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Abstract

The influence of socioeconomic deprivation status (SEDS) on the epidemiology of primary
Achilles tendon rupture (ATR) has not been explored, while the general epidemiology of Achilles
tendon re-ruptures (ATRR) is poorly understood. The optimal management of ATR remains
controversial and recent trends towards functional rehabilitation are not supported by robust
evidence.

The studies comprising this thesis sought to define the epidemiology of primary ATR, with
particular focus on the influence of SEDS; to describe the epidemiology and risk factors for
ATRR; to report on comparative outcomes from randomised controlled trials comparing long-
term outcomes after traditional operative and non-operative management and short-term
outcomes after traditional and functional non-operative rehabilitation; and to report on changes in
static plantar loading patterns, physical and patient reported parameters after functional non-
operative treatment of ATR.

ATR and ATRR were commoner in males and individuals with lower levels of socioeconomic
deprivation. The nature of ATR varied with variations in SEDS. Risk factors for ATRR were
identified, including younger age and immobilising treatment of ATR. Patients treated surgically
did not report superior long-term outcomes to those treated non-operatively. Functional
rehabilitation was found to be a safe alternative to immobilising treatment, giving better early
outcomes, albeit with a higher incidence of minor skin complications. There was no difference in
outcomes beyond one year after injury. Functional, non-operative rehabilitation was associated

with reduced forefoot loading and increased rearfoot loading. These changes reduced with time



but persisted nine months after injury and were accompanied by progressive changes in uninjured

foot loading.
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Chapter 1: Introduction

The Achilles tendon is the largest and strongest tendon in the human body, formed by the
fusion of the soleus tendon and the medial and lateral gastrocnemius tendons.' It derives its
name from Greek mythology, where the nymph Thetis is said to have dipped her son Achilles
into the River Styx, making him invincible. However, she is said to have held him by one heel
and thus his foot never touched the water, leaving this as his only vulnerable part. He is said to
have been brought down in battle in the Trojan war by a poison tip arrow aimed at his heel by
Paris of Troy.”> To this day, the term ‘Achilles heel’ is used in non-medical parlance to refer to a
vulnerable or weak spot, with the first such use recorded in 1705.%> The term ‘tendo Achilles’ was
first penned by the Dutch anatomist Philip Verheyen in 1693 in his text Corporis Humani
Anatomia, where he stated that it was commonly called the cord of Achilles. It has also been
variably referred to as the tendo Achillis,>* tendo Achilles,5 % calcaneal tendon,7’ 8 tendo-

calcaneus’ and the heel cord.'”

1.1 Anatomy and Function of the Achilles Tendon

1.1.1 Anatomy of the Achilles Tendon!

The Achilles tendon is formed around the mid-level of the calf by the convergence of
gastrocnemius and soleus to form a common tendon. The functional unit that these two muscles
form is sometimes referred to as the triceps surae.'' The gastrocnemius muscle lies superficially
in the posterior calf and is the main contributor to the typical surface contour of the proximal calf.

It arises as two heads (medial and lateral) from the posterior aspects of the medial and lateral



femoral condyles via tendinous origins and from the intervening posterior knee capsule. The
tendons expand into a posterior surface aponeurosis and muscle fibres arise from the anterior
surface of this, running distally. The two heads of gastrocnemius form the inferior borders of the
popliteal fossa. The medial head is larger than the lateral and the medial muscle belly extends
further distally than the lateral. Distally, a broad anterior aponeurosis is formed and the muscle
fibres insert into this. It is at this point that the two heads begin to merge into a single entity.

The aponeurosis is broad proximally, but narrows as it runs distally into the Achilles tendon. The
soleus muscle lies deep to gastrocnemius. Proximally, it is completely covered by the wider
gastrocnemius muscle, however, more distally, the soleus muscle is wider than the overlying
gastrocnemius. Soleus arises from the proximal quarter of the fibula as well as the soleal line on
the posterior surface of the tibia and further distally from the medial border of the tibia. Between
the two lies a fibrous arch. The popliteal vessels and tibial nerve run deep to the arch. Soleal
fibres arise mainly from the posterior surface of the proximal aponeurosis and run distally to the
Achilles tendon, although there are some fibres which arise from the anterior surface of the
aponeurosis in a bipennate fashion and form a small, tubular intra-muscular tendon which merges
with the main soleus tendon distally. The tendon of soleus becomes more tubular in shape as it
passes distally, merging with the tendon of gastrocnemius to form the Achilles tendon. The
Achilles tendon receives fibres from soleus on its anterior aspect, almost as far down as its
insertion. Innervation of both gastrocnemius and soleus is from the tibial nerve, consisting of
fibres from S1 and S2 nerve roots. The plantaris muscle, when present (it is absent in around 8%
of individuals), lies between gastrocnemius and soleus'? and its long and slender tendon runs
distally and medially, coming to lie medial to the Achilles tendon and then insert onto the
calcaneum medial to it, although on occasion, it may fuse with the Achilles tendon or insert into

the plantar fascia.



The Achilles tendon does not have a synovial sheath but is surrounded by the paratenon which
is composed of flexible connective tissue which facilitates gliding of the tendon with
movement.'® At a histological level, the tendon is composed of cells (fibroblasts) and extra
cellular matrix containing mainly collagen (type I collagen being by far the predominant type)
with small amounts of elastin and proteoglycans. Type I collagen molecules consisting of two a-
1 polypeptide chains and one a-2 polypeptide chain arranged in a right handed triple helix are
arranged in a staggered array to form microfibrils, which are in turn arranged into fibrils and
bundles (fascicles). Collagen fibres are arranged longitudinally in the direction of stress and
impart the main tensile strength of the tendon.'"'*'> At rest and under low loads, the collagen
fibrils exhibit crimp (i.e. they adopt a wavy configuration), which is lost with progressive
stretching of the tendon. '

12,16 and is thinnest at the

The Achilles tendon is around 15cm in total length on average
midsection, forming a rounded cord, before splaying in its terminal part (approximately 4cm at
the distal end), to insert into the posterior aspect of the calcaneum, in a crescentic fashion.'’
However, absolute tendon length varies significantly between individuals and does not appear to
be correlated with patient height.18 The retrocalcaneal bursa lies between the Achilles tendon
posteriorly and the posterior surface of the calcaneum anteriorly. The posterior wall of the bursa
is thin and blends with the epitenon of the Achilles tendon while its anterior wall is thicker and
composed of fibrocartilage. There may be a second bursa lying superficial to the tendon,
although this is a less frequent finding.

The AT fibres rotate in a spiral fashion en route to their insertion in the calcaneum, so that the
more superficial fibres arising from the continuation of gastrocnemius insert more laterally while
the deep soleal fibres insert more medially on the calcaneum,'” a phenomenon first noted by

Cummins and Anson in 1946." The insertion is through a fibrocartilage enthesis characterised

by a gradual transition from tendon to uncalcified fibrocartilage, then to calcified fibrocartilage



and then bone. This arrangement allows for a gradual transition from flexible to stiff tissue and
dissipates stress.""

The AT lies subcutaneously just deep to the skin and its contour can easily be appreciated in
slim individuals. Medially lies the plantaris tendon (when present) and laterally, the sural nerve,
which crosses the lateral border of the AT and is potentially at risk during surgical exposure of
the Achilles tendon. Deep (anterior) to the AT is the fascia of the deep posterior compartment

overlying the flexor hallucis longus belly.

Figure 1.1. Muscles of the posterior aspect of the leg. Gastrocnemius has been partially removed to facilitate visualisation of the
underlying soleus muscle proximally. The Achilles tendon, labelled as the ‘calcaneal tendon’, is visible distally in the posterior
aspect of the leg. Reproduced with permission from Gray’s Anatomy. The Anatomic Basis of Clinical Practice. 41* edition.
Standring S (2016).



1.1.2 Vascular Supply of the Achilles Tendon

The AT predominantly receives its arterial supply from two main sources — branches of the
posterior tibial artery and the peroneal (fibular) artery.'® The main arterial supply of the AT is to
peritendinous tissues via a recurrent branch of the posterior tibial artery with further blood supply
from the paratenon and from branches extending from the muscles of origin proximally and the
os calcis distally.! These feed into a network of vessels arranged in three primary orientations:
transverse, longitudinal and deep. The superficial transverse vessels are the largest calibre and
longitudinal vessels running parallel to the tendon fibres in turn arise from these, running along
the inter-fibrillar striations.'® The longitudinal arteries penetrate the tendon fibres and spiral with
these, facilitating supply to the deeper tendon tissue. The arteries have been shown to exhibit a
progressive fractal pattern, whereby each branching artery reproduces the parent artery pattern.
Hence, the arteries spread out at right angles to each other reproducing the same pattern on
progressively smaller scales. This pattern enables vessels to reach all areas of the Achilles
tendon. '

The posterior tibial supply enters medially while the peroneal supply reaches the tendon
laterally. Between them, they supply three vascular ‘territories’ (figure 1.2). Branches of the
posterior tibial vessel supply the proximal (on average the part >7cm proximal to its insertion)
and distal (on average the terminal 4cm) while branches of the peroneal artery supply the
intervening part of the tendon. The mid-section of the AT is markedly hypovascular in

comparison to the rest of the structure and this is also the region at highest risk of rupture.'® "2
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Figure 1.2. Vascular supply of the Achilles tendon. Figure A shows a radiograph of the vascular supply of the Achilles tendon.
Figure b shows a schematic representation of the vascular supply to the Achilles tendon. The posterior tibial artery supplies the
proximal and distal sections, while the peroneal artery supplies the mid-section. Reproduced with permission from The arterial
anatomy of the Achilles tendon: anatomical study and clinical implications. Chen et al in Clinical Anatomy, 2009.

Vessels enter through the layer of deep fascia covering the AT and then spread as a thin
network of arteries within the paratenon, which is wrapped around the tendon. Surgical stripping
of this layer would therefore compromise the blood supply to the tendon.'® Open surgery to the
Achilles tendon requires incision through the deep fascia and paratenon in order to access the
tendon, with the potential to compromise blood supply to the tendon to some degree. Knowledge
of the vascular anatomy and respect for the soft tissues are vital to minimise disruption to the
tendon blood supply. Median based incisions in the paratenon have been advised, as have medial
sided longitudinal incisions in the central portion of the tendon (to protect the laterally based

peroneal supply to this part of the tendon) for open surgery and minimally or less invasive



approaches and techniques have also been described which may be associated with reduced
tendon stripping and vascular compromise.'®

The skin over the medial aspect of the AT is supplied by branches of the posterior tibial artery
and that over the lateral aspect by the peroneal artery. The skin lying centrally over the posterior
aspect of the tendon is a watershed area between the two and has the poorest blood supply.' '
This, together with the relation to the sural nerve, is why surgical midline and lateral approaches

to the tendon are best avoided.

1.1.3 Function of the Achilles Tendon

The AT forms part of a musculotendinous unit spanning three joints, whose action results in
knee flexion, ankle plantar flexion and also inversion of the subtalar joint by virtue of its stronger
medial pull on the calcaneum.' It is the main, but not the only, plantar flexor of the ankle and
residual plantar flexion due to the action of the long toe flexors, tibialis posterior and the peroneal
muscles may result in Achilles tendon injuries being missed on clinical assessment.! The
Achilles tendon can also exert an inversion or eversion moment in varus or valgus hindfoot
alignment respectively and in such scenarios can contribute to deforming forces, whereas in the
extremes of these movements, it may resist them. "'

Humans are bipedal mammals. Additionally, they are plantigrade, meaning that the full length
of the foot is set down on the ground. This is in contradistinction to other large mammals, many
of which are digitgrade (i.e. walk and stand on their toes) or ungulates (who walk and stand on
hooves on the tips of their toes). In the sagittal plane, the human centre of gravity falls through a
point anterior to the tibiotalar joint and this exerts a dorsiflexion moment on the ankle that must
be countered by the plantar flexor muscles, acting largely through the Achilles tendon, to
maintain an erect posture. Additionally, during walking, running or jumping, plantarflexion is

important for propulsion. The gastrocnemius contains a higher proportion of fast-twitch muscle



fibres, which are used during periods of rapid propulsion (e.g. running or jumping). Conversely,
soleus is more of a postural muscle, with a significantly higher proportion of slow-twitch fibres,
which are recruited during simple standing and have lower fatigaubility.'

Forces acting on the Achilles tendon are significant, with studies showing that these are in the
region of 2.1 times body weight with barefoot walking®* and can reach as much as 12.5 times the

body weight during running.*

1.2 Biomechanics and Pathophysiology of Achilles Tendon

Rupture

The relationship between load and deformation in the Achilles tendon has been studied and
shares many properties with those of other tendons.”** The stress-strain curve of a tendon
(figure 1.3) is typically made up of various regions.'>** Stress refers to the force applied per unit
area of the structure and is measured in Newtons per metre squared (N/m?). Strain refers to a
ratio of the change in length relative to the original length of the structure and therefore has no
units (since it is a ratio). A concave, non-linear toe region, which has been attributed to the
resting crimp of collagen fibrils in a tendon, is observed at low levels of stress. Here, there is
little resistance to tension as the fibres lengthen. With progressive stretching, the crimped fibres
begin to straighten and an increasing number of fibres are recruited under tension. Thus the
stiffness of the tissue increases and the stress-strain curve enters the linear region, where the
slope of the curve is much steeper (i.e. the amount of load required to produce progressive
deformation is higher). This region of the curve depicts an almost linear relationship between
load and deformation, hence its name. The elastic modulus (a concept often referred to as
Young’s elastic modulus when applied to materials) is the stress per unit strain over the elastic or

linear portion of the graph, i.e. the gradient of the graph in its linear portion, measured in N/m?.



Its units are those of the numerator in this relationship (i.e. those of stress), since the denominator
(strain), being a simple ratio, has no units of its own. Beyond the linear region, with increasing
stress, failure of the tendon occurs. Initially this is at a microscopic level, as inter-molecular
cross links fail and collagen fibres slide past one another.”* There may be failure of a few greatly
stretched fibres at the terminal extent of the linear region, that cause small reductions in stress,
characterised by “dips’ in the stress-strain curve."> Eventually, with progressive loading, the
ultimate tensile strength (P« in figure 1.3) is reached and complete failure occurs rapidly,

leading to macroscopic tendon rupture.

Stress

Lineayfegion

Toe

Strain

Figure 1.3. Stress-strain curve for tendon tissue. Stress refers to the force applied per unit area of the structure and is measured in
Newtons per metre squared (N/m?). Strain refers to a ratio of the change in length relative to the original length of the structure
and therefore has no units (since it is a ratio). Reproduced with permission from Basic Orthopaedic Sciences: The Stanmore
Guide, 2006. M Ramachandran.

Additionally, tendons are known to be viscoelastic in nature,* i.e. they exhibit stress-strain

behaviour that is time and loading rate dependent. B Itis generally thought that crimp is lost at a



strain of around 2% and that deformation is reversible up to a strain of around 4%, with
progressive failure starting to occur between strains of 4 and 8% and ultimate failure and
macroscopic rupture occurring at strains greater than 8%.>* Although the concepts are widely
accepted, there is some variation in the precise figures reported by different authors, which may
be attributable to differing methodologies employed to measure the relationship between load and
deformation,'” with other studies reporting that crimp may persist until strains of 4% or even 6%
are reached and that the ultimate strain at failure may be as high as 10%,??’ while estimates of
Young’s modulus of Achilles tendons have ranged between 0.3 and 2 Gigapascals'’ and ultimate
tensile strength has been reported to be between 20 and 100 Megapascals.'” The Pascal is the
unit of pressure utilised in the International System of Units (SI) and equates to one Newton per
metre squared. The lower values were observed in sedentary adults.'” Young’s modulus, also
known as the elastic modulus, refers to the gradient of the linear portion of the stress-strain graph
and is defined as the stress per unit strain (expressed in N/m?)."

Given the viscoelastic properties of tendons, it is unsurprising that both failure stress and
failure strain have been shown to vary with the rate of loading25 and these findings may explain
why an in-vivo tendon may appear to be able to withstand higher stresses with certain activities
or types of loading than others.'” They may also explain some of the differences in key values
noted between different studies.

Additionally, as stress (defined as the force per unit area and expressed in N/m?) is dependent on
both the cross sectional area of the tendon and the forces acting across the tendon, both these
variables are of relevance to its ability to remain intact. Sex and age-related differences are also
known to impact the biomechanical characteristics of the Achilles tendon. Male tendons have
been shown to generally have greater cross sectional area than female tendons and to be stiffer
and exhibit greater ultimate tensile strength.'>"® Despite this, however, they rupture more

frequently and this may be due to differences in activity or forces generated, or other, as yet
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unknown factors.”* With ageing, the Achilles tendon becomes stiffer and its ultimate tensile
strength decreases, while immobilisation and physical inactivity are associated with changes in
cross-sectional area and negative effects on tendon properties.'> !’

Conditions that alter the mechanical properties of the Achilles tendon, altering the stress-strain
curve, may predispose to ATR. Pathologic Achilles tendons are known to differ histologically

from healthy tendons'”*

and in one large study, histological degenerative changes were noted in
97% (864 of 891) of spontaneously ruptured tendons.” Various processes that may lead to
Achilles tendon degeneration and rupture have been described, among them tendinosis (a non-
inflammatory, degenerative process which may predispose to rupture without prodromal
symptoms) and chronic tendinopathy (characterised by paratenon inflammation and oedema

which manifest with activity related pain).*% **

Tendinosis is characterised by disorientation of
the parallel collagen fibres, enlarging tenocytes and vascular spaces and increased amounts of
type 111 collagen.zo Chronic tendinopathy often occurs with over-use and inflammation is
associated with thickening, impaired tendon gliding and subsequent mucoid degeneration with or

without calcific deposits which cause fissuring within the tendon.*®*°

Prolonged chronic
tendinopathy can also lead to degenerative changes similar to those observed in tendinosis.*
Partial ruptures of the AT incite an inflammatory response and formation of type III collagen and
also therefore alter the mechanics of the tendon.'”

Ultimately, whatever the aetiological pathway, ATR is the result of an imbalance between the

forces acting on the Achilles tendon and its ability to withstand and resist them. Any variable

that effects either of these can therefore predispose to ATR.
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1.3 Clinical Features and Diagnostic Imaging of Achilles

Tendon Rupture

32-40
It occurs

Achilles tendon rupture (ATR) is a common injury’' and its incidence is rising.
most frequently with active, forceful plantarflexion of the foot,*' although other described
mechanisms include sudden unexpected, or forced, ankle dorsiflexion.'® It is most commonly the

40, 42-44

result of a non-contact sporting injury. The commonest sports involved vary with location,

-4 and jumping sports such as basketball*” and volleyball** * feature

although racket sports
particularly commonly, as does football.*®* Other less common mechanisms include ascending
or descending stairs, trips and falls or spontaneous rupture while walking.*

Patients typically report a painful popping sensation at the back of the ankle and often state

that it feels like they were kicked in the back of the leg.** *

There may be an accompanying
audible snap.** Pain is felt around the posterior region of the ankle and there may be localised
swelling or bruising as well as weakness of active plantarflexion. Around one third of patients
may report prodromal symptoms preceding the rupture.'® Clinical examination is most easily
undertaken with the patient kneeling on the edge of a chair or lying prone. A tender, palpable
gap along the length of the tendon is typical and may be best appreciated by applying gentle
passive dorsiflexion to put the tendon on stretch, however it may be difficult to palpate in the
presence of associated swelling*® and has been reported to be a less sensitive and specific test
than both calf squeeze and Matles’ tests.*” Calf-squeeze tests, known by their eponymous names,
are the most well-known clinical tests for this injury. Thompson described the calf squeeze test
in 1962, having first noted this clinical sign in 1955 and he confirmed his findings in a series of
21 patients with ruptured Achilles tendons.*®* However, by the time he published his findings,

Franklin Simmonds had independently described a similar test some five years earlier, in 1957.>°

The absence of foot plantar flexion on calf squeeze by the examiner is considered a positive test
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indicative of complete tendon rupture.’’ Calf squeeze in an intact Achilles tendon is thought to
induce plantar flexion by deforming the fleshy soleus tendon, causing the overlying
gastrocnemius musculotendinous complex to bow and exert traction on the calcaneum. Proximal
displacement of the tapered gastrocnemius muscle also occurs with calf squeeze, but its effect is
relatively minor compared to the above described displacement caused by soleus.”® Calf squeeze
tests are reported to have very high sensitivity (96%-100%) and specificity (93%) in the

diagnosis of Achilles tendon rupture.*”>**

It is postulated that an intact plantaris tendon may
cause false negative calf squeeze tests even in the presence of a ruptured Achilles tendon,
although this theory has not been scientifically proven.”* Matles’ test was described in 1975 and
involves the patient lying prone and actively flexing the knees to 90 degrees. The ankle on the
injured side remains in a neutral or dorsiflexed position with this manoeuver, while the uninjured
ankle plantarflexes, indicating a positive test.”” Matles’ test is said to be more sensitive (88%)
than palpation of a gap in the tendon (73%), although it is a less specific test (85% vs 89%).*’
All clinical tests should be performed on both the injured and uninjured ankles for comparison.

In the majority of cases, the diagnosis can be made clinically and imaging modalities are not
required.’® Although imaging modalities are used routinely in some protocols to confirm the
diagnosis and more recently to measure tendon gaps to aid with decision making,”” ¥ surveys
have indicated that the use of imaging modalities to confirm a diagnosis of Achilles tendon
rupture is not routine practice in most units> and many modern treatment regimens do not use
imaging modalities.®*> American Association of Orthopaedic Surgeons guidelines, albeit now
somewhat dated, previously found insufficient evidence to make any recommendation for the
routine use of imaging modalities in the diagnosis of Achilles tendon rupture.®

Plain radiographs may demonstrate abnormalities including a Toygar’s angle <150° (this is the
angle formed by the posterior skin surface curve on a lateral radiograph of the ankle), a positive

Arner’s sign® (characterised by the anterior contour of the Achilles tendon curving away from
g y g y
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the upper part of the posterior calcaneus) and reduced size and loss of sharp borders of Kager’s
triangle, a fat-pad filled space bounded posteriorly by the Achilles tendon, anteriorly by the
flexor muscles of the calf and inferiorly by the superior border of the calcaneum.® The former
two signs have low sensitivity.”> Plain radiographs are not routinely used in the diagnosis of
ATR, although they are routinely used in A&E when assessing ankle injuries and for this reason
many patients with an as yet undiagnosed Achilles tendon injury may get radiographs of their
ankle taken.

Ultrasonography is the most commonly used imaging modality for diagnosis of Achilles

57,58
tendon rupture.””

It has been shown to be very sensitive and specific in differentiating
complete ruptures from partial ruptures and ‘[endinopathy.66 In the presence of a ruptured
Achilles tendon, hyperechogenicity is generally seen at the rupture site, along with irregular
tendon edges, although a rupture site haematoma may also have hypoechogenic appearences. ™
Ultrasound has the benefits of allowing dynamic assessment, measurement of gap size and
tendon thickness and it is relatively inexpensive but operator dependent.'*>® ¢

Magnetic Resonance Imaging (MRI) demonstrates disruption of the tendon signal on T1
sequences, while T2 sequences are characterised by increased signal intensity associated with
oedema and haemorrhage, however it is non-dynamic and relatively expensive and less

o1 24,56
accessible.”™

It has been suggested that MRI is time consuming and expensive and may lead to
delays in treatment, while it is less sensitive than clinical examination and therefore should not be
used for diagnosis in routine acute cases of rupture, although it may be useful in the assessment
of chronic ruptures.”

Despite the high reported sensitivity and specificity of clinical tests for Achilles tendon
rupture, the diagnosis has been said to be initially missed in up to 25% of acute presentations.54’
56, 68, 69

Missed diagnoses may be due to a haematoma obscuring the tendon defect, retained

plantar flexion of the foot due to extrinsic foot flexors or a false negative calf squeeze test due to
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pressure exerted on the accessory foot flexors.'* > Missed diagnosis leads to delayed or no
treatment, resulting in a chronic rupture, with tendon elongation and worse long term outcomes,
often requiring surgical intervention.”’™ Despite this, factors predisposing to a missed diagnosis
are poorly understood. It is therefore imperative that acute ATR are not only diagnosed, but
appropriately treated, to prevent negative sequelae. However, there is much debate as to what

constitutes the best current treatment for acute Achilles tendon ruptures.

1.4 Evolution and Controversies in the Treatment of Achilles

Tendon Rupture

The first recorded description of Achilles tendon rupture was by Hippocrates, the ancient
Greek physician who lived in the 4™ and 5™ centuries BC and is sometimes referred to as the
‘father of Medicine’. He called it the ‘tendo magnus’ or ‘neura megula’, reflecting the confusion
between tendons and nerves at the time and stated that ‘this tendon, if bruised or cut, causes the
most acute fevers, induces choking, deranges the mind and at length brings death.”” It is
suspected that this description related to sepsis resulting from an open injury to the Achilles,
although at the time there was neither detailed knowledge of infection, nor a clear distinction
between nerve and tendon anatomy and function.”” Hippocrates’ proposed treatment is not
described, but Galen advocated against tendon repair in the second century AD, while it is known
that an Arabian surgeon by the name of Avicenna was attempting tendon repair in the tenth
century AD. The Italian surgeon Guglielmo di Faliceto, in the twelfth century AD, believed that
nature could not heal divided tendon ends and that these were best treated surgically, while in the
fourteenth century AD, the French surgeon Guy De Chauliac attempted to defend surgical

2,75

management of tendon injuries with moderate success. In the sixteenth century AD,

Ambroise Paré described successful instances of Achilles tendon repair as well as a significant
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incidence of wound problems with open Achilles tendon injuries and also gave the first clear
description of closed subcutaneous rupture of the Achilles tendon. He stated that it could be
caused by ‘a little jump, the slipping aside of the foot, the too nimble getting on horseback, or the
slipping of the foot out of the stirrup on mounting the horseback’. From his description, it
appears that this injury was not uncommon. He also described symptoms and signs including an
audible crack, a palpable gap in the tendon and difficulty walking due to plantarflexion weakness.
His proposed treatment involved a long period of rest with the leg strapped in bandages dipped in

22475 Jean Louis Petit, one of

wines and spices, however, he warned that outcomes were poor.
the foremost surgeons in Paris during the first half of the eighteenth century, reported three cases
of acute ATR treated non-operatively with immobilisation in knee flexion and ankle plantar
flexion, reporting good results, while in the same century, John Hunter, a famous Scottish
surgeon, described treatment of his own closed Achilles tendon rupture with plantarflexion
splinting using Munro’s bandage and then a shoe with a heel raise. Munro, a Professor of
Anatomy and Surgery in Edinburgh, had used this bandage, which maintained foot
plantarflexion, as well as a subsequent splint and shoes with heel raises, to treat his own closed
Achilles tendon rupture previously.> With advances in anaesthesia and antiseptic technique at the
end of the nineteenth century, surgical treatment of these injuries became a viable alternative to
non-operative treatment and the French surgeon Pollailon described the first case of surgical
repair of a closed ATR in 1888.” The controversy regarding optimal treatment of ATR
intensified thereafter in the twentieth century.

In 1929, Quénu and Stoianovitch reviewed the literature and compared surgical treatment in
29 patients (of whom 2 were their own patients) with non-surgical treatment in 39 patients. The
authors’ claimed excellent results in their own patients and were clearly in favour of surgical

repair.z’ 6 Sir Harry Platt reported a series of eleven cases of surgically treated ATR in 1931 with

‘perfect’ or ‘excellent’ function reported for ten of these and ‘good results with some calf
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elongation’ for one.”” Lawrence et al reported experience with surgical repair for ATR at the
Massachusetts General Hospital in the United States of America, between 1900 and 1954 and
also advocated in favour of surgery, stating that ‘although an occasional case has been reported as
being successfully treated with conservative measures, these patients undoubtedly had incomplete
tears’.®” There was no evidence put forward to support their claim that successfully treated non-
operative cases were partial tears of the Achilles tendon. The trend towards surgical treatment

continued through much of the 20 century such that it became the preferred method of treatment

78,79

in many centres,”® " although some studies in the 1970s and 1980s reported good results with

non-operative treatment of ATR,”*** re-igniting debate as to the best treatment for these
injuries.
Both traditional operative and non-operative treatment regimes involved prolonged periods of

4,78, 84, 85

immobilisation in varying degrees of ankle equinus. The main benefit of surgery was

found to be a lower re-rupture rate, with the difference in re-rupture rates being more marked

86-89

with traditional immobilising rehabilitation regimes and significantly less so with more

modern functional rehabilitation regimes.**! Considerable debate as to whether surgical

treatment yielded superior results to non-operative management and discussion around the risks

78,82, 85, 86, 91, 92
d

associated with surgical treatment persiste and both continue to be widely used

32,37,93,94

in mainstream practice, with significant geographical variation. This has led to multiple

randomised controlled trials comparing operative and non-operative management of these

. 4,57,62,84
injuries, however all of these reported only on short term outcomes at one or two years, >’ > %%

88.9597 with only one comparative study reporting on mid-term outcomes at a mean of seven

years after injury®® and no comparative studies reporting on long term results have previously

been published in the medical literature. This is surprising, given that ATR often affects middle

32,35,37,38,43

aged individuals who are expected to remain physically active for many years after

their injury.
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Isolated reports of functional non-operative management regimes appeared as far back as the
mid-1990s”® but it was only more recently that authors began to question whether prolonged
periods of immobilisation are required”” and functional rehabilitation regimes permitting earlier
weight-bearing and/or controlled mobilisation have become popular.°'- % 8999107 1t hag also

been reported that early weight bearing is associated with an improved early healing response in

108

the ruptured Achilles tendon.”™ Re-rupture rates with modern functional rehabilitation regimes

89,90, 103

have been reported to be comparable for surgical and non-surgical treatment although

some large studies and meta-analyses continue to show clinically small differences in re-rupture
rate in favour of surgical management but with a demonstrable incidence of surgical

complications.”™ ' Although regimes with elements of functional rehabilitation have been in

107, 117-125

use for a number of years, it was the publication of some high-profile prospective

randomised comparative studies, published after the turn of the century and advocating functional
non-operative treatment on the basis of a low re-rupture rate and avoidance of the potential risks
associated with surgery, that appears to have spurred recent trends towards non-operative

management, which became increasingly popular from the end of the first decade of the twenty

32,37, 62, 88,90, 95,97, 105, 126-128

first century. The trend towards non-operative functional rehabilitation

has, as with most previous treatments for ATR, exhibited marked geographic variation,'” being

32,37, 105, 128

most notable in Europe and Canada, while studies from other countries, such as the

United States of America and Japan, continued to report increasing rates of surgical management

in comparison to non-operative management.”**

L . 130,131
Controversy therefore persists in modern day practice ™

and although practice in most
countries appears to be shifting towards functional non-operative management, the evidence base
underlying this shift has been criticised for its quality and also because the conclusions drawn by

some authors are not necessarily supported by the underlying study design and methodology®”’

and it has been shown that widely employed clinical practices are often not supported by robust
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scientific evidence.*''** There is therefore a need for adequately powered studies that directly

compare traditional and modern functional rehabilitation regimes.

1.5 How Can Outcomes Be Measured After Rupture of the

Achilles Tendon?

1.5.1 Evolution of Outcome Measurement in Orthopaedics and Achilles

Tendon Injury

Outcome reporting is essential to quantify the effects of an injury or condition and to measure
the success or failure of a given intervention, enabling it to be compared objectively with other
potential treatment methods. Outcome reporting is also important as it aides medical
professionals and patients to make informed decisions about treatment and to discuss expected
outcomes and the likelihood of adverse events with patients when embarking on a treatment
regime. Outcome measures in medicine have evolved significantly over the years.

Early research in the field of trauma and orthopaedics tended to focus on binary outcome
measures, often relating to patient or implant survival ** or the incidence of adverse events or
complications.'*> '*® The same is true for research in the field of Achilles tendon rupture where
re-rupture or surgical complications were frequently the main outcome measure reported.®” '*’
While these are undoubtedly important negative outcomes, they are relatively rare and such
reports usually did not give information about outcomes in unaffected patients who represent the
majority of those treated.’”® Furthermore, the effect of occurrence of these events on function
was often not quantified.®” **1%

Additionally, authors often reported subjectively on outcomes, for example, claiming ‘fair’,

54,69, 77

‘good’ or ‘excellent’ results, without defining these terms to readers or using only

relatively vague criteria to define these groupings.'” Subjective outcome measures are
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misleading and do not allow reliable comparison with the results of other author groups in the
wider literature.

As research methodology progressed, physical measures of patient status were undertaken and
reported (for example calf circumference or range of motion of the ankle joint) and attempts were
made to quantify function after treatment for these injuries, often using crude and indirect
measures of function (e.g. return to work or sports).” **3+#7 Physical measurements provided a
more objective (albeit at times non-standardised) measure of outcome and allowed direct
comparison of individual patients’ status with the results from studies as well as facilitating
comparison between studies. Physical measures commonly used in the field of Achilles tendon
rupture include clinical measurements taken at the time of examination (e.g. calf circumference

or ankle joint range of motion)*** and attempts to measure power of ankle plantar flexion.* **-**

124, 139

Physical measures of outcome continue to be reported today, although the methods for
recording and reporting these have become more complex and refined with the passage of time.
Initially, range of motion measurements were reported to the nearest 5 degrees,* whereas more
modern studies, including those in this thesis, utilise goniometers that are able to record range of
motion to the nearest degree. Measurements of plantar flexion power were originally undertaken
using relatively crude contraptions constructed by investigators,'*’ or basic spring devices,'** but
with the increasing availability and use of technology, more complex measures of function have
become possible, for example, measuring dynamic forces generated at the ankle joint using a

4,95, 140

dynamometer, calculating work done using linear encoders,” or the measurement of

plantar pressures under the foot using footplates.”®
It was also realised that subjective and arbitrary classification of outcomes could be

misleading and efforts were made in many fields of orthopaedic study to derive scores that

141, 142

allowed a degree of standardisation. Early scoring systems in orthopaedics and also in the

20



143

field of Achilles tendon rupture, ™ tended to combine physical clinical measurements (e.g. range

of motion) with some basic patient answered questions about pain and function, which facilitated
the combination of multiple measurements into a single numerical value said to represent the
patient’s overall status. This approach reflected prevalent beliefs at the time that physician
reported outcomes were the gold standard. However, such scores continued to often be divided

144, 145

by researchers into arbitrary categories of function (e.g. ‘fair’, ‘good’ and ‘excellent”) to

facilitate statistical analysis.
In modern practice, it is increasingly recognised that assessment of outcomes after treatment is

a complex and nuanced field, which is multi-faceted. It is acknowledged that there are often

146, 147

significant differences between patients’ and physicians’ perceptions of outcomes and that

more importance must be given to the patients’ perception of outcome.'** Many authors advocate

that this is in fact the most important measure of outcome, '** '*°

given that the focus in many
modern health systems is on improving and maintaining quality of life. Patient reported outcome
measures (PROMs) have therefore become increasingly prominent in the medical literature and
also in the assessment of healthcare delivery on a wider scale,*® where they are also being used
to guide management decisions and to set benchmarks for expected standards.'*’

PROMs can be simply described as a patients’ report of the status of their health.'"'*?
Advocates of the use of PROMS state that they provide a sophisticated measure of whether a
patient feels better and quantify by how much.'*® These tools allow quantification of the
patient’s perspective of outcome as a single score, which facilitates comparison between patients
and studies. While outcomes reported by patients were initially described as subjective outcomes
by some authors,'*® with increasing evidence of their robustness, they have come to be regarded
as objective measures of outcome on which important decisions can be based.'>' In modern

153-156
h,

orthopaedic practice, PROMs are used extremely widely in clinical researc including in

4, 60-62, 97,157, 158

the field of Achilles tendon rupture and are routinely collected for various elective
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orthopaedic procedures in large national orthopaedic registries, > '®* which utilise PROMs to
measure outcomes.
Various different types of PROM scores exist, including those designed to measure outcome

163 those

after a specific type of injury (e.g. the Achilles Tendon Total Rupture Score — ATRS),
designed to measure functional outcomes in a specific joint (e.g. the Foot and Ankle
Questionnaire,'®* the Oxford Knee Score'®® and the Oxford Hip Score'®®) or limb (e.g. the Quick
Disabilities of the Arm Shoulder and Hand (QuickDASH) score'®’) and those designed to assess
general musculoskeletal function (e.g. SMFA'®®). Just as the measurement of physical and
clinical parameters has advanced with time, it was increasingly appreciated that not all scoring
systems previously used in the field of orthopaedics were necessarily appropriate and the
importance of objectivity, validity, reliability and responsiveness of scoring systems became
increasingly evident.'*” '*1 19171 Qyccessful modern scoring systems, including the SMFA '
and ATRS scores, ' "*have been subjected to detailed psychometric and statistical analysis
to ensure that they meet these criteria.'®'"!

The term validity encompasses concepts including construct validity, criterion validity and
content validity'”' and essentially refers to the ability of the tool to measure what it actually
proposes to measure.'>! Responsiveness refers to the ability of the PROM to detect clinically

important changes over time, even if these are small.'”

