They used video cameras and placed 

marks on top of the running shorts to represent the ASIS, and directly on to the 

midpoint of the patella and tibial tubercle, and were able to measure the Q-

angle throughout the weight-bearing part of the running cycle.  They did not 

mention any reliability or validity testing of their procedure, but also measured 

the Q-angle of their subjects statically, although they did not describe how they 

performed this. Their purpose was to compare the value of the Q-angle with 

various other joint angles, particularly pronation of the sub-talar joint, and so 

their results will be explored in Section 7.4. 
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 In a normal knee the Q-angle is thought to be at its maximum when the knee is 

fully extended, and then to decrease with increasing flexion of the knee, 

becoming zero by the time the knee is flexed to 90 degrees (Brattstrom, 1964; 

Grelsamer, 1998).  In normal individuals during relaxed gait in a flat shoe or 

barefoot, at heel-strike the knee is almost fully extended and then it gradually 

moves into flexion as the weight is taken over the foot, it then moves into 

extension again as the heel rises and then into flexion by toe-off (Whittle, 1996). 

 

7.3.2 – Aim 

The purpose of this study was to see whether the maximum value of the Q-

angle would occur at the beginning of the stance phase of gait and the minimum 

value at the end of the stance phase. 

 

Question:  Will the Q-angle be at its maximum at the beginning of the stance 

phase of gait (heel-strike) and then gradually decrease, increase and finally 

decrease again as the end of the stance phase, being at its minimum value at 

toe-off? 

 

7.3.3 – Method 

Thirty healthy recreationally active individuals were recruited and had reflective 

markers placed on the ASIS, centre of patella and centre of tibial tuberosity of 

both legs.  Participants walked at their own preferred comfortable walking pace 

along a 10m walkway, as it is accepted that healthy individuals walk in a very 

consistent way when asked to walk at their preferred comfortable walking pace 

(Dillon et al, 1983; Perry, 1992; Powers et al, 1997).  Each participant undertook 

a period of familiarisation consisting of at least 10 repeat walks, once he/she 

was comfortable and at ease the data were collected.   

 

Two synchronised video camera were used, one placed behind the participant, 

so that the start and end points of the stance phase of gait (heel-strike and toe-

off) could be correctly identified, the second camera was in front of the 

participant, with the lens parallel to his/her frontal plane as he/she walked along 

the walkway. Participants were videoed while walking three times along the 

walkway and typically the video data from the stance phase of gait on the third 
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walk across the calibrated section of the walkway was digitised using the 

automatic digitising facility of the Peak-5 software.  All data were collected and 

analysed by the same operator.  As data were collected from both legs, 60 data 

sets were expected, although due to technical difficulties only 59 data sets 

could be digitised successfully; 29 from left legs and 30 from right legs.  The 

value of the Q-angle throughout the stance phase of gait was recorded (at one 

second intervals) and then the specific value at the start and end of the stance 

phase were recorded, and these compared to see if they were the maximum or 

minimum values. 

 

7.3.4 – Results 

A total of 59 data sets were collected and from these the value of the Q-angle 

determined at the start of the stance phase of gait (heel-strike) and at the end of 

the stance phase of gait (toe-off), and then these compared with the values 

recorded throughout the whole of the stance phase to determine whether or not 

the Q-angle values were the maximum or minimum values at these two points.  

Example data in Figures 7.4 and 7.5. 

 

 Maximum Q-angle values:  

o 35 of the 59 data sets (59%) showed the maximum value of 

the Q-angle occurred at heel-strike;   

o 18 of the 29 left leg data sets (62%) and 17 of the 30 right leg 

data sets (57%) had maximum Q-angle values at heel-strike; 

o 54 of the 59 data sets (92%) showed the maximum value of 

the Q-angle occurred within the first half of the stance phase of 

gait; 

 Minimum Q-angle values:  

o 37 of the 59 data sets (63%) showed the minimum value of the 

Q-angle occurred at toe-off; 

o 20 of the 29 left leg data sets (69%) and 17 of the 30 right leg 

data sets(57%) had minimum Q-angle values at toe-off;  
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o 46 of the 59 data sets (78%) showed the minimum value of the 

Q-angle occurred within the second half of the stance phase of 

gait. 

 

7.3.5 – Conclusion 

Most of the healthy individuals studied followed the expected pattern of variation 

in Q-angle during the stance phase of gait – 59% had the maximum value of Q-

angle at heel-strike; and 63% had the minimum value at toe-off.  Actual levels of 

knee flexion were not measured, which is a limitation.  

 

 

7.4 – The Q-angle and Pronation at the sub-talar joint, during 

the stance phase of gait 

7.4.1 – Background 

As outlined above in Section 7.3, we illustrated that it is possible to measure the 

Q-angle during the stance phase of gait using the Peak-5 Video Motion analysis 

system.  The majority of healthy participants in our sample of 30 illustrated the 

expected pattern of the Q-angle being at its highest at the initial point of the 

stance phase of gait (heel-strike); and it being at its lowest at the end point of 

the stance phase (toe-off); however, a significant minority did not.  We were not 

able to draw any firm conclusions as to why this might be so, but it is possible 

that this might be due to the effect of rotation in the transverse plane at any part 

of the lower limb and pelvis.  Measuring rotation in the transverse plane during 

walking requires complex equipment and analysis (Ramsey and Wretenberg, 

1999) and was beyond the scope and capability of this work programme at the 

time of testing.  

 

However, a number of researchers have suggested that there is a link between 

the value of the Q-angle and the amount of pronation which occurs at the sub-

talar joint in the foot (Tiberio, 1987; Perry, 1992; Nawoczenski et al, 1998).  

However, there is disagreement between authors as to whether the Q-angle is 

decreased or increased when compared to the amount of pronation at the 
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subtalar joint.  The assumption of some authors is that as sub-talar joint 

pronation increases so will internal rotation of the tibia on the femur and, as the 

tibial tubercle will now be relatively more medially placed, then the value of the 

Q-angle will decrease (Tiberio, 1987; Powers et al, 2002; Powers, 2003).  

However, others take a contrary view and state that the opposite occurs (Olerud 

and Per Berg, 1984; Lathinghouse and Trimble, 2000). 

 

Powers et al, (1995) measured sub-talar joint pronation in 15 female subjects 

with patello-femoral pain, and compared this with a group of 15 female healthy 

controls.  They took all measures in non-weight-bearing using a long-arm 

goniometer, they undertook a reliability study for the sub-talar joint 

measurement and report ICCs of 0.86 and 0.87; but give no second measure of 

reliability.  They reported a larger average value of sub-talar joint pronation for 

individuals with patello-femoral pain (8.9 degrees) compared with that for 

healthy controls (6.8 degrees) which was statistically significantly different.  

They did not measure the Q-angle.  Olerud and Per Berg, (1984) measured 

sub-talar joint pronation and Q-angle of 34 healthy volunteers; they found that 

Q-angle values increased with the amount of sub-talar joint pronation.  They 

plotted repeat measures on separate axes of a graph and found them to 

correlate well, and so concluded their technique was reliable; they used three 

different measurement techniques and got different results, but again these 

correlated well. One of the difficulties they identify is that of taking both of these 

measurements at the same time.  As subjects were asked to increase the 

amount of sub-talar joint pronation actively, they observed that the tibia was 

rotating laterally on the femur, but were unable to quantify this rotational 

element and its effect on the Q-angle.  Sub-talar joint pronation is affected by 

movements in all three planes and includes – adduction, anterior translation and 

plantarflexion of the talus on the calcaneus (Grelsamer, 1998).   However, most 

of the movement takes place in the frontal plane (adduction of the talus on the 

calcaneus) and typically it is frontal plane measures of sub-talar joint pronation 

that are quoted, which is very similar to the Q-angle in this respect.   
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7.4.2 – Aim 

The amount of sub-talar joint pronation varies throughout the stance phase of 

gait and so the present study set out to see if there was any correlation between 

this measure and the Q-angle during the stance phase of gait, when measured 

in the frontal plane. 

 

Question: Does the value of the Q-angle correlate with the amount of pronation 

at the sub-talar joint, during the stance phase of gait, when both are measured 

in the frontal plane? 

 

7.4.3 – Method 

Thirty-one healthy recreationally active individuals were recruited from the 

University of Southampton staff and students, further details in Chapter 4.  

Once recruited, an appointment was made for each participant to attend the 

Biomechanics Laboratory at the School of Health Professions and 

Rehabilitation Sciences at the University of Southampton. 

 

All data was gathered from the right leg, to avoid any complications in data 

analysis between values taken from the right and left legs and thus would make 

data analysis simpler.  The Q-angle was measured following the protocol used 

in Section 7.3; and sub-talar joint measurement was undertaken at the same 

time, with markers being placed following the protocol described by Callaghan 

and Baltzopoulos (1994).  Participants stood in relaxed standing and two 

reflective markers were placed over the distal end of their Achilles tendon and 

two over the posterior aspect of their calcaneus with the sub-talar joint in the 

neutral position (see Figure 7.6).  Two synchronised cameras were used to 

gather data, one camera in front of the participant to gather the Q-angle data, 

and the second behind the participant to gather the sub-talar pronation data, 

both with their frontal planes parallel to each other and to the joints in question.   

Participants walked along the walkway in bare feet.  The percentage time of the 

stance phase of gait, at which the maximum and minimum Q-angle and sub-

talar joint angles occurred were identified, and then Pearson‟s correlation 

coefficients for these timings were calculated. 
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Figure 7.6 – Reflective markers for measuring the amount of pronation at the 
sub-talar joint 
 

7.4.4 – Results 

Thirty one data sets were collected however, due to technical difficulties only 27 

data sets could be digitised successfully.  

 

 Time of maximum Q-angle:  

o 15 of the 27 individuals (56%) had their maximum Q-angle at heel-

strike; this ties in with the previous study when 59% of the 

participants had their maximum Q-angle at heel-strike. 

 Time of minimum Q-angle:  

o 14 of the 27 individuals (52%) had their minimum Q-angle at toe-

off; this is smaller than the 63% of the previous sample who had 

their minimum Q-angle at toe-off.   

 Time of maximum sub-talar joint pronation:  

o 6 of the 27 subjects (22%) had their maximum value of sub-talar 

joint pronation at toe-off; it was expected that this would correlate 

with the maximum value of the Q-angle.   
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o The Pearson correlation coefficient of r=-0.123 (p=0.54) confirms 

that there was no meaningful correlation between the two events 

(see Figure 7.7). 

 Time of minimum sub-talar joint pronation:  

o 21 of the 27 subjects (78%) had their minimum value of sub-talar 

joint pronation at heel-strike; it was expected that this would 

correlate with the minimum value of the Q-angle which tends to 

occur at toe-off; 

o The Pearson correlation coefficient of r=0.006 (p=0.79) found 

there was no meaningful correlation between the two events.   

o The Pearson correlation coefficient between minimum sub-talar 

joint pronation and maximum Q-angle r=-0.083 (p=0.681) 

illustrated that there was no meaningful correlation between these 

events either. 

 

 

 

 
Figure 7.7 – Regression plot of the Time (seconds) at which the maximum Q-
angle occurred over the Time at which the maximum amount of sub-talar joint 
pronation occurred. 
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7.4.5 – Conclusion 

The data from this group of healthy individuals shows that the Q-angle and sub-

talar joint pronation do not correlate with each other, when measured in the 

frontal plane during the stance phase of gait and there is no meaningful 

relationship between them.     

 

 

7.5 – Pattern of movement of the three markers which form the 

Q-angle, during the stance phase of gait 

7.5.1 – Background 

The work in sections 7.3 and 7.4 has highlighted the fact that measuring the 

value of the Q-angle and sub-talar joint pronation, of healthy individuals, during 

dynamic movement (i.e. the stance phase of gait), gives a rather different and 

more complex picture than when these measurements are taken on participants 

who are not moving or who are in non-weight-bearing postures.  The 

complexities of weight transference and the interplay of rotational movements 

happening in all three planes at the same time highlight the limitations of 

measures taken statically.  It brings into focus the tensions between trying to 

find simple and clinically useful methods of taking functional measures which 

are complex and multifaceted, against the need for controlled and standardised 

measurement protocols but which are limited in the picture they give.  

 

Individuals with idiopathic PFJS are often reported as having a larger Q-angle 

than healthy controls, as it is assumed that there is some mal-alignment of the 

patella which may either cause or be the result of the symptoms, typically 

reported by individuals with this complaint; however, the literature is 

contradictory on this point.   

 

Up until this point all the experimental work on the Q-angle had been performed 

in 2D using one camera for each angle being measured, mirroring what 

happens in clinical practice where a goniometer is typically used, and was 

relatively simple to carry-out.  It then seemed appropriate to examine the Q-

angle in more detail using 3D video analysis.  By now the Peak-5 video motion 
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analysis system software had been upgraded to the Peak Motus system which 

made 3D testing much more feasible.  The Q-angle is a 2D frontal plane 

measure but all of the three bony landmarks from which the measurement is 

derived are points which move independently of each other during motion.  

During any kind of activity, including relaxed standing, the markers are affected 

by movement in all three planes.   

 The marker on the pelvis (ASIS) moves very little in relation to the other 

two during relaxed standing, it shifts a little in all three planes as a result 

of the body continually „righting‟ itself in order to maintain its balance – 

termed postural sway.  During walking the pelvis moves extensively in all 

three planes i.e. frontal, sagittal and transverse.  

 The patella moves relatively freely, it is a sesamoid bone within the 

combined tendon of the quadriceps muscle and so its level of movement 

is largely dependent on the degree of contraction within the quadriceps 

muscle.  In relaxed standing the quadriceps muscle contracts 

predominantly isometrically, i.e. there is minimal change in overall 

muscle length, however, there are small changes in length at a local level 

resulting in the patella moving slightly anteriorly and superiorly within the 

femoral groove.  During walking the knee undergoes a cyclical pattern of 

flexion and extension; during flexion the patella moves distally along the 

line of the femoral sulcus and proximally during extension.  Since the 

femoral sulcus is a curved channel this results in movement of the patella 

marker in all three planes i.e. frontal, sagittal and transverse.   In addition 

the skin over the patella tends to be quite „loose‟ it is not tightly tethered 

as it is on other parts of the body, and so there may well be a difference 

between the amount of skin movement over the patella and the 

movement of the patella itself.  In order to overcome these difficulties 

some researchers have used intracortical pins which are attached 

directly to the patella (Grabiner et al, 1994) so that any movement which 

occurs can be isolated to the patella itself. 

 The tibial tuberosity marker is fixed in relation to the tibia, but during 

relaxed standing the level of contraction in the quadriceps muscle varies 

according to adjustments needed to counterbalance postural sway; this 
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typically results in the tibia rotating medially or laterally relative to the 

femur.  During walking and the final few degrees of knee extension the 

tibia also rotates relative to the femur.  In addition the position of the foot 

(particularly the talus bone) in turn can affect the position of the tibia.  

Grelsamer and Klein (1998) state that the when measuring the Q-angle it 

is the position of the tibial tubercle marker which has the greatest impact 

on the size of the measured angle.  This is at least in part to the fact that 

the line between the centre of the patella and the centre of the tibial 

tubercle is short compared to the line between the centre of the patella 

and the ASIS, and so relatively speaking the position of the tibial 

tuberosity will have a greater impact on the Q-angle value  

 

7.5.2 – Aim: 

The purpose of the present experiment was to track the three markers from 

which the Q-angle is derived, on two groups of participants (those with 

Patellofemoral joint syndrome and those without), and to observe their pattern 

of movement from each of the three planes - the frontal, sagittal and transverse 

during the stance phase of gait. 

 

Question: Is there any difference between the pattern of movement of the three 

markers which form the Q-angle, of healthy participants and those with Patello-

femoral joint syndrome (PFJS), when viewed from the frontal, sagittal and 

transverse planes? 

 

7.5.3 – Method 

Ethical approval for this study was granted by Southampton and South West 

Hampshire Local Research Ethics committee (191/01).  Eighteen subjects with 

idiopathic PFJS were recruited from Physiotherapy departments from two local 

hospitals in Southampton and 24 healthy recreationally active individuals were 

recruited from within the student body of the University of Southampton 

(Recruitment Poster – Appendix 0A).  Inclusion and Exclusion criteria are 

detailed in Chapter 4, Section 4.4.  Following recruitment participants were 

given an information sheet (Appendix C), which explained the process to them, 

as well as a consent form (Appendix D).  Once participants had confirmed their 
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agreement to be involved an appointment was made for them to attend the 

Biomechanics laboratory at the school of Health Professions and Rehabilitation 

Sciences at the University of Southampton. 

 

Reflective markers were placed over their ASIS, patella and tibial tuberosity, as 

described previously (Chapter 5, Section 5.4).  On this occasion a 3D spatial 

model representing the Q-angle was defined on the Peak Motus software and 

the area of the 10m walkway to be videoed was calibrated using a 3D 

calibration frame, following manufacturer‟s guidelines.  The two cameras were 

synchronised using a time-code generator and positioned following 

manufacturer‟s guidelines with the angle between them being approximately 85 

degrees.  For analysis the stance phase of gait was subdivided into three 

phases (according to Perry, 1992; as described by Whittle, 1996).   

 

The three phases are (see Figure 7.8): 

 Initial contact – from heel strike to the point where the whole foot is flat 

on the floor i.e. heel strike through to toe down; during this period the 

limb gradually takes the full weight of the body; 

 Mid-stance – the period during which the whole foot is in contact with the 

floor, and the contra-lateral limb is swinging through, i.e. toe down 

through to heel rise; during this period the limb takes the whole weight of 

the body all of the time; 

 Terminal stance – the period during which the foot is lifted from the floor 

i.e. from heel rise until toe off; during this period the weight is gradually 

transferred from this limb to the other limb. 

 

The movement of the three markers from which the Q-angle is measured were 

observed during each of these phases of the gait cycle. 
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Figure 7.8 – Pictoral representation of the 3 phases of the gait cycle, as 
described by Whittle, 1996. 
 

7.5.4 – Results 

Age and gender of the two groups were recorded; there was no particular 

attempt to match between the groups (Table 7.2) as this was a preliminary 

observation study.  However all participants were between the ages of 18 and 

40 years and were normally recreationally active, in line with participants in the 

other studies (see Chapter 4). 

 
 
Table 7.2 – Participant details – those with patello-femoral joint syndrome 
(PFJS) and those without 
 

Category Participants with PFJS Healthy 
participants 

Mean Age, years  35.8  21.1  

Number of males 11 12 

Number of females 7 12 

Total number 18 24 

 

7.5.4.1 - Static Q-angle data 

The Q-angle data for each group were normally distributed when tested for 

skewness and kurtosis, and using the unrelated t-test there was no significant 

difference between the two mean values (p=0.559).  The standard deviation 

and range of Q-angle values among the group with PFJS was very much larger 
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than that of the group of healthy participants.  The range in Q-angle values for 

those with PFJS was 25 degrees, compared with a range of nine degrees for 

those without (see Table 7.3). 

 
 
Table 7.3 – Mean static Q-angle values for participants with PFJS and healthy 
participants 
 

PFJ Status Mean  
Q-angle, 
degrees 

SD Min  
Q-angle, 
degrees 

Max  
Q-angle, 
degrees 

Range 
degrees 

Healthy 
Group 

16 3.14 12 21 9 

PFJ S 
Group 
 

15 7.03 4 29 25 

 
 
 

7.5.4.2 - Dynamic Q-angle data - Observations on data from the frontal, 

sagittal and transverse planes during stance phase of gait, when plotted 

over time: 

Knee flexion and extension occur in the sagittal plane; rotation of the pelvis, 

femur and tibia occur in the transverse plane, and the Q-angle is a frontal plane 

measure.  Data from the frontal and sagittal planes only are included, as 

following digitization of the data it was clear that the data from the transverse 

plane varied so much that it was difficult to make sense of.  The data are shown 

graphically and illustrate the movement patterns of the three markers from 

which the Q-angle is formed, they do not illustrate movement of the knee joint 

itself.   

 

At times during the stance phase of gait the transverse plane movement for all 

three markers was in the same direction, at other times it was in opposing 

directions for individual markers which therefore tended to cancel each other 

out; with the overall result of large resultant swings of movement which were 

difficult to follow.  It is interesting that most other authors also limit their 

observations and calculations to frontal and sagittal plane movements only; 
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unless they have access to very expensive and complex motion analysis 

equipment laboratories (Ramsey and Wretenberg, 1999). 

 

The mean length of time for the stance phase of gait for the healthy participants 

as measured on their right leg was 0.72 seconds, whereas it was 0.62 seconds 

for the affected leg for those with PFJS.  This difference was statistically 

significant (p=0.001).  Thus participants with PFJS spent less time taking weight 

on their affected leg than did healthy controls for the stance phase that was 

digitised.   

 

7.5.4.2.1 – The frontal plane view: 

Figure 7.9 shows the change in Q-angle over time during the stance phase of 

gait for each individual participant; and Figure 7.10 is the group mean data in a 

composite line.  Data for participants with PFJS are shown in violet and healthy 

controls are shown in blue.  There is little difference between the two groups i.e. 

healthy participants and those with PFJS.  The healthy participants tended to 

begin with a higher mean Q-angle which soon after reduced slightly and then 

remained a few degrees below that of the PFJS group throughout the rest of the 

stance phase, except at the end during the final aspects of the terminal phase 

when the Q-angle increases for the majority of participants with PFJS and 

steadily decreased for the healthy controls.  Thus the pattern of variation in Q-

angle for the healthy controls behaved as expected (assuming it is closely 

related to knee flexion and extension) whereas for those with PFJS the opposite 

pattern occurred.  This is shown particularly clearly in Figure 7.10. 
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Figure 7.9 – Individual data of the Q-angle over time during the stance phase of 
gait for participants with PFJS and those without, i.e. the frontal plane view.  
Participants with PFJS in Violet, participants without in Blue. 
 
