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Abstract

It has been suggested that abnormal foot posture is related to patellofemoral joint
pain. An understanding of the relationship hinges on assessment of the relationship
between the two, but whilst satisfactory (reliable and valid) clinical methods of foot
posture exist, there is no consensus on the optimal technique for assessing

patellofemoral joint alignment. Therefore, a series of studies were performed to
examine standardisation, reliability, validity and functional significance of
patellofemoral joint alignment measures (Q, modified A, tibiofemoral joint and

tubercle sulcus angles). Intraclass correlation coefficients of all measures was fair-to-
excellent (standard effor of measurement <2"), whilst each measure showed

significant differences (p<0.001) in selected foot positions and postures (i.e. 10'
abduction, maximally pronated). A cross-sectional study then investigated normal
values for these -"ur.rr", in 335 as¡rmpto natic individuals. The Foot Posture Indexo
was used to categorise participants into pronated (n:110), neutral (r:111) and

supinated (, : 114) groups. All patellofemoral joint measures differed significantly
between pronated and supinated foot postures, with values tending to increase with
pronation. This data was used to categorise 60 as5rmptomatic individuals into three
patellofemoral joint alignment groups (high, central and low, n:20 per group), and a
grqup of patellofemoral joint pain patients was also included. Rearfoot and midfoot
loading characteristics were obtained using the EMED@-m system. Comparisons
between groups showed significant differences, with high and patellofemoral joint
pain groups demonstrating slower and reduced loading at the rear and midfoot
compared to central and low groups (p<0.001). Whilst further inquiry is required this
data suggests that foot posture, functional foot loading characteristics and

patellofemoral joint alignment are related. Differences in loading characteristics
suggest a mechanism by which patellofemoral joint alignment and foot posture may
be related to pathology. This provides a rationale for clinical interventions aimed at

modifying foot andlor patellofemoral joint alignment.
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Chapter I
Introduction

1.1 The problem

The knee is a complex weightbearing joint that provides stability and mobility to the

lower extremity. It is made up of two articulations: the tibiofemoral joint (TFJt) and

the patellofemoral joint (PFJt). The TFJt is the articulation between the distal femur

and proximal tibia whilst the PFJI is the articulation between the posterior patella and

the anterior distal femur. The patella is recognised as the structure that is most

vulnerable to direct and indirect mechanisms of injury (Ficat et al., 1996). These

injuries contribute to the condition 'patellofemoral pain syndrome ', an umbrella term

used to describe pain from various origins associated with the anterior aspect of the

knee. It is one of the most common and complex musculoskeletal complaints

worldwide (Callaghan and Selfe, 2007; Thomee et al., 1999) and is a frequent clinical

finding among children, young adults and sporting individuals (Owings and

Grabiner, 2002; Brody and Thein, 1998). The condition is often referred to as the

'Black Hole of Orthopaedics'(Dye, 1997 cited in Wilk et al., 1998) with treatment

principles and guidelines remaining unclear and controversial (Wilson,2007). An

important factor influencing this may be the diagnostic and aetiologic complexity of

PFJt pathology (Powers, 2003).

Controversy surrounds the aetiologies of PFJI pain with suspected important factors

including acute trauma, muscle weakness and malalignment of the patella. Of

particular interest to those clinically managing the problem is malalignment of the

lower limb and the effects on PFJt function. It has been suggested that abnormal foot

posture and excessive pronation in particular, is related to PFJt malalignment and

pain.'This is supported by reports show a reduction in s¡rmptoms associated with PFJI

malalignment induced pain with the use of foot orthoses designed to address

abnormal foot posture (Johnston and Gross, 2004; Saxena and Haddad, 2003). Whilst

it appears that PFJt pain and biomechanical abnormalities are related this information

originates from observation of patients who are s¡rmptomatic. PFJt alignment and the

role of foot posture have yet to be established as a marker for PFJt pain in a

prospective manner. In addition, whilst theories have been proposed to explain the

1



biomechanical relationship for abnormal foot posture and PFJt malalignment induced

pain they have yet to be proven (Tiberio, 1987; Buchbinder et aL.,1979).