Reliability refers to the ability of an
outcome measure to distinguish between patients'” and is often evaluated by assessing test-retest
reproducibility.””' Additionally, some authors argue that PROMs are more objective than
physician administered outcome tools, since they negate the need for an observer to administer
the tool, thereby reducing the risk of observer bias.'”'  As may be expected, many PROMs have
also been shown to correlate with physical clinical measures, '’ although it is clear that these are
distinct entities measuring different aspects of outcome'” and that many other factors also

. . 149, 175, 176
influence patient reported outcomes.'* "> 7
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Patient reported outcome tools have also been developed to measure patient reported health
related quality of life (e.g.: EQ-5D, SF-36).""'”° More recently in the wider field of
orthopaedics, there has been a trend towards reporting not only on an affected joint or bone, but
also on its effect on patients’ overall perception of their general health. In addition, there is
increasing use of other overarching measures of patient satisfaction and sentiment, which have
been explored to complement the reporting of PROMs, using concepts such as overall patient
satisfaction, patient willingness to undergo similar treatment again or to recommend similar

149, 180-182

treatment to others. However, there is minimal existing data in this regard for Achilles

81, 88, 96
tendon rupture,” "

with this type of research lagging behind that in the wider orthopaedic field
and implying a lack of detailed understanding of patient sentiment towards treatment regimes for
ATR, beyond the previously reported physical measures and PROM scores.

PROMs and measures of patient satisfaction and sentiment are increasingly being used to

138, 183

guide decisions in healthcare provision and management. They have been routinely

collected for patients undergoing some elective procedures in the National Health Service in the

150, 184

UK, as well as private healthcare institutions, while the NHS in England has also mandated

the widespread use of the NHS Friends and Family Test.'®> '

Outcome reporting in medicine and more specifically in the field of trauma and orthopaedics
and Achilles tendon rupture has progressed significantly over a number of years from initial
reporting of ‘lack of complications’, to measurement of physical parameters and latterly, to a
patient-centred approach to outcome measurement.'® Study design and methodology has also
improved dramatically with the passage of time, while reported results are subjected to
significantly greater scrutiny and statistical review with great rigour during the peer-review
process.

In order to give readers a well-rounded and multi-faceted understanding of outcomes, modern

high quality studies should therefore include a selection of outcome measures from various
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categories discussed above, including both physical and clinically measured outcomes as well as
a variety of patient reported outcomes that give an overview of patient perceived outcomes
relating specifically to their injury as well as to joint function, musculoskeletal system function
and health related quality of life. These should be complemented by other measures of patient
sentiment and satisfaction and the relationships between these variables explored to give a more
complete understanding of outcomes after treatment for these injuries.

The clinical outcome studies included in this thesis (Chapters 4, 5 and 6) include a variety of
outcome measures from the above categories and aim to give a better understanding of outcomes
after ATR, adding long-term PROMs and patient satisfaction and sentiment data to the earlier
physical measurement and PROMs data from a randomised controlled trial comparing traditional
non-operative and operative management regimes and also reporting on short term PROMs data
from a prospective trial comparing traditional non-operative management with a modern
functional rehabilitation regime. Additionally, the final study in this thesis aims to further
explore more detailed physical measures of function in the modern non-operative functional
rehabilitation regime, including plantar pressure data and various Achilles-specific parameters
(e.g. Achilles Tendon resting angle and Achilles tendon length measure) in addition to routinely
collected physical measures and to report on PROMs, HRQoL and measures of patient
satisfaction and sentiment, to give a detailed understanding of the interaction between
biomechanical and functional outcomes after treatment of ATR with a modern functional

rehabilitation programme and how these change in the months following injury.
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1.5.2 Patient Reported Outcome Measures Used in the Studies
Comprising this Thesis

The studies undertaken for this thesis have been designed to report on a variety of outcome
measures including the incidence of adverse events at short and longer term time points, clinical
and physical measures of outcome (e.g. calf circumference, range of motion, ability to heel-raise)

and an array of PROMs covering injury specific function (e.g. ATRS),'®

joint specific function
(e.g. Foot and Ankle Outcomes Score)'®* and general musculoskeletal dysfunction and disability
(e.g. SMFA).'® Additional measures of outcome that have recently become topical are also
reported on, including health related quality of life PROMs, patient satisfaction, net promoter

180, 187

scores, the friends and family test'®> 1%

and willingness to undergo similar treatment again,
thereby giving a multi-faceted and holistic overview of outcomes after acute Achilles tendon
rupture.

Some of the scores reported in multiple studies in this thesis are detailed below.

1.5.2.1 Short Musculoskeletal Function Assessment (SMFA)
The SMFA is a 46 question PROM'®® derived from the longer (101 question) Musculoskeletal

188 The Musculoskeletal Function Assessment is a valid and reliable

Function Assessment.
outcome tool that compares favourably to other disease specific and generic outcome PROM
tools,'® but is best suited to research rather than clinical settings due to its length and detail.'®®
In completing the SMFA questionnaire, patients answer each of the 46 questions using a 5 point
Likert scale (where 1 represents good function or less bother and 5 represents poor function or
more bother).

Dysfunction and bother indices are then calculated from their responses. The dysfunction

index is calculated from 34 questions (questions 1-34) and reports patients’ perception of their

functional performance, using 25 items that assess how much difficulty patients have when
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performing certain functions and 9 items that assess the frequency of difficulty when performing
certain functions. Additional mobility, daily activities, emotional status, and arm/hand disability
category indices can also be calculated from the dysfunction section of the score. The bother
index is based on 12 items (questions 35-46) and records how much patients are bothered by
problems in broad functional areas.

All indices are calculated using an algorithm (the basic algorithm formula for index
standardisation is shown in figure 1.4) that can be applied to either the dysfunction (questions 1-
34) or bother (questions 35-46) questions, or to the individual disability categories (see Appendix
1.1). Indices are reported on a scale between zero and 100, where lower scores represent better
function. Missing scores can be accounted for in the dysfunction section of the score, by
substituting them for the mean value of the corresponding category question responses, provided
that less than 50% of responses are missing in any one category. Missing scores in the bother
section of the questionnaire cannot be accounted for and preclude calculation of the bother index.

The SMFA has been shown to be valid and reliable as well as responsive to change in status in
patients with musculoskeletal disease and injury. On this basis, it is reported to be suitable for

168

clinical assessment of impact of treatment in patients with musculoskeletal injury. ™ It has been

widely used in orthopaedic research and has been translated into a number of other languages,

with each of these translations confirming its validity, reliability and responsiveness.'*"'**

The SMFA was utilised in the original randomised controlled trial that forms the basis for the
long term follow up study in Chapter 4,* facilitating direct comparison of short and long-term

scores for the patient cohorts in this study. The SMFA is particularly useful for demonstrating

8

changes over time, given its reported excellent reliability.'® It was chosen as the primary

outcome measure in two of the clinical studies due to its favourable psychometric properties'®®

193

and the defined minimum clinical important difference (MCID), which facilitated a

prospective power analysis.
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(actual raw score) — (lowest possibleraw score) ) X 100
possibleraw score range

Standardised Index =

Figure 1.4. Standardisation algorithm that is applied to SMFA dysfunction and bother questions and SMFA categories to
calculate standardised indices.

Please see Appendix 1.1 for the full SMFA questionnaire and a list of the individual index and

category constituent questions.

1.5.2.2 Achilles Tendon Total Rupture Score (ATRS)

The Achilles Tendon Total Rupture Score (ATRS) is a 10 question PROM that was described
in 2007'® and has been shown to be sensitive, valid and reliable in the assessment of patients
with Achilles tendon rupture.'®'** Patients are asked to answer each question on a ten point
scale, where a lower score indicates more disability. The sum of these 10 individual question
scores constitutes the ATRS, which ranges from 0 (most disability due to their Achilles tendon)

to 100 (least disability relating to their Achilles tendon).'®

Missing question responses are
calculated as a score of 0 provided that no questionnaire has more than 2 missing questions. '
It is a modern, injury-specific PROM and has been shown to be highly reliable, valid and
responsive.'® "% In recent years, it has been widely used in clinical studies of outcome after
ATR 006297 101 157 195. 196 gustematic reviews of PROMs used in Achilles Tendon Rupture have
concluded that it is valid and presently the most appropriate PROM for evaluating ATR

management'®’

and it has become the most widely used PROM in high level studies in the field
of ATR."> Thus, its ubiquitous inclusion in all clinical studies in this thesis is considered a
strength of these studies and also facilitates comparison of results with other studies in this field.

Despite the above, the ATRS was not used as the primary outcome measure in the clinical

studies comprising this thesis. The reason for this is that the MCID for this score has not been
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scientifically defined and therefore a robust power analysis is not possible without making
significant assumptions. This is reflected in the wider literature on ATR: although many trials
report the ATRS as part of their outcomes,®” °*°7 17 few use it as the primary outcome
measure.” '*"1°* Interestingly, a RCT undertaken by the authors who described the ATRS
similarly reports on the ATRS as a secondary outcome measure, but is powered on tendon re-
rupture as the primary outcome measure, in keeping with this trend.”’

Of those who used the ATRS as the primary outcome measure, Olsson et al®® used the
minimum detectable change (MDC) to power their study, but this raises questions, since studies
are normally powered on the MCID not the MDC and the MDC is a completely different variable
to the MCID. Furthermore, they used an MDC of 6.8, as described by Carmont et al,'” while
other studies have reported very significantly different values for the MDC.'*® Barfod et al'®’
used the ATRS as the primary outcome measure in their study but stated that they ‘assumed’ a
clinically relevant difference to be that of 10 points. For a power of 0.9, they determined that 22
patients would be required in each group. No scientific basis was provided to substantiate this
assumption. A recent large RCT by Costa et al also'>® used the ATRS as the primary outcome
measure, but the trial protocol described by the authors'” stated ‘We have chosen a minimum
clinically important difference (MCID) for the ATRS of 8 Points’ which was justified by stating
that ‘at a population level, 8 points represents the difference between a ‘healthy patient’ and a
‘patient with a minor disability’.” The work of Kearney et al was referenced to support this
statement although it should be noted that the paper by Kearney et al did not¢ define an MCID for
the ATRS and in fact called for further study to determine the MCID and other score metrics for
the ATRS.'”? Therefore, this choice of 8 points, while based on a logical thought process, also
makes assumptions as to the MCID, reflected in the terminology used by the authors when they
state that this MCID was ‘chosen’ from the available data.

Please see Appendix 1.2 for the full ATRS questionnaire.
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1.5.2.3 Foot and Ankle Questionnaire (FAQ)

The Foot and Ankle Questionnaire (FAQ) is a 25 question PROM developed by the American
Academy of Orthopaedic Surgeons (AAOS) in 2005 to measure foot and ankle related
disability.'"®* It is reported as foot and ankle core and shoe comfort scales, calculated from 20 and
5 question responses respectively. The questions assess 5 categories (pain, function, stiffness and
swelling, giving way and shoe comfort). Each question is scored on a scale of 1 to 5 (or 6 in
some instances), with lower scores representing better function. Raw scores are then converted
into a standardised percentile score ranging between 0 and 100, with higher scores now
representing better function. It has been reported to be reliable and valid'® and to correlate with
other foot and ankle specific outcome measures.”” It was included in the randomised controlled
trial comprising Chapter 5 of this thesis as it was felt that an anatomic-specific PROM would
complement the injury-specific (ATRS) and general musculoskeletal (SMFA) PROMs being
collected in this study.

Please see Appendix 1.3 for the full FAQ.

1.5.2.4 EuroQol 5-Dimension Questionnaire (EQ-5D)

The EuroQol 5 dimension, 5 level questionnaire (EQ-5D-5L) consists of a patient completed
questionnaire comprising of 5 domains (mobility, self-care, usual activities, pain and discomfort
and anxiety and depression).!”” The patient response for each domain is scored between levels 1
and 5, with lower levels representing less problems, while higher levels represent more problems
in the corresponding domain. The 5 responses are summarised into a 5-digit code, which
represents a unique health state and which can be converted into a single numerical EQ-5D index
value which summarises the patient’s overall health state. A total of 3125 different possible
health states are defined in this way. Index values are calculated using an algorithm that attaches
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weights to each of the levels in each dimension and are adjusted to be population specific.”’! EQ-
5D-5L Index scores in the United Kingdom range between +1 (indicating full health) and -0.59.

The EQ-5D health today visual analogue score asks patients to rate their overall health on a
vertical visual analogue scale between 0 (worst imaginable health) and 100 (best imaginable
health) and to then transcribe the numerical value that corresponds to the chosen point on the
linear scale.””!

The EQ-5D-5L tool has favourable psychometric properties””> and has been shown to exhibit
significantly less ceiling effect than its predecessor, the EQ-5D-3L.'7% 2%

It is widely used in various fields of research and provides a measure of patient perceived
Health Related Quality of Life as compared to the general population. It facilitates comparison
of patients’ scores with their corresponding general population and also facilitates comparison of
cohorts with a particular condition with others suffering from other conditions. Health status for
cohorts can also be followed over time and the EQ-5D also permits economic evaluations. Thus,
it is widely used in the planning of healthcare and to help make decisions as to the most cost
effective treatments.”**

Collection of EQ-5D data in the clinical studies included in this thesis permits reporting on
HRQoL in addition to the musculoskeletal and disease specific PROMs, in patients treated for
ATR. It also facilitates analysis of the relationship between persistent functional residual deficits
after ATR, as demonstrated on PROMs scores, with general HRQoL, to determine whether
patient perceived functional deficits that persist after ATR result in a corresponding reduction in
patient perceived HRQoL. Such relationships have not previously been explored in the field of
181,205

ATR, although they have been demonstrated in other injuries.

Please see Appendix 1.4 for the full EQ-5D-5L and EQ-5D VAS score questionnaires.
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1.5.2.5 Net Promoter Score (NPS)

The net promoter score is a single-question metric, first described by Reicheld in 2003 and
focusing on the likeliness of an individual to recommend a good or service to others. It is widely
used in industry, where positive scores are generally well regarded and scores greater than 50 are
said to represent good performance.'®” Service users are directly asked whether they would
recommend the service to others. Based on their response, respondents are then classified as
‘promoters’ (who are certain to recommend the service), ‘passives’ (users who are happy overall
but may not actively promote it), or ‘detractors’ (who actively discourage others from using the
service). The NPS is then calculated by subtracting the number of detractors from the number of
promoters and dividing the resulting value by the total number of respondents, multiplying the
resulting value by 100 (figure 1.5). Possible Net Promoter Scores range between -100 (if all
service users are detractors) and +100 (if all service users are promoters). Proponents of this

system argue that it correlates strongly with business growth in industry'®’

NPS = ([Promoters (n)] — [Detractors (n)] \ x100
[Total Responders (n)]

Figure 1.5. Net promoter score algorithm.

The NPS formed the basis for the original NHS Friends and Family Test,'® thrusting it into
the spotlight in the medical world, although it had already previously been reported in the field of
otorhinolaryngology some years earlier.””® Subsequent to this, the NPS became more topical in

medical circles and in recent years it has been studied and reported for various procedures in the

180

field of orthopaedics, including lower limb arthroplasty,'® elective hand surgery®”’ and hip

arthroscopy for femoroacetabular impingement.'®'
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In the original NPS, customers were asked to rate the likelihood of them recommending a
service on a scale of 1-10, with those scoring 9 or 10 termed ‘promoters’ and those scoring <6
termed ‘detractors’.*”® Subsequently, various modifications on this theme have been used,

retaining largely similar proportions on different scales, for example analogue scales ranging

207 180, 181
0, ’

between 0 and 10 or Likert scales with ordinal responses.

Regardless of the precise form, the aim of the NPS is to quantify patient sentiment in a single
numeric value and using a single simple question. While the NPS has been shown to correlate
with satisfaction and PROM scores in orthopaedic studies, it is clear that it is also influenced by
other independent factors (e.g. patients’ hospital experience) and that it is a separate measure of
outcome from these, falling within a spectrum of patient reported measures that can be reported
together to give a comprehensive overview of outcomes.'* "’ It has been suggested that it may
be a useful tool when counselling patients and that they may be reassured by data coming from
peers undergoing similar treatment as opposed to relying only on functional assessments reported
by a surgeon.?"”’

There are no reports of NPS data in the context of Achilles tendon rupture and collection of
this data in two of the clinical studies in this thesis, spanning traditional non-operative and
surgical management and functional rehabilitation with early weight bearing, will help improve
understanding of these injuries and patient perceived outcomes after treatment for ATR and will

facilitate assessment of factors influencing NPS after treatment for ATR.

Please see Appendix 1.5 for the NPS questionnaires used in the clinical studies in this thesis.

1.5.2.6 Friends and Family Test (FFT)
The Friends and Family test was introduced in the NHS in England in 2013.%% Its use was
based on the premise that patients have a right to participate in giving feedback to the NHS

pertaining to care received and additionally, in relation to their future care, have a right to be able
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to see what others have said after experiencing this care. At its inception, it was a modified
version of the Net Promoter Score and was reported as such,'® although guidelines for data
analysis were subsequently updated to recommend simply reporting the likelihood of an
individual to recommend a service as a percentage.'*°

The question posed in the FFT up until April 2020 was structured in the same way as that
posed to patients in two of the clinical studies included in this thesis,'®” i.e. How likely are you to
recommend this treatment to friends and family if they needed similar care or treatment? The
same six Likert options were also available to patients in the studies in this thesis and patients
completing the FFT in the NHS: ‘Extremely likely’, ‘Likely’, ‘Neither Likely nor Unlikely’,
‘Unlikely’, ‘Extremely Unlikely’ and ‘Don’t know’. Data in this thesis is presented in both the
original FFT format (NPS) and the subsequent updated FFT format.'*®

Initially FFT data was collected for emergency services in A&E, but it was rapidly rolled out
across various sectors and is now used routinely in all major parts of the NHS in England.”” By
2019, over 75 million episodes of FFT feedback had been collected by NHS England. Results
are published monthly online by the NHS in England,*” facilitating the monitoring of standards
in a given service over time, as well as comparison with other similar services, although both
critics®'” and NHS England'® have warned that while measurements within a service or
institution can be safely compared, FFT scores are affected by multiple variables and are also
dependent on the precise method of data collection, such that comparisons between institutions
may be problematic, given variation in conditions and data collection.

However, FFT results reported in this thesis should not be susceptible to these concerns, since
the treatments were administered within the same service and the question wording was identical.
In April 2020, a new question began to be implemented in the place of the previous
recommendation question, which solicited feedback from patients on the overall experience of

: . 209
using the service.
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The widespread use of this metric has resulted in a high profile and studies have reported FFT
metrics in combination with the NPS metric for various orthopaedic procedures, % 181297

although data pertaining to ATR is lacking.

Please see Appendix 1.5 for the FFT questionnaire used in the clinical studies in this thesis.

1.6 Rationale for the Studies Comprising this Thesis

Achilles tendon rupture is a common soft tissue injury.’’ Various management options exist
and the optimal management of these injuries has been the subject of intense debate through the
years, with clear trends emerging and reversing, towards one or other management preference
over time.

Prior to attempting to describe the potential solution to a problem (in this case, optimal
treatment for Achilles tendon rupture), one must have a thorough understanding of both the scale
and nature of that problem. This sentiment is one articulated by various luminaries and
successful leaders. Albert Einstein once said ‘Given one hour to save the world, I would spend
55 minutes defining the problem and 5 minutes finding the solution’. Similarly, Claudia Juech,
managing director of the Rockerfeller Foundation, a multi-billion dollar medical science and arts
funding philanthropic organisation, stated in an interview, that ‘Before we can solve a problem,
we need to know exactly what the problem is, and we should put a good amount of thinking and
resources into understanding it.”*'" Hence, the second chapter of this study seeks to describe the
epidemiology of ATR in a defined population and to better understand the causes of these
injuries, while the third does the same for Achilles tendon re-ruptures. Together, these chapters
effectively attempt to better understand how and why these injuries occur and define the scale of

the problem.
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Studies have consistently demonstrated an increasing incidence of these injuries,?” >+ 36212

thus ensuring that research into ATR remains topical. These and other studies have defined the
commonest modes of injury and identified certain risk factors for ATR, including male gender,
. o . ' g e 32,36,213,214
age and use of specific medications such as steroids or fluoroquinolone antibiotics.
Socioeconomic deprivation status (SEDS) is known to influence the incidence of various

215219 : :
However, no studies have previously

traumatic and degenerative orthopaedic conditions.
assessed whether incidence of ATR varies with SEDS. If such a relationship were shown to
exist, then further analysis would be warranted to explore the context of this relationship. This
may facilitate explanation of any such relationship and provide insight into patterns of geographic
variation in incidence of ATR, which would be useful in the planning of healthcare provision
across geographical regions. The second chapter in this thesis seeks to address these issues by
reporting on the incidence of ATR in a defined population and exploring its relation to both
known and unknown potential risk factors, including SEDS.

An integral part of the exercise of defining the scale of the problem faced, is formulating a
better understanding of the potential consequences of the problem (in this case Achilles tendon
rupture). Perhaps the most well-known and feared complication of ATR is re-rupture of the

tendon. While re-rupture rates are widely reported for various different treatment regimes®>*!-*"

99:220-222 a1 d have been used as the primary outcome measure in meta-analyses,”" ** few studies
explore re-ruptures in any greater detail than simply reporting their incidence in study cohorts
and there is a distinct lack of epidemiological studies on Achilles tendon re-rupture (ATRR).
Additionally, there are only a handful of studies focusing on the context of repeat injuries and
seeking to establish who is at risk of these. One study suggested that males are at increased risk
of re-rupture.””> Surgical management of the primary injury has been reported to reduce re-

rupture rate.”’ While it has been suggested that modern functional rehabilitation regimes for

primary ATR may be associated with lower levels of re-rupture, the authors of a previous meta-
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analysis lamented the lack of direct data to support this theory.” The study in Chapter 3
therefore seeks better understanding of ATRR. It aims to determine the epidemiology of ATRR
in a health-board population and review the context of these injuries and also to identify risk
factors that predispose to ATRR at the time of primary ATR. Identification of any such risk
factors will inform patient counselling for high risk patients and potentially facilitate targeted
preventive interventions for such individuals.

The controversies surrounding optimal treatment for ATR have resulted in various studies
being undertaken to report on outcomes using different management protocols and randomised
controlled trials being set up to directly compare competing treatment regimes, with their results
collated in a number of systematic reviews and meta-analyses.’'> #0222 224226 The medical
literature is therefore replete with various studies in this field. Choice of management regimes
and therefore clinical practice have clearly been affected by some of these studies over the
years.>*’ However, objective reviews of practice have demonstrated that despite a wealth of
published studies, chosen treatment regimes often do not follow a robust evidence base or
evidence based guidelines and that current trends in mainstream clinical practice do not
necessarily reflect those of most academic interest in the published literature.”” 31133227

Additionally, despite the large number of published studies in the field of ATR, there are some
surprising and significant gaps in the existing literature. Two major controversies have
dominated debate on the management of ATR in recent decades. The first is the choice between
operative or non-operative management for these injuries,”®®' while more recently, despite
persisting arguments for and against surgical and non-operative management of ATR, the focus
of debate has shifted to the use of functional rehabilitation over traditional rehabilitation

99, 132

techniques, despite an apparent lack of direct data to support this concept. Following on

from the second and third chapters which shed light on the incidence and nature of ATR and
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ATRR, the next chapters in the thesis examine the treatment of ATR in detail, while also
reporting on re-rupture rates for the various treatment regimes under review.

The traditional debate over the merits of operative and non-operative management has been
informed by several randomised controlled trials but these only report on short-term outcomes,
with a complete lack of any long-term comparative studies.*>" ¢ 8184889597 Thiq is surprising,
given that these injuries are common, their incidence is rising and their predominant occurrence
in middle-aged individuals means that patients are expected to continue to remain active for
many years after their injury.*>*%*” There appears to have been a shift from surgical to non-
operative management of ATR in many regions in recent years, despite a lack of understanding
of the long term outcomes for patients treated with either of these regimes.*****" There is
therefore a need for a randomised controlled study that utilises modern outcome measures and
compares outcomes between traditional operative and non-operative management at long term
follow up. Such a study is described in Chapter 4 of this thesis.

If longer term outcomes after traditional non-operative management are shown to be
comparable to those achieved with surgical management, this would provide justification for its
ongoing use and indicate a need for further studies of different non-operative management
regimes to assess their relative efficacy, in particular to compare traditional non-operative
management of ATR with more modern functional rehabilitation of these injuries.

Functional rehabilitation has become increasingly topical and it is increasingly utilised in
mainstream practice.’” " * 13> 13 Studies that advocated the use of functional rehabilitation are
said to have been one of the main factors driving recent trends towards increasing levels of non-
operative management after a period where surgical management was favoured by many in the

20™ century and early 2000s.*% %% 37105

However, careful review of many of these studies reveals
that the conclusions reached are often based on assumptions and are not directly supported by the

study methodology.” Furthermore, a survey from the UK reported that despite the
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overwhelming focus on functional rehabilitation in the medical literature in recent years, plaster
cast immobilisation remained in widespread use in clinical practice,'> suggesting that newer
concepts that are given prominence in the published literature may take some time to be adopted
in mainstream clinical practice and calling into question the previous presumptions that the recent
trends towards non-operative management are attributable to the published studies on functional
rehabilitation regimes. Previous studies that have compared functional and traditional non-
operative management were small and used bracing techniques that are obsolete and do not

18124 I this context, the lack of prospective randomised studies directly

reflect modern practice.
comparing traditional immobilising non-operative management of ATR in a plaster cast with
modern non-operative functional regimes is surprising, since such studies are needed to justify
the reported trends towards functional non-operative management of ATR. The study in Chapter
5 therefore seeks to fill this lacuna in the medical literature, by comparing the traditional
immobilising non-operative regime from Chapter 4, which has been in widespread use for many
years, with a modern non-operative functional regime permitting early weight bearing in a
walking boot.

If the concept of functional non-operative treatment of ATR is shown to be equivalent or
superior to traditional non-operative management and also to be safe, thereby justifying its
ongoing use, it then becomes desirable to study the functional treatment regime in greater detail
to precisely define the underlying biomechanics, physical changes and physiological processes
that occur through the course of this treatment and understand how these relate to the observed
outcomes (both physical and patient reported) at various time points throughout the recovery and
rehabilitation programme. Some studies have reported on outcomes after functional
rehabilitation for ATR but these have largely focussed on PROM and questionnaire data.®"'*"- '

138 A better understanding of functional rehabilitation regimes is increasingly necessary as they

become ever more popular and widely used. The study in Chapter 6 aims to assess a number of
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physical parameters, including plantar pressures under the feet and other clinical measurements

and correlate these with PROMs during the course of recovery from an acute ATR.

The aims of the studies that comprise this thesis were therefore:

to review the epidemiology of primary ATR, with a specific focus on the influence (if
any) of socioeconomic deprivation status; and to determine whether there were any
variations in previously described risk factors and features of ATR between more and
less socioeconomically deprived individuals with ATR.

to review the incidence and epidemiology of ATRR and identify potential predictors of
increased risk of re-rupture at the time of presentation with a primary ATR;

to address significant gaps in the medical literature regarding the optimal management
regime for these injuries, specifically by providing long term patient reported outcome
and health related quality of life data from a randomised controlled trial comparing
traditional operative and non-operative management of ATR; and by providing direct
comparative data from a RCT comparing traditional non-operative management with
modern functional non-operative management, in terms of patient reported outcomes,
clinically measured parameters, complication rates and return to activity after injury.

to explore the physical and biomechanical changes that occur through the course of

recovery with a modern non-operative functional rehabilitation regime and relate these to

patient reported outcomes, with a particular focus on static loading patterns under the

foot in the months after ATR.
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Chapter 2: Epidemiology of Acute Achilles Tendon
Rupture

2.1 Introduction

Achilles tendon rupture (ATR) is a common soft tissue injury and the incidence is reported to
be rising.******* ATR occur most frequently in middle-aged adults, with the median age of

32,33,35,37,42,229 and males are most

affliction commonly reported within the fifth decade of life
frequently affected.> ** 27" #2% They occur most commonly during sporting activity and
seasonal variation in incidence has also been described.***’

The epidemiology of ATR has previously been described in general terms,”' > 33742
however the influence of socioeconomic deprivation status (SEDS) on the incidence of ATR is
unknown. SEDS has been shown to influence the epidemiology of musculoskeletal pain®*® and
various orthopaedic conditions, including carpal tunnel syndrome,*"” proximal humeral

231-233 4nd adult trauma>'®

fractures,216 osteoarthritis of the hand, hip and knee,217 Perthe’s disease
and fractures®"” in general. An improved understanding of the potential influence of SEDS on the
epidemiology of ATR may give insight into underlying causes of injury and provide important

information about at-risk populations that may aide planning of medical service provision, while

a detailed analysis of the circumstances of injury will give clinicians more insight into the clinical
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features of ATR in different population groups, which may provide opportunities for targeted

preventive interventions or treatment.

The aim of this study was to describe the incidence and epidemiology of ATR in a defined
population and to determine whether there was an association with SEDS. The hypothesis was
that ATR occur more frequently in socioeconomically deprived patients. The secondary aim was
to determine whether there were variations in previously described risk factors and features of

ATR between more and less socioeconomically deprived individuals with ATR.

2.2 Methods

2.2.1 Setting

A retrospective electronic search of all medical records was undertaken to identify patients
treated for ATR between 1% January 2011 and 31* December 2016 at NHS Lothian. The health-
board is one of fourteen that make up NHS Scotland and was formed in 2001 from the
incorporation of the previous NHS trusts operating in the area (Lothian University Hospitals,
Lothian Primary Care and West Lothian Healthcare). It is the only authority overseeing delivery
of regional healthcare services to a defined population in the City of Edinburgh, East Lothian,
Mid-Lothian and West Lothian and there are no other National Health Service (NHS) providers
in this region. Emergency services are provided through 3 emergency departments and one
minor injuries unit; orthopaedic surgery is performed at two locations and outpatient clinics are
based at five locations. There are two private hospitals in the region but none of these have an
emergency department and therefore acute presentations are routed through the NHS and should

be identified by the search algorithm employed.
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2.2.2 Study Design

All outpatient medical records, A&E records and inpatient discharge summaries in the health-
board are electronically recorded using TRAK Care software (InterSystems Corporation,
Massachusetts, USA). These were retrospectively screened for the following search terms:
‘Achilles’, ‘tendoachilles’, ‘TA’, ‘rupture’, ‘tear’, ‘torn’, to identify any patients treated for
Achilles tendon rupture in any of the Accident and Emergency, outpatient or inpatient services.
The preliminary search returned 4521 records. Each record was then screened according to the
inclusion and exclusion criteria (Table 2.1). Patients residing in the catchment area were
included if they sustained their rupture elsewhere and returned for ongoing treatment, while non-
resident visitors presenting to the emergency service for acute management were excluded from
analyses. There were 816 patients with acute Achilles tendon rupture identified during the time
period under review, of whom 791 patients resided within the defined geographical area under
review and were identified as suitable for inclusion in the study. Of these, 8 presented for the
first time during the study period with a re-rupture of a previously ruptured Achilles tendon and
were therefore excluded, leaving 783 patients presenting with a primary ATR, who form the
study cohort under review (figure 2.1)

This study was part of a service review of ATR presenting within the health-board region that
was approved departmentally. It was reviewed by the scientific officer for the regional ethics

committee (REC) who advised that REC review was not necessary.
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Inclusion criteria

Exclusion criteria

Achilles tendon rupture

Date of injury 01/01/2011 to 31/12/2016

Patients residing within the health-board
geographical region as defined by the Scottish
Government National Records of Scotland Small
Area Population Estimate data zones (i.e.
patients residing within the 1083 data zones that
make up the health-board catchment area), even
if:

e they initially presented elsewhere and
only returned to the health-board for
on-going care.

e they presented initially to the health-
board but subsequently underwent on-
going care in the private sector.

Achilles tendinitis without rupture

Patients whose first presentation during the
study period was a re-rupture of the Achilles
tendon

Patients residing out with the health-board
geographical region as defined by Scottish
Government National Records of Scotland Small
Area Population Estimate data zones (i.e.
patients residing out with the 1083 data zones

that make up the Health-board catchment area).

Table 2.1. Inclusion and exclusion criteria.
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Electronic search:
"Achilles" or "tendoachilles"
or "TA" or "rupture" or
"tear" or "torn" or "partial”

n=4521
— Duplicate records, other diagnoses
n=3705
Acute ATR between
01/01/2011 and 31/12/2016
n=816
L Non-residents of healthboard
catchment area n=25
— First presentation during study period
was a re-rupture n=38
Study Cohort

n=783

Figure 2.1. Flow diagram for the study cohort.

2.2.3 Population-level data

The health-board population (total, gender-specific and with reference to age brackets) for
each year of study was determined using Scottish Government population data from the National
Records of Scotland (NRS), who issue annual mid-year population estimates for each health-
board.>** This data is published annually for each health-board, in the form of the total
population as well as population by year of age and by gender. The relevant age and gender
specific data was combined to calculate gender-specific, ten year age bracket populations in the
health-board area for each year of study.

Socioeconomic deprivation status was determined using the Scottish Index of Multiple
Deprivation (SIMD-16).%* This is an official Scottish government resource that takes into

account employment, income, crime, housing, health, education and access to services to assess
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and classify population SEDS across 6,500 data-zones nationwide (Appendix 2 Figure 1). The
SIMD is used by the Scottish government to target funding and resources and has been widely
used in medical research.?!> 216 218:219:236-240 pach data-zone comprises a small geographic area
with between 500 and 1,000 residents. The data-zones are ranked by SEDS and after all data-
zones have been ranked, they are placed into the appropriate quintile of the national population.
SEDS data is published for each data zone and the health-board serves a geographic region made
up of 1083 data zones. Detailed information including population size and socioeconomic
deprivation rank status are available for each data zone and data for these (1083) data zones was
combined to determine the socioeconomic deprivation status characteristics of the health-board
population, since such data is not routinely published in summary format. Patients were matched
to their corresponding data zone using their postcode and appropriately classified in their
corresponding quintile of the national population (via the ‘SIMD-16 postcode to SIMD rank’
look-up tool). The health-board serving the patients’ data zone was then confirmed (via the ‘data
zone to health board’ look up tool).”*> SEDS data was available for all patients. Patients were
categorised into quintiles on an ordinal scale where quintile one represents the most deprived
20% of the national population and quintile 5 represents the least deprived 20% of the national

population.

2.2.4 Definitions

A history of preceding tendinitis was defined as preceding pain or a formal diagnosis of
tendinitis in the 6 months preceding ATR. Body mass index (BMI) was determined from height
and weight documented at the closest-available time-point to injury; this was known for 74.5% of
patients (n=583/783). Seasonality was defined according to the Northern Hemisphere

241

meteorological system.”" Late presentation was defined as presentation >14 days after injury, as

previously stated by Hutchison et al.'®" Four patients who underwent ongoing follow up for their
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injury at institutions elsewhere despite initial presentation to the NHS, were excluded from

analyses pertaining to complications but included in demographic and injury-related analyses.

2.2.5 Statistical Analysis

The annual incidence of ATR per 100,000 population was calculated as the number of cases
occurring between 1* January and 31% December, divided by the health-board population (or
relevant population bracket), as defined in the mid-year population estimate for that year.”* The
resulting figure was multiplied by 100,000. This analysis was undertaken for each year of study
and ten year age brackets were used for age based calculations. SIMD data is released
quadrennially and the SIMD-16 dataset was used.”*> The incidence of ATR in each SIMD
quintile per 100,000 population per year was determined by calculating the average annual
occurrences in the quintile over the study period and dividing this by the SIMD-16 quintile
health-board population, then multiplying the resulting number by 100,000.

The ATR cohort was then subdivided into most deprived (MD; comprising of patients in
national quintiles 1 and 2) and least deprived (LD; patients in quintiles 4 and 5) subgroups for
further analysis. Within this cohort, data parametricity was assessed using Kolmogorov-Smirnov
testing. Non-parametric data was reported as median values with interquartile range (IQR) and
was compared using independent samples Mann Whitney U tests. Nominal variables were
compared using Chi-Squared tests (or Fisher’s Exact test if cell count was <5 in any cell) and
reported with accompanying odds ratios and 95% confidence intervals where relevant. Binary
logistic regression was undertaken to identify variables that were independently associated with
SEDS. Variables were included in the regression analysis if p<0.1 on univariate analysis. This
lax threshold was chosen since a relationship that is narrowly statistically insignificant on initial

analysis may be found to be statistically significant after adjusting for confounding relationships.
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Statistical analysis was undertaken using Statistical Package for Social Sciences (SPSS) v20

(SPSS Inc., Chicago, IL, USA). A p-value of <0.05 was considered significant.’*

2.3 Results

2.3.1 Part 1: Epidemiology of primary Achilles tendon rupture

Seven hundred and eighty three patients residing in the catchment population sustained a
primary ATR between 1* January 2011 and 31 December 2016. There were 567 males (72%)
and 216 females (28%). The median age was 48 years for both females (IQR 41-65) and males
(IQR 38-60). Median BMI was 26.6 (IQR 24.2-30.4) for all patients (median 26.5, IQR 24 .4-
29.9 for males and median 26.8, IQR 23.5-31.7 for females). The majority of patients self-

identified as either ‘white Scottish’ (64%) or ‘white British’ (21%; figure 2.2). Forty nine

patients (6.3%) were ‘late presenters’. Quinolone antibiotics were implicated in 18 cases (2.3%)

and systemic steroids in 38 cases (4.85%) while 56 patients (7.2%) gave a history of preceding

tendinitis.