 
 
 

 
 
Figure 7.10 – Combined data of the Q-angle over time during the stance phase 
of gait for participants with PFJS and those without, i.e. the frontal plane view.  
Participants with PFJS in Violet, participants without in Blue. 
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7.5.4.2.2  – The sagittal plane view: 

The sagittal plane view gives information about the forwards/backwards 

movement of the markers and the resultant angle formed between them.  It is 

very much linked to the amount of knee flexion/extension that is occurring.  

Once again Figure 7.11 showed the change in the sagittal plane over time 

during the stance phase of gait for each individual subject; and Figure 7.12 is 

the group data in a composite line.  Once again, data for participants with PFJS 

are shown in violet and healthy controls are shown in blue. 

 

Figure 7.12 shows that there was much more clustering of the data from the 

healthy participants (dark blue lines), compared to the data from the PFJS 

participants which shows a greater spread.  The data from all the healthy 

participants followed the same basic pattern – an initial increase, followed by an 

almost equal decrease in value followed by a large increase, all data lines are 

smooth and without blips.  The data lines were very similar to those of knee 

flexion in healthy subjects during the stance phase of gait (Perry, 1992).   

 

In contrast the movement in the sagittal plane for participants with PFJS were 

much more varied and all lacked the smoothness of the healthy participants.  

The overall amount of change was less for those participants with PFJS, again 

this was seen more clearly in Figure 7.12 which is the composite group data.   
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Figure 7.11 – Individual data of the marker movement from the sagittal view, 
over time during the stance phase of gait for participants with PFJS and those 
without.  Participants with PFJS in Violet, participants without in Blue. 
 
 

 
 
 
 
Figure 7.12 – Combined data of the marker movement from the sagittal plane 
view, over time during the stance phase of gait for participants with PFJS and 
those without.  Participants with PFJS in Violet, participants without in Blue. 
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7.5.5 – Conclusions 

Observations of the three markers, from which the Q-angle is measured, in the 

frontal and sagittal planes during the stance phase of gait have shown that 

there are some differences in movement patterns between those with PFJS and 

healthy controls.  Differences between the two groups included the pattern of 

change in the Q-angle (frontal plane) and in the range of change and pattern of 

movement in the sagittal plane.  The pattern of movement in the sagittal plane 

for those with PFJS indicated that they walked with a straighter knee than 

healthy participants, as previously reported in the literature.  A novel finding was 

that the group of individuals with PFJS spent a shorter time in weight-bearing on 

their affected leg than expected from previous reports but since our data did not 

include that of the contra-lateral limb, it is difficult to comment meaningfully on 

this finding.  

 

 

7.6 – The effect on the Q-angle of applying McConnell medial 

glide patellar tape  

7.6.1 – Background 

The application of McConnell medial glide patellar tape is a commonly used 

intervention treatment technique by physiotherapists for individuals with PFJS 

whose cause is thought to be due to a patella which sits relatively laterally, 

rather than in the centre of the femoral sulcus.  This taping regime was 

originally devised by McConnell who published a patient series in 1986, 

describing her regime applied to a group of 35 patients (male and female) with 

persistent patello-femoral pain syndrome.  She reported a 96% success rate, in 

terms of the patients reporting either no pain or a significant reduction in pain, 

as well as all the disappearance of all the positive passive tibiofemoral joint 

findings (as determined by the treating physiotherapist) following application of 

the tape.  She suggested that its effectiveness was for two main reasons: 

 the tape maintained the patella in a more optimal position in the femoral 

sulcus, once it had been moved there by the physiotherapist; and 
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 it enhanced the contraction ability of the distal portion of the VM muscle, 

due to the reduction in pain and the fact that the patella was in a more 

optimum position; 

 

Since that time her taping protocol has been investigated by a number of 

individuals who report a variety of outcomes.  The current general view is that 

applying the tape is very effective intervention for reducing pain (Bockrath et al, 

1993; Callaghan, 1997; Powers et al, 1997; Crossley et al, 2002; Wilson et al, 

2003; Bizzini et al, 2003; Lan et al, 2010), although the mechanisms by which it 

does this are not yet agreed (Crossley et al, 2000; Callaghan et al, 2002; 

Pfeiffer et al 2004).   

 

Some authors have reported that the application of the medial glide tape does 

move the patella medially (Worrell et al, 1994; Larsen et al, 1995; Pfeiffer et al, 

2004); however others have not found that the tape holds the patella in a more 

effective or optimal position in the centre of femoral sulcus (Bockrath et al. 

1993; Vo, 2002; Ono et al, 2005).  Some authors report that the tape does 

enhance the neuromuscular recruitment of the distal portion of the vastus 

medialis (VM) muscle, using EMG to record the recruitment of the vastus 

medialis and vastus lateralis muscles within the quadriceps muscle group 

during a functional step-down task (Cerny, 1995; Mungovan et al, 1996; Ryan 

and Rowe, 2006); although others have reported opposite results (Nicholas et 

al, 1996; Keet et al, 2007).   

 

A sesamoid bone sits within a tendon as it passes over a joint - the patella is a 

sesamoid bone which sits within the common tendon of the quadriceps muscle 

group and is the largest sesamoid bone in the human body.  In common with all 

sesamoid bones it has no firm attachments and is therefore relatively mobile 

when the tendon within which it sits is relaxed.  Thus with the knee joint 

extended and the quadriceps muscle group relaxed the patella can be moved 

passively.  However when the knee is flexed beyond 30 degrees the patella sits 

more deeply within the femoral sulcus at the distal end of the femur (Grelsamer, 

1998), and when the quadriceps muscle group is contracted; the patella is not 

easily moved passively.  
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In theory, altering the position of the patella, in the frontal plane, will have an 

effect on the Q-angle; thus if medial-glide patellar tape does alter the position of 

the patella, by moving it medially, and both of the other markers stay in the 

same place then it should have the effect of increasing the Q-angle.  

 

7.6.1 – Aim 

The purpose of this preliminary intervention study was to see whether the 

application of the medial-glide patellar tape alters the Q-angle.  

 

Question: Does applying medial-glide tape to the patella, following the 

procedure outlined by McConnell (1986), alter the value of the Q-angle? 

 

7.6.2 – Method  

Ten of the healthy recreationally active males participated in this small study, 

this time the Vicon motion analysis system was used as the laboratory had 

upgraded its motion analysis system from the Peak to the Vicon (see Chapter 4, 

Section 4.2).  Both knees had markers attached and were filmed by the Vicon, 

following the same procedure described in Chapter 5 (Figure 7.13).  Initial Q-

angles were calculated for both knees.  Each participant then had McConnell 

medial glide patellar tape applied to his right knee (see Figure 7.14); following 

this the Q-angle of both knees were measured again.  Both sets of Q-angles 

were compared using a paired T-test to see if there were any significant 

differences between them.   

 

Bilateral measurements were made so that the left knee (which did not have 

tape applied) could act as a type of control for the measure of the Q-angle 

following application of the tape.  The tape was applied following the procedure 

outlined by McConnell (Grelsamer and McConnell, 1998).  A rigid, nonstretch 

tape (zinc oxide tape of 5cms width was used) and was placed on the lateral 

border of the patella (with the subject in long-sitting, with his quadriceps muscle 

group relaxed), the skin on the medial side was lifted towards the patella and 

the tape was pulled medially and anchored just short of the hamstring tendons.  

The tape was split, at the point it crossed the patella so that the reflective 
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marker placed on the centre of the patella could remain in its same position on 

the skin and its position on the skin was not affected by the application of the 

tape. 

 

Thus two Q-angle measures were taken from each knee: 

• Initial baseline Q-angle measure in relaxed standing 

• After application of the medial glide patellar tape 

 

 

 
Figure 7.13 – Participant with McConnell medial glide patellar tape on the right 
knee, in relaxed standing, being imaged by the Vicon apparatus 
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Figure 7.14 – Applying the McConnell medial glide patellar tape, left knee  

 

7.6.4 – Results 

As can be seen from Table 7.4, medial glide patellar tape altered the Q-angle 

for each participant (Qar2).  In each case the Q-angle was increased, with the 

average increase being 13 degrees (range 7-18 degrees).  For the left leg which 

had no tape applied the average change in Q-angle was one degree.  When a 

paired T-test was calculated comparing the second set of Q-angle measures 

(post-tape) with the initial measures; there was a statistically significant 

difference between the 2 sets of measures for the right leg (with the tape) but 

no statistically significant differences between the sets of measures for the left 

leg (no tape applied).  
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Table 7.4 – Q-angle values (degrees), with and without medial glide patellar 
tape for the right leg and without tape for the left leg 
 

Subject Q-angle 
without 
tape QAr1 
 

Q-angle 
with tape 
QAr2 
 

Difference 
QAr2 – QAr1 

Q-angle 
without 
tape QAl1 
 

Q-angle 
without 
tape QAl2 

Difference 
QAl1 – QAl2 

 RIGHT LEG LEFT LEG 

1 8 18 +10 11 11 0 

2 12 20 +8 26 29 +3 

3 7 25 +18 12 12 0 

4 3 21 +18 18 20 +2 

5 7 25 +18 10 10 0 

6 6 20 +14 2 2 0 

7 9 23 +14 22 22 0 

8 11 18 +7 17 19 +2 

9 10 24 +14 17 18 +1 

10 17 25 +8 14 16 +2 

 Mean = 9 Mean =22 Mean +13 Mean= 15 Mean= 16 Mean +1 

 SD = 3.8 SD = 2.8  SD = 6.7 SD = 6.4  

 
 

7.6.5 – Conclusion 

Applying medial glide patellar tape to the right leg of ten healthy volunteers 

altered the value of the Q-angle, increasing it on average by 13 degrees.  

However, it is not clear how much of this change in Q-angle was due to the 

medial movement of the patella and how much was due to the medial 

movement of the skin over the patella. 

 

 

7.7 – Influence of exercise on the effect of medial-glide patellar 

tape on the Q-angle  

7.7.1 – Background 

As outlined above, McConnell (1986) hypothesised that the application of the 

medial glide patellar tape had the effect of maintaining the re-aligned patella 

within the femoral sulcus, and was able to sustain this during activity.  Other 

authors have questioned whether it is possible for a relatively small piece of 

zinc oxide tape applied on the skin to do this, bearing in mind the forces that 
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would go through the joint during strenuous activity, such as running, or cycling 

(Larsen et al, 1995; Callaghan, 1997; Crossley et al, 2000; Pfeiffer et al, 2004).   

 

Two authors have reported studies in which they investigated whether any 

change in patellar position, following the application of medial-glide patellar tape 

using McConnell‟s protocol, was maintained after a period of exercise.  Larson 

et al (1995) recruited 20 healthy men, and used radiographs with the knee in 40 

degrees of flexion to assess the position of the patellar: initially, following 

application of the medial glide patellar tape and again once participants had 

completed a 10-15 minute exercise protocol.  They reported significant 

differences between the initial patellar position and after application of the tape 

(p=0.003), but these differences were lost following completion of the exercise 

protocol (p=0.835).  They concluded that the tape was not effective at 

maintaining the new position of the patellar after exercise.  For three 

participants the tape did not move the patellar a significant amount, however, 

they do not report any reliability testing for any of their measures so their results 

need to be treated with some caution. 

 

Pfeiffer et al (2004) carried out a small study on 18 healthy women to test 

whether there was any maintenance of the effect of altered patella position after 

a period of exercise.  They used the same exercise protocol used by Larsen 

(1995), which involved running around an indoor circuit, but no further details 

were described.  They used MRI images of the knee, taken using an MRE 

extremity scanner with the knee in four positions of flexion (0, 12, 24 and 36 

degrees).  They also found that the tape did not maintain the altered patella 

position after the period of exercise; this was true for all four positions of knee 

flexion. 

 

7.7.2 – Aim 

The purpose of the present study was to see whether the application of patellar 

tape would maintain its effect on the Q-angle after 5 minutes of moderately fast 

cycling, during which the knee would be subjected to repeated flexion and 

extension.    
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Question – Does the medial glide patella tape maintain its effect on the Q-

angle after a period of cycling for five minutes? 

 

7.7.3 – Method 

The ten participants in this study were the same as those in Section 7.6.  The 

Q-angle measurements and application of the medial glide patellar tape were 

carried out in the same way.  Following application of the medial glide patellar 

tape each participant cycled at a fixed speed (between 45 and 50 rpm) on a 

static bicycle (Kettler „LK1‟, Kettler GB Ltd, Worcestershire, UK) for five minutes.  

The saddle height was individually adjusted to ensure that during cycling both 

knees would flex beyond 90 degrees on every revolution of the pedals – thus 

ensuring that the tape was subjected to repeated stretch (See Figure 7.15).  

Following the period of cycling the Q-angle of both knees was again measured 

using the Vicon apparatus, in relaxed standing (QA3, in Table 7.5).  

 

 

 
Figure 7.15 – Participant on bicycle, with medial glide patellar tape and Vicon 
reflective markers 
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7.7.4 – Results 

As can be seen in Table 7.4 the mean value of the Q-angle for the group of ten 

healthy volunteers did not change after the five minute period of cycling, the 

mean remained at 22 degrees.  However looking at individuals there were small 

changes of one or two degrees for seven of the 10 subjects. 

 
Table 7.5 – Q-angle of the right knee, before and after cycling with tape (QA2 
and QA3)  
 

Subject Q-angle with tape, 
before cycling (QA2) 

Q-angle with tape, after 
cycling for 5 mins 
(QA3) 

Difference 
(QA2 – QA3) 

1 18 18 0 

2 20 22 -2 

3 25 25 0 

4 21 20 +1 

5 25 24 +1 

6 20 19 +1 

7 23 23 0 

8 18 19 -1 

9 24 25 -1 

10 25 26 -1 

Mean 22 22  

 

 

7.7.5 – Conclusion 

The medial glide patellar tape did maintain its effect on the Q-angle after 

participants cycled at a speed of 45-50 rpm for five minutes.   

 

 

7.8 – Medial glide patellar tape – mechanism of Q-angle 

alteration  

7.8.1 – Background 

When the medial glide patellar tape is applied to the knee it moves both the skin 

and patella medially (see description of applying the tape in Section 7.6.2).  The 

reflective marker placed at the centre of the patella was left alone during the 

application of the tape, the tape was split along its length for this purpose, and 

thus it was not possible to determine whether the effect on the Q-angle was due 
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to the medial movement of the skin, the medial movement of the patella or a 

combination of both of these things.  However after applying the tape it was 

clear that the patella marker, which prior to the application of the tape had been 

at the centre of the patella, was no longer in this position; due to the fact that 

the skin over the patella had been moved medially more than the patella itself.   

Thus the following small investigation was carried out to try and determine if any 

change in the Q-angle was due to the movement of the patella, or whether it 

was largely due to movement of the skin. 

 

When markers are placed on the skin over bony landmarks, it is never clear 

how much of any resultant movement is due to the skin or movement of the 

bone or both.  Ramsey and Wretenberg (1999) are clear that it is impossible to 

predict with any degree of accuracy what is happening unless bony markers are 

invasive and are attached to the bone itself, sometimes called intra-cortical pins 

or osteal pegs.  However, this invasive technique was not available for this 

work.    

 

7.8.2 – Aim 

The purpose of the present small pragmatic study was to try and understand 

whether change in Q-angle, after application of the tape, was due to the skin 

movement or movement of the patellar itself.   

 

Question – Is the change in value of the Q-angle, following application of the 

medial glide patellar tape, due to movement of the patellar, the skin over the 

patella or both? 

 

7.8.3 – Method 

The ten participants in this study were the same as those in Sections 7.6 and 

7,7. The Q-angle measurements and application of the medial glide patellar 

tape were carried out in the same way.  Following the five  minutes of cycling 

the patellar marker was removed by the investigator and re-sited at the centre 

of the patella (leaving the tape in place) and the Q-angle was measured again 

(QA4 in Table 7.6).   This set of Q-angle measures was then compared with the 

original set of measures (QA1) to see if there were any differences between 
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them.  The distance that the patella marker was moved laterally in order to 

replace it at the centre of the patella was also noted in mm. 

 

7.8.4 – Results 

As can be seen from Table 7.6 there is little difference between the Initial and 

Final mean Q-angle measures, being seven and nine degrees respectively.  

However when individual measures are examined, five of the group of 10 had 

differences of three degrees or more.  Also in general those individuals who had 

a greater difference between their initial and final Q-angle values had a larger 

movement of their patella marker.  A regression plot of the initial Q-angle 

measure (QA1) was plotted against the final Q-angle measure (QA4) to see if 

there was any correlation between them  (See Figure 7.16).  The plot gives an r 

value of 0.64 showing that there is a moderate level of correlation. 

 
 
Table 7.6 – Initial Q-angle, before application of tape (QA1) and final Q-angle, 
after tape applied and the patella marker replaced in centre of patella (QA4), 
and the difference between them, n=10  
 

Subject Final Q-angle, after 
replacement of the 
patella marker 
(QA4) degrees 

Initial Q-
angle 
(QA1) 
degrees 

Difference 
(QA4-QA1) 
degrees 

Lat distance (mm) 
patella marker 
moved to replace 
in centre of patella 
for measure QA4 

1 9 8 -1 12 

2 8 12 4 12 

3 1 7 6 20 

4 5 3 -2 2 

5 4 7 3 12 

6 2 6 4 12 

7 8 9 1 5 

8 9 11 -2 5 

9 10 10 0 10 

10 14 17 -3 16 

Mean 7 9 2 11 
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Figure 7.16 – Regression plot of the difference between the original and final 
Q-angles over the lateral distance moved by the patella marker over the original 
Q-angle, r=0.64 
 
 

7.8.5 – Conclusion 

The above results show that it is possible, in some individuals, to move the 

patella medially by applying medial glide patellar tape following the protocol of 

McConnell (1986); however for other individuals the application of the tape only 

has the effect of moving the skin medially.  Further studies to investigate this by 

comparing healthy individuals with those with PFJS would also be very 

interesting. 
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7.9 – General Discussion and Conclusions 

In Chapter 5 a valid and reliable protocol for measuring the Q-angle using the 

Peak-5 video motion analysis equipment was established.  The work described 

in this chapter uses this measurement protocol to explore the Q-angle in a 

variety of circumstances: 

 The static Q-angle over a 60 second time period;   

 The dynamic Q-angle during the stance phase of gait; including its 

relationship with sub-talar joint pronation, and  

 The effect on the Q-angle of applying an intervention, medial glide 

patellar tape. 

The results will be summarised and discussed and then conclusions 

summarised. 

 

7.9.1. – Measuring the Q-angle over time 

The Q-angle of 51 participants in a relaxed standing posture were measured 

using the Peak-5 Video Motion Analysis system following the measurement 

protocol established in Chapter 5.  Results showed that the Q-angle varied 

during the period of 60 seconds for all participants, measured while in relaxed 

standing, and this has important clinical implications.  The mean range in 

variation for all data sets from all participants was between 3.0 and 4.0 degrees 

with no consistent pattern in the variation being observed.   When the 

measurement variation for this protocol (one degree), was added then the effect 

is that the Q-angle value could vary on average from between 2.0 and 5.0 

degrees during the 60 second time period tested.  This finding suggests that 

when the Q-angle is measured in the clinical situation with participants in 

relaxed standing, the value recorded is not an absolute measure as previously 

assumed, but rather a snapshot in time of the individual‟s Q-angle within a given 

range. 

 

The recording of an accurate measure of the Q-angle value is further 

compounded when the standard error of measurement (SEM) using a 

goniometer is added in.  According to Eliasziw (1994) the SEM using a long-arm 
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goniometer to take a range of motion measure of a joint is at best 4 degrees.  

So when this tool is used to measure the Q-angle, which itself varies on 

average by between three or four degrees during the time required to take the 

measurement; the resulting measure is unlikely to be accurate or reliable.   

Since mean Q-angle values for healthy individuals are quoted as being between 

12 and 17 degrees (Woodland and Francis, 1992), measured values with a 

long-arm goniometer could be as much as 50% lower or higher than actual Q-

angle values.  This raises questions about the validity of this measure as well as 

the usefulness of quoting statistically significant differences between the mean 

Q-angle for comparison groups of as little as 1.8 degrees (Moss, 1992).   

 

Variation of the Q-angle over time is likely to contribute to the low levels of 

reliability reported for measuring the Q-angle, in addition to the other factors 

already accepted as affecting its value as outlined in Chapter 2 Section 2.3.  

Greene et al (2001) reported poor intra-rater ICCs of 0.14 to 0.37 and inter-rater 

ICCs 0.17 to 0.29; for a group of 50 participants (some of whom had symptoms 

of anterior knee pain) who all acted as observers and participants.  They also 

reported poor levels of correlation when clinical and radiograph measures were 

compared, ICCs of 0.13 to 0.32.  They concluded that the poor correlation was 

independent of individual knee symptoms, gender and examiner experience 

level; and noted that there is a need for a better method to evaluate patella-

femoral alignment and that evaluation or treatment of patella-femoral symptoms 

should not be based on Q-angle measurement using their methods.   