There are number of different techniques used to measure PFJt alignment and foot

posture (i.e. clinical, radiographic, magnetic resonance imaging MRq) but few

attempts have been made to directly associate the two. Those who have however have

provided confusing and inconsistent results (Gross and Foxworth, 2003). One of the

reasons for this is the variation in the methods used to obtain these measures which

include non-weightbearing and weightbearing approaches. Method variations are also

noted when a weightbearing approach is used and relates to a standardised or self-

selected foot position (Livingston and Spaulding, 2002). Perhaps more important is

the fact that many reports fail to document foot posture making it difficult to compare

data and establish the link between PFJt alignment and foot posture. What is clear

however is the need to consider and record a standardised foot position.

1.2 Aim and outline of the thesis

The overall aim of the thesis was to investigate the relationship between foot posture

and PFJt alignment. It begins with an overview of the literature relating to the

functional anatomy of the PFJt and its link with foot posture (chapter 2). It also

considers how measures can be used for observational inquiry and how their

functional significance can be examined (chapter 3). Chapter four presents three

important preliminary studies which influenced the choices and decisions made for

the cross-sectional study presented in chapter five. In chapter six data produced from

the preceding chapter was used to investigate the functional significance of the PFJI

alignment values in normal individuals and patients with PFJI pain. Finally, chapter

seven summarises the key findings of each preceding chapter and provides

recommendations for further research.

1.3 Significance of the thesis

Given the worldwide prevalence, socioeconomic impact and the range of health

professionals who treat patients with PFJt pain it is important that measures used to

investigate this problem are reliable, valid and standardised. For this thesis, abattery

of clinical measures were identified for observational inquiry (cross-sectional) which

established normal clinical reference values linking PFJt alignment to different foot

2



posture categories. This information was then used to examine the functional

significance of these clinical values using plantar pressure measurement and was

compared with patients presenting with PFJt. pain. A better understanding of

malalignments of the lower limb, along with their implications for functional

performance, is important as this provides insight to the relationship between foot

function and PFJt pain.
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Chapter 2

Patellofemoral joint mechanics and pain in relation to the foot

This chapter provides an overview of the anatomical and functional characteristics of
the PFJI. The terms related to pain and pathology of the PFJt and their clinical
significance are briefly discussed. The proposed aetiologies are presented and the role
of envelope of function, which considers the boundaries of how pathology may be
induced, is also addressed. Special emphasis is placed on the functional consequences
of lower limb malalignment with particular reference to the proposed link between
abnormal foot pronation, femoral and tibial rotation.

2.1 Structure and function of the PFJt

2.1.1 Osseous and soft tissue features

The PFJt is a s¡movial sellar type of joint consisting of the articular surfaces of the

distal anterior aspect of the femur (femoral sulcus) and the posterior facets of the

patella (figure 2.lA and 2.lB). The patella is embedded within the tendon of the

quadriceps femoris muscle and is the largest sesamoid bone in the body. It has a

relatively constant width, length and thickness (Oatis, 2003). Evidence does suggest

however a gender difference in the length and width of the patella with Schlenzka and

Schwesinger (1990) noting an increase in length and width in 37 male compared to 13

female cadavers. The posterior surface of the patella is divided into inferior and

superior regions. The inferior aspect includes the non-articulating portion which

occupies 25%o of the patella's total length. The remaining 75%o is occupied by the

superior portion which is covered by hyaline cartllage (Ficat et al., 1996) which is up

to 5mm thick making it the thickest in the body (Staubli et al., 1999; Jiang et al.,

1994). A distinct midline longitudinal groove runs through the superior posterior

portion of the patella forming the medial and lateral facets (Grelsamer and Klein,

1998). These are subdivided into 7 distinct facets; 3 medial, 3 lateral, and one odd

(also known as the border facet) (Oatis, 2003). The 'odd' facet is located on the

medial border of the medial facet (Kwak et al., 1997) and whilst it is described as

non-articulating it does achieve contact during extreme knee flexion (figure 2.lA).

