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ABSTRACT

Background: Chronic Achilles tendinopathy (TEN) is prevalent in the sporting population,
specifically in sporting codes with a large running component, and presents as swelling,
impaired lower limb function, and pain of an insidious onset. Although the mechanisms are
unclear, current theories implicate structural changes and neovascularisation in tendinopathy.
Vascular endothelial growth factor alpha (VEGFA) and its receptor referred to as kinase domain
receptor (KDR) are key regulators of neovascularisation and can be associated with pain.
Common DNA sequence variants within the VEGFA and KDR genes have previously been
associated with musculoskeletal soft tissue injuries, including TEN. The primary aim of this
dissertation was to identify whether VEGFA and KDR variants were associated with (i) the
severity of TEN, (ii) TEN ultrasound findings and (iii) self-reported measurements of Achilles

tendon pain using multidimensional pain scales.

Methods: One hundred and eighty-five recreational athletes with clinically confirmed Achilles
tendinopathy for at least 3 months were recruited from Cape Town, South Africa. The injured
and uninjured Achilles tendons were examined using the conventional grayscale ultrasound.
Tendinopathy pain was rated by completing the Victorian Institute Sports Assessment -Achilles
(VISA-A), short-form McGill Pain Questionnaire (sf- MPQ), and short-form Brief Pain
Inventory (sf-BPI) questionnaires. One hundred and ninety-four asymptomatic healthy
appropriately matched individuals with no history of tendon injuries were also recruited for this
study. Participants were genotyped for the VEGFA rs699947 (C/A), VEGFA rs2010963 (G/A),
KDR rs2071559 (G/C) and KDR rs1870377 (T/A) polymorphisms.

Results: Although the VEGFA and KDR variants were not associated with TEN, either
independently, or as inferred haplotypes or via allele interactions, (i) the VEGFA rs699947 CC
genotype (p =0.019, OR: 0.29, 95% CI: 0.12, 0.72) was significantly associated with decreased
risk of bilateral TEN, (ii) the A-G VEGFA inferred haplotype (p = 0.005) constructed from
rs699947 and rs2010963 was associated with increased risk of bilateral TEN, (iii) the KDR
rs2071559 AA genotype (p = 0.016) was significantly associated with increased risk of a
history of multiple (two ormore) TEN, (iv) the G-T (p =0.028, OR: 0.51; 95% CI: 0.31, 0.85)
and A-A (p = 0.012) KDR inferred haplotypes constructed from rs2071559 and rs1870377 were

associated with decreased risk and increased risk of multiple and/or bilateral TEN,
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respectively, and (v) the C-G (p = 0.008) and A-A (p = 0.014, OR: 0.36, 95% CI: 0.16, 0.83)
VEGFA rs699947 and KDR rs2071559 allele-allele interactions were significantlyassociated
with decreased and increased risk of bilateral or multiple injuries respectively. There were no
significant differences in the diameters or the relative number of abnormal ultrasound findings
of the injured and uninjured Achilles tendons between the VEGFA and KDR genotype groups.
Finally, there were no significant differences in the VISA-A, sf-MPQ and sf-BPI scores, as well
as the subscale scores between the VEGFA and KDR genotype groups.

Conclusion: The novel findings of this dissertation implicate the VEGFA and KDR genes, and
by implication the potential biological role of the angiogenesis signalling pathway, with
bilateral and/or multiple Achilles tendinopathy risk. The investigated variants within these
genes however were not associated with tendon diameters, the relative number of abnormal
ultrasound findings or self-reported Achilles tendon pain measured using multidimensional

pain scales.
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PREFACE

...According to Greek mythology, Ayt\Aet¢ or Achilles was the most handsome and mightiest
Greek warrior of the civilized world. Achilles’ body was mystically protected from harm — a
boon of invulnerability was bestowed on him as a child when his mother submerged him into
the River Styx. Everything that the magical waters touched became invulnerable, but the water
did not wet his heel, leaving it unprotected. During the Trojan War, at the height of his power
and martial prowess, Achilles was struck by a poisoned arrow on his vulnerable heel and died.
It was this legend that inspired Philip Verheyen in 1693 to describe the tendon located at the
heel as the “cord of Achilles” or alternatively in his textbook Corporis Humani Anatomia. This
led to this tendon being commonly and medically referred to as the Achilles tendon.
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Chapter 1

Literature review

1.1 Scope of the Dissertation

The Achilles tendon is situated in the posterior superficial compartment of the lower leg, where
it attaches the gastrocnemius and soleus (calf) muscles to the calcaneus (heel bone) allowing
for the force generated in the calf muscles to be transmitted to the heal joint (1-3). It is resilient
and has a high tensile strength, being able to withstand forces of up to ten times the body’s
weight and is therefore considered to be the strongest tendon in the body. The Achilles tendon
is able to absorb the forces applied to it in order to minimize muscle damage and therefore

possess flexibility and elasticity (1,4).

The Achilles tendon is innervated by the sural nerve, with minor contributions from the tibial
and peroneal nerves, which govern the pain thresholds experienced by individuals upon injury
(4,5). The blood supply to the tendon originates from three sources, namely that of the
musculotendinous junction (MTJ), osteotendinous junction (OTJ) and surrounding connective
tissues. Unlike the MTJ and OTJ, which are well-perfused, the tendon’s mid-portion is not,

which could predispose it to injury (1,6,7).

Although there are different types of injuries which can affect the Achilles tendon and
surrounding tissues, (4,8) this dissertation will focus on chronic Achilles tendinopathy (TEN),
which is common among individuals who participate in physical activities with a significant
running component (9-11). Chronic Achilles tendinopathy is a heterogenous condition with
pain of an insidious onset being the main presenting complaint and is often unresponsive to
treatment (5,12-14). Individuals experience varying degrees of pain which interferes with day-
to-day activities (3). The International Association for the Study of Pain (IASP) has defined
pain as “an unpleasant sensory and emotional experience associated with actual or potential
tissue damage or described in such damage” (15). The pain experienced by individuals with
Achilles tendinopathy, which is currently explained by the central pain modulation (16,17) and
several peripheral mechanisms (18-21), is the body’s response to a stimulus in order to prevent
further damage.
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The Victorian Institute Sports Assessment - Achilles (VISA-A) is a well-established validated
questionnaire used by clinicians to measure pain experienced in Achilles tendinopathy (22).
However, specifically due to its inability to measure pain beyond its effect on physical function,
Mkumbuzi (23,24) recently proposed the use of the short-form McGill Pain Questionnaire (sf-
MPQ) and the short-form Brief Pain Inventory (sf-BPI) as additional tools to measure pain
experienced in Achilles tendinopathy (25,26). The sf-MPQ questionnaire uses an eleven-item
sensory (continuous, intermittent and neuropathic) and a four-item affective subscale to
measure subjective pain (26). The sf-BPI scale measures pain on how it affects the functioning
of individuals during daily activities, which includes general activity, mood, walking ability,
work, relationships with others, sleep and enjoyment of life (27). Using these questionnaires,
tendon pain was predominantly described as a continuous sensory pain and less frequently as
an intermittent or a neuropathic type of sensory pain. Additionally, the pain experienced by
these individuals interfered with walking ability, mood, sleep, enjoyment of life (23,24,28) and
furthermore, unlike other types of chronic pain, chronic Achilles tendon pain was largely local
or peripheral. The peripheral mechanisms of pain includes biochemical and/or structural
changes in the tendon, (18-21) such as neovascularisation (29), inflammation (5,30,31) and ion

channel abnormalities (32).

Neovascularisation, which is regulated by an anomaly of factors including mechanical loading,
is a multiplex process whereby pro-angiogenic factors are produced resulting in the formation
and proliferation of blood vessels within tissues (33). Increased neovascularisation has been
reported in degenerative and ruptured Achilles tendons (34,35), rotator cuff tendinopathy (36)
and ligament injuries (37). The presence of neovascularisation within the Achilles tendon can
indicate hypoxic conditions and compromised tissue repair, which is further associated with
pain (38-43).

Vascular endothelial growth factor alpha (VEGFA) and its receptor referred to as kinase domain
receptor (KDR) or vascular endothelial growth factor receptor-2 (VEGFR-2) are key regulators
of neovascularisation. There are five isoforms of the VEGF gene, with Vascular endothelial
growth factor-alpha (VEGFA) displaying the highest angiogenic ability (44,45). An increase in
VEGF, specifically VEGFA expression has been reportedly upregulated amonginjured tendons
(46,47) among individuals undergoing recovery in the mid-portion of the Achilles tendon, as
well as ruptured or degenerative tendons (11,48). KDR receptors permit the entry of cations

through a non-selective membrane known as the transient receptor
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channel which regulates the pain. The involvement of the VEGF-KDR pathway in the aetiology
of the pain associated with chronic Achilles tendinopathy therefore warrants further research
(49).

The association of three functional VEGFA rs699947 (-2578 C>A), rs1570360 (-1154 G>A)
and rs2010963 (-634 G>C), as well as the functional KDR rs2071559 (-604 G>A) and
rs1870377 (1719 T>A) polymorphisms have previously been investigated with chronic
Achilles tendinopathy (50), tendinopathy in volleyball players (10) and ACL ruptures (50— 57).
Although the VEGFA A-G-G inferred haplotype constructed from rs699947, rs1570360 and
rs2010963 was associated with an increased risk of Achilles tendinopathy in a combined South
African and British cohort as well as in a South African cohort, however, it was not associated

with a British cohort when analysed separately (50).

It is not unusual for initial genetic associations with multifactorial conditions, including
musculoskeletal soft tissue injuries, not to be repeated in follow-up studies (58). Although there
are several reasons for this, heterogeneity of the clinical phenotype is one possibility. This and
other published tendinopathy cohorts consisted of unilateral, bilateral, single and multiple
injuries, grades | to 1V injuries and different injured regions within the tendon. The association
of the functional VEGFA and KDR polymorphisms with regards to severity, region and type
of Achilles tendon pain has not previously been investigated. Therefore, a candidate gene case-
control genetic association study approach was used in Chapter 3 of this dissertation to further
investigate the association of VEGFA and KDR polymorphisms with chronic Achilles
tendinopathy in a combined larger cohort consisting of two previously described South African
physically active groups (24,50). Initially the association of these polymorphisms with respect
to the larger cohort was investigated irrespective of severity, number and region of injury. This
was followed by investigating the association with respect to severity, number and region of
injury. In addition, a cross-sectional genetic association study approach was used in Chapter 4
to investigate the association of these polymorphisms with ultrasound and multidimensional
pain measurements in participants with chronic Achilles tendinopathy. The two results chapters
(Chapters 3 and 4), will be preceded by a literature review (Chapter 1) and methodology
(Chapter 2), followed by a summary and discussion of the findings of this dissertation in
Chapter 5. The following sections of this chapter will review the anatomy and molecular
structure of the Achilles tendon (Sections 1.2 and 1.3), chronic Achilles tendinopathy (Section
1.4), measurement and mechanisms of tendon pain (Section 1.5), regulatory pathways and
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Achilles tendinopathy (Section 1.6), and finally, the association of VEGFA and KDR with
respect to musculoskeletal soft tissue injuries (Section 1.7).

1.2 Anatomy of the Achilles tendon and Surrounding Tissues

The Achilles tendon is regarded as the strongest and thickest tendon within the human body as
it is able to withstand forces of up to ten times the body’s weight (59). The tendon ranges
approximately between 11 and 26 centimetres in length and has an average diameter of between
4.5 and 9 centimetres, has a rounded upper appearance, is relatively flat (60), thinner at its
midsection and rounded above the calcaneus. It is located in the posterior superficial
compartment of the lower leg, whereby it attaches to the calf muscles, namely that of the
gastrocnemius and soleus with minor contributions to the plantaris, via the musculotendinous
junction (1,59) (Figure 1.1).

The gastrocnemius and the soleus muscles form a triceps surae which assists with
plantarflexion of the ankle joint via the Achilles tendon (1) The plantaris is a tiny and slender
vestigial muscle originating from the popliteal surface of the femur and is placed distally across
the calf muscles. It can be found in the medial aspect of the Achilles tendon; however, it can
be absent in up to 8% of individuals (4,46) (Figure 1.1).

The calcaneal insertion is formed from the osteotendinous junction (OTJ), sesamoid
fibrocartilage near the dorsal deep surface of the tendon, a fibrocartilage layer which covers the
periosteum and Kager’s fat pad. Kager’s fat pad is made of a mass of adipose tissue forminga
triangular region. Imaging has associated the fat pad with the Achilles tendon, flexor hallicus
longus tendons and the fat surrounding the calcaneus (2). During dorsiflexion, the bursal wedge
relaxes and permits movement by altering its shape and synovial folds. Fibrous connections
which bind the fat to the Achilles tendon, stabilize the region and protects the blood vessels
entering the tendon, while decreasing the pressure changes which cause injury (61). The fibrous
connections which attach the fat pad to the tendon enhance its proximal stability, while bursae
are arranged distally and superficially deep along the tendon. The fat pad is moveable and
protrudes into the retro-calcaneal bursa during contraction (plantarflexion) and retraction
(dorsiflexion) of the tendon, promoting free movement. Adding to this, the flexor hallicus

longus is situated deep to the fascia on the tendon’s anterior surface (2) and is prone to
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increased stress which is often subject to overuse injuries referred to as enthesopathies (62,63).
The site where the Achilles tendon attaches to the calcaneus with the retrocalcaneal bursa
intervening proximal to the attachment aids in injury prevention (2).

Gastrocnemius
(lateral head)

Gastrocnemius
(medial head)

Plantaris

Soleus

Calcaneal (Achilles)
tendon

Calcaneus (heel)

Figure 1.1: Hlustration of the soleus, gastrocnemius, Achilles tendon and its insertion onto the
calcaneus. Contributed by OpenStax College, 2017. (Creative Commons Attribution 3.0 license)
https://www.ncbi.nlm.nih.gov/books/NBK499917/. Retrieved on 5 October 2023.
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The Achilles tendon has a rotation capacity of up to 90 degrees as it moves away from its
proximal to distal attachment in order to produce an area of concentrated stress, while its medial
attachment is superficial and lateral side is largely deep. The arrangement of the tendon aids in
its elongation and release during locomotion (60). The fibres of the tendon are occasionally
vertically aligned as they have a noticeable spiral appearance upon fusing with the calf muscles.
The degree of rotation in the leg is determined by the fusion of the muscles and therefore, there
will be better rotation when the fibres are more distally located (64).

Tendons receive their sensory innervation from superficial and deep nerves. The Achilles
tendon is innervated by nerves from surrounding muscle tissues and cutaneous nerves. The
fibres from these nerve-endings form a longitudinal plexus which innervates the afferent fibres
close to the OTJ with receptors namely that of Type | Ruffini corpuscle pressure receptors,
Type Il Vater-Pacinian corpuscles sensitive to movement, Type Il Golgi tendon

mechanoreceptors and Type IV free nerve endings which assist with pain sensitization (4,65).

The Achilles tendon receives its blood supply from namely the MTJ, OTJ and surrounding
connective tissues (1,65). The blood supply to the tendon is dependent on age and is likely to
decline with age (9). The posterior tibial artery aids in perfusing peritendinous tissues and is
considered to be the primary artery of perfusion (4). The blood supply to the tendon’s mid-
portion originates from the paratenon running transversely towards the tendon, however, these
vessels do not enter the surrounding collagen (1). Therefore, the vascularity of its mid-portion
is relatively poor as blood enters primarily into the anterior space and at sites of friction, torsion
or compression whereby blood supply is compromised (66). The paratenon within the Achilles
tendon is highly vascularised and receives minor contributions from the fibular and posterior
tibial arteries (6,65). Due to hypo-vascularisation hypothesized at the tendon’s mid-portion,
more injuries have been reported in this area (4), however factors such as the forces applied,
and tendon biomechanics could add to its predisposition to injury at its mid-portion (66).

1.3 Molecular Structure of the Achilles tendon

Healthy Achilles tendons are white in appearance and have a hierarchical structure consisting
predominantly of type I collagen fibrils (66) (Figure 1.2). Collagen fibrils, which are the
smallest structural units of tendons, aggregate into larger structural units termed collagen fibres.

These fibres are enclosed by areolar connective tissue sheaths also known as the
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endotenon and aggregate into larger structures termed fascicles, which in time collectively form
the tendon. Each fascicle is surrounded by an endotenon or inter-fascicular matrix which
permits blood vessels, lymphatic vessels and nerve fibres to enter the tendon. The entire tendon
is surrounded by an inner-connective tissue sheath termed the epitenon and an outer-layer of
loose connective tissue termed the paratenon. Fluid is situated in-between the epitenon and
paratenon to reduce the effects of friction (46,66,67). The collagen fibres are densely arranged
as parallel bundles within the structural layers of the tendon and arranged in a manner ensuring

limited macroscopic failure (4,46,67,68).

( Typas X!l and XIV Cofiagen

- Typne Il

Epitenon

%‘-_?? Collagen

Types V and X| Collagen

Intra-Fascicular

Tenocytes

Fascicles

Inter-Fascicular Matrix (IFM)

Collagen Collagen éCollagen -

Tendon Fascicle Fibre : Fibril i Molecule:

Figure 1.2: Schematic diagram of a tendon in cross-section. Collagen fibrils are bundled into fascicles
containing vessels, lymphatics and nerves. The fascicles are grouped together, surrounded by epitenon

and from the gross structure of the tendon, which is further enclosed by paratenon (58).

32



The collagen fibril consists predominately of type I collagen, which has a triple helical structure
consisting of two al(l) and one a2(1) polypeptide chains (66) (Figure 1.2). The fibril contains
small amounts of other functionally important fibrillar collagens such as types Il and V
collagen (69). Type Il collagen is a homotrimer consisting of three al(lll) chains, while the
major isoform of type V collagen consists of two al(V) and one a2(V) chains. Different
collagen types, known as fibril-associated collagens with interrupted triple-helices (FACITs)
are associated with the fibril. Important FACITs include types XII and XIV collagen (69-72).

The collagen and elastin fibres, which make up approximately 2% of the tendon’s dry weight,
and several other non-fibrous forming proteins within tendons are embedded in the ground
substance consisting of proteoglycans, glycosaminoglycans and water (72). Collagen, elastin,
non-fibrous forming proteins, glycoproteins and proteoglycans within tendons are produced as
tenocytes and tenoblasts and constitute an estimated 95% of the tendon’s cellular content
(72,73). The spindle shaped tenocytes are predominately found within the fascicles between
the collagen fibres, while metabolically active tenoblasts are found within the inter-fascicular
matrix (3,67,70).

In addition to the tensile forces, the OTJ of the Achilles must resist compressive forces and
therefore has more of a fibrocartilage structure (4,70). Both type | and cartilage-specific type 1l
collagen fibrils are synthesised together in fibrocartilaginous tissues (59,74). The major
collagen type in the type Il collagen fibril is type Il collagen with trace amounts of type XI
collagen. Different proteoglycans, such as aggrecan, which bind more water to resist
compressive forces are also produced in the fibrocartilage (75). Tendons are metabolically
active and adapt to external stimuli, however they have a low basal metabolic rate (66) that
causes postural tension without ischemia. This decreases its rate of healing, thereby making

recovery a complex and slow process often associated with pain (59).

1.4 Chronic Achilles Tendinopathy

Achilles tendinopathy is a common ankle and foot overuse injury (76) with presenting
symptoms such as pain (5), swelling and impaired performance. The pain associated with
tendinopathy is the main presenting complaint, has an insidious onset, is often unresponsive to
treatment and therefore requires prolonged rehabilitation as well as an acumination of treatment

strategies (5,12,14,34). Individuals with Achilles tendinopathy experience varying degrees of
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pain which interferes with day-to-day activities (5). Individuals who participate in sports with
a running and jumping component are at an increased risk of Achilles tendinopathy as it has
been reported that up to 9% of recreational runners and up to 5% of athletes who run are affected
by Achilles tendinopathy (77). It is also common in the sedentary population with an estimated
6% of the population being affected (78).

The pain experienced in Achilles tendinopathy is rarely associated with rest periods, it is more
prevalent when there is excessive use of stored energy, especially during running or when rising
in the morning (40). Excessive loading of the tendon during high intensity interval training
activities can result in intensified pain (79). The pain experienced in this condition is the most
unpleasant during warm-up periods and less apparent during exercise, however it tends to
reappear during exercise (80,81). This condition does not have a definitive triggering event,
however it can be increased when the force and load applied to the tendon increases during
training, depending on the intensity and type of training programme (18,32,81,82). The pain
can also be associated with tenderness to palpation (9,50,53,54) and radiates outwards to other
neighbouring structures, resulting in lower limb pain and reduced functioning of the calf
muscles (18,80,81).

1.5 Measurement and Mechanisms of Tendon Pain

Pain has been defined by the International Association for the Study of Pain (IASP) as “an
unpleasant sensory and emotional experience associated with actual or potential tissue damage
or described in such damage” (15). The pain experienced by individuals with chronic Achilles
tendinopathy is the body’s response to a stimulus in order to prevent further damage, which is
currently explained by the central pain modulation (16,17) and several peripheral mechanisms
(19-21,83).

The Victorian Institute Sports Assessment-Achilles (VISA-A) is a well-established and
validated questionnaire used by clinicians to measure pain in Achilles tendinopathy (22). Due
to its inability to measure pain beyond its effect on physical function, Mkumbuzi (24) proposed
the use of the short-form McGill Pain Questionnaire (sf-MPQ) and the short-form Brief Pain

Inventory (sf-BP1) as additional tools to measure pain experienced in tendinopathy.
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The validated sf-BPI scale, which has been used in various conditions, including cancer,
osteoarthritis, Achilles tendinopathy, spinal cord injuries, HIV, AIDS and many
musculoskeletal injury related conditions (15,84-86), measures the effect of pain on various
daily activities and enjoyment of life. These include general activity, walking ability, work,
sleep, relationships with others, mood and enjoyment of life (27). Using this questionnaire,
Achilles tendon pain was reported to have interfered with walking ability, sleep, mood and
enjoyment of life (24).

The sf-MPQ questionnaire uses: (i) an eleven-item sensory subscale and (ii) a four-item
affective subscale consisting of adjectives commonly used to describe subjective pain. Of the
eleven-item sensory subscale, words such as ‘aching’, ‘tender’, ‘throbbing’, ‘cramping’,
‘gnawing’ and ‘heavy’ describe continuous pain, while ‘sharp’, ‘shooting’, ‘stabbing’ and
‘splitting’ describe intermittent pain and ‘hot-burning’ describes a neuropathic type of pain
(26). Tendon pain was predominantly described as a continuous sensory pain (aching, tender,
throbbing) and less frequently as an intermittent (sharp) or a neuropathic type of sensory pain.
The four-item affective subscale includes adjectives such as ‘sickening’, ‘punishing-cruel’,

‘fearful” and ‘tiring-exhausting’(23,24).

