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Abstract

Background: Overuse injuries, especially of the lower extremity, are common
in Ironman triathletes. Achilles tendon injuries in particular have been
documented in triathletes who either train or participate for the lronman event.
The effects of competing in ultra-endurance events, such as the Ironman
triathlon, on the development of morphological changes and/or changes in
blood flow in the Achilles tendon and surrounding tissue have not been
investigated.

Objective: The aim of this prospective cohort study therefore was to assess
the morphological and blood flow changes in the Achilles tendons of
triathletes competing in the 2006 South African lronman Triathlon.

Methods: 109 triathletes who entered the 2006 Ironman Triathlon in South
Africa were recruited as subjects during the registration period. In the pre-race
period (1-3 days before the race), all the subjects were asked to compiete a
questionnaire containing demographics, past injury and training history,
medical history including medication use and family history. Subjects then
underwent a pre-race clinical examination of the Achilles tendons (n=181), as
well as an Ultrasound (US) examination to assess Achilles tendon morphology
and blood flow {CD). The clinical assessment and US examinations were
repeated immediately after the race (at the finish line) and in a sub-sample of
tendons (n=58), 6-8 weeks after the race.

Results: The main findings of the study were that 19/108 (17.4%) of the
triathletes had evidence of Achilles tendinosis on US and clinical examination

before the race. Factors associated with Achilles tendinosis were increased



age (p<0.001), faster running times (p<0.05), a past history of any tendon
injury (p=0.022), a past history of Achilles tendon injury (p<0.001), and a
history of oral corticosteroid use (p=0.003). Immediately post-race, there was
a significant increase (% tendons) in blood flow in the Achilles tendon and
surrounding tissues (pre=3.4%, immediately post=14.3%, p=0.007).
Furthermore, after 6-8 weeks, this increased flow returned back to pre-race
values (0% of tendons). The immediate post-race increased blood flow was
strongly related to the presence of pre-race Achilles tendinosis (US) (odds
ratio=4.7, 95% confidence interval 1.8 to 12.2, p=0.002), and tenderness to
palpation (p=0.011) and a positive shift test (p=0.025).

Conclusion: About 17% of triathletes who participate in an lronman have
evidence of Achilles tendinosis, and this will result in an increased blood flow
in the tendon and surrounding tissues immediately after the race. The
increase in blood flow returns to normal at 6-8 weeks after the race, but long
term consequences of repetitive increases in blood flow in the Achilles tendon

are not known and require further investigation.

Keywords: Achilles tendon, blood flow, triathlon, injuries, tendinosis,

ultrasound, fronman
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Chapter 1

Introduction and scope of the thesis

The first lronman ultra-endurance race was held in Hawaii in 1978. It is said
that during an Awards ceremony following a Hawaii running race, the
competitors disputed who is better conditioned — swimmers, runners or other
athletes. In order to settle this dispute, a unique race was designed, which
consisted of a Waikiki Roughwater swim (2.4 miles), the Around-Oahu Bike
Race (112 miles) and the Honolulu Marathon (26.2 miles). This race was the
beginning of what is now an international ultra-endurance race that attracts
more and more interest with a number of lronman competitions around the
world (http://ironman.com/mediacenter/history/ironman-triathlon-world-
championship). The medical care required for lronman triathletes, has also
received attention. There is a growing body of scientific literature dealing with
the training, nutritional needs, and medical problems encountered by these
athletes '. In addition, injuries as a result of the intensive training and

competition in Ironman triathlon can also occur *°.

It has been documented that injuries in triathletes are common, especially
overuse injuries >°. In the 1986 Hawaii lronman Triathlon, 91% of the
triathletes reported at least one soft tissue overuse injury during the previous
year's training *. In another study, at least one injury was reported by 74.8% of
the triathletes during their participation in triathlon °. It has been shown that
55% of the injuries occurred in the lower extremity, and of those, tendon

injuries was the main type of injury °. In another study on injuries in triathletes,
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the most common injuries reported were of the Achilles tendon, lower back

and the knee ’.

Achilles tendon injuries are therefore common in triathletes, and this was
chosen as the focus of this thesis because the risk factors and pathogenesis
of Achilles tendon injuries have not been well studied in triathletes. In Chapter
2, various aspects related to Achilles tendon injuries in triathletes will be
reviewed. The review will however focus on the possible relationship between
morphological changes and/or changes in blood flow in the Achilles tendon
and surrounding tissues that may occur as a result of competing in an
fronman triathlon. In Chapter 3, the methods and results of a study to assess
the effects of competing in an lronman triathion on the Achilles tendon will be
presented. Finally, in Chapter 4, a summary of the findings of this thesis and

practical and the clinically relevant outcomes of this thesis will be presented.
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Chapter 2

A review of Achilles tendon injuries in triathletes with

specific reference to morphological and blood flow

2.1. Introduction

changes in the tendon

The triathlon is a 3-event endurance sport in which athletes compete

sequentially in swimming, cycling and running ®. 1t is the youngest official

Olympic medal event, making its debut at the Sydney Olympics in 2000.

There are four different levels of triathlon competitions: (1) Sprint (2) Olympic

(3) Half Ironman and (4} the Full ironman (Table 1).

Table 2.1.: The four different types of triathlon and the various distances

Event Sprint Olympic Half lronman | lronman
 Swim 0.8km 1.5km 1.9km 3.8km

Cycle ride 21km 40km 90km 180km

Run 5km 10km 21km 42.2km

The full lronman is the most physically demanding of the 4 types of triathlons,

and consists of a 3.8 km swim, a 180 km cycle ride and a 42.2 km run.

Triathletes face a wide range of environmental conditions and physical
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demands that are in excess of those found in individual sport events of
comparable duration ®. Therefore, the sports physician looking after these
triathletes is facad with many potential medical problems and complications
during this event . These medical complaints have recently been reviewed
and include musculoskeletal injuries, trauma, muscle cramps, heat illness,
postural hypotension, excessive exposure to ultraviolet radiation,
gastrointestinal problems, post-race bacterial infections, immunosuppression,
sympathetic nervous system problems, psychological exhaustion and

haemolysis .

However, the focus of this thesis is on musculoskeletal injuries in triathletes, in
particular injuries of the Achilles tendon. This review chapter is divided into the
following main sections. In Section 2.2., the epidemiology of injuries in
triathletes with specific reference to Achilles tendon injuries, classification of
Achilles tendon disorders, and risk factors for Achilles tendon injuries will be
briefly reviewed. In Section 2.3, the various hypotheses relating to the
pathogenesis of Achilles tendon injuries will be explored. This will be followed
in Section 2.4. by an overview of the normal anatomy and blood supply of the
Achilles tendon, and the imaging modalities that may be used to assess
morphological changes and/or changes in blood flow in the Achilles tendon
{Section 2.5.). Section 2.6. will focus on the relationship between
symptoms/signs of Achilles tendon injury and changes in morphology and
blood flow in the tendon. Finally, Section 2.7. will review the possible effects of
an acute exercise bout on changes in Achilles tendon morphology and blood

flow,
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2.2. A brief overview of Achilles tendon injuries

(Epidemiology, classification, and risk factors)

2.2.1. Epidemiology of injuries in triathletes with specific reference to

Achilles tendon injuries

The data on the epidemiology of injuries in triathletes is sparse and there are
wide differences in injury prevalence reported in the literature. Because the
sport is relatively young, the long-term physical effects of injuries in triathletes
has not been well studied °, and most of the studies on epidemiology were
only undertaken in the last 10 years. The main results of some of these
studies will now be briefly reviewed, highlighting the main injuries that occur

and possible risk factors for these injuries.

In a recently published questionnaire-based study ® among 656 triathletes, it
was found that 75% of the triathletes experienced at least one injury during
the event. More than 50% of the respondents reported one or more contusion
or skin abrasion, 33% reported suffering from muscle/tendon injuries, 29%
from ligament/capsule injuries, and 12% reported fractures. Chronic
complaints in the Achilles tendon, the knee, and the back were reported by
76% of the triathletes. The majority of the injuries (55%) were sustained
during the cycling training sessions, whilst 19% of all the injuries occurred
during the competition. In this study, factors associated with injuries were age,

performance level and weekly training hours. High-performance triathletes
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and those with a large number of weekly training hours incurred largely

muscle/tendon injuries.