10 s Ethnicity

1% 1%

B White Scottish
B White British
B White Other
M Asian

m Black

m Other

1 Unknown/Not given

Figure 2.2. Patient reported ethnicity (absolute numbers and %).
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The mean incidence of ATR for patients of all ages over the study period was 15.26/100,000
per year (range 13.51 to 19.07; figure 2.3) and was higher in males (22.73/100,000 per year,
range 18.22-27.12) than females (8.19/100,000 per year, range 6.63-11.45; OR=2.88, 95% CI
1.29-6.43; p=0.007). The mean incidence in adults (aged >18 years) was 18.75/100,000 per year
(range 16.56-23.57), again being higher in males (28.28/100,000 per year) than females
(9.95/100,000 per year; OR = 2.81, 95%CI 1.36-5.77; p=0.003). Age-related incidence was
bimodal, with peak incidence for both sexes in the fifth decade, with smaller peaks in incidence

noted in the seventh decade in males and the eighth decade in females (figure 2.4).
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Figure 2.3. Annual incidence of Achilles tendon rupture across all age groups.
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Figure 2.4. Mean annual incidence per 100,000 in each ten year age bracket.

The incidence of ATR in each SEDS quintile (Figure 2.5) of the health-board population is
shown in Table 2.2. There was a statistically significant relationship between SEDS and
incidence of Achilles tendon rupture, with patients in the less deprived group (4™ and 5™ national
quintiles) demonstrating a significantly higher incidence of ATR (18.07/100,000 per year) than
those in the more deprived (1% and 2™ quintiles) group (11.32/100,000 per year; OR = 1.60,

95%CI 1.35-1.89; p<0.001).
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Figure 2.5. Percentage of individuals in each SIMD Social deprivation quintile for Achilles tendon rupture cases (n=783) and for
the whole population of the health-board area (n=858,090). The relative incidence is lower in the most deprived quintiles,
crossing over around the third quintile and it is higher in the least deprived quintiles.

Achilles Health-board Total health-  Mean Incidence Odds Ratio p-value

Tendon population board /100,000 per

Ruptures  excluding ATR®  population® year’ (95%C1)
Quintile 1 81 106,241 106,322 12.70 Reference
Quintile 2 112 177,816 177,928 10.49 0.83 (0.62-1.10) ns
Quintile 3 129 148,457 148,586 14.47 1.14 (0.86-1.50) ns
Quintile 4 165 149,433 149,598 18.38 1.45(1.11-1.89) 0.0061
Quintile 5 296 275,360 275,656 17.90 1.41(1.10-1.80) 0.0059
Total 783 857,307 858,090

Table 2.2. Incidence of Achilles Tendon rupture in the health-board population by social deprivation quintile. *Health-board
population as per SIMD-16 dataset. °Calculated from incidence over six year study period, divided by 6.

Additionally, patients in the most deprived quintile were more likely to present in a delayed

fashion (Table 2.3).

50



Quintile

Proportion late
presenters (%)

OR (95% Cl)

p-value

Quintile 1
Quintile 2
Quintile 3
Quintile 4

Quintile 5

10 of 81 (12.3%)
50f 112 (4.5%)
9 0f 129 (7.0%)
7 of 165 (4.2%)

18 of 295 (6.1%)

Reference
0.33(0.11-1.01)
0.53 (0.21-1.37)
0.32(0.12-0.86)

0.46 (0.20-1.04)

Reference

0.04

0.19

0.019

0.058

Table 2.3. Late presentation (>14 days) according to SIMD quintile. Chi square tests comparing quintile 1 late presentation with
that in each other quintile. Data available for 782 patients for whom date of first presentation was known.

2.3.2 Part 2: Patient and Injury Characteristics and Variation with SEDS

2.3.2.1 SEDS and Patient Demographics

There was no significant difference in gender (p=0.85) or ethnicity (p=0.39) between MD and

LD groups with ATR. However, there was a small but statistically significant difference in

median age between patients in the MD (median age 47, IQR 39-56.5) and LD (median age 48,

IQR 40-63) groups (p=0.05) and patients in the MD group also had a higher median BMI (27.8,

IQR 25.2-33.4) than those in the LD (26.04, IQR 23.9-29.2; p<0.001) group (Table 2.4).
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Most deprived

Least deprived

(Quintiles 1 and 2) (Quintiles 4 and 5) p-value
Gender (male:female)
Male 141 (73.1%) 340 (73.8%) 0.85*
Female 52 (26.9%) 121 (26.2%)
Age (median, IQR) 47 (39-56.5) 48 (40-63) 0.050**
Ethnicity
White British 162 387
White Other 11 22
Asian 2 6
0.39'
Black 4 4
Other 2 3
Unknown 12 39
BMI (median, IQR) 27.78 (25.18-33.41) 26.04 (23.87-29.20) <0.001**

Table 2.4. Baseline characteristics for patients, according to social deprivation status. *Chi Square test; **Independent Samples
Mann Whitney U-test. Chi Square test for proportion of patients who self-identified as White British (including Scottish)
compared to all other known ethnicities.

2.3.2.2 SEDS and Seasonality of ATR

ATR occurred most frequently during the summer. June was the mode month of injury for the

whole cohort (figure 2.6a) and also individually for the MD and LD groups (figure 2.6b).

Although both groups had a peak incidence in summer months (figure 2.6¢), patients in the LD

group exhibited statistically insignificant trends towards higher relative incidence of spring-time

injuries (27.4% vs 20.7%; p=0.074) and lower relative incidence of summer time (29.8% vs

37.3%; p=0.060) injuries compared to those in the MD group (table 2.5).
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Figure 2.6a. Monthly occurrence of Achilles tendon rupture with seasonal colour coding for the whole cohort.
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Figure 2.6b. Monthly incidence of ATR in relation to social deprivation status. Solid bars represent the LD cohort and spotted
bars represent the MD cohort.
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Figure 2.6¢c. Seasonal incidence of ATR in relation to social deprivation status. Solid bars represent the LD cohort and spotted
bars represent the MD cohort.
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Most deprived Least deprived OR (95% Cl) p-value

Autumn 42 of 193 (21.8%) 92 of 460 (20%) 0.90 (0.60-1.36) 0.61
Winter 39 of 193 (20.2%) 105 of 460 (22.8%) 1.17(0.77-1.77) 0.46
Spring 40 0f 193 (20.7%) 126 of 460 (27.4%) 1.44 (0.96-2.16) 0.074
Summer 72 0f 193 (37.3%) 137 of 460 (29.8%) 0.71 (0.50-1.02) 0.060

Table 2.5. Seasonality of injuries in MD and LD groups. Odds ratio (OR) is reported for the least deprived cohort relative to the
most deprived cohort.

2.3.2.3 SEDS and Mechanism of Injury

The mechanism of injury was known in 772 (98.6%) cases and sport-related injuries
accounted for the majority (388 of 772, 50.3%) of these. Dancing (81 of 772, 10.5%), walking
and simple slips, trips or falls from standing height were other common mechanisms of injury
(Figure 2.7). Both sporting and non-sporting injuries exhibited temporal variations in incidence

through the year, being commonest in summer (Appendix 2 Figure 2).
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Figure 2.7. Mechanism of injury for primary ATR. *Low energy classification includes slip, trip, stumble, ankle inversion or fall
from standing height.

= Sport
= Walking

= Low Energy*

Fall (>standing height)
= Open injury
= Blunt trauma
= Running (non-sports)
= Jumping (non-sports)
= Dancing
» Pushing/lifting heavy objects
= Standing up from lying/sitting
= Stairs/steps
= No specific event
u Other

® Unknown
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Patients in the LD group were more likely to sustain their injuries during the course of
sporting activity (55.6% vs 42.3%; OR=1.71, 95%CI 1.21-2.40; p=0.002) and less likely to
sustain low energy injuries (7% vs 12.7%; OR=0.52, 95%CI 0.3-0.91; p=0.02), while there were
statistically insignificant trends towards increased incidence of open injuries (2% vs 0.4%;

p=0.065) and stair related injuries (7.9% vs 4.2%; p=0.052) in most deprived patients (Table

2.6).

Whole Most Least OR (95%Cl) p-value

cohort Deprived® Deprived"”

(n=189) (n=455)

Sport 388 (50.3%) 80 (42.3%) 253 (55.6%) 1.71 (1.21-2.40) 0.002
Walking 55 (7.1%) 14 (7.4%) 30 (6.6%) 0.88 (0.46-1.70) 0.71
Low Energy* 68 (8.8%) 24 (12.7%) 32 (7%) 0.52 (0.3-0.91) 0.02
Fall (>standing height) 17 (2.2%) 5(2.6%) 9 (2%) 0.74 (0.25-2.25) 0.57
Open injury 8 (1%) 4 (2.1%) 2 (0.4%) 0.20(0.04-1.12) 0.065
Blunt trauma 10 (1.3%) 3(1.6%) 7 (1.5%) 0.97 (0.25-3.79) 1
Running (non-sports) 20 (2.6%) 7 (3.7%) 9 (2%) 0.53(0.19-1.43) 0.26
Jumping (non-sports) 13 (1.7%) 3(1.6%) 9 (2%) 1.25 (0.34-4.67) 1
Dancing 81 (10.5%) 18 (9.5%) 48 (10.5%) 1.12 (0.63 to0 1.98) 0.7
Pushing/lifting heavy 21 (2.7%) 4 (2.1%) 12 (2.6%) 1.25 (0.4-3.94) 1
objects
Standing up from 12 (1.6%) 4(2.1%) 5(1.1%) 0.51(0.14-1.94) 0.46
sitting/lying
Stairs/steps 41 (5.3%) 15 (7.9%) 19 (4.2%) 0.51 (0.25-1.02) 0.052
No specific event 22 (2.8%) 4(2.1%) 12 (2.6%) 1.25 (0.40-3.94) 1
Other 16 (2.1%) 4(2.1%) 8 (1.8%) 0.83 (0.25-2.78) 0.75
Total 772 189 455

Table 2.6. Mechanism of injury for whole cohort and for most and least deprived patients. *Patients in the two most deprived
national quintiles. ° Patients in the two least deprived national quintiles. Odds ratio (OR) is reported for the least deprived cohort
relative to the most deprived cohort. * Low energy category includes slips, trips, stumbles, ankle inversion injuries and falls from
standing height.
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Amongst sport-related ATR, the type of sport also varied with SEDS (Table 2.7), with soccer
accounting for 56.2% of sport-related injuries in the MD group and 42.3% of sport-related
injuries in the LD group (p=0.029) while conversely, racket sports accounted for 24.9% of sport-

related injuries in the LD group and 13.8% in the MD group (p=0.037).

Most Least
Whole cohort Deprived® Deprived” OR (95% ClI) p-value

(n=80) (n=253)
Soccer 174 45 (56.2%) 107 (42.3%) 0.57 (0.34-0.95) 0.029
Racket sports 86 11 (13.8%) 63 (24.9%) 2.08 (1.04-4.18) 0.037
Gym/gym class 14 0 (0%) 10 (4.0%) 1.33 (1.25-1.42) 0.13
Basketball/Netball 23 7 (8.8%) 12 (4.7%) 0.52 (0.20-1.37) 0.18
Running/Jogging 22 5(6.2%) 13 (5.1%) 0.81 (0.28-2.35) 0.78
Rugby 17 3(3.8%) 12 (4.7%) 1.28 (0.35-4.65) 1.0
Other 52 9 (11.2%) 36 (14.2%) 1.31 (0.60-2.85) 0.50
Total 388 80 253

Table 2.7. Sport-related ATR and socioeconomic deprivation status. “Patients in the two most deprived national quintiles.
®Patients in the two least deprived national quintiles. Odds ratio (OR) is reported for the least deprived cohort relative to the most
deprived cohort.

2.3.2.4 SEDS and Preceding or Predisposing Events

Patients in the LD group were more likely (p=0.01; OR = 3.29, 95%CI 1.27-8.50) to give a
history of recent symptomatic tendinitis (37 of 460; 8.04%), than their MD counterparts (5 of
193; 2.59%). There was a trend towards increased prevalence of diabetes mellitus within the MD
group (20 of 193; 10.4%), compared to the LD group (29 of 461; 6.3%; p=0.07; OR =1.72, 95%
CI0.95-3.13). Patients in the MD group also had a higher incidence of inflammatory arthropathy
(8 0f 193, 4.15%) than those in the LD group (7 of 461 or 1.52%; p=0.049; OR = 2.81, 95%CI
1.003-7.85), however there was no detectable difference in recorded use of corticosteroids (23 of

460 or 5% in the LD group vs 8 of 193 or 4.15% in the MD group; OR=1.22, 95%CI1=0.54-2.77,;
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p=0.64) or fluoroquinolones (7 of 460 or 1.5% in the LD group vs 7 of 187 or 3.7% in the MD

group; OR=0.41, 95%CI=0.14-1.19; p=0.13) in the six months preceding ATR.

2.3.2.5 SEDS and Complication Rates

Tendon re-rupture occurred in 42 of 779 patients (5.4%) and there was no difference in
incidence between MD (9 of 192, 4.7%) and LD (28 of 459, 6.1%) groups (OR=1.32,
95%CI=0.61-2.86; p=0.58). Symptomatic venous thromboembolism occurred in 27 of 779
patients (3.5%) and there was no difference in incidence between MD (5 of 192, 2.6%) and LD
(17 of 459, 3.7%) groups (OR=1.44, 95%CI=0.52-3.96; p=0.48). There was no difference in age
(median 51, IQR 40-67 vs median 48, IQR 39-61; p=0.21) or gender distribution (23 of 563
males and 4 of 216 females; p=0.13) in patients who sustained a VTE compared to those who did
not. However, patients sustaining a VTE had a higher BMI (median 29.0, IQR 26.9-32.3) than

their counterparts who did not (median 26.5, IQR 24.2-30.3; p=0.03).

2.3.2.6 Regression model

Binary logistic regression demonstrated independent variations in patient factors, mechanism
of injury and seasonality with SEDS (Table 2.8). Patients in the LD group were more likely to be
aged >50 years (OR=1.97, 95%CI 1.24-3.12; p=0.004), more likely to sustain sport-related
injuries (OR=1.72 (95%CI=1.11-2.67; p=0.02) and less likely to suffer low energy injuries
(OR=0.44, 95%CI1=0.23-0.87; p=0.02) and to be obese (p<0.03). Spring time injuries were
commoner in the LD group (OR=1.65, 95%CI=1.01-2.70; p=0.045), as was a history of

preceding tendinitis (OR=4.04, 95%CI=1.49-10.95; p=0.006).
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Adjusted Odds Ratio (95%Cl) p-value

Age

40-50 years Reference

<40 years 0.86 (0.533-1.39) 0.54

>50 years 1.97 (1.24-3.12) 0.004
Mol

Other Reference

Sports 1.72 (1.11-2.67) 0.02

Steps 0.53 (0.24-1.18) 0.12

Low Energy 0.44 (0.23-0.87) 0.02

Open Laceration 0.26 (0.04-1.60) 0.15
Season

Summer Reference

Autumn 1.14 (0.69-1.87) 0.61

Winter 1.34 (0.81-2.22) 0.25

Spring 1.65 (1.01-2.70) 0.045
Preceding Tendinitis 4.04 (1.49-10.95) 0.006
Inflammatory Arthropathy 0.32 (0.10-1.03) 0.057
Diabetes Mellitus 0.75 (0.37-1.54) 0.44
BMI

<25 Reference

25-29.99 (overweight) 0.74 (0.44-1.26) 0.27

30-34.99 (class I obesity) 0.41 (0.22-0.76) 0.005

35-39.99 (class Il obesity) 0.27(0.12-0.62) 0.002

>40 (class Il obesity) 0.25 (0.07-0.90) 0.03

BMI Unknown 0.61 (0.36-1.04) 0.07

Table 2.8. Binary logistic regression model for more and less deprived patients. The more deprived group is the reference group
and all adjusted odds ratios are reported for the least deprived group relative to the more deprived group. BMI is classified as per
WHO categories for the purposes of this model.

2.4 Discussion

The epidemiology of ATR was described and the hypothesis was rejected. This study

demonstrated an inverse relationship between incidence of ATR and SEDS, with a higher
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incidence of ATR in patients with lower levels of socioeconomic deprivation. In addition, SEDS
has been shown to be associated with independent variations in patient factors (e.g. BMI and
preceding tendinitis), mechanisms of injury and seasonality in patients presenting with ATR,
suggesting that the circumstances and nature of ATR may vary with SEDS. This is the first study

to assess the relationship between SEDS and ATR.

2.4.1 Epidemiology of ATR

Males outnumbered females by approximately 3:1 and the median age of patients with ATR
was in the fifth decade of life. Patient demographics reported in this study were similar to those
reported in other large epidemiological studies,** % suggesting that the study population was
representative of general ATR populations encountered elsewhere and lending credence to these
findings. This could also suggest that the novel findings in this study with respect to SEDS may
mirror the situation elsewhere, although this cannot be known with any degree of certainty until
studies assessing the relationship between SEDS and ATR are repeated in other geographic

32, 33,37, 40,42
, 33,37, 40, and

regions. Previous studies have reported wide variation in the incidence of ATR
the incidence reported in this study falls centrally within this range. Interestingly, studies
reporting a higher incidence of ATR originate largely in Scandinavia, in countries that score very
highly on socioeconomic indices, even in comparison to the United Kingdom.*** This would
appear to support the finding of a higher incidence of ATR being associated with lower levels of
deprivation. Additionally, most studies reporting a higher incidence than the current study

exclude children and adolescents,3 6,37

who have a very low incidence of ATR. Whole-
population, age-bracket specific and adult population data are presented in this study, to give

complete data for the population while also facilitating comparison with other studies. The

finding of a second, smaller peak in incidence among older patients is consistent with recent
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reports of rising incidence of ATR in this demographic.’®*® Other authors have reported that the
mean age at presentation with ATR 1is rising and have attributed this to an increasing incidence in
older patients and an ageing population.®* *>*3¢

An epidemiological study of soft tissue injuries originating in the same region, 15 years prior
to the current study, reported an incidence of ATR of 11.1/100,000 per year,”' while the current
study reports a significantly higher incidence of ATR. This suggests a significant increase in the
incidence of ATR in the region in recent decades, which would again be in keeping with trends

32,36, 38 . . . .
»°%°% The reasons for increased incidence of ATR observed in various

reported elsewhere.
regions in recent years are likely multiple, although it has been postulated by some authors that
increases in physical activity and sporting activity among the general population and in particular
older individuals, may play a role.** ***

The SIMD is a national index and quintiles are not uniformly distributed through the country
geographically. The study methodology accounted for this, using data from the 1083 data zones
in the health board area to determine specific health board population deprivation data, which
was used for the uninjured comparator group in this study. This should allay any concerns that
the increased number of ATR observed in the LD category could simply be a reflection of the
make-up of the health-board population being studied and confirms that the observed increased
incidence of ATR in areas with lower levels of deprivation is a genuine finding.

The authors of a recent study on the epidemiology of soft tissue injuries noted a lack of data

relating epidemiology of these injuries to SEDS and called for studies to be undertaken in this

field.** SEDS has been shown to influence the epidemiology of traumatic injuries in general,*'®

240 216,219, 248

246.247 facial trauma,**” many types of fracture and osteoarthritis,*'” carpal tunnel

215 231-233

syndrome,” ~ Perthe’s disease and other musculoskeletal conditions.”" In addition,

socioeconomic deprivation has also been linked with increased incidence of various non-

orthopaedic conditions, including hospitalisation with peripheral arterial disease®*’ and other
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chronic medical ailments.”>® However, the relationship between SEDS and incidence of ATR
identified in this study is the inverse of that seen with respect to all of the above, where
increasing levels of deprivation are associated with higher rates of incidence.?'>%!% 230-233. 249231
This has important implications for the planning of clinical services and resource allocation in
relation to the population served. Reasons for this relationship may include differing activity
profiles in cohorts of varying SEDS.*** 1t is known that individuals with lower levels of
deprivation are more active and have higher levels of sports participation, potentially
predisposing them to ATR, while more deprived individuals are more likely to lead sedentary

244.232-234 Thjs theory is further supported by the findings of variation in mechanism of

lifestyles.
injury and sporting involvement between deprivation groups discussed below.

Additionally, patients in the most deprived quintile were more likely to present in a delayed
fashion, which may have significant implications on treatment strategy in areas of high

socioeconomic deprivation, since surgical management is usually advocated after delayed

diagnosis of ATR.*

2.4.2 Patient and Injury Characteristics and Variation with SEDS

The male preponderance for ATR observed in this and other studies** *® did not vary with
SEDS and this known predictor of ATR is unlikely to be a major driver of the discrepancy in
ATR across different SEDS categories. There was a notably higher proportion of patients >50
years old in the LD group and there may be an association between trends towards increased
incidence of ATR in older patients** *® and the higher incidence of ATR in LD individuals.

Seasonality is another known predictor of ATR and other authors have similarly reported a
higher incidence of ATR in the summer and spring.””**® The reasons for seasonal variation are
unknown but may relate to differing sporting preferences,** implications of climate on sports,’’ or

other factors such as SEDS, which has, for the first time been shown to have an independent
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association with seasonality. While both groups had the highest ATR incidence in summer, MD
patients had relatively constant incidence through the rest of the year with a large summer peak,
while LD patients demonstrated steadily increasing incidence between autumn and summer, with
the largest relative increase occurring between winter and spring and they had a significantly
higher spring-time incidence than the MD group. It has been postulated that variations in
seasonality of ATR are influenced by the mechanism of injury, with certain activities being more
popular during particular seasons.”> However, even after adjusting for mechanism of injury and
other confounders, seasonal variation was confirmed, suggesting a degree of independence
between these factors and that differences in injury mechanism alone do not explain the
differences in seasonal variation observed between deprivation groups.

Mechanism of injury also differed independently with SEDS. Sporting injuries accounted for
the majority of ATR, particularly in the LD group. Socioeconomic deprivation is known to be

233-23% and this would support the findings of this

associated with reduced participation in sports
study. It may be one reason why ATR, unlike many other medical afflictions, is commoner in
less deprived individuals and also supports the finding that incidence of ATR in the study
population was lower than that in some Scandinavian studies, since Scandinavian populations are
known to be especially active.”>* Racket sports are considered a ‘textbook’ mechanism of injury
for ATR. While these were common injuries, soccer accounted for approximately double the
number of ATR in this study. Variations in the type of sporting activity engaged in at the time of
injury were also observed between SEDS groupings, with soccer being commoner among MD
individuals and racket sports being commoner amongst LD individuals. It is known that more
deprived individuals are more likely to engage in team sports while less deprived individuals are
more likely to engage in solo sports and reasons for this may include cost and access to

257

facilities.”’ MD individuals were also more likely to sustain low energy ATR, which is

consistent with higher levels of sedentary lifestyle in this demographic group.254 There was a
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statistically insignificant trend towards greater numbers of open injuries in the more deprived
cohort in this study. This would be in keeping with previous reports by Corfield et al and
Zarzaur et al, of higher incidence of penetrating trauma in individuals with greater levels of
socioeconomic deprivation.”'®?* As open Achilles tendon injuries are relatively rare, it is
possible that the inability to demonstrate a statistically significant difference in incidence of these
between the MD and LD groups, despite a more than five-fold higher incidence in the MD group,
relates to type II error.

There is little evidence to support or refute a link between BMI and the incidence of ATR: one

258

study suggested that increasing BMI confers increased risk of ATR””" while another reported no

259

significant variation in BMI between ATR cases and controls. There is, however, a well-

260-263 and

known association between increasing levels of social deprivation and increasing BMI
this is likely to explain the increased BMI in the MD group. Whatever the relationship between
BMI and the incidence of ATR, this study found that all classes of obesity were commoner in
MD individuals with ATR. This may have important implications on treatment outcomes for
ATR in deprived patients, since both surgical complications®** and inadequacy of ankle plaster
immobilisation®®* are commoner in obese patients.

Fluoroquinolone antibiotics and systemic steroid use have been reported to be risk factors for
ATR.***%* Fluoroquinolones are a class of bactericidal antibiotics that exert their action through
the inhibition of topoisomerase enzymes (DNA gyrase and topoisomerase IV) which have
important functions in controlling the topological state of DNA, including supercoiling. These
enzymes are essential for DNA replication, transcription, recombination and repair.*’
Fluoroquinolones are derived from nalidixic acid, a substance first synthesised by Lesher et al in
1962%"" and became commercially available in the 1980s, with norfloxacin the first

fluoroquinolone in mainstream use, followed by ciprofloxacin.’” They are one of the most

commonly prescribed antibiotic classes.”’>*”> Case reports of tendon rupture in the context of
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274

fluoroquinolone use began to appear in the medical literature in the early 1990s”"" and were

269.275 and eventually systematic reviews.”'*?’® The

followed by case-control and cohort studies
exact mechanisms by which fluoroquinolones mediate tendon injury are not fully understood, but
may relate to oxidative stress and possibly mitochondrial damage.?”” It has been estimated that
fluoroquinolone use triples the risk of ATR but the incidence of ATR in patients on
fluoroquinolones remains low”® and they are implicated in between 0.3% and 3.8% of ATR.*®"
269.278 Recent quinolone use was noted in 2.3% of ATR in this study, in keeping with the
previous descriptions. Systemic corticosteroids are also reported to increase the risk of ATR,
possibly by causing tendon atrophy and weakening®® and their use was noted in just under 5% of
cases in this study. However there was no demonstrable difference in use of these drugs
preceding ATR, between the MD and LD groups.

Patients in the LD group were more likely to give a history of tendinitis prior to ATR.
Conversely, a history of inflammatory arthropathy was commoner in the MD group, although this
trend was narrowly statistically insignificant (p=0.057) after adjusting for confounders with
regression analysis. Inflammatory arthropathies are known to occur more commonly in more
deprived individuals?” and have also been linked to ATR, independently of the corticosteroids
often used in their treatment.>® Although these cases make up only a small proportion of total
ATR, the findings do suggest that there are significant variations in patient factors, co-
morbidities and preceding symptoms across SEDS groupings, which may account for some of the
variation in incidence observed with SEDS and that ATR are not a homogenous group of injuries.

1,2 with

Taken together, these findings suggest that the cause of ATR is multifactoria
differences identified in mechanism of injury, seasonality and patient factors between more and

less deprived groups.
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The reported incidence of clinically symptomatic VTE after ATR in the medical literature

varies widely,?*!

while the rate reported in this study was 3.5%, and like the incidence of re-
rupture, it was not found to vary significantly with SEDS. However, patients who sustained a
VTE had a higher BMI than their counterparts who did not. Increasing BMI is well known to
correlate with increased risk of VTE in general terms.”® In addition to this, other authors have
reported that increased BMI is associated with VTE risk in the context of foot and ankle
surgery.”™ It is perhaps therefore not surprising that obese patients with ATR may be at
increased risk of VTE. Clinicians should be aware of this potential association when counselling
patients with ATR.

The study is clinically relevant since it documents a new association between socioeconomic
deprivation status and ATR, which has important implications for health service planning and
resource allocation, particularly as socioeconomic deprivation status is known to exhibit marked
geographic variation.”>**" It has previously been reported that ATR are frequently
misdiagnosed on presentation and this is especially the case in older individuals.”™®® The reporting
of a second peak in incidence of ATR in older individuals, which was more marked in LD
individuals, should raise awareness among clinicians that ATR are not exclusively injuries of the
young adult, as they are commonly perceived to be. Unlike registry or database epidemiological

32,33,36,37,40 .
33.36.3.40 g

studies, which are limited by the collection of only basic demographic data,
study permitted more detailed analysis of the circumstances surrounding injuries, including the

mechanism of injury, co-morbid conditions and preceding symptoms, giving clinicians a

comprehensive picture of the epidemiology and clinical features of ATR at population level.

2.4.3 Limitations

This study does have limitations, including its retrospective nature and the potential for type II

error when analysing some less common variables. As with all epidemiological studies, patients
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who were misdiagnosed by their clinicians or who failed to present for medical attention will
have been missed, although any patients diagnosed in a delayed fashion will have been included

in the study.

2.5 Conclusion

The incidence of ATR was related to SEDS, being higher in patients with lower levels of
socioeconomic deprivation. Furthermore, significant variations in patient and predisposing
factors, mechanisms of injury and seasonality were demonstrated between more and less deprived
patients with acute ATR, suggesting that the circumstances and nature of ATR may vary with

SEDS status and that these are not a homogenous group of injuries.
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Chapter 3: Achilles Tendon Re-Ruptures:
Epidemiology and Associated Risk Factors

3.1 Introduction

Primary ATR are common soft tissue injuries and their incidence is rising.*"**** ATRR is a
much-feared and widely discussed complication of primary ATR.”"**?% ATRR is given
significant publicity in the medical literature. The re-rupture rate is reported in almost every

published study on ATR and ATRR has been an outcome measure of multiple randomised

290, 291 91, 99, 292

studies and meta-analyses in the field. Despite this, studies detailing the

epidemiology of ATRR are lacking. This is in contrast to the epidemiology of primary ATR,

31-34, 36-38, 245
d > >

which has been extensively documente and whose incidence is known to have risen

in recent decades.**>* 3% 212 This is surprising, given that ATRR is by far the most frequently

reported complication of primary ATR’"**?*? and that it is also known to be associated with

289,293

poorer patient reported and functional outcomes and lower rates of return to sports than

uncomplicated primary ATR, while patients who sustain ATRR are subjected to further treatment

that often requires additional surgery and further prolonged periods of rehabilitation.?** 2429

It is also unclear which patients with primary ATR are at increased risk of ATRR and only a

R,103 119,223,297\ ith most of these

few studies have attempted to identify risk factors for ATR
unable to identify any associated factors.'® ' *7 Surgical repair may result in a reduction in re-
rupture rate although the relative risk reduction is small and often only identifiable when results

91, 298

from individual studies are pooled into meta-analyses and this potential benefit must be

weighed against the potential risk of surgical complications.”® Although it is believed that
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modern functional rehabilitation regimes for primary ATR may be associated with lower levels of
re-rupture than traditional cast immobilising regimes, the authors of a previous meta-analysis
lamented a lack of direct evidence in this regard.” Subsequent randomised controlled trials
comparing traditional and functional rehabilitation, including the study in Chapter 5,%°! have
suggested trends towards higher re-rupture rate with traditional immobilising techniques but

these were not statistically significant.'”®*!

This may be the result of difficulty with adequately
powering prospective randomised controlled trials to detect differences in the rate of occurrence
of relatively uncommon complications. In such scenarios, larger observational studies (such as
the one that comprises this chapter of the thesis) may be better able to detect such differences, if
indeed they exist. A better understanding of the risk factors for ATRR would allow higher risk
patients to be identified and counselled accordingly and any modifiable risk factors identified
may present opportunities to reduce the risk of ATRR.

The primary aim of this study was to describe the epidemiology of ATRR. The secondary aim

of this study was to determine whether it is possible to identify factors that predispose patients to

increased risk of ATRR at the time of primary ATR.

3.2 Methods

3.2.1 Study Design

A retrospective electronic search of all health-board medical records was undertaken to
identify patients treated for primary ATR and ATRR between 1* January 2011 and 31
December 2016. All records in the health-board are electronically recorded and were searched
for the following search terms: ‘Achilles’, ‘tendoachilles’, ‘TA’, ‘rupture’, ‘tear’, ‘torn’, to
identify any patients treated for Achilles tendon rupture in any of the Accident and Emergency,

outpatient or inpatient services. The preliminary search returned 4521 records. Each was
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screened according to the inclusion and exclusion criteria (table 3.1), leaving 791 patients eligible
for inclusion in this study. Records were assessed up to the time of study, with a minimum
review period of 1.5 years after the primary ATR. The nature and circumstances of primary ATR
and ATRR were recorded. ATR were diagnosed clinically, with ultrasound used at the discretion
of the treating physician if there was doubt as to the diagnosis.

Two separate databases were compiled from this data (figure 3.1): the first, consisting of 791
entries, which included any patient presenting with a rupture of the Achilles tendon (either
primary ATR or ATRR) between January 2011 and December 2016, permitted the
epidemiological study of ATRR; and the second database, consisting of 779 entries, which
included only patients presenting with a primary ATR between 1* January 2011 and 31*
December 2016 and completing treatment for this at the study institution and recorded re-ruptures
occurring at any subsequent time point with a minimum review period of 1.5 years from the date
of primary injury (which thereby permitted analysis of factors that might predict ATRR at the
time of presentation with primary ATR). Seasonality was defined according to the northern
hemisphere meteorological system.241 This study was part of a departmentally approved service
review of ATR which was reviewed by the scientific officer for the regional ethics committee

(REC) who advised that REC review was not necessary.

Inclusion criteria Exclusion criteria
Any Achilles tendon rupture (primary or re- Patients residing out with the NHS Lothian
rupture) within the period 01/01/2011- health-board geographical region
31/12/2016
Rupture of any anatomic region of the Achilles
tendon
Patients residing within the NHS Lothian health-  For part 2 only:
board geographical region as defined by the e Patients whose first presentation during
Scottish Government National Records of the study period was with a re-rupture.
Scotland Small Area Population Estimate data e Patients who initially presented to the
zones (i.e. patients residing within the 1083 data health-board with their primary ATR but
zones that make up the health-board catchment completed their treatment for this injury
area), even if they initially presented elsewhere elsewhere.

and only returned to the health-board for
ongoing care.

Table 3.1. Inclusion and exclusion criteria.
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Electronic search:
"Achilles" or "tendoachilles"
or "TA" or "rupture" or
"tear" or "torn" or "partial"

n=4521
— Duplicate records, other diagnoses
n=3705
Acute ATR between
01/01/2011 and 31/12/2016
n=816

L Non-residents of healthboard

catchment area n=25

n=791

Part 1
n=791

First presentation with
primary ATR n=783

First presentation with
ATRR n=38

—— First presentation during study period
was a re-rupture n=38

— Primary injury treated elsewhere
after initial presentation to health-
board n=4

Part 2
n=779

First presentation with
primary ATR n=779

ATRR
n=48

ATRR
n=42

Figure 3.1. Flow diagram for the study. Part 1 consists of 791 acutely presenting ATR, including eight patients whose first
presentation during the study period was with a re-rupture and 783 who first presented with a primary ATR. Of these 783, 40
developed a subsequent re-rupture between January 2011 and December 2016. Thus there were 48 ATRR in total, occurring
between January 2011 and December 2016. This data was used for epidemiological descriptions relating to ATRR during the
study period and for comparison of presenting features of the 48 identified ATRR with those of primary ATR injuries. Part 2
consists of 779 patients presenting with acute primary ATR between January 2011 and December 2016, who completed treatment
for the primary injury at the study institution. In this group, there were 42 patients with ATRR, comprising the 40 patients
mentioned previously in part 1 and a further two patients who had presented with primary ATR before December 2016, but who
developed an ATRR during the review period after 1% January 2017. This data was used to compare variables at primary ATR
presentation for patients who did and did not go on to develop ATRR to determine whether any risk factors for ATRR at the time
of presentation with primary ATR could be identified.
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3.2.2 Setting

As previously described (Chapter 2.2.1), the health-board is the only authority overseeing
delivery of regional healthcare services in the National Health Service (NHS) and there are no
other NHS providers in this region. Emergency services are provided through 3 emergency
departments and one minor injuries unit; orthopaedic surgery is performed at two locations and
outpatient clinics are based at five locations. There are two private hospitals in the region but
none of these have an emergency department and therefore acute presentations are routed through

the NHS and should be identified by the search algorithm employed.

3.2.3 Population-level definitions

The health board population (total, gender-specific and with reference to age brackets) for
each year of study was determined using Scottish Government population data from the National
Records of Scotland (NRS), who issue annual mid-year population estimates for each health
board.?** SEDS and health-board population characteristics were determined using the Scottish
Index of Multiple Deprivation (SIMD-16) in the same fashion as that employed in Chapter 2.
SIMD data is published quadrennially, unlike the mid-year population estimates for the health
board and therefore, for the socioeconomic deprivation analysis only, the SIMD-16 health board
population data was used to determine the size of more and less deprived components of the
health board population, which were assumed to be static during the period of study. Patients
were matched to their corresponding data zone using their postcode and SEDS data was available
for all patients. They were categorised into biquintiles, each comprising of patients from data

zones in the most deprived 40% and least deprived 40% bands of the national population.
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3.2.4 Treatment of Primary Achilles Tendon Rupture

Non-operative management is routinely employed at the study institution unless there are
specific indications for surgery (e.g. delayed presentation or patient request) and the period of
study straddled a move from traditional immobilising cast treatment (with 10 weeks of cast
immobilisation comprising of 4 weeks in equinus and 4 weeks in semi-equinus, non-weight
bearing, followed by 2 weeks in a neutral, weight bearing cast and then a further 2 weeks with a
shoe heel raise) to a modern functional early weight-bearing regime (with immediate weight
bearing in a walking boot orthosis and progressive reduction of heel wedges such that the foot
was in full equinus for 4 weeks and then semi-equinus for 2 weeks, reaching a neutral position by
6 weeks and the boot was removed at 8 weeks) as the standard treatment for primary ATR.
Surgical treatment, when performed, was by open means. For the purposes of statistical analysis,
treatment type was defined as the first commenced definitive treatment after the initial A&E

treatment (A&E management usually comprises of a temporary equinus backslab and crutches).

3.2.5 Statistical Analysis

The annual incidence of ATRR per 100,000 was calculated as the number of cases occurring
between 1* January and 31% December, divided by the health-board population (or relevant
population bracket), as defined in the government mid-year population estimate for that year.
The resulting figure was multiplied by 100,000. The occurrence of ATRR was reported in the
most and least socioeconomically deprived national biquintiles (40% bands) in the health-board
population, over the period of study, as described above.