Unlike other types of chronic pain, these questionnaires described chronic Achilles tendon pain
as predominately local or peripheral. The peripheral mechanism of pain includes biochemical
and/or structural changes in the tendon (18,19,21) such as (i) inflammation (5,30,31,87), (ii)
ion channel abnormalities (32) and (iii) neovascularisation (29). The following section will
review the current literature regarding these structural and biochemical changes associated with
tendon pain.

1.5.1 Inflammation

Tendinopathy was previously classified as tendinitis since it was believed that it was primarily
an inflammatory condition (5,78,82,88). Earlier histological studies of tendinopathic tissues
showed regions of increased concentrations of glycosaminoglycans within the ground
substance, disorganization of collagen and areas of hyper or hypo-cellularity and
neovascularisation with a noted absence of inflammatory cells or markers (89). Although the
term tendinopathy was adopted, the role of inflammation associated with tendon pain has not

been ignored as subsequent immunohistochemistry and gene expression studies have correlated
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inflammation in the healing process (11,90). Studies have identified the presence of immune
cells such as macrophages, T-cells, natural killer cells and mast cells in non-ruptured TEN and
the significant role of apoptosis in tendon injury. Therefore, it is plausible that inflammation is

common in TEN and should be further investigated (87).

In recent years, inflammation has become associated with a broad range of diseases as it aids
tissue repair and follows a cascade of cellular and microvascular pathways (90). Inflammation
is an important feature of tendon disease progression and development. Individuals with TEN
present with elevated levels of expressed inflammatory cells (32,91), including CD14, CD68
as well as the activation of pathways involving NF-kb, prostaglandins, neuropeptides, growth
factors, interferons and STAT-6 (87). The Achilles tendon presents with elevated levels
expressing pro-inflammatory and stromal fibroblast markers following cytokine stimulation.
These molecular and inflammatory mechanisms can be due to short-term inflammation and

neovascularisation (5).

There are several types of cells which respond as inflammatory mediators such as that of
interleukins, prostaglandins (PGE1 and PGE2) and nitric oxide (NOS). PGE2 has been
reportedly increased among 50% of individuals with tendinopathies. When the Achilles tendon
is subjected to cyclic stress, IL-1, IL-6, IL-1b, TNF and PGE2 cause an increase of COX-2,
MMP-1, MMP-3 and MMP-19 which in turn degrades the matrix, VEGF, cytosolic
phospholipase-A2 and stress-activated protein kinase (87). COX-2 expression is increased by
the presence of neurotransmitters, pro-inflammatory cytokines, growth factors as well as other
hormones. When there is inflammation and prostanoids, tissue injury is evident as prostanoids
induce inflammation and mediate the body’s sensitivity to pain. Substance P and CGRP play a
vital role in pain modulation and inflammation, while neuropeptides exert trophic effects and
cause inflammation. Genes associated with angiogenesis, such as VEGF are upregulated in
injured tendons, whereby inflammation occurs due to the absence of clearing the apoptotic cells

and inflammatory molecules (87).

1.5.2 lon channel abnormalities

Channel proteins within the plasma membrane extend to the cytosol of the cell and selectively
permit ions to pass through their pores. Proteins which transport inorganic ions are referred to

as ion cannels(92). These channels permit the entry of ions at a rate 10° times faster than other
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carrier proteins, however, this type of transport is passive. lons such as Na*, K*, Ca?* and CI-
diffuse down electrochemical gradients via a lipid layer. The modulation of these channels is
important for many cell functions such as receiving, conducing and transmitting information

within neurons (92).

There are no clear mechanisms which explain the pain experienced among individuals with
chronic tendinopathies (5), thereby impacting the prescription of the most appropriate
treatments as an estimated 10% of individuals with TEN will have a lifetime prevalence of the
tendinopathy (38). Microscopic examination from tissue biopsies have shown collagen
disorientation, disorganisation and fibre separation in those with TEN (93), however, not all
individuals with these symptoms will report pain or be clinically diagnosed. Pain experienced
in tendinopathies can be physiological or pathophysiological. Physiological pain reflects the
activation of primary nociceptors, whereas the latter is associated with functional changes

within the nervous system (32,73).

Allodynia and primary hyperalgesia affect the sensation of primary nociception related to pain.
Tenocytes are attached end-to-end in ion channels, permit communication and perform
functions such as cell volume control, osmoregulation and calcium signalling (94) as they join
to the cytoskeleton and extracellular structures. These channels are able to sense an incoming
stimulus and communicate with neurons, however when there is abnormal functioning, ion
channels will be adversely affected. This is due to the decrease in pH and increase in acidity as

a result of excess lactate in tendinopathic conditions (95-97).

lon channels are required in order to activate neuronal pathways as their expression in tenocytes
and afferent nerves can be altered due to repeated activation (98). These channels transduce
noxious stimuli and permit action potentials to the central nervous system from the peripheral
site (99). The ion channels present in tenocytes could explain the pain experienced as they
would remain closed when there is no stimulus, however, when there is prolonged stimulation
many of these channels close (32,100). Therefore, when ion channel abnormalities arise,
communication between cells, such as tenocytes for the purpose of this dissertation, is not
effective and can compromise several signalling pathways including blood vessel formation

leading to neovascularisation (11,99) thereby collectively impacting pain (32).
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1.5.3 Neovascularisation

As reviewed in section 1.3, healthy tendons consist of a hierarchical structure packed with
parallel bundles of type I collagen fibrils surrounded by ground substance. Structural changes
in TEN includes tendon thickening as a result of an increased cross-sectional area, loss of

parallel fibrillar arrangement, water retention and neovascularisation (66,101).

Neovascularisation, which is regulated by an anomaly of factors including mechanical loading
(102,103), is a multiplex process whereby pro-angiogenic factors are produced resulting in the
formation and proliferation of blood vessels within tissues (33). Increased neovascularisation
has been reported in degenerative tendons, ruptured Achilles tendons (34,35), rotator cuff
tendinopathy (36,92) and ligament injuries (37). The presence of neovascularisation in the
Achilles tendon can indicate hypoxic conditions and compromised tissue repair, which is
further associated with pain (38-41,43).

VEGF and its receptor referred to as KDR or vascular endothelial growth factor receptor-2
(VEGFR-2) are key regulators of neovascularisation. An increase in VEGF, specifically
VEGFA expression has been reported in tendon cells (44), among individuals undergoing
recovery in the mid-portion of the Achilles tendon (11), as well as ruptured or degenerative
tendons (11,48). The KDR receptor permits the entry of cations through a non-selective
membrane known as the transient receptor channel, which regulates the pain experienced
among individuals and will be further reviewed. There are many feedback systems within the
ECM of tendons and therefore it is not surprising that the genes functioning in the ECM can
affect pain (49,104).

1.6 Regulatory Pathways and Achilles Tendinopathy

The investigation of molecular mechanisms which are regulated during tendon injuries,
specifically for the purpose of this dissertation are vital in understanding the pathogenesis of
Chronic Achilles tendinopathy. The metabolically active characteristics of tendons permit them
to respond to environmental stimuli, and with mechanical loading an increase in the expression
of several signalling molecules can be activated, such as several cytokines, VEGF and
transforming growth factor (35,105,106). Studies have demonstrated that cyclic strain in in-
vitro tendons upregulated the production of angiogenic molecules such as angiopoietin like-4
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(ANGPTL4), fibroblast growth factor-2 (FGF-2), cyclooxygenase-2 (COX-2), sphingosine
kinase-1 (SPHK1), transforming growth factor (TGF-a) and VEGFA (29,106). An increase in
vascularity was observed after mechanical loading and in symptomatic Achilles tendons
(92,96,106); whereas normal healthy tendons were relatively avascular in structure (35).

Although several molecules have been identified this review will focus on VEGFA.

Although VEGF is produced during embryogenesis, endogenous VEGF is negligible in healthy
adult tendons as the metabolic demand of the tendon is low. VEGF expression within the tendon
is regulated by hypoxia, inflammatory cytokines, nerves and the mechanical load applied to the
tendon. Nerve growth factors upregulate VEGF which is essential for growth. Adding to this,
stressors applied to the body increases the production of VEGF, which promotesangiogenesis at

earlier stages of tendon healing in order to facilitate the exchange of nutrients and waste (29,35).

VEGFA and its role in the development of trigeminal neuropathic pain has been extensively
studied by Lee et al., (2019). VEGFA is a key mediator of endothelial cell mitogenesis,
angiogenesis and vascular permeability. The gene plays a significant role in neurobiological,
neurotrophic and neuroprotective activities within the nervous system (32). Studies conducted
on nerve injuries reported an upregulation of VEGFA following injury and when inhibited,
reduced allodynia in the sciatic nerve (11,104). The importance of VEGF in tendon repair has
been highlighted, as following injury, alpha granules release numerous growth factors such as
VEGF, FGF, IGF, PDGF and TGF-beta (29,35). The role of VEGF in pathogenesis and healing
as well as its splice variants as possible treatment strategies to enhance angiogenesis stimulation
has been reported (42,105,107).

The VEGF family of proteins includes that of VEGFA, VEGFB, VEGFC, VEGFD, Placental
growth factor, virus encoded VEGFE, and VEGFF. However, VEGFA is the most potent
stimulator of angiogenesis both in its endogenous and exogenous form (49). VEGFA is a potent
pro-angiogenic agent and a key mediator of neovascularisation, which is associated with
pathogenic diseases. Therefore, research into anti-VEGF-related drugs are aimed at attenuating
neovascularisation in age-related macular degeneration. Despite some studiesopposing VEGF,
there has been increasing evidence of its role in neuroprotection and nociception. Its role in the
pathophysiology of pain has not been fully understood and therefore warrants further
research(45,108). VEGFA and VEGFB have been reported to bind
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with two different tyrosine kinase receptors, namely that of VEGFR1 and KDR which are
expressed in nociceptors. VEGFA exists in alternative splice forms due to the differences on
the serine-arginine rich protein (SPK1) which is responsible for phosphorylating the seine-

arginine rich splice factor (SRSF1),thereby increasing the amounts of VEGFA (45).

In conditions such as osteoarthritis, VEGF mediates cartilage degeneration and increases the
activity of neutrophils and macrophages, which in turn increases the levels of cytokines thereby
further evoking pain. When VEGF signalling is inhibited, decreased levels of pain are
experienced among individuals (11,49,109). VEGF therapies which target ligands or receptors
of the gene have shown to reduce pain. VEGF was found to be augmented in serum and
correlated to TNF-a and other pro-analgesic cytokines, which reduce the expression of VEGF.
The role of VEGF in the relief of pain is most commonly studied among neuropathic pain as
opposed to other types of pain. VEGFA is neuroprotective and when neutralized, increased pain
was also observed (83,110). It is important to consider the roles which vascular and neuronal
factors exhibit, such as in angiogenesis, vascular activation and signalling for cell proliferation,
collagen organization and pain. Upregulated levels of VEGF can lead to abnormal vasculature,
angiogenic pressure and hypoxia, as vessels would not be effective to exchange nutrients
(56,111,112). It is therefore not surprising that the role of these key genes have been evaluated

in understanding the genetic contribution to injuries.

1.7 The Association of VEGFA and KDR with Musculoskeletal Soft Tissue Injuries

VEGFA gene consists of nine exons and is located on chromosome 6p21.1 (113,114). It contains
proximal and distal splicing sites (114)within the terminal exon, resulting in the production of
pro- and anti-angiogenic VEGFA isoforms respectively
(https://www.ncbi.nlm.nih.gov/gene/7422). The association of three functional polymorphisms
at positions -2578 (rs699947 C>A), -1154 (rs1570360 G>A) and/or -634 (rs2010963 G>C)
within the VEGFA promoter with respect to chronic Achilles tendinopathy and other

musculoskeletal soft tissue injuries have previously been investigated (10,51,53,56). The -2578
C, -1154 G and -634 C VEGFA alleles have all been linked with an increased VEGFA
expression (115,116).

Moreover, the VEGFA A-G-G inferred haplotype constructed from rs699947, rs1570360 and

rs2010963, was significantly associated with an increased risk of Achilles tendinopathy in a
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South Africa cohort with participants of self-reported European ancestry as well as a combined
South African and British cohort (50). The inferred haplotype was not however associated with
Achilles tendinopathy when the British cohort was analysed separately. In addition, none of the
three polymorphisms were independently associated with Achilles tendinopathy in the
combined or individual cohorts. For the purposes of this dissertation, it should be noted that the
Achilles tendinopathy cases evaluated in these studies consisted of participants with singleand
multiple, as well as unilateral and bilateral injuries. The VEGFA rs699947 polymorphism and
two other VEGFA polymorphisms (-460, rs833061 T>C and +936, rs3025039 C>T) were not
associated with patellar, shoulder nor Achilles tendinopathy (54,56) in Brazilian volleyball
players (10) (Figure 1.3).
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Figure 1.3 Schematic representation (not drawn to scale) of the VEGFA gene depicting the rs699947 (-
2578 C>A), VEGFA rs1570360 (-1154 G>A), rs2010963 (-634 G>C), rs833061 (-460 T>C) and

rs3025039 (+936 C>T) polymorphisms. Exons are indicated as grey boxes; introns are indicated as
horizontal lines and untranslated regions are indicated as hatched boxes. All the information used to
construct the figure above was obtained from databases hosted by the national centre for biotechnology

information (NCBI) (https://www.ncbi.nlm.nih.gov/) and Ensemble

(https://www.Ensemble.org/index.html).

The VEGFA locus was evaluated in a combined analysis consisting of South African, Polish,
Australian and Swedish participants, 912 cases and 765 controls self-reported with European

ancestry REF. The VEGFA A-A-G and A-G-G inferred haplotypes constructed from rs699947
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(C/A), rs1570360 (G/A) and rs2010963 (G/C) were significantly associated with a decreased
risk of ACL ruptures. In addition, the rs2010963 CC genotype was associated with increased
risk of ACL ruptures (51). These VEGFA polymorphisms were however not associated with
ACL ruptures in a South African population consisting of participants with self-reported Mixed
Ancestry (57). Finally, the rs699947 CC and rs35569394 CC genotypes had an eighteen bp
ins/del polymorphism at nucleotide -2549 of the promoter. DD genotypes were associated with
decreased risk of ACL ruptures in an Indian cohort, while the A-l inferred haplotype

constructed from the two polymorphisms was associated with increased risk (56).

The human kinase insert-domain receptor (KDR) gene contains thirty exons and is located on

chromosome 4ql12 (https://www.ncbi.nlm.nih.gov/gene/3791). The association of two

functional polymorphisms at positions -604 (rs2071559 G>A) of the KDR promoter and at
position +1719 (rs1870377 T>A) within exon 11 with respect to chronic Achilles tendinopathy
and other musculoskeletal soft tissue injuries have previously been investigated
(10,50,51,53,57). The G-allele of rs2071559 within the KDR promoter results in decreased gene
expression (23,117-120), while the A-allele of KDR rs1870377 within exon eleven has aHis to
GlIn substitution at amino acid position 472. This non-synonymous substitution effects the
efficiency of VEGF binding to KDR (10,117,118).

rs2305948 51870377
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Figure 1.4 Schematic representation (not drawn to scale) of the KDR gene depicting the rs2071559 (-
604 G>A), rs1870377 (+1719 T>A) and rs2305948 (+1192 G>A) polymorphisms. Exons are indicated
as grey boxes; introns are indicated as horizontal lines and untranslated regions are indicatedas hatched
boxes. All the information used to construct the figure above was obtained from databases hosted by the

national centre for biotechnology information (NCBI) (https://www.ncbi.nlm.nih.gov/) and Ensemble

(https://www.Ensemble.org/index.html).
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None of these KDR polymorphisms were independently or when part of an inferred haplotype
associated with Achilles tendinopathy in the combined or individual cohorts (50). The KDR
rs2071559 (G/A) and rs1870377 (T/A) polymorphisms, together with a third polymorphism
(rs2305948, +1192 G>A), was however associated with modulating the risk of patellar,shoulder
and Achilles tendinopathies in Brazilian volleyball players. Specially the rs2305948 GG
genotype was associated with increased risk of tendinopathy, while the C-G-A and C-A-T
inferred haplotypes constructed from rs2071559, rs2305948 and rs1870377 were associated
with decreased risk (10).

The GG KDR rs2071559 genotype, as well as the G-T inferred haplotype constructed from
rs2071559 and rs1870377, was associated with increased risk of ACL ruptures in male
participants with self-reported Mixed Ancestry, while the A-A inferred haplotype was
associated with reduced risk in males and all participants (53). None of these KDR
polymorphisms were however independently or when part of an inferred haplotype associated
with ACL ruptures in a combined analysis consisting of South African, Polish, Australian and
Swedish participants of self-reported European ancestry (51). Although, the VEGFA inferred
haplotypes constructed from the three functional polymorphisms have been reported to
modulate the risk of chronic Achilles tendinopathy (50) the association of the VEGFA and KDR
polymorphisms with ultrasound abnormalities and multidimensional pain measurements in

participants with chronic Achilles tendinopathy had no association (24).

1.8 Aims and Objectives

Therefore, the aim of this dissertation was to investigate whether VEGFA and/or KDR
polymorphisms were associated with (i) with number, region and severity of chronic Achilles
tendinopathy, as well as (ii) with ultrasound abnormalities and (iii) multidimensional pain

measurements in participants with chronic Achilles tendinopathy.

Specifically:-

e a candidate gene case-control genetic association study approach was used to further
investigate the association of three functional VEGFA rs699947 (-2578 C>A), rs1570360
(-1154 G>A) and rs2010963 (-634 G>C), as well as the functional KDR rs2071559 (-604
G>A) and rs1870377 (1719 T>A) polymorphisms with chronic Achilles tendinopathy
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irrespective of severity, number and region of injury in a combined larger cohort consisting
of two previously described South African physically active groups (Chapter 3).
investigating the association of the VEGFA and KDR variants specifically with severity,
number and region of injury (Chapter 3).

a cross-sectional genetic association study approach was used to investigate the association
of these polymorphisms with ultrasound abnormalities and multidimensional pain
measurements in participants with chronic Achilles tendinopathy (Chapter 4).
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Chapter 2

Methodology

2.1 Study design

This case-control (objectives 1 and 2 presented in Chapter 3) and cross-sectional genetic
association (objectives 3 and 4 presented in Chapter 4) study was conducted in compliance with
the STREGA (Strengthening the Reporting of Genetic Association studies) initiative which is
a further extension of the STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) statement (121,122). Approval for this study was obtained from the Research
Ethics Committee of the Faculty of Health Sciences within the University of Cape Town (UCT)
(HREC REF 279/2016; Appendix A).

2.2.1 Participants

A total of 183 cases (TEN) and 194 controls (CON) were previously recruited for this study
from sporting clubs within the greater Cape Town area as well as sports and exercise medicine
clinics and other clinical practices (Appendix B) (24,50). The data from 81 TEN and 74 CON
participants were included from the study conducted by Mkumbuzi (24) and a further 104 TEN
and 120 CON participants and their data was included from the study conducted by Rahim (50).
All participants were of self-reported European ancestry. A sample size of approximately130
cases and 130 controls was required for this study to have at least 80% power at the 95%
confidence level, assuming an odds ratio of at least 2 and allele frequencies greater than 10%
(QUANTO v1.2.4 (http://biostats.usc.edu/software)).

Inclusion criteria

In both previously published studies (24,50), the TEN participants reported a history of
posterior lower limb pain in the Achilles tendon or the area surrounding the Achilles tendon for
a duration of at least 6 months and additionally fulfilled at least one of the following diagnostic
criteria: (1) early morning pain over the mid-portion of the Achilles tendon, (2) earlymorning

stiffness over the mid-portion of the Achilles tendon, (3) a history of swelling over
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the Achilles tendon area, (4) tenderness to palpation of the mid-portion of the Achilles tendon,

(5) palpable nodular thickening over the affected Achilles, and/or (6) movement of the painful
area in the Achilles tendon with plantar-dorsi-flexion (positive ‘‘shift’’ test) as previously
described (9). In addition, an experienced sports physician radiologically confirmed the clinical
diagnosis. All CON participants were healthy and physically active asymptomatic individuals

with no clinical history of chronic Achilles tendinopathy.

Exclusion criteria

All participants under the age of eighteen years, with a BMI greater than 30kg.m2 and those
with a history of current or past fluoroguinolone antibiotic use (within the last 12 months) were
excluded from both previously published studies. In addition participants with a history of
lower limb surgery, as well as, individuals (i) on chronic medications, (ii) diagnosed with
connective tissue disorders or (iii) diseases that could be associated with a tendinopathy, such
as, but not limited to, Ehlers-Danlos Syndrome, benign hypermobility joint syndrome,
rheumatoid arthritis, systemic lupus erythematosus, hyperparathyroidism, renal insufficiency,

diabetes mellitus and familial hypercholesterolemia, were excluded from this study.

Participants with a history of Achilles tendon rupture, insertional Achilles tendinopathy, lower
limb deformities, lower limb injury or previous local corticosteroid injections in the Achilles
tendon or the area surrounding the Achilles tendon prior to the onset of symptoms were

excluded from this study.

Ethical considerations

Ethical clearance for this study was obtained from the Human Research Ethics Committee of
the Faculty of Health Sciences at the University of Cape Town (HREC number 279/2016;
Appendix A). This study was conducted according to the principles of the Declaration of
Helsinki (123), International conference of Harmonisation (ICH), the South African Good
Clinical Practice (GCP) and law. This study was covered by the no fault liability insurance
policy of the University of Cape Town. Participants consented to partake in this study prior to
participation and were informed that they were able to withdraw from it without prejudice.
Their information was de-identified, de-personalised and kept in an access-controlled facility.
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2.2.2 Participant visit

During the first visit to the UCT’s Health through Physical Activity, Lifestyle and Sport
(HPALS) Research Centre, located at the Sport Science Institute of South Africa (SSISA) in
Cape Town, the participants in both previously published studies were asked to (i) give written
informed consent (Appendix C), (ii) complete demographic and sporting details (which
included the grading of injuries, refer to Appendix D, section H), lifestyle and habits history,
as well as, personal and family medical history (specifically tendon, ligament and joint capsule
injuries) questionnaires (Appendix D), (iii) donate 5 millilitres of antecubital venous blood, and
(iv) complete a quantitative sensory testing. The sub-set of TEN participants who were recruited
for the original Mkumbuzi study (24) were also asked to complete additional pain self-report
questionnaires (CON = 74 and TEN = 81) whereby they additionally graded the pain which
they experienced in their Achilles tendons, which was further grouped as severe (SEV) or non-
severe (Table 2.1). Blood samples were taken by a qualified phlebotomist for both studies,
while Grey scale and Doppler ultrasonography of both Achilles tendons were done on all

participants included in the second published study (24) during a second visit.