 

Recognising the inherent difficulties of measuring the Q-angle in the clinical 

situation, Peeler et al (2010) reported results of applying a simplified Q-angle 

measurement technique on a group of 54 participants.  They chose to replace 

the marker usually placed at the centre of the patella with a marker placed at 

the mid-point of the quadriceps tendon, immediately superior to the base of the 

patella, as they felt the procedure for identifying this landmark would be more 

consistent than that for identifying the centre of the patella; which is generally 

acknowledged as being difficult (Herrington and Nester, 2004; France and 

Nester, 2001).  Peeler at al, (2010) measured the Q-angle of participants who 

were lying supine.  They reported intra-rater ICC coefficients for three 
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examiners ranging between 0.64 to 0.76; and inter-rater ICC coefficients of 0.69 

to 0.82; they also calculated the overall mean SEM to be 2 degrees and the 

overall coefficient of variation as being 17%.  They did not comment on the fact 

that it is unusual for inter-rater reliability to have higher ICC values values than 

intra-rater reliability and that none of the ICCs met the 0.9 threshold 

recommended by Portney and Watkins (2001) as being essential for measures 

from which clinical decisions are made.  They concluded that measurement of 

the simplified Q-angle was more consistent that measurement of the traditional 

Q-angle, and recommended its use to assist clinicians when evaluating the 

effectiveness of a particular surgical or rehabilitation intervention designed to 

treat patello-femoral joint mal-alignment or related pathologies. 

 

In light of the above it was disappointing to find a recent article in the American 

Journal of Sports Medicine entitled “Comprehensive Physical Examination for 

instability of the knee” (Lubowitz et al, 2008),which includes the measurement 

of the Q-angle.  The authors state that the Q-angle is a measure of patello-

femoral joint instability and larger Q-angles denote less stability.  They 

recommend a measurement protocol using a goniometer with the patient in the 

supine position.  They make no mention of, or reference to, any of the literature 

which questions its validity or reliability. 

 

To date, many researchers report studies which involve measurement of the Q-

angle and acknowledge the time required to take the measurement, but have 

failed to suggest that the value of the Q-angle might vary during that time 

period. 

 

7.9.2 Measuring the Q-angle during the stance phase of gait 

The purpose of this series of three small studies was to explore what happens 

to the Q-angle during the stance phase of gait.  The first study explored whether 

the maximum value of the Q-angle would occur at the beginning of the stance 

phase of gait and the minimum value at the end.  Thirty recreationally active 

participants were asked to walk at their own preferred comfortable walking pace 

along the walkway, known as „free walking‟.  A number of gait analysis studies 
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have shown that when healthy individuals are permitted to „free walk‟ at their 

own preferred pace; this pace is very consistent over repeat walks and is much 

easier for subjects to do rather than trying to follow a metronome and walk at a 

prescribed unnatural pace (Dillon et al, 1983; Perry, 1992; Powers et al, 1997).  

This study was based on the assumption that the value of the Q-angle is directly 

linked to the level of knee flexion (movement in the sagittal plane).  Actual knee 

flexion was not measured (a weakness of the present studies) as the camera 

system was only set up to video movement occurring in one plane i.e. the 

frontal plane (the plane of the Q-angle) and it was assumed that on average the 

knee flexion and extension movement during walking for the group of healthy 

participants would follow the usual pattern for adults when walking as described 

by Whittle (1996).   

However, during walking there is also rotation (transverse plane) of the pelvis, 

thigh and lower leg and these are all likely to affect the Q-angle, as each of 

these body parts has one of the bony markers from which the Q-angle is 

derived. Movements in the transverse plane are very difficult to quantify, 

especially during a functional activity like walking, when more than one joint is 

involved, and require more sophisticated technology than was available at the 

time of the present study.  The results show that the majority of participants 

illustrate the expected pattern of timing for the maximum and minimum values 

of the Q-angle, despite the fact that the affect of rotary movements in the 

transverse plane have not been addressed.   

 

A significant minority of participants, in this group, did not follow this expected 

pattern, 24 (41%) data sets did not have the maximum value of Q-angle at heel 

strike, and 22 (37%) did not have the minimum value of the Q-angle at toe-off.   

Possible reasons for these results could be: 

 Q-angle values and the amount of knee flexion and extension were not 

directly related; or 

 Q-angle values did relate directly to the amount of knee flexion and 

extension, but participants did not have their greatest level of knee 

extension at heel-strike; and also did not have their greatest level of knee 

flexion at toe-off; as there are other points in the stance phase cycle 
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where knee flexion and extension occur, and the maximum values could 

have occurred at these points instead; or 

 Other factors affected the size of the Q-angle to a greater degree than 

the effect of the level of knee flexion and extension; these could include 

the amount of rotary motion in the transverse plane across the whole of 

the lower limb and pelvis, which was not addressed in this study.   

 

Measuring the Q-angle during the stance phase of gait has not been reported 

by other authors, so it is not possible to discuss these findings in relation to 

those of others.  The only other study found where the Q-angle has been 

measured dynamically is that by Moss et al (1992) who measured the Q-angle 

of individuals on a treadmill, at a fixed running speed.  They reported that mean 

time for the minimum Q-angle to be reached in their asymptomatic group was 

0.099 seconds – however, as their data were collected during running, rather 

than free-walking it is not possible to make any direct comparisons. 

 

In order to further understand more fully the effect of other biomechanical 

factors on the Q-angle it would be necessary to undertake further experimental 

work exploring the bones and joints directly above and below the patella-

femoral joint – ie. tibial rotation, femoral rotation and knee valgus as proposed 

by Powers (2003).  A number of researchers have recently reported work in this 

area and suggest that that some of the predisposing factors to patella-femoral 

joint problems may well be due to the way the femur rotates rather than the way 

the patella rotates on the femur (Salsich and Perman, 2007; Souza et al, 2010).  

An international symposium on Patello-femoral Pain Syndrome held in 2009 

and reported in 2010, recognised the inconsistent findings of research in this 

area and the challenge posed by the number of relatively small studies using 

non-standardised measurement protocols.  It produced a list of agreed areas for 

further research, including: an increased understanding of 3D motion analysis, 

how to measure muscle performance, the role of the VMO muscle, the effect of 

the structure and movement occurring at the proximal (hip) and distal (foot and 

ankle) joint; in order to increase our knowledge and understanding of the many 

biomechanical factors connected to this area of research (Davis and Powers, 

2010).   



196 

 

 

The purpose of the next experiment undertaken was to see if there was any 

correlation between the measure of sub-talar joint pronation and the value of 

the Q-angle during the stance phase of gait, the details are described in Section 

7.4.  Thirty-one recreationally healthy participants had reflective markers placed 

on their right leg and their Q-angle and sub-talar joint pronation values 

measured during the stance phase of gait.  The results showed that there was 

no meaningful relationship between the maximum or minimum values of the Q-

angle and level of sub-talar joint pronation, during the stance phase of gait of 

the 27 healthy individuals whose data was analysed.  This was unexpected, as 

most authors suggest that in theory there should be a link between the two 

measures.  However, on reflection perhaps it ought not to have been a surprise.  

The majority of healthy individuals with normal anatomy of their lower limb, tend 

to heel-strike slightly on the lateral side of their heel, as a result of their bipedal 

reciprocal gait cycle and the lateral shift in weight which occurs from one side to 

the other as alternate limbs are brought through, and thus the effect of the 

rotation movements in the transverse plane during walking quite possibly 

outweigh the effect of movements in the other planes. 

 

It is clear that the Q-angle for most healthy individuals is at its greatest at heel-

strike, possibly on account of the knee being at its most extended at that point; 

and so once again the rotational elements of gait (movement in the transverse 

plane) seems to have a tremendous effect on the final values of both the Q-

angle and sub-talar joint pronation.  Moss et al (1992) also found no meaningful 

correlation between the amount of pronation and the value of the Q-angle of 

healthy individuals when running at a fixed speed on a treadmill, they also 

suggest that the rotational components would affect both the Q-angle and sub-

talar joint measurements, and conclude that lack of measurement of these 

rotational components was a limitation of their study.   

 

Messier at al (1990) also explored the amount of pronation that occurs at the 

sub-talar joint during running, they placed markers on the Achilles tendon and a 

heel-marker (presumably on the outside of the participants running shoe, this 

point was not clear) as participants wore the shoes they were wearing when 
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they first became symptomatic.  They recruited 36 participants (26 males, aged 

between 16 and 50 years; these were divided into two groups, 16 with PFJS 

and 20 controls) who ran on a treadmill at a speed equivalent to their average 

training pace.  They measured static Q-angle values and dynamic sub-talar joint 

pronation.  No validity or reliability data are reported.  They report several 

results including the maximum value of pronation and time taken to reach this 

value and again found no differences between sub-talar joint pronation between 

the two groups, and no relationship between dynamic sub-talar joint pronation 

and static Q-angle values.  

 

Overall the literature for this area of work is contradictory.  Other authors 

(Schultz et al, 2006; Dierks et al, 2008) have also found no meaningful 

relationship between sub-talar joint pronation and other lower limb movements 

when it is measured during a functional weight-bearing activity, again 

suggesting that measuring movement at this joint in just one plane is insufficient 

to explain what happens. 

 

The third study exploring the Q-angle during the stance phase of gait plotted the 

pattern of movement over time of the three markers from which the Q-angle is 

formed (the markers are on the anterior superior iliac spine, the centre of the 

patella and the centre of the tibial tubercle).  Eighteen participants with 

idiopathic PFJS and 24 healthy recreationally active individuals were recruited.  

Reflective markers were placed on the three bony landmarks, their initial static 

Q-angle was measured, and participants again walked along the walkway at 

their own preferred „free walking‟ pace.    The mean for the two static Q-angles 

were 150 and 160 for those with PFJS and the healthy participants respectively.   

The difference between the two mean values was not statistically significant, but 

the range of values for those with PFJS was almost three times as great (250) 

as for the healthy participants (90) which was interesting and supports the 

findings of others (Hvid et al, 1981; Messier et al, 1991). 

 

The dynamic data was reviewed from a frontal and sagittal view; the transverse 

view was not analysed as the data in this plane varied hugely and it was not 

possible to capture it in a meaningful way with the equipment available.  The 
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data showed that there was a typical regular pattern in movement of the three 

markers which form the Q-angle when viewed from the frontal and sagittal 

planes; there were some differences between these patterns for healthy 

individuals and those with PFJS; especially during the initial and terminal 

phases of stance.  Another difference noted was that the mid-stance phase of 

the cycle typically started earlier (as measured in percent of gait cycle) and 

lasted longer for those subjects with PFJS.  It is possible that this might be 

because during this phase the knee is kept in relative extension.  This is in line 

with the findings of other studies (Dillon et al, 1983; Nadeau et al, 1997; Powers 

et al, 1999; Hamill et al, 1999), who all reported that individuals with PFJS 

typically exhibited less movement in the sagittal plane when compared with 

healthy individuals i.e. those with PFJS walked with a straighter knee, and this 

was also true for the data presented here, although as a direct measure of knee 

flexion was not taken it is not possible to comment definitively.   

 

A benefit of allowing participants to walk at their own preferred pace is that they 

are more relaxed and thus their analysed gait is much more typical for them and 

thus more valid.  Repeat trials have shown that participants replicated their own 

preferred walking speed with great consistency (Krebs, 1998).  However, a 

disadvantage of allowing participants to walk at their own preferred pace is that 

there is variation between participants, which makes combining or averaging 

group data over time difficult. 

 

As stated in the results (Section 7.5.4.2) the mean length of time for the stance 

phase of gait for the healthy participants as measured on their right leg was 

0.72 seconds, whereas it was 0.62 seconds for the affected leg for those with 

PFJS, this difference is statistically significant (p=0.001).  Thus participants with 

PFJS spent less time taking weight on their affected leg than did healthy 

controls during the stance phase that was digitised.   
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The reasons for this are not clear but could be: 

 participants with PFJS walked more quickly (velocity); or 

 walked at the same velocity but took more steps per unit of time 

(cadence) i.e. a greater number of shorter steps, than healthy controls; or 

 had an asymmetric gait style or limp.   

 

However, as data was only collected from one leg per participant it was not 

possible to make meaningful comparisons, although participants with PFJS did 

not appear to be limping.  Powers et al (1999) found that their group of 15 

participants with PFJS walked at a significantly slower rate (velocity and 

cadence) than a group of ten healthy controls. 

 

7.9.3 – The effect on the Q-angle of applying McConnell’s medial glide 

patella tape 

The next study explored the effect on the Q-angle of applying medial glide 

patella tape as initially described and recommended by McConnell in 1986.    

This is a commonly used intervention treatment technique applied to the 

patellae of individuals where there is thought to be patellar mal-alignment.  

McConnell suggested that the application of the tape would maintain the patella 

in a more optimal position in the femoral sulcus, once it had been moved there.  

Ten healthy recreationally active males had the medial glide tape applied to 

their right knee, following the protocol described by McConnell (described in 

Section 7.6.2).  The application of the medial glide patella tape did alter the 

value of the Q-angle for this group of healthy participants, on average by +13 

degrees, when this was measured in relaxed standing using the Vicon 

equipment.  The Q-angle on the left leg, which did not have any tape applied, 

altered on average by +1 degree; illustrating a significant difference between 

these two means.  However, the tape pulls both the patella and the skin 

medially, and as the patella marker remained on the skin, it is not possible to 

say how much of the alteration of the Q-angle was due to medial patella 

movement and how much was due to the medial movement of the skin over the 

patella.   The fact that the Q-angle on the left leg varied on average by only one 

degree suggests that the change in Q-angle on the right leg was due to the 
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application of the tape, it also showed that the technique of measuring the Q-

angle was consistent between measurement sets. 

 

A number of other authors have also undertaken work to see if the application 

of medial glide patellar tape does re-align the patella.  One of the difficulties of 

assessing this, is that the application of the tape is thought to be effective when 

participants are in weight-bearing and it is difficult to measure patella position 

accurately or reliably when individuals are in standing (Crossley et al, 2000).  

Measures of patella position using X-ray are acknowledged as being valid and 

reliable (Bockrath et al 1993; Larsen et al, 1995), but it is not usual to take X-ray 

pictures of the knee in standing, and has only relatively recently become 

available using MRI in some specialist centres.   

 

Worrell et al (1994) reported a case study in which they applied medial glide 

patellar tape to a 15 year old girl with anterior knee pain and a history of patellar 

subluxation.  They took MRI scans of the knee in eight different positions of 

flexion (100, 170, 250, 300, 340, 390, 410, and 450) pre- and post-tape and 

reported a significant change in lateral patella displacement.  They measured 

knee flexion with a goniometer, but do not discuss their choice of knee flexion 

positions, describe their measurement technique for lateral patellar 

displacement (LPD), but do not mention the issue of reliability.  All MRI scans 

were taken with the subject in supine. 

 

Pfeiffer at al (2004) report a study in which they applied medial glide patella 

tape to 18 healthy women and assessed the position of the patella before and 

after its application.  They reported significant differences in the position of the 

patella pre and post application of the tape with the knees in 00, 120, 240 and 

360 of flexion.  They describe their measurement protocol for measuring the 

lateral patellar displacement in detail, and under took a brief reliability study, but 

only analysed repeat measurements using correlation statistics (unspecified), 

they reported a correlation of 0.999.  All MRI scans were taken with the 

participant sitting. 
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Lan et al (2010) report the effects of applying medial glide patellar tape to a 

group of 100 individuals with patello-femoral pain; they took measures from X-

ray pictures and report no significant differences in lateral patellar displacement 

pre- and post-taping for their group.  They described their measurement 

protocol for the lateral patellar displacement but do not mention the issue of 

accuracy or reliability at all.  

 

Thus our results support that of the few others authors listed above for healthy 

individuals, although all the studies reported in the literature have measured the 

position of the patellar of healthy participants in non-weight-bearing and few 

have mentioned the issue of measurement reliability.  Also the measurement 

protocol used in this work had participants in standing.  It is interesting that the 

large study by Lan et al (2010) in which all participants had patello-femoral joint 

problems did not show a significant difference in lateral patellar displacement 

after application of the tape, although 66% of their participants reported a 

significant reduction in pain of more than 20mm when measured using a visual 

analogue scale.  In summary there are too few studies and too little attention to 

measurement rigour to allow any definitive conclusions to be drawn from the 

body of work reported to date. 

 

A small number of authors have also tested whether the application of the 

medial glide patellar tape can maintain the realigned position of the patella after 

a period of exercise, Larsen et al, 1995 and Pfeiffer et al 2004.   This study 

involved the same ten healthy recreationally active males who had the medial 

glide tape applied to their right knee, following the protocol described by 

McConnell (described in Section 7.6.2).  Following application of the tape they 

cycled for 5 minutes on a static bicycle at a constant speed of between 45 and 

50 rpm.  There was no significant change in Q-angle following this period of 

cycling.  This suggests that the tape maintained its effect on the skin and 

patellar during this period of repeated flexion and extension of the knee joint.  

Participants did work up a sweat while cycling but the period of time was short 

(5 minutes) so presumably the repeated tension on the tape and sweat of the 

individuals was not sufficient to have any effect on the tape.   This contradicts 

the findings of Larsen (1995) and Pfeiffer et al (2004) both of whom found that 
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the following the period of exercise their participants‟ lateral patellar 

displacement measure was no longer significantly different from the pre-tape 

measure.  The exercise protocol used by both Larsen and Pfeiffer et al, was the 

same and involved running around an indoor circuit, and took participants 15 or 

20 minutes to complete.  The difference in results could be due to the difference 

in type and duration of the exercise session or the strength of the tape.  In fact 

Larsen et al (1995) cite the work of three other authors who report work on 

taping the ankle joint following inversion sprains, and state that for ankle taping 

the tape tends to break down after 10 – 15 minutes.  

 

Following the period of cycling the patellar marker was removed by the 

investigator and re-sited at the centre of the patella (leaving the tape in place) 

and the Q-angle was measured for a fourth time.  This was done to try to 

understand if the change in Q-angle was due to medial movement of the patella 

itself or medial movement of the skin over the patella.  Any change in the Q-

angle of three degrees or less was likely to be due to the natural variations in 

the Q-angle which occur over a 60 second period (Wilson and Kitsell, 2002), 

however variations greater than three degrees might be due to actual medial 

movement of the patella, by the tape.  The results show that the mean 

difference between the two sets of measurement was only two degrees, which 

suggests that most movement of the patella marker was due to skin movement 

rather than movement of the patella itself. 

 

However, there was a difference of greater than three degrees for three of the 

ten participants and a difference of three degrees for a further two participants.  

The correlation between QA4-QA1 (the difference between the original, pre-

tape, and final Q-angles) and the lateral distance moved by the patella marker 

when it was replaced at the centre of the patella was r=0.64; illustrating that the 

larger difference between the original and final Q-angle values was positively 

correlated with a larger degree of movement of the patella.  While this 

correlation is lower than the 0.7 threshold which is accepted as being clinically 

meaningful (Martinsen and Stokes, 1991) and the group of participants was 

very small, it does suggest that for some individuals both the skin and the 

patella were moved medially by the application of tape, and that for these 
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individuals there was a greater effect on the value of the Q-angle.  However, for 

other individuals there appears to have been little, if any, medial movement of 

the patella by the tape.   This is interesting and it would be interesting to follow-

up on a larger scale, as the number of participants and pragmatic nature of the 

test, renders any findings tentative.  It would be interesting to test why these 

differences occur - whether it might be due to inconsistencies with the tension 

applied to the tape, or whether some individuals have more mobile skin and soft 

tissue.  As the patella is a sesamoid bone, and the taping is applied with the 

knee in extension when all the associated soft tissues are in a relaxed state, it 

could be linked with differences in extensibility of relaxed soft tissues between 

individuals; as well as to explore differences between those with PFJS and 

those without. 

 

7.9.4 – General Conclusions 

The work reported in this chapter has used the established valid and reliable 

method of measuring the Q-angle developed in Chapter 5 and applied it in a 

number of circumstances, from which the following conclusions are 

summarised: 

1. The Q-angle can be measured over time and for this group of 51 healthy 

participants it varied on average by between 3.0 and 4.0 degrees during 

the period of 60 seconds, and thus when measuring the Q-angle in the 

clinical situation it should not be seen as an absolute or unvarying 

measure, but a snap-shot in time of its value 

2. The Q-angle can be measured during the stance phase of gait, and the 

variation in Q-angle for most of the 27 healthy participants followed the 

expected pattern: 

o 59% had the maximum value of Q-angle at the heel-strike, and  

o 63% had the minimum value at toe-off; although a limitation is that 

actual knee flexion angles were not measured 

3. For the group of healthy 27 participants there was no meaningful 

correlation between the maximum or minimum values of the Q-angle and 

sub-talar joint pronation (r=-0.123 and r= -0..083) during the stance 

phase of gait 
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4. There were differences as well as similarities in the pattern of movement 

of the three markers from which the Q-angle is formed, between healthy 

participants and those with PFJS, when viewed from the frontal and 

sagittal planes during the stance phase of gait: 

o Sagittal plane – participants with PFJS walked with a straighter 

knee than healthy participants 

o Frontal plane – participants with PFJS started with a lower 

average Q-angle than healthy participants, then it increased and 

remained a few degrees above that for the healthy group, 

increasing again during the terminal phase 

o The participants with PFJS on average spent a shorter time in 

weight-bearing on their affected leg compared with the healthy 

participants  

5. The application of McConnell‟s medial glide patellar tape to ten healthy 

participants did alter the value of their Q-angle increasing it on average 

by 13 degrees 

o The tape maintained its effect on the Q-angle after a period of 5 

minutes cycling at a speed of between 45 and 50 rpm 

o For some participants the application of the tape appeared to 

move the skin medially, rather than the patella itself 
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Chapter Eight 

 

The relationship between the Q-angle and 

the size of the vastus medialis oblique 

(VMO) muscle in healthy participants;  

and a Case Study 
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CHAPTER 8.0 

The relationship between the Q-angle and the size 

of the vastus medialis oblique (VMO) 

muscle in healthy participants; 

and a brief Case Study 

 

8.1 – Introduction 

The purpose of the work carried out and reported in this chapter was to explore 

the relationship between the value of the Q-angle and the size of the vastus 

medialis oblique (VMO) muscle in healthy participants; and then to report a 

case study for an individual with a history of patello-femoral joint syndrome 

(PFJS). 