In the Hawaiian Ironman Triathlon (1986), a case series study * in 95
triathletes showed that virtually all of the triathletes (91%) sustained at least
one soft tissue overuse injury during the previous year. In this study the back
was the area most commonly involved (72%), followed by the knee and thigh
(63%) and the ankle and foot (61%). Most triathletes reported injuries

involving more than one anatomical area (79%).

In another study, injuries and training history was documented in 257
triathletes over a period of one year prior to an event '°. Forty-nine percent of
the triathletes suffered from a training-related overuse injury in one year. Two
injuries were reported in 18% and 3 injuries in 7% respectively of the injured
triathletes. Running was reported as the cause of 62%, and cycling was
identified as the cause in 12,5% of the injuries. Swimming contributed to 11%
of the injuries, all being shoulder-related. Knee injuries (25%) were the most
common, followed by the shoulder (14%), the Achilles tendon (10%), the
ankle (7%) and lower leg (7%). In this study, it was concluded that triathletes
training for a triathlon have about a 50% likelihood of sustaining an overuse
injury during a 1-year period prior to the event. However, in this study there
was no relationship between injuries and training mileage, age, gender or

other characteristics of the triathletes .
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In a retrospective cohort study *, over a period of 8 weeks, among 155 British
triathletes, 37% of triathletes reported at least one injury. Overuse was
reported as the cause in 41% of the injuries sustained. Sixty-five percent of
the injuries occurred during running, and the most common anatomical sites
for injury were: (1) ankleffoot 27% (2) thigh 20% (3) knee 19% (4) lower leg
16% (5) back injuries. Injuries by tissue type were reported as: (1) muscle
40% (2) ligament/joint 28% (3) tendon 15% (4) skin 12% and (5) other body
tissue 2%. In this study, the average injury rate was reported as 5.4 injuries
per 1000 hours of training versus 17.4 injuries per 1000 hours of competition.
In this study, the injury incidence was not related to the mean amount of

weekly training or competition, intensity of training or frequency of training 5,

In another report ° in a group of 92 Japanese triathletes, at least one overuse
musculoskeletal injury related to triathlon was reported by 72% of the
triathletes in the previous year. Thirty percent of the triathletes reported 2
injuries, and 14% had 3 or more injuries. The lower limb was the most
commonly involved area (61%), with the knee again being the most frequently
injured joint (54% of all lower limb injuries sustained). Only 8% of injuries were
to the upper limb, and similar to that reported in previous studies 0 they were
all shoulder-related. The anatomical distribution of the injuries was as follows:
(1) knee 33%, (2) low back 28%, (3) shoulder 8%, (4) ankle 8% and (5) calf
5%. In this study, 3% of all the injuries were Achilles tendon injuries. Running

was found to be the most common cause of lower limb injury.
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In a retrospective, questionnaire-based study 7 of the injury and training
characteristics of male elite, development squad and club triathletes over a 5-
year period prior to the competition, an overuse injury occurred in 75% of the
male elite and development squad athletes, and in 56% of the club athletes.
The most common injuries reported were: (1) knee (14-22%) (2) low back (16-
18%) and (3) Achilles tendon (10-18%). Once again, running was reported as
the cause of most of the injuries in all 3 groups. The number of running
injuries sustained was associated with triathlon training distance, cycling
distance, swimming distance, number of triathlon workouts and number of
running sessions within one week’s race training. There was also a correlation
between the number of overuse injuries sustained during cycling and the time
spent running and cycling. It is important to note that the Achilles tendon was

again shown to be one of the most common sites of injury in triathletes.

In the most recently published study on injuries sustained by triathletes, 258
triathletes completed a questionnaire in which they were asked to report
injuries they had sustained during the previous 3 triathlon seasons ''. In this
cross-sectional survey there was an association between hours of training and
the risk of sustaining an injury. The relationship between training and injury
risk was reported as U-shaped, with triathletes training at either high levels or
low levels of training were at increased risk of sustaining an injury. The resuits
suggested that, for non-elite triathletes, the risk of sustaining an injury is
lowest when training for a total of 8 to 10 hrs per week, and more specifically,
cycling for 5 - 6 hrs and running for 3 - 4 hours per week. Training time spent

on swimming did not affect the injury risk.
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In summary, there is limited research available documenting the precise

incidence and risk factors for injuries in triathletes. This is because there are

1) no well-conducted prospective cohort studies of injuries in triathletes, and

2) that injuries are mostly self-reported from questionnaires, which has a

potential to introduce recall bias. However, it appears from available case

series, retrospective cohort studies and cross sectional studies, that the

following is known about injuries in triathletes:

®

The reported annual incidence of injury in triathletes varies, but is about
50%

The incidence of injury during training has been documented as 5.4/1000
hours of training and during competitions as 17.4/1000 hours

The lower limb (in particular the knee, ankle and foot, and lower leg),
followed by the lower back and shoulder are the most common sites for
injury in triathletes

Most injuries are soft tissue injuries involving muscles and tendons

Of the three modalities, running appears to be associated with a higher
risk of injury

Either increased or decreased training volume and possibly increased age
are factors associated with the development of injury in triathletes

The precise incidence of Achilles tendon injury in triathletes is not well
documented

However, in most studies, where this has been examined, Achilles tendon

injury has been reported as one of the more common injuries in triathletes
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2.2.2. Classification of Achilles tendon disorders

The classification and terminology that is used to describe disorders of the
Achilles tendon is not consistent "', Previously, the term ‘Achilles tendonitis’
had been used for any chronic pain in the posterior part of the heel '°.
However, it is now well accepted that this term is a misnomer. Histologically,
areas of chronic injury of the tendon are characterized by a degenerative non-

%1% and it is now well accepted that the term

inflammatory process
“tendinosis” for this chronic condition is more appropriate '*. Most researchers
in the field do however adopt the classification first presented by Puddu et al.
(1976)'®, with some modifications (Table 2.2.). This has led to a review and

re-classification of the disorders (injuries) of the Achilles tendon, and each of

these injuries will now be briefly reviewed.

Table 2.2.: Classification of Achilles tendon disorders

a. Paratenonitis
b. Tendinosis
c. Insertional tendonitis
d. Retrocalcaneal bursitis
e. Haglund’s deformity
f. Ruptures
Partial rupture
Complete rupture

Adapted from Puddu G et al, 1976 '

a. Paratenonitis

The term ‘paratenonitis’ refers to the pathology of the paratenon surrounding

the Achilles tendon ', Clinically, acute paratenonitis is characterized by

20



oedema and hyperaemia of the paratenon and is associated with infiltration of
inflammatory cells. Hours to days following injury, the tendon ‘sheath’ is filled
with fibrinous exudates, which causes the crepitus that can often be felt on
clinical examination. Acute paratenonitis can also progress to chronic
paratenonitis, where fibroblasts and perivascular lymphocyte infiltrates
appear. The peritendinous tissue becomes thickened and new connective

tissue adhesions can occur '8,

b. Tendinosis

Tendinosis is defined as tendon degeneration, without clinical or histological
signs of an inflammatory process. It may be associated with paratenonitis.
The characteristic histopathological features are collagen degeneration with
fiber disorientation, increased mucoid ground substance, and an absence of
inflammatory cells '°. Tendinosis may be associated with or without
neovascularisation, and focal necrosis or calcification '8 It is important to note
that it is not clear whether this is one condition only, and whether it is purely
degenerative in nature. Hence, some authors 19 prefer to use the term
‘tendinopathy’ which is a non-encompassing term implying that there is
underlying pathology in and around the tendon. Furthermore, several
pathologic conditions may co-exist in the tendon '°, and this often justifies the

use of the term tendinopathy.
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¢. Insertional tendonitis

Insertional tendonitis can start as peritendonitis and progress to distal
tendinosis with cellular necrosis and calcification. This may in turn lead to
partial or full avulsion '. Symptoms are specific and related to pain at the

bone-tendon junction, which frequently become worse after exercise %°.

d. Retrocalcaneal bursitis

Retrocalcaneal bursitis is a specific condition in which the retrocalcaneal
bursa becomes inflamed, hypertrophied and may adhere to the tendon '’
Clinically, it presents with pain anterior to the tendon, just superior to the

insertion on the calcaneus.