Stability of the patella is provided by a number of key static and dynamic support

mechanisms. The shape and depth of the PFJt provides the main static support. The

normal femoral sulcus angle is considered to be I37' (+ 8'), with the lateral sulcus
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extending higher (Tria and Alicea, 1995) (figure 2.lB). Static stabilisation (non-

contractile) is also provided by a number of soft tissue structures surrounding the PFJt

which is described by Ficat et al. (1996) as a "cruciþrm soft tissue system" that

tethers the patella in longitudinal and transverse directions to the femur, tibia and

fibula. These structures include the patellar and quadriceps tendons, as well as

components of the lateral and medial retinaculum which are divided further into the

patellofemoral ligaments and patellotibial ligaments (Warren and MarshalI, 1979).

Conlan et al. (1993) comments that the medial patellofemoral ligament is the prime

stabiliser of the patella providing 53Yo of the total force created by the medial

retinaculum and is a view supported by others (Nomura et al., 2000; Desio et al.,

1998; Hautamaa et al., 1998). The components of the lateral retinaculum (i.e lateral

patellofemoral ligament and patellotibial band) provide supero and inferolateral

support to the patella (Ficat et al., 1996; Reider et al., 1981) and work collectively

during flexion undergoing tension that forces the patella to become tilted and

displaced laterally. These forces are neutralised by the medial stabilisers which are

also placed under tension when the knee is flexed (Woodhall and Welsh, 1990)

(ftgare 2.2).

137" + go
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Superior Femoral

sulcus area
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odd

Inferior M

Figure 2.1: Facets of the patella (A) and the femoral sulcus angle (B). (M - Medial, L - lateral)

Another key element is dynamic muscular activity (contractile) of the semitendinosus

and pes anserinus which internally rotate the tibia, and the biceps femoris and

iliotibial band which externally rotate the tibia (Paulos et al., 1980).The main

dynamic stabilisation however is provided by the 'extensor mechanism' and include

the quadriceps muscle group, the patella and the patellar ligament (Hamill and

Knutzen, 2003; Malone et al., 2002). The quadriceps muscle group consists of four

muscles: rectus femoris (RF); vastus lateralis (VL); vastus medialis (VM) and vastus

intermedius (/IM) (Blackbum and Craig, 1980). These 4 muscles unite to form the

quadriceps tendon (Tria and Alicea, 1995). During walking the quadriceps are only

B)L

L
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active during loading response (after heelstrike). The ground reaction force vector

(GRFv) is posterior to the knee which creates a flexion moment. This moment is

counterbalanced by the eccentric action of the quadriceps which acts as a shock

absorber. As the GRFv moves anterior to the knee (midstance) the activity of the

quadriceps muscles falls to almost zero (Inman et aL.,1981).

Vastus lateralis
Vastus medialis

Rectus femoris

Medial patellofemoral ligament Lateral patellofemoral ligament
Patella

Medial patellotibial ligament Lateral patellotibial
ligament

Patellar tendon

Figure 2.2: Soft tissue restraints of the patella. Illustration of important peripatellar structures

(ligaments and tendons) which provide static support of the patella. It can be seen that the patella is

tethered to the femur, tibia and fibula by a series of ligaments that can be thought of as " guy ropes " .

vMo 70 - 100
VIM O"

VML
15"- 180

vMo 500 - 550

Figure 2.3: Angle of insertion of muscle
fibres of the quadriceps muscles. This
diagram illustrates the angle of insertion for all
of the quadriceps muscles and their sub-

sections. The angle of insertion for the VMO is

the greatest at 50 - 55'whilst the angle for the

VIM is the lowest (0o).

The RF and VIM muscles pull the patella in a proximal-to-lateral direction. The VL

pulls the patella in a lateral direction whilst the VM pulls in a medial direction.

Malone et al. (2002) cited the words of Smillie (1962) who pointed out that the VM

was the "...key to the lcnee" (page 349) stating that this muscle was exclusively

accountable for stability of the PFJt. The distal aspect of the VM has 2 divisions; the

\

\
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