The chapter is divided into four parts: 

 8.1 - Introduction; 

 8.2 - Correlation between the value of the Q-angle and the size of the 

VMO muscle, in healthy participants; 

 8.3 – A short case study of an individual with a history of patello-femoral 

joint syndrome (PFJS); 

 8.4 – General Discussion and Conclusions 

 

In Chapter 6 it was established that there was good correlation between the 

three identified linear measures and the cross-sectional area (CSA) of the VMO 

muscle, in the young healthy participants studied.  Also measures from images 

taken using a portable real-time ultrasound scanner (RUS) were as valid and 

reliable as those taken from MRI images.  In Chapter 7 the Q-angle was 

explored further, using the measurement protocol developed in Chapter 5 and 

found both differences and similarities in behaviour of the Q-angle when 

compared between individuals with and without patello-femoral joint syndrome 

(PFJS).   It now seemed appropriate to explore whether any links existed 

between the value of the Q-angle and the size of the VMO muscle.  
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8.2 – Relationship between the value of the Q-angle and the 

size of VMO muscle 

8.2.1 - Background 

One commonly used physiotherapy intervention when treating individuals with 

PFJS is to encourage specific exercises to strengthen the distal portion of the 

VM muscle (the VMO) as it is thought that weakness in this muscle may be a 

contributory factor in those cases in which patella mal-alignment is suspected 

(McConnell, 1986; Crossley et al, 2002; Collins et al, 2008; Lin et al, 2008).   It 

has also been established, by a number of authors (Garfinkel and Cafarelli, 

1992; Freilich et al, 1995; Schulties et al, 1995; Stokes et al, 1997; Rankin et al, 

2004; Pressler et al, 2006; Segal, 2007), that the size of a healthy muscle 

correlates well with its ability to produce a force and thus is an indirect measure 

of its strength.  Thus it was of interest to explore whether there was any 

relationship between the size of the VMO muscle (as measured by the linear 

measures A, B and C) and the value of the Q-angle. 

 

One published study in the literature has attempted to examine this aspect to 

some degree.  Lin et al (2008) looked at the association between sonographic 

morphology of the VMO muscle with patellar alignment (measured using X-ray) 

in 58 patients (89 knees) with patello-femoral pain syndrome (PFPS).  They 

specifically measured the level of patella tilt and congruence angle with each 

knee in 450 of flexion, and explored correlation between these measures and 

the VMO insertion levels, fibre angles and volume.  They calculated VMO 

volume by taking a series of ultrasound images at 2 mm increments for the 

portion of the VMO which inserted into the patella.  They calculated Pearson 

correlation coefficients of r=0.45 between patellar tilt angle and volume of VMO 

and r=0.12 between patellar congruence angle and volume of VMO.   Their 

intra-rater reliability testing was insufficient – the rater took two measures on 

each day at a 1-day interval and then compared the average of these 2 

measures, using ICCs.  For the VMO cross-sectional area measures they report 

an ICC of 0.84, unfortunately this does not meet the 0.9 threshold 

recommended by Portney and Watkins (2001) as being necessary for clinical 

decision making, and they did not report a second measure of reliability; and so 
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it is not possible to draw any conclusions from their work despite the large 

sample size. 

 

8.2.2 – Aim 

The aim of the present experiment was to see if there was any correlation 

between the value of the Q-angle and the size of the VMO muscle. 

 

Question – Is there any correlation between the value of the Q-angle and the 

VMO muscle size in young healthy individuals, using measurements taken with 

participants in relaxed standing? 

 

8.2.3 – Method 

The same ten healthy recreationally active males who participated in earlier 

experimental work, had the Q-angle of both of their knees measured while in 

relaxed standing.  This was performed following the same protocol used for 

earlier work (see Chapter 5, Section 5.4); using the Vicon motion analysis 

system.  Seven reflective markers were placed on both legs (Figure 8.1); 

participants stood in relaxed standing and recordings were captured for 60 

seconds.  From these recordings the average static Q-angle was calculated, for 

both the right and left legs.  The CSA and Linear measures A, B and C, already 

obtained from RUS images taken while participants were in relaxed standing 

were used and Pearson‟s correlation coefficients were calculated between 

these measures, the linear measures multiplied together,  and the Q-angle data 

to see if there was any was any meaningful correlation between them.  In 

addition a regression plot for Linear measure C over Q-angle was plotted to see 

if there was a meaningful relationship between this particular linear measure, as 

it had shown the highest level of correlation with the CSA measure of the VMO 

muscle in earlier work reported in Section 6.2. 

 

To be consistent with the earlier reported results of correlation between 

measures, a minimum level of r=0.7 was considered essential to determine 

whether or not the correlation was meaningful and clinically  significant, in 

accordance with the recommendation of Kline (1986), as quoted by Stokes et 

al. (2007).   
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Figure 8.1 – Participant with reflective markers for Q-angle measurement, using 
the Vicon motion analysis system, in relaxed standing 
 
 

8.2.4 – Results  

The Pearson correlation between the individual linear measures (A, B and C), 

as well as multiples of these measures (AxB, AxC, BxC) and the CSA measure 

of the VMO muscle; with the value of the Q-angle were calculated.   There was 

no meaningful level correlation between any of the linear measures or multiple 

of linear measures from the VMO muscle and the Q-angle, when measured in 

relaxed standing (Table 8.1).   All r values were below 0.5, excepting that for the 

multiple of Line A x B which had a correlation of 0.52.  The regression plot 

(Figure 8.2) of linear measure C and the Q-angle also showed no meaningful 

relationship. 
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Table 8.1 – Pearson correlation coefficients between: CSA, line measures A, B 
and C and multiplication of line measures of the VMO muscle with the Q-angle; 
all measures being taken in relaxed standing 
 

Measures Correlation Coefficient 

Line A 0.33 

Line B 0.49 

Line C -0.15 

CSA 0.45 

Line A x B  0.52 

Line A x C  0.02 

Line B x C  0.26 

 
 
 

 
Figure 8.2 - Regression plot of Line C plotted over Q-angle, showing that there 
is no meaningful relationship between the two sets of measures, (n=10).  
R=0.022. 
 

 

8.2.5 – Conclusion: 

In the sample of 10 healthy males tested, there was no meaningful level of 

correlation (r>0.7) between any measure of VMO muscle size (CSA and linear 

measures) and the value of the Q-angle; from a series of measurements taken 

while participants were in relaxed standing. 
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8.3 – Case Study 

8.3.1 – Background 

Having established the lack of correlation between the size of the VMO and the 

value of the Q-angle for young healthy individuals, it then seemed appropriate 

to see if there was any correlation between the size of the VMO and the value 

of the Q-angle for individuals with PFJS.  The work of other researchers has 

shown that the Q-angle is not necessarily higher in those with PFJS (Caylor et 

al, 1992; Thomee et al, 1995), although other authors have reported opposite 

results (Moss et al. 1992; Livingston and Mandogo, 1999).  It is commonly 

believed by some clinicians that a higher Q-angle may be indicative of mal-

alignment of the patello-femoral joint (McConnell, 1986; Devan et al, 2004; 

Draper et al, 2009).   

 

The original plan for the next stage of this work was to recruit a group of 20 

males with PFJS in their right knee and to take the whole series of measures 

from them – Q-angle and VMO muscle size etc, and then to see if there was 

any meaningful similarities or differences for this group compared with the 

group of healthy male participants.  Two local orthopaedic clinics were 

approached and their referral data showed that on average there were 5 to 6 

new referrals to the physiotherapy team each week for individuals with this 

diagnosis.  Thus a study protocol was written and ethical permission obtained 

from the Southampton and South West Hampshire Research Ethics Committee 

(A), in February 2006 (No: 05/Q1702/160); and we then proceeded to recruit 

participants who met the inclusion criteria. 

 

Unfortunately from this point in time the number of referrals from these two 

clinics of individuals with PFJS dropped to almost zero.   This appeared to be 

due to a change in referral patterns and patient pathways which occurred, at 

least in part, due to financial pressures and the resultant need to curtail the 

provision of some existing services.  However, it took several weeks before this 

situation was established.  Of the very few referrals of individuals with a 

diagnosis of PFJS to the physiotherapy clinics during this time, none met the 

inclusion criteria (see below).  Once it became evident that there had been a 



213 

 

deliberate change in referral practice, it was also clear that there was little 

prospect that the referral rate would change.   In order to recruit suitable 

participants it was agreed that individuals who had a history of PFJS would be 

sought and tested instead.   Unfortunately due to the lack of remaining time 

available this recruitment process only yielded one individual who met the 

inclusion criteria, and so his results are presented here, as an illustrative 

example. 

 

8.3.2 – Aim 

The aim of the present illustrative case study was to see if there were any 

similarities or differences between the Q-angle measurements and the size of 

the VMO muscle, as described in Chapters 6 and 7, when taken from an 

individual with a history of PFJS: 

 Effect of posture on CSA and linear measures from ultrasound images of 

the VMO muscle 

 Effect on the Q-angle of applying medial glide patellar tape 

 Effect of cycling on the medial glide patellar tape 

 Whether the medial glide patellar tape moves the patella or the skin or 

neither 

 

Question – As there any similarities between the series of measures taken 

from an individual with a history of PFJS and the healthy participants already 

measured? 

 

8.3.3 – Method 

One participant with a history of PFJS in his right knee, although no active 

symptoms for the past two years; was recruited as an illustrative case study.  

His body mass index was calculated, then he had bilateral Q-angle measures 

taken in relaxed standing, ultrasound images taken in both standing and long-

sitting.  He then had medial glide patellar tape applied to his right knee, followed 

by repeat Q-angle measure taken, then did 5 minutes of cycling at a speed of 

between 45 and 50 rpm, followed by another Q-angle measurement, the marker 
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on the centre of his patella was replaced on the centre of his patella (as it had 

moved following application of the medial glide patellar tape). 

 

The following measures were taken: 

 RUS images of the VMO muscle from his right leg were taken: 

o in long-sitting, and  

o relaxed standing, following the same protocol used for the group 

of ten healthy subjects 

 Q-angle was measured using the Vicon motion analysis equipment, in 

relaxed standing, following the established measurement protocol.   

o Initial 

o After application of medial glide patellar tape 

o After cycling for 5 minutes 

o After re-positioning the patellar marker on to the centre of the 

patella 

 

All measures were taken and the results compared with the mean measures 

from the group of healthy participants reported in Section 8.2: 

 
8.3.4 - Results: 

As can be seen in Table 8.2, the subject with a history of PFJS had a much 

larger initial Q-angle (QA1) and a larger Q-angle after application of the medial 

glide patellar tape (QA2) compared to the mean for the healthy group, although 

the level of change following application of the tape was smaller than the mean 

for the group of healthy participants, being 8 degrees rather than 13 degrees.   

 

After cycling for 5 minutes the value of the Q-angle for the Case Study 

participant remained the same (i.e. no change between QA2 and QA3), and 

after replacement of the patella marker back to the centre of the patella (QA4) 

the Q-angle was three degrees higher than its initial value (QA1), whereas the 

mean value for the group of ten healthy participants it was slightly smaller (by 

two degrees); however both differences were within the three degrees of natural 

variation found and reported in Chapter 7, Section 7.2.  The lateral distance 

moved by the patella marker when it was replaced on the centre of the patella 
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after application of the medial glide patellar tape was similar between the case 

study participant and the mean for the group of healthy participants, being 

10mms for the case study participant and 11mms for the healthy group.  Thus 

apart from an initial larger Q-angle there was little difference between Q-angle 

measures for the case study participant and the group of healthy participants. 

 
 
Table 8.2 – Q-angle measurements from the right leg for the Case Study 
participant with a history of PFJS on his right leg, and the mean for the group of 
healthy participants. 
QA1 = initial measure in relaxed standing 
QA2 = measure following application of the medial glide patellar tape 
QA3 = measure following cycling for 5 minutes 
QA4 = measure following repositioning of the patellar marker in the centre of 
the patella after application of the tape 
 

 QA1 
degree 

QA2 
degree 

QA2-
QA1 
Degree 

QA3 
degree 

QA4 
degree 

Difference 
QA4-QA1 
degree 

Lat dist 
patella 
moved 
(mm) 

Case 
Study 

19 27 +8 27 22 +3 10 

Healthy 
(Mean) 

9 (3-
17) 

22 +13 22 7 -2 11 

 
 
 
Table 8.3 reports the BMI and measures of the VMO muscle size, taken from 

ultrasound images obtained with participants in long-sitting.   Linear measures 

A, and B were smaller in the case study participant; whereas linear measure C 

and the CSA measures were larger.  However, there are no significant 

differences between any of the data for the case study participant with PFJS 

and the group of ten healthy participants, when the measures were compared 

using an unrelated T-test (p=0.33). 
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Table 8.3 – BMI, CSA and linear measures from the ultrasound images of the 
VMO muscle of the right leg from the case study participant and the mean for 
the healthy participants, in long-sitting 
 

 BMI Line A 
mm 

Line B 
mm 

Line C 
mm 

CSA 
mm2 

Case Study  
24.8 

 
39.0 

 
25.8 

 
35.1 

 
129.3 

Healthy Group Mean 
(range) 

 
26.0  
(21.9-
30.9 

 
42.5 

 
25.2 

 
28.5 

 
112.4 

 
 

Table 8.4 reports the BMI and measures of the VMO muscle size, taken from 

ultrasound images obtained with participants in relaxed standing.   Only line 

measure A is smaller for the case study participant; whereas linear measures B 

and C and the CSA measures were larger.  However, there are no significant 

differences between any of the data for the case study participant with PFJS 

and the group of ten healthy participants, when the measures were compared 

using an unrelated T-test (p=017). 

 
 
Table 8.4 – BMI, CSA and linear measures from the ultrasound images of the 
VMO muscle of the right leg from the case study participant and the mean for 
the healthy participants, in relaxed standing 
 

 BMI Line A 
mm 

Line B 
mm 

Line C 
mm 

CSA 
mm2 

Case Study  
24.8 

 
40.1 

 
23.8 

 
34.4 

 
120.6 

Healthy Group Mean 
(range) 

 
26.0  
(21.9-
30.9 

 
44.6 

 
22.7 

 
26.6 

 
107.3 

 
 
8.3.5 – Conclusion 

All measurements taken from the case study participant with a history of PFJS 

are not significantly different from those of the group of ten healthy participants. 
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8.4 – General Discussion and Conclusions 

8.4.1 – General Discussion 

Ten healthy recreationally active male participants and one case study 

participant (equivalent to the healthy group, except with a history of PFJS, but 

no active symptoms for the previous two years) were recruited and each had his 

right Q-angle measured in relaxed standing and his right VMO muscle imaged 

using ultrasound, in both relaxed sanding and long-sitting; using the valid and 

reliable measurement protocols established in Chapters 5 and 6.   

 

The Q-angle values for the healthy participants measured in relaxed standing 

were analysed to see if there was any correlation between them and any 

measures (CSA or linear) taken from ultrasound images of the VMO muscle 

also taken in relaxed standing.  The threshold set was r=0.7, as this is 

recommended as being a minimum level of correlation useful clinically (Kline, 

1986; as quoted by Stokes et al, 2007).  There were none.  As our 

measurement protocols have been established as being both valid and reliable 

then this suggests that these measures have no relationship with each other.   

 

The reason this relationship was being tested was to see whether it would 

provide evidence to support the assumption that a stronger VMO muscle is 

more able to maintain the position of the patella in the femoral sulcus, and thus 

potentially reduce some of the symptoms that are thought to arise when this is 

not the case.   McConnell (1986) suggested that maintaining the patella in a 

more optimum position in the femoral sulcus would reduce symptoms of pain 

and ineffective activity in the VMO muscle.  A number of studies on the 

management of individuals with PFJS recommend specific quadriceps 

exercises including a focus on the VMO muscle in particular (McConnell, 1986; 

Witvrouw et al, 2000; Heintjes et al, 2003; Green, 2005); although the long-term 

benefits are not yet fully proved.   Following the assumption that muscle size is 

positively related to its strength, especially the CSA of a muscle, as discussed 

in Chapter 3 Section 3.10, it was thought possible that the CSA measurement of 

the VMO muscle might illustrate a useful level of correlation with the Q-angle, 

but this was not the case.  However, it should be noted that there was a 
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moderate level of correlation between Line B and the Q-angle (r=0.45); however 

as there were so few participants it is difficult to draw any specific conclusions 

from this result; in some ways this was surprising as it was Line C that had 

shown the highest level of correlation with the CSA, which in turn tends to be 

the measure that is quoted as relating more closely to muscle strength.   Future 

work on a much larger group of participants would be interesting in order to 

explore this fact further. 

 

One issue that is important to note is that for all the measurement protocols 

devised and followed in this body of work, for measuring the value of the Q-

angle and the size of the VMO muscle, had the quadriceps muscle relaxed – 

which was done for ease of consistency and standardisation for the 

measurement protocol, and checked by ensuring the patella was „loose‟ and 

could be passively moved by the investigator.  A common criticism of earlier 

reported measurement work as been that the state of contraction of the 

quadriceps muscles was not always standardised, this is discussed in Chapter 

3 and Chapter 5.  However, when the patella is „loose‟ with the VMO muscle 

relaxed, it is less likely to have a direct effect on the position of the patella and 

hence the Q-angle – so by standardising the measurement protocol in this way 

it may have inadvertently eliminated the opportunity to capture any effect the 

VMO muscle has on the position of the patella and thus the value of the Q-

angle.  Lagthinghouse and Trimble (2000) showed that for a group of 22 healthy 

women, there was a statistically significant decrease in the value of the Q-angle 

when the measure was taken while the quadriceps muscle was isometrically 

contracted, compared to when the quadriceps muscle was relaxed.  They took 

all measures from video images with participants in standing, and reported 

reliability of their measurement testing using ICCs (intra-rater 0.98) but gave 

insufficient details to be able to replicate their analysis.  They also quoted 

method error between their two sets of repeat measures of 0.370. 

 

It was disappointing only to be able to recruit one individual as an illustrative 

case study participant, rather than a full group of 20 participants with PFJS as 

originally hoped, however the results from that participant are interesting.  The 

initial value for the Q-angle for the case study participant was higher (190) than 
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the mean for the healthy group (90), and was higher than the highest value for a 

healthy participant (170).  Once the medial glide patellar tape was applied the 

Q-angle increased for both the case study participant (by 80) and the healthy 

participants (by 130); however once the marker which was originally on the 

centre of the patella was replaced due to the shift which occurred as a result of 

applying the tape, the resultant Q-angle for the case study participant was three 

degrees higher than the original value, whereas it was two degrees smaller for 

the healthy group.  As both of these values sit within the three degrees of 

natural variation of the Q-angle over time identified in Chapter 7, Section 7.2, it 

must be concluded that these results do not show any differences between the 

case study participant and the healthy group. 

 

There were no significant differences between the BMI and linear and CSA 

measures of the VMO muscle in either long-sitting or standing from the healthy 

group and the case study participant, as shown in Tables 8.3 and 8.4.   BMI 

values have been shown to correlate positively with muscle size (Fulton et al, 

2009) and so as the BMI for the case study participant is slightly smaller than 

the mean for the healthy group (24.8 as compared to 26.0), it was interesting to 

note that the CSA of the VMO muscle was larger for the case study participant 

when measured from images taken in both relaxed standing and long-sitting.  

To date most of the work reporting the use of ultrasound imaging to measure 

muscle size has been done on the muscles of healthy participants, and that is 

appropriate as it is necessary to understand first what the range of „normal‟ is, 

before trying to make meaningful observations or decisions based on muscle 

size measures when there is pathology present.  In recent years an increasing 

number of studies have been published showing that there is an effect on 

muscle size in the presence of pathology, although it is not clear which is the 

cause and which is the effect, assuming that muscle size is directly related.  On 

the whole these relate to muscle size measures of paraspinal or abdominal 

muscles (Hides et al, 1994;Raney et al, 2007; Fernandez-de-las-penas et al, 

2008). 

 

It would be very interesting to be able to measure the Q-angle during a 

functional activity as well as the size and shape of the VMO at the same time, 
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as it is that functional real-time measurement which would be able to give 

definitive answers to these questions. 

 

8.4.2 – General Conclusions 

1. There was no meaningful correlation between any measure of VMO 

muscle size (CSA and linear measures) and the value of the Q-angle; 

while participants were in relaxed standing. 

2. All measurements taken from the case study participant with a history of 

PFJS were not significantly different from those of the group of ten 

healthy participants. 
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Chapter Nine 

 

General Discussion 
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CHAPTER 9.0 

General Discussion 

 

9.1 – Introduction 

The literature reviewed in Chapter 3 illustrated the difficulties which exist when 

trying to measure the Q-angle in the clinical situation; as there is no consensus 

for a standardized measurement protocol authors have used and reported 

results from a variety of different measurement protocols which make 

comparisons difficult.  In addition, few authors have reported or considered the 

concept of measurement reliability, and often those that did, did not carry this 

out in a thorough way; although measurement reliability is now more commonly 

and effectively addressed. 

 

The literature also highlighted the difficulty in using accepted gold-standard 

methods to measure the size of the vastus medialis oblique (VMO) muscle, due 

to the cost and lack of access to equipment in specialist facilities, especially to 

magnetic resonance imaging (MRI).  It was necessary to find an alternative way 

to measure the size of the VMO muscle in order to answer the questions posed 

at the beginning of this work, and ultrasound imaging was used. 