e. Haglund’s deformity

Haglund’s deformity is an enlarged postero-superior and lateral calcaneal
tuberosity. It occurs when the bursal projection is compressed for example by
a poorly fitting heel counter. This, in turn, leads to subcutaneous irritation and
bursitis of the adventitial bursa °. Clinically, it presents with pain in the

posterior aspect of the heel.
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f. Achilles tendon rupture

Achilles tendon rupture can be defined as a tear of a tendon, either partially or
completely. It has been previously suggested that partial ruptures do not exist
' It is suggested that what is referred to as ‘partial ruptures’, are actually
areas of focal degeneration 2%, Clinically, a history of sudden onset of
severe pain is indicative of an acute tendon rupture (partial or complete), while
a more gradual onset of pain and discomfort is the most common clinical

presentation of a tendinopathy '>#%%%,

2.2.3. Risk factors associated with Achilles tendon injuries

The aetiological risk factors (both extrinsic and intrinsic) associated with
Achilles tendon acute and overuse injuries have been recently extensively
reviewed 2°*'. However, these proposed factors have mostly been based on
the results of retrospective studies or the clinical experience of sports
medicine experts **°. Most reviewers agree that well-conducted prospective
studies to identify possible risk factors for Achilles tendon overuse injuries are
lacking **. A detailed analysis of the scientific evidence for each risk factor has
recently been conducted *°, and is beyond the scope of this review and this
thesis. However, a summary of the extrinsic and intrinsic risk factors are
presented In Table 2.2. and a brief description of each risk factor will follow

the summary.
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Table 2.3. Risk factors for Achilles tendon injury

Extrinsic risk factors

WRNOOD WN -

occupation

physical activity and type of sport
fraining errors

environmental conditions

running surface

shoes

smoking

nutrition

medication

intrinsic risk factors

XN A WON -

age
gender

previous injury

somatotype

blood flow

biomechanical and alignment factors
systemic diseases

genetic factors
Adapted from *’

a. Extrinsic risk factors for Achilles tendon injury

Occupation

It has been suggested that most of the patients with Achilles tendon injuries

have white collar jobs and lead sedentary lives *°. It has also been proposed

that a sedentary lifestyle is a primary reason for poor basal circulation of the

tendon and that this is, at least in part, responsible for the high number of

tendon injuries in people with a sedentary lifestyle that occasionally take part

in high intensity sports events *°.
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Physical activity and type of sport

The majority of Achilles tendon injuries are associated with participation in
sport 7. A relationship between the type of physical activity and injuries to
the Achilles tendon was found in these studies. Achilles tendinopathy is
common among endurance athletes such as long distance runners ¢, while
Achilles tendon rupture is largely associated largely with explosive ball and

racquet type games %,

Training errors

Training errors that have been associated with the development of Achilles
tendon injury include sudden increases in training load, frequency, or
intensity, or excessive hill training *°. Other possible training errors include
excessive interval training and also resumption of training after periods of
inactivity. It has been documented that the injury rate in novice athletes is
higher than in experienced athletes *° This could possibly be explained by the
higher probability of training errors in the novice group or due to the fact that
the muscle-tendon unit adaptation requires time and that novices, being less

experienced in training, are more likely to load the unit more quickly *'.

Environmental conditions

Environmental conditions that have been associated with the development of
Achilles tendon injuries, include extreme cold or heat, low or high humidity,
high altitude, darkness (e.g. in sport orienteering) and strong wind "4, The

increased risk of developing Achilles paratendinitis while exercising in cold
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weather outdoor training could perhaps be explained by a decreased
temperature of the Achilles paratenon “°. The paratenon, which is rich in
mucopolysaccharides, serves as a lubricant for the gliding of the tendon and
epitenon and the viscosity of the lubricant may be increased by low
temperatures. This in turn may increase friction and therefore the risk for
Achilles tendon paratendinitis. However, there is no scientific evidence io
support this hypothesis, but it may explain why it is commonly suggested that

‘warm-up’ before exercise is important to prevent Achilles tendon injuries.

Running surface
Training surfaces which are cambered, sioping, very hard or slippery, have all
been associated with increased risk of developing chronic Achilles

241 However, there is little scientific evidence to support these

tendinopathy
associations. An association an increased risk of injuries, including Achilles
tendon injuries, in soccer players who played more frequently on an artificial

turf has also been reported 2.

Shoes

Appropriate footwear can reduce the impact forces of running, and may also
provide mediolateral stability, which in turn prevenis excessive subtalar joint
‘pronation’ and ‘supination’ ™. An insufficient heel wedge may contribute to
compensatory ‘over-pronation’, which is thought to be associated with Achilles
tendon injuries *°. Other factors associated with footwear that may predispose
the athlete to Achilles tendon injuries, are worn midsoles, insufficient heel

height, over-rigid soles, lack of shoe cushioning, and inflexibility *®. However,
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these are all associations, and there are no well conducted prospective
studied to directly link footwear type and Achilles tendon injuries in a cause-

effect relationship.

Smoking

The effect of cigarette smoking as a potential risk factor for distal biceps
tendon injuries was studied. In this study, medical records of patients who
presented with elbow injuries over a 5-year period were examined *. One of
the findings was that smokers have a 7.5 times increased risk of distal biceps

tendon rupture compared o non-smokers.

in a more recent study, the effect of smoking on rotator cuff injuries was
examined in 72 shoulders of 36 cadavers *°. Of the 36 shoulders with
macroscopic rotator cuff tears, 23 were from cadavers with a history of
smoking. Advanced microscopic rotator cuff pathology was more than twice
as likely in those with a smoking history. It was therefore hypothesized that
smoking, being a known risk factor for microvascular disease, may
compromise the blood supply to the supraspinatus / infraspinatus tendon,

thereby increasing the risk of developing tendon pathology.

However, in both studies, the sample size was small. In contrast to the two
above studies, an earlier retrospective study *° reported that in 23 patients
with acute flexor tendon rupture, no relationship between smoking and tendon
rupture was found. Also, no relationship between smoking and rotator cuff

tears was found in a prospective study on 42 patients who underwent rotator
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cuff repair ¥’. There is, however, a lack of prospective studies relating

smoking and injury risk to the Achilles tendon.

Nutrition

Vitamin C is a cofactor for proline hydroxylase, the enzyme required for the
hydroxylation of proline, which is essential in the formation of collagen cross-
links *°. However, to date, no study could be found investigating the role of

nutrition and the incidence of Achilles tendon injuries.

Medication
Fluoroquinolone antibiotics, such as ciprofloxacin, have been associated with

44,50 ina

increased risk of Achilles tendon rupture and tendinopathies
population case control study it was found that 2-6% of alt Achilles tendon
ruptures in people older than 60 years could be attributed to the use of
quinolones. In this study, the risk for Achilles tendon rupture was found to
increase >4 times with the use of quinolones. The risk was found to even be
higher in patients concomitantly treated with corticosteroids 4 However, a
recent prospective study was performed to determine if sub-clinical
tendinopathy occurs in asymptomatic adults who were treated with
fluorogquinolone antibiotics 5 In this study, serial ultrasounds on 38 adults

could not identify any relationship between the use of fluoroguinolone

antibiotics and changes in the Achilles tendon.

Pathological mechanisms to explain the possible relationship between

quinolone use and Achilles tendon injury have been reported *2°°. In one
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study, it was found that the incubation of Achilles tendon, Achilles paratenon,
and shoulder capsule fibroblasts with ciprofloxacin resulted in a significant
(66% to 68%) reduction in cell proliferation compared to control cells at Day 3
in culture *°. it was also found that ciprofloxacin resulted in a statistically
significant (14% to 80%) decrease in proteoglycan synthesis in all the
fibroblast cell lines and a statistically significant increase in matrix-degrading
proteolytic activity after 72 hours in culture. Ciprofloxacin exerted an inhibitory
effect on fibroblast metabolism and stimulated matrix-degrading protease
activity. All of these factors may contribute to tendinopathy of the Achilles
tendon. [t has also been documented that ciprofloxacin reduced IL-1B-
induced PGE2 cutput in tendon-derived cells, and that various cellular
activities of IL-1p could be modulated by the reduction of PGE2 output, which

could therefore be implicated in fluoroquinoline-induced tendinopathy *°.