Data parametricity in the ATR cohorts was assessed using Kolmogorov-Smirnov testing.
Non-parametric data was reported as median with interquartile range and compared using

Independent Samples Mann Whitney U tests. Nominal variables were compared using Chi-
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Squared tests (or Fisher’s Exact test if cell count was <5 in any cell). Binary logistic regression
was undertaken to identify variables that were independently associated with ATRR at the time
of presentation with primary ATR. Variables with a p-value of <0.05 on initial analysis were
included in the regression model. The threshold for age used in the regression analysis was
determined using a receiver operator characteristic curve to identify the threshold value that
predicted ATRR with maximum combined sensitivity and specificity (Appendix 3.1). A p-value

of <0.05 was considered significant.***

3.3 Results

3.3.1 Part 1 (Primary Outcome): Epidemiology of re-rupture of the

Achilles Tendon

Seven hundred and eighty three patients (567 males, 72.4% and 216 females, 27.6%) residing
in the health-board catchment population presented with a primary ATR and 48 patients (41
males, 85.4% and 7 females, 14.6%) presented with an Achilles tendon re-rupture between
January 2011 and December 2016. For those presenting with a re-rupture of the Achilles tendon
during this time period, the median time between their primary ATR and the re-rupture was 99.5
days (IQR 82.25-130.75), although 8 ATRR (16.7%) occurred late, between 3 and 50 years after
the primary injury (figure 3.2). Males (mean 6.83 cases per year, range 2-10; in an average male
population of 416,096) were affected more commonly than females (mean 1.17 cases per year,
range 0-3; in an average female population of 439,902; p=0.034 FET; OR=7.40, 95%CI=0.91-

60.15).
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Figure 3.2. Cumulative incidence (%) of ATRR over time relative to date of primary ATR. Note the differing scales used on the
x-axis in different parts of the graph representing the short, medium and longer-term.

The median age at time of presentation with an Achilles tendon re-rupture was 44 years (IQR
33-54) and there was a trend towards older age in females presenting with ATRR (median age 47
years, IQR 42-66), as compared to males (median age 41 years, IQR 33-52; p=0.10). The gender
divide in favour of males was more pronounced in the re-rupture group as compared to the
primary ATR cohort (p=0.048; OR=2.23, 95%CI=0.99-5.05).

The mean incidence of ATRR over the study period was 0.94/100,000 per year (range 0.45 to
1.17/100,000 per year) for all ages (figure 3.3) and 1.16/100,000 per year (range 0.56-
1.44/100,000 per year) for the adult population (>18 years). This compares to a mean incidence
of primary ATR of 15.26/100,000 per year (range 13.51 to 19.07) for all ages and 18.75/100,000
per year (range 16.56-23.57) in adults (>18 years). The peak incidence of both primary ATR and
ATRR was in the fifth decade of life for both genders and a bimodal age distribution was

observed (figures 3.4a and 3.4b).
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Figure 3.3. Incidence of Achilles tendon re-rupture.
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Figure 3.4a. Mean annual incidence of ATRR over the study period in the health-board population by age bracket.
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Figure 3.4b. Mean annual incidence of primary ATR over the study period in the health-board population by age bracket. The
mean annual incidence by age for ATRR is included in the graph for reference purposes (purple line).

There was a statistically significant relationship between incidence of ATRR and
socioeconomic deprivation status, with incidence over the study period being higher in the least
deprived population biquintile (33 cases in a population of 425,254) as compared to the most
deprived biquintile (11 in a population of 294,239; OR=2.01, 95%CI 1.01-3.97, p=0.04).

ATRR occurred most frequently during the summer months (figures 3.5a and 3.5b) and June
was the mode month of injury but there was no statistically demonstrable seasonal variation

(»>0.13) in incidence of ATRR (Table 3.2).

25

H Primary ATR

|
20 ATRR

% Cases

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 3.5a. Incidence of primary ATR and ATRR by month.
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Figures 3.5b. Incidence of primary ATR and ATRR by season.

Expected distribution

Actual distribution in the absence of p-value
seasonal variation
Autumn 8 12 0.32%*
Winter 8 12 0.32*
Spring 13 12 0.82*
Summer 19 12 0.13*
Total 48 48

Table 3.2. Actual incidence of ATRR per season compared to expected incidence of ATRR in the absence of any seasonal
variation. *Chi square test.

The majority of ATRR were low energy injuries, with spontaneous ATRR, injuries while
walking and other low energy mechanisms accounting for almost 60% of injuries. Two ATRR
(4.2%) occurred while patients were undertaking primary ATR rehabilitation exercises (Table
3.3). By contrast, 60% of primary ATR occurred as a result of sporting or dancing activity.

Treatment of ATRR was surgical in 36 cases (75%) while 5 patients (10.4%) were advised
surgical management but declined this. Three patients were treated using the standard casting
regime and 3 with a walking boot regime; one patient was lost to follow up after radiological

confirmation of re-rupture.
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Primary ATR ATRR
Sport 388 (49.6%) 3 (6.3%)
Walking 55 (7.0%) 13 (27.1%)
Low Energy* 68 (8.7%) 9 (18.8%)
Fall (>standing height) 17 (2.2%) 1(2.1%)
Open injury 8 (1%) 0 (0%)
Blunt trauma 10 (1.3%) 1(2.1%)
Running (non-sports) 20 (2.6%) 1(2.1%)
Jumping (non-sports) 13 (1.7%) 1(2.1%)
Dancing 81(10.3%) 0 (0%)
Pushing/lifting heavy objects 21 (2.7%) 1(2.1%)
Standing up from sitting/lying 12 (1.5%) 0 (0%)
Stairs/steps 41 (5.2%) 5(10.4%)
No specific event/Spontaneous 22 (2.8%) 6 (12.5%)
Physiotherapy/rehabilitation N/A 2 (4.2%)
exercises
Other 16 (2.0%) 4(8.3%)
Unknown 11 (1.4%) 1(2.1%)
Total 783 48

Table 3.3. Mechanism of injury for primary ATR and ATRR. * Low energy category includes slips, trips, stumbles, ankle

inversion injuries and falls from standing height.

3.3.2 Part 2 (Secondary Outcomes): Predictors of re-rupture at time of

first presentation

3.3.2.1 Patient Factors

Males presenting with a primary ATR were more likely to sustain ATRR than females
(OR=2.97, 95%CI=1.15-7.66, p<0.001) and patients who went on to develop ATRR were
younger at first presentation than their counterparts who did not (p=0.019), however there were

no other identifiable demographic differences that were found to be predictive of re-rupture, at

the time of first presentation with an ATR (Table 3.4).
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. Patients without
ATRR patients -
pati ATRR (n=737) p-value

(n=42)
Gender
Male 37 (88.1%) 526 (71.4%) <0.001*
Female 5(11.9%) 211 (28.6%)
Age (median, IQR) 41 (32-47) 48 (40-62) 0.019**
Ethnicity
White British 33 (78.6%) 625 (84.8%)
White Other 4 (9.5%) 36 (4.9%)
Asian 0 (0%) 8 (1.1%) 0.56'
Black 0 (0%) 10 (1.4%) '
Other 0 (0%) 5(0.6%)
Unknown 5(11.9%) 53 (7.2%)
BMI (median, IQR) 25.56 (23.72-28.42) 26.76 (24.26-30.59) 0.17**
SEDS
More Deprived" 9 (21.4%) 183 (24.8%) 0.48*
Less Deprived” 28 (66.7%) 431 (58.5%) )

Table 3.4. Baseline characteristics for patients according to re-rupture status for 779 patients with primary ATR comprising the
cohort in part 2. *Chi Square test; **Independent Samples Mann Whitney U-test. 'Fisher’s Exact test for proportion of patients
who self-identified as White British (including Scottish) compared to all other known ethnicities. "™Most and least deprived
groupings refer to patients falling into quintiles 1 and 2 vs quintiles 4 and 5 of the Scottish Index of Multiple Deprivation
respectively. Body mass index (BMI) was determined from height and weight documented at the closest-available time point to
primary ATR; this was known for 74.7% of patients (n=582/779).

3.3.2.2 Mechanism and Season of Injury

No particular season at the time of primary ATR conferred an increased risk of ATRR (Table
3.5). No mechanism of primary ATR was shown to be associated with an increased risk of re-
rupture, although there was a trend to increased risk of ATRR in patients who sustained their

primary injury during sporting activity (p=0.059, Table 3.6).

Patients with Patients without  Odds Ratio (95%Cl) p-value

subsequent ATRR  subsequent ATRR

Autumn 7 (16.7%) 152 (20.7%) 0.77 (0.34-1.76) 0.53*
Winter 13 (31%) 168 (22.8%) 1.52 (0.77-2.98) 0.23*
Spring 10 (23.8%) 184 (25%) 0.94 (0.45-1.94) 0.86*
Summer 12 (28.6%) 232 (31.5%) 0.87 (0.44-1.73) 0.69*
Total 42 736

Table 3.5. Seasonality of primary ATR in patients who did and did not go on to develop ATRR. *Chi square test.
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Patients

Patients with .
Whole cohort subsequent without OR (95%Cl) p-value
(n=779) ATRR (n=42) subsequent
- ATRR (n=737)
Sport 385 (49.4%) 27 (64.3%) 358 (48.6%)  1.85(0.97-3.54) 0.059*
Walking 55 (7.1%) 1(2.4%) 54 (7.3%) 0.30 (0.04-2.25) 0.35%*
Low Energyt 68 (8.7%) 2 (4.8%) 66 (9%) 0.50(0.12-2.12) 0.57**
Fall (>standing * %
height) 17 (2.2%) 1(2.4%) 16 (2.2%) 1.08 (0.14-8.36) 1.0
Open injury 8 (1.0%) 1(2.4%) 7 (0.9%) 0.36%*
Blunt trauma 10 (1.3%) 1(2.4%) 9 (1.2%) 1.94 (0.24-15.71) 0.43**
Running (non- * 5%k
sports) 20 (2.6%) 2 (4.8%) 18 (2.4%) 1.97 (0.44-8.77) 0.3
Jumping (non- * 5k
sports) 12 (1.5%) 0 (0%) 12 (1.6%) 0.94 (0.93-0.96) 1.0
Dancing 81 (10.4%) 5(11.9%) 76 (10.3%) 1.16 (0.44-3.03) 0.80**
Pushing/lifting *%
heavy objects 21 (2.7%) 0 (0%) 21 (2.8%) 0.94 (0.93-0.96) 0.62
Standing up from -
sitting/lying 12 (1.5%) 0 (0%) 12 (1.6%)  0.94(0.93-0.96) 1.0
Stairs/steps 41 (5.3%) 0 (0%) 41 (5.6%) 0.94 (0.93-0.96) 0.16**
No specific event 22 (2.8%) 1(2.4%) 21 (2.8%) 0.82(0.11-6.24) 1.0%*
Other 16 (2.1%) 1(2.4%) 15 (2.0%) 1.16 (0.15-8.97) 0.60**
Unknown 11 (1.4%) 0 (0%) 11 (1.5%) N/A N/A
Total 779 42 737

Table 3.6. Mechanism of injury for the primary Achilles tendon rupture in patients who did and did not go on to develop ATRR.
*Chi square test. **Fisher’s Exact test. T Low energy category includes slips, trips, stumbles, ankle inversion injuries and falls

from standing height.

3.3.2.3 Other Potential Predisposing Factors

There was no demonstrable association between medication induced primary ATR, a history

of preceding tendinitis at time of primary ATR or a medical history of diabetes or inflammatory

arthropathy and the incidence of ATRR (Table 3.7).
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Patients with . .
Patients without

. o ]
subsequent subsequent ATRR Odds Ratio (95%Cl) p-value
ATRR

Diabetes 0 61 1.06 (1.04-1.08) 0.068*
Inflammatory

0 16 1.06 (1.04-1.08) 1.0*
Arthropathy
Preceding Achilles

0 56 0.94 (0.93-0.96) 0.065*
tendinitis**
Fluoroquinolone

0 18 1.06 (1.04-1.08) 0.62*
use**
Steroid use** 1 37 2.17 (0.29-16.24) 0.72*

Table 3.7. Patient factors at time of primary ATR in patients who did and did not go on to develop ATRR. *Fisher’s Exact test.
**within 6 months prior to primary ATR.

3.3.2.4 Primary ATR Treatment
Immobilising cast treatment of the primary ATR was associated with an increased risk of

ATRR (Table 3.8).

Patients with Patients without Odds ratio value
subsequent ATRR subsequent ATRR (95%Cl) P
Immobilising cast 34 (6.7%) 470 (93.3%) 2.40 (1.09-5.25) 0.025*
treatment
Functional 6 (3.8%) 153 (96.2%) 0.63 (0.26-1.53) 0.31*
walking boot
rehabilitation
_ _ 2 (3.8%) 50 (96.2%) 0.69 (0.16-2.92) 1.0%*
Surgical repair
0 62 N/A N/A

Other

Table 3.8. Treatment regime for primary ATR in patients who did and did not go on to develop ATRR. Odds ratios and p-values
are for the treatment method relative to all other cases. * Chi square test. ** Fisher’s Exact test.

3.3.2.5 Regression Model
Patients under the age of 45 years at time of primary ATR and those treated with traditional
cast immobilisation were more likely to sustain ATRR (Table 3.9). There was a narrowly

insignificant trend towards increased incidence of ATRR in males (p=0.052).
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Adjusted Odds Ratio

(95%Cl) p-value

Age

>45 years Reference

<45 years 1.96 (1.04-3.71) 0.037
Sex

Female Reference

Male 2.58 (0.994-6.71) 0.052
Cast immobilisation 2.20(1.0-4.85) 0.050

Table 3.9. Adjusted odds ratios (95%Cl) and p-values for binary logistic regression model for prediction of ATRR at the time of
primary ATR.

3.4 Discussion

This study represents the largest series of ATRR reported to date. The most important finding
was the description of the epidemiology of ATRR, which was explored in detail. Known trends
such as male predilection for these injuries®> are confirmed, as is the association with younger
age at time of primary ATR, previously alluded to in a single small study with four re-ruptures,>”
while other novel findings are described, including the incidence of a small but significant
number of late ATRR, occurring years after the primary injury and a greater incidence of ATRR
in patients with lower levels of socioeconomic deprivation. Mechanisms of injury are contrasted
between primary ATR and ATRR. Independent relationships between ATRR risk and male sex,
younger age and traditional immobilising cast treatment at the time of primary ATR were

identified and reported.

3.4.1 Epidemiology of Achilles Tendon Re-rupture

Epidemiological studies of ATRR are lacking, with review of the literature revealing only one
brief description of population-level incidence of these injuries in a study that focussed primarily
on comparison of patient characteristics between patients who developed either infection or a re-
rupture after surgical repair of ATR.**" Other studies reporting on ATRR seek to compare these

patients only to those with primary ATR.'% '1223-2% This is in contradistinction to the
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epidemiology of primary ATR, which is widely documented in population based studies.?* ** 3¢

38.212.28% previous epidemiological studies have shown that primary ATR occur more frequently
in males,** ***¢3% 212 byt the only report of male predilection to ATRR is based on comparisons
of ATRR relative to a primary ATR cohort rather than on population level data.**> The current
study demonstrated a male predilection to ATRR both at population level (where odds of ATRR
were over 7 times those for females) and also relative to primary ATR. Furthermore, age-specific
incidence for the population is reported, which, similarly to primary ATR*® (as detailed in
Chapter 2, figure 2.4), demonstrates a bimodal age-related incidence of ATRR, with peak
incidence of ATRR in the general population in the 5™ decade of life and second peaks in later
life for both males and females (although the secondary peaks occurred one decade later for
males and earlier for females than those observed for primary ATR in the same population.
Unlike primary injuries, where the median age of affliction was the same for both males and
females (Chapter 2.3.1), there was a trend towards lower median age of affliction for males with
ATRR compared to females, but this did not reach statistical significance.

Patients presenting with ATRR had lower levels of socioeconomic deprivation than the
general health-board population. Similar findings were noted with respect to primary ATR

(Chapter 2, Figure 2.5) and are the opposite of trends observed for many traumatic injuries'®2'*

1215217230 and medical® conditions, where increasing incidence

2% and other musculoskeleta

tends to correlate with increasing levels of socioeconomic deprivation. This finding may be

mediated largely through the increased propensity of less deprived individuals to primary ATR,

which is a prerequisite for ATRR, since there was no additional demonstrable disparity in re-

rupture rates according to SEDS amongst patients who had already sustained a primary ATR.
ATRR were observed most commonly in the summer and more specifically in June,

replicating observations of primary ATR incidence in the same population (figures 3.5a and

3.5b). However, the observed incidence of ATRR did not vary significantly by season, when
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compared to a homogenous incidence of ATRR across the seasons, which would be expected in
the absence of seasonal variation. This would suggest that there is no significant seasonal
variation in incidence of ATRR, or possibly that the study was underpowered to detect any
seasonal trends in ATRR. The concept of seasonal variation in the incidence of primary ATR is
not new although the mode season of affliction for primary ATR is known to exhibit considerable
geographic variation.> " 2263923 Ope gmall study has reported on the effect of season of

392 but did not give any information on the seasonal incidence

primary injury on the risk of ATRR
of re-ruptures themselves. In fact, seasonal incidence of ATRR does not appear to be a topic of
previous study in the existing literature.

ATRR is generally thought to occur early on in the course of rehabilitation, usually within weeks
of completing immobilisation,®! 7% 101 103 117 119223300 wwpie this study found that the median
time to ATRR was 14 weeks after primary injury and that most re-ruptures occurred early, it also
found that 1 in 6 ATRR (8 of 48) occurred years after the primary injury, with the reported
interval ranging from over 3 years through to 50 years. Studies designed to follow patients

7. 138. 291 o1 to retrospectively review patients recently presenting with primary

prospectively
ATR'"®2%3:3% (a5 was done in part 2 of this study) would be unable to pick up on this
phenomenon. Almost all studies on ATR fall into these categories and this may be why this
phenomenon (late ATRR) has not previously been recognised or reported. However it has
potentially significant implications for studies using re-ruptures as an end-point and also for
patients sustaining an ATR, who should not assume that they are ‘in the clear’ after navigating
the early post-injury rehabilitation period uneventfully. Further study of these late ATRR is
warranted to determine whether they differ in nature from the traditionally described early
ATRR.

The majority of ATRR were low energy injuries, occurring during the course of simple

walking, going up or down stairs or even spontaneously with no precipitating event. Two
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patients (4.2%) sustained ATRR during rehabilitation exercises for their primary injury. These
findings contrast those reported for primary ATR (Table 3.3) where sporting and dancing injuries
accounted for the majority of injuries. Reito et al pondered whether the identification of
individuals at increased risk of re-rupture would allow for less vigorous rehabilitation to reduce
their risk of re-rupture, but ultimately found, in keeping with this study, that most injuries were
low-energy injuries and questioned whether a less vigorous rehabilitation regime would have any

bearing on these ATRR.**
3.4.2 Predictors of ATRR at the time of presentation with primary ATR

The second part of this study sought to determine whether patients at higher risk of ATRR
could be identified and distinguished from other patients at the time of presentation with a
primary ATR. Early identification of patients at higher risk would facilitate patient counselling
and may permit preventive measures to reduce the risk of ATRR, particularly if any of the
identified risk factors were modifiable.

To date, only a small number of studies have attempted to identify predictors of ATRR at the

103, 119, 223,297

time of presentation with a primary ATR and most of these were unable to identify

any risk factors for ATRR.'% 119297 Tpjg may be the result of type II error, due to relatively

small numbers of patients with ATRR in the studies rendering their power inadequate. Male sex

32,38, 304

is a well-known risk factor for primary ATR (Chapter 2.3.1) but the nature of any

association with ATRR has remained poorly understood. In agreement with the results of this
study, male sex was found to predict ATRR in patients presenting with a primary ATR in one

other study (albeit without correction for confounding factors),”* but not in other studies.'* """

3% The odds of ATRR in the health-board population in this study were more than seven times
greater for males than females. Part of this disparity is explained by the predisposition of males

for primary ATR (Chapter 2.3.1), which is a pre-requisite for subsequent ATRR. However, even

within the group of patients with primary ATR, there was a clear trend towards increased
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incidence of re-rupture in males, with adjusted odds of ATRR being 2.6 times greater in males, a
finding which was just outside statistical significance (p=0.052) after adjusting for other
confounders in the regression model. This suggests an additional male predisposition to repeat
rupture that is independent of that for primary ruptures.

Younger patients presenting with primary ATR were at increased risk of subsequent re-
rupture. One other study reported a higher incidence of re-rupture in younger patients, although
this was based on a series of only four re-ruptures, in a selected group of athletes undergoing
surgical repair of the Achilles tendon and was also unable to demonstrate an association between

390 Dye to its size and the

gender and ATRR, despite all ATRR in that study occurring in males.
highly selected cohort under review, the results of that study cannot be extrapolated to general
ATR populations. Another study was not able to demonstrate an association between younger

223
In

age and overall ATRR risk, despite reporting a younger mean age in patients with ATRR.
the current study, increased odds of ATRR in younger patients were confirmed, even after
adjusting for confounding factors.

There was no demonstrable association between season of primary ATR and ATRR risk. This

is in contrast to the findings of Saarensilta et al,***

who reported that patients sustaining primary
ATR in summer were more likely to develop ATRR. The reasons for this discrepancy are
unknown but may relate to that analysis being based on a very small series of five re-ruptures
which may therefore be prone to error, or the authors’ decision to use percentages in the place of
actual re-rupture numbers in that particular analysis, thereby increasing the cell counts in the
cross table analysis artificially and concomitantly inflating the apparent statistical power without
increasing patient numbers. As the patients in that study were not a consecutive series but

included from amalgamation of previous randomised controlled trials, the seasonal incidence

reported may have been affected by logistical issues such as the period of trial recruitment. In
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addition, there was no regression analysis to correct for any potentially confounding factors in
that analysis.***

Mechanism of primary ATR did not predict increased risk of re-rupture although there was a
trend towards increased risk with sporting injuries. Pajala et al previously reported that sporting
injuries were commoner amongst a cohort of surgically repaired ATR who developed re-rupture
as compared to a cohort who developed post-operative infection, but did not compare patients
who sustained an ATRR with those who did not develop a re-rupture.’”!

The re-rupture rate after functional non-operative rehabilitation was 3.8%, which is in keeping

with the published literature”"*’

and it was similar to that for surgically treated cases, while after
traditional cast immobilisation, it was 6.7%. No difference was demonstrated between operative
and other regimes, although this may be related to the small numbers of surgically treated
patients in this study and the relative rarity of ATRR. In fact, the majority of individual studies
similarly show no difference in this regard, although pooling of data in meta-analyses suggests
that there is a small clinical difference in re-rupture rates in favour of surgery.”’ The inclusion of
small numbers of surgically treated patients may have resulted in some heterogeneity of the
group under study, however it appears that this experience reflects that of other units adopting
predominantly non-operative management of ATR, where small numbers of patients continue to

61,101,103, 117
undergo surgery

and is therefore in keeping with wider practice in the field of
orthopaedics. This study provides evidence that traditional immobilising cast regimes are
associated with higher re-rupture rates, even after adjusting for confounding variables that may
influence re-rupture rate and such regimes should therefore be avoided. This is a belief that is
widely held among the medical community and is said to have driven recent trends towards

functional rehabilitation,go’ 9

although previous meta-analyses have lamented the paucity of
direct evidence in this regard.” Despite the strong focus on functional rehabilitation in the

published literature, it should not be assumed that cast-based immobilising techniques are no
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longer used in the wider clinical community. Indeed, surveys have shown that management of
ATR often does not follow the evidence base'** and that plaster cast immobilisation continued to
be employed by many practitioners, >> even after the publication of studies favouring functional
rehabilitation, %> % %> 97303

Primary ATR is a pre-requisite for ATRR. Factors that appear to influence the incidence of
ATRR may therefore be associated directly with ATRR, or may be mediated indirectly, in part or
in full, through a propensity for the primary injury. It is therefore unsurprising that some of the
characteristics of ATRR observed in the general population, such as the relationship with SEDS,
mirror those of primary ATR and were not found to be associated with ATRR specifically in
patients who have already sustained a primary ATR. This suggests that some features of ATRR
are mediated indirectly, through a propensity for the primary injury. Conversely, other features,
such as male sex, showed distinct associations with both primary ATR (Chapter 2.3.1) and
ATRR, indicating additive direct and indirect effects on the incidence of ATRR and that ATRR
are not simply a random selection of cases from a parent population with primary ATR. The
occurrence of ATRR is likely multifactorial and may represent the sum of some features which
predispose to primary ATR resulting in a degree of pre-selection, as well as other additional
factors which may act independently, or in an additive fashion to these. Furthermore, while some
factors that are associated with re-rupture are non-modifiable (e.g. male sex and younger age at
the time of primary injury), others (such as choice of treatment regime) are potentially modifiable

and may present opportunities for intervention to reduce patients’ risk of ATRR.
3.4.3 Limitations

This study does have limitations including its retrospective nature and with this, the possibility
of loss to follow up. Despite being by far the largest reported series of ATRR, the potential for
type II error remains, particularly for less common variables, although this would relate to the

secondary aims of the study and multiple statistically significant relationships have nonetheless
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been identified, including on regression analysis. Furthermore, as with all epidemiological
studies, individuals who did not seek medical care for their injuries or were misdiagnosed by
treating healthcare professionals will have been missed, as may have been others. Strengths of
the study design include reporting in two parts with different scope. The first part was able to
demonstrate important information about ATRR epidemiology and in particular, late re-ruptures,
which would not otherwise be possible. As with all retrospective reviews, a minimum follow up
time had to be defined in the second part of the study, although the minimum 1.5 year threshold
chosen is longer than that used in other studies on the topic.''”*** Additionally, most patients
had a significantly longer review period than the minimum defined period and data from part 1 of
the study suggests that 80% of ATRR would have occurred within this minimum timeframe.
Targeted data collection in this study permitted detailed analysis of all primary ATR and re-
ruptures, in contrast to some registry based studies which are limited to the demographic data
routinely collected in the registry and may also be unable to differentiate between primary ATR

and ATRR.*?

3.5 Conclusion

This study represents the largest series of ATRR described to date and details the
epidemiology of ATRR in a general health-board population. It provides new insight into the
demographics of patients and circumstances surrounding these injuries, in comparison to the
better known features of primary ATR. Several associations are described, including with male
sex, age distribution and lower levels of socioeconomic deprivation, while mechanisms of injury
are contrasted between primary ATR and ATRR. The novel finding of a small but significant
incidence of delayed ATRR, occurring years after the primary injury, has important implications
for both patients and also studies using ATRR as an end-point and has not previously been

recognised in the existing literature. A separate secondary analysis of patients presenting with
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primary ATR identified male gender, younger age and traditional immobilising cast treatment
with prolonged non weight-bearing, as predictors of increased risk of re-rupture and quantified
their independent impact on re-rupture risk, providing clinicians with useful data for patient
counselling and evidence to support recent management trends which have seen a shift away
from traditional immobilising treatment regimes. Traditional immobilising treatment regimes

with prolonged periods of non-weight bearing should be avoided.
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Chapter 4: Operative versus Non-Operative
Management of acute Achilles Tendon Rupture:
Long-term follow up of a randomised controlled

trial

4.1 Introduction

The frequency of these injuries, as demonstrated in Chapter 2 and in multiple other

32,35-38,304

epidemiological studies, together with the rising incidence of ATR ensure that it

remains a topical subject in the field of orthopaedic and sports medicine. As previously
discussed (Chapter 1), the traditional dilemma for treating surgeons has been between operative
and non-operative management, both followed by immobilisation in progressively reducing

degrees of equinus. There has been longstanding debate as to whether ATR are best managed

4,7,78, 85,306

operatively or non-operatively and good short term-outcomes have been reported with

4, 84, 85 1 131
3

both modalities. The choice of treatment modality has therefore been controversial, > with

4, 84, 95,229

different authors advocating one or other modality of treatment, although there has been

. . + o 32,37,90, 105, 126-128
a recent trend towards non-operative management in many countries.”” 7.90. 105,

Proponents of operative treatment argue that is associated with a lower risk of re-rupture®®>%
and may give earlier restoration of muscle strength.’’ However, others state that any differences
in strength are not clinically significant” and that in the short and longer-term, no appreciable

differences in muscle volume are seen across the different treatment modalities.*””*” Although

surgery does appear to result in lower rates of re-rupture when compared to non-operative

management of ATR, the differences in re-rupture rate are often not demonstrated in individual
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4,84, 88,97, 229 85-87,

smaller studies, only becoming apparent upon pooling of data in meta-analyses.

91.109.225.306.309 " ythers state that surgery inevitably carries with it the potential for complications,

including infection, wound problems, anaesthetic complications and sural nerve injury.**" %%

109,157, 225,229, 299, 306. 309312 1t 45 known that the presence of significant complications such as
infection, sural nerve injury and re-rupture are associated with worse functional outcomes®'' and
outcomes after infection of surgically treated ATR are particularly poor.>”" Proponents of
surgery also argue that these additional risks are small and that surgery is therefore justified, on
the basis that it may reduce the rate of re-rupture®*® and also that earlier return to work has been

90, 92

observed in some studies, which may additionally justify surgical intervention in certain

groups of patients.”"

However, other studies and meta-analyses have not demonstrated

statistically significant earlier return to sport or work with surgical treatment.***> Conversely,
advocates of non-operative management argue that re-rupture rates are only marginally higher
with non-operative treatment and that the vast majority of patients do well after non-operative

management, without being exposed to potentially serious complications of surgery.’® > 1% 22%:

314
As a result of this controversy, various prospective randomised controlled trials (RCT) have
been undertaken to assess outcomes after operative and non-operative management of these

437, 62,84, 88.95.96 with subsequent meta-analyses and systematic reviews collating their

injuries,
85-87, 91, 225, 306 iy - - - -

results. One unifying feature of these prospective randomised studies and review

articles is their restriction to short term patient follow up, with outcomes reported at one or

4.57.84,88,95-97, 315,316 ith only one RCT reporting on

occasionally up to two years after injury,
outcomes at a mean of 7 years (minimum 5 years; maximum 9 years) post-injury.®’ No
assessment of health related quality of life (HRQoL) or satisfaction was made in that study.®® A

small number of non-comparative studies have reported on outcomes in series of patients

undergoing either surgical or non-operative treatment for ATR in the medium term, at around 5
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years' ' 121:312317 and three non-randomised studies compared operative and non-operative

rehabilitation regimes at a mean of 3.6 (minimum 1 year follow up) years**’, 6.5 years (minimum

318 and 7.6 years®’ after injury.

2 year follow up)

In light of the above mentioned short-term studies which demonstrate overall relatively similar
outcomes after surgical and non-surgical management, there has been a sustained move away
from surgical treatment of ATR in recent years in many places, particularly in Europe and
Canada,** %371 128 degpite a lack of understanding of the long term implications of these two
treatment methods on patient outcome.

Furthermore, as demonstrated in Chapter 2 (as well as in other studies®> ***’

), these injuries
occur most frequently (albeit by no means exclusively) in young to middle aged adults who will
expect to remain physically and economically active for many years after their injury. It is
therefore of particular importance that the longer term implications and outcomes after these
injuries are well understood, including after treatment of ATR using these differing modalities
(operative and non-operative management). Despite this, there is a distinct lack of data in this
regard in the existing medical literature. This is problematic as patients wanting to know about
their longer term prognosis and outlook cannot be reliably informed, while medical professionals
advising on treatment options have no data about likely outcomes and the long-term implications
of treatment choices.

A prospective RCT comparing operative and non-operative management of ATR was
undertaken in Edinburgh between 2000 and 2004 and results reported up to one year after injury.4
Due to the aforementioned lack of available long-term data comparing outcomes between
patients treated surgically and non-operatively for ATR, it was decided to undertake a long term
follow up study of patients treated in the previous clinical trial.

The primary aim of this study was to compare patient reported outcomes after operative and

non-operative treatment of acute ATR. The hypothesis was that surgical treatment of acute ATR
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would result in improved patient reported outcomes, as measured by the Short Musculoskeletal
Function Assessment (SMFA) dysfunction index, compared to non-operative management.
Secondary aims included a comparison of the Achilles Tendon Total Rupture Score (ATRS),
HRQoL, satisfaction and complication rates, as well as the long-term net promoter score (NPS)

for each treatment modality.

4.2 Methods

Approval for this study was granted by the East Midlands - Leicester Central Research Ethics
committee (17/EM/0256). Long term follow up of patients previously recruited into a parallel
arm randomised controlled trial that compared operative and non-operative management of

Achilles tendon ruptures* was undertaken between September 2017 and July 2018.

4.2.1 Patient demographics

Eighty patients (mean age 40.6 years, range 21 to 59) were randomised by a research
physiotherapist, to receive operative or non-operative treatment for an acute ATR between 2000
and 2004. All patients with ATR were considered for inclusion. Exclusion criteria were age >60
years at time of injury, presentation >10 days after injury, systemic disease including rheumatoid
arthritis, chronic renal failure and steroid treatment or other medication that could influence

healing (e.g. chemotherapy).

4.2.2 Intervention

Cards representing the treatment types were placed in unmarked, sealed envelopes and
patients were randomised to one arm of the study at first presentation to the orthopaedic

outpatient service, through allocation of sequential, sealed envelopes.
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Patients presented initially to A&E and were placed into an equinus plaster backslab and
referred to the outpatient orthopaedic service, where eligibility for inclusion, consenting and
randomisation processes were undertaken by a research physiotherapist.
4.2.2.1 Operative Treatment

Patients randomised to receive surgical treatment were admitted as an urgent case within 7
days of presentation. All patients undergoing surgery did so <14 days from the date of ATR.
Surgery was undertaken by a consultant orthopaedic trauma surgeon or an orthopaedic registrar
under direct consultant supervision, through a posteromedial longitudinal incision. The
paratenon was incised, reflecting full thickness flaps to expose the ruptured tendon. A core
Kessler stitch with double stranded 1 PDS suture (Ethicon, Woleuw, Belgium) was used to
appose the tendon ends. This was supplemented by interrupted 1 Vicryl (Ethicon, Woleuw,
Belgium) circumferential sutures. The paratenon was sutured over the tendon repair using 2,0
Vicryl and the skin closed with interrupted, 3,0 nylon (Ethicon, Woleum, Belgium) mattress
sutures. Surgically treated patients were given a single dose of 20mg of enoxaparin on the
evening of surgery for venous thromboprophylaxis. Following surgery, the limb was
immobilised in a full equinus cast for four weeks, which was then converted to a semi-equinus
cast for a further 2 weeks. Following this, the cast was removed and patients were allowed to

weight-bear.

4.2.2.2 Non-Operative Treatment

Patients who were treated non-operatively underwent 10 weeks of immobilisation in a below
knee plaster cast. For the first four weeks, the ankle was positioned in equinus. Following this,
the cast was changed to place the ankle in a semi-equinus position for a further four weeks, after
which the plaster cast was changed again to place the ankle in a neutral plantigrade position for a

further 2 weeks. Patients were instructed to remain non weight-bearing while in equinus and

95



semi-equinus positions and were allowed to partially weight-bear whilst in the neutral cast. No

venous thromboprophylaxis was administered.

4.2.2.3 Physiotherapy

Following removal of the cast, both groups of patients followed identical physiotherapy
regimes, which have been previously described:* In the first two weeks patients were instructed
to focus on increasing their range of movement and non-weight-bearing dorsiflexion stretches
were permitted. Patients were encouraged to commence weight-bearing immediately upon
removal of the cast. Between weeks two and week six, ankle range of movement was emphasised
using non-weight bearing range-of-movement exercises and weight-bearing stretches.
Strengthening of the calf muscle was introduced during this time period using bilateral heel raises
and eccentric calf loading, progressing to unilateral heel raises as strength in the injured limb
recovered. Proprioception exercises focusing on single-leg balance were also used. Patients
were seen by a physiotherapist twice weekly during this period. Between six week and six month
time-points, patients in both groups followed a program with increasing functional activity and
progressively working on calf muscle strength. Patients were discharged from physiotherapy
when the range of movement of the ankle and the pattern of gait were normal, good
proprioception was restored, and a single-leg hop on the injured leg matched the normal leg for
height and distance. Physiotherapists involved in the programme were provided with guidelines

that were identical for both groups.

4.2.3 Long Term Follow Up and Outcome Measures

Patients were contacted and asked to complete postal questionnaires containing SMFA, "%
Achilles Tendon Total Rupture Score (ATRS)'®, EuroQol 5-dimension, 5-level questionnaire

(EQ-5D-5L) and EQ-5D health today visual analogue scale (VAS).'"”
96



The SMFA is a 46 question PROM reported as dysfunction and bother indices.'®® The ATRS
is a 10 question PROM, with scores ranging from 0 (most disability due to Achilles tendon) to
100 (least disability).'® The EQ-5D-5L consists of an EQ-5D index score ranging from -0.59 to
+1, calculated from 5 domains (mobility, self-care, usual activities, pain and discomfort, anxiety
and depression) and the EQ-5D health today visual analogue score where patients are asked to
rate their overall health on a scale between 0 (worst imaginable health) and 100 (best imaginable

health). These scores are described in detail in Chapter 1 (section 5.2).