 

This Chapter will draw together the findings of the experimental work carried out 

and reported in Chapters 5, 6, 7 and 8, and discuss them in relation to the 

literature.  It includes: establishing valid and reliable protocols to measure the 

value of the Q-angle and the size of the VMO muscle; the application of these 

measurement protocols in a variety of circumstances; and the exploration of any 

relationship between them the value of the Q-angle and the size of the VMO 

muscle.   
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The chapter is divided into the following sections: 

 9.1 – Introduction 

 9.2 – Establishing a valid and reliable protocol for measuring the Q-

angle, using video motion analysis 

 9.3 – Measuring the Q-angle over time, in relaxed standing 

 9.4 – Measuring the Q-angle during the stance phase of gait 

 9.5 – The effect on the Q-angle of applying McConnell‟s medial glide 

patellar tape in healthy participants 

 9.6 – Establishing a valid and reliable protocol for measuring the size of 

the vastus medialis oblique (VMO) muscle 

 9.7 – Correlation between the value of the Q-angle and linear and CSA 

measures of the VMO muscle taken from ultrasound images of healthy 

participants 

 9.8 – A brief illustrative case study of an individual with a history of PFJS 

 9.9. – Limitations of the present studies 

 9.10 – Summary  

 

9.2 – Establishing a valid and reliable protocol for measuring 

the Q-angle, using video motion analysis 

In Chapter 5 a protocol for measuring the Q-angle was devised and tested by 

two Testers, mock and real Q-angles were measured using the Peak Video 

Motion Analysis system.  The mean variation for each set of repeat digitised 

measures from each true Q-angle in each experiment was less than one 

degree.  These results matched the level of consistency reported by Selfe 

(1998), which was the threshold set.  As with all mean values, the data for 

individuals from which the mean was calculated varied, with some results being 

lower and some above the threshold of one degree for variability, as reported in 

Section 5.4.   Deciding how much variability in measurement is acceptable is a 
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challenge, as the requirement for consistency is largely dependent on what 

decisions the measurement data will be used to determine (Portney and 

Watkins, 2000).   

 

The small tests of validity and consistency reported above confirm that the 

devised measurement protocol was suitable to measure the Q-angle on real 

participants, as long as the work was carried out by the same investigator, as 

no proper test of inter-rater reliability was carried out.  It was recognized that the 

tests of consistency and variability reported here were not formal reliability 

studies, as both the number of participants and the number of repeat measures 

were too small, which is acknowledged as a weakness in this body of work.   

For thorough reliability testing a greater number of participants (minimum 20) 

and repeat measures on different days would be required (Chinn, 1991). 

 

9.3 – Measuring the Q-angle over time, in relaxed standing 

The Q-angle of 51 participants, in relaxed standing, was measured over 60 

seconds using the protocol established in Chapter 5.  Results showed that the 

Q-angle varied during this time period for all participants, which has important 

clinical implications.  The mean range in variation for all data sets from all 

participants was between 30 and 40 with no consistent pattern in the variation 

being observed.   When the measurement variation for this protocol (one 

degree) is added as well as the standard error of measurement (SEM) of 40 for 

using a goniometer (Eliasziw, 1994) then the resultant effect is that the Q-angle 

value could vary by as much as 90 during a typical 60 second time period.  This 

finding suggests that when the Q-angle is measured in the clinical situation with 

participants in relaxed standing, the value recorded is not an absolute measure 

as previously assumed, but rather a snapshot in time of the individual‟s Q-angle 

within a given range.  Mean Q-angle values for healthy individuals are reported 

as being between 120 and 170 (Woodland and Francis, 1992), values measured 

with a long-arm goniometer could be as much as 50% lower or higher than 

actual Q-angle values.  This raises questions about the validity of this measure 

as well as the usefulness of quoting statistically significant differences between 

the mean Q-angle for comparison groups of as little as 1.80 (Moss, 1992).   
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These results are likely to help explain the low levels of reliability reported by 

others when measuring the Q-angle using a goniometer in addition to those 

factors already accepted as affecting its value as outlined in Chapter 3 Section 

3.2.   One or two authors have also questioned the wisdom of measuring the Q-

angle using a goniometer and then basing clinical decisions for treatment based 

on its value (Greene, 2001; Selfe, 2004; Peeler, Leiter and Anderson, 2010).  

No researcher to date has suggested that the value of the Q-angle might vary 

during the time it takes to make the measure. 

 

In light of the above it was disappointing to find a recent article in the American 

Journal of Sports Medicine entitled “Comprehensive Physical Examination for 

instability of the knee” (Lubowitz et al, 2008) which includes the measurement 

of the Q-angle.  The authors state that the Q-angle is a measure of patello-

femoral joint instability and larger Q-angles denote less stability.  They 

recommend a measurement protocol using a goniometer with the patient in the 

supine position.  They make no mention of, or reference to, any of the literature 

which questions its validity or reliability. 

 

9.4 Measuring the Q-angle during the stance phase of gait 

Three small studies were carried out to explore what happens to the Q-angle 

during the stance phase of gait, assuming that the value of the Q-angle was 

directly linked to the level of knee flexion (movement in the sagittal plane).  

Actual knee flexion was not measured (a weakness of the study) as the camera 

system was only set up to video movement occurring in one plane i.e. the 

frontal plane (the plane of the Q-angle), it was assumed that on average knee 

flexion and extension movement during walking for the group of healthy 

participants would follow the usual pattern for adults when walking as described 

by Whittle (1996).   

The first study explored whether the maximum value of the Q-angle would occur 

at the beginning of the stance phase and the minimum value at the end.  Thirty 

recreationally active participants were asked to walk at their own preferred 

comfortable walking pace along the walkway, known as „free walking‟.  The 
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results showed that the majority of participants illustrated the expected pattern 

of timing for the maximum and minimum values of the Q-angle, despite the fact 

that the affect of rotary movements in the transverse plane were not addressed.   

However, a significant minority of participants, in this group, did not follow this 

expected pattern, 24 (41%) data sets did not have the maximum value of Q-

angle at heel strike, and 22 (37%) did not have the minimum value of the Q-

angle at toe-off.   Possible reasons for these results could be: 

 Q-angle values and the amount of knee flexion and extension were not 

directly related; or 

 Q-angle values did relate directly to the amount of knee flexion and 

extension, but participants did not have their greatest level of knee 

extension at heel-strike; and also did not have their greatest level of knee 

flexion at toe-off; as there are other points in the stance phase cycle 

where knee flexion and extension occur, and the maximum values could 

have occurred at these points instead; or 

 Other factors affected the size of the Q-angle to a greater degree than 

the effect of the level of knee flexion and extension; these could include 

the amount of rotary motion in the transverse plane across the whole of 

the lower limb and pelvis, which was not addressed in this study.   

 

Measuring the Q-angle during the stance phase of gait has not been reported 

by other authors, so it was not possible to discuss these findings in relation to 

those of others.  The only other study found where the Q-angle was measured 

dynamically is that by Moss et al (1992) who measured the Q-angle of 

individuals on a treadmill, at a fixed running speed.  They reported that the 

mean time for the minimum Q-angle to be reached by their asymptomatic group 

was 0.099 seconds – however, as their data were collected during running, 

rather than free-walking it was not possible to make any direct comparisons. 
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9.4.1 Q-angle and amount of pronation at the sub-talar joint during the 

stance phase of gait 

The purpose of the next experiment was to see if there was any correlation 

between the measure of sub-talar joint pronation and the value of the Q-angle 

during the stance phase of gait; the details are described in Chapter 7, Section 

7.4.  This was explored because the literature on the relationship is 

contradictory, with some authors stating that there would be a positive 

correlation between the two Olerud and Per Berg, 1984; Lathinghouse and 

Trimble, 2000) and other stating there would be a negative correlation (Tiberio, 

1987; Powers et al, 2002; Powers 2003).  However, all authors who report on 

this agree there will be some correlation.  Thirty-one recreationally healthy 

participants had the Q-angle and sub-talar joint pronation values of their right 

leg measured.  The results showed that there was no meaningful relationship 

between the maximum or minimum values of the Q-angle and level of sub-talar 

joint pronation, during the stance phase of gait of the 27 healthy individuals 

whose data were analysed.  This was unexpected, as most authors suggest 

that in theory there should be a link between the two measures.  However, on 

reflection perhaps it ought not to have been a surprise.  The majority of healthy 

individuals with normal anatomy of their lower limb, tend to heel-strike slightly 

on the lateral side of their heel, as a result of their bipedal reciprocal gait cycle 

and the lateral shift in weight which occurs from one side to the other as 

alternate limbs are brought through, and thus the effect of the rotational 

movements in the transverse plane during walking quite possibly outweigh the 

effect of movements in the other planes. 

 

It is clear that the Q-angle for most healthy individuals is at its greatest at heel-

strike, possibly on account of the knee being at its most extended at that point; 

and so once again the rotational elements of gait (movement in the transverse 

plane) seems to have an effect on the final values of both the Q-angle and sub-

talar joint pronation.  Moss et al (1992) also found no meaningful correlation 

between the amount of pronation and the value of the Q-angle of healthy 

individuals when running at a fixed speed on a treadmill, and they also 

suggested that the rotational components would affect both the Q-angle and 
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sub-talar joint measurements, and conclude that lack of measurement of these 

rotational components was a limitation of their study.   

 

Messier at al (1990) also explored the amount of pronation that occurs at the 

sub-talar joint during running of 36 participants 16 with PFJS and 20 healthy 

controls.  They measured static Q-angle before the running test, and sub-talar 

joint pronation during running.  No validity or reliability data were reported.  

They found no differences in sub-talar joint pronation between the two groups, 

and no relationship between dynamic sub-talar joint pronation and static Q-

angle values.  

 

Other authors (Schultz et al, 2006; Dierks et al, 2008) have also found no 

meaningful relationship between sub-talar joint pronation and other lower limb 

movements when it is measured during a functional weight-bearing activity, 

again suggesting that measuring movement at this joint in just one plane is 

insufficient to explain what happens.  In order to understand more fully the 

effect of other biomechanical factors on the Q-angle it would be necessary to 

undertake experimental work exploring the rotation movement of the bones and 

joints directly above and below the patello-femoral joint – i.e.. tibial rotation, 

femoral rotation and knee valgus as proposed by Powers (2003).  A number of 

researchers have recently reported work in this area and suggest that that some 

of the predisposing factors to patello-femoral joint problems may well be due to 

the way the femur rotates rather than the way the patella rotates on the femur 

(Salsich and Perman, 2007; Souza et al, 2010).  An international symposium on 

Patello-femoral Pain Syndrome held in 2009 and reported in 2010, recognised 

the inconsistent findings of research in this area and the challenge posed by the 

number of relatively small studies using non-standardised measurement 

protocols.  The Symposium produced a list of agreed areas for further research, 

including: an increased understanding of 3D motion analysis, how to measure 

muscle performance, the role of the VMO muscle, the effect of the structure and 

movement occurring at the proximal (hip) and distal (foot and ankle) joint; in 

order to increase our knowledge and understanding of the many biomechanical 

factors connected to this area of research (Davis and Powers, 2010).   
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9.4.2 – Exploring the pattern of movement of the three markers which form 

the Q-angle, for healthy participants and those with idiopathic PFJS, 

during the stance phase of gait 

The third study exploring the Q-angle (Chapter 7, Section 7.5) during the stance 

phase of gait, using video motion analysis, plotted the pattern of movement over 

time of the three markers from which the Q-angle is formed (on the anterior 

superior iliac spine, the centre of the patella and the centre of the tibial 

tubercle).  Data from 18 participants with idiopathic PFJS and 24 healthy 

recreationally active individuals were analysed.  The data were reviewed from a 

frontal and sagittal view; the transverse view was not analysed as the data in 

this plane varied greatly and it was not possible to capture it in a meaningful 

way with the equipment available.   

 

The data (Chapter 7, Figures 7.6, 7.7, 7.8 and 7.9) showed that there was a 

typical regular pattern in movement of the three markers which form the Q-

angle when viewed from the frontal and sagittal planes; there were some 

differences between these patterns for healthy individuals and those with PFJS; 

especially during the initial and terminal phases of stance.  Another difference 

noted was that the mid-stance phase of the cycle typically started earlier (as 

measured in percent of gait cycle) and lasted longer for those subjects with 

PFJS.  It is possible that this might be because during this phase the knee is 

kept in relative extension.  This is in line with the findings of other studies (Dillon 

et al, 1983; Nadeau et al, 1997; Powers et al, 1999; Hamill et al, 1999), who all 

reported that individuals with PFJS typically exhibited less movement in the 

sagittal plane when compared with healthy individuals i.e. those with PFJS 

walked with a straighter knee, and this was also true for the present data, 

although as knee flexion was not measured directly, it is not possible to 

comment definitively.   

 

As stated in the results (Section 7.5.4.2) there was a statistically significant 

difference between the mean length of time for the stance phase of gait 

between the two groups, 0.72 seconds for the healthy group and 0.62 seconds 

for those with PFJS (p=0.001).  Thus participants with PFJS spent less time 
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taking weight on their affected leg than did healthy controls during the stance 

phase which was analysed.   

 

The reasons for this are not clear but could include: 

 participants with PFJS walked more quickly (velocity); or 

 walked at the same velocity but took more steps per unit of time 

(cadence) i.e. a greater number of shorter steps, than healthy controls; or 

 had an asymmetric gait style or limp.   

 

However, as data were only collected from one leg per participant it was not 

possible to make meaningful comparisons, although participants with PFJS did 

not appear to be limping.  Powers et al (1999) found that their group of 15 

participants with PFJS walked at a significantly slower rate (velocity and 

cadence) than a group of ten healthy controls. 

 

 
9.5 The effect on the Q-angle of applying McConnell’s medial 

glide patellar tape in healthy participants 

The next study (described in Chapter 7, Section 7.6) explored the effect on the 

Q-angle of applying medial glide patellar tape as initially described and 

recommended by McConnell in 1986.    The application of the medial glide 

patellar tape to ten healthy recreationally active male participants did alter the 

value of their Q-angle, on average by +13 degrees, when measured in relaxed 

standing using the Vicon motion analysis system.  The Q-angle on the left leg, 

which did not have tape applied, altered on average by +1 degree. The 

difference was statistically significant.  The fact that the Q-angle on the left leg 

varied on average by only one degree suggests that the change in Q-angle on 

the right leg was due to the application of the tape, it also showed that the 

technique of measuring the Q-angle was consistent between measurement 

sets. 
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A number of other authors have also undertaken work to see if the application 

of medial glide patellar tape does move the patella medially.  One of the 

difficulties of assessing this is that the application of the tape is meant to be 

effective when participants are in weight-bearing and it is difficult to measure 

patellar position accurately or reliably when individuals are in standing (Crossley 

et al, 2000).  Worrell et al (1994) reported a case study in which they applied 

medial glide patellar tape to a 15 year old girl with anterior knee pain and a 

history of patellar subluxation.  They took MRI scans of the knee in eight 

different positions of flexion (100, 170, 250, 300, 340, 390, 410, and 450) pre and 

post tape and reported a significant change in lateral patellar displacement 

(LPD) they did not mention the issue of reliability; so their results can only be 

considered tentative.  All MRI scans were taken with the subject in non weight-

bearing, supine. 

 

Pfeiffer at al (2004) applied medial glide patellar tape to 18 healthy women and 

assessed the position of the patella before and after its application.  They 

reported significant differences in the position of the patella pre and post 

application of the tape with the knees in 00, 120, 240 and 360 of flexion.  They 

described their measurement protocol for measuring the LPD, and undertook a 

brief reliability study analyzing repeat measurements using correlation statistics 

(unspecified). They reported a correlation of 0.999; but as it is not clear exactly 

what this statistic is their results can only be considered tentative.  Again all MRI 

scans were taken with the participant non weight-bearing, sitting. 

 

Lan et al (2010) report the effects of applying medial glide patellar tape to a 

group of 100 individuals with patello-femoral pain; they took measures from X-

ray pictures and report no significant differences in LPD pre and post taping.  

They described their measurement protocol for the LPD but do not mention 

measurement accuracy or reliability, and so their results can only be considered 

as tentative.  All X-rays were taken with participants in non weight-bearing, 

supine. 

 

Thus the present results support those of the few other authors listed above for 

healthy individuals, although the measures taken in the work reported here 
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were taken from participants in relaxed standing, compared with the literature 

where measures were taken with participants in non-weight-bearing.  Few 

authors reported any measurement reliability analysis; results cannot be 

considered to be definitive.  It was interesting that the large study by Lan et al 

(2010), in which all participants had patello-femoral joint problems, did not show 

a significant difference in LPD after application of the tape, although 66% of 

their participants reported a significant reduction in pain of more than 20mm 

when measured using a visual analogue scale.  In summary, there are too few 

studies and too little attention to measurement rigour in those that exist to allow 

any definitive conclusions to be drawn from the body of work reported to date. 

 

9.5.1 – Influence of exercise on the effect of medial glide patellar tape on 

the Q-angle of healthy participants 

A small number of authors have explored whether the application of medial 

glide patellar tape maintains the more medial position of the patella after a 

period of exercise (Larsen et al, 1995; Pfeiffer et al 2004).   The same ten 

healthy recreationally active males reported in the section above cycled for 5 

minutes on a static bicycle at a constant speed of between 45 and 50 rpm, 

following application of the tape.  There was no significant change in Q-angle 

following this period of cycling.  This suggests that the tape maintained its effect 

on the skin and patellar during this period of exercise which involved repeated 

flexion and extension of the knee joint, deliberately designed to stress the tape.  

This contrasts with the findings of Larsen (1995) and Pfeiffer et al (2004) both of 

whom reported that following a period of 15 - 20 minutes of exercise the 

participants‟ lateral patellar displacement measure was no longer significantly 

different from the pre-tape measure.  Both studies used the same exercise 

protocol which involved running around an indoor circuit. The difference in 

results could be due to the difference in type and duration of the exercise 

session or the strength of the tape.  In fact Larsen et al (1995) cited the work of 

three other authors who reported studies on using tape for inversion sprains of 

the ankle joint, and stated that for ankle taping the tape tends to break down 

after 10-15 minutes, so the 5 minutes of cycling used in this study was probably 

too short to really test the tape. 
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9.6 – Establishing a valid and reliable protocol for measuring 

the size of the vastus medialis oblique (VMO) muscle 

Due to the difficulties in accessing the accepted gold-standard methods to 

measure the size of the vastus medialis oblique (VMO) muscle, a valid and 

reliable method for measuring the size of the VMO muscle in the clinical 

situation was sought.  Previous authors have reported valid and reliable 

methods for measuring the size of various other muscles using real-time 

ultrasound (RUS) images obtained from a portable ultrasound machine and so 

this was the method of first choice.  In order to do this it was first necessary to 

establish a number of things: 

 Whether there was a meaningful level of correlation between the CSA 

and linear measures of the VMO muscle, when measures were taken 

from images obtained using the gold standard for muscle imaging, 

namely MRI scans.  And prior to this it was necessary to establish 

whether CSA and linear measures of the VMO could be taken reliably 

from MRI images. 

 Whether it was possible to make CSA and linear measurements of the 

VMO muscle as validly and reliably from ultrasound images as it was from 

MRI images.  And prior to this it was necessary to establish whether 

ultrasound images could be taken reliably from participants. 

 Was there any effect of posture on the size and shape of the VMO 

muscle using ultrasound imaging. 

 

9.6.1 – Correlation between the CSA and linear measures of the VMO 

muscle taken from MRI images 

Other researchers have reported a meaningful correlation between the CSA and 

linear measures for a number of other muscles (see Chapter 2, Section 2.5).  It 

was important to establish whether this relationship existed for the VMO muscle 

as it was felt likely that the CSA of the VMO muscle might be larger than the size 

of an ultrasound transducer head, at least for some participants, which could 

greatly restrict recruitment of participants to the study.   Although a study by 

Yeong-Fwu et al (2008) took ultrasound scans of the VMO from 58 participants 

(89 knees) in Taiwan and was able to image the CSA of all participants, their 
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group clearly had small enough muscles to be within the field of view but this 

would not be the case for people with larger muscles. 

 

Reliability of CSA and linear measures from MRI images 

Twelve adult healthy recreationally active males were recruited and had the 

VMO of their right leg imaged using MRI (see Chapter 6, Section 6.2).  The CSA 

and three linear measures – A, B, and C were made by the same investigator on 

two occasions.  The two data sets were tested for repeatability using the ICC 

(model 3,1) as intra-rater reliability only was being tested, and Bland and Altman 

Limits of Agreement.   

 

All ICCs for the initial and repeat measures exceeded 0.9, which Portney and 

Watkins (2000) consider to be a necessary minimum threshold for the 

consistency of clinical measures.  These results are in line with those of other 

authors who studied different muscles, most of whom report ICCs of initial and 

repeat intra-rater measures of 0.9 or above for example (Rankin and Stokes, 

1998; O‟Sullivan et al, 2007).   

 

All mean differences between each pair of initial and repeat measures following 

the procedure outlined by Bland and Altman Limits of Agreement (1986) were 

very small (range -0.15mm to -0.74mm).  All differences were negative, showing 

that the repeat measures taken were larger than the initial set.  It is difficult to 

know whether this ought to be a concern, the only other paper who report on this 

is the paper by Rankin and Stokes (1998), who also found that for one of their 

researchers (a relative novice in the use of ultrasound imaging) the repeat set of 

measures were larger than the initial ones.  They reported that this difference 

was not evident in the ICC results (as was the case here) and suggested that 

this difference may be due to the fact that the researcher in question was a 

relative novice, also the case here.  This result gives added weight to the 

recommendation that more than one statistical test for reliability should be 

carried out on all data, in order more fully to understand it (Bland and Altman, 

1986; Rankin and Stokes, 1998; Keating and Matyas, 1998; Whittaker et al, 

2007). 
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Each 95% confidence interval for the Bland and Altman Limits of Agreement 

contained the figure 0 and a range which was similar above and below 0; 

however the minimum of the confidence interval was slightly further away from 0 

than the upper limit, again illustrating the small level of consistent systematic 

bias in the measurement technique, i.e. the repeat measures were consistently 

slightly larger than the first set of measures, which was not apparent from the 

ICC analysis.   