It has also been suggested that corticosteroids are associated with an
increase risk for Achilles tendon rupture ****. However, a recent retrospective
study showed that low doses of corticosteroids were harmless to human
tendon structure using flouriscopically guided injection *°. Finally, it has also
been suggested that anabolic steroids have been associated with Achilles

tendon injuries *°.
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b, Intrinsic risk factors

Age
[n civilian populations there has been little evidence to suggest that increased
age is related to injury risk *’. In contrast to this, there appears to be an

inverted ‘U'—shaped risk curve for injury with age in the military population *2.

Gender
Several case studies have shown that there is a greater risk of Achilles tendon
rupture in males °*®'. Case-control studies have also shown that Achilles

tendinopathy occurs more frequently in males compared to females *%.

Previous injury

In a large case series of 891 patients who had sustained various tendon
injuries, including Achilles tendon rupture, 34% had previous symptoms of
tendinopathy suggesting that an Achilles tendon rupture may be preceded by
symptomatic injury *'. It has also been documented that patients with Achilles
tendon injuries have more degenerate tendons than asymptomatic subjects
2582 This may indicate that, in most cases, a rupture may well be preceded

by tendinopathy.
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Somatotype
In a recent review, it was concluded that there is only weak evidence to
suggest that increased body mass and size are independent risk factors for

Achilles tendon injury ',

Blood flow

Although it has been suggested that there is a relationship between blood flow
and Achilles tendon injury, scientific evidence for this relationship is weak *'.
However, this requires further investigation, and this relationship will be

explored further in this thesis (Section 2.4.).

Biomechanical and alignment factors

Biomechanical and alignment factors that have been associated with Achilles
tendon injuries are flexibility, muscle-tendon unit stiffness, leg length
discrepancy, an excessively ‘supinated’ or ‘pronated’ foot, excessively high or
low arches of the foot, and a large Q-angle *’. Other factors include muscle

13;38 In a

imbalance, leg dominance and the presence of a plantaris tendon
recently published cohort study, it was also identified that increased
dorsiflexion range of motion and decreased plantar flexion strength as risk

factors for the development of an Achilles tendon overuse injury **.
Systemic disecses

Several reviews have indicated that a range of systemic diseases may be

associated with the pathology of Achilles tendon rupture and Achilles
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tendinopathy. Common diseases include inherited systemic diseases, such as
Marfan's and Ehlers Danlos syndrome '*#’. Endocrine and metabolic
diseases that have been associated with an increased risk of Achilles tendon
injury include diabetes mellitus, renal disease, thyroid disorders and rheumatic
diseases such as rheumatoid arthritis and gout '*. An elevated blood

cholesterol has also been associated with Achilles tendon injury %54,

Genetic factors

Traditionally, genetic factors associated with Achilles tendon injury have been
proposed based on the association in some studies of the ABO blood groups
and the human leucocyte antigen (HLA) system with these injuries '43":37:41:8%
°" However, the evidence for these three factors as specific risk factors for
Achilles tendon injury is weak *'. In contrast, two recently published studies
document an association between Achilles tendon injury and genes encoding
for specific structural proteins in the tendon structure 371 In one of these
studies, it was shown that persons with specific variants of the tenascin-C
gene appear to have a 8-fold increased risk of developing an injury of the
Achilles tendon "', In the second study variants of the COL5A1 gene were
shown be associated with Achilles tendinopathies *'. Therefore, recent

evidence suggests that genetic factors are important risk factors for Achilles

tendon injuries.

In summary, there are a number of intrinsic and extrinsic risk factors for

Achilles tendon injuries. In general, the association between specific risk
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factors and Achilles tendon injury is not based on strong evidence from either

prospective cohort studies, or randomized controlled intervention studies.

2.3. Pathogenesis of Achilles tendon injuries

Three main hypotheses for the development of Achilles tendon injuries have
been proposed in the literature. These are known as the degeneration
hypothesis, the pathological hypothesis and the failure of the neuro-inhibitory

mechanism hypothesis. Each of these hypotheses will be briefly discussed.

2.3.1. Degeneration hypothesis

In the degeneration hypothesis, it is suggested that the exposure of the
tendon to repetitive mechanical loads, results in microscopic damage 2
When the tendon is unable to repair fully, it leads to tendinosis (tendon
degeneration) or chronic ‘tendonitis” {an inflammatory process). This causes
an abnormal, weak and inflexible tendon. This could then further result in pain

and impair sports performance 2. The findings from various studies *'%7,

73,75

but not all studies support this hypothesis.

2.3.2. Pathological hypothesis

In this hypothesis, it is believed that systemic diseases weaken the tendon,
through mainly unknown pathological mechanisms ’. The systemic diseases

that have been associated with Achilles tendon injuries have been well
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d 14,27

documente , and can be divided into metabolic and endocrine, inherited

and rheumatic diseases.

Common examples of metabolic and endocrine diseases associated with
Achilles tendon injuries include diabetes mellitus and renal diseases.
Commonly inherited systemic diseases include Marfan- and Ehler's Danlos
syndrome, while rheumatic diseases associated with Achilles tendon injuries
are rheumatoid arthritis and gout '*. In a study of 292 individuals with Achilles

tendon rupture, only 23 (7.8%) had a history of a systemic disease *°.

2.3.3. Failure of the neuro-inhibitory mechanism hypothesis

This hypothesis suggests that when a sudden excessive load is applied to a
normal tendon, it ruptures due to an inability to withstand the load 7°. It is
suggested that the inhibitory neuroprotective (Golgi tendon organs)
mechanisms are overcome by the excessive loading of the tendon. It has
been suggested *' that genetic factors may determine the adaptation to
different stimuli, which in turn makes the susceptibility to tendon injuries

variable amongst individuals.
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2.4. Anatomy and blood supply to the Achilles tendon

2.4.1. Normal anatomy and blood supply of the Achilles tendon

The normal anatomy of the Achilles tendon has been well documented
13207877 and will not be discussed further in this thesis. However, because
potential changes blood flow in the Achilles tendon and the surrounding tissue

is a focus of this thesis, the normal blood supply to the Achilles tendon will be

briefly reviewed.

The blood supply to the Achilles tendon is from three areas: (1) The
musculotendinous junction, (2) osseotendinous junction and (3) the
paratenon. The posterior tibial artery provides the major contribution to the
blood supply "®. The peroneal artery also makes small contributions, probably
through anastomoses with the posterior tibial artery. The anterior tibial artery

has not been shown to be involved "°.

In the rabbit Achilles tendon, it was shown that only 35% of the total supply to
the midsection of the Achilles tendon was from the paratenon 8 Thus the
remaining 65% is from sources that vascularise the tendon at the insertion
and origin. However, in the human Achilles tendon, it is thought that the

vascular supply is primarily by the paratenon.
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Additional blood supply to the proximal third of the tendon is through vessels
from the muscle that continues into the endotenon. However, this is not
believed to be significant. Additional blood supply to the distal third is mainly
by vessels of less than 300pum in diameter of the rete arteriosum calcaneare
¥ These vessels are fed by the fibular and posterior tibial arteries. This
supply stretches from the insertional margin, proximaily up the endotenon +

Jem 78,81-83

2.5. Imaging of the Achilles tendon

In this thesis, the morphology and blood supply of the Achilles tendon was
studied. It is therefore appropriate to briefly review the imaging modalities that

are available to assess morphology and blood flow in the Achilles tendon.

The most commonly used imaging modalities in the assessment of the
Achilles tendon are ulirasonography (US) and Magnetic Resonance imaging
(MR} ®_ Plain X-rays usually do not reveal any pathology. In general,
excellent morphological information can be obtained from MRI and US, and
the use of these two modalities to define morphology and blood flow in the

Achilles tendon will now be reviewed.

2.51. Ultrasound

Utrasound (US) is a known, cost-effective and accurate method for evaluating
the Achilles tendon 2% US can be reliably used to locate Achilles tendon

abnormalities, estimate severity, and determine most of the conditions

36



requiring surgical intervention ¢, Examples of pathologies that can be
diagnosed by ultrasound are tendinosis (tendinitis), complete and partial
ruptures, various degrees of calcification, peritendinous lesions,
retrocalcaneal bursitis, lipomas, xanthomas and foreign bodies 8% US is
also used to assess the tendon’s surrounding tissue, and is able to
differentiate between functional and morphologic conditions *. However, US
is not completely reliable for diagnosing peritendinitis and tendinosis and it
cannot be used accurately to differentiate partial tendon ruptures from focal
degenerative lesions %. US is a valuable tool to determine the Achilles
tendon's thickness and echotexture °'. Grey-scale sonography is, however,
also operator-dependent %2, In one study it was documented that of
quantitative tendon measurements could be achieved when using two
observers and a defined scanning protocol *°. However, it was recommended

that the same observer(s) perform the serial assessments.