Table 2.1 Grading system classifying the severity of pain for this study

Grade at injury Description of pain Severity
Grade 1 Pain only after exercise Non-severe
Grade 2 Pain during exercise, but did not alter Non-severe

training
Grade 3 Pain during exercise, but causes you to SEVERE
alter your training
Grade 4 Pain which causes you to stop training SEVERE

47



Pain self-report

The TEN participants previously recruited in the second published study (24) were asked to
complete the Victorian Institute of Sports Assessment-Achilles Questionnaire (VISA-A)
(Appendix E). The VISA-A is a validated and reliable self-administered eight-question
questionnaire which evaluates the clinical severity of tendinopathy symptoms and their impact
on physical activity (22). They rated their current pain on the short-form McGill pain
questionnaire (sf-MPQ) (Appendix F) and completed the short-form Brief Pain Inventory (sf-
BPI) scale (Appendix G). The sf-MPQ assessed the quality of subjective pain and its intensity,

while the sf-BPI assessed the temporal behaviour of pain (22,24).

Grey scale ultrasonography of both Achilles tendons

Grey scale ultrasonography was performed with the participants lying in prone and their feet
overhanging the edge of the examination table. The tendons were examined in longitudinal and
axial planes from the osteotendinous junction to the musculotendinous junction. Three
ultrasound criteria were examined: echotexture, intrasubstance tears and overall tendon
thickness. Echotexture was evaluated by identifying areas of hypoechoic change within the
tendon and scored semi-quantitatively from 0 (normal tendon) to 10 (diffuse hypoechoic areas).
Intrasubstance tears were identified as present if there was a focal discontinuity of theechogenic
band in the substance of the tendon, which was partially or completely thick. Tendonthickness

was measured as the maximal antero-posterior diameter in millimetres (124).

2.3 DNA extraction and genotyping

Approximately 5 millilitres of venous blood was obtained by a trained phlebotomist using the
antecubital forearm vein of each participant and then stored in an EDTA vacutainer tube at -
20°C in an access-controlled freezer and laboratory prior to DNA extraction and genotyping

using previously described methods (125), modified by Mokone (126) (Appendix H).

Standard and custom made TagMan™ Genotyping Assays (Thermo Fischer, Waltham, MA,
USA) were used to genotype the DNA samples, from the study by Mkumbuzi (24), for VEGFA
rs699947 (-2578 C>A), VEGFA rs2010963 (-634 G>C), KDR rs2071559 (-604 G>A) and KDR

rs1870377 (1719 T>A) polymorphisms according to the manufacturer’s recommendations
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(Figures 1.3 and 1.4). Some of the DNA samples (CON =120 and TEN = 104) were previously
genotyped for these four polymorphisms, including VEGFA rs1570360 (-1154 G>A), and the
genotype data was published (50). Unfortunately, due technical problems with the TagMan™
Genotyping Assays, we could not genotype the DNA samples for rs1570360 (-1154 G>A),
previously recruited and included in Mkumbuzi (24). This polymorphism was therefore not

included in this dissertation.

The VEGFA and KDR SNPs were selected according to their functional significance, previous
associations of multi-factorial pain and affective phenotypes. Negative controls (ho DNA) and
five repeat samples of a known genotype were included on each polymerase chain reaction
(PCR) plate as a quality control measure for reliable genotyping and detection of possible
contamination. Genotypes were called using the Thermo Fisher Cloud suite (SDS3.2 software)
(Figure 2.1 A to D) with an average call rate of 80% and confirmed by two independent
investigators. Sanger sequencing (Figure 2.2 A to C) was used to confirm the genotypes for the
KDR rs1870377 polymorphism due to the low A-allele frequency in the population (Frequency
as taken from Ensemble: T-allele = 76.5% and A-allele = 23.6%). Sanger sequencing
alternatively known as chain termination, sequences DNA according to the selective
incorporation of chain-terminating dideoxy nucleotides by DNA polymerase which
incorporates deoxynucleotide triphosphates or chain-terminating dideoxy nucleotide
triphosphates (ddNTPs) during in-vitro DNA replication, which will determine the nucleotide
sequence of the DNA. This process requires the annelation of DNA to an oligonucleotide primer
and is then extended by DNA polymerase. Thereafter, rate-limiting concentrations of ddNTPs
stop the elongation reactions and result in DNA fragments to be distinguishedaccording to
various lengths. These lengths will be marked with letters, which will identify where the
participant is homozygous or heterozygous (127). All laboratory work was performed at the
Health for Physical Activity, Lifestyle and Sports (HPALS) Research Centreof the University
of Cape Town.

2.4 Statistical analysis

The programming environment R 4.2.0 (R Development Core Team, 2023) and IBM SPSS
Statistics (version 28.0.1.0) were used for data analysis. The TEN and CON participants’
general characteristics, injury, sporting and genotype data from the previously published

studies were combined for the results presented in Chapter 3 of this dissertation, while only the
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data from the second published study was analysed and presented in Chapter 4 (24,50). The
distribution of continuous data was analysed using the Shapiro-Wilk normality test and
normally distributed data was presented as means standard deviations, while median and
interquartile ranges (Q1, Q3) were used to present non-parametric data. Unpaired t-tests or one-
way ANOVAs were used for continuous normally distributed data, while Mann Whitney-U or
Kruskal-Wallis tests were used for non-parametric data. Categorical data were compared using
the Chi-squared or Fisher’s Exact tests and presented as percentages. Analysis of the participant
characteristics revealed possible confounding variables which were adjusted accordingly, such

as age, weight and BMI. Statistical significance was accepted at p<0.05.

The R package genetics (128) and SNPassoc (129) were used to analyse the differences in
genotype and allele frequencies among the groups as well as Hardy-Weinberg equilibrium
(HWE) for each SNP. Inferred haplotypes (VEGFA: C-G, C-C, A-G and A-C; KDR:G-T, G-
A, A-T and A-A) were constructed for and as a proxy for gene-gene interaction between
VEGFA and KDR. Allele-allele interactions (VEGFA/KDR: C-G, C-A, A-G and A-A) were
constructed using the genotype data and R package haplo.stats (130).
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Figure 2.1: (Ato D) Typical scatter of VIC and FAM labelled allele when preforming real-time fluorescence PCR allele discrimination: (A) VEGFA rs699947,

(B) VEGFA rs2010963, (C) KDR rs2071559 and (D) KDR rs1870377. The graph plots the fluorescence of the FAM labelled allele versus the fluorescence of
the VIC labelled allele. Genotypes are automatically called by the SDS3.2 software (Thermo Fisher, Waltham, MA, USA). Blue data points are homozygous

for the FAM labelled allele, red data points are homozygous for the VIC labelled allele and the green data points are heterozygous for the FAM and VIC labelled

alleles. The yellow data points indicate no amplification in the negative (water).

51



i1
I'[!

I',] |

1 |

f ¥

-

e —— N ———

Figure 2.2: (A to C) The electropherogram images illustrating the Sanger sequencing for KDRrs1870377
(A) T/T; (B) T/A and (C) A/A genotypes. This participant was heterozygous as highlighted by the
presence of both the T and A alleles indicated by a W. The black squares highlight the genotypes present
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in this individual.
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Chapter 3

Association of the VEGFA and KDR Genes with Chronic Achilles Tendinopathy

3. 1 Participant characteristics

When the two previously published cohorts (24,50) were combined and re-analysed, the
combined CON and TEN groups differed significantly in age, weight and BMI (Table 3.1). The
combined CON (38.8 + 12.1 years, n = 194) group was on average significantly younger (p =
0.010) at the time of recruitment compared to the combined TEN (42.2 + 12.8 years, n = 185)
group at the time of their reported first injury (Table 3.1). Although the CON (41.0 + 14.1 years,
n=74)and TEN (42.3 £ 11.6 years, n = 81, p = 0.562) groups were matched for age in the
second published cohort (Supplementary Table S3.1), the CON participants were significantly
youngerin the first published cohort (CON: 37.3 £ 10.4 years vs TEN: 42.2 £ 13.9 years, p =
0.004) (Supplementary Table S3.2). The average age of the combined TEN group at the time of
recruitment was 47.0 = 12.0 years, which was on average 3.0 £ 5.0 years (ranging from 1 to 33
years) after their first reported injury. The combined, as well as the individual cohorts, CON
and TEN groups were matched for sex and height (Table 3.1, Supplementary Tables S3.1 and
S3.2). When covaried for age at the time of recruitment, the combined CON group, as well as
only the first published cohort, were significantly lighter, with a corresponding lower BMI, at
the time of recruitment compared to their respective TEN groups (combined CON: 71.7 + 12.5
kg vs TEN: 77.0 £ 16.7 kg, p <0.001 and combined CON: 23.3 £ 3.0 kg.m2vs TEN: 25.0 £4.1
kg.m?2, p <0.001) (Table 3.1, Supplementary Tables S3.1 and S3.2).

One-hundred and sixty-three combined TEN participants reported the type of activity which

resulted in their injury, of which 115 (70.6%) were injured while running.
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3.2 VEGFA and KDR Genotype Associations on Participant Characteristics

There were significantly more (p = 0.036) males in the VEGFA rs699947 AA genotype group
(74.4%, n = 67) compared to the CA (58.2%, n = 103) and CC (60.9%, n = 56) genotype groups
(Supplementary Tables S3.3). When co-varied for sex, participants with the VEGFA rs699947
AA genotype were significantly heavier (77.8 £ 18.1 kg, n = 90, p = 0.049) than those with the
CC (73.7 £ 13.3 kg, n = 92) or the CA (73.1 + 13.8 kg, n = 177) genotypes (Supplementary
Table S3.3). In addition, participants with the VEGFA rs699947 AA (177.7 £+9.5m,n=87,p
= 0.003) genotype were significantly taller at the time of injury compared to the CC (175.1 +
9.1m,n=79)or CA (173.7 £ 8.7, n = 164) genotypes. The VEGFA rs699947 genotype groups
were matched for age and BMI (Supplementary Tables S3.3). The VEGFA rs2010963, KDR
rs1870377 and KDR rs2071559 genotype groups were matched to age, sex, height, weight and
BMI (Supplementary Tables S3.4 to S3.6).

Table 3.1: Participant characteristics of the combined previously published cohorts’ (24,50)
asymptomatic control (CON) and chronic Achilles Tendinopathy (TEN) groups

CON TEN
P-value
(n=194) (n=185)
Age (years) ! 38.8+12.1 42.2+12.8 0.010
Sex (% male) 63.8 66.4 0.593
Height (cm) 1749+9.5 175.2+8.6 0.702
Weight (kg) ? 71.7+125 77.0+16.7 0.001 (0.001) 3
BMI (kg.m?) 2 23.3+3.0 25.0+4.1 <0.001 (0.001) 3

Except for sex, which is expressed as a percentage, values are expressed as mean * standard deviation
P-values in bold typeset indicates significance

BMI, body mass index; cm, centimetres; kg, kilograms; m, metres

IAge for the CON and TEN groups are at the time of recruitment and first injury, respectively
2\Weight and therefore BMI are self-reported values at the time of recruitment for both groups

3Adjusted p-values for age at recruitment
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Except for the KDR rs2071559 TEN (p = 0.037), combined CON and combined TEN groups (p
=0.047), the VEGFA rs699947 and rs2010963, as well as the KDR rs1870377 genotypes were
in Hardy-Weinberg Equilibrium (HWE) in all groups (Supplementary Tables S3.7).

3.3 Genotype and Allele Associations on Achilles Tendinopathy

3.3.1 VEGFA rs699947 (-2578 C>A)

There were no significant differences in the VEGFA rs699947 genotype (p =0.129) or allele (p

= 0.205) frequency distributions between the combined CON and TEN groups. Similarly, there
were also no significant differences in the genotype frequency distributions between these
groups during a sub-analysis of the male (p = 0.154) and female (p = 0.547) participants from
the combined groups (Figure 3.1). The genotype and allele frequencies were similar to the
published values for the European population in the Ensemble public database

(www.Ensemble.org, accessed during August 2023) (Table 3.2).
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Table 3.2: Genotype and allele frequency distribution of the VEGFA rs699947 (-2578 C>A)
polymorphism in the combined asymptomatic control (CON) and chronic Achilles
Tendinopathy (TEN) groups of the previously published cohort (50) and the cohort genotyped
in this study, as well as the distribution within the European population (EUR) in the Ensemble

public database (www.Ensemble.org).

Genotype CON TEN EUR
P-value

or Allele (N =183) (N =176) (N =503)

CcC 30.1 (55) 21.0 (37) 27.2 (137)

CA 45.4 (83) 53.4 (94) 0.129 46.5 (234)

AA 24.6 (45) 25.6 (45) 26.2 (132)

A 47.3 (173) 52.3(184) 0.205 49.5 (498)

Genotype and minor allele frequencies are represented as frequencies with the number (n) of participants in
parentheses

The total number (N) of participants genotyped in each group (CON, TEN and EUR) is also indicated

VEGFA, Vascular endothelial growth factor A

The Ensemble database was accessed during August 2023
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Figure 3.1: Genotype frequency distributions of the VEGFA rs699947 (-2578 C>A) polymorphism of

the combined CON (white bars) and combined TEN (grey bars) groups in the sub-analysis of (A) male

and (B) female participants. The p-values and number of participants (n) in each group are indicated on

the graphs. The number of participants in each genotype group is also indicated above the bars.
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3.3.3 VEGFA rs2010963 (-634 G>C)

There were no significant differences in the VEGFA rs2010963 genotype (p = 0.342) or allele
(p = 0.281) frequency distributions between the CON and TEN groups (Table 3.3). Similarly,
there were also no significant differences in the genotype frequency distributions between the
CON and TEN groups when only male participants were compared (p = 0.445) or when only
female (p = 0.183) participants were compared (Figure 3.2). The genotype and allele
frequencies were similar to the published values for the European population in the Ensemble
public database (www.Ensemble.org, accessed during August 2023) (Table 3.3).

Table 3.3: Genotype and allele frequency distribution of the VEGFA rs2010963 (-634 G>C)
polymorphism in the combined asymptomatic control (CON) and chronic Achilles
Tendinopathy (TEN) groups of the previously published cohort (50) and the cohort genotyped

in this study, as well as the distribution within the European population (EUR) in the Ensemble

public database (www.Ensemble.org).

Genotype CON TEN EUR
P-value

or Allele (N =188) (N =180) (N =503)

GG 42.0 (79) 45.0 (81) 47.5(239)

GC 43.6 (82) 45.6 (82) 0.342 43.3(218)

CcC 14.4 (27) 9.4 (17) 9.1 (46)

C 36.2 (136) 32.1 (106) 0.281 30.8 (310)

Genotype and minor allele frequencies are represented as frequencies with the number (n) of participants in
parentheses

The total number (N) of participants genotyped in each group (CON, TEN and EUR) is also indicated

VEGFA, Vascular endothelial growth factor A

The Ensemble database was accessed during August 2023
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Figure 3.2: Genotype frequency distributions of the VEGFA rs2010963 (-634 G>C) polymorphism of
the combined CON (white bars) and combined TEN (grey bars) groups in the sub-analysis of (A) male
and (B) female participants. The p-values and number of participants (n) in each group are indicated on

the graphs. The number of participants in each genotype group is also indicated above the bars.
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3.3.4 KDR rs2071559 (-604 G>A)

There were no significant differences in the KDR rs2071559 genotype (p = 0.094) or allele (p
= 0.060) frequency distributions between the combined CON and TEN groups (Table 3.4).
Similarly, there were no significant differences in the genotype frequency distributions between
the CON and TEN groups during a sub-analysis of the male (p = 0.475) and female (p = 0.196)
participants (Figure 3.3). The genotype and allele frequencies were similar to the published
values for the European population in the Ensemble public database (www.Ensemble.org,
accessed during August 2023) (Table 3.4).

Table 3.4: Genotype and allele frequency distribution of the KDR rs2071559 (-604 G>A)
polymorphism in the combined asymptomatic control (CON) and chronic Achilles
Tendinopathy (TEN) groups of the previously published cohort (50) and the cohort genotyped
in this study, as well as the distribution within the European population (EUR) in the Ensemble

public database (www.Ensemble.org).

Genotype CON TEN EUR
P-value

or Allele (N =189) (N=181) (N =503)

GG 32.8 (62) 28.2 (51) 22.7 (114)

GA 47.1(89) 42.0 (76) 0.094 51.7 (260)

AA 20.1 (38) 29.8 (54) 25.6 (129)

A 43.7 (165) 50.8 (184) 0.060 51.5(518)

Genotype and minor allele frequencies are represented as frequencies with the number (n) of participants in
parentheses

The total number (N) of participants genotyped in each group (CON, TEN and EUR) is also indicated

KDR, Kinase Domain Receptor

The Ensemble database was accessed during August 2023
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Figure 3.3: Genotype frequency distributions of the KDR rs2071559 (-604 G>A) polymorphism of the
combined CON (white bars) and the combined TEN (grey bars) groups in the sub-analysis of (A) male
and (B) female participants. The p-values and number of participants (n) in each group are indicated on
the graphs. The number of participants in each genotype group is also indicated above the bars.
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3.3.5KDR rs1870377 (1719 T>A)

Finally, there were no significant differences in the KDR rs1870377 genotype (p = 0.741) or
allele (p = 0.603) frequency distributions between the CON and TEN groups (Table 3.5).
Similarly, there were no significant differences in the genotype frequency distributions between
the CON and TEN groups when only male (p =0.833) and only female (p = 0.554) participants
were evaluated (Figure 3.4). The genotype and allele frequencies were similar to the published
values for the European population in the Ensemble public database (www.Ensemble.org,
accessed during August 2023) (Table 3.5).

Table 3.5: Genotype and allele frequency distribution of the KDR rs1870377 (1719 T>A)
polymorphism in the combined asymptomatic control (CON) and chronic Achilles
Tendinopathy (TEN) groups of the previously published cohort (24,50) and the cohort
genotyped in this study, as well as the distribution within the European population (EUR) in the

Ensemble public database (www.Ensemble.org).

Genotype CON TEN EUR
P-value

or Allele (N=182) (N=174) (N =503)

TT 57.1(104) 55.2 (96) 58.1 (292)

TA 37.4 (68) 37.4 (65) 0.741 37.0 (186)

AA 5.5(10) 7.5(13) 5.0 (25)

A 24.2 (88) 55.2 (96) 0.603 23.5 (236)

Genotype and minor allele frequencies are represented as frequencies with the numbers from each cohort in
parentheses

The total number of participants genotyped in each group (CON, TEN and EUR) is also indicated

KDR, Kinase Domain Receptor

The Ensemble database was accessed during August 2023
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Figure 3.4: Genotype frequency distributions of the KDR rs1870377 (1719 T>A) polymorphism of the
combined CON (white bars) and the combined TEN (grey bars) groups in the sub-analysis of (A) male
and (B) female participants. The p-values for the male (TT vs TA vs AA) and female (TT vs TA and
AA), as well as the number of participants (n) in each group are indicated on the graphs. The number of
participants in each genotype group is also indicated above the bars.
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3.4 VEGFA and/or KDR Haplotype Associations on Achilles Tendinopathy

Inferred haplotypes were constructed for the two VEGFA (rs699947 C>A and rs2010963 G>C)
and the two KDR (rs2071559 G>A and rs1870377 T>A) polymorphisms. No significant
differences were observed in the VEGFA (additive model p = 0.531) and KDR (additive model
p = 0.271) haplotype frequency distributions between the combined CON and TEN groups
(Figure 3.5).
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Figure 3.5: The relative frequencies of the inferred haplotypes constructed from (A) VEGFA (rs699947
C>A and rs2010963 G>C) and (B) KDR (rs2071559 G>A and rs1870377 T>A) polymorphisms in the
CON (white bars) and the TEN (grey bars) for all participants in the combined cohorts. The global p-
values (additive model of inheritance) and the number of participants (n) in each group is indicated on
the graphs.
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Similarly, there were no significant differences in the VEGFA and KDR inferred haplotype
frequency distributions between the CON and TEN groups when only the male (additive model
VEGFA: p = 0.468 and additive model KDR: p = 0.378) and female (VEGFA: p = 0.987 and
KDR: p = 0.352) participants were analysed (Figure 3.6).
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Figure 3.6: The relative frequencies of the inferred haplotypes constructed for (VEGFA rs699947 C>A
and rs2010963 G>C) (A) male and (C) female participants; and for KDR (rs2071559 G>A and
rs1870377 T>A) (B) male and (D) female participants in the CON (white bars) and TEN (grey bars)
groups in the combined cohorts. The global additive p-values and the number of participants (n) in each

group is indicated on the graphs.
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The VEGFA rs699947 (C>A) and KDR rs2071559 (G>A) allele-allele interactions were
investigated because of their independent genotype distributions (24,50). Although, there were
no significant differences (recessive model global p = 0.054) in the relative distribution of the
VEGFA allele and KDR allele interactions (Figure 3.7), the C-G allele-allele interaction was
overrepresented (p = 0.015) in the CON (29.6%) group compared to the TEN group (22.6%).
There were no significant differences in the relative distribution of the VEGFA rs699947 and
KDR rs2071559 allele-allele interactions when the male (recessive model p = 0.208) and female

(recessive model p = 0.283) participants were analysed separately (Figure 3.8).
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Figure 3.7: The relative frequencies of the VEGFA (rs699947 C>A) and KDR (rs2071559 G>A) allele-
allele interactions in the CON (white bars) and TEN (grey bars) groups for all participants in the
combined cohorts. The global p-values (recessive model of inheritance), the specific p-values for the C-

G and A-A interactions, as well as the number of participants (n) in each group is indicated on the graphs.
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Figure 3.8: The relative frequencies of the (A) male and (B) female VEGFA (rs699947 C>A) and KDR
(rs2071559 G>A) allele-allele interactions in the CON (white bars) and TEN (grey bars) for all
participants in the combined cohorts. The global p-values (recessive model of inheritance) and the

number of participants (n) in each group is indicated on the graphs.
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3.5 VEGFA and KDR Genotype and Allele Associations on the Region and Severity of

Injury

Of the 154 participants who reported the effect of pain on exercise at time of injury, 12.3% (n
= 19), 23.4% (n = 36), 26.6% (n = 41) and 37.7% (n = 58) reported pain only after exercise
(grade 1), pain during exercise which does not alter exercise (grade Il), pain during exercise
which altered exercise (grade Ill) and pain that stopped exercise (grade IV) respectively.
Participants who reported either grades Il or IV pain at the time of injury (n = 99) were
combined and analysed as a sub-group (SEV) (Table 2.1).

Of the 135 participants who reported the region of injury, 57.0% (n = 77) reported an injury to
the middle-third of the tendon, 33.3% (n = 45) reported the lower-third and 9.6% (n = 13)
reported injuring the upper-third or more than one region of the tendon. The 77 participants who
reported an injury to the middle-third of the tendon (MID) were also analysed as a sub- group.