 

Correlation between CSA and linear MRI measures of the VMO muscle  

Pearson‟s correlation coefficients were calculated between each of the three 

linear measures A, B, and C and the CSA measure, as well as multiples of the 

linear measures with the CSA (as has been reported by others).  It was felt that 

a minimum level of correlation of r=0.7 was required in order for the correlation 

to be considered useful, as recommended by Kline (1986) and quoted by Stokes 

et al (2007).  Pearson‟s correlation coefficient levels between linear and CSA 

measures of 0.7 or above for various other muscles have been reported by 

others (Martinson and Stokes, 1991; Close et al, 1995; Rezasoltani et al, 2002; 

Rankin et al, 2004; Hides et al, 1994; Stokes et al, 2004). 

 

In this work Line C exhibited the highest individual level of correlation with the 

CSA of the VMO muscle, as shown in Table 6.2.  Each multiplication involving 

line measure C also produced a value greater than the r=0.7 threshold when 

correlated with the CSA.    Line C was the line which was closest to measuring 

anterior-posterior muscle thickness, and the authors listed above have also 

reported that measures of muscle thickness tend to correlate meaningfully with 

the CSA of the muscle.  Thus if only one lineear measure can be taken, then the 

anterior/posterior thickness would be the one of choice. 

 

One interesting point of note was that when the linear measures were multiplied 

together and the multiples correlated with the CSA, they did not show a higher 

level of correlation than Line C on its own.  This was different from others who 

found that multiples of line measures produced a higher level of correlation with 

the CSA than the individual measures alone (Loo and Stokes, 1990; Stokes et al 

2005).  It is not clear why there was this difference.  Apart from this point, these 
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results were in accordance with those reported by others (cited above) who also 

explored correlation relationships between linear and CSA measurements of 

other skeletal muscles. 

 

In summary, it was established that taking CSA and linear measures from MRI 

scans is highly repeatable, and that there is a meaningful level of correlation 

between the CSA and linear measures of the VMO muscle.  

 

9.6.2 Validity of linear and CSA measures of the VMO muscle taken from 

ultrasound images compared with MRI  

Ultrasound images of the VMO muscle of the right knee were taken from the 

same 12 adult healthy recreationally active males as in the previous section.  

The three measures – Line A, B and C and the CSA were measured by the 

same investigator, tested first for intra-rater reliability  and then compared with 

the measures taken from the MRI images.   The intra-rater reliability ICC results 

for repeat measures from the same scan were all above the 0.9 threshold and 

the mean differences were all less than 1mm when compared using the Bland 

and Altman Limits of Agreement.  The intra-rater reliability ICC results for 

measures taken from repeat ultrasound images were all at 0.9 or above and the 

mean differences ranged from 1.5 through to 3.06 mm. 

 

These high levels of repeatability are consistent with the results reported by 

others (Pretorius and Keating, 2008).  The results also show that the level of 

consistency between repeat measures taken from the same image is greater 

than those taken from repeat images, as would be expected due to the errors 

inherent in the imaging technique. However, again all ICCs met or exceeded the 

0.90 threshold, although those from repeat scans did not exceed it to the same 

extent as when repeat measures were taken from the same scans.  By default it 

also showed that the investigator‟s technique of taking ultrasound images and 

taking linear measures from these images was very reliable.   

 

When the reliability of  linear and CSA measures from the RUS images were 

compared with the reliability of measures from the MRI scans, there was a lower 

level of agreement and consistency than when comparing measures from the 
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same RUS or repeat RUS images.  The threshold set for acceptability was an 

ICC value of 0.90.  The level of agreement for line measures A and B exceeded 

this threshold, whereas that for Line C did not.  When re-examining the US 

images it was clear that the superior border of the muscle had a slightly flattened 

appearance, which suggested that despite careful technique during the scanning 

procedure, too much pressure was being applied to the transducer head.  This 

particularly affected Line C (which is a close approximation of the anterior-

posterior thickness of the VMO) and accounts for the fact that on average 

measures of Line C taken from US images was smaller than those taken from 

MRI images.  This affected the level of agreement between line measure C from 

the MRI and US images, resulting in it being only moderate (0.72) when using 

the definitions recommended by Portney and Watkins, (2000).   However, this 

pressure must have been applied in a consistent way as the level of agreement 

between Line C from repeat RUS images exceeded the 0.9 level.  This issue of 

applying too much pressure during the imaging process was highlighted by other 

authors (Dupont et al, 2001; Reeves et al, 2004; Teyhen et al, 2007). 

 

A number of other authors also compared measures taken from images of the 

same muscles using both MRI and RUS, see Section 6.3.1.  A review of 13 

studies (Pretorius and Keating, 2008) report the analysis methods used when 

measures taken from MRI or CT images were compared with those taken by 

RUS.  Ten studies reported Pearson correlation coefficient values, three also 

reported t-test results between mean values.  However, none of these studies 

used Bland and Altman Limits of Agreement, which seemed surprising, given 

the clear purpose of the Bland and Altman Limits of Agreement is to test the 

level of agreement between two different measurement tools or methods, and 

was first published by them in 1986.   

 

Another recent study by O‟Sullivan et al (2009) examined the validity of RUS 

measurements of the trapezius muscle compared with MRI, for 18 healthy 

participants, using both Pearson‟s correlation, and Bland and Altman analyses.  

They found good correlation for muscle thickness measures from images taken 

at the level of T8 (r=0.77), with very small mean differences on the Bland and 

Altman tests, which were evenly distributed around and close to 0; a moderate 
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level of correlation from images taken at the level of T5 (r=0.62), a fair level of 

correlation for images taken at the C6 level (r=0.52); and no correlation for 

images taken at the level of T1.  The authors suggest that the difference in 

correlation at the different spinal levels was due to the clarity of anatomical 

reference points, from which the images were taken.  

 

Mendis et al (2010) compared the CSA measures of anterior hip muscles taken 

from both MRI and RUS muscle images.  They also used ICC (model 3.1) to 

compare each pair of measures for each muscle and reported values of 

between 0.81 and 0.89 and no statistically significant differences between the 

mean CSA for each set of measures using images from MRI and RUS for each 

muscle. 

 

Thus the results for this work again compare well with that reported by others. 

 

9.6.3 – Effect of posture on ultrasound measures of VMO muscle size 

It was necessary to establish whether there were any statistically significant 

differences between measurements of VMO muscle size taken in long-sitting 

and relaxed standing, because in order to compare the value of the Q-angle and 

size of the VMO muscle in a meaningful way, it would be important to have all 

measures taken from participants in the same posture – ideally relaxed 

standing.  No statistically significant differences in measures taken from 

ultrasound images from the 12 participants in both postures.  These results 

support the findings of Coldron et al (2003) and Ainscough-Potts et al (2005) 

who also found no significant effects of posture on muscle size measures for the 

lumbar multifidus or abdominal muscles of healthy participants respectively as 

long as the muscles remained relaxed. 

 

It was thought possible that Line C of VMO might be larger when measured in 

relaxed standing, compared to long-sitting, due to the low-level of muscle 

contraction needed to maintain balance in a weight-bearing posture which is 

less stable than long-sitting; in accordance with the findings of Fulton, et al 

(2008) who explored the effect of maintaining balance on the size of the 

Transversus Abdominis muscle.  However, there was no effect in this study.  
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This may be due to the fact that the VMO was relaxed during both sets of 

measurements (evidenced by a patella which could be moved passively) and 

any low-level muscle contraction required to maintain the position in weight-

bearing may have come from elsewhere in the quadriceps muscle group or any 

contribution made by the VMO was not sufficiently great to effect a detectable 

difference in muscle thickness. 

 

However, one weakness of the present study was that no reliability testing was 

performed to examine the reliability of the technique on different days, as all 

scans were taken during the same session.  In order to determine whether the 

technique could be used to measure changes in VMO muscle size over time or 

in response to an intervention, between-day repeatability would need to be 

established. 

 

9.7 – Correlation between Q-angle value and linear and CSA 

ultrasound measures of the VMO muscle in healthy participants 

One of the main aims of this programme of work was to test to see if there was 

any correlation between the value of the Q-angle and the size of the VMO 

muscle.  This was done, based on the assumption that muscle size is positively 

related to its strength and thus a larger muscle would also be a stronger 

muscle, as discussed in Chapter 2, Section 2.5).  The Q-angle and VMO 

muscle size of ten healthy recreationally active males and one case study 

participant (equivalent to the healthy group, except with a history of PFJS, but 

no active symptoms for the previous two years) were studied. Each had his right 

Q-angle measured in relaxed standing and his right VMO muscle imaged using 

ultrasound, in both relaxed sanding and long-sitting; using the valid and reliable 

measurement protocols established in Chapters 5 and 6.   

 

No meaningful level of correlation value were found above r=0.7, recommended 

as being a minimum level of correlation useful clinically (Kline, 1986; as quoted 

by Stokes et al, 2007).  As our measurement protocols have been established 

as being both valid and reliable then this suggests that Q-angle and VMO 

muscle size measures have no relationship with each other.  However, a 



241 

 

moderate level of correlation between Line B and the Q-angle was found 

(r=0.45); although as there were so few participants it is difficult to draw any 

specific conclusions from this result.  It was surprising that line B showed the 

highest level of correlation as in the earlier work it was Line C that had shown 

the highest level of correlation with the CSA, which in turn tends to be the 

measure that is quoted as relating more closely to muscle strength.   Future 

work on a much larger group of participants would be interesting in order to 

explore this fact further. 

 

One issue that is important to note is that all the measurement protocols 

devised and followed in this body of work had  the quadriceps muscle relaxed – 

this was done for ease of consistency and standardisation of the measurement 

protocol, and checked by ensuring the patella was „loose‟ and could be 

passively moved by the investigator.  A common criticism of earlier reported 

measurement work as been that the state of contraction of the quadriceps 

muscles was not always standardised and this is discussed in Chapter 3 and 

Chapter 5.  However, when the patella is „loose‟ with the VMO muscle relaxed, 

it is less likely to have a direct effect on the position of the patella and hence the 

Q-angle – so by standardising the measurement protocol in this way it may 

have inadvertently eliminated the opportunity to capture any effect the VMO 

muscle has on the position of the patella and thus the value of the Q-angle.  

Lathinghouse and Trimble (2000) showed that for a group of 22 healthy women, 

there was a statistically significant decrease in the value of the Q-angle when 

the measure was taken while the quadriceps muscle was isometrically 

contracted, compared to when the quadriceps muscle was relaxed.  They took 

all measures from video images with participants in standing, and reported 

reliability of their measurement testing using ICCs (intra-rater 0.98) but gave 

insufficient details to be able to replicate their analysis. They also quoted 

method error between their two sets of repeat measures of 0.370. 

 

This conundrum illustrates quite nicely the tension that exists in clinical 

measurement – namely the need to balance the demands of measurement 

rigour with the competing demands of valid and clinically meaningful measures 

–  these two competing demands are hard to balance effectively. 
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9.8 – A brief illustrative case study of an individual with a 

history of PFJS 

It was disappointing only to be able to recruit one individual as an illustrative 

case study participant (as explained in Chapter 8, Section 8.3), rather than a full 

group of 20 participants with PFJS as originally planned, however the results 

from that participant are interesting.  The initial value for the Q-angle for the 

case study participant was higher (190) than the mean for the healthy group 

(90), and was higher than the highest value for a healthy participant (170).  Once 

the medial glide patellar tape was applied the Q-angle increased for both the 

case study participant (by 80) and the healthy participants (by 130); however 

once the marker which was originally on the centre of the patella was replaced 

due to the shift which occurred as a result of applying the tape, the resultant Q-

angle for the case study participant was three degrees higher than the original 

value, whereas it was two degrees smaller for the healthy group.  As both of 

these values sit within the three degrees of natural variation of the Q-angle over 

time identified in Chapter 7, Section 7.2, it must be concluded that these results 

do not show any differences between the case study participant and the healthy 

group.  As the case study participant had had no active symptoms for two 

years, it is possible that he was no different from the group of healthy 

participants.   

 

No significant differences between the BMI and linear and CSA measures of the 

VMO muscle were found in either long-sitting or standing from the healthy group 

and the case study participant, as shown in Tables 8.3 and 8.4.    

To date most of the work reporting the use of ultrasound imaging to measure 

muscle size has been performed on the muscles of healthy participants, as it is 

necessary to understand first what the range of „normal‟ is, before trying to 

make meaningful observations or decisions based on muscle size measures 

when there is pathology present.  In recent years an increasing number of 

studies have been published showing that there is an effect on muscle size in 

the presence of pathology, although it is not clear which is the cause and which 

is the effect, assuming that muscle size is directly related.  On the whole these 
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relate to muscle size measures of paraspinal or abdominal muscles (Hides et al, 

1994; Raney et al, 2007; Fernandez-de-las-penas et al, 2008). 

It would be very interesting to be able to measure the Q-angle during a 

functional activity as well as the size and shape of the VMO at the same time, 

as it is that functional real-time measurement which would be able to give 

definitive answers to these questions. 

 

 

9.9. Limitations of the present studies 

There are a number of limitations within the studies reported and discussed in 

this body of work, as follows: 

 

9.9.1 – Measurement protocol, validity and reliability testing 

In order to completely fulfill the requirements of measurement rigour needed to 

allow a measurement protocol to be accepted as both valid and reliable, there 

needs to be sufficient data collected to be analysed.  These data need to 

include: 

 Sufficient numbers of initial measures and testers,  

 A sufficient number of repeat measures (both within and between 

sessions), especially on different days 

For a number of the small studies reported in this thesis, i.e. establishing the 

measurement protocol for the Q-angle, as well as for some of the ultrasound 

imaging for the VMO muscle size, these requirements were not achieved. 

 

9.9.2 – comprehensiveness of measures taken 

When measuring the Q-angle over time, with participants in relaxed standing, it 

would have been interesting also to have measured the Q-angle with subjects in 

non weight-bearing e.g. long-sitting in order to compare results.  The 

assumption used to measure the Q-angle over time in relaxed standing was that 

the small contractions made in order to maintain posture might affect the Q-

angle, and so it would have been interesting to compare these results with 

measures over the same period of time in non weight-bearing.   
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When exploring the Q-angle during the stance phase of gait, a more 

comprehensive scope of measures would have enhanced our ability to 

understand what was happening.  For example, it would have been interesting 

to take actual measures of knee flexion and extension rather than to make 

assumptions. It would also have been beneficial to have taken measures from 

both legs, so that comparisons could be made between them to assess 

symmetry. 

 

The body mass index (BMI) data were measured for some participant groups 

but not all, resulting in some incomplete conclusions being able to be drawn. 

 

9.9.3 – State of quadriceps muscles 

Another weakness is that all measures taken required the relaxation of the 

quadriceps muscles, which inadvertently may have mitigated against learning 

useful information about the role of the VMO muscle in controlling the position 

of the patella, as the VMO was relaxed at the time.  However, this was done in 

order to help meet the demands of measurement rigour in order to standardize 

the measurement protocols. 

 

9.9.4 – Clinical participants 

The case study participant did not have any active symptoms of PFJS, only a 

history of having symptoms, so the results can only be treated as interesting 

and speculative, rather than giving any definitive information.  The intention to 

study a group of patients with PFJS in the later experiments was not feasible, 

so conclusions cannot be drawn about the relationship between the Q-angle 

and VMO muscle size, or the effects of medial glide patellar taping on the Q-

angle in patients.  
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9.10 Summary  

The initial rationale for undertaking this body of work led to several aims:  

 to examine whether the Q-angle was an absolute or fixed measure or 

whether it had a natural variation;  

 to explore the Q-angle during a functional activity;  and  

 to see whether the VMO muscle had an effect on the control of the 

position of the patella, as determined by whether there was any 

correlation between the value of the Q-angle and the size of the VMO 

muscle. 

The findings show that the Q-angle did have a natural variation during a 60 

second time period of relaxed standing; there was a difference in pattern of 

movement of the three markers from which the Q-angle is formed between 

healthy participants and those with PFJS, during the stance phase of gait; and 

there was no correlation between the size of the VMO muscle and the value of 

the Q-angle. 

 

These results add to our understanding of the usefulness of Q-angle 

measurements made using a goniometer from participants who are in relaxed 

standing.  This work suggests that differences in measured Q-angle of greater 

than 90 are required for any real differences in value to be certain.  These 

results help to explain the generally low levels of reliability reported by the few 

authors who tested for reliability in their Q-angle measurement protocols.  The 

study also characterized the VMO muscles using ultrasound imaging, showing a 

high correlation between its CSA and linear measurements.  This work forms 

the basis for several avenues of future research, as outlined in the next chapter. 

  



246 

 

  



247 

 

 

Chapter Ten 

 

General Conclusions and  

Future Research 
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CHAPTER 10.0 

General conclusions and  

future research 

 

10.1 – Introduction 

This chapter summarises the conclusions drawn from the experimental work 

carried out and reported in Chapters 5 through 8; and then suggests some 

areas for future research.  It is divided into three sections: 

 

 10.1 – Introduction 

 10.2 – General Conclusions 

 10.3 – Areas for future research 

 

 

10.2 – General Conclusions 

1. It was possible to develop a protocol to measure the Q-angle of 

participants in relaxed standing, using the Peak Video Motion Analysis 

system, with a variability of one degree or less 

2. The Q-angle varies, on average by between 3.0 and 4.0, degrees during 

the 60 seconds it typically takes to make the measure in the clinical 

situation, and thus when measuring the Q-angle in the clinical situation it 

should not be seen as an absolute or unvarying measure, but a snap-

shot in time of its value 

3. There were differences as well as similarities in the pattern of movement 

of the three markers from which the Q-angle is formed, between healthy 

participants and those with PFJS, when viewed from the sagittal and 

frontal planes during the stance phase of gait: 

 Sagittal plane – participants with PFJS walked with a straighter 

knee than healthy participants 

 Frontal plane – participants with PFJS had a lower mean Q-

angle than healthy participants at the start, it then increased 
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and remained a few degrees above that for the healthy group, 

increasing again during the terminal phase 

 Participants with PFJS on average spent a shorter time in 

weight-bearing on their affected leg compared with the healthy 

participants. 

4. The Q-angle for the majority of healthy participants followed the expected 

pattern of variation during the stance phase of gait – being at its 

maximum value at heel strike and at its minimum value at toe-off, 

although a limitation is that actual knee flexion angles were not 

measured 

5. There was no meaningful correlation between the maximum or minimum 

values of the Q-angle and the amount of sub-talar joint pronation during 

the stance phase of gait, for healthy participants  

6. The application of McConnell‟s medial glide patellar tape to ten healthy 

participants significantly altered the value of their Q-angle 

 The tape maintained its effect on the Q-angle after a period of 

5 minutes cycling at a speed of between 45 and 50 rpm 

 For some participants the application of the tape appeared to 

move the skin medially, rather than the patella itself 

7. Real-time ultrasound imaging was demonstrated to be a valid and reliable 

tool for measuring the size of the VMO muscle, when compared with the 

acknowledged „gold standard‟ of MRI  

8. There was a clinically acceptable level of correlation between the CSA 

and linear measures of the VMO muscle (r>0.7); allowing linear measures 

to be used instead of CSA measures if necessary 

9. There was no effect of posture on the linear and CSA measures of the 

VMO muscle obtained from ultrasound images of healthy participants 

whether imaged in long-sitting or relaxed standing, this demonstrated the 

utility of ultrasound for studying the VMO in a functionally relevant posture 

and enabled comparisons to be made between VMO muscle size and the 

Q-angle 

10. There was no meaningful correlation between the value of the Q-angle 

(measured in relaxed standing) and the linear or CSA measures of the 
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VMO muscle of ten healthy recreationally active males, all values were 

less than the Pearson‟s correlation coefficient threshold level of r=0.7 set 

11. There was no difference between any of the measures of Q-angle and 

VMO muscle size between the ten healthy recreationally active males and 

the illustrative case study participant, with a history of PFJS but no 

current symptoms 

 

 

10.3 – Areas for future research 

Having formed the conclusions listed above it would be interesting to apply all 

measurement protocols to participants with PFJS, as most of the work reported 

here was carried out on healthy participants, as well as explore several other 

areas of related work, especially to address the following to answer these 

questions: 

1. Does the Q-angle of individuals with PFJS also vary during a 60 minute 

period, when measured with participants in relaxed standing, and if so, is 

the level of variation the same as that for healthy individuals? 

2. Is it possible to establish a measurement protocol to help understand the 

effect on the Q-angle of rotational movements (transverse plane) of the 

femur, pelvis, tibia and foot that occur during the stance phase of gait? 

3. Is the size and shape of the VMO muscle of individuals with PFJS the 

same as that for healthy individuals, and are there useful levels of 

correlation between its linear and CSA measures? 

4. Is it possible to establish a standardised measurement protocol, using 

ultrasound,  to measure VMO muscle size which includes some 

contraction of the quadriceps muscle, in order to gain more insight into 

the active effect of the VMO on the patella? 

5. Is it possible to use functional MRI equipment to image the Q-angle and 

VMO muscle during weight-bearing and flexion/extension of the knee 

joint, and thus see in real-time if/how the VMO controls the position of the 

patella? 

6. Does the medial glide patellar tape maintain its effect on the Q-angle 

after a longer period of exercise e.g. 30 minutes?   
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Managing the tension between the measurement rigour rightly seen as 

necessary for decision making, with the need for measurement protocols that 

can be applied in the clinical situation will continue to be an interesting 

challenge.  Forming a consensus of opinion about what is fundamental and 

essential information i.e. the very essence required for a particular 

measurement, including an accepted level of variability and understanding of 

the context in which the measure is taken and the judgement, skill and 

capability needed by those taking the measurement will continue to energise 

individuals as we seek to establish an acceptable balance between the two 

valid and competing ends of the same spectrum. 