US has additional features of Colour Doppler (CD) and Power Doppler (PD)
ultrasonography. CD is an established technique which is useful in the
investigation of tendons. The sensitivity and specificity of CD has been shown
to be high. Colour flow is related to blood flow. It does not register normal
circulation due to the low blood flow and only registers increased blood flow
%% 1n contrast to the CD, PD is independant of the angle of the incident
beam *. The CD and PD are seen as useful adjuncts to grey-scale
sonography in the examination of Achilles tendinosis, especially because the
presence of blood flow has been associated with pain, discomfort and

physical restriction of the tendon ?’. Thus the CD and PD features of US can
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assist the sports physician in detecting neovascularisation that can assosiated

with chronic tendinosis *°.

However, it has been suggested that PD identifies more tendon

microvascularity than the CD in the Achilles tendon . This feature has

recently been used in treatment, and it has been found that in patients with

chronic Achilles tendinosis, ultrasound guided electro-coagulation into areas

of neovascularisation, could be effectively used to treat symptomatic patients

a8

In a review of the recent literature, it was found that besides imaging of

abnormalities US can also be used for various other functions, including:

L

US can be used for guided electrocoagulation into areas of
neovascularisation in patients with chronic Achilles tendinosis %

US can be used as a selection tool for the treatment of acute Achilles
tendon ruptures %

Pulsed US treatment in animal studies was found to accelarate the healing
in tenotomized Achilles tendons %

US can be used in tendon injuries by stimulating the expression of type |
and type 3 collagen via a process most likely mediated by the upregulation
of TGF-beta '0"1%

US can be used in the management of Achilles tendinopathy by
ultrasound-guided percutaneous tenotomy 1%

US is also used as a tool to guide local steroid injections into the

peritendinous space in patients with Achilles tendinitis (tendinosis). The
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injection of long-acting steroids have been shown to normalize the

ultrasonographic pathological lesions **"'%

2.5.2. Magnetic Resonance Imaging (MRI)

MRI is a non-invasive modality that does not use any ionising radiation.
Furthermore, it has the capability of imaging in any plane. Therefore it is well
suited to imaging the tendons in the ankle, because their course is not in
standard orthogonal planes '®. MRI also provides excellent soft tissue
contrast and is well able to differentiate the tendons from surrounding fat, and
to detect the presence of haemorrhage and cedema. Abnormalities of the
Achilles tendon detected include complete and partial tears, tendinosis
(tendinitis) and oedema "°*'% However, it should be noted that the MRI has a

8592 and therefore the

false positive rate of 6-19% in asymptomatic tendons
MRI findings should be interpreted with caution. Abnormal signals in the MRI

of asymptomatic and active athletes have been found in numerous studies '°”

108

2.5.3. US versus MRI in the imaging of the Achilles tendon

There is an ongoing debate as to whether US or MRI is superior to diagnose
Achilles tendon disorders in general. US is easily available, more cost-
effective, portable and it has the capability of demonstrating physiological
movement 8. The US's real time feature helps to correlate the investigation

with the symptomatic areas %.
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In contrast, it has been shown that MRl was superior for diagnosing ruptures,
especially partial ruptures "'%'"". Futhermore, in a two-year prospective study
in patients with chronic Achilles tendinopathy, a graded MRI appearance

rather than US assessment was assosiated with clinical outcome %2,

It has been shown that US and MRI to have a comparative accuracy when
using clinical criteria as a diagnostic yardstick . Similar findings have been
shown between between US and MRVI's diagnostic accuracy in patients who
were referred for surgery ®°. However, when the extended-field-of-view
sonography was compared with MRI in Achilles tendon disease, it was found
that US can challenge the MRI as the preferred imaging method in diagnosing
symptomatic Achilles tendon disease, especially with respect to saving time

and cost "2,

2.5.4. Other methods used to assess blood flow in the Achilles tendon

Although it is widely accepted that Colour Doppler (CD) and Power Doppler

(PD) are means to measure blood flow in the Achilles tendon %113 88114

other methods to assess tendon blood flow have been described. These
methods to quantify blood flow are: radioactive isotope Xenon-133 injection

ventrally into the Achilles tendon "'°, positron emission tomography ''®, near-

infrared spectroscopy, and indocyanine green '’
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In the research component of this thesis, it was decided to use US as the
preferred method of investigation because it is valid, reliable (using the same
operator), and also has the added advantage of being portable, Finally, US
can accurately assess morphology and blood flow in the tendon, which was a

focus of this thesis.

2.6. The relationship between symptoms/signs of Achilles
tendon injury and changes in morphology and blood flow in

the tendon

2.6.1. Morphological changes in the Achilles tendon and

symptoms/signs of Achilles tendon injury

The relationship between morphological changes in the Achilles tendon, and
symptoms and signs of Achilles tendon injury has only been investigated in a
few studies. In a two-year prospective study the value of US and MR in the
assessment of Achilles tendon disorders was documented . In this study,
tendinopathy was diagnosed in 45 patients with symptoms in 57 Achilles
tendons. All of the patients had an US examination, with CD and PD, and 25
patients also had an MRI. The results showed that the US identified abnormal
morphology in 65% (37 of the 57) symptomatic tendons and normal
morphology in 68% (19 of 28) asymptomatic tendons). It was found that
baseline ultrasound findings did not predict the 12 month clinical outcome and
that CD and PD did not improve the diagnostic ability of the US. The MR

identified abnormal pathology in 56% (19 of 34) symptomatic tendons and

41



normal morphology in 94% (15 of 16) asymptomatic tendons. Finally, it was
documented in this study that lesser grades of MRI signal abnormalities at
baseline were assosiated with an improved clinical status at 1-year follow-up.
The authors concluded that there was only a moderate correlation between
clinical assessment of chronic Achilles tendinopathy and ultrasound or MRI
findings. However, graded MR findings were associated with the clinical

outcome whereas US findings were not.

in an observational 8-year follow-up study on 83 patients, it was found that
mild-to-moderate changes were observed frequently in both the involved and
the initially uninvolved Achilles tendon, and that these changes were not

clearly related to the patients symptoms #°.

From these limited data, it appears that abnormalities of the tendon may
persist, even if a patient becomes asymptomatic. Therefore it is suggested
that the appearance on imaging should not be used as a guide whether a

player is fit to reiurn to play after Achilles tendinopathy *.

2.6.2. Blood flow changes in the Achilles tendon and symptoms/signs of

Achilles tendon injury

The relationship between changes in Achilles tendon blood flow, and the
development of symptoms or signs of Achilles tendon injury has also been
investigated in only a limited number of studies. In one study of 25 patients

with chronic Achilles tendinopathy, the relationship between symptoms and
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the PD ultrasound as well as tendon thickness was examined ''®. In this
study, there was no strong relationship between symptoms and PD ultrasound
of the Achilles tendon. However, tendon blood flow on PD ultrasound was
positively related to tendon degeneration and functionality (as indicated by
tendon size, patient age and functional test), but longitudinal effects were not

studied.

In a study where the relationship between PD ultrasound and clinical severity
in Achilles tendinopathy was examined, PD ultrasound of the Achilles tendon
was not related to symptoms, but rather to functionality and chronicity of
tendinopathy "', Similarly, it was also shown that a positive colour flow
correlated with age, but no correlation was found with the presence of
symptoms or sports participation. However, in this study all patients with

positive colour flow and PD also had positive findings on the grey scale US %2

In contrast, studies in animals (horses) showed that neovessels were seen in
all the symptomatic tendons, but not in any of the control group. Neovessels in
the animals had a similar appearance to those in human tendons ''°. More
recently, it was shown in human subjects presenting with chronic painful
tendinosis that, by using US and CD, neovascularisation was identified in the
tendons, both inside and outside the area with structural tendon changes and
pain '?°. This was not found in normal pain-free tendons. Furthermore, under
guidance of US and CD, the area with neovascularisation could be sclerosed
by injecting the sclerosing agent polidocanol into the vessels. In response to

this sclerosis, 8/10 of the subjects were pain-free and had no remaining
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neovessels. The 2 patients that were not pain-free still had remaining
neovessels '?°. These results appear to indicate that neovascularization in the

tendon is associated with pain.