3.5.1 VEGFA rs699947 (-2578 C>A)

There were no significant differences in the VEGFA rs699947 genotype (p = 0.170) or allele (p

= 0.322) frequency distributions between the CON group and the SEV sub-group that reported
either a grade 11 or grade 1V injuries (Table 3.6). Although not included in the analysis because
of small sample sizes (n = 53), the CC (20.8%, n = 11), CA (49.1%, n = 26) and AA (30.2%, n

= 16) genotype distributions of the TEN participants who reported grade | or grade Il injuries
were similar to the SEV sub-group.

Furthermore, there were no significant differences in the genotype (p = 0.694) or allele (p =
0.629) frequency distributions between the CON group and the TEN sub-group of participants
who reported an injury to the middle-third of their Achilles tendon (MID) (Table 3.6).
Interestingly, although not included in the analysis because of a small sample size (n = 45), the
CC (13.3%, n = 6), CA (53.3%, n = 24) and AA (33.3%, n = 15) genotype distributions of the
TEN participants who reported injury to lower-third of the Achilles tendon were different to the
MID sub-group. In particular the CC genotype was lower in this TEN sub-group.
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Table 3.6: Genotype and allele frequency distributions of the VEGFA rs699947 (-2578 C>A)
polymorphism in the combined asymptomatic control (CON) groups, as well as the sub-groups
of participants diagnosed with chronic Achilles tendinopathy that reported either a grade 111 or
grade IV injury (SEV) or injury to the middle-third of the tendon (MID), from the previously
published cohort (50) and the cohort genotyped in this study.

Genotype CON SEV MID

P-value P-value
or Allele (N =183) (N =98) (N =76)
CcC 30.1 (55) 20.4 (20) 25.0 (19)
CA 45.4 (83) 55.1 (54) 0.170 50.0 (38) 0.694
AA 24.6 (45) 24.5 (24) 25.0 (19)
A 47.3 (173) 52.0 (102) 0.322 50.0 (76) 0.629

Genotype and minor allele frequencies are represented as frequencies with the numbers (n) in parentheses
The number of participants (N) genotyped in each group is indicated
VEGFA, Vascular endothelial growth factor A

3.5.2 VEGFA rs2010963 (-634 G>C)

There were no significant differences in the VEGFA rs2010963 genotype (p = 0.875) or allele
(p = 0.705) frequency distributions between the CON and SEV groups (Table 3.7). Although
not included in the analysis because of small sample sizes (n =55), the GG (47.3%, n = 26), GC
(45.5%, n = 25) and CC (7.3%, n = 4) genotype distributions of the TEN participants who

reported grade | or grade Il injuries were similar to the SEV sub-group.

There were also no significant differences in the genotype (p = 0.317) or allele (p = 0.483)
frequency distributions between the CON and MID groups (Table 3.7). Although not included
in the analysis because of a small sample size (n = 45), the GG (48.9%, n = 22), GC (40.0%, n
=18) and CC (11.1%, n =5) genotype distributions of the TEN participants who reported injury
to the lower-third of the Achilles tendon were similar to the MID sub-group.
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Table 3.7: Genotype and allele frequency distribution of the VEGFA rs2010963 (-634 G>C)
polymorphism in the combined asymptomatic control (CON) groups, as well as the sub-groups
of participants diagnosed with chronic Achilles tendinopathy that reported either a grade 11 or
grade IV injury (SEV) or injury to the middle-third of the tendon (MID), from the previously
published cohort ((50) and the cohort genotyped in this study.

Genotype CON SEV MID

P-value P-value
or Allele (N =188) (N=98) (N=77)
GG 42.0 (79) 43.9 (43) 42.9 (33)
GC 43.6 (82) 43.9 (43) 0.875 49.4 (38) 0.317
CcC 14.4 (27) 12.2 (12) 7.8 (6)
C 36.2 (136) 34.2 (67) 0.705 32.5(50) 0.483

Genotype and minor allele frequencies are represented as frequencies with the numbers (n) in parenthesesThe
number of participants (N) genotyped in each group is indicated
VEGFA, Vascular endothelial growth factor A

3.5.3 KDR rs2071559 (-604 G>A)

There were no significant differences in the KDR rs2071559 genotype (p = 0.146) or allele (p
= 0.159) frequency distributions between the CON and SEV groups (Table 3.8). Although not
included in the analysis because of small sample sizes (n = 55), the GG (23.6%, n = 13), GA
(41.8%, n = 23) and AA (34.5%, n = 19) genotype distributions of the TEN participants who

reported grade | or grade Il injuries was similar to the SEV sub-group.
There were also no significant differences in the genotype (p = 0.097) or allele (p = 0.084)

frequency distributions between the CON and MID groups (Table 3.8). Although not included
in the analysis because of small sample sizes (n = 45), the GG (20.0%, n = 9), GA (48.9%, n =
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22) and AA (31.1%, n = 14) genotype distributions of the participants who reported injury to

lower-third of the Achilles tendon were similar to the MID sub-group.

Table 3.8: Genotype and allele frequency distribution of the KDR rs2071559 (-604 G>A)
polymorphism in the combined asymptomatic control (CON) groups, as well as the sub-groups
of participants diagnosed with chronic Achilles tendinopathy that reported either a grade 111 or
grade IV injury (SEV) or injury to the middle-third of the tendon (MID), from the previously
published cohort (50) and the cohort genotyped in this study.

Genotype CON SEV MID
P-value P-value
or Allele (N =189) (N =99) (N=77)
GG 32.8 (62) 30.3 (30) 28.6 (22)
GA 47.1 (89) 39.4 (39) 0.146 39.0 (30) 0.097
AA 20.1 (38) 30.3 (30) 32.5(25)
A 43.7 (165) 50.0 (99) 0.159 51.9 (80) 0.084

Genotype and minor allele frequencies are represented as frequencies with the numbers (n) in parentheses
The number of participants (N) genotyped in each group is indicated
KDR, Kinase Domain Receptor
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3.5.4 KDR rs1870377 (1719 T>A)

There were no significant differences in the KDR rs1870377 genotype (p = 0.489) or allele (p
= 0.517) frequency distributions between the CON and SEV groups (Table 3.9). Although not
included in the analysis because of small sample sizes (n = 52), the TT (55.8%, n = 29), TA
(38.5%, n = 20) and AA (5.8%, n = 3) genotype distributions of the TEN participants who
reported grade | or grade Il injuries were similar to the SEV sub-group.

Furthermore, there were no significant differences in the genotype (p = 0.523) or allele (p =
0.432) frequency distributions between the CON and MID groups of this polymorphism.
Although not included in the analysis because of small sample sizes (n =44), the TT (63.3%, n
=28), TA (31.8%, n = 14) and AA (4.5%, n = 2) genotype distributions of the participants who
reported injury to lower-third of the Achilles tendon were similar to the MID sub-group.

Table 3.9: KDR rs1870377 (1719 T>A) polymorphism in the combined asymptomatic control
(CON) group, as well as the sub-groups of participants diagnosed with chronic Achilles
tendinopathy that reported either a grade 11 or grade 1V injury (SEV) or injury to the middle-
third of the tendon (MID), from the previously published cohort (50) and the cohort genotyped

in this study.
Genotype CON SEV MID
P-value P-value

or Allele (N =182) (N =96) (N=74)

TT 57.1 (104) 55.2 (53) 51.4 (35)

TA 37.4 (68) 35.4 (34) 0.489 41.9 (31) 0.523
AA 5.5(10) 9.4 (9) 6.8 (5)

A 24.2 (88) 26.0 (52) 0.517 27.7 (41) 0.432

Genotype and minor allele frequencies are represented as frequencies with the numbers (n) in parentheses
The number of participants (n) genotyped in each group is indicated

KDR, Kinase Domain Receptor
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3.6 VEGFA and KDR Haplotype and Allele Interaction Associations on the Region and
Severity and region of Injury

Inferred haplotypes were constructed for the two VEGFA (rs699947 C>A and rs2010963 G>C)
and the two KDR (rs2071559 G>A and rs1870377 T>A) polymorphisms. There were no
significant differences in the relative frequencies of the inferred haplotypes constructed from
the VEGFA polymorphisms between the CON and SEV (additive model p = 0.405, Figure 3.9A)
or between the CON and MID (additive model p = 0.875, Figure 3.9B) groups. Similarly, there
were also no significant differences between the relative frequencies of inferred haplotypes
constructed from the KDR polymorphisms between the CON and SEV (additive model p =
0.339, Figure 3.9C) or between the CON and MID (additive model p = 0.314, Figure 3.9D)
groups.
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Figure 3.9: The relative frequencies of the inferred haplotypes constructed from (A and B) the two VEGFA
(rs699947 C>A and rs2010963 G>C) and (C and D) the two KDR (rs2071559 G>A and rs1870377 T>A)
polymorphisms in the CON (white bars) group, as well as the sub-groups of participants diagnosed with chronic
Achilles tendinopathy that reported either (A and C) a grade 111 or grade IV injury (SEV) (grey bars) or (B and D)
injury to the middle-third of the tendon (MID) (grey bars). The global p-values (additive model of inheritance)and

the number of participants (n) in each group is indicated on the graphs.
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There were no significant differences (recessive model p = 0.166) in the relative distribution of
the VEGFA rs699947 and KDR rs2071559 allele-allele interactions between the CON group and
SEV sub-group (Figure 3.10A). Similarly, there were also no significant differences (recessive
model p = 0.226) in the relative distribution of the allele interactions between the CON group
and MID sub-group (Figure 3.10B).
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Figure 3.10: The relative frequencies of the VEGFA (rs699947 C>A) and KDR (rs2071559 G>A) allele-allele
interactions in the CON (white bars) group, as well as the sub-groups of participants diagnosed with chronic
Achilles tendinopathy that reported either (A) a grade 111 or grade IV injury (SEV) (grey bars) or (B) injury to the
middle-third of the tendon (MID) (grey bars). The global recessive p-values and the number of participants (n) in

each group are indicated on the graphs.
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3.7 VEGFA and KDR Genotype Associations on Bilateral and Multiple Injuries

One-hundred and six (63.6%) and fifty-four (33.8%) participants of the combined TEN group
reported a history of unilateral and bilateral Achilles tendinopathy, while 65.5% (n = 110)
reported a history of a single injury and 34.5% (n = 58) reported a history of multiple injuries,
respectively, of which 25.6% (n = 43) reported two injuries to the Achilles tendon and 8.9% (n

= 15) reported three or more injuries to the Achilles tendon. Only 13.2% (n = 21) reported a
history of both bilateral and multiple injuries, while 44.7% (n = 71) reported a history of a single
unilateral Achilles tendinopathy. The remaining 20.8% (n = 33) and 21.4% (n = 34) reported a

history of a single bilateral injury and multiple unilateral injuries, respectively.

3.7.1 VEGFA rs699947 (-2578 C>A) and rs2010963 (-634 G>C)

There was a significant difference in the VEGFA rs699947 genotype distribution between the
CON group and bilateral TEN sub-group (p = 0.019, OR: 0.29, 95% CI: 0.12, 0.72), but not
between the CON group and unilateral TEN sub-group (p = 0.402) (Figure 3.11A). Specifically,
the CC genotype was significantly (p = 0.005) under-represented in the sub-group with a history
of bilateral Achillestendinopathy (11.1%, n = 6) compared to the CON group (30.1%, n = 55).
There was also a significant linear decrease in the CC genotype distribution from the CON,
unilateral TEN (23.5%, n = 24) and bilateral TEN groups (linear trend p = 0.005) (Figure
3.11A).

There were no significant differences in the VEGFA rs699947 genotype distribution between
the CON group and the TEN sub-groups with a history of a single injury (Single TEN, p =
0.142) or more than two injures (multiple TEN, p = 0.254) (Figure 3.11B). Similarly, there were
no significant differences in the genotype distributions between the CON group and the single
unilateral TEN (p = 0.089) sub-group, as well as between the CON group and the multiple
and/or bilateral TEN (p = 0.110) sub-group (Figure 3.11C).

Finally, there were no significant differences in the VEGFA rs2010963 genotype distributions
when the CON group was compared to the (i) unilateral and bilateral (Figure 3.11D), (ii) single
injury and multiple injuries (Figure 3.11E) or (iii) single unilateral and multiple injuries and/or
bilateral (Figure 3.11F) TEN sub-groups.
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Figure 3.11: Genotype frequency distributions of the VEGFA (A to C) rs699947 (-2578 C>A) and (D
to F) rs2010963 (-634 G>C) polymorphisms of the CON (white bars) groups compared to the (A and
D) unilateral (grey bars) and bilateral (black bars), (B and E) single (grey bars) and multiple (black bars),
and (C and F) single unilateral (grey bars) and multiple and/or bilateral (black bars) Achilles
Tendinopathy (TEN) sub-groups. The number of participants (n) in each group are indicated on the
graphs together with the CON vs TEN sub-group p-value. The p-value for the CON vs bilateral TEN is
GG vs GC + CC. The number of participants in each genotype group and where applicable the post-hoc

analysis p-values are also indicated above the bars. The p-values in bold typeset indicates significance.
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3.7.2 KDR rs2071559 (-604 G>A) and rs1870377 (1719 T>A)

There were no significant differences in the KDR rs2071559 genotype distributions when the
CON group was compared to the unilateral (p = 0.064) or bilateral (p = 0.252) TEN sub-groups
(Figure 3.12A).

There was however a significant difference in the genotype distributions when the CON group
was compared to the bilateral (p = 0.047; ), but not the unilateral (p = 0.161) TEN sub-groups
(Figure 3.12B). Specifically, the AA genotype was significantly under-represented (p = 0.033,
OR: 2.09, 95% CI: 1.09, 4.00)in the CON group (20.1%, n = 38) compared to the multiple injury
TEN sub-group (34.5%, n = 20). There was also a significant linear increase in the AA genotype
distribution from the CON, single injury TEN (29.1%, n = 32) and multiple injury TEN groups
(linear trend p = 0.014) (Figure 3.12B).

Similarly, there was also a significant difference in the genotype distributions when the CON
group was compared to the to the multiple and/or bilateral (p = 0.016), but not the single
unilateral (p = 0.400) TEN sub-groups (Figure 3.12C). Specifically, the AA genotype was
significantly (p = 0.008) under-represented in the CON group (20.1%, n = 38) compared to the
multiple injury and/or bilateral TEN sub-group (35.2%, n = 32). There was also a significant
linear increase in the AA genotype distribution from the CON, single unilateral TEN (25.4%,
n = 18) and multiple injury and/or bilateral TEN sub-groups (linear trend p = 0.007) (Figure
3.12C).

Finally, there were no significant differences in the KDR rs1870377 genotype distributions
when the CON group was compared to the (i) unilateral and bilateral (Figure 3.12D), (ii) single
and multiple injury (Figure 3.12E) or (iii) single unilateral and multiple injury and/or bilateral
(Figure 3.12F) TEN sub-groups.
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Figure 3.12: Genotype frequency distributions of the KDR (A to C) rs2071559 (-604 G>A) and (D to
F) rs1870377 (1719 T>A) polymorphisms of the CON (white bars) groups compared to the (A and D)
unilateral (grey bars) and bilateral (black bars), (B and E) single (grey bars) and multiple (black bars),
and (C and F) single unilateral (grey bars) and multiple and/or bilateral (black bars) Achilles
Tendinopathy (TEN) sub-groups. The number of participants (n) in each group are indicated on the
graphs together with the CON vs TEN sub-group p-value. The p-value for the CON vs Single TEN and
CON vs Single Unilateral TEN is TT vs TA + AA. The number of participants in each genotype group
and where applicable the post-hoc analysis p-values are also indicated above the bars. The p-values in

bold typeset indicates significance.
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3.8 VEGFA and KDR Haplotype and Allele Interaction Associations on Bilateral and

Multiple Injuries

There were no significant differences in the relative frequencies of the four inferred haplotypes
constructed from the VEGFA rs699947 C>A and rs2010963 G>C polymorphisms between the
CON group and unilateral TEN sub-group (dominant model p = 0.303) (Figure 3.13A). There
was however a significant difference in the relative frequencies of the inferred haplotypes when
the CON group was compared to the bilateral TEN sub-group (dominant model p = 0.042, OR:
2.80, 95% CI: 1.04, 7.50), specifically the A-G inferred haplotype was significantly over-
represented in the bilateral TENsub-group (45.4% CON vs 60.0% bilateral TEN, p = 0.005)
(Figure 3.13A). There were however no significant differences in the relative frequencies of the
inferred VEGFA haplotypesbetween the CON group and unilateral TEN sub-group (dominant
model p = 0.175) or CON group and unilateral TEN sub-group (dominant model p = 0.354)
(Figure 3.13B). Similarly, there were also no significant differences in the relative frequencies
of the inferred VEGFA haplotypes between the CON group and single unilateral injury TEN
sub-group (dominant model p =0.116) or CON group compared to the multiple and/or bilateral
injury TEN sub- group (dominant model p = 0.256) (Figure 3.13C).

There were no significant differences in the relative frequencies of the four inferred haplotypes
constructed for the KDR rs2071559 G>A and rs1870377 T>A polymorphisms between the CON
group and unilateral TEN sub-group (additive model p = 0.359) or the CON group and bilateral
TEN sub-group (additive model p = 0.185) (Figure 3.13D). Similarly, there were no significant
differences in the relative frequencies of the KDR inferred haplotypes between the CON group
and single injury TEN sub-group (additive model p = 0.543) or between the CON and multiple
injury TEN groups (additive model p = 0.087) (Figure 3.13E). Although there were no
significant differences in the relative frequencies of the KDR inferred haplotypes between the
CON group and single unilateral injury TEN sub-group (additive model p = 0.955),there were
significant differences when the CON group was compared to the multiple and/or bilateral
injury TEN sub-group (additive model p =0.047, OR: 0.43, 95% CI: 0.23, 0.43) (Figure 3.13F).
Specifically, the G-T inferred haplotype was significantly (p = 0.028, OR: 0.51; 95% CI: 0.31,
0.85) under-represented in the TEN sub-group (34.1%) compared to the CON group (42.8%),
while the A-A inferred haplotype was significantly (p = 0.0 12) over-represented in the TEN
sub-group (20.7%) compared to the CONgroup (11.8%) (Figure 3.13F).
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There were no significant differences in the relative distributions of the four VEGFA rs699947
allele and KDR rs2071559 allele interactions between the CON group and the unilateral TEN
sub-group (Figures 3.14A), between the CON group and the single unilateral TEN sub-group
(Figures 3.14B), as well as the CON group and the multiple and/or bilateral TEN sub-group
(Figures 3.14C). There were significant differences in the relative distributions of the allele-
allele interactions when the CON group was compared to the bilateral TEN subgroup (additive
model p =0.029, OR: 0.41, 95% CI:0.22, 0.76) and recessive model p = 0.006) (Figures 3.14A).
Specifically, the C-G allele- allele interaction was significantly under-represented (additive
model p = 0.018 and recessive model p = 0.008) in the bilateral TEN sub-group (18.7%)
compared to the CON group (29.6%),while the A-A allele-allele interaction was significantly
over-represented (additive model p = 0.005 and recessive model p = 0.006) in the bilateral TEN
sub-group (32.6%) compared to the CON group (20.6%) (Figure 3.14A). There were also
significant differences in the relative distributions of the allele-allele interactions between the
CON and multiple injury TEN sub- groups (additive model p = 0.046 and recessive model p =
0.100) (Figures 3.14B). The C-G allele-allele interaction was significantly under-represented
(additive model p = 0.016) in the multiple injury TEN sub-group (22.9%) compared to the CON
group (29.6%), while the A-A allele-allele interaction was significantly over-represented in the
(additive model p = 0.013) multiple injury TEN sub-group (24.0%) compared to the CON group
(20.6%) (Figure 3.14B). Similarly, there were also significant differences in the relative
distributions of the allele-alleleinteractions between the CON and multiple and/or bilateral
injury TEN groups (additive modelp =0.037, OR: 0.48, 95% CI: 0.29, 0.80) and recessive model
p = 0.089) (Figures 3.14C). The C-G allele-allele interaction was significantly under-
represented (additive model p = 0.008) in the multiple injury TEN sub-group (17.1%) compared
to the CON group (27.7%), while the A-A allele-allele interaction was significantly over-
represented (additive model p = 0.014; OR: 0.36, 95% CI: 0.16, 0.83) in the multiple injury
TEN sub-group (30.3%) compared to the CON group (21.8%) (Figure 3.14C).
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Figure 3.13: The relative frequencies of the inferred haplotypes constructed from (A to C) VEGFA
(rs699947 C>A and rs2010963 G>C), as well as the (D to F) KDR (rs2071559 G>A and rs1870377
T>A) polymorphisms for the CON (white bars) groups compared to the (A and D) unilateral (grey bars)
and bilateral (black bars), (B and E) single (grey bars) and multiple (black bars) injuries, and (C and F)
single unilateral (grey bars) and multiple injury and/or bilateral (black bars) Achilles Tendinopathy
(TEN) subgroups. The global dominant (CON vs Bilateral TEN, CON vs Multiple TEN, and CON vs
Multiple and/or Bilateral TEN) and additive (CON vs Bilateral TEN, CON vs Multiple TEN, and CON
vs Multiple and/or Bilateral TEN) p-values for the inferred VEGFA and KDR haplotypes, respectively,
and the number of participants (n) in each group is indicated on the graphs. Where applicable the post-
hoc analysis p-values are also indicated above the inferred haplotype bars. The p-values in bold typeset

indicates significance.
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Figure 3.14: The relative distributions of the VEGFA (rs699947 C>A) and KDR (rs2071559 G>A)
allele-allele interactions for the CON (white bars) groups compared to the (A) unilateral (grey bars) and
bilateral (black bars), (B) single (grey bars) and multiple (black bars), and (C) single unilateral (grey
bars) and multiple and/or bilateral (black bars) Achilles Tendinopathy (TEN) subgroups. The global p-
values (additive model of inheritance (p?) and/or recessive (p")) for the (A) CON vs Bilateral TEN, (B)
CON vs Multiple TEN and (C) CON vs Multiple and/or Bilateral TEN p-values for the allele-allele
interactions and the number of participants (n) in each group is indicated on the graphs. Where applicable
the post-hoc analysis p-values (p? and/or p") are also indicated above the allele-alleleinteraction bars.

The p-values in bold typeset indicates significance.
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Chapter 4

Association of the VEGFA and KDR Genes with Ultrasound and
Multidimensional Pain Measurements in Athletes with Chronic mid-

portion Achilles Tendinopathy

4. 1 Participant characteristics

Seventy-seven of the previously described participants with either unilateral or bilateral (n =
21) chronic Achilles Tendinopathy (TEN) who had completed the multidimensional pain scales
(VISA-A, sf-BPI and sf-MPQ questionnaires) and whose Achilles tendons were examined using
ultrasound and colour Doppler were included in this chapter (23,24). The median (Q1, Q3) age
at the time of first injury, height, weight at recruitment and BMI at recruitment of the TEN
participants were 43.0 (32.3; 50.0) years, 174.0 (168.0; 178.0) centimetres, 74.0 (65.0.