Patients were also asked three questions:
1. How satisfied are you with your treated Achilles tendon?
2. Would you have the same treatment again if it were required on the opposite side?
3. How likely are you to recommend this treatment to friends and family if they needed similar
care or treatment?
For question 1, possible answers were very satisfied, satisfied, neither satisfied nor dissatisfied,
dissatisfied or very dissatisfied; For the last two questions, patients could answer extremely
likely, likely, neither likely nor unlikely, unlikely, extremely unlikely or don’t know.
For calculation of the NPS, patients who said they would be ‘very likely’ to recommend their
treatment to others were considered ‘promoters’; those who stated they would be ‘likely’ to do so
were considered ‘passives’ and those who stated they ‘didn’t know’, were ‘unlikely’/’very
unlikely’ or were ‘neither likely nor unlikely’ to do so were considered ‘detractors’.

Patients who sustained a re-rupture were not excluded from the long-term study and their
results were analysed on an intention to treat basis, according to their initial treatment modality at
randomization. A repeat analysis, excluding patients sustaining re-ruptures was undertaken, to
determine whether the ordeal of re-rupture and its subsequent treatment had altered the principal
findings of this study. The results of this repeat analysis are presented separately (see Appendix

4.1).
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Of 80 patients originally randomised into the trial, two withdrew from the trial to seek
alternative treatment. In total, 64 (33 treated surgically; 31 non-operatively) of the original
cohort of 78 patients (82.1%) were followed up at a mean of 15.7 years (13.4 to 17.7) while two
were deceased. In addition 12 patients were lost to follow up (Figure 4.1). There was no

significant difference in rates of loss to follow up between operative and non-operative cohorts

(»=0.405, Fisher’s Exact test).

156 patients with
Achilles tendon rupture
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4 N 4 '
Operative treatment Non-operative treatmen{
39 41
. J . J
1 declined 1 opted for surgery
surgery elsewhere
4 R 4 B
12 month review 12 month review
37 39
\\ J \ J
fd 1 deceased ey 1 deceased
pd 4 |tfU ey 8 1tfU

Long term followup Long term followup
33 31

Figure 4.1. CONSORT flow diagram illustrating patient flow through the study.

4.2.4 Statistics

The primary outcome measure was SMFA dysfunction index. A minimum clinical important
difference of 7 points has been described for this score'””. Using a one-tailed non-parametric
power analysis with a standard deviation of 10 points, a minimum of 54 patients would be
required to achieve power of 80% with an a=0.05.

Data parametricity was assessed using Kolmogorov-Smirnov testing. Non-parametric
continuous data was compared between treatment groups using Independent Samples Mann

Whitney U-tests. Nominal variables were compared between groups using Fisher’s Exact test

98



(FET). One tailed analyses were used when comparing treatment modalities, with an assumed
better outcome in the surgical group, which could justify the potential risks associated with
surgery.

Analysis of change in PROM scores within groups over time (non-parametric, continuous
data) was with two tailed Related Samples Wilcoxon Signed Rank test, while PROMs data (non-
parametric continuous) were correlated with each other using two-tailed Spearman’s rank test. A
p-value of <0.05 was considered significant. Power analysis was undertaken using G*Power v3
(Heinrich-Heine Universitét, Diisseldorf, Germany). Statistical analysis was undertaken using
SPSS v24 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism v8 (GraphPad Software, San

Diego, CA, USA).

4.3 Results

4.3.1 Patient Demographics

Sixty four patients (33 treated surgically; 31 treated non operatively) were followed up at a
mean of 15.7 years (13.4 to 17.7). The mean age of patients at follow up was 57.6 years (range

37 to 77 years). Patient demographics are summarised in table 4.1.
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Operative

Non-Operative

At Recruitment

Age in years (range; range) 41.2 (27 to 59)
Gender (male:female) 28:11
Recruited (n) 39

At follow up
Age in years (mean; range) 55.98 (37 to 75)
Gender (male:female) 22:11
Followed up (n) 33

39.5 (21 to 58)
32:9

41

59.36 (46 to 77)
23:8

31

Table 4.1. Patient demographics and treatment.

4.3.2 Patient Reported Outcome Measures (PROMs) at Short and Long

Term Follow Up

There was no statistically significant difference in SMFA dysfunction and bother indices at

any time point during short term follow up, up to one year after injury (Table 4.2). At long term

follow up, there was no difference in SMFA dysfunction and bother indices (Table 4.2), ATRS

(Table 4.2) or SMFA disability category indices (Table 4.3).
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Operative

Non-Operative

p-value*

12 weeks
SMFA Dysfunction

SMFA Bother

16 weeks
SMFA Dysfunction

SMFA Bother

26 weeks
SMFA Dysfunction

SMFA Bother

52 weeks
SMFA Dysfunction

SMFA Bother

Current status
SMFA Dysfunction
SMFA Bother

ATTRS

15.47 (12.13 to 19.30)

16.69 (9.88 to 19.83)

7.35 (4.40 to 11.58)

8.30 (2.63 to 14.60)

2.56 (1.56 to 4.40)

4.17 (0.00 to 6.25)

0.00 (0.00 to 1.50)

0.00 (0.00 to 2.08)

1.56 (0.00 to 5.51)
2.08 (0.00 to 12.50)

94 (86 to 100)

16.90 (10.13 to 26.45)

17.75 (8.30 to 29.73)

8.45 (5.00 to 15.07)

9.35 (2.10 to 14.60)

3.70 (0.74 to 5.90)

2.10 (0.00 to 6.25)

1.48 (0.00 to 3.68)

0.00 (0.00 to 4.20)

1.47 (0.00 to 5.15)
0.00 (0.00 to 6.25)

95 (81 to 100)

0.173

0.104

0.085

0.382

0.369

0.499

0.092

0.107

0.289

0.074

0.313

Table 4.2. Patient reported outcomes after operative and non-operative management of acute Achilles tendon rupture. Scores
between 12 and 52 weeks were collected as part of the previous RCT.* Median scores are reported (interquartile range).

*Independent samples Mann Whitney U-tests.
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SMFA Disability

Category Operative Non-Operative p-value*
Mobility 0.00 (0.00 to 8.33) 0.00 (0.00 to 5.56) 0.471
Daily Activities 0.00 (0.00 to 3.75) 0.00 (0.00 to 2.50) 0.455
Emotional 7.14 (0.00to 14.29)  3.57 (0.00 to 10.71) 0.164
Hand and arm 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.225

Table 4.3. SMFA disability category scores for patients treated operatively and non-operatively. Median scores are reported
(interquartile range). *Independent Samples Mann Whitney U-tests.

4.3.3 Relationship between short term SMFA index scores and Long Term

PROMs and outcomes

4.3.3.1 Change in SMFA Indices Between Short and Long-Term Follow Up

There was no significant difference in SMFA dysfunction index (p=0.079, two-tailed Related
Samples Wilcoxon Signed Rank test) or SMFA bother index (p=0.130, two-tailed Related
Samples Wilcoxon Signed Rank test) between one year post-injury and long-term follow up in
the non-operatively treated group. There was a statistically significant decline in SMFA
dysfunction (p=0.001, two-tailed Related Samples Wilcoxon Signed Rank test) and bother
(»=0.001, two-tailed Related Samples Wilcoxon Signed Rank test) indices for operatively treated
patients between one year post-injury and long-term follow up, although the clinical magnitude

of these changes was small (Table 4.2).

4.3.3.2 Relationship Between One Year SMFA Dysfunction Index and Long-Term
Outcomes

Additional analysis was performed to determine whether there is an association between
patient reported outcomes at one year post-injury and longer-term PROMSs. There was a

statistically significant correlation between SMFA dysfunction index at one year post-injury and
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all long-term PROMs, except EuroQol five-dimension five-level questionnaire index (EQ-5D-

5L), where there was a narrowly insignificant trend (p = 0.083, Spearman’s rank correlation;

Figures 4.2 a to e).
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Figure 4.2a. Spearman rank correlation between one year and long-term SMFA dysfunction index (Spearman’s r = 0.45, p <

0.001).
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Figure 4.2 b. Spearman rank correlation between one year SMFA dysfunction index and long-term SMFA Bother Index.

Spearman’s r = 0.65, p <0.001.
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Figure 4.2¢c. Spearman rank correlation between one year SMFA dysfunction index and long-term ATRS (Spearman’s r = -0.36,
p =0.007).
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Figure 4.2d. Correlation between one year Short Musculoskeletal Function Assessment (SMFA) dysfunction index and long-term

EuroQol five-dimension five-level questionnaire (EQ-5D-5L) index (Spearman’s r = -0.23, p = 0.083).
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Figure 4.2e. Spearman rank correlation between one year SMFA dysfunction index and long-term EuroQol five-dimension (EQ-
5D) health today visual analogue scale (VAS) (Spearman’s r = -0.30, p = 0.024).

Additionally, the long-term PROM scores of patients whose SMFA dysfunction index at one
year fell into the highest quartile (i.e. most dysfunction as demonstrated by SMFA dysfunction
index) were compared to their counterparts in the lower three quartiles at one year (i.e. least
dysfunction as demonstrated by SMFA dysfunction index) to determine whether patients who
were performing more poorly at one year continued to do so at longer-term follow up. SMFA
dysfunction index scores were available for 70 of the 78 patients in the original trial and for all 64
patients with long-term follow up reported in this study. Overall, 57 patients had matched one-
year and long-term dysfunction index scores. Patients in the highest quartile at one year reported
inferior function across all PROMs at long-term follow up and these findings were statistically

significant (Table 4.4).
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Long-term PROM

One- year SMFA
dysfunction index in
highest quartile

n=14

One-year SMFA
dysfunction index
in lowest three
quartiles

n=43

p-value*

SMFA dysfunction
SMFA bother
ATRS

EQ-5D-5L index

EQ-5D health today VAS

6.99 (3.49 to 15.99)
10.42 (4.17 to 23.96)

74.50 (50.75 to 92.50)
0.803 (0.66 to 1.00)

80 (75 to 90)

0.74 (0.00 to 2.94)
0.00 (0.00 to 6.25)
96 (89 to 100)
1.00 (0.84 to 1.000)

90 (80 to 95)

< 0.001
< 0.001
0.002
0.030

0.046

Table 4.4. Long-term follow up PROM scores for patients with one-year SMFA dysfunction index in the worst-performing
quartile compared to the rest of the group. Median scores are presented with interquartile range. *two-tailed Independent

Samples Mann Whitney U-test.

4.3.4 Health Related Quality of Life

Patients in both groups reported median EQ-5D-5L Index scores of 1.0 (operative group IQR

0.75 to 1.00; non-operative group IQR 0.84 to 1.00; p=0.137, Independent Samples Mann

Whitney U-test) and median EQ-5D health today VAS of 85 (IQR 72.5 to 95 and 80 to 95,

respectively; p = 0.367, Independent Samples Mann Whitney U-test).

There were no statistically significant differences in the proportion of patients reporting any

problems in each of the EQ-5D dimensions between the groups at long-term follow up (Table

4.5).
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Operative Non-Operative  p-value*

No Problems 24 of 33 26 of 31

Mobility 0.220
Problems 9 of 33 5 of 31
No Problems 32 of 33 31 of 31

Self-care 0.516
Problems 1 of 33 0 of 31
No Problems 25 of 33 27 of 31

Usual Activity 0.201
Problems 8 of 33 4 of 31
No Problems 17 of 33 21 of 31

Pain/Discomfort 0.143
Problems 16 of 33 10 of 31
No Problems 25 of 33 23 of 31

Anxiety/Depression 0.557
Problems 8 of 33 8 of 31

Table 4.5. Proportion of patients reporting any degree of problems for each dimension of the EQ-5D-5L score. *Fisher’s Exact

test.

4.3.5 Satisfaction and Willingness to Undergo Similar Treatment Again

At long-term follow up, 59 of 64 respondents indicated that they were satisfied (92.2%), while

2 (3.1%) were not (figures 4.3a and 4.3b). There was no statistically significant difference in

satisfaction rates between treatment groups (p=0.119, FET).

Non-Operatively Treated Patients

Figures 4.3a and 4.3b. Patients’ satisfaction with their treated Achilles tendon.

W Very Satisfied
W satisfied
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Dissatisfied
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W Very Satisfied
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Patients were also asked whether they would have the same treatment again if it was required
on the other side (Figures 4.4a and 4.4b). At long-term follow up, 55 patients (85.94%) indicated
that they would be likely to do so, while 2 (3.13%) indicated that they would be unlikely to do so.
Comparison of those who stated they were likely (i.e. answered ‘extremely likely’ or ‘likely’) and
those who were unlikely (i.e. ‘extremely unlikely’ or “unlikely’) to do so demonstrated no

statistically significant difference between treatment groups (p=0.254, FET).

3.23%)
1
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Uniikel

W Extremely Likely
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CExtremely Unikely
Don' Know

Non-Operatively Treated Patients Surgically Treated Patients

Figures 4.4a and 4.4b. Patient responses for the question ‘Would you have the same treatment again if it was required on the
other side?’

4.3.6 Net Promoter Scores (NPS)

The NPS was 33 for patients treated operatively and 42 for those treated non-operatively.
Under the modified NHS FFT reporting guidelines,'® 78.8% of patients (26 of 33) would
recommend operative treatment and 6.1% (2 of 33) would not, while 87.1% (27 of 31) would
recommend non-operative treatment and none would not (Table 4.6). Comparison of those who
stated they were likely (i.e. those answering ‘extremely likely’ or ‘likely’) and those who stated
they were unlikely (i.e. ‘extremely unlikely’ or ‘unlikely’) to recommend their treatment

demonstrated no statistically significant difference between treatment groups (p=0.255, FET).

108



Operative Non-Operative

Extremely likely 18 (54.5%) 17 (54.8%)
Likely 8 (24.2%) 10 (32.3%)
Neither likely nor unlikely 3(9.1%) 3(9.7%)
Unlikely 0 0
Extremely unlikely 2 (6.1%) 0

Don’t know 2 (6.1%) 1(3.2%)
Total responses 33 31

Table 4.6. How likely are you to recommend this treatment to friends and family if they needed similar care or treatment?

4.3.7 Health related Quality of Life (HRQoL) and Musculoskeletal PROMs

Across both groups, there was an association between patients’ self-reported HRQoL

(as measured by EQ-5D-5L Index and EQ-5D VAS) and their self-reported

musculoskeletal health, as measured by the SMFA dysfunction (figures 4.5a and 4.5b)

and bother (figures 4.6a and 4.6b) indices and also their Achilles tendon function, as

measured by ATRS (figures 4.7a and 4.7b).

EQ-5D-5L Index

EQ-5D-5L Index
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Figures 4.5a and 4.5b. Spearman rank correlation between EQ-5D-5L Index and SMFA dysfunction (Spearman’s =-0.627,
p<0.001) and bother indices at final follow up (Spearman’s =-0.608, p<0.001).
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Figures 4.6a and 4.6b. Spearman rank correlation between EQ-5D-5L health today VAS and SMFA dysfunction (Spearman’s r=-
0.495, p<0.001) and bother indices (Spearman’s 7=-0.437, p<0.001) at final follow up.
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Figure 4.7a and 4.7b. Spearman rank correlation between EQ-5D-5L index (Spearman’s r=0.434, p<0.001) and health today
VAS (Spearman’s 7=0.395, p=0.001) and ATRS at final follow up.

4.3.8 Other Complications

The previous study reported venous thromboembolic event (VTE) and re-rupture rates after
each treatment modality up to one year post-injury. There were six re-ruptures (4 in the non-
operative group and 2 in the operative group; p=0.362, Fisher’s Exact test), all of which occurred
within 4 months of injury. Re-ruptures were managed surgically in five cases and non-
operatively in one, who had previously undergone surgery. All six patients who sustained a re-

rupture were either very satisfied (five) or satisfied (one) with their treated Achilles tendon at
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long-term follow up. There were 2 deep vein thromboses, both of which occurred in the non-

operative group.

All contacted patients were asked if they had sustained a VTE, re-rupture or contralateral
rupture at any point. No additional VTE or re-ruptures were identified, but 5 of 64 patients

included in this study (7.81%) had sustained a contralateral Achilles tendon rupture.

4.3.9 Additional Analyses

Analyses were repeated for patients in this study, excluding those who sustained a re-rupture
(n=6), leaving 58 patients who did not sustain a re-rupture. There were no significant variations
in reported outcome measures or findings. The full results and statistical analyses are included in

Appendix 4.1.

4.4 Discussion

This study demonstrated no significant differences in long term patient reported functional
outcomes after management of Achilles tendon ruptures with surgery or non-operative
management, at a mean of 15.73 years post-injury. Patients reported similar general
musculoskeletal PROMs (SMFA), Achilles tendon-specific scores (ATRS), and health-related
quality of life (EQ-5D-5L index and ‘health today’ visual analogue score) at long-term follow up.
This may indicate that the potential risks of surgery are not offset by improved outcomes. There
has been a trend away from surgical treatment of ATR in recent years, spurred by reports of
comparable short-term outcomes after non-operative management.*>>*>" This study

corroborates these reports in the longer-term, providing further justification for non-operative
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management of ATR. No further re-ruptures were encountered beyond 16 weeks after injury, but
almost 8% of patients reported that they had sustained a contralateral Achilles tendon rupture in
the intervening period.

Older studies tended to focus mainly on binary outcomes such as the presence or absence of
complications.**®” While this information is important, it does not relate the presence of such
complications to patient function or give any information about outcomes in the (majority of)
patients who do not develop complications. In recent years, there has been a shift away from
simply reporting binary outcomes. Increasing importance is given to the patients’ perspective of
outcome'*® and this has resulted in the development and reporting of various PROMs and more
recently, exploration and reporting of patient satisfaction and other measures of patient sentiment

154, 176, 182, 20
h , 176, 182,207

and experience. These are used both in researc and also to assess healthcare

183. 186,319 Many registries in the field of orthopaedics now routinely

delivery on a wider scale.
collect PROM scores,”***** and the NHS Outcomes Framework for England identifies measures
of patient experience as key performance assessment domains and the results are publically

183.18 pROMs data has been routinely collected by NHS England in recent years, for

available.
all patients undergoing total hip and knee replacements.'** Proponents of PROMs argue that they
reflect and quantify patients’ own perception of their outcome,'*® which is ultimately one of the
most important measures of outcome when assessing the efficacy of treatments designed to
restore function.

This study does report on complications encountered, but also on a range of modern patient
reported outcome measures, incorporating generic musculoskeletal PROMs, injury specific
PROMs and health related quality of life PROMs as well as patient satisfaction and

recommendation questionnaires which are used to gauge patient sentiment and calculate a net

promoter score, thereby giving a broad picture of patient reported function and sentiment in the
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long term after surgical or non-operative treatment for ATR, in the context of a randomised

study.

4.4.1 Patient Reported Outcome Measures (PROMs)

SMFA scores were collected at short-term follow up, up to one year after injury, in the
previous RCT,* thereby facilitating direct comparison with long-term outcomes using the same
scoring system. Patients in both groups reported low SMFA dysfunction and bother indices one
year post-injury and at long-term follow up. There was no clinically or statistically significant
difference in SMFA dysfunction indices between the two groups at any time-point. At a mean of
15.73 years after their injury, there was a statistically insignificant difference of 0.09 points in the
median SMFA dysfunction index, this difference being markedly less than the minimum clinical
important difference.'”> Apart from being statistically insignificant, such a difference would
therefore be imperceptible to patients and so clinically unimportant. Similarly, there were no
statistically significant differences in SMFA bother index between the groups at any time point.
The SMFA dysfunction index is designed to measure patients’ own perception of their function
while the bother index quantifies how much patients are bothered by problems in broad
functional areas.'® Additionally, there was no significant difference in any of the SMFA
dysfunction category indices at long-term follow up. These categories within the global SMFA
dysfunction index question set focus on specific areas of function and allow more targeted
assessment of outcomes using this general musculoskeletal PROM. Two of these SMFA
dysfunction categories are of particular interest in patients who have sustained an ATR — the
‘mobility’ and ‘daily activities’ categories and the median score for both groups was 0 in both of
these categories, indicating that the majority of patients report low levels of lower limb

dysfunction and difficulty undertaking daily activities, at long-term follow up.
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Patients in both groups reported very low SMFA dysfunction and bother indices at one year
post-injury and also at long-term follow up, suggesting good function and low levels of selt-
reported disability at both these time-points.

Patients in the non-operatively treated group exhibited no clinical or statistically significant
change in SMFA bother or dysfunction indices between follow up one year after their injury and
long-term follow up. Those in the surgically treated group exhibited a small but statistically
significant deterioration in reported SMFA dysfunction and bother indices between follow up at
one year and long term follow up, however, the magnitude of change in median SMFA
dysfunction index in the surgical group was of 1.56 points, which is significantly less than the

previously described minimum clinical important difference.'”?

Therefore, neither group
experienced any perceptible clinical change in their musculoskeletal function between one year
after their injury and long-term follow up at a mean of 15.73 years. These results demonstrate
that on the whole, patients can expect to maintain the good levels of function that are attained
after the first year, in the longer term.

However, worse SMFA dysfunction index scores at one year were associated with inferior
long-term PROMs, with correlations demonstrated between SMFA dysfunction index at one year
and all longer term PROMs (except EQ-5D-5L Index, where there was a narrowly insignificant
trend), suggesting that patients reporting poorer outcomes one year after injury are more likely to
continue to do so in the long-term. This is an important finding that has not been previously
described in the literature and emphasizes the importance of effective initial management of these
injuries to achieve the best possible early outcome, since these results show that patients who do
poorly in the first year after injury are not likely to report significant improvements later on.

The ATRS is a modern, injury specific score that was introduced after the original study. 1 1t

is commonly used to measure outcome after Achilles tendon rupture and a systematic review

concluded that despite some limitations, it is a valid tool and is presently the most appropriate
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PROM for evaluating management of Achilles tendon ruptures,'® however, having been
described relatively recently, it has largely only been used for short® to medium-term®”>'® follow
up to date. Reporting of ATRS facilitates comparison of outcomes with other recent studies in
this field. Brorsson et al® reported very similar ATRS at medium-term follow up of a RCT
comparing operative and non-operative management of ATR (median score 96), to those reported
in this study at long term follow up (median score 94-95). They found that despite some
persistent clinical muscle deficits, patients reported only minor levels of symptoms and relatively
high levels of activity and also concluded that there was no change in functional status between
assessment two years after injury and assessment at medium term follow up at a mean of 7 years
after injury, in their study. These findings would appear to corroborate the findings in this study,
i.e. that PROM measures (SMFA indices in this study) did not change appreciably between one
year review and long term follow up at a mean of 15.7 years, while the similarity in reported
ATRS at medium and long-term follow up in the two studies also demonstrates agreement.

Furthermore, these authors®® and others® *>3'8

who compared patient reported outcomes after
surgical and non-operative treatment of Achilles tendon rupture have reported no difference at

short and medium term follow up and this study demonstrates similar findings for the first time at

long term follow up.

4.4.2 Health Related Quality of Life (HRQoL)

Both groups reported median EQ-5D index scores of 1, indicating that the majority of patients
reported excellent health related quality of life. While this may raise concerns of a ceiling effect,
it has previously been demonstrated that the EQ-5D-5L score, unlike its predecessor (EQ-5D-
3L), does not suffer significantly from this phenomenon.'”® There was no statistically significant

difference in self-reported HRQoL between groups.
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Patients in the cast group reported lower rates of problems with pain, self-care, mobility and
usual activities than respondents in a large random sample representative of the general
population in England.'”™ Those treated surgically reported marginally higher rates of problems
in the mobility, usual activities and pain dimensions of the EQ-5D-5L questionnaire, as compared
to respondents in the aforementioned general population study.'”® Overall, median scores for
both EQ-5D index and VAS scores compared favourably with those of the general population.'”

At long-term follow up, patients treated for acute Achilles tendon rupture in a cast reported
general health related quality of life outcomes that are at least similar to those of the general
population, supporting the conclusions that patients with these injuries can expect good

functional outcomes in the longer term.

4.4.3 The Relationship Between HRQoL and Musculoskeletal PROMs

This study demonstrated significant correlations between self-reported Achilles tendon
(ATRS) and musculoskeletal (SMFA) function with HRQoL at long term follow up in patients in
this study, indicating that although most patients report good functional outcomes at long term
follow up, any remaining functional deficits correlate with a corresponding reduction in health
related quality of life. Similar relationships have been reported in other conditions in the field of
sports medicine (e.g. femoroacetabular impingement)'®' and orthopaedic trauma (e.g. talar
fractures)*” and in keeping with findings reported in both those contexts, PROM scores
correlated slightly more strongly with the EQ-5D index scores than the EQ-5D health today VAS
scores, although both relationships were statistically significant. The EQ-5D indices have been

confirmed to correlate with Achilles-specific function as measured by the ATRS.**
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4.4.4 Satisfaction, Net Promoter Scores (NPS) and Other Measures of

Patient Sentiment

The findings of this study suggest that the vast majority of patients can expect to be satisfied
with their Achilles tendon in the long term, whether treated surgically or non-operatively.
Although a slightly greater proportion of respondents expressed satisfaction in the non-operative
group, this finding was not statistically significant. Reported satisfaction rates compare
favourably with treatment for other traumatic and degenerative conditions of the foot and

324,325
ankle,”™

although there is a paucity of data pertaining to satisfaction rates after treatment for
Achilles tendon rupture, with one RCT showing no difference™ and others favouring operative”®
or non-operative®’ management. There are no reports of patient satisfaction after treatment for
ATR at long-term follow up, and it is unknown whether long-term satisfaction correlates with
short-term satisfaction.

Other measures of patient sentiment were also assessed in this study. The majority of patients
stated that they would undergo similar treatment again on the other side if it were indicated.
Patients treated non-operatively were slightly more likely to report that they would be likely to
consider undergoing the same treatment again and also to recommend similar treatment to friends
or relatives, although these differences were not statistically significant. Positive NPS are
generally well regarded in industry. Reported NPS for both groups in this study compared
favourably with scores for market leaders in non-medical fields,'® but were lower than those
reported for elective procedures.'*” '®' However, traumatic injuries differ to planned elective
orthopaedic surgery and direct comparison may not be appropriate.

The FFT was originally reported in the same format as the NPS,'®” however, subsequent NHS

FFT reporting guidelines'*® recommended reporting of simple percentage points for the

proportion of patients who would recommend a service. Analysis of results in this format
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revealed that a large majority of patients in both groups would recommend their treatment
modality to others, while only two of 64 patients surveyed (both in the surgical group) would not.
Interestingly, self-reported satisfaction rates were slightly higher than recommendation rates,
indicating that some patients who are satisfied with their treated Achilles tendon may not

necessarily recommend their treatment to others.

4.4.5 Complications

No additional re-ruptures were noted beyond the early post-operative period previously
reported in the original study. This finding corroborates other reports that re-rupture mainly

tends to occur early in the recovery process''” >

and should reassure patients that they can
expect outcomes reported at one year to persist in the longer term. These findings, however,
should be qualified by the findings of the study on re-ruptures of the Achilles tendon in Chapter 3
which did show a small incidence of late re-rupture occurring many years after primary ATR.*%
Thus, at long-term follow up, as at short-term follow up, there was no statistically significant
difference in re-rupture rates between the two groups in this study. This is in keeping with the
results of several individual prospective randomised studies comparing operative and non-

9>-97 although some large meta-analyses® "

operative treatment regimes for Achilles tendon rupture
91109 112-114,223. 226 1 ve reported statistically significant differences in re-rupture rates when
pooling data from several studies. It is therefore possible that this study, like other individual
RCTs,'"! may be underpowered to detect a statistically significant difference in tendon re-rupture
rates between the groups. However, this was not the primary outcome measure for this study and
additionally, the clinical significance of such differences may be questionable if it is consistently

small enough to only be noted in pooled analyses.'” The re-rupture rates reported in this study

are higher than those reported in one recent meta-analysis,”' although not dissimilar from those
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reported in another.”*® The reasons for this are unknown, but may relate to the relatively small
sample size or variation in which studies were included in the meta-analyses.
The incidence of contralateral ATR at long term follow up was just under 8% and this is

31,32,36,37 and also

significantly higher than the rate of ATR reported in the general population
slightly higher than the rate of ipsilateral re-ruptures in patients in this study. Patients who
sustain an ATR are at significantly increased risk of contralateral ATR and this risk is similar to,
or possibly slightly greater than, that of ipsilateral re-rupture, despite the latter being possibly
more well known and feared among clinicians and patients. Patients should be warned of this
risk during counselling. Additionally, this is an area that requires further study as the literature is
replete with studies focusing on re-rupture, but little is known about contralateral re-rupture rates.
The potential for preventative interventions in this regard merits further study.

The previous study reported 3 cases of infection relating to surgery” and these findings are in
agreement with those of meta-analyses which have shown higher complication rates after surgical

treatment for ATR %% 22%-2%

If these additional risks are to be justified, surgery should be shown
to yield superior functional outcomes, however this study has not demonstrated superiority of

surgery in this regard which might justify the additional risks associated with surgery.

4.4.6 Limitations

This study has limitations, including the relatively small sample size and some loss to follow
up. However, the minimum number of patients identified in the pre-study power analysis was
comfortably exceeded. A degree of loss to follow up is inevitable in long-term studies, however
80% of patients recruited to the original study were followed up, indicating low rates of loss to
follow up, particularly in the context of a long-term study. Lack of clinical functional assessment
may also be considered a limitation. Additionally, although the outcome measures used have

been shown to be valid and reliable, they have not been specifically validated for use at such
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long-term follow up, although reports of good concordance with other outcome measures have

been reported for the SMFA score at medium term follow up.*”’

4.4.7 Clinical Relevance and Future Research

This study is clinically relevant since it is the first long term report of a RCT comparing
operative and non-operative management of ATR in the medical literature and therefore provides
new insight into expected outcomes after ATR in the longer term following surgical or non-
operative management. The findings add important new information to the debate previously
discussed in Chapter 1 (Section 1.4) and suggest that surgical management of ATR does not
result in superior patient reported outcome (as measured by the SMFA) to non-operative
management at long term follow up. Patients and clinicians can be reassured that there was not a
high incidence of direct complications in the longer term, although there was a significant
incidence of contralateral injuries noted and the findings also suggest that patients who do poorly
in the first year after injury retain a poor prognosis in the longer term.

Given the above findings, which provide answers to some questions in one of the longest
standing debates in the sphere of ATR management (operative versus non-operative
management) and given recent worldwide trends towards both non-operative and functional
rehabilitation in the management of ATR in general, the next logical step is to directly compare
the traditional non-operative regime described in this chapter with a more modern functional non-
operative regime, so as to determine whether a modern functional non-operative regime can
provide superior outcomes to those experienced with the traditional non-operative regime,
thereby justifying the more recent trend towards functional rehabilitation. This is the basis for

the randomised controlled trial in Chapter 5.
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4.5 Conclusion

At long-term follow up at a mean of just under 16 years, patients treated both operatively and
non-operatively for acute ATR reported good outcomes. Surgically treated patients did not report
superior SMFA scores compared to those treated non-operatively. There was no demonstrable
difference in assessed outcomes across a range of injury specific, general musculoskeletal and
HRQoL PROMs or measures of patient satisfaction and sentiment, for patients treated with either
surgery or non-operative management for an acute Achilles tendon rupture. No new delayed
complications were identified at long term follow up in either group, although a high rate of
contralateral tendon ruptures were observed. Poor patient reported outcome at one year post-
injury was a significant predictor of poorer outcomes in the long term. The hypothesis that
surgical treatment of the acutely ruptured Achilles tendon would result in improved functional
outcomes at long-term follow up (which might offset the potential risks associated with surgery)
was therefore rejected. This is the first randomised study to directly compare long term outcomes

between these two treatment methods.
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Chapter 5: A prospective Randomised Controlled
Trial comparing functional and traditional non-
operative management of Achilles Tendon Rupture

5.1 Introduction

As previously discussed (Chapters 1 and 4), the management of ATR continues to be

controversial with advocates for both operative and non-operative treatment for these injuries.4’ &,

85, 95,97, 101, 103, 117, 118, 126, 130, 131, 328-330 - - -
99,97, 101, 103, 117, 118, 126, 130, 131, There has been a trend towards increasing non-operative

management of ATR, despite some persistent geographical variation,>* 363794 103, 127, 128. 131, 132

This trend may be driven by reported good results with non-operative management in the context

105

of functional rehabilitation. > However, it has been noted by some that the studies said to be

driving these trends may have reached conclusions that are not supported by their underlying

methodological design’ and that many units employ regimes that are not supported by robust

underlying evidence.'*'?* 2%

Studies driving the advent of non-operative functional rehabilitation programmes have been

criticised for a number of reasons. Some have compared functional and traditional rehabilitation

118, 330-332

in the context of surgical repair of the ruptured Achilles tendon and demonstrated similar

re-rupture rates and equivalent®>> or superior''® functional outcomes while meta-analyses have
. . ST ) 224,328 221
reported a higher proportion of subjective ‘excellent’ results, fewer adverse events,” and

224331 in functionally rehabilitated surgical patients, without a

earlier return to function
corresponding increase in re-rupture rates.”?" *** 325331 These findings may suggest that
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functional rehabilitation is beneficial in the context of the surgically repaired Achilles tendon but

cannot be extrapolated to non-operative management regimes.

Some studies advocating for functional non-operative management were non-comparative
studies.®" ' '7 Others have compared functional operative and non-operative management and
went on to advocate in favour of functional rehabilitation despite not having assessed outcomes
in the presence or absence of functional rehabilitation.®> °>°"-%- 126 Another has compared
surgical management using functional rehabilitation with immobilising traditional non-operative
management,”® thereby altering two variables simultaneously and precluding any conclusions as
to the degree of effect of the functional rehabilitation regime. One other group compared
different functional non-operative regimes with each other, despite a lack of preceding evidence
to show that functional non-operative treatment was in fact superior to traditional non-operative

immobilisation.'>” 2%

Two small studies have previously compared non-operative plaster cast immobilisation with
bracing, however both of these utilised old brace prostheses that are no longer in use.''™ '** One
of these studies, undertaken in 2001 reported no significant differences between groups, although
it adopted a relatively long 12 week period in the orthosis for the functional group.''® The other,
published in 1992, involved three weeks of non-weight bearing cast immobilisation followed by a
prolonged bracing period (usually 7 weeks). The authors of this study reported earlier return to
‘comfortable walking’ and greater range of dorsiflexion in the splinted group.'** Both of these
studies involved immobilisation regimes that would be considered significantly longer than
modern functional rehabilitation regimes and did not report on musculoskeletal PROMs

(although one study did report on HRQoL''®).

A similar multi-centre randomised controlled trial (the UKSTAR trial) comparing non-

operative cast treatment with functional bracing was undertaken concurrently with the study that
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comprises this chapter of the thesis and was published in the same year and is the only other
prospective randomised comparison of the two regimes.'”® The UKSTAR trial showed no
difference in ATRS or re-rupture rate at 9 months post-injury, however, unlike the current study,
it did not include any assessment of clinically measured parameters. In addition, follow up in
that study was for nine months when other authors have described significant ongoing changes in
ATRS measured outcome between 6 and 12 months with similar non-operative regimes.62

Therefore, despite the increasing prevalence of non-operative functional rehabilitation, there is
a distinct lack of studies that directly compare functional non-operative management with
traditional non-operative management and this deficit in the existing literature is even more
pronounced with respect to modern non-operative functional rehabilitation.”” > > Although
the previous studies hypothesized that functional rehabilitation plays an important role in
reducing complications and improving outcomes, there was no direct comparison of functional
non-operative management with traditional non-operative management prior to the current study
and the UKSTAR trial and therefore any such conclusions regarding the relative outcomes of
functional and traditional non-operative management for acute Achilles tendon rupture were
inferred and not due to a prospective, controlled, direct comparison of the two treatment methods
and are therefore open to criticism.