However, there is also some eivdence to suggest that blood flow in the tendon
in asymptomatic athletes, may in part be a physiological response to physical
activity. In a recent study on elite badmington players, the intratendinous flow
in the Achilles tendon, as detected by CD ultrasound, was evaluated '*'. This
study included 72 players who were interviewed regarding Achilles tendon
pain over the preceding 3 years. Of the 72 players, 64 players had a CD
ultrasound examination before a match and this was repeated in 48 players
after the match. Before the match, almost all of the athletes had evidence of
CD flow -39 {84%) and only 7 (16%) of the players had no CD flow in either
tendon. All the players had some CD flow, in one or both tendons after the
match. Furthermore, the investigators report that there was a positive
association between self-reported pain and an increase in CD flow in the non-
dominant Achilles tendon. The fact that all the players exhibited CD flow after
the match may indicate that blood flow was a physiological response to

activity.

In a follow-up study by the same author, patients with chronic Achilles
tendinosis with neovascularisation were treated by electrocoagulation and
followed for 6 months *®. After the 6 months period, 91% of the patients
reported being effectively treated, but it had no effect on the intratendinous

Dappler activity. The results of this study suggested that localization of
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hypereamia couid be the key to the pathology and identify the area for
treatment, but that obliteration of the blood vessels may not be the key to
treating the pain. A possible explanation of this effect and the use of
sclerosing agents that was previously reported, could be that the destruction
of nerves accompaning the vessels is more important that obliterating the

biood vessles.

in a follow-up study, the investigators combined US and CD with
immunohistochemical analysis of biopsy and diagnostic injections '®°. The
results of this study showed that in the area with tendon changes and
neovascularisation, nerve structures were in close relation to blood vessels
and that injections of local anaesthesia temporarily relieved the pain in all of
the patients. Thus these findings indicated that the area with
neovascularisation (vessels and nerves) may be responsible for the

symptoms of pain in chronic Achilles tendinosis '%°.

Several studies indicate that Achilles tendinosis is accompanied by
neovascularisation '%%, but the precise role of neovascularisation in chronic
tendinopathy remains an area of investigation. Tendons are generally a poorly
vascularised tissue that relies largely on synovial fluid diffusion “' The
hypothesis that Achilles tendinopathy is at least in part caused by an
inadequate vascular supply to the affected area of the Achilies tendon has
been advocated ''®. In apparent complete contrast to this, are the findings of
hypervascularity seen in biopsies on patients presenting with Achilles

tendinopathy '°. The findings of neovascularity are similar to that found with
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laser doppler flow "2, Therefore it may be that the neovascularity in
tendinopathy is not assosiated with an attempt of tendon repair, but rather

with tendon degeneration ''®.

2.6.3. Mechanism/s for changes in blood flow in the Achilles tendon

Possible mechanisms to explain the transient increase in blood flow in the
Achilles tendon have been investigated. In one study on mechanical loading
of calf muscles in vivo '?| it was shown that a COX-2 specific mechanism was
responsible for the exercise-induced increase in prostaglandin synthesis, and
that this increase played an important role in the peritendinous connective
tissue blood flow during physical loading in vivo. However, testing was only
done with isometric testing, and there was no follow-up.

124 it was shown that an exercise-induced

In a study by the same author
hyperaemia in skeletal muscle is related to an increase in the concentrations
of bradykinin and adenosine, in both skeletal muscle and connective tissue.
The interstitial concentration of bradykinin and adenosine rose in response {o
exercise in the peritendinous tissue and skeletal muscle. This finding
supported the fact that bradykinin and adenosine are potential regulators of
peritendinous tissue blood flow. However, no follow-up was done to assess

the time factor related to the decrease in the concentrations of the bradykinin

and adenosine.
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An association between peritendinous blood flow around the Achilles tendon

(during exercise) and age could not be found '%°.

Another mechanism that was examined was the association between the rise
in calf muscle and peritendinous blood flow, to a fall in oxygen saturation
during dynamic exercise in humans '?®, This study found a parallel rise
between the above with a 7-fold increase in Achilles’ peritendinous blood flow.

A limitation of the study was the small sample size (7 individuals).

2.7. The effects of an acute exercise bout on morphology and

blood flow in the Achilles tendon

2.7.1. The effects of an acute exercise bout on morphology of the

Achilles tendon

The effects of regular training on tendon morphology has been studied '/, but
we are not aware of any studies that examined the effects of an acute
exercise bout on the morphology of the Achilles tendon. 1t is therefore not
known whether an endurance event such as an lronman triathlon can result in
swelling of the tendon or surrounding tissues, or whether this would result in

other changes in and around the tendon that may be visible using US.



2.7.2. The effects of an acute exercise bout on blood flow in the Achilles

tendon

The effect of an acute bout of exercise on blood flow in a tendon has been
documented in only a few studies. These studies differ with respect to the
model used (animal vs. human), the exercise protocol, blood flow
measurement techniques, measurement of peritendinous and/or
intratendinous blood flow, and whether subjects had evidence of increased

blood flow in the tendons before the exercise bout.

In one of the first studies to be undertaken, in an animal model, it was shown
that blood flow to the Achilles tendon increased significantly during exercise

as measured by the microsphere technique '%.

It has been shown that dynamic calf muscle contractions can increase

2% This study utilized a

peritendinous blood flow around the Achilles tendon
technique where xenon-133 was injected into the peritendinous space
ventrally to the Achilles tendon, 2 and 5 cm proximal to the calcaneal
insertion. Following dynamic muscle contractions, blood flow in the 5 cm
proximal to the Achilles tendon insertion increased 4-fold from rest to
exercise, compared to the 2.5-fold increase, measured 2 cm proximal to the

insertion of the Achilles tendon. Limitations of this study were a small sample

size and no repeat follow-up over time.
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The effect of a standardized intermittent static exercise protocol on
peritendinous blood flow in the human leg has been studied '"°. Peritendinous
blood flow was evaluated by the injection of the radioactive isolope xenon-133
ventrally to the Achilles tendon, 5 cm proximal to the tendon’s insertion. The
results of this study showed that the exercise protocol induced an average
increase in the blood flow of 3-4-fold, which was equivalent to resulls obtained
in an earlier study during dynamic heel raises 2% The main limitations of
these studies were the small sample size (6 subjects), and the fact that only
intermittent static exercise was performed. The intermittent static exercise was
also of a relatively low frequency compared with normal gait. Furthermore,

there was no repeat follow-up over time.

The effects of an acute exercise bout on blood flow in a tendon have also
been reported in the patellar tendon. The effect an exercise bout on patella
tendon vascularity was studied in 17 volleyball players "*°. The main finding of
this study was that there was increased vascularity in the Achilles tendon
following activity (p<0.001). However, in this study all the players were known
to have increased vascularity of the patella tendon prior to exercise and once

again no follow-up assessment was done.

More recently, in the largest known study to date "' 72 badminton players at
an international badminton tournament were studied. In this study it was
shown that in most of the players there was intratendinous blood flow
(measured using CD) before the match, and that this blood flow increased

immediately after the match. Furthermore, the increase in baseline blood flow
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was associated with self-reported symptoms in the preceding 3 years in the
non-dominant leg. Pain in the Achilles tendon was common in these athletes,
with 40% reported having pain in the past 3 years and 13% reporting ongoing
symptoms. The limitations of this study were that morphological changes in
the tendon were not examined, and there was no follow-up to determine
whether the changes observed in blood flow were transient or more

permanent.

The same authors also report on Doppler activity before and after exercise in
10 non-trained healthy subjects and 11 subjects with chronic Achilles
tendinosis in a recent study (unpublished) . In this study, 30% of the
asymptomatic tendons exhibited intratendinous Doppler activity before the
exercise, and this increased to 80% after running exercise. Furthermore, all
the symptomatic subjects exhibited increased Doppler activity before the
activity, and this remained present after the exercise. The limitations of this
study were once again that there was no measure of changes in morphology,

there was no foilow-up, and that the sample size was small.