84.0) kg and 24.3 (21.8; 26.8) kg.m2, respectively. Forty-five (58.4%) of the TEN participants

were male. Sixty (77.9%) of the participants reported that running was their main sport.

4.2 VEGFA and KDR Genotype Associations on Participant Characteristics

There were no significant VEGFA rs699947 and KDR rs1870377 genotype associations on the
physical characteristics of the TEN participants (Supplementary Tables S4.1 and S4.4).
Although matched for height, weight and BMI, the VEGFA rs2010963 GC genotype (37.1
11.7 years, n = 32) group was on average significantly younger at the time of injury compared
to the GG (45.3 = 10.2 years, n = 36, P = 0.004), but not the CC genotype (44.6 £ 14.5 years,
n =38, P =0.095) groups (Supplementary Table S4.2). In addition, there were significantly more
males in the GG genotype (75.7%, P = 0.006) group compared to the combined GC and CC
genotype groups (43.9%) (Supplementary Table S4.2). The KDR rs2071559 GA genotype (79.3
+ 14.5 kg, n = 31) group was significantly heavier than the AA (705 £ 118 kg, n =24, P =
0.018) but not the GG (72.1 £ 13.2 kg, n = 20, P = 0.064) genotype groups (Supplementary table
S4.3). The VEGFA rs699947 (P = 0.819), VEGFA rs2010963 (P = 0.793), KDR rs2071559
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(P = 0.109) and KDR rs1870377 (P = 0.124) polymorphisms were all in Hardy-Weinberg
Equilibrium (HWE).

4.3 VEGFA and KDR Genotype Associations on Achilles Tendon Diameters

VEGFA and KDR genotype associations on the Achilles tendon diameters with bilateral
tendinopathies were analysed by comparing the diameters of the tendon in the dominant leg
with the tendon with the largest diameter (Supplementary Tables S4.5). Since the diameters of
the genotype groups were similar, the Achilles tendon with the largest diameter for participants

with bilateral tendinopathy was included as the injured tendon for further analysis.

Although the injured tendon generally had a larger diameter, there were no significant
differences in the diameters of the injured and uninjured tendons between the VEGFA rs699947,
VEGFA rs2010963 and KDR 1870377 genotype groups (Table 4.1). The median injured (P <
0.001) and uninjured (P = 0.004) Achilles tendon diameters of the KDR rs2071559 GA genotype
group were significantly larger than the GG and AA genotype groups (Table 4.1). However,
there were no significant differences in the injured (P = 0.093) and uninjured (P = 0.105)
diameters between the genotype groups when corrected for the differences in participantweight
(Table 4.1 and Supplementary table S4.3). Weight at recruitment of the TEN participantswas
positively correlated with the diameter of the injured tendon (r = 0.294, P = 0.082, n = 36) but
not the uninjured tendon (r = 0.317, P = 0.022, n = 52).

4.4 VEGFA and KDR Genotype Associations on Achilles Tendon Pathology

The VEGFA and KDR genotype associations on Achilles tendon pathology pertaining to
bilateral tendinopathy were analysed by comparing the abnormal ultrasound findings of the
tendon in the dominant leg with those of the tendon with the largest abnormal ultrasound
findings (Supplementary Table S4.6). Since the abnormal ultrasound findings of the genotype
groups were similar, the Achilles tendon with the largest diameter for participants with bilateral

tendinopathy was included as the injured tendon for further analysis.
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Table 4.1: VEGFA rs699947 (-2578 C>A), VEGFA rs2010963, (-634 G>C), KDR rs2071559 (-604
G>A) and KDR rs1870377 (1719 T>A) genotype associations on the diameter of the injured and
uninjured Achilles tendons within the chronic Achilles tendinopathy (TEN) group.

Injured Tendon

Uninjured Tendon

SNP Genotype n Diameter (mm) P-value n Diameter (mm) P-value
cc 15 76+2.7 14 6.0 (4.9;7.3)
T3
o 2 CA 21 7421 0.939 11 5.5(4.9;7.3) 0.494
W ©
> wn
= AA 17 73422 12 6.8 (5.3; 7.5)
GG 25 6.9 (5.5; 8.6) 15 6.4 (5.3; 7.5)
(90]
< g
o S GC 22 6.8 (5.4; 8.4) 0.570 16 5.3(4.8;7.1) 0.117
SR
e cc 6 8.1(6.5;10.1) 6 7.2(6.6;7.7)
GG 11 6.1(5.4;7.1) 7 5.5(5.2;7.1)
(o]
Ln 1 1
x 5 GA 23 81(72;9.7) 0.093 14 73(7.1:7.8) 0.105
<z o (<0.001) (0.004)
A
» AA 19 5.4 (4.9;7.4) 16 5.2 (4.8; 6.4)
TT 30 7.2(6.2;8.7) 21 6.8 (5.1;7.3)
>
T o TA 17 61(54;98) 0.498 13 0.774
X % 5.9 (4.9; 7.5)2
- AA 5 7.4(4.7;8.1) 3

Values are expressed as average + standard deviation or median (Q1; Q3) for parametric and non-parametric data

The larger tendon diameter was used for participants with bilateral Achilles tendinopathy
P-values in parenthesis and bold typeset indicates uncorrected significance

SNP, single nucleotide polymorphism; VEGFA, Vascular endothelial growth factor A; KDR, Kinase Domain

Receptor

ICorrected for weight (weight/diameter)

TA+AA
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There were no significant differences in the relative number of abnormal ultrasound findings
of the injured and uninjured tendons between the VEGFA rs699947, VEGFA rs2010963 and
KDR rs1870377 genotype groups in the TEN participants (Table 4.2). There were however
significant differences in the absence (yes) and presence (no) of abnormal ultrasound findings
of the injured, but not the uninjured tendon between the KDR rs2071559 genotype groups (Table
4.2). Specifically, the GA genotype group, which was significantly heavier than the other
genotype groups (Supplementary Table S4.3), was significantly over-represented in the
participants with abnormal findings of the injured tendon (P = 0.041). Although not statistically
significant (P = 0.064), participants with abnormal findings of the injured tendon were heavier
(77.6 £ 16.5 kg, n = 32) than those with no abnormal findings (71.0 £ 10.7 kg, n = 31).
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Table 4.2: VEGFA rs699947 (-2578 C>A), VEGFA rs2010963, (-634 G>C), KDR rs2071559 (-604
G>A) and KDR rs1870377 (1719 T>A) genotype associations on the presence (Yes) and absence (No)
of abnormal ultrasound findings in injured and uninjured tendons of TEN participants.

Injured Tendon

Uninjured Tendon

SNP Genotype Yes No P-value Yes No P-value
cC 23.5(8) 25.8 (8) 27.8 (5) 34.5(10)
< 3
o > CA 50.0 (17) 38.7 (12) 0.630 38.9(7) 34.5(10) 0.889
(2]
Y 9
= AA 26.5 (9) 35.5 (11) 33.3(6) 31.0(9)
GG 44.1(15)  51.2(16) 50.5 (9) 41.4 (12)
m
T R
o S GC 441 (14)  41.9(13) 0.8031 33.3(6) 48.3 (14) 0.7631
S
(%]
= cc 11.8 (4) 6.5 (2) 16.7 (3) 10.3(3)
GG 26.5 (9) 29.0 (9) 16.7 (3) 31.0(9)
2
DQ: N GA 52.9 (18) 25.8 (8) 0.048 55.6 (10) 24.1(7) 0.059 2
X 8
w
= AA 20.6 (7) 45.2 (14) 27.8 (5) 44.8 (13)
TT 66.7(22)  54.8(17) 61.1(11)  62.1(18)
5
DD: ,9 TA 24.2 (8) 35.5(11) 0.443°% 38.9(7) 27.6 (8) 1.0003
X 3
(%]
= AA 9.1 (3) 9.7 (3) 0.0 (0) 10.3(3)

Values are expressed as a percentage with the number of participants (n) in parentheses

The tendon with the larger abnormal ultrasound findings was used for participants with bilateral Achilles

tendinopathy

SNP, single nucleotide polymorphism; VEGFA, Vascular endothelial growth factor A; KDR, Kinase Domain

Receptor

P-values in bold typeset indicates significance
!1GG vs GC and CC

2GA vs GG and AA

STTvs TAand AA
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4.5 VEGFA and KDR Genotype Associations on Self-Reported Achilles Tendon Pain

There were no significant differences in the VISA-A, sf-MPQ and sf-BPI, as well as the subscale
scores between the VEGFA rs699947 genotype groups (Table 4.3). Similarly, there were no
significant differences in the VISA-A and sf-MPQ, as well the subscale scores betweenthe
VEGFA rs2010963 genotype groups (Table 4.4).

However, except for the sf-BPI interference subscale scores, there were VEGFA rs2010963
genotype group differences between the sf-BPI total and sf-BPI intensity subscale scores (Table
4.4). The GC genotype (Supplementary Table S4.2), which contained more younger females,
had higher scores. The median (Q1; Q3) of the female’s sf-BPI total score (24.0 (12.8; 38.5), n

= 30) was significantly higher (P = 0.002) than the male’s score (11.0 (6.0; 21.0), n = 45) and
the intensity subscale was also significantly higher (P = 0.015) in females (11.0 (7.0; 15.0), n =

30) compared to males (7.0 (4.0; 12.0), n = 45). There was however no significant correlation
between age at recruitment, sf-BPI total (r = -0.124, P = 0.289, n = 75) and sf-BPI intensity
subscale (r =-0.134, P = 0.252, n = 75) scores.

Finally, there were no significant differences in the VISA-A, sf-MPQ and sf-BPI, as well the

subscale, scores between the KDR rs2071559 and rs1870377 genotype groups (Tables 4.5 and
4.6).
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Table 4.3 VEGFA rs699947 (-2578 C>A) genotype associations on the participants with chronic
Achilles tendinopathy (TEN) (i) Victorian Institute Sports Assessment — Achilles (VISA-A), (ii) self-

reported tendon pain from the short form McGill Pain Questionnaire (sf-MPQ), and (iii) short form Brief

Pain Inventory (sf-BPlI).

cC CA AA
P-value
(n=18) (n=37) (n=22)
VISA-A Total 75.3+135 67.6+17.6 70.5+15.8 0.277
VISA-A Sensory Subscale 37.0(33.0;47.5) 39.0 (31.0; 45.8) 38.0(35.0;47.3) 0.933
VISA-A Interference Subscale 34.0 (28.0; 45.5) 29.5 (24.3; 36.0) 36.5(17.0; 40.0) 0.207
sf-MPQ Total 6.1 (4.0;9.0) 5.6 (3.0; 12.0) 7.4(3.8;12.0) 0.909
PPI 1.0(0.0; 2.0) 1.0 (0.0; 2.0) 1.0 (0.0; 2.0) 0.933
VAS 0.1(0.0; 1.9) 0.0 (0.0; 2.7) 1.5 (0.0; 3.6) 0.367
sf-MPQ Sensory Subscale 3.0 (2.5;5.5) 3.0 (2.0; 6.8) 3.0 (2.0; 6.0) 0.988
sf-BPI Total 14.0(11.0; 28.5) 18.0 (6.5; 26.5) 10.5 (6.0; 25.3) 0.362
sf-BPI Intensity Subscale 7.0 (5.5; 14.0) 10.0 (6.0; 14.0) 7.5(2.8;12.0) 0.260
sf-BPI Interference Subscale 10.0 (1.5; 14.0) 6.5 (1.3;14.8) 4.0 (1.0;11.3) 0.589

Values are reported as average + standard deviation or median (Q1; Q3) for parametric and non-parametric data

respectively

The number of participants (n) in each genotype group is indicated

VEGFA, Vascular endothelial growth factor A; PPI, present pain index; VAS, visual analogue scale
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Table 4.4 VEGFA rs2010963 (-634 G>C) genotype associations on the participants with chronic
Achilles tendinopathy (TEN) (i) Victorian Institute Sports Assessment — Achilles (VISA-A), (ii) self-

reported tendon pain from the short form McGill Pain Questionnaire (sf-MPQ), and (iii) short form Brief

Pain Inventory (sf-BPlI).

GG GC cC
P-value
(n=37) (n=32) (n=8)

VISA-A Total 71.2+16.0 68.2+17.2 71.0+155 0.675
VISA-A Sensory Subscale 39.0 (35.0; 48.0) 38.0(30.0; 45.0) 36.5(29.5; 49.5) 0.196
VISA-A Interference Subscale 31.3+10.9 31.3+x14.1 324738 0.971
sf-MPQ Total 5.3(3.0;9.9) 7.4 (4.0;11.2) 8.1(4.3;16.5) 0.320
PPI 1.0(0.0; 2.0) 1.0 (0.0; 2.0) 1.5(0.0; 2.0) 0.391
VAS 0.6 (0.0; 2.5) 0.9 (0.0;3.4) 0.0(0.0; 1.5) 0.509
sf-MPQ Sensory Subscale 3.0(2.0;5.0) 3.0(2.0;6.8) 7.0(1.8;11.0) 0.200
sf-BPI Total 10.0 (6.0; 22.5) 20.0(11.0; 29.0) 15.5(11.8; 47.0) 0.0231
sf-BPI Intensity Subscale 6.5(3.3;11.8) 10.0 (7.0; 14.0) 9.5 (6.0; 22.3) 0.0402
sf-BPI Interference Subscale 3.0(1.0;11.8) 11.0(2.9; 14.0) 10.5(2.8; 24.8) 0.166

Values are reported as average + standard deviation or median (Q1; Q3) for parametric and non-parametric data

respectively

The number of participants (n) in each genotype group is indicated

VEGFA, Vascular endothelial growth factor A; PPI, present pain index; VAS, visual analogue scale

P-values in bold typeset indicates significance

Post hoc analysis: GG vs GC P =0.046; GG vs CC P = 0.164; GC vs CC P = 1.000
2Post hoc analysis: GG vs GC P = 0.062; GG vs CC P =0.282; GC vs CC P = 1.000
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Table 4.5: KDR rs2071559 (-604 G>A) genotype associations on the participants with chronic Achilles
tendinopathy (TEN) (i) Victorian Institute Sports Assessment — Achilles (VISA-A), (ii) self-reported

tendon pain from the short form McGill Pain Questionnaire (sf-MPQ), and (iii) short form Brief Pain

Inventory (sf-BPI).

GG GA AA
P-value
(n=22) (n=31) (n=24)
VISA-A Total 68.9+159 69.7+15.9 72.0+152 0.796
VISA-A Sensory Subscale 39.0 (33.0;48.0) 37.5(34.0; 46.3) 39.0 (34.3;46.8) 0.834
VISA-A Interference Subscale 30.1+12.6 31.1+11.8 32.2+12.0 0.928
sf-MPQ Total 4.1(2.8;10.3) 7.2 (4.0;12.0) 7.0 (3.3;10.5) 0.402
PPI 1.0 (0.0; 2.0) 1.0 (0.0; 2.0) 1.0 (1.0; 2.0) 0.733
VAS 0.3(0.0;2.3) 0.3(0.0;2.3) 0.7(0.0;3.2) 0.865
sf-MPQ Sensory Subscale 3.0(1.8;6.0) 4.0 (2.0;7.0) 3.0(1.3;5.8) 0.407
sf-BPI Total 20.0 (7.0; 33.5) 13.5(7.8; 25.5) 14.5 (6.3; 25.0) 0.837
sf-BPI Intensity Subscale 9.9+6.3 9.9+6.5 89+5.2 0.806
sf-BPI Interference Subscale 11.0(1.5; 15.5) 2.0(1.0;12.8) 6.0 (2.3; 13.4) 0.574

Values are reported as average + standard deviation or median (Q1; Q3) for parametric and non-parametric data

respectively

The number of participants (n) in each genotype group is indicated

KDR, Kinase Domain Receptor; PPI, present pain index; VAS, visual analogue scale
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Table 4.6: KDR rs1870377 (1719 T>A) genotype associations on the participants with chronic Achilles
tendinopathy (TEN) (i) Victorian Institute Sports Assessment — Achilles (VISA-A), (ii) self-reported

tendon pain from the short form McGill Pain Questionnaire (sf-MPQ), and (iii) short form Brief Pain

Inventory (sf-BPI).

TT TA AA
P-value
(n=46) (n=23) (n=7)
VISA-A Total 69.4+14.0 72.4+19.7 71.3+191 0.778
VISA-A Sensory Subscale 38.0(33.5;47.0) 39.0 (33.8; 46.0) 45.0 (28.0; 49.0) 0.774
VISA-A Interference Subscale 30.0 (25.0; 38.0) 37.0(29.3;43.3) 28.0 (24.0; 47.0) 0.185
sf-MPQ Total 5.6 (4.0; 11.5) 6.4(3.9;11.2) 7.5(2.7;14.0) 0.975
PPI 1.0(0.0; 2.0) 1.0 (0.0; 2.0) 1.0 (0.0; 2.0) 0.923
VAS 0.0 (0.0; 2.4) 1.5(0.0;2.1) 0.7 (0.0; 5.0) 0.427
sf-MPQ Sensory Subscale 3.0(2.0;7.0) 3.0(2.0;6.0) 2.0(1.0;8.0) 0.770
sf-BPI Total 17.0 (7.5; 27.5) 14.0 (6.0; 25.3) 15.0 (7.0; 41.0) 0.733
sf-BPI Intensity Subscale 9.0 (5.5;12.5) 7.5(4.8;12.3) 9.0 (6.0; 19.0) 0.605
sf-BPI Interference Subscale 6.0 (1.0; 14.5) 5.0 (1.0;11.5) 6.0 (4.0; 21.0) 0.764

Values are reported as average + standard deviation or median (Q1; Q3) for parametric and non-parametric data

respectively

The number of participants (n) in each genotype group is indicated

KDR, Kinase Domain Receptor; PPI, present pain index; VAS, visual analogue scale
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Chapter 5

Discussion

The main novel findings of this dissertation was that although the VEGFA and KDR
polymorphisms were not associated with chronic Achilles tendinopathy in a combined larger
cohort, (i) the VEGFA rs699947 CC genotype was significantly associated with decreased risk
of bilateral chronic Achilles tendinopathy, (ii) the A-G inferred VEGFA haplotype constructed
from rs699947 and rs2010963 was associated with increased risk of bilateral tendinopathy, (iii)
the KDR rs2071559 AA genotype was significantly associated with increased risk of a history
of multiple (two or more) chronic Achilles tendinopathies, (iv) the G-T and A-A KDR inferred
haplotypes constructed from rs2071559 and rs1870377 were associated with decreased and
increased risk of multiple and/or bilateral chronic Achilles tendinopathies, respectively, and (v)
the C-G and A-A VEGFA rs699947 and KDR rs2071559 allele-allele interactions were
significantly associated with decreased and increased risk of bilateral or multiple injuries
respectively. Finally, the VEGFA and KDR polymorphisms were not associated with ultrasound
and multidimensional pain measurements in participants with chronic Achilles tendinopathy.

5.1 VEGFA and KDR polymorphisms are not associated with chronic Achilles
tendinopathy

A candidate gene case-control genetic association study approach was employed in Chapter 3
of this dissertation to further investigate the association of functional polymorphisms within the
VEGFA and KDR genes with respect to chronic Achilles tendinopathy in a combined larger
cohort consisting of two previously described South African physically active groups (24,50).
The first set of findings of the study was that the VEGFA rs699947 (-2578 C>A), VEGFA
rs2010963 (-634 G>C), KDR rs2071559 (-604 G>A) and KDR rs1870377 (1719 T>A)
genotypes and alleles were not independently associated with chronic Achilles tendinopathy in
the combined South African cohort. Similarly, the genotypes and alleles were not associated
with chronic Achilles tendinopathy when the male and female participants were analysed
separately. Additionally, there were no associations for the inferred VEGFA or KDR haplotypes
constructed from the variants with chronic Achilles tendinopathy in the combined as well as in
the male and female participants.
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Contrary to this, the VEGFA rs699947 CC genotype was previously reported to be significantly
associated with reduced risk of chronic Achilles tendinopathy in one of the South African
cohorts included in this analysis, but not in a British cohort (50) (Table 5.1). Although variant
rs2010963 was not independently associated with increased risk, the A-G-G inferred haplotype
constructed from the VEGFA rs699947, rs1570360 (-1154 G>A), and rs2010963 variants were
also previously associated with increased risk of chronic Achilles tendinopathy in the South
African, but not the British cohorts (Table 5.1). Due to technical reasons, the second South
African cohort included in this dissertation could not be genotyped for rs1570360 (24).
Therefore, inferred haplotypes consisting of all three VEGFA variants could not be constructed
in the larger combined South African cohort. Similar to the results presented in this dissertation,
Rahim (50) reported that the two KDR variants, as well as the inferred KDR haplotypes were
not associated with chronic Achilles tendinopathy in the South African and British cohorts
(Table 5.1).

VEGFA rs699947, together with two additional variants, rs833061 (-460 T>C) and rs3025039
(935 C>T), not investigated in this dissertation, were also reportedly not independently
associated with patellar, shoulder and Achilles tendinopathy in Brazilian volleyball athletes
(10) (Table 5.1). The KDR rs2305948 (1192 G>A) GG genotype was associated with increased
risk of tendinopathy, while the KDR rs2071559 and rs1870377 variants were not associated with
tendinopathy in Brazilian volleyball athletes (Table 5.1). Both the KDR G-G-A and G-A-T
inferred haplotypes constructed from rs2071559, rs2305948 and rs1870377 were associated
with decreased tendinopathy risk (10) (Table 5.1). The nonsynonymous KDR rs2305948
variant, which has a valine to isoleucine change at amino acid position 297 within exon 7, was

not analysed in this dissertation and should therefore be included in future studies.

5.2 VEGFA and KDR polymorphisms are associated with bilateral Achilles tendinopathy

It is not unusual for initial genetic associations with multifactorial conditions, including
musculoskeletal soft tissue injuries, not to be repeated in follow-up studies (58). Although there
are several reasons for this, heterogeneity of the clinical phenotype is one possibility. This and
other published tendinopathy cohorts consisted of unilateral and bilateral injuries, single and
multiple injuries, grades | to IV injuries and different injured regions within the tendon.
Therefore, the association of the VEGFA and KDR variants with regards to the specific region
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of injury, severity of injury, and number of injuries were further investigated in Chapter 3 of
this study.

The second set of findings of this study was that the VEGFA and KDR genotypes and alleles
were not independently associated with chronic Achilles tendinopathy in participants who
reported either a grade 111 or grade 1V injury nor an injury specifically to the middle-third of the
tendon. Similarly, the inferred VEGFA or KDR haplotypes were also not associated with grade
I11 or grade IV chronic Achilles tendinopathy nor an injury to the middle-third of the tendon.
However, the VEGFA rs699947 CC genotype was significantly associated with decreased risk
of bilateral chronic Achilles tendinopathy in the larger combined South Africancohort (Table
5.1). Interestingly, although not associated with unilateral tendinopathy, there was also a
significant linear decrease in the CC genotype distribution when the control, unilateral Achilles
tendinopathy and bilateral Achilles tendinopathy groups were compared. The VEGFA rs699947
variant, specifically the CC genotype was not associated with a history of either single or
multiple injuries. Although the VEGFA rs2010963 variant was not independently associated
with unilateral, bilateral, single or multiple Achilles tendinopathies, the A-G inferred VEGFA
haplotype constructed from rs699947 and rs2010963 was associated with increased risk of
bilateral, but not unilateral tendinopathies, single or multiple injuries in chronic Achilles

tendinopathy.