The aim of this prospective randomised trial was to compare patient reported outcomes after
traditional cast immobilisation with prolonged non-weight bearing (as described in Chapter 4)
with functional rehabilitation and early weight-bearing in a walking boot, for adult patients from
the general population, treated non-operatively for an ATR. Secondary aims included
comparison of additional patient reported outcome measures (PROMs), clinical measurements of

outcome, return to work and driving and complication rates.
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5.2 Methods

This was a single-centre prospective randomised non-blinded controlled trial
(NCT02598843). The study was granted a favourable opinion by the South East Scotland
Research Ethics Committee 01. Walking boots were provided without charge by Ossur®,
who were not involved in any aspect of trial design, management, data analysis or
reporting. Patients were eligible for inclusion if they were aged between 16 and 60 and had
sustained an acute Achilles tendon rupture. Exclusion criteria were delayed presentation
>2 weeks and patients presenting with a re-rupture of a previously injured Achilles tendon.
Latex allergy was added to the list of exclusion criteria in 2017 after notification by the
manufacturer that latex was present in the sole of the walking boot. Patients were diagnosed
with ATR clinically, with ultrasound only used at the clinician’s discretion if in doubt. One
hundred and forty patients (Figure 5.1) were randomised to receive traditional non-
operative management (n=71) or accelerated functional rehabilitation using a walking boot
(n=69). Randomisation was undertaken on a 1:1 basis by a research assistant at first
presentation to the orthopaedic outpatient department using a computer generated binary
sequence and sealed envelope allocation. Recruitment was undertaken between November
2013 and May 2018 with a pause for 9.5 months, when the boot suppliers ceased
production of the in-boot wedges of the required dimensions, but resumed uneventfully

once the wedges were available again. Patients were treated as detailed below:
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Randomized (n=140)

}

[ Allocation |

v

Allocated to functional rehabilitation in walking Allocated to traditional rehabilitation in plaster

boot (n=69) cast (n=71)

+ Commenced allocated intervention (n=69) + Commenced allocated ntervention (n=71)

« Converted from boot immobiisation to cast « Wihdrew :immediate loss to followup (n=5)
immobiisation during course of treatment « Converted from cast to boot during course of
(n=4) treatment (n=1)

! [ Follow-Up ] ‘

Reviewed at 4 weeks (n=68) Reviewed at 4 weeks (n=65)
Reviewed at & weeks (n=69) Reviewed at 8 weeks (n=85)
Reviewed at 10 weeks (n=64) Reviewed at 10 weeks (n=65)
Reviewed at § months (n=52) Reviewed at 6 months (n=50)
PROMs at 6 months (n=52) PROMSs at 6 months (n=46)
Reviewed at 1 year (n=53) Reviewed at 1 year (n=47)
PROMSs at 1 year (n=53) PROMSs at 1 year (n=48)
Reviewed at final followup (n=64) Reviewed at final followup (n=57)
PROMS at final followup (n=85) PROMSs at final followup (n=58)
Deceased (n=0) Deceased (n=0)

| [ Analysis ]
PROM:s at 8 months (n=52)" PROMs at 6 months (n=48)"
Clinical Measures at 8 months (n=52) Cinical Measures at 8 months (n=50)""
PROMs at 1 year (n=53)! PROMs at 1 year (n=48)"
Clinical Measures at 1 year (n=53) Cinical Measures at 1 year (n=47)
PROM:s at final followup (n=65)"" PROM:s at fnal followup (n=58)"
Clinical Measures at final followup (n=64) Cilinical Measures at final followup (n=56)

Figure 5.1. CONSORT flow diagram for the study. *applies to all PROMs except ATRS (n=52 and n=47), FAQ core (n=53 and
n=45) and FAQ shoe score (n=41 and n=32). ** Except calf circumference and pain score (n=49), TExcept FAQ core (n=53 and
n=45) and FAQ shoe (n=40 and n=41). "'Except FAQ core (n=65 and n=55) and FAQ shoe (n=48 and n=50).

5.2.1 Treatment Regimes

5.2.1.1 Standard (Traditional) Non-Operative Pathway

Patients were placed into a complete below-knee cast with the ankle in full equinus and
instructed to remain non-weight bearing on the affected limb. After 4 weeks, patients were
converted into a complete below-knee cast in semi-equinus position for a further 4 weeks and

instructed to remain non-weight bearing. Following this, patients were placed into a cast with the
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ankle in plantigrade (neutral) position and advised to fully weight bear in this. After 2 weeks, the
cast was removed, physiotherapy was commenced as described in Appendix 5.1 and patients
could fully weight bear in their normal shoe-wear with an internal 1.5cm heel-raise shoe insert
for a further 2 weeks, after which the shoe insert was discarded. Active plantar flexion

commenced at 10 weeks.

5.2.1.2 Functional Non-operative pathway

Patients were placed into an Ossur® Rebound (Ossur hk, Reykjavik, Iceland) walking boot
(worn continuously, including when in bed) with 3cm internal heel raise and advised to fully
weight bear immediately with the aid of crutches for balance as needed. After 4 weeks, the
internal heel raise was reduced to 1.5cm for a further 2 weeks. Patients then spent a further 2
weeks in the walking boot in a plantigrade position with no internal heel raise. No range of
motion exercises were undertaken while in the boot. The boot was removed after 8 weeks and
physiotherapy commenced upon removal of the boot as described in Appendix 5.1. Active

plantarflexion commenced at 8 weeks.

5.2.2 Patient Follow up

The primary outcome measure was the Short Musculoskeletal Function Assessment (SMFA)
score.'®® Patients were reviewed at their initial visit and then at 4, 6,8, 10,26 and 52 or more
weeks from the date of injury. At each visit, data regarding complications were recorded,
including incidence of venous thromboembolism or tendon re-rupture. Patients were also asked
questions pertaining to return to specific activities, including driving and work. At 10, 26 and 52
weeks, additional clinical measurements were taken including calf circumference 11cm below the

posterior knee skin crease and active ankle plantar and dorsiflexion, which were measured to the
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nearest full degree using a goniometer. Patients were also asked to indicate the subjective level

of pain experienced on a scale of 0 (no pain) to 10 (severe pain).

At initial review and at six and twelve months, patients were additionally asked to complete
validated PROM questionnaires — the SMFA questionnaire,'® Achilles Tendon Total Rupture
Score'® (ATRS) and the Foot and Ankle Questionnaire (FAQ).'®* The SMFA is a 46 question

' Disability and bother

PROM derived from the longer Musculoskeletal Function Assessment.
indices are calculated. It is valid, reliable and responsive to change in status in patients with
musculoskeletal injury. It is therefore reported to be suitable to clinically assess impact of
treatment in patients with musculoskeletal injury.'® The ATRS is a 10 question PROM, shown
to be sensitive, valid and reliable in assessment of patients with ATR. The ATRS ranges from 0
(most disability due to Achilles tendon) to 100 (least disability). ' No questionnaire had more
than 2 missing questions and therefore, any missing questions were calculated as a score of 0, in
keeping with the methodology employed by the authors who originally described this score.'®’

The FAQ is a 25 question PROM developed by the AAOS to measure foot and ankle related

disability.'® It is reported as foot and ankle core and shoe comfort scales.

5.2.3 Statistical Analysis

Power analysis was undertaken using G*Power software (Department of Psychology,
Universitét Diisseldorf, Diisseldorf, Germany), to determine the number of recruits required. It
was based on the primary outcome measure (SMFA questionnaire), for which a minimum
clinically important difference of 7 points has previously been described.'” Using a two-tailed
power analysis with a standard deviation of 10 points, a minimum of 110 patients would be
required at final follow up to achieve power of 95% with an a=0.05. One hundred and forty

patients were recruited to allow for potential loss to follow up.
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Statistical analysis was undertaken on an intention to treat basis. Data parametricity was
assessed using Kolmogorov-Smirnov testing. Non-parametric continuous data was reported as
median with interquartile range (IQR) and compared using Independent Samples Mann Whitney
U-tests when unrelated and Related Samples Wilcoxon Signed Rank test (RSWSRT) when
related. Parametric data was reported as mean and standard deviation and compared using a two
tailed student #-test when unrelated and a paired student #-test when related. Nominal variables
were compared between groups using Chi squared test, except if the expected cell count was <5
in any cell, in which case Fisher’s Exact test (FET) was used. Two-tailed analyses were

undertaken. A p-value of <0.05 was considered significant.***

5.3 Results

5.3.1 Patient Demographics

One hundred and forty patients (mean age 41 years; range 19-59) were recruited and 123
patients (87.9%) were followed up at the final time point at a median of 385 (IQR 372-419) days
post-injury. Five patients crossed over between arms of the study (four converted from boot to
cast treatment and one from cast to boot) and five patients (all randomised to the cast group)
withdrew from the study. The baseline demographic and PROM data for the two groups was

well matched (Table 5.1).
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Functional (Boot)

Traditional (Cast)

Rehabilitation Rehabilitation p-value®*

Age 41 (33-50.5) 41 (32-49) 0.29
Gender (male:female) 54:15 60:11 0.21
Side of injury (right:left) 28:41 28:43 0.89
Dominant side injured 26 of 69 28 of 71 0.83
BMI* 26.6 (23.8-29.5) 26.4 (24.3-28.9) 0.99
Pre-Injury PROMs

SMFA Dysfunction Index 0(0-1.47) 0 (0-1.84) 0.74
SMFA Bother Index 0 (0-0) 0 (0-2.08) 0.87
ATRS 100 (100-100) 100 (100-100) 0.99
FAQ Core Score 100 (100-100) 100 (100-100) 0.32
FAQ Shoe Score 100 (100-100) 100 (100-100) 0.07

Table 5.1. Baseline demographics for patients at enrolment. *BMI = Body Mass Index. Age, BMI and PROMs are provided as
median with accompanying interquartile ranges in brackets. **Independent Samples Mann Whitney U-test.

5.3.2 Patient Reported Outcomes (PROMs)

There was a statistically significant difference at 6 month follow up for SMFA, ATRS and

Foot and Ankle Questionnaire core scores, but there were no persistent statistically significant

differences in either the SMFA or any other PROM at one year or final follow up (Table 5.2).

For patients in both boot and cast groups, there was a statistically significant improvement in

both SMFA indices, ATRS and FAQ core scores between 6 month and final follow up time

points (all p<0.001), although changes in FAQ Shoe score were not statistically significant

(p=0.051 for boot patients and p=0.093 for cast patients). At final follow up, a statistically

significant difference persisted in both groups for all PROMs, compared to pre-injury scores

(»<0.004), except for FAQ shoe scores in the boot group (p=0.08).
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Functional (boot) Standard (cast) p-
rehabilitation rehabilitation value*
SMFA Dysfunction Index 6.62 (2.21-12.50) 10.66 (4.96-13.42) 0.050
SMFA Bother Index 7.29 (2.08-14.58) 10.42 (5.73-19.27) 0.04
6 Months ATRS 71.5 (53.50-84.25) 54.0 (37-76) 0.01
FAQ Core Score 91 (81.89-97.55) 85 (78.25-92.09) 0.04
FAQ Shoe Score 100 (62.50-100) 87.5 (35-100) 0.10
SMFA Dysfunction Index 2.21(0.74-5.88) 2.94 (1.47-6.62) 0.25
SMFA Bother Index 2.08 (0-9.38) 5.21(0.52-11.98) 0.25
One Year ATRS 92 (72.50-96) 87.5 (66-94.75) 0.21
FAQ Core Score 97.75 (89.46-99) 95.50 (90.88-97.50) 0.18
FAQ Shoe Score 100 (81.25-100) 100 (63.33-100) 0.59
SMFA Dysfunction Index 2.21(0.37-6.25) 2.94 (0.74-7.35) 0.17
SMFA Bother Index 2.08 (0-9.38) 4.17 (0-13.02) 0.29
Final
Follow ATRS 92 (74-96) 88 (66-95.25) 0.20
uP FAQ Core Score 97.75 (90.38-99) 95.50 (91.25-98.75) 0.21
FAQ Shoe Score 100 (100-100) 100 (72.92-100) 0.52

Table 5.2 Patient reported functional outcomes for trial patients.

Median scores are reported together with interquartile

ranges. *Independent Samples Mann Whitney U-test. SMFA = Short Musculoskeletal Function Assessment. ATRS = Achilles

Tendon Total Rupture Score. FAQ = Foot and Ankle Questionnaire.

5.3.3 Patient Activities

116 patients stated that they undertook sporting activities prior to their injury while 24 did not.

Of these 116 patients, at final follow up, 79 had returned to sport at any level and 28 had not,

while sport status was unknown in 9. There was no significant difference in rates of return to

sport between patients treated in a walking boot (45 of 57) and those treated with a cast (34 of 50;
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p=0.199). There was no difference in median time to first return to sport between the groups
(median 26 weeks in both groups, IQR 16-37.5 weeks in boot group and 18.25-33 weeks in cast
group; p=0.49). Of those who did return to sport (79), 76 provided data regarding the level of
return to sports (i.e. normal level of sports or reduced level of sports) — 27 of 43 boot patients and
14 of 33 cast patients returned to their normal levels of sports (p=0.08).

125 patients stated that they drove prior to their injury while 15 did not. At one year, driving
status was known for 115 (92%) of these, of which 108 patients reported that they could drive
without difficulty, 3 stated that they could drive with difficulty and 4 patients were driving but it
was not known whether they had any difficulty doing so. One patient who used to drive pre-
injury stated that they were unable to drive. Time to return to driving was known for 113 of the
115 patients whose driving status was known at 1 year. Patients treated in a boot (n=59) returned
to driving at a median of 12 weeks (IQR 10-14), whereas those treated in a cast (n=54) returned
to driving at a median of 13 weeks (IQR 11-16; p=0.045).

130 patients were in paid employment at the time of enrolment into the study and of these,
employment status was known at 1 year for 127 (97.7%). One patient retired and did not return
to work after their injury, while one changed their job from a builder to taxi driving as a result of
their Achilles tendon injury. The remaining 125 patients had returned to their previous job within
one year of their injury. Median time to initial return to work was 4 weeks (IQR 1-12, range 0-40
weeks) for patients treated in the boot and 2 weeks (IQR 0-12, range 0-26) weeks for patients
treated in cast (p=0.51) while return to full duties at work was at a median of 10 weeks in both
groups (IQR 1-16, range 0 to 52 weeks for boot patients and IQR 0.88-14, range 0 to 30 weeks;

p=0.48).
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5.3.4 Clinical Measures

5.3.4.1 Calf Circumference

Calf circumference was significantly less in the injured than the uninjured leg at all time
points across both treatment groups (Table 5.3). The percentage deficit in calf circumference
between injured and uninjured legs was greater in the cast group than the boot group at 10 weeks
post-injury (5.8% vs 2.8%, p<0.001) but there was no significant difference at 6 months (p=0.82),
one year (p=0.68) and at final review (p=0.68). Between initial and final calf measurements, calf
circumference did not change significantly for the uninjured leg in either boot (p=0.27) or cast
(p=0.58) groups, while in the injured leg, calf circumference did significantly increase in both
boot (p=0.025) and cast (p<0.001) groups, but, despite this, a significant deficit in circumference

persisted at final follow up in both groups.

Injured calf
. - p- .
Injured Uninjured * circumference
value .
Deficit

Boot  37.00(34.63-39.88) 38.75 (36-40.50) <0.001 2.80% (0.29-5.73)

10 weeks
Cast 36.50 (34-38.38) 39.00 (36-41) <0.001 5.80% (4.08-8.51)
Boot 37.25 (35-40.38) 39.00 (36.13-41.78)  <0.001 2.99% (1.33-5.02)

Six Months

Cast 38.00 (36-40.50) 40.00 (37-42) <0.001 3.33% (1.23-5.76)
Boot  37.00(35.25-40.50) 39.19 (37-42) <0.001 2.44% (1.16-5.16)

One Year
Cast 38.00 (35.50-40) 39.00 (36-41) <0.001 2.38% (1.14-4.76)
Final Boot 37.00 (35-40) 38.85 (36.63-41) <0.001 2.47% (0.27-5.10)
Follow up Cast 37.75 (35.63-40) 38.75(36.50-40.93)  <0.001 2.38% (0.28-4.57)

Table 5.3. Calf circumference for injured and uninjured legs. Mean calf circumference in cm, at a point 11cm below the popliteal
crease, is reported together with standard deviation. The deficit is reported as the median % difference in calf circumference
between injured and uninjured legs, with interquartile range. *p-values refer to two tailed paired #-test reported for difference in
mean circumference between injured and uninjured legs.
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5.3.4.2 Active ankle range of motion

Deficits of plantarflexion and dorsiflexion (Table 5.4) were observed between the injured
and uninjured limbs for patients in both boot and cast groups at 10 weeks but the deficit was
greater in the cast group for both plantarflexion (p<0.001) and dorsiflexion (p=0.001).
At six months (p<0.001 for both), one year (»p=0.019 for boot and p=0.003 for cast) and at final
follow up (p=0.004 for boot and p=0.001 for cast), there were persistent but clinically small
deficits in plantar flexion in both boot and cast groups, however there was no significant

difference in the magnitude of this deficit between groups (p>0.38).

At six months, one year and at final follow up, there was no clinical difference in median

range of dorsiflexion in both groups.

Injured Uninjured Median Deficit
Plantarflexion Dorsiflexion Plantarflexion Dorsiflexion Plantarflexion Dorsiflexion
Boot 35° (30-40) 5.5° (5-10) 40° (40-45) 10° (10-15) 6° (0-10) 5° (0-10)
10 weeks
Cast 30° (20-30) 5°(0-5) 40° (35-50) 10° (10-15) 15°(10-20)  10° (5-10)
Six Boot 43° (40-45) 10° (5.50-15) 45° (40-50) 10° (10-15) 0° (0-5) 0° (0-3.75)
Months  “cast 40" (337545) 10" (5-14.25) 45°(40-50)  10°(10-15  0°(0-5)  0°(0-5)
Boot 40° (40-49) 10° (5.50-14.50) 45° (40-50) 10° (9-15) 0° (0-2) 0° (0-1)
One Year
Cast 40° (40-45) 10° (5-12) 41° (40-50) 10° (10-11) 0° (0-5) 0° (0-0)
Final Boot  40° (40-47.25) 10° (6-14.75) 45° (40-50) 10° (10-15) 0° (0-3.75) 0° (0-3)
Followup “coct ™ 40°(3549) 10° (10-10.75) 41° (40-50)  10° (10-14.25)  0°(0-5) 0° (0-0)

Table 5.4. Ankle range of motion in degrees (°) reported as the median and interquartile range. The deficit columns represent the
median deficit in degrees between the injured and uninjured ankles.
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5.3.4.3 Single and Double Heel raise

There was no significant difference in ability to undertake single or double heel raise at 6

months, one year, or final follow up (Table 5.5).

Functional (boot)

Standard (cast)

-value
rehabilitation rehabilitation P
Double heel raise 52 of 52 48 of 50 0.24*
Six Months

Single heel raise 32 of 52 35 of 50 0.37**

Double heel raise 53 of 53 48 of 48 N/A

One Year

Single heel raise 28 of 44 30 of 42 0.44**

Final Follow Double heel raise 64 of 64 57 of 57 N/A

up Single heel raise 56 of 64 55 of 57 0.10*

Table 5.5. Proportion of patients able to complete heel raise. *FET, **Chi-square test.

5.3.4.4 Pain

Most patients reported low levels of pain. There was a small but significant difference in

patient reported pain scores noted between the two groups at 8 weeks, but not at any other time-

point (Table 5.6). At final follow up, 17.2% (11 of 64) of boot patients and 31.6% (18 of 57) of

cast patients reported experiencing any degree of pain (p=0.064).
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Functional (boot) Standard (cast)

rehabilitation rehabilitation p-value*
4 Week Pain Score 0(0-2) 1(0-2) 0.22
8 Week Pain Score 0 (0-0) 1(0-2.5) <0.001
10 Week Pain Score 0(0-2) 0 (0-1) 0.86
Six Month Pain Score 0 (0-1) 0(0-2) 0.07
One Year Pain Score 0 (0-0) 0 (0-1) 0.22
Final Follow up Pain Score 0 (0-0) 0 (0-1) 0.07

Table 5.6. Median self-reported pain score for patients (interquartile range presented in brackets). * Independent Samples Mann
Whitney U-test.

5.3.5 Complications

5.3.5.1 Re-ruptures

Of 125 patients whose status was known at one year, 16 had sustained a re-rupture (12.8%) at
a mean of 13.99 weeks (+3.34 weeks) after the initial injury, of which 11 (of 60, 18.3%) were in
cast patients and 5 (of 65, 7.7%) were in boot patients (risk ratio 0.885, 95% CI 0.770 to 1.017,
p=0.075). All re-ruptures occurred within 21 weeks of the original injury. Thirteen patients were
treated surgically, two were managed in a boot and one patient had a concomitant DVT and was
therefore anticoagulated and managed non-operatively. He went on to heal with tendon

elongation and underwent delayed surgery for this.

5.3.5.2 Venous Thromboembolism

Five patients (three treated in cast and two in boot; p=0.67) developed symptomatic VTE at a
median of 7.28 weeks (IQR 1.79-11.79). Of these, 2 had an isolated DVT, 2 had a DVT and PE
confirmed on imaging studies and one had an isolated PE. All were managed with

anticoagulation (warfarin in 3 cases and rivaroxaban in two cases).
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5.3.5.3 Minor Skin Issues

Fifteen patients, all treated in the boot arm of the trial, developed superficial skin breakdown,
maceration or localised blistering during the course of treatment for their primary injury. Two
patients were converted to cast treatment on account of this, while the remainder were treated
with simple dressings. All skin lesions healed uneventfully with no long-term sequelae. No

patients in the cast arm of the trial developed skin lesions (p<0.001).

5.4 Discussion

This study compares traditional immobilising cast management with modern functional
rehabilitation and early weight bearing in a walking boot, for non-operative management of acute
ATR in the setting of a RCT. Improved early function was demonstrated for patients in the boot
group with regards to PROMs, time to return to driving, ankle range of motion and calf
circumference. However, none of these differences persisted at one year or beyond. This study
provides evidence that functional rehabilitation is safe, giving equivalent outcomes to traditional
immobilising management at or beyond one year and that it also appears to give superior early
outcomes, albeit with a higher incidence of transient minor skin complications.

It has been postulated that the increased use of non-operative management may be due to good

outcomes reported with functional rehabilitation,** *°

although there is a lack of evidence to
support this claim.” **'** Similarly, a meta-analysis comparing functional and traditional
treatment for ATR also found that the trend towards functional management was not supported
by robust evidence, despite multiple authors advocating such protocols.” The authors suggested

that functional surgical and non-surgical treatment protocols should be distinguished from one

another and highlighted the need for randomised studies that directly compare traditional and
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functional rehabilitation.” If functional rehabilitation is to become and remain the gold-standard
treatment for these injuries in modern practice, where non-operative management is increasingly
favoured, then it must be shown to provide outcomes that are at least equal to those obtained with

traditional non-operative management.

5.4.1 Patient Reported Outcomes (PROMs)

This study reports on a variety of patient reported outcome measures (PROMs), including
injury specific,'® joint specific'®* and general musculoskeletal'®® PROMs, thereby giving a broad
overview of patient perceived outcome. Advocates of PROMs argue that they represent patients’
subjective opinion of their outcome and that this is important as improvement in patients’ health
status is the ultimate goal of most health services.'*®*** There was a statistically significant
difference across the range of PROM scores used at 6 month follow up, with better scores
consistently reported by patients treated with functional rehabilitation. The MCID for the ATRS

has not been scientifically defined, although some authors have suggested a value of 10 points'”’

and others 8 points,'®

while the minimum detectable change has been reported to be 6.8
points."”” Differences in ATRS demonstrated at 6 month follow up comfortably exceeded these,
suggesting that patients experienced a noticeable difference in Achilles tendon function after
treatment using these two techniques. However, although statistically significant, the difference
in SMFA dysfunction index was less than the previously reported MCID for this score.'®® Olsson
et al, using a very similar functional rehabilitation regime, reported similar ATRS scores to the
functionally rehabilitated group in the current study at six (median 73 points) and twelve (median
90 points) months as well as a significant improvement in ATRS between 6 and 12 months, but
with a persistent deficit at final follow up, thereby corroborating the results of the current study.

However, they did not compare this regime with traditional non-operative treatment. Costa et al,

in their RCT published in the same year as the current study, reported no difference in ATRS
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between cast and functional brace groups at 6 or 9 months, but they did report a statistically
significant difference in ATRS in favour of the functional brace group at 8 weeks.'”® Taken
together, the findings of the UKSTAR and the current RCT suggest that there is a likely early
benefit to patients from weight bearing functional rehabilitation but that this does not persist in

the longer term.

These differences between treatment groups did not persist at final follow up, indicating that
the benefits of accelerated functional rehabilitation are most obvious to patients earlier on in the
course of their recovery but that longer-term patient reported outcomes are similar. Both groups
exhibited significant improvements between 6 month follow up and final follow up but their final
scores remained lower than their pre-injury scores, indicating that some deficit persists after these

injuries and these findings are in agreement with other studies of outcomes after ATR.%**”

5.4.2 Patient Activities

Patients treated with functional rehabilitation in a walking boot returned to driving at a median
of 1 week earlier than those treated in a cast. This would be consistent with the shortened period
of immobilisation in this group that may facilitate an earlier return to some routine activities.
However, there was no significant difference in the time to return to work or sports between the
groups. Rates of return to sports after ATR in the current study were slightly higher than those
reported in a previous meta-analysis.””® A recent meta-analysis comparing functional
rehabilitation with immobilisation also reported no difference in time to return to work between
the two modalities.” There are no randomised controlled comparisons of return to sporting
activity or driving after modern non-operative functional rehabilitation and traditional non-
operative immobilisation. One small study did compare return to work in this fashion, utilising
an old bracing system for functional rehabilitation and it reported no difference in time to return
to work or sports between the two groups.''® Similarly, the recent UKSTAR trial reported an
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overall period of approximately 3 weeks off work for all participants, with no demonstrable

8

significant difference between traditional cast and walking boot groups.'”® These findings are

similar to the those of the current study. However, the convenience of early weight bearing has

also been acknowledged.”® ''® 1>

5.4.3 Clinical Measures of Outcome

Calf circumference of the uninjured legs remained unchanged throughout the period of study
in both groups. The deficit in injured leg calf circumference was greatest at first measurement at
10 weeks post-injury for both groups and gradually diminished with the passage of time, however
at final follow up there was a persistent residual deficit. Other authors have similarly reported
that a deficit in calf circumference of the injured leg persists beyond one year post-injury.®!**
The observed deficit was greater in the group managed with cast at 10 weeks, suggesting that
functionally rehabilitated patients who continue to weight bear throughout their course of
treatment lose less muscle bulk initially than those managed in a non-weight bearing cast.
However, there was no persistent significant difference between treatment groups at longer term
follow up, although a deficit between injured and uninjured legs did persist in both groups.
Recent studies using modern non-operative, early weight-bearing functional rehabilitation
regimes61’ % have reported very similar findings to those in the current study, with a small but
persistent deficit in calf circumference noted at one to two years,”' thereby corroborating the
results.

Similarly, patients in both groups exhibited a significant deficit in plantar and dorsiflexion
compared to their uninjured limb at 10 weeks post-injury but this deficit was greater in the cast
group. With the passage of time, patients in both groups demonstrated improvements in range of
motion and there was no difference between the groups at final follow up. A majority of patients

in both groups regained a full range of dorsiflexion compared to their uninjured limb but there
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was a small persistent active plantarflexion deficit, possibly relating to tendon lengthening.
These findings are also in keeping with previously reported outcomes after non-operative

management of ATR.*

Both groups reported low levels of pain after these injuries and these findings are in keeping
with reports by others.**® There was a statistically significant difference in median pain score
between groups at 8 week follow up, in favour of the functionally rehabilitated group, although
this was clinically small. At final follow up, median pain scores were 0 in both groups, however,
almost one third of patients treated in a cast, as compared to almost one fifth rehabilitated
functionally, complained of some degree of persisting pain, indicating that although most patients
report good PROM scores and function, a degree of discomfort may persist in a notable minority
of patients. The proportion of patients who reported some degree of persistent pain in the
functionally rehabilitated group at final follow up was virtually identical to that reported in a non-
comparative study reporting on a functional rehabilitation regime allowing early weight bearing

but not early motion, thereby supporting these results.'"”

All tested patients in both groups were able to complete a double heel raise at final follow up,
however around 8.3% could not complete a single heel-raise on the injured leg. There was no

difference between groups. Deficits in heel-raise ability are a recognised sequela of ATR.**

5.4.4 Complications

There was a trend towards a lower risk of re-rupture in functionally rehabilitated patients
(p=0.075). Re-rupture rates in the cast group were more than double those in the functionally
rehabilitated group, which may be a clinically important finding despite not reaching statistical
significance. This may be due to the study being underpowered to detect differences in re-
rupture rate, which was a secondary outcome measure and is a feature of many RCTs in the field

of ATR, where differences in re-rupture rate are often not detected in individual studies®”*>°" but
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become apparent when data is pooled into meta-analyses.”"*** A post hoc power calculation was
performed according to the re-rupture rates observed between the groups, using an alpha of 0.05,
which confirmed the current study to be underpowered (43%) to demonstrate a statistical
difference in re-rupture rates and this may have resulted in a type II error. It has been postulated
that functional rehabilitation may significantly reduce the rate of tendon re-rupture,”® however
this conclusion has been criticised as it was not based on direct comparison of re-rupture rates in
functional and traditional rehabilitation regimes.99 The current study facilitates direct comparison
of these regimes. The re-rupture rate in functionally rehabilitated patients compares favourably

with other functional regimes, where reported rates range from 6.6% to 12%, %% ¥ 117-229

although
it is slightly higher than those reported in some functional surgical regimes.’>*** All observed
re-ruptures occurred within 21 weeks of the injury and this finding is in keeping with other
reports that tendon re-rupture tends to occur early on in the process of recovery.'!” %

Minor skin issues were frequent in the group treated in a walking boot. Other authors have
reported similarly high rates of minor skin issues when patients are treated in a walking boot, ** **
while the authors of one recently published functional rehabilitation programme did not report on
these complications®' although they described a 10% incidence of skin problems in their patients
at an oral presentation on their treatment protocol.”*” It is unclear whether the skin issues are the
result of treatment in a boot or early weight bearing, but it appears that they occur with increased
frequency in patients managed with early weight bearing functional rehabilitation regimes and
clinicians and patients should be aware of this. None of the patients who developed these

complications in the current study had any long term sequelae although in two cases, the skin

issues were significant enough to warrant conversion to cast treatment.
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5.4.5 Limitations

This study does have limitations. Some patients did not attend for scheduled one year review
appointments on time. However, results of those presenting more than 3 months after the one
year mark were not included in the one year analysis and are only presented in the final follow up
cohort, which includes results from the last review at or beyond one year after injury. Median
time to final follow up for the final review cohort was 393 days (IQR 372.5-429.5; range 360-
1151) for patients treated in the boot and 382 days (IQR 372-406; range 357-1126) for patients
treated in cast and there was no significant difference (p=0.32) in time to final follow up between
groups, suggesting that the groups remained comparable at this time point. Lack of muscle
strength assessment using a dynamometer may also be considered a limitation and was initially
planned as the primary outcome measure for this study but could not be undertaken due to
logistical constraints. This study only assessed functional rehabilitation with early weight
bearing but did not assess the impact of combining this with early range of motion exercises
commencing at 4 weeks and weaning of the boot from 6 weeks, which was envisaged in the
original protocol for the trial. The authors of recent meta-analyses stated that both early weight
bearing and/or early range of motion are considered to constitute functional rehabilitation
regimes and suggested that these should be distinguished from each other for analysis.” ' Lack
of blinding of physiotherapists to the treatment modality may also be considered a limitation as it
may have subconsciously altered their confidence with progressing early exercises, while
inability to blind patients to their treatment method may have caused assessment bias.
Additionally, lack of 2 year follow up in the study design and a higher amount of loss to follow
up in the cast group (which may result in bias) could also be considered limitations. Strengths of
the study include a large and highly powered sample size and low rates of loss to follow up at the

study endpoint.
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5.4..6 Clinical Relevance and Future Research

This study follows on from the study described in the previous chapter and seeks to compare
the traditional non-operative regime described in Chapter 4 and shown to give outcomes
comparable to surgical management, with a modern functional non-operative regime. Together
with the UKSTAR trial published in the same year, it represents the only direct randomised
controlled data to support the use of functional non-operative management of ATR over
traditional non-operative management of these injuries with an immobilising cast. A meta-
analysis published after the RCT that comprises this Chapter of the thesis similarly concluded
that functional rehabilitation after ATR results in better early outcomes and equivalent functional

outcomes in the longer term and on this basis concluded that such regimes are safe,>*°

thereby
corroborating the findings of this study.

The findings of this study are of clinical importance since the data justifies the uptake of
functional non-operative management regimes, whose use has increased markedly in recent
years, despite a previous lack of direct data to support their use. Clinicians and patients can now
utilise similar regimes with increased understanding of the expected outcomes across a range of
clinical and patient reported measures. Further studies should now aim to give increased
understanding of the described regime and also to compare different iterations of functional
rehabilitation with each other.

Functional non-operative rehabilitation in a weight bearing boot has been shown to be a safe
and effective treatment for ATR which was associated with better short term clinical and patient
reported outcomes and equivalent outcomes at and beyond one year post-injury, without any

demonstrable increase in major complications. If this regime is to be employed in wider

mainstream practice, then it is important that clinicians have a detailed understanding, not only of
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the patient reported and clinical outcomes that can be expected when utilising this regime, but
also of the physiological processes that underpin it. It is desirable to understand how parameters
related to Achilles tendon function change over time when treating ATR using this regime and
how these parameters and changes within them relate to both clinical and patient reported
outcome measures. The study in Chapter 6 seeks to give a comprehensive understanding of
patient recovery after the functional non-operative regime described in this chapter, by recording
changes in pedobarographic parameters in the months after ATR treated with the functional non-
operative regime described in Chapter 5 and relating these temporal changes to various clinically
measured and patient reported outcomes as well as to clinical measures of tendon length (e.g. the

Achilles tendon resting measure and resting angle).

5.5 Conclusion

Following an ATR, functional rehabilitation with early weight bearing is a safe alternative to
traditional cast immobilisation with prolonged periods of non-weight bearing. It has
demonstrated multiple early benefits in the functionally rehabilitated group across a range of
outcome measures including patient reported outcomes and clinical measurements. Improved
patient reported outcomes in the functionally rehabilitated group did not persist at or beyond one
year. It is also associated with a higher incidence of minor skin complications that had no long-
term sequelae. The rate of tendon re-rupture was less than half that in the traditionally
rehabilitated group, but this finding did not reach statistical significance. On the basis of these
results, the use of this treatment regime is recommended in preference to traditional cast

immobilisation.
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Chapter 6: Standing Plantar Pressures, Clinical
and Patient Reported Outcomes after Achilles
Tendon Rupture Treated using a Functional Non-
operative Early Weight Bearing Rehabilitation
Regime: A Case Control Study

6.1 Introduction

Functional rehabilitation has become an increasingly popular form of management for acute
ATR in recent years and has been credited with driving recent trends towards non-operative
32,37, 105, 127,227 . .
management of ATR by many authors. Despite this, some have lamented a lack of
direct comparative data to justify adoption of these techniques’” and it is only recently that high
level evidence has begun to emerge in the form of randomised controlled studies directly

comparing functional non-operative management of ATR with other established treatment

110, 158, 291

modalities, including the randomised study in Chapter 5 of this thesis.?"

While functional non-operative rehabilitation for ATR has now been shown to be effective

110, 158, 291

compared to other regimes, most studies to date have largely focussed on PROMs and

61,101, 110, 158 157,290
>, 101, 110, > In

questionnaire data, although others have collected some basic clinical data.

recent years, novel clinical measurement tools have been described which were not available for

337,338

use in earlier studies and there has also been a focus more generally in orthopaedics not just

on PROMs but also on health related quality of life and measures of patient sentiment and

satisfaction.m’ 180, 182, 339-342
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Pedobarographic studies of plantar force and pressure distribution have long been used in the
field of diabetes, with large studies suggesting an association between increased relative forefoot
pressure and diabetic ulceration®* and other studies exploring the utility of orthopaedic
interventions (e.g. Achilles tendon lengthening) in offloading forefoot pressure in this patient
population.***>*® Authors in other fields, including orthopaedic surgery, have also shown interest
in the study of plantar forces and pressures in both static standing and walking scenarios,

34733 The concept of

primarily but not exclusively relating to foot and ankle pathology.
comparison of relative forefoot and hindfoot loading is well established and found in both
diabetic’* and non-diabetic pedobarographic studies.**-*>>*** Achilles tendon function is
postulated to be a major determinant of active plantarflexion®”’ and consequently pressure
distribution®** under the foot. Surgical lengthening of the Achilles tendon has been shown to
reduce relative forefoot loading in the context of patients with diabetic foot ulceration. ATR is
also known to result in tendon lengthening®® and could theoretically therefore result in similar
reductions in forefoot loading.

The efficacy of functional non-operative treatment for ATR has now been established, through
the work in Chapter 5 of this thesis®' and that of other authors'*® and we understand functional
non-operative rehabilitation to be a safe and effective treatment option for ATR. However,
understanding of the specific processes and changes that patients go through as they recover
during these programmes is limited and it is evident that there is a paucity of clinically measured
data that can be correlated with PROMs, patient sentiment and other outcome measures over
multiple time points in the months after ATR. Therefore, there is a need for studies that bring all
the above measures together to give practitioners a holistic and detailed overview of patient
progress through the functional non-operative rehabilitation programme over time. This may

help to identify what makes the regime successful or identify areas that could be targeted for

improvement.
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The main aim of this study was to report peak plantar pressures and forces acting on the feet
during static stance as a forefoot to rearfoot (FFRF) ratio after ATR and to describe changes in
the FFRF ratios over time up to 9 months post-injury. Secondary aims included assessment of
patient reported outcomes, health related quality of life, clinically measured parameters and self-
reported pain scores, both at absolute standardised time points and with respect to changes over
time in the months after ATR. Other secondary outcomes included comparison of measured
parameters with a group of healthy control subjects, correlation of FFRF ratios with patient
reported outcome measures and health related quality of life and assessment of patient sentiment

after completing treatment for ATR with a functional non-operative rehabilitation regime.

6.2 Methods

This study was a prospective case control study comparing patients treated for ATR with
weight bearing functional rehabilitation in a walking boot with normal control subjects. The
study was granted a favourable opinion by the South Berkshire research ethics committee
(18/SC/0699).

Patients were eligible for inclusion in the study if they were aged between 16 and 75 years and
sustained an acute ATR. Exclusion criteria included a history of foot or ankle surgery or
pathology; individuals residing out with the hospital catchment area who would find it difficult to
attend for follow up; individuals presenting with a re-rupture of the Achilles tendon; previous
major hip or knee surgery; symptomatic hip or knee arthritis, diabetes or any form of peripheral
neuropathy.