  



253 

 

Appendices 

  



254 

 

 

 

 

 

 

 

 

 

 

 

 

 

 















































































































































325 

 

REFERENCES: 

 
1. Aglietti, P; Insall, JN; Cerulli,G (1983) – Patellar pain and incongruence. 

Clinical Orthopaedics and Related Research, 217-223. 

2. Ahmed, AM; Burke, DL; Yu, A (1983) – In-vitro measurement of static 

pressure distribution in synovial joints – part 2: Retropatellar surface.  Journal 

of Biomedical Engineering, 105, 226-236. 

3. Ainscough-Potts, A-M; Morrissey, MC; Critchley, D (2006) – The response of 

the transverse abdominis and internal oblique muscles to different postures.  

Manual Therapy, 11, 54-60. 

4. Akima, H; Kuno, S; Suzuki, Y (1997) –  Effects of 20 days of bed rest on 

physiological cross-sectional area of human thigh and leg muscles evaluated 

by magnetic resonance imaging.  Journal of gravitational physiology, 4, 15-21. 

5. Barton, CJ; Webster, KE; Menz, H (2008) – Evaluation of the scope and 

quality of systematic reviews on nonpharmacological conservative treatment 

for patellofemoral pain syndrome.  JOSPT, 38, 9, 529-541. 

6. Bemben, MG (2002) – Use of diagnostic ultrasound for assessing muscle 

size.  Journal of Strength and Conditioning Research, 16, 1, 103-108. 

7. Biedert, RM; Sanchis-Alfonso, V (2002) – Sources of anterior knee pain.  

Clinics in Sports Medicine, 21, 335-347. 

8. Binder, D; Brown-Cross, D; Shamus, E; Davies, G (2001) – Peak torque, total 

work and power values when comparing individuals with Q-angle differences. 

Isokinetics and Exercise Science, 9,1, 27-30. 

9. Bland, JM; Altman, DG (1986) – Statistical methods for assessing agreement 

between two methods of clinical measurement.  Lance, 1, 307-310. 

10. Blazevich, AJ; Gill, ND; Zhou, S (2006) – Intra- and intermuscular variation in 

human quadriceps femoris architecture assessed in vivo.  J Anat, 209, 289-

310. 

11. Bockrath, K; Wooden, C; Worrell, T; Ingersoll, CD; Farr, J (1993) – Effects of 

patella taping on patella position and perceived pain. Med. Sci. Sports. Exerc. 

, 25, 9, 989-992. 

12. Bolgla, LA; Malone, TR; Umberger, BR; Uhl, TL (2008) – Hip strength and hip 

and knee kinematics during stair descent in femails with and without 

patellofemoral pain syndrome.  JOSPT, 38, 1, 12-18. 

13. Boling, M; Padua, DA; Marshall, SW (2009) – A prospective investigation of 

biomechanical risk factors for patellofemoral pain syndrome. American 

Journal of Sports medicine, 37, 11, 2108-2116. 

14. Brattstrom, H (1964) – Shape of the intercondyler groove normally and in 

recurrent dislocation of the patella.  Acta Orthop Scand (suppl), 68, 1-40. 

15. Brechter, JH; Powers, CM; Terk, MR; Ward, SR; Lee, TQ (2003) – 

Quantification of patellofemoral joint contact area using magnetic resonance 

imaging.  Magnetic Resonance Imaging, 2, 9, 955-959. 



326 

 

16. Brechter, JH; and Powers, CM (2002) – Patellofemoral stress during walking 

in persons with and without patellofemoral pain.  Medicine & Science in 

Sports and Exercise, 34, 10, 1582-1593. 

17. Brown, DE; Alexander, AH; Lichtman, DM (1984) – The Elmslie-Trillat 

procedure: Evaluation in patellar dislocation and subluxation.  The American 

Journal of Sports Medicine, 12, 2, 104-109. 

18. Brownstein, B and Mangine, RE (1995) – Anatomy and Biomechanics.  In 

Physical Therapy of the Knee, second edition.  Edited by Robert Mangine, 

Chapter 1.  Churchill Livingstone. 

19. Bruton, A; Conway, JH; Holgate, S (2000) – Reliability: What is it and how is it 

measured?  Physiotherapy, 86, 2, 94-99. 

20. Callaghan, MJ (1997) – Patellar taping, the theory versus the evidence: a 

review. Phys. Ther. Rev. , 2, 181-183 

21. Callaghan, MJ; Batzopoulos, V (1992) – Anterior knee pain: the need for 

objective measurement.  Clin Biomech, 7, 67-74. 

22. Callaghan, MJ; Batzopoulos, V (1994) – Gait analysis in patients with anterior 

knee pain.  Clin Biomech, 9, 79-84. 

23. Callaghan, MJ; Oldham, JA (2004) – Quadriceps atrophy: to what extent does 

it exist in patellofemoral pain syndrome?  Br J Sports Med, 38: 295-299. 

24. Callaghan, MJ; Selfe, J; Bagley, PJ; Oldham, JA (2002) – The effects of 

patellar taping on knee joint proprioception. Journal of Athletic Training, 37,1, 

19-24 

25. Carlson, M: Wilkerson, J (2007) – Are differences in leg length predictive of 

lateral patella-femoral pain?  Physiother. Res. Int. 12, 29-38. 

26. Caylor, F; Fites, R; Worrell, TW (1993) – The relationship between quadriceps 

angle and anterior knee pain syndrome.  JOSPT, 17, 1, 11-16.  

27. Chinkulprasert, C; Vachalathiti, R; Powers, CM (2011) – Patellofemoral joint 

forces and stress during forward Step-up, Lateral Step-up, and forward Step-

down Exercises.  JOSPT, 41,4, 241-248. 

28. Chinn, S (1990) - Ranges, confidence intervals, and related quantities: what 

they are and when to use them.  Thorax, 391-393. 

29. Chinn, S (1991) – Repeatability and method comparison.  Thorax, 46, 454-

456. 

30. Cibulka, MT; Threlkeld-Watkins, J (2005) – Patellofemoral pain and 

Asymmetrical hip rotation.  Physical Therapy, 85, 11, 1201-1207. 

31. Close, PJ; Stokes, MJ‟ L‟Estrange, PR; Rowell, J (1995) – Ultrasonography of 

masseter muscle size in normal young adults.  Journal of Oral Rehabilitation. 

22, 2, 129-134. 

32. Crossley, K; Cowan, SM; Bennell, KL; McConnell, J (2000) – Patellar taping: 

is clinical success supported by scientific evidence. Manual Therapy, 5, 3, 

142-150.  

33. Coldron, Y; Stokes, M; Cook, K (2003) – Lumbar multifidus muscle size does 

not differ whether ultrasound imaging is performed in prone or side lying.  

Manual Therapy, 8, 3, 161-165. 



327 

 

34. Craik, RL; Oatis, CA (1995) – Gait Analysis Theory and Application, Mosby, 

St Louis. 

35. Cutbill, JW; Ladley, KO; Bray, RC; Thorne, P; Verhoef, M (1997) – Anterior 

Knee Pain: A Review.  Clinical Journal of Sports Medicine, 7, 1, 40-45. 

36. Davis, IS; Powers, C (2010) – Patellofemoral Pain Syndrome: Proximal, 

Distal, and Local Factors An International Research Retreat. JOSPT, 40, 3, 

A1-A48 

37. Devan, MR; Pescatello, LS; Faghri, P; Anderson J (2004) – A prospective 
study of overuse knee injuried among female athletes with muscle imbalances 
and structural abnormalities.  Journal of Athletic Training, 39, 3, 263-267. 

38. Derasari, A; Brindle, TJ; Alter, KE; Sheehan, FT (2010) – McConnell taping 

shifts the patella inferiorly in patients with patellofemoral pian: A dynamic 

magnetic resonance imaging study.  Physical Therapy, 90, 3, 411-419. 

39. Dierks, TA; Manal, KT; Hamill, J; Davis, IS (2008) – Proximal and distal 

influences on hip and knee kinematics in runners with patellofemoral pain 

during a prolonged run.  JOSPT, 38, 8, 448-456. 

40. Dillon, PZ; Updyke, WF; Allen, WC (1983) – Gait analysis with reference to 

chondromalacia patellae.  JOSPT, 5, 3, 127-131. 

41. Doucette, SA; Goble, M (1992) – The effect of exercise on patellar tracking in 

lateral patellar compression syndrome.  The American Journal of Sports 

Medicine, 20, 4, 434-440. 

42. Draper, CE; Chew, KTL; Wang, R; Jennings, F; Gold, GE; Fredericson M 

(2011) – Comparison of Quadriceps Angle measurements Using Short-Arm 

and Long-Arm Goniometers: Correlation with MRI. PM&R 3, 111-116. 

43. Dugdale, TW; Barnett, PR (1986) – Historical Background: Patellofemoral 

pain in young people.  Orthopaedic clinics of North America, 17, 2, 211-219. 

44. Dye, SF; Staubli, HU; Biedert, RM; Vaupel, GL (1999) – The Mosaic of 

pathophysiology causing patellofemoral pain: therapeutic implications.  

Operative Techniques in Sports Medicine, 7, 2, 46-54. 

45. Eliasziw, M; Young, SL; Woodbury, MG; Fryday-Field, K (1994) – Statistical 

Methodology for the Concurrent assessment of interrater and intrarater 

reliability: using goniometric measurements as an example.  Physical 

Therapy, 74, 8, 777-788. 

46. Escamilla, RF; Zheng, N; Macleod, TD; Edwards, WB; Hrreljac, A; Fleisig, G; 

Wilk, K; Moorman, CT; Imamura, R; Andrews, JR (2008) – Patellofemoral joint 

force and stress between a short and long-step forward lunge.  JOSPT, 38, 

11, 681-690. 

47. Fernandez-de-las-Penas, C; Albert-Sanchis, JC; Buil, M; Benitez, J; 

Alburquerque-Sendin, F (2008) – Cross-sectional area of cervical multifidus 

muscle in females with chronic bilateral neck pain compared to controls.  

JOSPT, 38, 4, 175-180. 

48. Fithian, DC; Mishra, DK; Balen, PF; Stone, ML; Daniel, DM (1995) – 

Instrumented measurement of Patellar Mobility.  The American Journal of 

Sports Medicine, 23, 5, 607-615. 



328 

 

49. Fitzgerald, GK; McClure, PW (1995) – Reliability of measurements obtained 

with four tests for patellofemoral alignment.  Physical Therapy, 75, 2, 84-92. 

50. Fitzpatrick, P (2002) – Does the addition of specific hamstring muscle 

strengthening exercises to a standard physiotherapy regime improve outcome 

in patients with patellofemoral pain syndrome?  MSc Thesis, University of 

Southampton. 

51. France, L; Nester, C (2001) – Effect of errors in the identification of 

anatomical landmarks on the accuracy of Q angle values.  Clinical 

Biomechanics, 16, 710-713. 

52. Fredericson, M; Yoon, K (2006) – Physical Examination and Patellofemoral 

Pain Syndrome. Am. J. Phys. Med. Rehabil. ,85, 3, 234-243. 

53. Freilich, RJ; Kirsner, RLG; Byrne, E (1995) – Isometric strength and thickness 

relationship in human quadriceps muscle.  Neuromusc. Disord, 5, 415-422. 

54. Fulkerson, JP: Hungerford, DS (1990) – Disorders of the patellofemoral joint.  

Williams and Wilkins, Baltimore. 

55. Fulton, I; McEvoy, M; Pieterse, J: Williams, M; Thoirs, K; Petkoc, J (2009) – 

Transversus abdominis: Changes in thickness during the unsupported upper 

limb exercise test in older adults.  Physiotherapy Theory and Practice, 25, 8, 

523-532. 

56. Garfinkel, S; Cafarelli, E (1992) – Relative changes in maximal force, EMG, 

and muscle cross-sectional area after isometric training.  Medicine and 

Science in Sports & Exercise, 24, 11, 1220-1227. 

57. Gorniak, GC (2009) – Patterns of patellofemoral articular cartilage wear in 

cadavers.  JOSPT, 39, 9, 675-683. 

58. Green, ST (2005) – Patellofemoral syndrome. Journal of Bodywork and 

Movement Therapies 9, 16-26. 

59. Greene, GC; Edwards, TB; Wade MR; Carson, EW (2001) – Reliability of the 

quadriceps angle measurement.  Am J Knee Surg, 14, 97-103. 

60. Grelsamer, RP; Dubey, A; Weinstein, CH (2005) – Men and women have 

similar Q angles. The Journal of Bone and Joint Surgery, 87-B, 1498-1501. 

61. Grelsamer, R; and McConnell J (1998) – The Patella – A team approach. 

Aspen Publishers.   

62. Grelsamer, RP; Klein, JR (1998) – The biomechanics of the patellofemoral 

joint.  JOSPT, 28, 5, 286-298. 

63. Gross, MT; Foxworth, JL (2003) – The role of foot orthoses as an intervention 

for patellofemoral pain.  JOSPT, 33, 11, 661-670. 

64. Guerra, JP; Arnold, MJ; Gajdosik, RL (1994) – Q angle: effects of isometric 

quadriceps contraction and body position.  JOSPT, 19, 4, 200-204. 

65. Hamill, J; van Emerick, REA; Heiderscheit, BC; Li, L (1999) – A dynamical 

systems approach to lower extremity running injuries.  Clinical Biomechanics, 

14, 297-308. 

66. Hand, CJ (2004) – Association between anatomical features and anterior 

knee pain in a „Fit‟ service population.  Journal of the Royal Naval Medical 

Service 90, 3, 125-134. 



329 

 

67. Handfield, T; Kramer, J (2000) – Effect of McConnell taping on perceived pain 

and knee extensor torques during isokinetic exercise performed by patients 

with patellofemoral pain syndrome.  Physiotherapy Canada, Winter, 39-44. 

68. Heiderscheit, BC; Hamill, J; Van Emmerik, REA (1999) – Q-angle influences 

on the variability of lower extremity coordination during running.  Medicine and 

Science in Sports and Exercise, 31, 9, 1313-1319. 

69. Heiderscheit, BC; Hamill, J; Caldwell, GE (2000) – Influence of Q-angle on 

lower-extremity running kinematics.  JOSPT, 30, 5, 271-278) 

70. Heiderscheit, BC (2010) – Lower extremity injuries: Is it just about hip 

strength? JOSPT, 40, 2, 39-41. 

71. Herrington L (2008) – The difference in a clinical measure of patella lateral 

position between individuals with patellofemoral pain and matched controls. 

JOSPT, 38, 2, 59-62. 

72. Herrington, L; Nester, C (2004) – Q-angle undervalued? The relationship 

between Q-angle and medio-lateral position of the patella. Clinical 

Biomechanics, 19, 1070-1073. 

73. Hides, JA; Stokes, MJ; Saide, M; Jull, GA; cooper, DH (1994) – Evidence of 

lumbar multifidus muscle wasting ipsilateral to symptoms in patients with 

acute/subacute low back pain.  Spine, 19, 2, 165-172. 

74. Hides, J; Wilson, S; Stanton, W; McMahon, S; Keto, H; McMahon, K; Bryant, 

M; Richardson, C (2006) – An MRI investigation into the function of the 

transverses abdominis muscle during „Drawing-In‟ of the abdominal wall.  

Spine, 31, 6, E175-E178. 

75. Hides, J; Wong, I; Wilson, SJ; Bealvy, DL; Richardson, CA (2007) – 

Assessment of abdominal muscle function during a simulated unilateral 

weight-bearing task using ultrasound imaging. Journal of Orthopaedic and 

Sports Physical Therapy, 37, 8, 467- 471. 

76. Horton, MG; Hall, TL (1989) – Quadriceps femoris muscle angle: Normal 

values and relationships with gender and selected skeletal measures.  

Physical Therapy, 69, 11, 897-901. 

77. Hungerford, DS; Barry, M (1979) – Biomechanics of the patellofemoral joint.  

Clinical Orthopaedics and related research, 144, October, 9-15. 

78. Insall, J; Falvo, KA; Wise, DW (1976) – Chondromalacia Patellae.  JOSPT, 58 

A, 1, 1-8. 

79. Iverson, CA; Sutlinve, TG; Crowell, MS; Morrell, RL; Oerkins, MW; Garber, 

MB; Moore, JH; Wainner (2008) – Lumbopelvic manipulation for the treatment 

of patients with patellofemoral pain syndrome: development of a clinical 

prediction rule.  JOSPT, 38, 6, 297-312. 

80. Jan, M; Lin, D; Lin, CJ; Lin, Y; Cheng, C (2009) – The effects of quadriceps 

contraction of different patellorfemoral alignment subtypes: An axial computed 

tomography study.  JOSPT, 39, 4, 264-269. 

81. Jansen, JACG; Mens, JMA; Backx, FJG; Stam, HJ (2009) – Changes in 

abdominal muscle thickness measured by ultrasound are not associated with 



330 

 

recovery in athletes with longstanding groin pain associated with resisted hip 

adduction.  JOSPT, 39, 10, 724-732. 

82. Jhu, J; Chai, H; Jan, M; Wang, C; Shau, Y; Wang, S (2010) – Relibility and 

relationship between two measurements of transverses abdominis dimension 

taken during an abdominal drawing-in maneuver using a novel approach of 

ultrasound.  JOSPT, 40, 12, 826-832. 

83. Kannus, P; and Nittymaki, S (1994) – Which factors predict outcome in the 

nonoperative treatment of patellofemoral pain syndrome?  A prospective 

follow-up study.  Medicine and Science in Sports and Exercise, 26, 3, 289-

296. 

84. Keet, JHL; Gray, J; Harley, Y; Lambert, MI (2007) – The effect of medial 

patellar taping on pain, strength and neuromuscular recruitment in subjects 

with and without patellofemoral pain. Physiotherapy, 93, 45-52. 

85. Keating, J; Matyas, T (1998) – Unreliable inferences from reliable 

measurements.  Australian Journal of Physiotherapy, 44, 1, 5-10. 

86. Kennelly, KP; Stokes, MJ (1993) – Pattern of Asymmetry of Paraspinal 

muscle Size in Adolescent Idiopathic Scoliosis Examined by Real-Time 

Ultrasound Imaging. A Preliminary Study. Spine, 18, 7, 913-917. 

87. Kishali, NF; Imamoglu, O; Burmaoglu, G; Atan, T; Yildirim, K (2004) – Q-

angles of elite soccer and taekwondo athletes.  The Pain Clinic, 16, 1 27-33. 

88. Krebs (1998) 

89. Kristjansson, E (2004) – Reliability of ultrasonography for the cervical 

multifidus muscle in asymptomatic and symptomatic subjects. Manual 

Therapy, 9, 83-88. 

90. Kuhn, DR; Yochum, DC; Cherry, AR; Rodgers, SS (2002) – Immediate 

changes in the Quadriceps Femoris Angle after insertion of an orthotic 

Device. Journal of Manipulative and Physiological Therapeutics, 25, 7, 465-

470. 

91. Lafortune, MA; Lambert, C; Lake, M (1992) – Skin marker displacement at the 

knee joint.  Proceedings 2nd North American Congress of Biomechanics, 

Chicago, 24-28 August, 101-102. 

92. Lan, TY; Lin, WP; Jiang, CC; Chiang, H (2010) – Immediate effect and 

predictors of effectiveness of taping for patellofemoral pain syndrome. 

American Journal of Sports Medicine, 38, 8, 1626-1630. 

93. Lathinghouse, LH; Trimble, MH (2000) – Effects of isometric quadriceps 

activation on the Q-angle in women before and after quadriceps exercise.  J 

Orthop Sports Phys Ther, 30, 4, 211-216. 

94. Leard, S; Crane, B; Ball, KA (2009) – Intrarater and interrater reliability of 22 

clinical measures associated with lower quarter malalignment. Journal of 

Manipulative and Physiological Therapeutics, 32, 4, 270-276. 

95. Lin, Y; Lin, J; Cheng, C; Lin, D; Jan, M (2008) – Association between 

sonographic morphology of vastus medialis obliqueus and patellar alignment 

in patients with patellofemoral pain syndrome. JOSPT, 38, 4, 196-202. 



331 

 

96. Lin, Y; Chai, H; Wang, S (2009) – Reliability of thickness measurements of 

the dorsal muscles of the upper cervical spine: an ultrasound study.  JOSPT, 

39, 12, 850-857. 

97. Livingston, LA (1998) – The Quadriceps Angle: A review of the literature. 

JOSPT, 28, 2, 105-109. 

98. Livingston, LA; Mandigo, JL (1999) – Bilateral Q angle asymmetry and 

anterior knee pain syndrome.  Clinical Biomechanics, 14, 7-13. 

99. Loo, A; Stokes, MJ (1990) – Diagnostic ultrasound scanning for clinical 

measurement of quadriceps muscle size and estimation of strength.  In: 

Proceedings of the 3rd International Physiotherapy Congress (Hong Kong) link 

Printing PtY Ltd, Sydney p 655-660. 

100. Lowry, CD; Cleland, JA; Dyke, K (2008) – Management of patients with 

patellofemoral pain syndrome using a multimodal approach: A Case Series.  

JOSPT, 38, 11, 691-702. 

101. Lubowitz, JH; Bernardini, BJ; Reid, JB (2008) – Current Concepts 

Review: Comprehensive Physical Examination for instability of the Knee. 

American Journal of Sports medicine, 36, 3, 577-594. 

102. Maher, C (1993) – Pitfalls in reliability studies: some suggestions for 

change.  Australian Journal of Physiotherapy, 39, 5-7. 