In summary, it does appear from the findings of these studies that
intratendinous blood flow is present in a percentage of asymptomatic athletes,
and that this increases following an acute bout of exercise. Furthermore, there
may be an association between the observed increases in tendon blood flow,

and symptoms, but this requires further investigation.
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2.8. Summary

Injuries, in particular overuse injuries, are common in triathletes and the

reported annual incidence is about 50%

¢ Lower limb injuries are one of the most common sites of injury, especially
involving muscles and tendons

e The Achilles tendon has been widely reported as a common site of
overuse injury in triathletes

¢ A number of intrinsic and extrinsic risk factors have been associated with
Achilles tendon injuries

e |t has been suggested that there are three main hypotheses for the
development of Achilles tendon injury. These are the degeneration
hypothesis, the pathological hypothesis, and the failure of the neuro-
inhibitory mechanism hypothesis

¢« MRI and US are both excellent tools for the investigation of the Achilles
tendon

¢ Using US to evaluate the Achilles tendon has the added advantage of
being portable, more cost-effective and has an excellent ability to evaluate
both the morphology and blood flow (by using CD and PD)

« There is not always is clear relationship between morphological changes in
the Achilles tendon and the presence of symptoms

* There is no clear association between blood flow changes in the Achilles

tendon and symptoms
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The majority of studies show that there is a relationship between
neovascularisation and chronic painful tendinosis (neovessels that were
injected with a sclerosing agent resulted in decreased pain in most
patients)

More recent studies show that blood flow in a tendon increases in
response to an acute bout of exercise, but this response may not always

be pathological — this however requires further investigation
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Chapter 3

Achilles tendon morphology and blood flow changes
following an Ironman triathlon: A prospective cohort

study

3.1. Introduction

The triathlon is an endurance sport consisting of a swim, cycle and run
components. Triathletes can participate in a variety of triathlon events, ranging
from shorter sprint triathions to an ultra-endurance triathlon, such as the
tronman triathlon. An lronman triathlon consists of a 3.8 km swim, a 180 km
cycle, followed by a 42.2 km run. The participation in, and more importantly,
the preparation and training for this event can predispose triathletes to

injuries, in particular, overuse injuries *°.

O'Toole et al. * have documented that 91% of the triathletes participating in an
lronman triathlon reported at least one soft tissue overuse injury during the
previous year's training. In a subsequent study, at least one injury was
reported by 75% of the triathletes during their participation in a triathlon °. The
specific risk factors for injuries in triathletes have however not been well

documented. Recently, Egermann et al. ° reported that injuries in triathlon are
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related to age, performance level, weekly training hours and previous history
of injury. The most significant factor associated with an injury in triathletes is

increasing years of triathlon experience 2.

The anatomical distribution and type of injury in triathletes has, in general, not
received much attention. In one study it was documented that 55% of the
injuries in triathletes occurred in the lower extremity °, while in another study
‘tendonitis’ was reported to be the predominant type of injury ®. Vieck et al. ’
have reported that injuries of the Achilles tendon, lower back and the knee

were the most common injuries in triathletes.

It therefore appears, from the available limited literature, that injuries to the

25-31 and

Achilles tendon are common in triathletes. Although the risk factors
pathogenesis >’ of Achilles tendon injuries in athletes in general have recently
received attention, there are no specific studies documenting factors
associated with Achilles tendon injuries in triathletes. In particular, it is not

documented what the effects of regular training for a triathlon, as well as the

effect of participating in an Ironman triathlon are on the Achilles tendon.

Any study that assesses the Achilles tendon changes requires the use of
specialized imaging. In recent years, soft tissue diagnostic US (with CD and
PD) and MRI have both been successfully used to assess Achilles tendon

morphclogy 84;85;121;133-
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The use of soft tissue diagnostic ultrasound (from here on referred to as
“ultrasound” - US) has the following specific advantages over other imaging
techniques: 1) US has a high sensitivity and specificity similar to that of MRI
'3 2y US is portable and can be used in field studies, 3) US evaluation of the
Achilles tendon can be performed rapidly and is very cost-effective, and 4) US
can be used to assess both morphology and blood flow in the tendon and

surrounding tissues 213

The importance of measuring blood flow in the Achilles tendon and
surrounding tissue has recently received attention. It has been reported that,
in general, increased blood flow is not seen in normal resting tendons and
seldom in joints *. Increased blood flow (Doppler activity) has however been
documented in patients with clinical signs of tendinosis *"'*""% it is therefore
suggested that the presence of intratendinous blood flow may be a sign of

pathology in tendons.

However, it has also recently been documented that increased blood flow in
tendons and surrounding tissue can occur after an acute bout of exercise. In
one study in elite badminton players, increased blood flow in the Achilles
tendon was reported in the majority of players following a match, and this was
not related to symptoms '?'. This increase in blood flow after repetitive loading
was believed to be a physiological hyperemic response rather than a

pathological response (Boesen et al. 2006 - In press).
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However, the effect of an acute bout of exercise where there is extensive
prolonged mechanical loading of the Achilles tendon, such as during the
fronman triathlon, on morphology and blood flow has not been documented.
Furthermore, there are no prospective studies that have followed any changes
that may occur in Achilles tendon morphology or blood flow immediately after
exercise during subsequent weeks. Therefore, it is not known if these
changes are transient, and whether they are related to the development of

symptoms and signs of Achilles tendon injury.

Therefore, the aims of this study were 1) to determine if the participation in an
fronman triathlon alters Achilles tendon morphology and/or blood flow
immediately after the event, 2) whether these changes in morphology and/or
biood flow are transient, and 3) if any changes in morphology and/or blood

flow are related to the development of symptoms and signs of Achilles tendon

injury in triathletes.

3.2. Methods

3.2.1. Type of study

Prospective cohort study.
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3.2.2. Subjects

All 1136 triathletes (970 male, 85.4% and 166 female, 14.6%) who entered
the 2006 “Spec-savers” Port Elizabeth South African lronman Triathlon (3.8
km swim, 180 kmn cycle and 42.2 km run), which was held during March 2006,
were considered as potential subjects. In the 2 months prior to the event,
information about the study was posted on to the official race website
(Appendix 1). This information included details about the study procedures
(Appendix 2), the informed consent form (Appendix 3) and copies of the
questionnaires (Appendix 4) to be completed. In addition, a service for
triathletes to ask questions about the research by telephone or email was
established. Prior to the study, the protocol was approved by the research
Ethics Committee of the University of Cape Town (REC ref n° 425/2005)
(Appendix 5}, as well as the general organizing committee and the medical
sub-committee of the 2006 “Spec-savers” Port Elizabeth South African

Ironman Triathion.

Recruitment for the study took place at the registration area in the 3 days prior
to the event. A research area was established in close proximity to the
registration desk. As triathletes reported at the registration desk, they were
informed about the nature of the study, and could then volunteer to take part
in the study. Triathletes then reported to the research staff, where further
information was given, and any questions were answered. Once triathletes

gave written consent to be part of the study, they continued with the
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completion of a pre-race questionnaire and a pre-race soft tissue diagnostic
US of both Achilles tendons. Of the 1136 triathletes who entered the event,
992 (87.2%) started the race, 304 (26.8%) triathletes complete the pre-race
questionnaire, and 109 triathletes (9.6%) consented to undergoing the

Achilles tendon diagnostic US investigation.

In addition, triathletes who consented to a pre-race US investigation also
agreed to report to the immediate post-race US scanner which was located in
the “tunnel” just after the finish line. A subgroup of the triathletes who
consented to the pre- and immediate post-race US was also approached to
undergo a further US of the Achilles tendon 6-8 weeks after the event. This
subgroup was chosen on the basis of their ability to undergo this investigation

in Cape Town (South Africa).

3.2.3. Pre-race questionnaires

For the purposes of this study, a previously validated pre-race questionnaire,
which consisted of a number of sections, was modified and then used
(Appendix 4) %" The information obtained from this questionnaire was
used in a number of studies that were conducted at this event. In this
particular study, information from the following sections was used: (a)
personal details (including age, height, body weight, gender, ethnic group,
country of birth and dominant hand/foot), (b) racing, training and equipment

use history, (c) history of medication and supplement use, which included a
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section on lifestyle and habits history, (d) family medical history and finaily (e)

personal general medical history.