As previously mentioned, these associations were in agreement with previously published
findings, where the VEGFA rs699947 CC genotype and the A-G-G inferred haplotype
constructed from the VEGFA rs699947, rs1570360, and rs2010963 variants were associated
with increased risk of chronic Achilles tendinopathy in a smaller South African cohort (50).
Interestingly, 37.0% (34 of 92) of the participants reported unilateral tendinopathies, whereas
26.8% (19 of 71) reported bilateral tendinopathies in the first and second published South
African cohorts respectively (24). The presence of a larger cohort in this study, specifically
participants presenting with more bilateral tendinopathies in the second published cohort (24)
is one of the possible explanations as to why the VEGFA genotype and inferred haplotypes were
associated with chronic Achilles tendinopathy in the original study but not the combined

analysis presented in this dissertation.
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Table 5.1: The association of VEGFA and KDR variants in this study as well as previously

associated variants associated with chronic Achilles Tendinopathy

SA

Rahim (2016)

British Brazilian SA

Rahim (2016) Salles (2016) Dissertation

VEGFA Polymorphism

(A) rs699947 -2578 C>A C-CTEN
(B) rs1570360 -1154 G>A  notassociated
(C) rs2010963 -634 G>C not associated
(D) rs833061 -460 T>C n.d.

(E) rs3025039 935C>T n.d.

VEGFA A +B +C Hap

VEGFA A+D+EHap

not associated not associated C-C bilateral TEN

not associated n.d. n.d.
not associated n.d. not associated
n.d. not associated
n.d. not associated
A+B+C Hap
n.d.

not associated

n.d. not associated

KDR Polymorphism

n.d.
n.d.
n.d.

not associated

G-T bilateral and/or
multiple TEN

C-G bilateral or
multiple TEN

(1) rs2071559 -604 G>A notassociated  not associated not associated
(@)rs2305048  1192G5A  nd. nd — nd.
(3) rs1870377 1719 T>A notassociated  not associated not associated
1+2+3 1+2+3 G-G-A and G-A-T
KDR 1 +2 + 3 Hap
notassociated  notassociated Tendinopathy
A + 3 Allele Interactions n.d. n.d. n.d.

The VEGFA and KDR variants and inferred haplotypes, as well as the cohort, analysed in this dissertation are

indicated in grey.
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Additional findings of the study were that the KDR rs2071559 AA genotype was associated
with increased risk of a history of multiple (two or more) chronic Achilles tendinopathies (Table
5.1). The rs2071559 variant, specifically the AA genotype, was however not associated with a
history of single, unilateral or bilateral Achilles tendon injuries. There was however a significant
linear increase in the AA genotype distribution from the control, single Achilles tendinopathy
and multiple Achilles tendinopathy groups. Although the KDR rs1870377 variantwas not
independently associated, the G-T and A-A KDR inferred haplotypes constructed from
rs2071559 and rs1870377 were associated with decreased and increased risk of multiple and/or

bilateral chronic Achilles tendinopathies (Table 5.1).

The final set of findings from the results presented in chapter 3 was that there was a tendency
for the VEGFA rs699947 and KDR rs2071559 allele-allele interactions to be associated with
chronic Achilles tendinopathy, with the C-G and A-A interactions being significantly associated
with decreased and increased risk of chronic Achilles tendinopathy. These allele- allele
interactions were however significantly associated with a history of bilateral or multiple
Achilles tendon injuries. Specifically, the C-G and A-A interactions were significantly
associated with decreased and increased risk of bilateral or multiple injuries respectively (Table
5.1). The VEGFA rs699947 allele and KDR rs2071559 allele interactions, were however not
associated with either a grade Ill or grade IV chronic Achilles tendinopathy nor an injury
specifically related to the middle-third of the tendon.

Although different, VEGFA allele and KDR allele interactions have previously been reported
to modulate the risk of ACL ruptures. Specifically, the A-G-A-A and A-G-G-A allele
interactions constructed from VEGFA (rs699947 C/A, rs2010963 G/C) and KDR (rs2071559
G/A, rs1870377 T/A) were previously associated with decreased risk of injury (Feldman et al.,
2022), highlighting the importance of this pathway in modulating the risk of injury.

The functional VEGFA rs699947 (C>A) polymorphism is located within the promoter region at
nucleotide -2578 (114) and besides tendinopathy, it has also been associated with other
pathologies or injuries, such as diabetic retinopathy (42)coronary heart disease (131,132), and
ACL ruptures (51,56). Although not always reported the CC genotype, as reported for bilateral
Achilles tendinopathy in this dissertation, is associated with reduced risk of pathology or injury.
The C-allele of this variant has been associated with increased VEGFA expression and by

implication promoting angiogenesis (50,56). Although the CC genotype of this variant was
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associated with reduced risk of ACL ruptures among Indian athletes (56), it was not
independently associated with ACL ruptures in a combined analysis of multiple populations of
European ancestry consisting of 912 cases and 765 controls (51). Contrary to the findings
reported in this dissertation, where the VEGFA A-G inferred haplotype constructed from
rs699947 and rs2010963 was associated with bilateral Achilles tendinopathy, the A-A-G and
A-G-G inferred haplotypes constructed from rs699947, rs1570360 and rs2010963 were
associated with reduced risk of ACL ruptures in the multiple population combined analysis. The
rs2010963 CC genotype was also independently associated with increased risk of ACL ruptures
in the combined analysis (51). The explanation for these associations with regards to
musculoskeletal soft tissue injuries is currently unknown. These associations nevertheless point
to the importance of this genetic region, specifically the VEGFA gene, in modulating the risk of

injury. Therefore, future work is required to identify the responsible variants within this gene.

Although the role of regulatory regions with the gene is not fully understood, VEGFA
expression, which is upregulated by mechanical loading, hypoxic conditions, inflammatory
cytokines and nerve signals, remains an important mechanism in extracellular matrix
homeostasis (35,133,134). Healthy adult tendons express negligible amounts of VEGF, which
increases significantly during remodelling of injured tissues and during wound healing (29,35).
An increase in VEGF, specifically VEGFA expression has been reported in tenocytes (45,135);
and in individuals undergoing recovery in the mid-portion of the Achilles tendon (11). The
expression of VEGF in degenerative and foetal tendons are similar, thereby illustrating its role
in healing (118,134).

The functional KDR rs2071559 (G>A) polymorphism has been associated with atherosclerotic
cardiovascular diseases (119) and age-related macular degeneration (118). As in this
dissertation, where the AA genotype was independently associated with increased risk of
multiple Achilles tendinopathy, it has also been associated with age-related macular
degeneration and peritoneal baseline transport. This KDR variant was however not
independently associated with ACL ruptures in a combined analysis of multiple populations of
European ancestry (51). The rs2071559 A-allele at nucleotide position -604 of the KDR
promoter is associated with increased transcription (117,120) resulting in the upregulation of
KDR, VEGFA and angiogenesis signalling cascades (136). Further research is required to
investigate the deregulatory role of KDR in the aetiology of Achilles tendinopathy and other

musculoskeletal soft tissue injuries.
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The results of this dissertation should be repeated in larger cohorts, not only of European
ancestry, but other population groups, where the severity of the Achilles tendinopathy has been
well documented. Other variants within the VEGFA and KDR genes should be included to
further define the functional regions within these genes. Future work should investigate the
association of VEGFA and KDR variants with respect to grade I and Il injuries, other regions

of the Achilles tendon and other tendinopathies.

One of the limitations of the study presented in Chapter 3 was matching participants for
confounders, specifically that of age and weight. The Achilles tendinopathy group was older
and heavier than the controls. Although the groups were matched for age and weight in the
second published cohort (24) the controls were significantly younger and lighter in the first
published cohort (50).

5.3 VEGFA and KDR polymorphisms are not associated with ultrasound and

multidimensional pain measurements in participants with chronic Achilles tendinopathy

A cross-sectional genetic association study approach was employed in Chapter 4 of this
dissertation to investigate the association of VEGF and KDR polymorphisms with ultrasound
and multidimensional pain measurements in participants with chronic Achilles tendinopathy.
The main findings after ultrasound examination of the tendons were that there were no
significant differences in the diameters of injured and uninjured Achilles tendons between
the VEGFA rs699947, VEGFA rs2010963 and KDR rs1870377 genotype groups, as well asthe
KDR rs2071559 genotype groups after adjusting for weight. Similarly, there were no significant
differences in the relative number of abnormal ultrasound findings of injured and uninjured
tendons between the VEGFA rs699947, VEGFA rs2010963 and KDR rs1870377 variants, as
well as KDR rs2071559 after adjusting for weight.

Although abnormal ultrasound findings, which included thicker tendons, abnormal tendon
ultrasound findings and the presence of neovascularisation, were previously described in this
cohort, the VEGFA and KDR genotype effects on neovascularisation could not be determined
due to the small number of participants with neovascularisation in this cohort (24). High levels
of neovascularisation associated with Achilles tendinopathy were not constant findings, with as

little a 4% and as high as 97% being reported in studies investigating ruptured Achilles tendons
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(24,135), rotator cuff tendinopathies (119) and ligament injuries (37,137). Although not
consistently reported, some authors have reported the risk of developing Achilles tendinopathy
can be as high as seven-fold in the presence of neovascularisation (138) The neovascularisation
hypothesis however remains one of the possible mechanisms for tendon pain due to the
anatomical interactions between nerve fibres and blood vessels in Achilles tendinopathy(3). The
presence of neovascularisation in the Achilles tendon indicates hypoxic conditions and
compromised tissue repair, which is associated with pain (38-41,43). Although regulated by
many factors including mechanical loading, as previously mentioned, VEGFA and KDR are key
regulators of neovascularisation and therefore, further work should investigate the interaction

of these genes and their regulatory roles in neovascularisation (33,44).

The main findings from the multidimensional pain measurements were that there were no
significant differences in the Victorian Institute Sports Assessment — Achilles (VISA-A), short-
form McGill Pain Questionnaire (sf-MPQ) and short-form Brief Pain Inventory (sf-BPI), as well
the subscales and scores between the VEGFA rs699947, VEGFA rs2010963, KDR
rs2071559 and KDR rs1870377 genotype groups when appropriately adjusted for sex. This was
required since females reported higher sf-BPI totals and intensity sub-scale scores compared to

their male counterparts (24).

Achilles tendon pain was previously described in this cohort as predominately a sensory type of
pain with the four descriptors of the affective type of pain, namely sickening, punishing- cruel,
fearful and tiring-exhausting were rarely used (24). The participants predominately used
descriptors of continuous sensory pain, namely aching, tender, throbbing, and less frequently as
descriptors of intermittent or neuropathic sensory pain, which further affects the mood, walking
ability, sleep and enjoyment of life among those affected (24). The COMT rs4818 CCgenotype
was previously reported to be associated with higher self-reported tendon pain scoreswhen using
the sf-MPQ, suggesting that the catecholaminergic pathway is involved in the painassociated
with chronic Achilles tendinopathy. No other associations were reported of the TAC1rs2072100,
TACR1 rs3771829 and SCN9A rs746030 polymorphisms involved in pain pathways. None of

these variants were associated with the total pain scores of the sf-BPI, sf- MPQ and VISA-A.

Since the KDR receptor permits the entry of cations through a non-selective membrane known
as the transient receptor channel which regulates the pain experienced among individuals
(49,104,139-141) the involvement of the VEGF-KDR pathway in the aetiology of the pain
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associated with chronic Achilles tendinopathy therefore warrants further research (139-141).
Future research should also consider that pain is a complex symptom which also consists of
gender, ethnic and epigenetic components (140,141). Many of the participants included in this
study continued running regardless of the pain in the Achilles tendon (grades I to I11). Therefore,
future research should specifically recruit participants whose pain is so severe that they stop

training (grade V).

5.4 Conclusion

In conclusion, the VEGFA rs699947 and KDR rs2071559 polymorphisms were associated with
bilateral tendinopathies and multiple injuries to the Achilles tendon. The VEGFA rs699947

C- allele and KDR rs2071559 G-allele decreased, whereas the VEGFA rs699947 A-allele and
KDRrs2071559 A-allele increased the risk of chronic bilateral tendinopathies and multiple
injuries to the Achilles tendon. This study was the first to specifically investigate the
association of VEGF and KDR on chronic bilateral Achilles tendinopathies and multiple
injuries. Future studies should further explore these associations as well as other variants
within these polymorphisms and their associations with chronic bilateral Achilles

tendinopathies and multiple injuries.
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Appendix: Supplementary Tables

Supplementary Table S3.1: Participant characteristics of the second previously published cohort (24)

asymptomatic control (CON) and chronic Achilles Tendinopathy (TEN) groups

CON TEN
p-value
(n=74) (n=81)
Age (years)? 41.0+14.1 423+11.6 0.562
Sex (% male) 57.3 57.5 0.988
Height (cm) 174.7+9.6 173.8+8.3 0.547
Weight (kg) 2 72.3+13.3 74.8+14.1 0.289
BMI (kg.m?) 2 23.3+3.4 245+3.7 0.053

Except for sex, which is expressed as a percentage, values are expressed as mean + standard deviation

P-values in bold typeset indicates significance (p<0.05)

BMI, body mass index; cm, centimetres; kg, kilograms; m, metres

'Age for the CON and TEN groups are at the time of recruitment and first injury respectively

2Weight and therefore BMI are self-reported values at the time of recruitment for both groups
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Supplementary Table S3.2: Participant characteristics of the first previously published cohort’s (50)

asymptomatic control (CON) and chronic Achilles Tendinopathy (TEN) groups

CON TEN
p-value
(n=120) (n=104)
Age (years) 37.3+10.4 42.2+13.9 0.004
Sex (% male) 64.7 69.5 0.411
Height (cm) 176.4+9.5 176.4+8.7 0.262
Weight (kg) 2 71.4+12.1 78.8+18.4 <0.001 (0.001) ®
BMI (kg.m?2) 2 23.3+2.7 25.3+4.3 <0.001 (0.001) ®

Except for sex, which is expressed as a percentage, values are expressed as mean + standard deviation

P-values in bold typeset indicates significance (p<0.05)

BMI, body mass index; cm, centimetres; kg, kilograms; m, metres

'Age for the CON and TEN groups are at the time of recruitment and first injury respectively

2\Weight and therefore BMI are self-reported values at the time of recruitment for both groups

3Adjusted p-values at the age of recruitment
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Supplementary Table S3.3: VEGFA rs699947 (-2578 C>A) genotype associations on participant

characteristics of the combined asymptomatic control (CON) and chronic Achilles Tendinopathy (TEN)

groups of both cohorts.

CcC CA AA
p-value
(n=92) (n=177) (n=90)
Age (years)? 405+128(87) 40.6+12.7(166) 39.9+11.6(88) 0.913
Sex (% male) 60.9 (56) 58.2 (103) 74.4 (67) 0.036 3
Height (cm) 1751+9.1(79) 173.7+8.7(164) 177.7+9.5(87)  0.003 (<0.001)*

Weight (kg)? 73.7+13.3 (82)

BMI (kg.m?)2  23.9+3.4(83)

73.1+13.8 (168)

24.1+3.5 (168)

778+18.1(87)  0.049 (0.076)°

24.4 % 4.2 (36) 0.654

Except for sex, which is expressed as a percentage, values are expressed as mean * standard deviation

P-values in bold typeset indicates significance (p<0.05)

!Age for the CON and TEN groups are at the time of recruitment and first injury respectively

2\Weight and therefore BMI are self-reported values at the time of recruitment for both groups

VEGFA, Vascular endothelial growth factor A; BMI, body mass index; cm, centimetres; kg, kilograms; m, metres

3Post-hoc analysis: not significant p>0.501
4pP-values adjusted for sex

5P-values adjusted for sex and age
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Supplementary Table S3.4: VEGFA rs2010963 (-634 G>C) genotype associations on participant

characteristics of the combined asymptomatic control (CON) and chronic Achilles Tendinopathy (TEN)

groups of both cohorts.

GG GC CcC
p-value
(n=81) (n=82) (n=17)
Age (years)? 41.6 +12.1 (150) 39.1+£12.7 (156) 40.9+ 13.0 (42) 0.204
Sex (% male) 68.1 (109) 59.1 (97) 59.1 (26) 0.198
Height (cm) 176.2 +9.1 (151) 174.4 + 8.8 (148) 173.2+£9.9 (38) 0.104
Weight (kg) ? 75.0 £ 16.5 (154) 73.5+12.8 (152) 75.0£16.1 (39) 0.648
BMI (kg.m?) 2 24.1 £3.9 (151) 24.1 £ 3.4 (153) 24.5 £+ 3.8 (40) 0.747

Except for sex, which is expressed as a percentage, values are expressed as mean + standard deviation

P-values in bold typeset indicates significance (p<0.05)

'Age for the CON and TEN groups are at the time of recruitment and first injury respectively

2\Weight and therefore BMI are self-reported values at the time of recruitment for both groups

VEGFA, Vascular endothelial growth factor A; BMI, body mass index; cm, centimetres; kg, kilograms; m, metres
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Supplementary Table S3.5: KDR rs1870377 (1719 T>A) genotype associations on participant

characteristics of the combined asymptomatic control (CON) and chronic Achilles Tendinopathy (TEN)

groups of both cohorts.

T TA AA
p-value
(n=96) (n=65) (n=13)
Age (years)? 40.4 +12.6 (190) 40.0 £ 12.3 (125) 43.7+12.1(21) 0.450
Sex (% male) 61.5 (123) 63.9 (85) 69.6 (16) 0.724
Height (cm) 174.9 £ 9.0 (186) 174.6 £9.1 (120) 179.3 £ 9.4 (20) 0.098
Weight (kg) ? 74.2 £16.2 (189) 73.8+12.6 (125) 81.8+16.0 (20) 0.080
BMI (kg.m?2) 2 24.4 £ 4.0 (186) 24.1. + 3.1 (126) 25.1+3.8(21) 0.518

Except for sex, which is expressed as a percentage, values are expressed as mean * standard deviation

P-values in bold typeset indicates significance

'Age for the CON and TEN groups are at the time of recruitment and first injury respectively

2\Weight and therefore BMI are self-reported values at the time of recruitment for both groups

KDR, Kinase Domain Receptor, BMI, body mass index; cm, centimetres; kg, kilograms; m, metres
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Supplementary Table S3.6: KDR rs2071559 (-604 G>A) genotype associations on participant

characteristics of the combined asymptomatic control (CON) and chronic Achilles Tendinopathy (TEN)

groups of both cohorts.

GG GA AA
p-value
(n=51) (n=76) (n=54)
Age (years)? 41.6 £12.7 (107) 40.1+£11.9 (154) 39.3+13.3(89) 0.412
Sex (% male) 60.2 (68) 65.5 (108) 63.0 (58) 0.627
Height (cm) 174.0 £ 9.0 (100) 175.8 £ 9.3 (154) 175.1 + 8.7 (85) 0.305
Weight (kg) 2 73.6 £13.6 (103) 75.4 + 16.6 (155) 73.2+13.0(89) 0.450
BMI (kg.m?) 2 24.2 +£ 3.6 (103) 24.1 £+ 3.8 (156) 24.1 + 3.3 (87) 0.990

Except for sex, which is expressed as a percentage, values are expressed as mean + standard deviation

P-values in bold typeset indicates significance

!Age for the CON and TEN groups are at the time of recruitment and first injury respectively

2\Weight and therefore BMI are self-reported values at the time of recruitment for both groups

KDR, Kinase Domain Receptor; BMI, body mass index; cm, centimetres; kg, kilograms; m, metres
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Supplementary Table S3.7: Hardy-Weinberg Equilibrium (HWE) P-values for VEGFA rs699947 (-

2578 C>A), and rs2010963, (-634 G>C), as well as KDR rs2071559 (-604 G>A) and KDR rs1870377
(1719 T>A) of the asymptomatic control (CON) and chronic Achilles Tendinopathy (TEN) groups of
both cohorts, as well the combined CON and TEN participants.

CON TEN CON & TEN
VEGFA rs699947 0.236 0.450 0.833
VEGFA rs2010963 0.434 0.613 0.818
KDR rs1870377 1.000 0.695 0.888
KDR rs2071559 0.556 0.037 0.047

P-values in bold typeset indicates significance
VEGFA, Vascular endothelial growth factor A; KDR, Kinase Domain Receptor
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Supplementary Table S4.1: VEGFA rs699947 (-2578 C>A) genotype associations on the
characteristics of participants with a history of chronic Achilles Tendinopathy (TEN).

CcC CA AA
P-value
(n=18) (n=37) (n=22)
Age (years)? 39.9+14.3 40.1+11.1 46.0+10.2 0.135
Sex (% male) 50.0 514 77.3 0.105
Height (cm)  172.0(168.0;185.0) 173.5(165.0;177.6)) 175.0 (171.0; 184.0) 0.063
Weight (kg)? 80.0 (67.5: 84.5) 70.0 (62.0; 80.0) 76.0 (69.5; 84.7) 0.133
BMI (kg.m2)2  24.0 (21.6; 28.3) 24.5 (21.7; 26.9) 24.3 (23.2; 25.9) 1.000

Except for sex, which is expressed as a percentage, values are expressed as average * standard deviation or median
(Q1; Q3) for parametric and non-parametric data respectively

The number of participants (n) in each genotype group is indicated

VEGFA, Vascular endothelial growth factor A; BMI, body mass index; cm, centimetres; kg, kilograms; m, metres
!Age is at the time of first injury

AWVeight and therefore BMI are self-reported values at the time of recruitment
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Supplementary Table S4.2: VEGFA rs2010963 (-634 G>C) genotype associations on the
characteristics of participants with a history of chronic Achilles Tendinopathy (TEN).

GG GC CcC
P-value
(n=37) (n=32) (n=8)

Age (years)? 453+10.2 37.1+11.7 446+ 145 0.0123
Sex (% male) 75.7 375 62.5 0.0064
Height (cm) 175.2+7.0 172.0+9.3 175.0+ 9.6 0.273
Weight (kg) ? 746+12.9 73.4+15.6 779+9.4 0.716
BMI (kg.m?2)? 244+33 245+4.4 25.5+ 3.6 0.767

Except for sex, which is expressed as a percentage, values are expressed as average + standard deviation

The number of participants (n) in each genotype group is indicated

P-values in bold typeset indicates significance (p<0.05)

VEGFA, Vascular endothelial growth factor A; BMI, body mass index; cm, centimetres; kg, kilograms; m, metres
!Age is at the time of first injury

2Weight and therefore BMI are self-reported values at the time of recruitment

3Post-hoc analysis: GG vs GC, P =0.004; GC vs CC P =0.095 and GG vs CC P = 0.88

GG vs GC + CC (43.9% male)
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Supplementary Table S4.3: KDR rs2071559 (-604 G>A) genotype associations on the characteristics
of participants with a history of chronic Achilles Tendinopathy (TEN).