103. McClinton, S; Donatell, G; Weir, J; Heiderscheit B (2007) – Influence of 

step height on quadriceps onset timing and activiation during stair ascent in 

individuals with patellofemoral pain syndrome.  JOSPT, 37, 5, 239-244. 

104. McConnell, J (1986) – The management of chondromalacia patellae: a 

long term solution.  Australian Journal of Physiotherapy, 32, 4, 215-223. 

105. McConnell, J (1996) – Management of patellofemoral problems.  

Manual Therapy, 2; 60-66. 

106. Mendis, MD; Wilson, SJ; Stanton, W; Hides, JA (2010) – Validity of 

real-time ultrasound imaging to measure anterior hip muscle size: a 

comparison with magnetic resonance imaging.  JOSPT, 40, 9, 577-581. 

107. Merchant, AC (1988) – Classification of patellofemoral disorders.  

Arthroscopy, 4, 235-240. 

108. Messier, SP; Legault, C; Schhoenlank, CR; Newman, JJ; Martin, DF; 

Devita, P (2008) – Risk factors and mechanisms of knee injury in runners.  

Medicine and Science in Sports and Exercise, 40, 11, 1873-1879. 

109. Milgrom, C; Finestone, A; Shlamkovitich, N; Giladi, M; Radin, E (1996) 

– Anterior Knee Pain caused ob overactivity.  Clinical Orthopaedics and 

Related Research, 331, 256-260. 

110. Montes, R (2001) – Changes in cross-sectional diameter of muscle 

ultrasonography between relaxation and maximum voluntary isometric 

contraction in normal young subjects.  Physiotherapy, 87, 4, 172-178. 

111. Moss, RI; DeVita, P; Dawson, ML (1992) – A biomechanical analysis of 

patellofemoral stress syndrome.  Journal of Athletic Training, 27, 1, 64-69. 



332 

 

112. Nadeau, S; Gravel, D; Herbert, LJ; Arsenault, AB; Lepage, Y (1997) – 

Gait study of patients with patellofemoral pain syndrome.  Gait Posture, 5, 1, 

21-27. 

113. Nimon, G; Murray, D; Sandow, M; Goodfellow, J (1998) – Natural 

history of anterior knee pain: A 14- to 20- year follow-up of non-operative 

patients.  Journal of Paediatric Orthopaedics, 18, 118-122. 

114. Nordin, M and Frankel, VH (1989) – Basic biomechanics of the 

musculoskeletal system; 2nd edition.  Lea & Febiger, Philadelphia, London. 

115. Nozic, M; Mitchell, J; de Klerk, D (1997) – A comparison of the 

proximal and distal parts of the vastus medialis muscle.  Australian 

Physiotherapy, 43, 4 277-281 

116. O‟Sullivan, C; Bentman, S; Bennett, K; Stokes, M (2007) – 

Rehabilitative ultrasound imaging of the lower trapezius muscle: Technical 

description and reliability. Journal of Orthopaedic and Sports Physical 

Therapy, 37, 10, 620-626. 

117. Oakes, JL; McCandless, P; Selfe, J (2009) – Exploration of the current 

evidence base for the incidence and prevalence of patellofemoral pain 

syndrome. Physical Therapy Reviews, 14, 6, 382-387. 

118. Olerud, C; Berg,P (1984) – The variation of the Q angle with different 

positions of the foot.  Clinical Orthopaedics and related research, 191, 

December, 162-165. 

119. Ono, T; Riegger-Krugh, C; Bookstein, N; Shimizu, ME; Kanai, S; 

Otsuka, A (2005) – The boundary of the vastus medialis oblique and the 

vastus medialis longus.  J Phys Ther Sci, 17, 1-4. 

120. O‟Sullivan, C; Meaney, J; Boyle, G; Gormley, J; Stokes, M (2009) – 

The validity of rehabilitative ultrasound imaging for measurement of trapezius 

muscle thickness.  Manual Therapy, 14, 572-578. 

121. Ota, S; Nakashima, T; Morisaka, A; Ida, K; Kawamura, M (2008) – 

Comparison of patellar mobility in female adults with and without 

patellofemoral pain.  JOSPT, 38, 7, 396-402. 

122. Ozkaya, N: Nordin, M (1999) – Fundamentals of Biomechanics, 

Springer, New York. 

123. Painter, EE; Ogle, MD; Teyhen, DS (2007) – Lumbopelvic dysfunction 

and stress urinary incontinence: A case report applying rehabilitative 

ultrasound imaging.  JOSPT, 37, 8, 499-504. 

124. Park, S-K; Stefanyshyn, DJ (2011) - Greater Q angle may not be a risk 

factor of Patellofemoral Pain Syndrome. Clinical Biomechanics, 26, 392-396. 

125. Patel, VV; Hall, K; Ries, M; Lindsey, C; Ozhinsky, E; Lu, Y; Majumdar, 

S (2003) – Magnetic Resonance Imaging of Patellofemoral Kinematics with 

weight-bearing.  Journal of Bone & Joint Surgery (A), 85, 12, 2419-2424.  

126. Peeler, J and Anderson, JE (2007) – Structural parameters of the 

vastus medialis muscle and its relationship to patellofemoral joint 

deterioration. Clinical Anatomy, 20, 307-314. 



333 

 

127. Peeler, J; Cooper, J; Porter, MM; Thliveris, JA; Anderson, JE (2005) – 

Structural Parameters of the Vastus medialis Muscle.  Clinical Anatomy, 18, 

281-289. 

128. Peeler, JD; Leiter, J; Anderson, JE (2010) – Reproducibility of a 

simplified Q-angle measurement technique. Current Orthopaedic Practice, 21, 

2, 158-164. 

129. Perry, J (1992) – Gait analysis, normal and pathological function.  First 

Edition. SLACK incorporated, New York. 

130. Pfeiffer, RP; DeBeliso, M; Shea, KG; Kelley, L; Irmischer, B; Harris, C 

(2004) – Kinematic MRI Assessment of McConnell taping before and after 

exercise.  The American Journal of Sports medicine, 32, 621-628. 

131. Piva, SR; Fitzgerald, K; Irrgang, JJ; Jones, S; Hando, BR; Browder, 

DA; Childs, JD (2006) – Reliability of measures of impairments associated 

with patellofemoral pain syndrome.  Musculoskeletal Disorders, 7, 33, 1-13. 

132. Portney and Watkins (2000) – Foundations of Clinical Research, 

applications to Practice. Prentice-Hall International (UK) Ltd, London. 

133. Post, WR (2001) – Clinical assessment of malalignment: does it 

correlate with the presence of patellofemoral pain? Sports medicine and 

Arthroscopy Review, 9, 4, 301-305. 

134. Powers, CM (2010) – The influence of abnormal hip mechanics on 

knee injury: A biomechanical perspective. Journal of Orthopaedic and Sports 

Physical Therapy, 40, 2, 42-51. 

135. Powers, CM; Maffucci, R; Hampton, S (1995) – Rearfoot posture in 

subjects with patellofemoral pain.  JOSPT, 22, 4, 155-160. 

136. Powers, CM; Landel, R; Sosnick, T; Kirby, J; Mengel, K; Cheney, A; 

Perry, J (1997) – The effects of patellar taping on stride characteristics and 

joint motion in subjects with patellofemoral pain.  JOSPT, 26, 6, 286-291. 

137. Powers, CM; Heino, JG; Rao, S; Perry, J (1999) – The influence of 

patellofemoral pain on lower limb loading during gait.  Clinical Biomechanics, 

14, 722-728. 

138. Powers, CM; Ward, SR; Chen,Y-J; Chan, L-D; Terk, MR (2004) – The 

effect of bracing on patellofemoral joint stress during free and fast walking.  

American Journal of Sports Medicine, 32, 1, 224-231. 

139. Pressler, JF; Heiss, DG; Buford, JA; Chidley JV (2006) – Between day 

Repeatability and Symmetry of multifidus cross-sectional area measured 

using ultrasound imaging.  JOSPT, 36, 1, 10-18. 

140. Pretorius, A; Keating JL (2008) – Validity of real time ultrasound for 

measuring skeletal muscle size.  Physical Therapy Reviews, 13, 6, 415-426. 

141. Puentudura, EJ;  Landers, MR; Hurt, K; Meissner, K; Mills, J; Young, D 

(2011) – Immediate effects of lumbar spine manipulation on the resting and 

contraction thickness of transverses abdominis in asymptomatic individuals.  

JOSPT, 41, 1, 13- 21. 



334 

 

142. Raney, NH; Teyhen, DS; childs, JD (2007) – Observed changes in 

lateral abdominal muscle thickness after spinal manipulation: A case series 

using rehabilitative ultrasound imaging.  JOSPT, 37, 8, 472-479. 

143. Rankin, G; Stokes, M (1998) – Reliability of assessment tools in 

rehabilitation: an illustration of appropriate statistical analyses.  Clinical 

Rehabilitation, 12, 187-199.  

144. Rankin, G; Stokes, M; Newham, DJ (2004) – Size and shape of the 

posterior neck muscles measured by ultrasound imaging: normal values in 

males and females of different ages.  Manual Therapy, 10, 108-115. 

145. Rankin, G; Stokes, M; Newham, DJ (2006) – Abdominal muscle size 

and symmetry in normal subjects.  Muscle and nerve, 34, 320-326. 

146. Rauh, MJ; Koepsell, TD; Rivara, FP; Rice, SG; Margherita, AJ (2007) – 

Quadriceps angle and risk of injury among high school cross-country runners. 

Journal of Orthopaedic and Sports Physical Therapy, 37, 12, 725-733. 

147. Reeves, ND; Maganaris,CN; Narici, MV (2004) – Ultrasonographic 

assessment of human skeletal muscle size.  Eur J Appl Physiol, 91, 116-118. 

148. Rezasoltani, A (2003) – The Applicability of muscle ultrasonography in 

physiotherapy researches.  J Phys. Ther. Sci, 15, 33-37. 

149. Rezasoltani, A; Ylinen, J; Vihko, V (2002) – Isometric cervical 

extension force and dimensions of semispinalis capitis muscle.  J of 

Rehabilitation Research and Development, 39, 3, 423-428. 

150. Rhodes, DW; Bishop, PA (1997) – A review of diagnostic ultrasound of 

the spine and soft tissue.  Journal of manipulative & Physiological 

Therapeutics, 20, 4, 267-273. 

151. Ryan, CG: Rowe, PJ (2006) – An electromyographical study to 

investiage the effects of patellar taping on the vastus medialis/vastus lateralis 

ratio in asymptomatic participants.  Physiotherapy theory and practice, 22, 6, 

309-315. 

152. Salem, GJ; Powers, CM (2001) – Patellofemoral joint kinetics during 

squatting in collegiate women athletes.  Clinical Biomechanics, 16, 5; 424-

430. 

153. Salsich, GB; Brechter, JH; Powers, CM (2001) – Lower extremity 

kinetics during stiar ambulation in patients with and without patellofemoral 

pain.  Clinical Biomechanics, 16, 10, 906-912. 

154. Salsich , GB; Ward, SR; Terk, MR; Powers, CM (2003) – In vivo 

assessment of patellofemoral joint contact area in individuals who are pain 

free.  Clinical Orthopaedics and related research, 417, 277-284. 

155. Salsich, GB; Perman, WH (2007) – Patellofemoral joint contact area is 

influenced by tibiofemoral rotation alignment in individuals who have 

Patellofemoral pain.  JOSPT, 37, 9, 521-528. 

156. Sanchis-Aalfonso, V; Rosello-Sastre, E (2003) – Anterior Knee Pain in 

the young patient – what causes the pain?  “Neural Model”.  Acta Orthop 

Scand, 74, 6, 697-703. 



335 

 

157. Sanchis-Alfonso, V; Rosello-Sastre, E; Revert, F; Garcia, A (2005) – 

Histologic Retinacular changes associated with Ischaemia in painful 

Patellofemoral malalignment.  Orthopedics, 28, 6, 593-599. 

158. Sandow, MJ; Goodfellow, JW (1985) – The natural history of anterior 

knee pain in adolescents.  The Journal of Bone and Joint Surgery, 67-B, 1, 

36-38. 

159. Sanfridsson, J; Arnbjornsson, A; Friden, T; Ryd, L; Svahn, G; Jonsson, 

K (2001) – Femorotibial rotation and the Q-angle related to the dislocating 

patella.  Acta Radiologica, 42, 218-224. 

160. Sarkar, A; Razdan, S; Yadav, J; Bansal, N; Kuhar, S; Pahuja, P (2009) 

– Effect of isometric quadriceps activation on “Q” angle in young females. 

Indian J Physiol Pharmacol, 53, 3, 275-278. 

161. Scholz, JP; Millford, JP (1993) – Accuracy and precision of the Peak 

Performance Technologies motion measurement system.  Journal of Motor 

Behaviour, 25, 1, 2-7. 

162. Schulthies, SS; Francis, RS; Fisher, AG; Van De Graaff, KM (1995) – 

Does the Q-angle reflect the force on the patella in the frontal plane?  

Physical Therapy, 75, 1, 24-30. 

163. Sebastionelli, WJ (1993) – Anterior knee pain: sorting through a 

complex differential.  The Journal of Musculoskeletal medicine, 7, 55-65. 

164. Segal, RL (2007) – Use of imaging to assess normal and adaptive 

muscle function.  Physical therapy, 87, 6, 704-718. 

165. Selfe, J (1994) – Attendance for initial assessment at a back school 

programme: does the name given to the programme have any influence? 

Physiotherapy, 80, 5, 290-292. 

166. Selfe, J (1998) – Validity and Reliability of measurements taken by the 

Peak 5 motion analysis system.  Journal of Medical Engineering and 

Technology, 22, 5, 220-225. 

167. Selfe, J (2001) – Physiotherapeutic management of patellofemoral 

dysfunction.  PhD Thesis, University of Bradford. 

168. Selfe, J (2004) – The Patellofemoral Joint: A review of Primary 

Research. Critical Reviews in Physical and Rehabilitation Medicine, 16, 1, 1-

30. 

169. Shrout, PE; Fleiss, JL (1979) – Intraclass Correlations: Uses in 

assessing rater reliability.  Psychological Bulletin, 86, 2, 420-428. 

170. Sipila, S; suominen, H (1991) – Ultrasound imaging of the quadriceps 

muscle in elderly athletes and untrained men.  Muscle and Nerve, 14, 527-

533. 

171. Smith, T; Hunt, NJ; Donell, ST (2008) – The reliability and validity of 

the Q-angle: a systematic review. Knee Surg Sports Traumatol Arthrosc, 16, 

1068-1079. 

172. Springer, BA; Mielcarek, BJ; Nesfield, TK; Teyhen, DS (2006) – 

Relationships among lateral abdominal muscles, gender, body mass index, 

and hand dominance.  JOSPT, 36, 5, 289-297 



336 

 

173. Souza, RB; Powers, CM (2009) – Differences in hip kinematics, muscle 

strength, and muscle activation between subjects with and without 

patellofemoral pain.  JOSPT, 39, 1, 12-19. 

174. Staubli, HU; Bosshard, C; Rauschning, W (2001) – Patellofemoral joint 

in the sagittal plane: Articular surface geometry and osseous anatomy.  

Sports Medicine & Arthroscopy Review, 94, 4, 288-294. 

175. Stokes, M; Rankin, G; Newham, DJ (2005) – Ultrasound imaging of 

lumbar multifidus muscle: normal reference ranges for measurements and 

practical guidance on the technique. Manual Therapy, 10, 116-126. 

176. Stokes, M; Hides, J; Elliott, J; Kiesel, K; Hodges, P (2007) – 

Rehabilitative ultrasound imaging of the posterior paraspinal muscles.  

JOSPT, 37, 10, 581-595. 

177. Stokes, M; Hides, J. Nassiri, DK (1997) – Musculoskeletal ultrasound 
imaging: diagnostic and treatment aid in rehabilitation. Phys. Ther. Rev, 2, 73-
92. 

178. Sutlive, TG; Mitchell, SD; Maxfield, SN; McLean, CL; Neumann, JC; 
Swiecki, CR; Hall, RC; Bare, AC; Flynn, TW (2004) – Identification of 
individuals with Patellofemoral pain whose symptoms improved after a 
combined program of foot orthosis use and modified activity: A preliminary 
investigation.  Physical Therapy, 84, 1, 49-61. 

179. Syme, G; Rowe, P; Martin, D; Daly, G (2009) – Disability in patients 
with chronic patellofemoral pain syndrome: A randomised controlled trial of 
VMO selective training versus general quadriceps strengthening.  Manual 
Therapy, 14, 252-263. 

180. Teyhen, DS (2007) - Rehabilitative ultrasound imaging: The roadmap 
ahead.  Journal of Orthopaedic and Sports Physical Therapy, 37, 8, 431-433. 
181. Teyhen, D (2006) - Rehabilitative ultrasound imaging symposium. 

Journal of Orthopaedic and Sports Physical Therapy, 36, 8, A1-A-17. 
182. Teyhen, DS; Childs, JD; Flynn, TW (2007) – Rehabilitative Ultrasound 

Imaging: When is a picture necessary. Journal of Orthopaedic and Sports 
Physical Therapy, 37, 10, 579-580. 

183. Teyhen, DS; Gill, NW; Whittaker, JL; Henry, SM; Hides, JA; Hodges, P 
(2007) – Rehabilitative ultrasound imaging of the abdominal muscles. Journal 
of Orthopaedic and Sports Physical Therapy, 37, 8, 450- 466. 

184. Thomee, R; Renstrom, P; Karlsson, J; Grimby G (1995) – 

Patellofemoral pain syndrome in young women I: A clinical analysis of 

alignment, pain parameter, common symptoms and functional activity level.  

Scand J Med Sci Sports, 5, 237-244. 

185. Thomee, R; Renstrom, P; Karlsson, J et al (1995) – Patellofemoral pain 

syndrome in young women II. Muscle function in patients and healthy 

controls.  Scandinavian Journal of Medicine and Science in Sports, 5, 245-

251. 

186. Thomee, R; Augustsson,J; Karlsson, J (1999) – Patellofemoral pain 

syndrome.  A review of current issues.  Sports Medicine, 28, 4; 245-262. 

187. Tomsich, DA; Nitz, AJ; Threlkeld, AJ; Shapiro, R (1996) – 

Patellofemoral Alignment: Reliability.  JOSPT, 23, 3, 200-208. 



337 

 

188. Tsujimoto, K; Kurosaka, M; Yoshiya, S; Mizuno, K (2000) – 

Radiographic and Computed Tomographic analysis of the position of the tibial 

tubercle in recurrent dislocation and subluxation of the patella. The American 

Journal of Knee surgery, 13, 2, 83-88. 

189. Wallace, DA; Salem, GJ; Salinas, R et al (2002) – Patellofemoral joint 

kinetics while squatting with and without an external load.  Journal of 

Orthopaedic & Sports Physical Therapy, 32, 4, 141-148. 

190. Walton, JM; Roberts, N; Whitehouse GH (1997) – Measurement of the 

quadriceps femoris muscle using magnetic resonance and ultrasound 

imaging.  British Journal of Sports Medicine, 31, 59-64. 

191. Whitelaw, GP; Rullo, DJ; Markowitz, HD; Marandola, MS; DeWaele, 

MJ (1989) – A conservative approach to anterior knee pain.  Clinical 

orthopaedics and Related Research, 246, 9, 234-237. 

192. Whittaker, JL; Teyhen, DS; Elliott, JM; Cook, K; Langevin, HM; Dahl, 

HH; Stokes, M (2007) – Rehabilitative ultrasound imaging: Understanding the 

technology and its applications. Journal of Orthopaedic and Sports Physical 

Therapy, 37, 8, 434-449. 

193. Whittaker, JL; Thompson, JA; Teyhen DS; Hodges, P (2007) – 

Rehabilitative ultrasound imaging of pelvic floor muscle function.  JOSPT, 37, 

8, 487-498. 

194. Whittle, MW (1996) – Gait Analysis, an introduction. Butterworth 

Heinemann, Reed Educational and Professional Publishing Ltd. 

195. Willson, JD; Davis, IS (2008) – Utility of the frontal plane projection 

angle in females with patellofemoral pain.  JOSPT, 38, 10, 606-615. 

196. Wilson, T (2007) – The measurement of patellar alignment in 

patellofemoral pain syndrome: Are we confusing assumptions with evidence. 

Journal of Orthopaedic and Sports Physical Therapy, 37, 6, 330-341. 

197. Wilson, DJ; Smith, BK; Gibson, JK; Choe, BK; Gaba, BC; Voelz, JT 

(1999) – Accuracy of Digitization using automated and manual methods.  

Physical Therapy, 79, 6, 558-566. 

198. Wilson, T; Carter, N; Thomas, G (2003) – A Multicenter, single-masked 

study of medial, neutral, and lateral patellar taping in individuals with 

patellofemoral pain.  Journal of Orthopaedic and Sports Physical Therapy, 33, 

437-448. 

199. Wilson, T; Kitsell, F (2002) – Is the Q-angle an absolute or a variable 

measure?  Measurement of the Q-angle over one minute in healthy subjects.  

Physiotherapy, 88, 5; 296-302. 

200. Witvrouw, E; Lysens, R; Bellemans, J et al (2000) – Intrinsic risk 

factors for the development of anterior knee pain in an athletic population: A 

two-year prospective study.  American Journal of Sports Medicine, 28, 4; 480-

489. 

201. Woodland, LH; Francis, RS (1992) – Parameters and comparisons of 

the quadriceps angle of college-aged men and women in the supine and 

standing positions.  The American Journal of Sports Medicine, 20, 2, 208-211. 



338 

 

202. Wright, CC (2008) – Using confidence intervals to assess clinical 

relevance of research findings. International Journal of Therapy and 

Rehabilitation, 15, 12, 542-550. 

 