The section on racing, training and equipment use history included specific
details about previous participation in triathlons, running events and cycling
events. Personal best performance times in a number of these events were
also obtained. Training details, which included training distances and hours
spent training, viere obtained for the last 15 weeks and 1 week before the
event. All triathletes were also asked to record if they performed stretching
exercises and how many times per week and times per day these were
performed. The muscle groups that were included in the stretching exercises
as well as the duration of holding the stretch for and how many times the
muscle is stretched were also included in the questionnaire. In the equipment

use history section, the specific brand and type of running shoe was recorded.

In the section on the history of medication and supplement use, subjects were
specifically asked to report on the usage of corticosteroids and
fluoroquinolone antibiotics. Corticosteroid usage was further divided into oral
ingestion or injection, particularly a history of injection in or around the Achilles
tendon. Smoking status was also recorded. In the section on family medical
history triathletes were asked to report if any of their biological {blood)
relatives ever had a chronic Achilles tendon injury, an Achilles tendon rupture

or any ligament injuries.
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Personal medical information was also obtained on any current or previous
tendon (tendinopathy or rupture) or ligament (sprain or complete tear) injuries
in any anatomical area. Triathletes were also asked if they ever took any
medicines to treat injuries, during their triathlon career, in the week before or
during a race ~ including anti-inflammatory drugs, cortisone (tablets or
injection), or analgesics. Finally, triathletes were required to report a history of

any connective tissue disorder or known rheumatological disease.

All the triathletes were encouraged to complete the questionnaire whilst

remaining in the research area and the majority completed it in this manner.
Alternatively, triathletes took the questionnaire with them and returned it the
next day or the morning of the race (< 10% of questionnaires were returned

this way).

3.2.4. Pre-race Achilles tendon clinical assessment and ultrasound (US)

The triathletes were asked If they were currently experiencing any pain,
swelling or stiffness and a clinical examination was performed, assessing for
tenderness or swelling (nodular of diffuse) and a shift test (tenderness in the
area of the Achilles tendon that moves with plantar- or dorsiflexion) was

performed ',
One experienced musculoskeletal radiologist conducted the soft tissue

diagnostic ultrasound investigation of the Achilles tendons in a cohort of 109

triathletes. The method of imaging the Achilles tendon, using ultrasound, has
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been described previously '*%. A Toshiba Nemio scanner (Nemio 20, Toshiba
Corporation, 1385, Shimoishigami, Otawara-shi, Tochigi-Ken, 324-8550,

Japan) and a Toshiba linear probe multifrequency, set on 14-MHz were used.

For the examination, the triathletes were in a prone position with their feet
overhanging the examination couch. The ankles were in their naturally relaxed
position with the Achilles tendon fairly taut. Both Achilles tendons were
scanned from the musculotendinous junction to the calcaneal insertion in both
the antero-posterior and transverse diameter. The sonographic probe was
placed parallel to the Achilles tendon for the transverse scans to avoid

anisotrophy 143,

The tendon shape was classified as either angular or fusiform, and the margin
was classified as either sharply or poorly defined. The contour was assessed
as smooth, nodular or tapered. The tendon sagittal and transverse diameters
in the antero-posterior positions were measured (mm) at the thickest point of
the Achilles tendon °. For the internal architecture of the tendon, the following
abnormalities were noted: (1) hypoechoic foci, (2) disrupted fibres, (3)
haematoma’s, or (4) calcifications and/or acoustic shadowing. The
ultrasonographi~ diagnosis of Achilles tendinosis in each tendon of the
triathletes was made based on the presence of one or more of these

abnormalities.

Other abnormal features in the surrounding tissues of the Achilles tendon

were also examined. The presence of fluid and any soft tissue swelling in the
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paratenon area was documented and will be referred to as ‘paratendonitis’ '*%.

Other characteristics such as Kager's fat pad, presence of fluid in the
retrocalcaneal bursa, the myotendinious junction and the insertion on the
calcaneus were also recorded to exclude other conditions such as
inflammation of the retrocalcaneal bursa (bursitis), formation of bone spurs
and triceps surae muscle injuries that may be associated with the
musculotendinous junction (Appendix 6) '*?. Collectively, these abnormal
features were grouped together and referred to as ‘Other abnormal features’

or ‘Other features’ in the results section of this thesis.

Finally, CD was used to detect an increased blood flow in both the tendon
substance (intra-tendon), Kager's fat pad and the paratenon. Blood flow was
only documented as being either ‘present’ or ‘absent’ in the tendon or
surrounding tissues. The reasons for documenting blood flow in this manner,
rather than quantifying blood flow are as follows: Firstly, there was limited time
available to conduct the US examination of each triathlete, and secondly, at
the time of finalizing the protocol of this study there were no well established
standardized methods of quantifying blood flow in the Achilles tendon using

CD ultrasound.

3.2.5. Immediate post-race clinical assessment and Achilles tendon US

An immediate post-race clinical assessment and US of the Achilles tendon

was performed on 81 of the 108 triathletes (74% of the original cohort). Of the

18 triathletes who did not undergo immediate post-race US, 6 did not finish
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the race and 12 did not report to the immediate post-race research area which
was located in the “tunnel” within 100 m from the finish line. All the race
finishers walkea through this area on their way to the recovery area. At this
time, triathletes were also asked to report any pain, swelling or stiffness they
may have experienced during or immediately after the race. A brief clinical
examination was performed at that time to note any tenderness or swelling
{nodular or diffuse) in the Achilles tendon. A shift test was performed in those
triathletes who did have areas of tenderness in the Achilles tendon. The same
radiologist then performed all the immediate post-race scans using the same

US scanner, and the same technigue was used.

3.2.6. Six to 8 weeks post-race Achilles tendon US

A 6-8 weeks post-race US of the Achilles tendon was conducted in a
subgroup of triathletes 6-8 weeks after the race. At the time of registration, 44
of the 109 triathletes (40%) were eligible for the 6-8 weeks US investigation
(based on the fact that they were from the geographical area near Cape
Town). The reason for choosing the above demographic area was due to the
location of the same radioclogist and a similar US scanner in that region. All the
triathletes in the original cohort were eligible for the 6-8 weeks post-race
ultrasound investigation gave consent, provided they were able to come to the
venue 6-8 weeks after the race. Following the race, the 44 triathletes in this
subgroup were contacted telephonically and asked to report for the follow-up

us.
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Of this subgroup, 29 (out of 44 eligible subjects) triathletes (26.6% of the
original cohort of 108) agreed and subsequently underwent the 6-8 weeks
post-race US 6-8 weeks after the race. During this visit, triathletes were again
asked about anv pain, swelling or stiffness in the 6-8 weeks after the race. A
brief clinical examination for the presence of tenderness, swelling
(nodular/diffuse) was repeated. The shift test was performed in those
triathletes where there was tenderness. Triathletes with symptoms were also
asked about treatment during the 6-8 week post-race period (including ice,
stretching, physiotherapy, eccentric training or the use of medication). Finally,
aspects relating to training history and races performed in the 6-8 weeks after

the lronman triathlon were recorded.

The Achilles tendon US examination was then repeated by the same

radiologist, using the same machine and the same protocol (Appendix 7).

3.2.7. Environmental conditions on race day

Data on the weather conditions on race day were obtained from the South
African Weather Service. The average temperature during the race was 20°C
(maximum temperature of 21°C, minimum temperature of 19°C). The average
relative humidity during the race was 70%, the average wind speed was 37

km/h, and the sea water temperature was 19.2°C.
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3.2.8. Statistical analysis of data

Data were analysed using the Statistica 7.0 (Stat-soft Inc, Tulsa, Oklahoma,
USA) and GraphPad InStat 2.05a (GraphPad Software, San Diego, California,
USA) statistical programs. Data are presented as a mean + standard deviation
or as a frequency (%). The number of subjects or observations (n) is usually in
parenthesis. A one way analysis of variance, Peason’s chi-square (x°)
analysis or a Fisher's exact test was used to determine any significant
differences between groups. Where the overall F value was significant, a
Turkey's honest significant difference post hoc test was used to identify where

the differences were. Statistical significance was accepted when p<0.05.

3.3. Results

3.3.1. Subject characteristics

One hundred and nine (94 males and 15 females) triathletes were recruited
for this study of which 96 (88.1%) (82 males and 14 females) completed the
pre-race questionnaires. The general characteristics, as well as the overall
and split times of the triathletes are presented in Table 3.1. Two of the
triathletes did not start the race, while an additional 2 did not finish the race.
As expected the male triathletes were on average significantly taller and
heavier, with 