GG GA AA
P-value
(n=22) (n=31) (n=24)

Age (years)? 42.5 (36.3; 53.0) 43.0 (33.8; 53.3) 41.0 (25.8; 47.8) 0.247
Sex (% male) 45,5 67.7 58.3 0.268
Height (cm) 171.2+8.3 176.6 £ 8.5 1725+ 7.4 0.054
Weight (kg) 2 72.1+13.2 79.3+145 705+11.8 0.0413
BMI (kg.m?) 2 24.6 (21.8; 27.3) 24.4 (23.0; 27.3) 23.8 (21.2; 24.8) 0.302

Except for sex, which is expressed as a percentage, values are expressed as average + standard deviation or median
(Q1; Q3) for parametric and non-parametric data respectively

The number of participants (n) in each genotype group is indicated

The number of participants (n) in each genotype group is indicated

P-values in bold typeset indicates significance (p<0.05)

KDR, Kinase Domain Receptor; BMI, body mass index; cm, centimetres; kg, kilograms; m, metres

!Age is at the time of first injury

AWVeight and therefore BMI are self-reported values at the time of recruitment

3Post-hoc analysis: GA vs AA, P =0.018; GA vs GG P =0.064 and GG vs AA P = 0.693
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Supplementary Table S4.4: KDR rs1870377 (1719 T>A) genotype associations on the characteristics

of participants with a history of chronic Achilles Tendinopathy (TEN).

TT TA AA
P-value
(n=46) (n=23) (n=7)

Age (years)? 41.4+11.3 43.7+13.6 39.1+9.9 0.608
Sex (% male) 56.5 65.2 57.1 0.636°3
Height (cm) 174.1+9.0 1728+ 7.7 1755+ 7.2 0.744
Weight (kg)? 74.1+14.2 73.1+9.2 84.6 + 20.6 0.173
BMI (kg.m?)? 245+3.6 24.2+3.3 27.3+£5.6 0.175

Except for sex, which is expressed as a percentage, values are expressed as average * standard deviation

KDR, Kinase Domain Receptor; BMI, body mass index; cm, centimetres; kg, kilograms; m, metres

'Age is at the time of first injury

2\Weight and therefore BMI are self-reported values at the time of recruitment for both groups

STT vs TA+ AA (63.3% male)
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Supplementary Table 4.5: VEGFA rs699947 (-2578 C>A), and rs2010963, (-634 G>C), as well as
KDR rs2071559 (-604 G>A) and KDR rs1870377 (1719 T>A) genotype associations on the diameter of
the dominant injured Achilles tendon in TEN participants with bilateral Achilles tendinopathy and the

maximum (max) diameter of the two injured tendons.

Dominant for Bilateral Max for Bilateral

SNP Genotype n Diameter (mm) P-value  Diameter (mm)  P-value
CcC 15 7.6+27 7.6+£27
~ CA 21 72+£20 0.838 74+£21 0.939
< <
L
0 2 AA 17 72422 73%22
> 2
GG 25 6.8 (5.4;8.2) 6.9 (5.5; 8.6)
(92}
< § GC 22 6.6 (5.2; 8.4) 0.528 6.8 (5.4; 8.4) 0.570
L
0 S
TR cC 6 8.1 (6.5; 10.1) 8.1 (6.5;10.1)
> o
GG 11 6.1(5.3;7.1)2 0.001 6.1(5.4;7.1)2 <0.001
()}
g GA 23 8.1(7.2;9.6)2" 20.027 8.1(7.2;9.7)2b 20.014
x S
Q N AA 19 5.4(4.9;7.4)" b0.002 5.4(4.9;7.4)" b0.001
1.
T 30 7.2(6.2;8.4) 7.2(6.2;8.7)
N~
g TA 17 6.0 (5.3;8.9) 0.363 6.1(5.4;9.8) 0.498
xr &
Q o AA 5 7.4(4.7;8.1) 7.4 (4.7;8.1)
| .

Values are expressed as average + standard deviation or median (Q1; Q3) for parametric and non-parametric data

respectively

SNP, single nucleotide polymorphism; VEGFA, Vascular endothelial growth factor A; KDR, Kinase Domain

Receptor

P-values in bold typeset indicates significance

aGGvs GAand AA
b AA vs GA and GG
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Supplementary Table 4.6: VEGFA rs699947 (-2578 C>A), VEGFA rs2010963, (-634 G>C), KDR
rs2071559 (-604 G>A) and KDR rs1870377 (1719 T>A) genotype associations on the presence (Yes)

and absence (No) of abnormal ultrasound findings in dominant tendon of TEN participants with bilateral

Achilles tendinopathy and the tendon with the maximum (Max) abnormal ultrasound findings.

Dominant for Bilateral

Max for Bilateral

SNP Genotype Yes No P-value Yes No P-value
CcC 22.6 (7) 26.5(9) 23.5(8) 25.8(8)
< ~ CA 48.4 (15) 41.2 (14) 0.841 50.0 (17) 38.7(12) 0.630
L &
(u'rj > AA 29.0 (9) 32.4(11) 26.5(9) 35.5(11)
> £
GG 45.2 (14) 50.0 (17) 44.1 (15) 51.2 (16)
™
< o GC 41.9(13) 44.1 (15) 0.805% 44.1(14) 41.9(13) 0.803%
w3
O o
w o CcC 12.9 (4) 5.9 (2) 11.8 (4) 6.5(2)
> o
GG 25.8 (8) 29.4 (10) 26.5(9) 29.0(9)
(*2]
@ GA 51.6 (16) 29.4 (10) 0.149 52.9(18) 25.8(8) 0.048
x S
Q N AA 22.6(7) 41.2 (14) 20.6 (7) 45.2 (14)
| .
TT 64.5 (20) 57.6 (19) 66.7 (22) 54.8 (17)
N~
g TA 25.8(8) 33.3(11) 0.615° 24.2 (8) 35.5(11) 0.443°
x o
Q b AA 9.7 (3) 9.1(3) 9.1(3) 9.7 (3)
S

Values are expressed as a percentage with the number of participants (n) in parentheses

SNP, single nucleotide polymorphism; VEGFA, Vascular endothelial growth factor A; KDR, Kinase Domain

Receptor

P-values in bold typeset indicates significance
8GG vs GC and CC
®TT vs TA and AA
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WHY DO SOME ATHLETES EXPERIENCE THE PAIN OF ACHILLES
TENDINOPATHY WHILE OTHERS WITH THE SAME INJURY DO
NOT?

PARTICIPANTS WANTED FOR UCT RESEARCH

A comparison of the genetic differences between athletes with painful chronic Achilles

tendinopathy and those who are pain free

The aim of this study is to determine the association between variations in certain genes and

pain in chronic Achilles tendinopathy.

You can volunteer for this study if you:-
= areat least 18 years old,
» with a body mass index of less than 30 kg/m?,
= do not have a history of Achilles tendon rupture,
= have not had surgery to the legs in the past two years,
= do not take any chronic medication that can affect tendons,
Have pain in the Achilles tendon area for at least 6 months OR have no history of

Achilles tendon injury

What is involved?
= Complete questionnaires and pain rating scales

= Donate asmall blood sample (5ml=1 teaspoon)
= Have ultrasound scans taken of your Achilles tendons
= Have experimental cold and pressure pain induced

What are the benefits?
= Receive personalised feedback of your Achilles tendon health

If you are interested in taking part in the study and would like additional information, please contact:
Christina Brazier at brzchr002@myuct.ac.za or on 071 279 8817
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THE AETIOLOGY OF PAIN IN CHRONIC ACHILLES TENDINOPATHY

PARTICIPANT INFORMATION SHEET AND INFORMED CONSENT FORM

Dear Volunteer,

Thank you for agreeing to participate in this study to be conducted by researchers from the Health through Physical
Activity, Lifestyle and Sport Research Centre (HPALS) within the Department of Human Biology at the University
of Cape Town.

Why are we doing this study?

Achilles Tendinopathy (ATP) - pain and dysfunction in the Achilles tendon - is a common presentation in sport. The
occurrence of overuse ATP in sport has risen enormously due to the increase in participation in sporting endeavours
by recreational athletes and the increased duration and intensity of training regimens for professional athletes. This
injury may be painless without symptoms in some individuals but often pain is the major complaint and the reason
for seeking healthcare in most. However, the precise mechanisms for this pain are poorly understood. As such, most
current treatment options for pain in tendinopathy are not very effective.

Some researchers have suggested that our genes may affect, at least in part, the human response to musculoskeletal
pain. Genes are the basic units of inheritance. They are passed on from our parents and carry information on various
personal characteristics such as hair colour, personality and disease risk. In an attempt to determine whether there is
a genetic basis for the pain experienced in ATP and hence explain why some athletes experience it more than others,
we are interested in studying whether certain genes are associated with pain in chronic tendinopathies. Todo so,
we will compare various features of tendons from athletes with painful tendinopathy against those with no pain.

Achilles tendinopathy, a chronic painful injury is debilitating and is challenging for clinicians and athletes to manage
and we are interested in the question ‘What are the differences between athletes who experience the pain ofAchilles
tendinopathy and those with the same injury who do not?’

What are the aims of this study?

The aims of this study are:

1. Todetermine the association between pain and structural changes in painful and pain free Achilles tendons
using ultrasound scans.
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2. To investigate the association between genetic variations in selected genes and pain in chronic Achilles
tendinopathy.

3. Toinvestigate the association between variations in selected genes and experimentally induced pain
thresholds.

We anticipate that the information generated from this study will reveal which athletes are at risk of experiencing
chronic Achilles tendon pain thus providing some knowledge on the possible mechanisms of pain in tendinopathy
and thus allowing development of interventions to manage pain in athletes with chronic Achilles tendinopathy.

Who can take part in this study?

o Ifyouare a physically active individual with Achilles tendon pain of at least 6 months’ duration.
or
e [fyouare aphysically active individual without Achilles tendon pain.

To volunteer you need to be above 18 years old.

If you (i) have used fluroquinolone antibiotics or corticosteroid injections to the Achilles tendon in the past 12 months
(i) have a history of Achilles tendon rupture, (iii) are taking any chronic medications (iv) have a body massindex
>30kg M pluk a waist circumference >102cm (v) have had surgery to the lower limbs in the last two years and (Vi)
have lower limb deformities, you shall not be eligible for this study.

What will happen if you do decide to take part in this study?

The researcher will explain the study in detail to you, including the risks and benefits associated with participating.
You will be free to ask any questions you may have relating to the study. Should you agree to participate, you will
sign a consent form and be asked to complete questionnaires detailing personal information, your medical history
and training. These will include questionnaires on your current pain on recruitment and the effect the pain has on
your training schedule. This should take about 30 minutes to complete. On completion of these forms, a small blood
sample (5mi=1 teaspoon) will be drawn from your forearm and stored in a tube until further analysis. Afterwards, the
radiologist will then take ultrasound scans of your Achilles tendons, a process that should take about 15 minutes.

We also want to measure your pain thresholds to experimental pain. To do this, the investigator will ask you to
immerse the hand opposite the painful tendon in ice water until the cold becomes painful. You then be asked to rate
this pain on a pain scale. Following which, point pressure will then be applied to your painful Achilles tendon using
a pressure probe, when this pressure becomes painful you will signal the researcher and they will stop. This should
take no more than 10 minutes of your time.

What are the risks and discomforts of this study?

The potential risks associated with blood collection technique from the forearm veins are: infection, delayed healing,
haematoma, physical pain, mental discomfort and injury to a nerve or a vessel. These risks are small and will be
minimized by the use of trained phlebotomists, use of sterile techniques and the use of disposable, single usematerials.
The risks associated with the experimental pain procedure are mild discomfort from the cold water in the ice bath
and from the pressure probe. However, as soon as either of these becomes uncomfortable for you, the researcher will
immediately stop the protocol. The completion of questionnaires is not associated with any risk. Questionnaire and
other clinical data (paper and electronic) will be kept confidential and secure, and will not be made available to any
party other than the research team without your consent.

What are the benefits of taking part in this study?
There is no direct benefit to you for taking part in this study. You will however receive the results of the ultrasound

scans of your Achilles tendons that you may use to inform future clinical decisions by your medical practitioner. You
will also receive general feedback at the end of the study describing the genetic basis of pain in Achilles tendinopathy.
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What are the ethical considerations?

The UCT Human Research Ethics Committee (contact information below) has approved this study. This study will
be performed in accordance with the principles of the Declaration of Helsinki (2013, Fortaleza, Brazil), International
Conference on Harmonisation (ICH) and South African Good Clinical Practice (GCP) guidelines and the laws of
South Africa. The study will be covered by the no-fault insurance policy of the University of Cape Town. You will
not be included in the study unless you have signed a consent form, after the investigator has provided substantial
verbal and written explanation of the study, including risk factors. You will be informed that your participation in the
study is entirely voluntary and that you have the right to withdraw from the study at any time without stating a reason.
The investigator may also withdraw you from the study at any time. All the information collected during the trial will
be stored in a computer database in a secure facility, will be kept confidential and will only be used for scientific
purposes. Your anonymity will be ensured should the data be published. At the end of the study on genetic risk
factors for chronic Achilles tendinopathy, any samples takenfrom you will be destroyed.

What if something goes wrong?

The University of Cape Town has insurance cover for the event that research-related injury or harm results from your
participation in the trial. The insurer will pay all reasonable medical expenses in accordance with the South African
Good Clinical Practice Guidelines (DoH 2006), based on the Association of the British Pharmaceutical Industry
Guidelines (ABPI) in the event of an injury or side effect resulting directly from your participation in the trial. You
will not be required to prove fault on the part of the University.

The University will not be liable for any loss, injuries and/or harm that you may sustain where the loss is caused by:

e The use of unauthorised medicine or substances during the study

e Any injury that results from you not following the protocol requirements or the instructions that the study doctor
may give you

e Any injury that arises from inadequate action or lack of action to deal adequately with a side effect or reaction
to the study medication

e Aninjury that results from negligence on your part

By agreeing to participate in this study, you do not give up your right to claim compensation for injury where you
can prove negligence, in separate litigation. In particular, your right to pursue such a claim in a South African court
in terms of South African law must be ensured. Note, however, that you will usually be requested to accept that
payment made by the University under the SA GCP guideline 4.11 is in full settlement of the claim relating to the
medical expenses.

An injury is considered trial-related if, and to the extent that, it is caused by study activities. You must notify the
study doctor immediately of any side effects and/or injuries during the trial, whether they are research- related or
other related complications.

UCT reserves the right not to provide compensation if, and to the extent that, your injury came about because you
chose not to follow the instructions that you were given while you were taking part in the study. Your right in law to
claim compensation for injury where you prove negligence is not affected. Copies of these guidelines are available on
request.
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Who do | speak to (or contact) if I have any questions about the study?

Should you have any ethical concerns or questions about the study, please contact the Human Research Ethics
Committee:

Faculty of Health Sciences - Research Ethics Committee Room E52-
24, Old Main Building, Groote Schuur Hospital Observatory, 7925
Tel: (021) 406 6338

Fax: (021) 406 6441

Email: nosi.tywabi@uct.ac.za

Should you have any queries directly related to the study itself, please contact any of the investigators:

Prof. Malcolm Collins, PhD Prof Alison September, PhD Ms. Christina Brazier
(021) 650 4574 (021) 650 4559 brzchr002@myuct.ac.za
malcolm.collins@uct.ac.za alison.september@uct.ac.za
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CONSENT

I, the undersigned, have been fully informed about the University of Cape Town’s study entitled “Aetiology of pain
in chronic Achilles tendinopathy” to be conducted by researchers from the Health through Physical Activity,
Lifestyle and Sport Research Centre (HPALS) within the Department of Human Biology.

o | agree to donate five millilitres of venous blood which will be used for the extraction and analysis of genetic
material (DNA). | agree that this blood sample will be drawn by a nurse, physician or trained phlebotomist.

e | agree to complete personal particulars, sporting participation, personal and family medical history, as well
as, pain rating questionnaires.

e | agree to have cold and pressure pain administered to my hand and ankle respectively

e | agree to have an ultrasound scan(s) of my Achilles tendon(s) taken.

I have been fully informed about the risks inherent in participation in this trial. | have had the opportunity to ask
questions about the study and had them answered to my satisfaction. I understand that all the information collected
during the study will be treated confidentially, will only be used for scientific research purposes and that my name
and personal particulars will not be released under any circumstances.

I have been informed that I will be free to withdraw from the study at any time if | so wish without explanation. | will
be free to ask any questions about the procedures and results of the study. | understand that | will receive, where
applicable, feedback pertaining to the general results of the study once the entire study has been completed.

| agree to participate in the study.

Participant:

Full name Signature Date

Investigator:

Full name Signature Date
Witness:
Full name Signature Date

132



©° Kaapstqy

%

Instructions

Please answer each question by filling in the details in the allocated space or checking one or more of the

option boxes.

Section A
Section B
Section C
Section D
Section E
Section F
Section G

Section H
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University of Cape Town
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PARTICIPANT QUESTIONNAIRES

Please complete all sections A to H

Personal, demographic, and occupational details
Current and past sporting details

Lifestyle and habits history

General personal medical history

Family medical history

History of medication use

History of tendon, ligament, or joint capsule injury

Medical details of tendon injuries

The VISA-A questionnaire
Short form McGill Questionnaire (sSfMGQ) Brief

Pain Inventory (Short Form)

Visual Analogue Scale
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Pages 2-3
Pages 4-5
Page 6
Pages 7-8
Page 9
Page 10
Pages 11-12

Pages 13-14

Pages 15-16
Page 17
Page 18-19
Page 20
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Section A: Personal details (to be completed and kept separately from the rest of the questionnaire)

Surname

First Name

Postal Address

Postal/ Zip Code

E-mail address

Cell phone or daytime phone number

Participant code:.....cccevvveriennriannnnns
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Section A: Demographic and occupational details
Date of birth (YYYY-MM-DD)
Age years Sex [ ] Male [ ] Female
Height cm Weight kg
Ethnic group [ ] Black/African [] White [ Indian
(Only Required and Used for
Research Purposes) |:| Mixed Ancestry (Coloured) |:| Asian D Other
Ancestry: Tribal or }
national background Father: D Unknown
(eg Xhosa, Dutch, Zulu,
German, Italian) Mother: [] Unknown
Country of Birth
Dominant Hand [ ] Left [ ] Right [ ] Both DominantLeg | [ ]| Left [ | Right[ | Both
Current Occupation

Sitting: %
What percentage of your | standing: %
working day is spent in the . . -
following activities? Walking (Lower body activity) %

Manual Labour (upper and lower body activity) %
Occupation prior to development of tendinopathy? ] N/A
Prior to tendinopathy, did your occupation involve lower or upper limb activity? |:| Yes |:| No [ NA
If yes p|ease indicate I:' Rightarm |:| Leftarm I:' Both Iegs I:‘ N/A
which arms/legs. [ ] Rightleg [ ] Leftlec [ ] Botharms L1 NA
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Division of Physiological Sciences
Department of Human Biology

Health, Physical Activity, Lifestyle, Sport
(HPALYS) Research Centre

Faculty of Health Sciences
University of Cape Town
Private Bag X3 Observatory

Section B: Current and past sporting details

Please record your current and past sporting activities in order of importance Use an

additional form if you participate(d) in more than 6 sports

Main sport 1

Other sport 2

Other sport 3

Type of current and previous sport(s)
you have participated in (please name)

[ ] Current [ ] Past

Current or past participation

[ ] Current [ ] Past

[ ] Current [ ] Past

Year started participation

Number of years involved in the sport

Years in competitive sport

[] Professional
[[] Amateur

Highest level competed at

[ ] Professional Amateur

[

[ ] Professional Amateur

[

Hours of training per week during:-
= last 0-3 months

= |ast4-12 months

= |ast 13-24 months
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Type of current and previous sport(s)
you have participated in (please name)

Other sport 4

Other sport 5

Other sport 6

Current or past participation

[ ] Current [ ] Past

[ ] Current [ ] Past

[ ] Current [ ] Past

Year started participation

Number of years involved in the sport

Years in competitive sport

Highest level competed at

[] Professional
[] Amateur

[ ] Professional Amateur

[l

[ ] Professional Amateur

[l

Hours of training per week during:-
= last0-3 months

= |ast4-12 months

= |ast 13-24 months
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Section C: Lifestyle and habits history

Please indicate your smoking status

[ ] Current smoker

[ ] Ex-smoker [ ] Never smoked

If you answered yes, (past or current
smoker) please answer the questions on

the right on the right

How many years did or have you smoked?: If

stopped, how many years ago:

What is (was) the average number of cigarettes per day:

glasses) of spirits, wine or beer?

On average, how much alcohol do you drink per week (tots,

glasses beer/cider per week
glasses wine per week

tots of spirits per week
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Section D: General Personal Medical History

Do you currently suffer from any of these medical conditions: (if none

then select “None of the above™)

[] High blood pressure

[ ] Emphysema

[ ] Malignant disease(cancer) If
Yes, what type?

[] Angina/Heart attack

[] Rheumatoid arthritis Elevated
[] blood cholesterol Diabetes

[ ] mellitus

[] Renal disease

[] None of the above

[] Asthma

[] Osteoarthritis (wear & tear)
[] Adrenal disorders

[] Thyroid disorders

[] Amyloidosis

Do you currently suffer from any other
Connective Tissue, Rheumatological Or

Muscle Diseases & Disorders?

[] Yes
[] No

If Yes, please select from the list below:

List of some Connective Tissue and/or Rheumatic Diseases and Disorders

[1 Ankylosing spondylitis

[] Aspartylglycosaminuria (AGU)
[] Bechet’s syndrome

[] Crohn’s disease

[] Discoid lupus erythematosus
[] Ehlers-Danlos syndrome (EDS)
[ Eosinophilic fasciites

[] Giantcell (temporal) arthritis
[] Gout

[] Hypersentive vasulatis

[ Lipid storage diseases

[0 Marfan syndrome

[ Menkes kinky hair syndrome

[1 Mucopolysaccharidoses

[] Myopathies and dystrophies

[] Ochronosis (homocystinuria)

[] Osteogenesis imperfecta (OI)

[] Polyarteritis nodosa Polymyalgia
[] rheumatica Polymyositis &

[] dermatomyositis Pseudogout

N Reactive arthritis

[J Reiter’s syndrome

[] Relapsing polychrondritis

[] Rhabdomyolysis

[ Scleroderma

[] Sjogren’s syndrome

[] Systemic lupus erythematosus

[] Systemic sclerosis

[] Wegener’s granulomatosis Other -

[] If Yes, what type?