Twenty-five age and sex matched control subjects were also recruited according to the same
inclusion and exclusion criteria, except for the requirement of an acute ATR. Control subjects
were recruited from attendees at the orthopaedic outpatient department including staff and

visitors.
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Patients were diagnosed with ATR clinically, with ultrasound only used for confirmation of
the diagnosis at the clinician’s discretion in the event of diagnostic doubt.

Recruitment was undertaken between May 2019 and September 2021 with disruption to
recruitment and follow up in the intervening period due to the COVID-19 global pandemic which
mandated a moratorium on both recruitment and clinical follow up of patients for research
purposes. Recruitment was paused in March 2020 and resumed in June 2021, as a result of
COVID-19 restrictions. Any patient missing two or more follow up appointments as a result was
excluded and permission was granted by the REC by way of an amendment to recruit
replacement patients. One patient was excluded from the study and replaced with a new recruit
after developing a tendon re-rupture in the early days after boot removal. Twenty-five patients

were included in the study.

6.2.1 Recruitment and Treatment Regime including Physiotherapy

Patients were placed into an equinus backslab in the emergency department at first
presentation and referred to the virtual trauma clinic from which they were triaged into the
trauma clinic. At first presentation to the trauma clinic, prospective patients were identified and
informed of the study. Informed consent was taken for inclusion in the study if the patient
indicated a desire to be included. Patients were asked to complete their baseline PROMs data for
both immediately pre- and post-injury. This method has been used in other large studies to

collect pre-injury data.''* !

then placed into an Ossur® Rebound (Ossur hk, Reykjavik,
Iceland) walking boot (worn continuously, including when in bed) with 3cm internal heel raise
and advised to fully weight bear immediately with the aid of crutches for balance as needed.
Four weeks after injury, patients were reviewed in clinic and the internal heel raise was reduced

to 1.5cm for a further 2 weeks, at which point patients were again reviewed in clinic for removal

of the remaining heel raise. Patients then spent a further 2 weeks in the walking boot in a
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plantigrade position with no internal heel raise and were reviewed in clinic once again at the 8
week post-injury mark for boot removal and commencement of physiotherapy as per the protocol
(Appendix 6.1). No range of motion exercises were undertaken while in the boot. Active

plantarflexion was commenced at 8 weeks after injury upon boot removal.

6.2.2 Matching of Controls

Patients included in the study were matched for age (+/- 2 years) and sex with control subjects
in aratio of 1:1. For the purposes of statistical analysis, further matching was undertaken of the
control subjects’ limbs, whereby patients’ injured and uninjured limb were matched with the

relevant ipsilateral limb of the control.

6.2.3 Patient Follow up and Outcome Measures

Patients were reviewed for collection of study data at 2 months (boot removal), 3 months, 6
months and 9 months after their ATR. Controls were assessed on one occasion and the full data
set (pedobarographic data, PROMs and clinical measurements) collected for patients was also
collected for controls, with the exception of satisfaction and patient sentiment data for their
treatment, which was not applicable to control subjects. PROMSs data was collected by post
while physical reviews were paused due to COVID-19 restrictions.

At each visit, a wide range of data was collected:

Plantar force and peak pressure data during static stance were collected by asking patients to
stand on a footmat (SB Mat, Tekscan Inc, Boston, MA, USA) for 130 seconds. Prior to standing
on the mat, all shoe wear and socks were removed and any baggy trousers rolled up to prevent
any contact with the mat surface. Patients were instructed to look straight ahead during the
period of assessment. Data was collected from both feet simultaneously at a rate of 100 frames

per second (i.e. one frame every 0.01 second) using Tekscan Pressure Measurement System,
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FootMat Research ver. 7.10-13 (Tekscan Inc., Boston, MA, USA). Thus there were 13,000
frames per 130 second recording. The sole of the foot was bisected longitudinally into two equal
portions between the posterior-most point of heel contact and the distal most point of metatarsal
contact. Toe contact was highly variable and minor in comparison and thus not used in this
division but any toe contact was included with the forefoot readings. In this way, four quadrants
were defined, comprising the left forefoot and rearfoot and the right forefoot and rearfoot. The
software records data visually using colour coded pressure maps and can also generate graphs
showing variation in the variables of interest over time (figure 6.15a and b). For the purposes of
data analysis, this data was exported numerically as total force (Newtons) and peak pressure
(Newtons per cm?”, N/cm?) for each quadrant as defined above and for each frame. Data collected
during the first 45 seconds was not analysed, to allow patients to equilibrate during static stance.
Data analysis was then performed on data collected between 45 and 120 seconds. Data for total
force in each quadrant as well as the peak pressure recorded over a lem? area in each quadrant
was collected over 13,000 frames during each episode. This was used to calculate the forefoot to
rearfoot (FFRF) force ratio and the FFRF peak pressure (PP) ratio for each foot. Sampling of
twenty random data samples from patients indicated non-parametric distribution for this data in
all cases and therefore median values for the ratios were calculated. Forefoot to rearfoot ratios
can be used to understand load distribution in the foot in the axis of Achilles tendon function (i.e.
longitudinal) and also facilitates comparison of loading patterns between patients of varying
mass. Ratios were compared between injured and uninjured feet and between ATR patients and
healthy controls.

Patient Reported Outcome Measures. Multiple PROMs datasets were collected for patients
and controls. The Short Musculoskeletal Form Assessment is a general musculoskeletal PROM
comprising of a 46 question questionnaire completed by patients, from which a dysfunction index

and a bother index are calculated with possible values ranging from 0 to 100 and lower scores
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indicating better function. It has been shown to be valid, reliable and responsive to change in
status in patients with musculoskeletal injury.'® The Achilles Tendon Total Rupture Score is an
injury specific 10 question PROM, designed specifically to measure patient reported function and
outcomes after ATR. Possible scores range between 0 (most disability due to the injured Achilles
tendon) and 100 (least disability due to the injured Achilles tendon).'®® The EQ-5D-5L PROM
assess health related quality of life and consists of the EQ-5D Index ranging from -0.59 to +1 and
calculated from patient responses to 5 questions in the domains of mobility, self-care, usual
activities, pain and discomfort, anxiety and depression; and the EQ-5D visual analogue scale
(VAS) where patients are asked to rate their overall health on a scale between 0 (worst
imaginable health) and 100 (best imaginable health).!”” Full details on all PROM scores used in
this study can be found in Chapter 1 (section 5.2).

Clinical Measures. Various clinical assessments were undertaken on patients and controls.
Active plantar and dorsi flexion range were measured with the patient lying supine. Using a
marker pen, the fibular head, the distal-most tip of the fibula and the centre of the 5™ metatarsal
head and base were marked on the lateral border of the limb. The patient was then instructed to
maximally plantarflex or dorsiflex the foot and a long-arm goniometer used, centred over the
marked tip of the fibula and with one arm aligned along the fibula and the other arm placed
parallel to the dots along the long axis of the 5™ metatarsal bone. Measurements were made to
the nearest degree relative to the plantigrade position. Negative measurements signified inability
to reach the plantigrade position in the direction being measured. The Achilles Tendon Resting
Angle (ATRA) is a measure of the neutral resting angle of the ankle. It is calculated as the angle
between the long axis of the fibula and a line between the tip of the fibula and the centre of the 5™
metatarsal head on the lateral border of the foot.™ It has been shown to correlate with absolute
tendon length.**>**® The ATRA was measured with the patient prone and the knee flexed to 90°,

33
17

in the fashion described by Carmont et al™’ with minor modifications as described by Hansen et
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al™® including the marking of reference points on the skin using a skin marker and use of a long

arm goniometer with 1 degree increments. The relative ATRA was calculated by subtracting the
injured side absolute ATRA from the uninjured side ATRA. Negative values indicate relative
dorsiflexion of the injured limb.**” The Achilles Tendon Length Measure (ATLM) was measured
with the patient in the prone position as described by Hansen et al.*** The relative ATLM was
calculated by subtracting the injured side absolute ATLM from the uninjured side ATLM. A
positive relative ATLM indicates that the injured foot is in relative dorsiflexion. Calf
circumference was measured to the nearest millimetre using a measuring tape placed 10cm below
the proximal-most palpable tip of the tibial tuberosity. The presence or absence of callosities
over the forefoot sole, hindfoot sole, posterior border of the heel or ‘other’ region of the foot was
recorded as a nominal variable.

Pain Visual Analogue Scales. Patients were asked to complete a pain visual analogue scale
detailing the amount of pain on the day of assessment in three regions of each foot — the forefoot
sole, the hindfoot sole and the posterior heel region (Appendix 6.2).

Measures of Patient Sentiment. Patients were asked the following three questions:

1. How satisfied are you with your treated Achilles tendon?

2. Would you have the same treatment again if it were required on the opposite side?

3. How likely are you to recommend this treatment to friends and family if they needed similar
care or treatment?

For question 1, possible answers were very satisfied, satisfied, neither satisfied nor dissatisfied,
dissatisfied or very dissatisfied; For the last two questions, patients could answer extremely
likely, likely, neither likely nor unlikely, unlikely, extremely unlikely or don’t know. The last

180.208 5 single question metric that

question was used to calculate the Net Promoter Score (NPS),
quantifies individual’s likeliness to recommend a good or service to others (see Chapter 1,

section 5.2.5). For calculation of the NPS, patients who said they would be ‘very likely’ to
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recommend their treatment to others were considered ‘promoters’; those who stated they would
be ‘likely’ to do so were considered ‘passives’ and those who stated they ‘didn’t know’, were
‘unlikely’/’very unlikely’ or were ‘neither likely nor unlikely’ to do so were considered
‘detractors’. This data was also presented in the format of the NHS England Friends and Family
Test.*”

Twenty one of 25 patients (84%) were followed up to completion of the study at 9 months. Of
those completing the study, five had missed one earlier review (at 6 months) but had full data at
all other time points. Of the 4 patients not seen at 9 months (all due to COVID restrictions), all
had full follow up at all other time points. Thus the lowest follow up rate for the primary
outcome measure was 20 of 25 (80%) at 6 months while it was 21 of 25 (84%) at 9 months
(figure 6.1). No patient included in the study missed more than one of their scheduled follow up

reviews. PROMs data was collected by post while physical reviews were paused due to COVID-

19 restrictions.
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Figure 6.1 Diagram illustrating patient flow through the study.

6.2.4 Statistical Analysis

The primary outcome measure was the forefoot to rearfoot ratio of peak pressure under the
foot. There were no previous studies of static plantar pressures after treatment for ATR with
modern functional rehabilitation regimes, nor any studies detailing a minimum clinically
important difference in forefoot to rearfoot ratio in the context of Achilles tendon rupture in the

published medical literature.

Power analysis was performed for the primary outcome: change in the forefoot to rearfoot
peak pressure ratio between 2 and 9 months after injury. Using an effect size of 0.7 and an alpha

0.05 with a power of 80% and a two tailed analysis using a Wilcoxon signed rank test for
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matched pairs it was determined that 20 patients would need to be recruited. A moderate effect
size was chosen (0.7) to assess the change in forefoot/hindfoot pressure ratio based on dynamic
data from Maluf et al who found a similar effect size when assessing change in forefoot pressure
for diabetic patients undergoing surgical tendoachilles lengthening between 3 weeks and 9

months.

Data was tested for parametricity using the Kolmogorov-Smirnov test. Where the data was
found to be non-parametric at one or more time-points, non-parametric statistical tests were
employed for that variable at all time-points. Continuous parametric data was reported as the
mean with standard deviation and unpaired parametric data was assessed using the student #-test.
Non-parametric continuous data was presented as the median with interquartile range. Unpaired
non-parametric continuous data was compared using the independent samples Mann Whitney U
test while paired non-parametric data was compared using the related samples Wilcoxon signed
rank test. Continuous variables (all non-parametric) were correlated using Spearman’s rank

correlation. A p-value of <0.05 was considered statistically significant.

6.3 Results

6.3.1 Patient and Control Group Demographics

The mean age for patients in the study was 43.8 years (+12.2) while that for controls was 43.9
(£12.3). There were 19 males and 6 females in each group. 10 patients sustained left sided

injuries and 15 sustained right sided injuries.
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Patients Controls p-value

Age 43.80 (+12.22) 43.88 (+12.31) 0.98
BMI 27.47 (25.25 - 29.44) 26.20 (23.35 - 28.55) 0.15
Pre-Injury SMFA 4.41(0.37-11.77) 0 (0-1.84) 0.001
Disability Index

Pre-Injury SMFA 0(0-6.25) 0 (0-2.08) 0.57
Bother Index

Pre-Injury ATTRS 100 (94.50 - 100) 100 (100 - 100) 0.07
Pre-Injury EQ5D Index 1(94.50 - 100) 1(1-1) 0.39
Pre-Injury EQ5D VAS 90 (77.50 — 98.50) 90 (85-98) 0.27

Table 6.1 Pre-Injury patient characteristics and control patient characteristics. Age is presented as mean with standard deviation
(two tailed student t-test), whereas all other variables were non-parametric and are presented as median with interquartile range
(Independent samples Mann Whitney U test).

6.3.2 Forefoot to Rearfoot Force ratio

Patients recovering from ATR exhibited a significantly reduced forefoot to rearfoot force ratio
in the injured leg as compared to the uninjured leg at all time points (figure 6.2 blue lines, table
6.2). Through the course of the follow up period, the FFRF force ratio increased significantly in
both the injured (median 0.083 at 2 months post-injury and 0.31 at 9 months post-injury;
p<0.001, related samples Wilcoxon Signed rank test) and uninjured (median 0.66 at 2 months and
1.04 at 9 months; p=0.01) legs (table 6.2, figure 6.3), indicating progressively greater relative

loading of the forefoot as compared to the hindfoot in both feet with the passage of time after
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ATR, however the difference between injured and uninjured leg still remained significant at last

measurement.

1.2
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e |psilateral Control Injured Leg
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Figure 6.2 Median forefoot to rearfoot force ratio for patients’ injured and uninjured legs (blue lines) at each time point between
2 and 9 months after ATR. Note: The control data is not time-point specific but is shown as red horizontal reference lines.
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Figure 6.3 Median forefoot and rearfoot force distribution in percentage terms for the injured, uninjured and control feet.

Assessment Timepoint Injured Leg Uninjured Leg p-value*
2 months 0.083 (0.069 —0.14) 0.66 (0.41-0.92) <0.001
3 months 0.13(0.09-0.18) 0.71(0.42-0.92) <0.001
6 months 0.24 (0.14-0.35) 0.87 (0.60—1.08) <0.001
9 months 0.31(0.22-0.47) 1.04 (0.54 — 1.48) <0.001
Controls 0.48 (0.41-0.77) 0.52 (0.33-0.74) 0.88

Table 6.2 Forefoot to rearfoot force ratio for injured and uninjured legs at sequential time points after Achilles tendon rupture.
Control feet were matched to the ipsilateral patient leg for injury status. * Related samples Wilcoxon signed rank test.
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Controls subjects, unlike patients exhibited no significant difference in FFRF force ratios
between their matched control legs (table 6.2). There was a statistically significant difference in
median force ratio between injured legs after ATR at all time points during the follow up period
when compared to the control readings for matched ipsilateral legs (»<0.023). The injured foot
exhibited a very low relative forefoot load at initial review 2 months after injury and despite a
steady increase in relative forefoot loading over time, had not reached the levels of forefoot
loading seen in control subjects at the time of last follow up 9 months after injury (figures 6.2 and
6.3). The uninjured foot exhibited no statistically significant difference in forefoot:rearfoot force
compared to control subjects at initial measurement 2 months after ATR (p=0.20), however there
was progressive increased relative forefoot loading in the uninjured foot with the passage of time,
such that the measurements taken on patients uninjured foot at 3, 6 and 9 months after injury

were significantly different from control measurements (p<0.045).

6.3.3 Forefoot to Rearfoot Peak Pressure Ratio

Patients recovering from ATR exhibited a significantly reduced forefoot to rearfoot peak
pressure ratio in the injured leg as compared to the uninjured leg at all time points (figure 6.4 blue
lines, table 6.3). Over the course of the follow up period, the FFRF PP ratio (table 6.3) increased
significantly in the injured leg (median 0.13 at 2 months post-injury and 0.28 at 9 months post-
injury; p<0.001). While the FFRF PP ratio also increased in the uninjured leg (median 0.47 at 2

months and 0.83 at 9 months; p=0.15), this change did not reach statistical significance.
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Figure 6.4. Median forefoot to rearfoot peak pressure ratio for patients’ injured and uninjured legs (blue lines) at each time point
between 2 and 9 months after ATR. Note: The control data is not time-point specific but is shown as red horizontal reference
lines.

Assessment Timepoint Injured Leg Uninjured Leg p-value*
2 months 0.13 (0.07 —0.18) 0.47 (0.33 -0.90) <0.001
3 months 0.11 (0.07 —0.18) 0.50 (0.33 -0.76) <0.001
6 months 0.20 (0.13 -0.27) 0.79 (0.51-1.00) <0.001
9 months 0.28 (0.18 - 0.53) 0.83 (0.43 - 1.06) <0.001
Controls 0.67 (0.40 - 0.89) 0.50 (0.29 - 0.65) 0.03

Table 6.3 Forefoot to rearfoot peak pressure ratios for injured and uninjured legs at sequential time points after ATR. Control feet
were matched to the ipsilateral patient leg for injury status. *Related samples Wilcoxon signed rank test.

Controls also exhibited a statistically significant difference in FFRF PP ratio between matched

control legs, having been matched to the same side as injured and uninjured patient legs (p=0.03).

There was a statistically significant difference in median FFRF PP ratio between injured legs
after ATR (table 6.3) at all time points during the follow up period when compared to the control
readings for matched ipsilateral legs (p<0.008). Conversely, the FFRF PP ratios for the uninjured
leg were not significantly different from the control reading at any time point (p>0.12), although
there was a narrowly insignificant trend to higher FFRF PP ratio in the uninjured foot at 9

months as compared to the control reading (p=0.063).
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6.3.4 Patient Reported Outcome Measures and Health Related Quality of
Life

All PROMs were significantly negatively impacted by Achilles tendon rupture (figures 6.5a
and b; figures 6.6a and b) and exhibited a statistically significant subsequent improvement over
the ensuing 9 months (table 6.4; Appendix 6.3 table 1). All measures except the SMFA
Dysfunction Index exhibited progressive improvement up to the last follow up time point. The
SMFA dysfunction index exhibited a slight worsening in median scores between follow up at 6
and 9 months post-injury, however while this change was statistically significant (p=0.008), the
change in median score was of 5.15 points, which is lower than the minimum clinical important
difference for the SMFA score'®® and is therefore not considered clinically significant. At 9
months post-injury, median SMFA dysfunction index, ATRS and EQ-5D-5L Index scores
remained lower than patient reported pre-injury scores (table 6.4; Appendix 6.3 table 1).

The final scores for SMFA dysfunction index (p<0.001), ATRS (<0.001) and EQ-5D Index
(p=0.004) were inferior at 9 months after injury to the control readings. However, there was no
difference between SMFA Bother Index (p=0.065) and EQ-5D VAS (p=0.132) at 9 months for

patients compared with control readings. Full data is presented in table form in Appendix 6.3.
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Fig 6.5a Change in SMFA Dysfunction and Bother Indices for Achilles tendon rupture patients over time. Note: The control data
is not time-point specific but is shown as a red horizontal reference line.
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Fig 6.5b Change in Achilles Tendon Total Rupture Score (ATRS) for Achilles tendon rupture patients over time. Note: The
control data is not time-point specific but is shown as a red horizontal reference line.
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Figure 6.6a Change in EQ-5D-5L Index for Achilles tendon rupture patients over time. Note: The control data is not time-point
specific but is shown as a red horizontal reference line.
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Figure 6.6b Change in EQ-5D VAS for Achilles tendon rupture patients over time. Note: The control data is not time-point

specific but is shown as a red horizontal reference line.
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Patients Pre- Patients Patients 9

Injury to Immediate Post- Months Post
PROM Immediate Post- Injury to 9 Injury vs
Injury Months Post- )
Injury Pre-Injury
SMFA Dysfunction <0.001* <0.001* <0.001
Index
SMFA Bother Index <0.001* <0.001* 0.206
ATRS <0.001* <0.001* <0.001
EQ-5D Index <0.001* <0.001* 0.02
EQ-5D VAS <0.001* <0.001* 0.584

Table 6.4 PROM score comparison after injury and at end of follow up. The p-values for comparison of the median scores
reported in figures 6.5 and 6.6 are reported in this table. For further information regarding precise median scores at each time
point, see graphs in figures 6.5 and 6.6 or Appendix 6.3 table 1. *Related Samples Wilcoxon Signed Rank Test for paired
variables.

6.3.5 Clinical Measures

6.3.5.1 Active Plantarflexion and Dorsiflexion

At first measurement upon removal of the immobilising walking boot 2 months after ATR,
patients exhibited significant deficits of active plantarflexion and dorsiflexion compared to the
uninjured side (table 6.5). The difference in median active plantarflexion between injured and
uninjured sides was of a magnitude of 20° while that of median active dorsiflexion was of 5°.
During the course of follow up to 9 months post-injury (table 6.5), patients exhibited a
statistically significant increase in both active plantarflexion (figure 6.7a, p=0.02, related samples
Wilcoxon signed rank test) and active dorsiflexion (figure 6.7b, p<0.001) range and at 9 months
post-injury, there was no statistically significant persisting deficit of dorsiflexion, while there was
a persisting statistically significant deficit of active plantarflexion, but was clinically very small

(difference in median plantarflexion between injured and uninjured sides of 1 degree).
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Control subjects exhibited no difference in either active plantar or dorsiflexion between legs
(table 6.5 p>0.94). Patients with ATR had a statistically significant deficit of plantarflexion at
first assessment 2 months post-ATR compared to matched sided control legs but there was no
significant difference in active plantarflexion between these groups when patients were
reassessed 9 months after injury (p=0.06). Conversely, the uninjured legs exhibited no difference
in measurements at 2 (p=0.24) or 9 months (p=1.0) when compared to plantarflexion in their
matched sided control legs. Dorsiflexion was reduced in both the injured (p=0.001) and
uninjured legs (p=0.01) of ATR patients at first review 2 months after ATR compared to controls,
although the latter was of a small magnitude (difference in median dorsiflexion 3 degrees). AT 9
months post-ATR, there was no significant difference in dorsiflexion range for either injured

(»p=0.13) or uninjured (p=0.92) legs in comparison to the control group.
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Injured Leg

Uninjured Leg

p-value

Active dorsiflexion (°)

2 Months

3 Months

6 Months

9 Months

Control

Active plantarflexion (°)

2 Months

3 Months

6 Months

9 Months

Control

ATRA (°)

2 Months

3 Months

6 Months

9 Months

Control

ATLM (cm)

2 Months

3 Months

6 Months

9 Months

Control

Calf circumference (cm)

2 Months

3 Months

6 Months

9 Months

Control

-3.00 (-6 - 6)

4.00 (-1.50-7.00)

5.00 (2.00 — 12.00)

10.00 (5.50 — 13.50)

5.00 (2.00 - 10.00)

30.00 (24.50 — 47.50)

40.00 (33.50 — 48.50)

47.00 (41.00 - 51.00)

49.00 (39.00 — 51.50)

52.00 (46.00 — 59.00)

64 (61.50 —68.00)

61.00 (56.00 — 66.00)

61.00 (50.00 - 66.00)

60.00 (55.50 — 67.00)

46.00 (37.50 — 51.50)

52.50 (50.40 — 54.45)

53.80 (50.60 — 55.35)

53.10 (51.00 — 55.50)

53.90 (50.85 — 55.65)

54.00 (47.00 — 58.10)

35 (32.65 — 36.75)

37.00 (34.65 —39.50)

37.00 (34.00 — 38.00)

36.40 (33.90 - 38.75)

36.00 (34.60 — 39.55)

2.00 (-0.50 — 6.50)

6.00 (2.50 - 8.00)

5.00 (2.00 -8.00)

7.00 (4.00 -9.50)

5.00 (2.00 - 10.00)

50 (41.50 - 55.00)

50.00 (43.50 — 54.00)

52.00 (45.00 — 59.00)

50.00 (47.50 — 59.00)

52.00 (45.50 - 61.00)

48.00 (45.00 - 53.50)

48.00 (41.50 — 51.50)

48.00 (45.00 - 57.00)

50.00 (44.50 -55.50)

50.00 (42.50 — 52.50)

55.40 (54.10 — 58.25)

55.70 (54.50 - 58.15)

54.60 (52.90 — 59.50)

55.30 (55.30 - 57.45)

53.00 (47.00 — 57.45)

36.40 (34.95 — 39.00)

37.50 (32.50 - 39.70)

38.00 (35.10 — 39.70)

38.10 (35.50 - 40.00)

36.80 (34.45 — 40.05)

0.032

0.03

0.073

0.94

0.015

0.003

0.003

0.005

1.00

<0.001

<0.001

0.013

<0.001

0.08

<0.001

<0.001

0.001

0.004

0.87

<0.001

0.106

0.001

<0.001

0.63

Table 6.5 Clinically measured parameters for the injured and uninjured legs for patients at each time point and for matched

ipsilateral control legs. Related samples Wilcoxon signed rank test used for all analyses.
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Figure 6.7a. Change in median active plantar flexion in injured and uninjured legs over time. Note: The control data is not time-
point specific but is shown as a red horizontal reference line. There was no difference between control uninjured and injured side
legs and their lines are superimposed.
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Figure 6.7b. Change in median active dorsiflexion in injured and uninjured legs over time. Note: The control data is not time-
point specific but is shown as a red horizontal reference line. There was no difference between control uninjured and injured side
legs and their lines are superimposed.

6.3.5.2 Calf Circumference
Patients exhibited a statistically significant deficit in calf circumference of 4.86% on the

injured side, at first assessment 2 months after ATR when their walking boot was removed (table
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6.5). During the course of follow up between 2 and 9 months post-ATR, there was a statistically
significant increase in calf muscle circumference on the injured side (p=0.03, related samples
Wilcoxon signed rank test) but no statistically significant change on the uninjured side (p=0.07).
At 9 months post-injury, a statistically significant difference in calf circumference of 3.03%

persisted between injured and uninjured legs (p<0.001).

When compared to controls, there was a statistically significant difference in median calf
circumference at initial assessment 2 months after injury (p=0.021, related samples Wilcoxon
signed rank test), while at final follow up, the difference was no longer statistically significant
(p=0.85). There was no difference between control leg and the uninjured patient leg median

circumference at either initial (p=0.91) or final (p=0.21) follow up points.

6.3.5.3 Achilles Tendon Resting Angle and Achilles Tendon Length Measure
Absolute ATRA in the injured leg was significantly higher at all time points than in the
uninjured leg (p<0.013, table 6.5 and figure 6.8) and was also lower than the matched sided leg
control readings (»<0.001). Conversely, the uninjured legs in ATR patients showed no
statistically significant variation in ATRA at any assessed time point when compared to the
matched sided control leg reading (p>0.26). Absolute ATLM in the injured leg was similarly
reduced at all time points between 2 and 9 months post-injury when compared to the uninjured

leg (p<0.004, table 6.5).
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Figure 6.8. Achilles tendon resting ankle in injured and uninjured legs of patients with ATR at sequential time point. Note: The
control data is not time-point specific but is shown as red horizontal reference lines.

The relative ATRA was negative at 2 months post-ATR and remained so throughout the
course of follow up until 9 months (figure 6.9a). During this period, the median relative ATRA
increased from -17° at first assessment to -12° at final assessment (p=0.02). The relative ATLM
was positive at 2 months post-ATR and remained so throughout the course of follow up until 9

months (figure 6.9b). During this period, the median relative ATLM decreased from 3.5cm to

1.9cm (p=0.03).
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Fig. 6.9 a and b. Relative Achilles Tendon Resting Angle and Achilles Tendon Length Measure.
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The median relative ATRA for side matched control subjects was 2° (-1° to 5.5°). Relative
ATRA for patients with Achilles tendon rupture (figure 6.9a) was significantly lower at all tested
time points, than the control group reading (p<0.016). The median relative ATLM for side
matched control subjects was -2cm (-10.1cm to 8.45c¢m). Relative ATLM for patients with ATR

(figure 6.9b) was not significantly different from the control group reading (p=0.14).

There was no demonstrable correlation between ATRA and either FFRF force or peak
pressure ratios (p>0.19). There was no correlation between ATLM and FFRF peak pressure ratio
(p=0.15), however there was a weak correlation between ATLM and FFRF force ratio (7=0.22,

p=0.04).

6.3.5.4 Pain Visual Analogue Scales

Most patients reported low levels of pain intensity (table 6.6). Pain was most notable in the
injured foot at 3 months post-injury, where the median VAS pain score was 3/10 in the hindfoot
region and 4/10 in the region of the Achilles tendon. Twenty of 24 patients (83.3%) completing
the pain VAS at 2 months post-injury complained of pain, whereas 22 of 23 (95.7%) completing
the VAS at 3 months, 15 of 21 at 6 months (71.4%) and 12 of 23 at 9 months (52.2%) described

an ongoing degree of pain.
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Injured Leg

Uninjured Leg

p-value*

Forefoot Pain VAS

2 Months 0.50 (0.00 - 2.00) 0.00 (0.00 — 0.00) 0.002
3 Months 0.00 (0.00 - 1.00) 0.00 (0.00 — 0.00) 0.005
6 Months 0.00 (0.00 - 1.50) 0.00 (0.00 — 0.00) 0.026
9 Months 0.00 (0.00 — 0.00) 0.00 (0.00 — 0.00) 0.56
Hindfoot Pain VAS
2 Months 1.00 (0.00 - 3.00) 0.00 (0.00 — 0.00) <0.001
3 Months 3.00 (1.00 —5.00) 0.00 (0.00 — 0.00) <0.001
6 Months 0.00 (0.00 —2.00) 0.00 (0.00 — 0.00) 0.056
9 Months 0.00 (0.00 —2.00) 0.00 (0.00 — 0.00) 0.23
Achilles Region VAS
2 Months 1.50 (0.00 - 3.75) 0.00 (0.00 —2.00) 0.048
3 Months 4.00 (2.00 - 6.00) 0.00 (0.00 - 1.00) <0.001
6 Months 1.00 (0.00 - 3.00) 0.00 (0.00 — 0.00) 0.008
9 Months 0.00 (0.00 —2.00) 0.00 (0.00 — 0.00) 0.028
Controls
Forefoot VAS 0.00 (0.00 — 0.00) 0.00 (0.00 — 0.00) 1.00
Hindfoot VAS 0.00 (0.00 — 0.00) 0.00 (0.00 — 0.00) 1.00
Achilles Region VAS 0.00 (0.00 — 0.00) 0.00 (0.00 — 0.00) 0.33

Table 6.6 Pain visual analogue scale data for patients and controls. Data are presented as median scores with IQR. *Related
samples Wilcoxon signed rank test.
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6.3.5.5 Foot Callosities

Callosities did not occur more frequently in the injured legs (table 6.7).

Injured Leg Uninjured Leg
Forefoot Callosities
2 Months 10 of 25 7 of 25
3 Months 11 of 25 9 of 25
6 Months 5of 19 5of 19
9 Months 7 of 21 8of 21
Hindfoot Callosities
2 Months 9 of 25 5 of 25
3 Months 6 of 25 7 of 25
6 Months 8 of 19 6 of 19
9 Months 11of21 11of 21
Achilles Region Callosities
2 Months 1of 25 3 of 25
3 Months 2 of 25 2 of 25
6 Months 10of19 20f19
9 Months 20f21 lof21
Other Callosity
2 months 10 of 25 7 of 25
3 months 10 of 25 11 of 25
6 months 20f19 40f19
9 months 6 of 21 6 of 21
Controls
Forefoot VAS 9 of 25 8 of 25
Hindfoot VAS 4 of 25 4 of 25
Achilles Region VAS 0 of 25 0of 25
Other Callosity 10of25 2 0of 25

Table 6.7 Incidence of callosities in the various foot regions for patients and controls.
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6.3.6 Satisfaction, Net Promoter Score and Other Measures of Patient

Sentiment

At 9 months after ATR, 22 of 23 patients (95.7%) responding stated that they were satisfied or
extremely satisfied with their treated Achilles tendon, while one patient was dissatisfied (figure

6.10).

Satisfaction

4%

m Very Satisfied

m Satisfied

Neither Satisfied nor

Dissatisfied
44% _ o
52% m Dissatisfied
12
Very Dissatisfied

= Don't Know

Figure 6.10. Patient responses to the question ‘How satisfied are you with your treated Achilles tendon?’ which was posed as a
Likert scale.

At 9 months after injury, 19 of 23 (82.6%) patients responding stated that they would be likely
or extremely likely to undergo the same treatment again if they had a contralateral ATR, while 3
(13%) stated that they would be neither likely nor unlikely to do so and one patient said they
would be extremely unlikely to have the same treatment again (figure 6.11). Of note, the patient
who stated they would be extremely unlikely to undergo the same treatment again if they had a

contralateral rupture stated that they were satisfied with their treated Achilles tendon.
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Would You Have The Same Treatment Again?
4%

m Extremely Likely
m Likely

Neither Likely nor Unl
m Unlikely

Extremely Unlikely

= Don't Know

Figure 6.11. Patient responses to the question “Would you have the same treatment again if it were required on the opposite
side?” which was posed as a Likert scale.

The NPS for patients treated for ATR with functional weight bearing rehabilitation in a
walking boot was 52.17. Under the modified NHS FFT reporting guidelines,”” 86.96% of

patients (20 of 23) would recommend this treatment to friends and family, while 4.35% (1 of 23)

would not (table 6.8).
Patient Response Number of responses (%)

Extremely Likely 15 (65.2%)

Likely 5(21.7%)
Neither Likely nor Unlikely 1(4.35%)
Unlikely 0

Extremely Unlikely 1(4.35%)

Don’t Know 1(4.35%)

Table 6.8. Responses to the question ‘How likely are you to recommend this treatment to friends and family if they needed
similar care or treatment?’

6.3.7 Relationship Between FFRF Ratios and PROMs

Statistically significant correlations between the FFRF Force ratio in the injured patient leg

and the SMFA disability (figure 6.12a) and bother (figure 6.12b) indices, ATRS score (figure
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6.13), EQ5D Index and VAS scores (figures 6.14 a and b) were observed (all p<0.001,

Spearman’s rank correlation). The FFRF Peak pressure ratio also exhibited statistically

significant correlations with SMFA disability index (Spearman’s =-0.49, p<0.001), SMFA

bother index (=-0.40, p<0.001), ATRS (r=0.41, p<0.001), EQ-5D-5L Index (+=0.41, p<0.001)

and EQ-5D VAS (=0.28, p=0.008).

FFRF Force Ratio

1.004

.80

.60+

FFRF Force Ratio

1.00+

SMFA Dysfunction Index

SMFA Bother Index

Figure 6.12 a and b. Spearman rank correlation between FFRF Force ratio and SMFA Dysfunction (Spearman’s r=-0.66,

p<0.001) and Bother (Spearman’s 7=-0.57, p<0.001) indices.
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Figure 6.14 a and b. Spearman rank correlation between FFRF Force ratio and EQ-5D-5L Index (Spearman’s =0.53, p<0.001)
and EQ-5D VAS (Spearman’s r=0.44, p<0.001) indices.
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6.4 Discussion

The most important finding of this study was a significant reduction in the forefoot to rearfoot
force and peak pressure ratios of the injured limb relative to the uninjured limb, occurring after
ATR. This indicates a significant relative reduction in forefoot load and forefoot peak pressures
in the injured limb. Reduced relative FFRF ratios in the injured limbs improved gradually over
the period of follow up between 2 and 9 months after injury, indicating progressive re-loading of
the forefoot with the passage of time, however, statistically significant differences persisted as
compared to the uninjured limb throughout the study period. When compared to matched healthy
control subjects’ legs, the deficits in both force and PP forefoot to rearfoot ratios persisted at 9
months post-injury. A number of other interesting observations were made and are also
discussed.

Functional non-operative rehabilitation has been demonstrated in high quality randomised

HO138. 291 i cluding that in Chapter 5, to give outcomes at least equivalent to other

studies,
mainstream methods of management for ATR. It has become increasingly popular and widely
adopted in mainstream use.’® Accordingly, it becomes ever more important to have a detailed
understanding of how the treatment works and how various physical and patient reported
parameters progress over time when patients are treated using these modern regimes, in addition
to the simple reporting of final outcomes after treatment.