What surgical operations have had? Yyou

(please list and give dates)

Example:
Appendix removed 1993
ACL reconstruction Dec 2005

Operation

Date (year)

139




o~
<
S
> s
o “
.~ c
o 3,
o] <
] (]
V) @
2
% &
b 4

%

X

Szl

Division of Physiological Sciences
Department of Human Biology

Health, Physical Activity, Lifestyle, Sport
(HPALS) Research Centre

Faculty of Health Sciences
University of Cape Town
Private Bag X3 Observatory
7935

South Africa

chronic pain condition(s)?

Do you suffer/have you suffered from (a)

[] Yes
[ ] No

If Yes, please select from the list below:

[] Low back pain

[J Chronic pelvic pain

[] Headaches/ migraines
] Phantom limb pain

[] Chronic widespread pain
[] Peripheral neuropathy
[] Increased pain sensitivity

[] Ishaemic muscular pain

[J Trigeminal neuralgia

[] Fibromylagia

[] Congenital insensitivity to pain
[] Erythromelalgia

[] Chronic inflammation

[] Lumbago-sciatica

] Vulvar pain

[] Herniated Intervertebral disc

[J Pancreatitis

[] Paroxysmal extreme pain disorder
[] Altered response to pain medication
[] Other- If Yes, what type?

Menstrual history: (females only)

At what age did you start menstruating? (years)

Are you currently using any type of contraception?

[] Yes

[] No

If Yes, what type of contraception are you using?

] Pill

[] Injection
[] IUD

[] Rods

[] Other (Specify)

Have you ever experienced labour/childbirth?

[ ] Yes

[ ] No

Do you suffer/have you suffered from any painful
menstrual/ hormonal conditions

[ ] Yes

If Yes, please select
from the list below

[ ] No

[] Dysmenorrhoea (period pain)
[] Amenorrhoea (no period)
[] Menorrhagia (heavy bleading)

[] Endometriosis
[] Polycystic Ovarian Syndrome (PCOS) Other -
[] If Yes, please specify?

Are you
currently?

[] Pre-menopausal (+12 cycles/year at intervals of 23-33 days & bleeding lasts 3-7 days)
[] Menopausal (cycles are irregular and less frequent)

[] Post-menopausal (n o longer menstruating)
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Section E: Family Medical History
Have any of your blood (biological) relatives ever had the following?
Please tick yes or no. If yes, please tick the relationship of that person to you (You may tick more than one of the
relationship blocks).
Description If Yes, please indicate the relationship
. . Father Mother Uncle/Aunt Grandfather
Chronic Achilles [ ] Yes %S_ % Broth O Cousi Grandmoth
tendon injury [ No ister rother [] Cousin || Grandmother
<| Child Grandchild
. Father Mother Uncle/Aunt Grandfather
Achilles tendon [] Yes — ] O .
rupture N | Sister [ ] Brother [] Cousin Grandmother
CINo |17 chitg Grandchild
Any other (not [] Yes [ Father [ ] Mother [ Uncle/Aunt Grandfather
Achilles) tendon No D Sister ,:l Brother O Cousin || Grandmother
injury/rupture O ] Child Grandchild
[ [] O
Anterior cruciate E Ves [ ] Father [ ] Mother [ Uncle/Aunt LI Grandfather
ligament (ACL) D Sister Brother Cousin Grandmother
rupture N o [] child [] O Grandchild
Any other (NOT Yes Father [ ] Mother [] Uncle/Aunt || Grandfather
ACL) ligament [ D Sister Brother Cousin Grandmother
e e N [] child [] O Grandchild
£ . iated [ Yes Father |:| Mother O Uncle/Aunt | Grandfather
m);esrccilesec?:rs;]o;;ate [] < — Sister Brother Cousin Grandmother
0
Child n Grandchild
0 Yes D Father Mother H Uncle/Aunt || Grandfather
Night muscle cramps ] NO — Sister Brother Cousin Grandmother
Child Grandchild
]
O] Father Mother Uncle/Aunt . Grandfather
Yes —
Erl]z\llgggrg:md [] NGO g Sister Brother Cousin Grandmother
Child Grandchild
] Yes D Father % Mother - Uncle/Aunt L_| Grandfather
Avrthritis [] NG E Sister Brother Cousin Grandmother
Child Grandchild
] Yes D Father D Mother O Uncle/Aunt || Grandfather
Heart Disease ] . Sister ’:I Brother Cousin Grandmother
0
Chitd Grandchild
] D Father D Mother [ Uncle/Aunt L Grandfather
Diahatec = Yes D Sister D Brother U] cousin f Grandmother
No [ ] chig __ Grandchild
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Section F: History of Medication Use

Name of medication

Days/Months/Y ears taken

What medication, if any (including
painkillers), are you currently

using? (please list)

Have you ever used oral
corticosteroids (cortisone
tablets)? (If yes, how long ago?)

[] Yes

[ ] 0to3months ago [ ] 13to 24 months ago
|:| 4 to 6 months ago |:| > 2 years ago

No
[ [ ] 7to 12 months ago

Have you ever been given an
injection with corticosteroids? (If
yes, how long ago?)

[ ] 0to3months ago [ ] 13to 24 months ago

Yes

[ [ ] 4to6 months ago [ ] >2yearsago
No

[ [ ] 7to 12 months ago

Have you ever used fluorogquinoline
antibiotics? (refer to the following
list)

[ ] 0to3months ago [ ] 13to 24 months ago

Yes
[ [ ] 4to 6 months ago [ ] >2yearsago
[1 No [ ] 7 to 12 months ago

List of some fluoroquinoline antibiotics (may be used in treatment of chlamydia, pneumonia, acute bronchitis,

urinary tract infections, skin and soft t

issue infection):

ADCO-CIPRIN CIPROGEN

AVELON CPL ALLIANCE CIPROFLOXACIN
BACTIDRON DYNAFLOC

CIFLOC FACTIVE

CIFRAN FLOXIN

CIPLA-CIPROFLOXACIN MAXAQUIN

CIPLOXX NOROXIN

CIPRO-HEXAL ORPIC

CIPROBAY

SANDOZ CIPROFLOXACIN
TAFLOC

TARIVID

TAVANIC

TEQUIN

UNIQUIN

UTIN-400

ZANOCIN
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Section G: Past history of tendon, ligament and/or joint capsule injury
Please complete this section for each injury. If you have had more than one past injury additional forms will be
available.
Have you ever in your suffered from a tendon, ligament and/or joint capsule injury (pain,swelling, |:| Yes
stiffness, dislocation, instability) in any tendon (including Achilles tendon, knee tendons, and shoulder
tendons), ligaments (partial or complete tear), or joint? |:| No
If YES, please complete the rest of the section below:-
If NO, continue completing the questionnaire from the next section
Longstanding Acute
Pain Rupture
(tendinopathy)
Tendon Left Right Left Right
Please tick which [[] Achilles tendon
tendon/s you have Foot and ankle: |:| Tibialis posterior
ini ? .
(e [ ] Plantar fascia
Also indicate the [ ] Patellar tendon
number of past Knee: [ ] Quadriceps tendon
longsatnding pain ]
(tendinopathy) or acute [ ] Hamstring tendon
tear/rupture you have :
. . Hamstring tendon
had Hip and Pelvis D g
[ ] Gluteal tendon
Elbow and wrist: [ ] Wristextensor tendon
Shoulder: [ ] Rotator cuff tendons
Other Tendons:
Tendons of the Ankle & Foot Tendons of the Knee Tendons of the Hip & Pelvis
(side view of the knee)
e Quadriceps
Hamstiing ® [/ Ppatellar
— — — Gluteal Hamstr
e e i Tendon Tendon
Hamstring
Mus/ipnmgconiogni)  heos/ewinesmdhosdermegeyco =) Muscle
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. Sprain Tears
Ligament . .
Left Right Left Right
[_] Shoulder ligaments
[ ] Elbow ligaments
Please tick which [] wrist ligaments
ligament/s you have |:| Finger ligaments
injured? (next column on
the tright) [] Knee (ACL)
[ ] Knee (MCL)
Also indicate the [ ] Knee (PCL)
number of past sprains |:| Knee (LCL)
or tears you have had .
[ ] Ankle lateral ligaments
[ ] Ankle medial ligaments
[ ] Spinal ligaments
[ ] Other:
Ligaments of the Knee Ligaments of the Ankle
(front view of the knee)
|
Nl sy Lateral J Medial
ligament (MCL) ligaments \ ligaments
Lateral collateral (= \ )
i e (inside) sman \ ) /! (big
(outside) toe side, toe side,
outside) j - inside)
Anterior cruciate Posterior cruciate N
ligament (ACL) ligament (PCL) ARR

hitg://cdn shopity comy

Betps//www.biaphysio.com/we-content/
wploads/2020/07/Ankie- Sprain-image.jog

Acute shoulder dislocation - The ball of the shoulder joint pops out of the cup-shaped socket that's part of your

shoulder blade

Chronic shoulder instability - usually occurs when the lining of the shoulder joint (capsule), ligaments or labrum
become stretched, torn or detached, allowing the ball of the shoulder joint to move either completely or partially out of

the socket)

Have you ever suffered from any of the
following joint capsule injuries?

Acute shoulder dislocation
Chronic shoulder instability
Chronic ankle instability

Other:
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Section H: Medical details of tendon injuries
How many times have you . Date of Acute or Sudden? or
had tendon injuries? UL s Injury Chronic Injury Gradual? Onset
1
'Sudden onset is within a 2
few seconds or minutes 3
2Gradual onset is over days 4
or weeks 5
Please complete this form for each tendon Injury you have had
Injury Number (1,2,3,4,0r 5)
[] Rotator cuff tendon [] Gluteal tendon Hamstring
[] Supraspinatus [] tendon (hip) Patellar
[] Infraspinatus [] tendon
. . - Teres minor [] Quadriceps tendon (knee)
Which tendon did you injure? L . . .
' U [] Wristextensor tendons [] Hamstring tendon Achilles
[] Other (Specify [] tendon

) [] Tibialis posterior
] Plantar fascia

Which side was injured? [] Left [] Right [] Both
Which region of your tendon was .

injured? [] Upper 1/3 [] Middle 1/3 [] Lower1/3
To what extent was your Tendon .

ruptured? [] Complete [] Partial [] None

How were you injured? (e.g.

sport, walking)

[[] painonly after exercise

[[] pain during exercise, but did not cause you to alter training
[] pain during exercise, which causes you to alter training pain
[] which causes you to stop training

[] no pain

[] notsure

[] Other (Specify )

Grade of injury at the time of injury

13
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[] pain only after exercise

] pain during exercise but did not cause you to alter training. pain
[] during exercise, which causes you to alter training pain which
Grade of injury currently ] causes you to stop training

[] no pain not

[] sure

[] Other (Specify )

Pain (less than 1 week Stiffness
Which of the following symptoms [] Pain( week) ] sti

were present before the injury O Pa!n (1-4 weeks) [] Swelling
[] Pain (>4 weeks) [ ] None

Which of the following symptoms o Pa?n (less than 1 week) L Stiffnfess

were present after the injury [ Pain (1-4 weeks) [] Swelling
[] Pain (>4 weeks) [] None

Which type of Tendon Disease were you
diagnosed with e.g. Rupture, Tendinitis, etc.

[] Doctor Name:

[] Physiotherapist Name: Biokineticist
Diagnosed by ] Name:

[] Podiatrist Name:

[] Other Name:
How was it treated? [] Surgically [] Non- surgically

If non-surgically treatment please select from the list which modality/modalities alleviated the pain

[] oral NSAIDs (such as ibuprofen, diclofenac, indomethacin) oral
[] corticosteroids

[] injected NSAIDs (such as diclofenac) plasma

[] rich platelet (PRP) injections sclerosants (such

[] as polidoconal) eccentric exercise

[] electrotherapies (such as ultrasound, TENS, ShortWave Diathermy) heat
[] therapy

[] ice

[] extracoporeal shockwave therapy (ESWT) orthotics

[] acupunture

[] rest

[] taping/strapping massage

[] activity modification

[] Other (Specify )
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The VISA-A questionnaire: An index of the severity of Achilles tendinopathy

IN THIS QUESTIONNAIRE, THE TERM PAIN REFERS SPECIFICALLY TO PAIN IN THE ACHILLES TENDON REGION

1. For how many minutes do you have stiffness in the Achilles region on first getting up? Points

womin OO0 L] omr

0 12 3 4 5 67 8 910

2. Once you are warmed up for the day, do you have pain when stretching the Achilles tendon fully over the edge of
a step? (Keeping knee straight)

strong severe pain DDDDDDDDDDD no pain

0 12 3 4 5 67 8 910

3. After walking on flat ground for 30 minutes, do you have pain within the next 2 hours? (If unable to walk on flat
ground for 30 minutes because of pain, score 0 for this question).

strong severe pain DDDDDDDDDDD no pain

0 12 3 4 5 67 8 910

4. Do you have pain walking downstairs with a normal gait cycle?

strong severe pain DDDDDDDDDDD no pain

0 12 3 4 5 67 8 910

5. Do you have pain during or immediately after doing 10 (single leg) heel raises from a flat surface?

strong severe pain DDDDDDDDDDD no pain

0 12 3 4 5 67 8 91

6. How many single leg hops can you do without pain?

vorers© (I T[] tomes

0 12 3 4 5 67 8 91

7. Are you currently undertaking sport or other physical activity? Not at
[] all (O points)
[ ] Modified training + modified competition (4 points)

[ ] Full training + competition but not at same level as when symptoms began (7 points)

[] Competing at the same or higher level as when symptoms began (10 points)
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8. Please complete EITHER A, B or C in this question
= |fyou have no pain while undertaking Achilles tendon loading sports, please complete Q8A only.

completing the activity, please complete Q8B only.

only.

= If you have pain that stops you from completing Achilles tendon loading sports, please complete Q8C

= |f you have pain while undertaking Achilles tendon loading sports but it does not stop you from

8A. If you have no pain while undertaking Achilles tendon loading sports, for how long can you

train/practice?
[] Nil(0points)
[] 1to 10 mins (7 points)
[] 11to 20 min (14 points)
[] 21to30min (21 points)
[] >30min (30 points)

Points

OR
8B. If you have some pain while undertaking Achilles tendon loading sport, but it does not stop you from
completing your training/practice for how long can you train/practice?
[] Nil(0points)
[] 1to 10 mins (4 points)
[] 11to 20 min (10 points)
[] 21to 30 min (14 points)
[] >30min (20 points)

OR
8C. If you have pain that stops you from completing your training/practice in Achilles tendon loading
sport, for how long can you train/practice?
[] Nil(0points)
[] 1to 10 mins (2 points)
[] 11to 20 min (5 points)
[] 21to 30 min (7 points)

[] >30min (10 points)

Total Score /100

146

16



\(Odpsfc,d

«©°

%

Yisopuon”

Appendix F

X

Division of Physiological Sciences
Department of Human Biology

Health, Physical Activity, Lifestyle, Sport

(HPALS) Research Centre

Faculty of Health Sciences
University of Cape Town

i b
H PA LS ssr;%/gte Bag X3 Observatory

South Africa

Short form McGill Questionnaire (SfMGQ)

Please rate your pain by marking the box besides the word that best describes your pain and its severity at present.
None Mild | Moderate | Severe

Throbbing [ L] [ [
Shooting L] ] ] ]
Stabbing L] ] ] ]
Sharp L] ] ] ]
Cramping [] L] L] ]
Ghawing L] ] ] ]
Hot-burning [] [l ] ]
Aching L] ] ] ]
Heavy L] ] ] ]
Tender [] [l L] ]
Splitting L] ] ] ]
Tiring-Exhausting [ [] [ [
Sickening [ L] [ [
Fearful [l [ [ [
Punishing-Cruel [ L] L] L]
Present pain intensity (please select)
[ ] 0 nopain
(11 mild
[ ] 2 discomforting
[] 3 distressing
] 4 horrible
[ ] 5 excruciating

17

146



Appendix G

Division of Physiological Sciences
\2/ Department of Human Biology

Health, Physical Activity, Lifestyle, Sport
(HPALYS) Research Centre

Faculty of Health Sciences
University of Cape Town

i b
H PALS ;’gggte Bag X3 Observatory

South Africa

/ .
8 (//!SaAguﬂ)\\

°r

Brief Pain Inventory (Short Form)

1. Throughout our lives, most of us have had pain from time to time (such as minor headaches, sprains, and toothaches).
Have you had pain other than those everyday kinds of pain today?

|:| Yes |:| No

2. On the diagram, shade in the areas where you feel pain. Put an X on the area that hurts the most.

Back

Front

3. Please rate your pain by marking the box beside the number that best describes your pain at its WORST in the last 24

hours.

No Pain DDDDDDDDDDD Pain as Bad as You Can Imagine

0 12 3 4 5 67 8 910

4. Please rate your pain by marking the box beside the number that best describes your pain at its LEAST in the last 24 hours.

No Pain DDDDDDDDDDD Pain as Bad as You Can Imagine

0 12 3 4 5 67 8 910

5. Please rate your pain by marking the box beside the number that best describes your pain on the AVERAGE.

No Pain DDDDDDDDDDD Pain as Bad as You Can Imagine

0 12 3 4 5 67 8 910

6. 6. Please rate your pain by marking the box beside the number that tells how much pain you have RIGHT NOW.

Pain as Bad as You Can Imagine

NoPam [ eI

0 12 3 4 5 67 8 910
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7. What treatments or medications are you receiving for your pain?

8. Inthe last 24 hours, how much relief have pain treatments or medications provided? Please mark the box below the
percentage that most shows how much RELIEF you have received.

No Relief |:| |:| |:| |:| |: |:| |:| D |:| |:| |:| Complete Relief

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

9. Mark the box beside the number that describes how, during the past 24 hours, pain has interfered with your:

A: General Activity

Does Not Interfere DI:“:“:“:' DI:”:”:“:“:I Completely Interferes

12 3 45 6 7 8 910

B: Mood

Does Not Interfere DI:“:“:”:‘ DDI:“:“:“:' Completely Interferes

12 3 45 6 7 8 910

C: Walking Ability

Does Not Interfere DI:“:“:”:‘ DI:”:“:“:“:' Completely Interferes

12 3 45 6 7 8 910

D: Normal Work (Includes Work both Outside and Inside the Home)

Does Not Interfere DI:“:“:”:I DI:“:“:“:“:' Completely Interferes

12 3 45 6 7 8 910

E: Relations with Other People

Does Not Interfere DI:“:“:”:‘ DDI:“:“:“:' Completely Interferes

12 3 45 6 7 8 910

F: Sleep

Does Not Interfere DDDDD DDDDDD Completely Interferes

12 3 4 5 67 8 910

G: Enjoyment of Life

Does Not Interfere DDDDD DDDDDD Completely Interferes

12 3 45 6 7 8 910
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Visual Analogue Scale

[Jo[J1 2 3 [ Ja s [Ie [L17 [[18 [[]9 []10

No Pain as Bad
Pain as You Can
Imagine
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Appendix |

DNA EXTRACTION FROM WHOLE BLOOD FOR THE GENETIC STUDY

Please note that we work in a dedicated space for the Blood DNA extraction - wear appropriate safety

SRR A

10.
11.
12.
13.

14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24,
25.

gear at all steps of this protocol and use a dedicated set of pipettes.

Draw 5ml of blood into an EDTA vacutainer tube (Purple top).

Blood can be stored at 4°C up to 1 week before the DNA is extracted.

Transfer the blood into a sterile 15ml polypropylene tube.

Add 2 volumes (10ml) of TKM1 buffer containing 2.5% NP40.

Mix by inverting several times and incubate at room temperature for 10 minutes in order to
enhance the haemolysis of the red blood cells.

Centrifuge at 3000rpm (1200Xg) at room temperature for 10 minutes.

Decant the supernatant leaving the white pellet at the bottom of the tube.

(Decant in an appropriate blood waste container)

Add 1 volume (5ml) of TKM1 buffer (without NP40) and invert and vortex the solution.
Centrifuge at 3000rpm (1200Xg) at room temperature for 10 minutes.

Decant the supernatant leaving the white pellet at the bottom of the tube.

Vortex and then mix using a blue pipette tip in order to assist in the lyses of the white blood
cells.

Incubate for 60 minutes at 55°C in a water bath.

Make sure the pellet is totally dissolved before the next steps.

Add 150pl of 5SM NaClOs then 500ul of the molecular biology grade chloroform and vortex
the solution.

Transfer the solution to a sterile 1.5ml microfuge tubes.

Centrifuge at 13000rpm at room temperature for 5 minutes.

Carefully transfer 500l of the top aqueous phase to a new sterile microfuge tube.

Add 1ml of absolute ethanol and invert until DNA precipitates.

Centrifuge at 13000rpm at room temperature for 5-10 minutes

Carefully tip off the supernatant leaving the DNA pellet at the bottom of the tube.

Allow the DNA pellet to air dry completely and add 200p1 of 1X TE buffer.

Incubate the tubes at 65°C for 15 min in a heating block. Cool down on ice.

Once cooled down, store DNA at -20°C for long-term storage. Avoid freeze thawing cycles

and keep at 4°C for short-term storage. Avoid vortexing of DNA to prevent shearing.
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REAGENTS
Please have a read through each safety data sheets for each reagent before making your solutions.
Wear the appropriate safety gear at all times. Where necessary, you may need to wear a face mask.

Precautions:

= EDTA causes serious eye irritation and is harmful if inhaled. Wear protective gloves,
protective clothing and face mask to prevent inhalation. It must be used in a well-ventilated
area.

= SDS is harmful if swallowed, inhaled, causes skin irritation, serious eye damage and
respiratory irritation. Keep away from heat/sparks/open flames/hot surfaces. Wear protective
gloves, protective clothing and face mask to prevent inhalation.

= NaClO4 may cause fire or explosion, it is harmful if swallowed and can cause serious eye
irritation. Wear appropriate protective gear.

TKML1 buffer pH7.6

10mM Tris-HCL

10mM KCI

10mM MgCl,.6H20

2mMEDTA

Make up 1 Volume which includes 2.5% NP-40 (a detergent) and 1 VVolume without NP-40
H-O to 500ml with autoclaved water in an autoclaved bottle.

Filter sterilise solution with NP-40.

Solution without NP40 can be autoclaved.

TKM2 buffer pH7.6
10mM Tris-HCL

10mM KCI

10mM MgCI2.6H20
2mMEDTA

0.4 M NaCl

H>O to 200ml; Autoclave.

10% SDS
Make fresh for best results
20g SDS dissolved in autoclaved H.O to 200ml

Do not autoclave. Filter sterilise.

154



1X TE buffer pH 8.0
10mM Tris-HCL

1mM EDTA
H,0O to 100ml; Autoclave.

5M NaClO4

61.2 grams (5M, MW 122.4)
H,0 to 100ml; Autoclave.

Protocol by Lahiri and Nurnberger (1991) with modifications by Mokone et al. (2005).
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