Patients were matched to a control subject of the same sex and age (+/- 2 years). Distribution
of these characteristics was similar to that described in large epidemiological studies of ATR,**
37.42.304 gyyogesting that they should be representative of wider ATR populations. Subsequent
analysis showed that patient and control baseline characteristics were comparable, with no

differences in BMI or patient reported function across all measures used in this study, other than

a statistically significant difference in pre-injury SMFA dysfunction index of 4 points, which is
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well below the minimum clinically important difference for the SMFA score'®® and is therefore

not felt to be of any clinical significance.
6.4.1 Forefoot to Rearfoot Force and Peak Pressure Ratios

Patients experienced a significant reduction in both ratios in their injured limbs, indicating
relative increased rearfoot and reduced forefoot forces and peak pressures in the limb after an
ipsilateral ATR. Of note, these changes were marked and persisted throughout the period of
study, despite a slight increase in the FFRF ratios between 2 and 9 months after injury, which
indicates a partial re-loading of the injured forefoot with the passage of time (figures 6.2, 6.3 and
6.4). At the end of follow up 9 months post-injury the FFRF ratios had not yet normalised in
comparison to either the uninjured leg or control subjects, indicating persisting abnormal load
patterns in the injured foot, although the abnormalities were not as severe as they had been at the
first reading 2 months post-injury. The above is clearly illustrated in the sample images below,
featuring a single frame from the pedobarographic recordings of one control subject (figure
6.15a) and one patient who had a right Achilles tendon rupture 2 months prior (figure 6.15b).
Accompanying each frame is the graph showing force vs time for the full sequence of 13000
frames (130 seconds). The forefoot and rearfoot for each side have dedicated lines on the graph.
The graphs illustrate that the vertical distance between forefoot and rearfoot force lines (see
image captions for legend) is similar for both feet in the control patient (indicating relatively
similar FFRF ratios between the two feet), whereas for the ATR patient, the injured side forefoot
force line lies very low while its corresponding rearfoot force line is elevated. This results in a
low forefoot to rearfoot ratio and is also evident pictorially in the foot map showing intense red
and magenta colours in the right heel signifying high load and dark blue colours in the right
forefoot indicating low load. By contrast the patient’s uninjured left foot shows a more even
distribution of colour coding in rearfoot and forefoot regions (figure 6.15b). Reduced forefoot

and increased rearfoot loading may be due to a deficit in the musculotendinous unit that provides
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plantarflexion torque to the ankle. Multiple factors might contribute to this phenomenon,

including tendon lengthening, muscle wasting or pain inhibition.

Force vs. Time

Force, Newtons

150

Time, Seconds

Figure 6.15a Control patient foot map still frame. Below this is the Force vs time graph for the same patient showing force in
right and left forefeet and rearfeet over the course of 130 seconds (data from 13000 frames included in the graph). The red line
represents left rearfoot force, the green line represents left forefoot force. The magenta line represents right rearfoot force and
the cyan line represents right forefoot force. The forefoot to rearfoot ratio for each foot (for force in this example) is calculated
by establishing the median value of each force line and then creating the relevant ratio. Thus the values for the green line
divided by the red line would give the left foot FFRF force ratio whereas the values for the cyan line divided by the magenta line
would give the right foot FFRF force ratio. Note how the vertical distance between forefoot and rearfoot lines for right and left
feet is similar, indicating comparable FFRF ratios.
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Force vs. Time
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Figure 6.15b ATR patient foot map still frame from a force recording taken 2 months after right Achilles tendon rupture. Below
this is the Force vs time graph for the same patient showing force in right and left forefeet and rearfeet over the course of 130
seconds (data from 13000 frames included in the graph). The red line represents left rearfoot force, the green line represents
left forefoot force. The magenta line represents right rearfoot force and the cyan line represents right forefoot force. The
forefoot to rearfoot ratio for each foot (for force in this example) is calculated by establishing the median value of each force
line and then creating the relevant ratio. Thus the values for the green line divided by the red line would give the left foot FFRF
force ratio whereas the values for the cyan line divided by the magenta line would give the right foot FFRF force ratio. Note how
the vertical distance between forefoot and rearfoot lines for right foot are much further apart than those for the uninjured left
foot. The forefoot line for the right foot (cyan) is low and the rear foot force line for the right foot (magenta) is high, resulting in
a very low forefoot to rearfoot ratio compared to the ratio calculated from the green and red lines pertaining to the uninjured
foot. Note also how the first few seconds show very variable readings while the patient equilibrate, which are not
representative of the situation during stable stance. Hence the first 45 seconds of recordings were not included in the analyses
of any patient or control subject.

One unexpected finding of interest was that while both the FFRF ratios (force and PP) in the
uninjured limb were found to be statistically similar to the control readings at 2 months, they then

appeared to progressively increase over time (blue dotted lines, figures 6.2 and 6.4). This finding
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did not reach statistical significance for the FFRF PP ratio of the uninjured limb but it was
statistically significant for the FFRF force ratio of the uninjured limb. Thus, while the FFRF
force ratio in the injured limb gradually increased from its initial pathologically low value in what
one might term ‘recovery’ towards the control value, the ratio for the contralateral uninjured limb
appeared to increase in tandem and diverge away from its matched control reading (figure 6.3).

In addition, the 9 month FFRF peak pressure ratio for uninjured limbs exhibited a narrowly
insignificant trend (p=0.063) towards being greater than the control reading. Although no firm
conclusions can be drawn in this regard, it is therefore possible that the peak pressure ratio
exhibited a similar trend to the force ratio but that the study was not adequately powered to

robustly identify this.

These findings appear to suggest, at least in terms of force, that after an Achilles tendon
rupture, the forefoot to rearfoot load distribution is altered not only in the injured limb, but also
possibly in the uninjured limb, which develops progressively increasing amounts of relative
forefoot loading. Furthermore, the increasing FFRF ratio for the uninjured limb depicted in
figure 6.1 (progressively moving away from the control reading) did not appear to have plateaued
by 9 months. It is unknown whether this ‘sympathetic’ phenomenon of altered forefoot/rearfoot
loading in the uninjured foot would persist or gradually revert towards control levels if patients
were followed for a longer period. However, this finding has very important implications on
study design in the field of pedobarography and Achilles tendon ruptures in general, since it
illustrates that one cannot rely exclusively on the uninjured leg for comparative or control data.
Whilst comparison between injured and uninjured legs is important and indeed desirable, it is
essential to also include healthy controls in such studies, otherwise there is the potential to ‘miss’
important pathological findings if the two feet progress in tandem with an abnormal loading

pattern.
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Pedobarographic studies can broadly be divided into static and dynamic studies. Multiple
studies have shown that under physiological conditions more load is transferred through the
rearfoot than the forefoot in static stance and the split of loading in controls in this study (figure

6.3) was very similar to that reported in a large population based reference study of healthy

352 353

subjects’” as well as in other research studies utilising healthy subjects,””” suggesting that the
control group is representative of more general populations with respect to the main variable of
interest. Pedobarographic studies have been used extensively and for a number of years in the

343, 344, 346 : -
7" where increased forefoot loading as demonstrated by an

study of diabetic ulceration,
increased forefoot to rearfoot ratio has been postulated to increase the risk of plantar
ulceration. Others have demonstrated that surgical lengthening of the Achilles tendon in
diabetic patients with a history of ulceration leads to reduced forefoot plantar pressures and
increased dorsiflexion range.*** **¢

Although the context varies, with diabetic tendon lengthening studies being undertaken in a
different patient population undergoing elective surgical tendon lengthening (as opposed to
traumatic rupture with lengthening) and only in a dynamic fashion, there are some interesting
parallels with the results of the current study. Lengthening of the tendon in diabetic patients
resulted in increased dorsiflexion and reduced forefoot peak pressures in the short term.***34¢-3¢!
Both Mueller et al and Maluf et al reported that the reduction in forefoot peak pressures had
disappeared 7 to 8 months after surgery.**®*®" Salsich et al demonstrated early reduced peak
plantarflexion torque after tendoachilles lengthening in diabetic patients but a return to baseline
by 8 months, however they did not undertake pedobarography.®>’ The patients in the current
study also exhibited gradually normalising forefoot to rearfoot load patterns in the injured foot in
the months after injury, however these had not yet normalised completely by 9 months after

injury suggesting that traumatic ATR patients may either take longer than elective AT

lengthening patients to restore normal mechanics, or may never do so. Longer term studies will
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be required to answer this question. Exploration of the reasons for the differing timescales
observed in the normalisation of plantar pressures after ATR and planned surgical lengthening in
diabetic patients was beyond the scope of this study. However, these differences may relate to
the nature of the underlying tendon, with ATR occurring in a traumatic setting and almost
universally through histologically abnormal tendon,”® while surgical lengthening is undertaken

through an otherwise ‘normal’ tendon.

In recent years, pedobarography has increasingly been applied in the field of orthopaedics,
particularly in relation to foot and ankle pathology.*>**°%%%%3% Only a handful of studies have
assessed pedobarographic parameters after ATR to date and these have focused exclusively on
dynamic pedobarography,’® **>3%*3%% haye been small™® ****** and only assessed

pedobarographic parameters at a single time point®®- 26> 3%

or lacked control comparator
groups.’®® As a result, there is a very poor understanding of the evolution of plantar forces and
pressures in the months after ATR. Studies undertaken as single time point analyses in the
medium term have detected no significant differences between patient and control groups98 or

365

between different treatment regimes.”> While these findings would be in agreement with the

studies on diabetic tendon lengthening suggesting eventual normalisation of forefoot

- 346, 361
pedobarographic parameters,”

such a study design does not account for the marked changes
that occur early on in the recovery process, which are demonstrated in the current study. Ozkan
et al, in a small study of 15 surgically treated patients, compared mean and maximum heel and
forefoot pressures during gait between injured and uninjured feet one year after ATR and
reported no difference but did not include a control group and would therefore be unable to detect
the phenomenon described in the current study whereby injured and uninjured feet pressure
changes occur in tandem.*®® Costa et al, reported on a heterogeneous group of ATR patients

treated both surgically (n=8) and non-operatively (n=6) using traditional immobilising regimes

and found that during walking, there was a relative increase in rearfoot pressure and decrease in
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forefoot pressure on the affected side 2 weeks after cast removal and although only eleven
patients were available for pedobarographic measurements at 6 months post-injury, these changes
appeared to persist.”> These findings would be consistent with the findings of the current study,
albeit in a heterogeneous group with traditional rehabilitation methods and with only two
readings at approximately 3 and 6 months taken. Karaaslan et al, in another small study with
heterogeneous treatments, reported that ATR patients had higher peak heel pressures than
controls but did not relate this to forefoot pressures.** Ramakanth et al have described increases
in relative forefoot pressures and reduction in relative rearfoot pressures after FHL augmented

reconstruction for chronic ATR.*®

These findings would appear to support the main findings of
the current study, which clearly demonstrate early reduced forefoot loading and increased
rearfoot loading in the injured foot and the described subsequent changes over time, in a

relatively large cohort of patients treated with a modern functional non-operative treatment

regime and with a control group for comparison.

In summary, a small number of studies focusing exclusively on dynamic pedobarographic
parameters have been undertaken and the phenomenon of early decreased forefoot loading and

355 None have

concomitant increased rearfoot loading after acute ATR was noted in one.
undertaken multiple measurements throughout the early recovery period. This study is the first
study of modern functional non-operative rehabilitation regimes for ATR to describe changes in
relative forefoot and rearfoot loading in the months after injury in detail. While the findings are
in keeping with earlier reports of relative decreased forefoot loading in the months after ATR and

elective Achilles tendon lengthening, greater detail is provided and a number of novel findings

are reported.
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6.4.2 PROMs and Health Related Quality of Life

As with the studies in Chapters 4 and 5, this study reports on a number of PROMs
incorporating general musculoskeletal (SMFA) and Achilles tendon specific (ATRS) functional
outcomes. All PROMs and health related quality of life were significantly negatively impacted
by ATR and subsequently exhibited a gradual improvement over the ensuing months (figures 6.5
and 6.6). At final follow up, median SMFA dysfunction index, ATRS and EQ-5D-5L Index were
inferior to the patient reported pre-injury scores and to control subjects, indicating persisting

disability at 9 months after injury.

The difference in median SMFA dysfunction index between patients at final follow up and
both their pre-injury scores and control subjects’ scores was greater than the minimal clinical
important difference and therefore likely to be perceptible to patients.'® Reporting of SMFA
indices for patients in this study facilitates comparison with patient outcomes in the other clinical
studies in this thesis (Chapters 4 and 5) and provides an indication of patient reported outcome
from a general musculoskeletal perspective, allowing comparison with outcomes after other

lower limb injuries,*®”- %%

which is not possible using the Achilles tendon specific ATRS score.
The majority of pre-injury patients and controls in this study reported very low levels of
dysfunction and bother as evidenced by their SMFA index scores, both of which were close to
the ceiling score, with a difference less than that of MCID for the SMFA Score. After injury,
both indices were adversely affected and subsequently exhibited gradual improvement. The
SMFA Indices at 6 months, the common time point of assessment with the study in Chapter 5,
are very similar, suggesting that both studies are representative of a similar population and
treatment outcome, as would be expected given that the same rehabilitation regime was utilised.

This does reassure that conditions were similar in both studies. A deficit in general

musculoskeletal patient reported outcome, as evidenced by the final SMFA dysfunction index,
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persisted at 9 months after injury. However, the SMFA bother index at 9 months post-injury was
below the MCID as compared to both controls and patient pre-injury scores, implying that while
dysfunction as a result of ATR was still noticeable to patients at 9 months, this may not cause

high levels of bother to patients.

The ATRS is a more recently described injury specific PROM and has become the most
widely used PROM in the study of ATR.'”> Incorporation of this PROM therefore gives
information on Achilles specific patient reported outcome and also facilitates comparison of
outcomes with other studies in the field. While the MCID for the English language ATRS has
not been scientifically defined, it has been suggested that it may be around 8 points, representing
the difference in score between a healthy patient and a patient with a minor disability.'*® ">
Others have assumed a MCID of 10 points,"”” while it has been suggested that the MCID for the

The difference in median score between

Dutch version of the ATRS is at least 13.5 points.
patients and controls and also for patients pre-injury and post-injury scores was of over 80 points
immediately post-injury, implying a very significant deterioration in Achilles-specific patient
reported function in the early stages after ATR. The functional non-operative treatment regime
employed in this study was associated with statistically significant improvements in ATRS over
the course of follow up, such that at final follow up 9 months after injury, the median ATRS
score for patients had improved to 80 points. The deficit between this score and pre-injury and
control subject scores is greater than the suggested MCID for the ATRS, suggesting a likely
significant and noticeable persisting deficit in Achilles-specific function to patients at this time
point. This, coupled with the deficit in SMFA dysfunction index reported at 9 months after

injury, therefore implies that patients felt that Achilles-specific and consequently general

musculoskeletal function had not yet fully recovered 9 months after ATR.
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The reported changes in ATRS after ATR are similar to those reported by others at the same

time points after injury'>" 1°% 197229

and are also in agreement with the findings for patients
treated with the same functional non-operative rehabilitation regime in the study in Chapter 5 of

this thesis at slightly longer follow up,*’' where patients demonstrated further improvement along

a similar trajectory at one year post-injury.

Overall HRQoL, like other PROMs measures pertaining to musculoskeletal and Achilles-
specific function, was negatively impacted by ATR. Patients reported a significant decline in
their HRQoL after ATR such that both the EQ-5D-5L Index and VAS were markedly lower than
their pre-injury levels and those of control subjects. It has been shown that self-reported HRQoL
correlates with injury-specific PROMs after various types of lower limb injury,'*"** including
ATR (Chapter 4). This suggests that any residual functional deficits pertaining to lower limb
injuries, including ATR, may negatively impact patients’ perception of their HRQoL. EQ-5D
VAS scores were similar to pre-injury and control levels at final follow up 9 months after ATR,
while the EQ-5D index had not reached pre-injury or control levels. The MCID for the EQ-5D

370-372
1’7 7

has been reported across a range of conditions to be as little as 0.05 suggesting that the

residual deficit in HRQoL for patients at 9 months was clinically relevant.

The findings of the study in Chapter 4 have suggested that short term patient reported
outcome, for patients treated for ATR, specifically as determined by the SMFA indices at one
year, is a significant predictor of outcomes at long term follow up. The patients in that study
were treated with traditional immobilising techniques and short term scores were analysed at one
year after injury (as opposed to nine months post-injury in the current study) and the findings
cannot therefore be directly extrapolated to the current study. However, this does emphasize the
potential importance of a thorough understanding of short term outcomes with modern treatment

regimes for ATR, including the current non-operative functional rehabilitation regime. If the
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causes of short term dysfunction and poorer patient reported outcome can be further defined
through future studies, this may provide opportunities for targeted intervention to attempt to

remedy these in the hope of improving longer term outcomes.

6.4.3 Clinical Measures

Injured legs exhibited a deficit in calf circumference compared to the uninjured leg at all time
points. This was largest at initial review after boot removal and progressively reduced in size
over the course of follow up, however a deficit persisted at the final follow up time point nine
months after ATR. These findings are very similar to those described for patients treated with
functional rehabilitation in a walking boot in Chapter 5. Other authors have similarly reported

61, 95,229

that deficits in calf circumference persist at one and two years post-operatively and also in

the longer term after ATR.>"”**® Calf circumference has been shown to correlate with

307,373

radiologically measured muscle volume after ATR and also with plantarflexion strength.*”

While a significant deficit in calf circumference persisted between injured and uninjured legs
in ATR patients at all time points, the relative deficit between injured legs in ATR patients and
matched control subject legs was statistically significant for patient measurements taken at 2
months after injury but did not remain so at 9 months after injury. This apparent contrast in
findings relative to the uninjured legs and control subjects’ legs may be explained by an increase
in calf circumference in the uninjured leg of ATR patients in the months after injury, that was
just outside statistical significance (p=0.07). As with the findings with respect to FFRF ratios,
this could imply that compensatory changes also occur in the uninjured leg of ATR patients in
tandem with those of the injured leg during recovery and once again highlights the importance of
comparison not only with the uninjured leg but also with uninjured control subjects to provide a

comprehensive account of changes over time during recovery after ATR.
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Both active plantar and dorsiflexion were significantly reduced in the injured leg at first
measurement two months after ATR. The deficit in active plantar flexion was particularly
marked and is likely to be accounted for in part by significantly reduced gastroc-soleus-Achilles
plantarflexion function. This theory would also be supported by the very low FFRF force and
peak pressure ratios observed at this time point. Reduced ability to actively plantarflex the foot
would be consistent with reduced forefoot loading during stance. There was also a statistically
significant deficit in active dorsiflexion at early time points. The range of plantar and
dorsiflexion would also be influenced by the degree of ankle stiffness, which is expected to be
more pronounced immediately after a period of prolonged immobilisation.””**” With the
passage of time, active plantarflexion range was restored both with respect to the uninjured side
(where a statistically significant but clinically insignificant difference of 1 degree persisted at 9
months after ATR) and the control subjects (where there was no statistically significant

difference).

ATRA in the injured leg was lower than that in the uninjured leg at all time points, resulting in
a negative relative ATRA which suggests possible tendon elongation. Similarly, the relative
ATLM was positive throughout the period of follow up. Both measures demonstrated
convergence towards those of the contralateral uninjured limb during the course of follow up, in
keeping with other clinically measured parameters. Convergence of the ATRA and ATLM may
suggest that after initial lengthening of the injured tendon there was a relative shortening over
time but the injured leg values did not reach those of the uninjured side 9 months after ATR.
These findings are supported by those of another study which reported increasing relative ATRA
and decreasing relative ATLM between assessments at 2 and 4 months after ATR which had been
treated non-operatively.*® Other studies have confirmed that Achilles tendon lengthening
persists in the longer term after ATR.**”**® While the reported findings appear to make logical

sense and to be similar to those of others, it must be noted that the ATRA and ATLM are indirect
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measures of tendon length. The ATRA has been shown to correlate with radiologically measured

359, 360
h>>”

tendon lengt and is known to be a reliable measure.”’ It has been used in research into

outcomes after ATR as an indirect measure of tendon elongation.’’® However, correlations with

tendon length are only moderate in the early months after ATR,* %

while they are notably
stronger beyond one year after ATR> and ATRA may be effected by variables other than tendon
length, for example oedema and muscle tightness.”” Other authors have suggested that the
ATRA should consequently not be used in isolation as a measure of tendon length.**®® Variables

other than tendon length, such as plantarflexion torque or strength may also influence FFRF

loading ratios.>®

Taken together, these findings suggest a residual calf circumference, ATRA and ATLM deficit
with normalisation of plantar flexion range in the months after ATR. Kastoft et al, in a recent
study reviewing patients treated with functional non-operative rehabilitation at a single time point
an average of 4.5 years after ATR, reported persisting tendon elongation and calf circumference
deficit as well as a marginal increase in dorsiflexion in the injured leg. However, they could not
demonstrate any correlation between tendon length and forefoot or rearfoot peak pressures during
gait. These results support those in the current study. They are very similar and are
complementary, since their study gave no information on trends over time, nor on early outcomes

occurring after ATR in the first year.’®

ATR is generally considered to be associated with low levels of pain intensity™ * and this was
confirmed in both the current study and the RCT in Chapter 5. Despite the relatively low overall
median VAS pain scores, a large number of patients described experiencing some degree of pain
in the injured foot and although the proportion of patients experiencing pain fell with each
passing time point, more than half of patients continued to experience some degree of pain at

final follow up nine months after ATR. The study in Chapter 5 found the proportion of patients
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suffering from ongoing pain at final follow up after functional rehabilitation in a walking boot to
be lower than that in patients treated with traditional cast immobilisation. Despite this, patients
and clinicians should be aware that even after modern functional rehabilitation for ATR, a degree

of pain can be expected to persist for several months.

6.4.4 Satisfaction, Net Promoter Scores and Other Measures of Patient

Sentiment

Patient satisfaction rates after treatment for ATR with the modern non-operative early weight
bearing functional rehabilitation regime were very high (96%). Patients and clinicians can be
reassured that the vast majority of patients treated using this regime can expect to be satisfied
nine months after their injury. The reported satisfaction rates were similar to those reported in
Chapter 4 for the traditional immobilising non-operative treatment regime (albeit at different time
points after injury) and also similar to satisfaction rates after another described early weight
bearing functional rehabilitation regime,’”’ while they were slightly higher than those reported in
a recent meta-analysis of surgically treated patients.”’® Satisfaction rates also compared

325,379

favourably with treatments for other isolated ankle injuries and degenerative conditions.***

The vast majority of patients stated that they would be ‘likely’ or ‘extremely likely’ to
undergo similar treatment again in the future if it were required for a contralateral injury. Three
patients stated they would be ‘neither likely nor unlikely’ to do so and of these, two stated that
they were satisfied with their treated Achilles tendon, while one was dissatisfied. Additionally,
one satisfied patient stated that they would be ‘extremely unlikely’ to undergo similar treatment
again. These findings demonstrate a degree of incongruence between patient reported
satisfaction with the outcome of treatment and willingness to undergo similar treatment in the
future, suggesting that factors other than the final outcome may also significantly impact on

patient sentiment and decisions regarding their treatment.
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Similarly, while the vast majority of patients stated that they would be ‘likely’ or ‘extremely
likely’ to recommend similar treatment to friends and family, one patient stated that they were
likely to recommend the treatment to friends and family despite being ‘neither likely nor
unlikely’ to accept similar treatment in the future themselves. One patient, who was satisfied
with their treated AT stated that they would be extremely unlikely to either undergo similar
treatment themselves or recommend similar treatment to friends and family. Despite these
isolated findings, overall congruence between satisfaction and willingness to undergo similar
treatments and recommend these to loved ones were high, with the vast majority of patients

expressing positive sentiments towards the functional non-operative treatment regime.

The reported NPS for functional non-operative treatment with early weight bearing (52) was
notably higher than those reported for both traditional operative and non-operative management
of ATR (Chapter 4) and also slightly higher than that reported for total knee replacement'*’
although lower than the NPS reported for elective hip procedures. 180. 181 NIPS of greater than 50
are generally regarded as being indicative of good performance in industry, where the score was
first described.'®” Corresponding recommendation rates using the NHS FFT model were very

high for treatment of ATR with functional non-operative rehabilitation.

6.4.5 Correlation between FFRF Ratios and PROMS

Both the FFRF Force and FFRF peak pressure ratios for the injured foot correlated with all
PROM measures. The correlation with force ratio was stronger than that with peak pressure ratio
for all PROMs. These findings suggest an association between loading patterns under the foot
and patient reported outcomes after ATR, with abnormal FFRF ratios which signify relative
rearfoot overload and reduced forefoot load being associated with worse patient reported
outcomes across a range of PROM measures covering general musculoskeletal function, Achilles

tendon specific function and health related quality of life. Schepers et al reported increased
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rearfoot loading and reduced forefoot loading after Lisfranc injuries of the foot but could not
demonstrate any correlation between measured plantar pressures and HRQoL or PROM

measures. They did not report on loading ratios.

Other authors have discussed the need for a better understanding of rehabilitation regimes and
how physically measured parameters translate to patient experienced outcomes and it has been
suggested that targeting these areas during rehabilitation may lead to improved outcomes™> but
there has not been any attempt to determine the direct relationship between foot loading and

patient reported outcomes after ATR previously.

6.4.6 Strengths and Limitations

Strengths of this study include the sample size, which is relatively large for a pedobarographic

98, 355, 364-366
study” 7

and with 50 participants is the largest in the published literature. Other
strengths include the utilisation of matched controls and the serial measurements for patient
parameters at various time points, giving an overview of patient progression through the recovery
process over time. The main limitations of this study are the use of single time point measures
for control subjects and a small amount of missing data due to COVID-19 related disruption to
the study. Despite this, follow up rates at each time point were high. Furthermore, COVID-19
lockdown-related disruptions were mitigated by continued collection of patient reported outcome

measures by post during the lockdown and only patients missing a maximum of one scheduled

review were included in the study.

6.4.7 Clinical Relevance and Future Research

The main finding of this study is a marked decrease in forefoot to rearfoot force and peak
pressure ratios in the months after ATR, treated using a modern, functional non-operative regime.

The ratio gradually increases with time but does not reach the level of either the uninjured limb or
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control limbs by nine months after injury. Forefoot to rearfoot ratios correlated with general
musculoskeletal (SMFA), Achilles tendon specific (ATRS) and HRQoL (EQ-5D) PROMs,
suggesting that altered loading biomechanics with reduced forefoot loading are associated with
worse patient perceived outcomes. Patient reported outcomes had not returned to pre-injury
levels or the levels reported by matched controls, nine months after injury. Despite this, patients
reported high levels of satisfaction with their treated ATR and the vast majority would readily
recommend similar treatment to friends and family and also undergo similar treatment again in
the future themselves, should it be required, suggesting that the treatment regime is acceptable to
patients.

Simultaneously, decreased ATRA and increased ATLM were observed. These are purported
to be indirect measures of tendon length and suggest initial tendon lengthening followed by
gradual shortening in the months after ATR. Neither the relative ATRA nor the relative ATLM
reached zero during the period of follow up, which could suggest persistent lengthening and there
was a persisting deficit in calf circumference, in keeping with the findings of others.*®

In addition, progressive changes in the loading patterns of the uninjured foot were also noted
in the months after injury, which has important implications both clinically and also in the field
of research, since this implies that use of the uninjured leg as the only control measure may not
be appropriate and studies should assess both the uninjured foot and matched healthy control
subjects to fully understand the changes that occur after ATR.

This is the first published report of static standing plantar plantar pressures after ATR and is
the largest published study to date reporting pedobarographic parameters after ATR. Serial
measures of pedobarographic, clinical and patient reported outcome measures give a holistic
overview of patient recovery after ATR treated with a modern functional non-operative
rehabilitation regime, understanding of which is essential for physicians who are increasingly

adopting such regimes in the management of ATR and must counsel patients when making
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decisions on treatment.”” ! The reported PROMs data gives information on patient perceived
outcomes, which are important not only for clinicians but also for patients, as this can aide with
expectation setting and discussion of expected outcomes from a perspective that is particularly
meaningful to the patient, during the early stages of decision making and treatment.

Future studies should look to confirm these findings on larger patient cohorts and continue to
follow patients over a longer time period to determine whether and at what point the FFRF ratios
of the injured limb normalise if followed for prolonged periods and whether the progressive

forefoot loading that was noted to occur in the uninjured limb persists or self-corrects.

6.5 Conclusion

After acute ATR treated with a modern early weight bearing, functional non-operative
rehabilitation regime patients demonstrated reduced forefoot loading and peak pressures and
increased rearfoot loading and peak pressures in the injured foot whilst standing, resulting in
reduced forefoot to rearfoot force and pressure ratios. Over the ensuing months after treatment in
a walking boot, the ratio gradually increases but does not reach that of the uninjured limb or
healthy matched control subjects within the first nine months after injury. ~ FFRF ratios in the
uninjured feet are also effected by contralateral ATR and exhibit progressive changes in the
months after injury. While no clinically relevant deficit of active range of motion persisted 9
months after injury, deficits of calf circumference and indirect measures of tendon length
(ATRA, ATLM) persisted, as did deficits in patient reported outcomes including the ATRS and
SMFA scores and HRQoL as measured by the EQ-5D. Despite this, patients generally expressed
high levels of satisfaction with their treated ATR and stated that they would readily recommend

similar treatment to others.
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Chapter 7 - Summary and Conclusions

7.1 Summary and Discussion of the Main Findings

Acute Achilles tendon rupture is a common soft tissue injury with incidence reported to be
rising across various geographical regions.>>" 3% 102228380 Thiq coupled with ongoing

controversies as to the best approach to management,”" *’

makes it a highly topical area of study
in the orthopaedic community. Despite an abundance of studies of varying quality in this field,
there are some surprising gaps in the existing literature and studies have shown that clinicians
frequently adopt practices which are not evidence based.™ *''%

One of the first challenges to be addressed in any field of study is to define the scale of the
problem at hand. Hence it was appropriate to undertake an epidemiological study to better
understand the population at risk of these injuries. The primary aim of the study in Chapter 2 of
this thesis was to describe the epidemiology of these injuries in a defined health-care board
region and furthermore to determine whether there was any association between the incidence of

ATR and socioeconomic deprivation status.**

The secondary aim of the study was to determine
whether there were variations in previously described risk factors and features of ATR between
more and less socioeconomically deprived individuals with ATR. The findings confirmed
several already-known associations of ATR observed in other populations (for example male
preponderance, seasonal variation and a bimodal age distribution with a peak incidence in the 5™
decade of life),”* *® suggesting that they reflect the wider incidence of ATR in general
populations elsewhere. The most important novel finding of the study in Chapter 2 was that of an

increased incidence of ATR in patients with lower levels of socioeconomic deprivation. This is

an unusual finding in medical science, where the vast majority of pathologies that exhibit an
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association with socioeconomic deprivation status are found to occur more frequently in
individuals with higher levels of socioeconomic deprivation.?'>2!%230-233: 24951 Thjg finding is
relevant both in terms of healthcare planning and resource allocation (since SEDS is known to
exhibit very marked geographic variation) and also in clinical terms. From a clinical perspective,
a better understanding of the nature, circumstances of these injuries and the population at risk
may increase clinician awareness of these injuries, which are known to be frequently missed at

54, 56, 68

first presentation. This is important since delayed treatment has been associated with

70-71 T addition, identification of particular sub-populations at risk of

worse patient outcomes.
ATR should facilitate the design and implementation of targeted preventative and educational
interventions.

Once an association between the incidence of ATR and SEDS was identified, the study sought
to undertake a detailed analysis of differences in the more and less deprived patient cohorts with
ATR in order to better understand the observed variations in incidence of ATR across these
groups. Patient age, seasonal incidence of ATR, mechanism of injury and incidence of preceding
symptomatic Achilles tendinopathy were found to vary with SEDS. This suggests that ATR are
not a homogenous group of injuries.

This study not only re-affirmed various well known characteristics of ATR epidemiology but
also identified a novel association between the incidence of ATR and socioeconomic deprivation
status and then analysed the differences in more and less deprived cohorts to identify a number of
differences in these cohorts which give a better understanding of variations in the nature and
circumstances of ATR across patients of varying SEDS. This lays the foundations for a new
direction of research in the field of ATR and it is hoped that others will now confirm this

association and use this information to attempt to improve patient experience and outcomes, for

example through the design and assessment of targeted preventive and educational programmes.
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The most well-known and feared complication of ATR is tendon re-rupture. Outcomes after
ATRR are known to be inferior to those of primary ATR and ATRR often necessitates surgery
and further prolonged periods of immobilisation and rehabilitation for patients.”® As a result,
almost all clinical studies in the field of ATR report on re-rupture rates and it is frequently chosen
as the primary outcome measure for studies.®”*"**® Therefore, a detailed understanding of the
risk factors associated with re-rupture is essential for clinicians treating these injuries, both to
inform clinical decision making and also with respect to patient counselling. Despite this, there
is surprisingly little in the existing medical literature to guide clinicians and ATRR remain poorly
understood, unlike primary ATR, whose epidemiology and risk factors have been extensively
studied.*'*3%3% 245 Only four prior studies had attempted to determine the risk factors for
ATRR. Three of these'” ' *7 were unable to identify any risk factors while one identified male
sex as a predisposing factor for ATRR.*# All studies were relatively small and the inability to
identify factors associated with ATRR likely relates to the fact that ATRR is a relatively
uncommon complication afflicting a small minority of patients with ATR. Smaller studies may
therefore be underpowered to identify risk factors for ATRR. This phenomenon is the likely
reason that most randomised controlled studies comparing operative and non-operative
management of primary ATR have reported no significant differences in re-rupture rates,* °>°’
while pooled data in meta-analyses has shown a small but statistically significant difference in re-
rupture rates in this setting.”"**" Complications such as ATRR can therefore be more effectively
studied using retrospective cohort studies, which, unlike RCTs, facilitate larger patient numbers
and are not limited to comparison of two groups with one single changed variable.

The study in Chapter 3 of this thesis therefore aimed to describe the epidemiology of ATRR
and to identify factors associated with increased risk of ATRR at the time of presentation with a
primary ATR. This study represents the largest series of ATRR reported in the medical literature

to date.
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ATRR were found to occur most frequently in males. Age-specific incidence was bimodal
with peak incidence in the fifth decade of life mirroring that in primary ATR and a second peak
in older patients. Also in keeping with the observations in Chapter 2 for primary injuries,
patients presenting with re-rupture had lower levels of socioeconomic deprivation than the
general health-board population. Mechanism of injury was found to vary between primary ATR
and re-ruptures. The former occurred during sporting or dancing activity in the majority of cases,
while re-ruptures tended to be lower-energy injuries, with many occurring spontaneously or when
walking or on stairs. Patients are often fearful of re-rupture occurring during the course of post-
ATR physiotherapy or rehabilitation exercises but only a small minority of injuries (2 of 48,
4.2%) occurred in this way.

ATRR is generally considered to be an early complication, occurring within weeks of ATR.®"
79101103, 117, 119, 223. 300 T stydy in Chapter 3 confirmed that most ATRR occurred early on in
the course of rehabilitation, with the median time to re-rupture being 14 weeks from primary
ATR. However 1 in 6 ATRR were late re-ruptures, occurring between 3 and 50 years after the
primary injury. This phenomenon has not been previously described and has important
implications for patients, clinicians and researchers. Awareness of the risk of ATRR in the first
weeks after completion of immobilisation is high but these new findings suggest that patients
cannot assume that they are ‘safe’ from ATRR after navigating the initial high-risk period. In
addition, studies following patients for one or two years and reporting on re-rupture as an
outcome measure or end point may underestimate the true incidence of re-rupture by excluding
late re-ruptures.

A secondary analysis has shown that among patients presenting with a primary ATR, male
patients, younger patients and those treated with traditional immobilising regimes were at higher
risk of re-rupture after correcting for confounding factors in a multiple regression analysis and

has quantified the additional risk that each of these variables independently imparts on re-rupture.
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While male sex and younger age at the time of primary injury are non-modifiable risk factors, the
treatment regime employed is a potentially modifiable risk factor and presents clinicians with an
opportunity to reduce the risk of re-rupture. This study provides clinicians with data for patient
counselling and evidence to support recent trends in the management of ATR which have seen a
shift away from traditional immobilising regimes and towards functional rehabilitation, despite a
lack of direct comparative evidence previously being available to support this shift.” Traditional
immobilising treatment regimes with prolonged periods of non-weight bearing should be avoided
on the basis of these results.

This study complements the study in Chapter 2 and together they provide a comprehensive
overview of the epidemiology, circumstances and features of primary ATR and ATRR, which
form the basis of the topics under study in the remaining chapters of the thesis. These chapters
define the scale and nature of these pathologies and the population at risk of developing these
injuries.

There has been considerable debate amongst surgeons as to the best treatment for ATR over
recent decades and a large number of prospective randomised controlled trials have compared
outcomes after operative and non-operative treatment of these injuries.* " 89397315316 A ¢
demonstrated in Chapter 2, ATR tends to effect mainly middle-aged adults who will expect to
remain physically and economically active for many years after their initial injury. It is therefore
imperative to understand the long term implications and outcomes of treatment for ATR. Despite
this and the robust debate around operative and non-operative treatment of these injuries
spanning decades, all RCTs published in the medical literature have reported on outcomes at one

R* 3762 84.88.95.96 414 only one report of outcomes in the medium term at a

to two years after AT
mean of 7 years after injury is found in the published literature.®® One such RCT, undertaken in

Edinburgh between 2000 and 2004, concluded that there was no significant difference in outcome

after operative or non-operative treatment of ATR one year after injury.4 The study in Chapter 4
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is a long-term follow up of patients enrolled in this RCT at a mean of 15.7 years (13.4 to 17.7)
and is the first long term data from a randomised controlled trial comparing operative and non-
operative management of ATR to be published. The primary aim of the study was to compare
patient reported outcomes after operative and non-operative treatment of acute ATR at long-term
follow up. The hypothesis was that surgical treatment for acute ATR would result in improved
patient reported outcomes, as measured by the Short Musculoskeletal Function Assessment
(SMFA) dysfunction index, compared to non-operative management, which might in turn justify
the increased risks”" ' known to be associated with surgical treatment. Secondary aims
included a comparison of the Achilles Tendon Total Rupture Score (ATRS), HRQoL, satisfaction
and complication rates, as well as the long-term net promoter score (NPS) for each treatment
modality.

At long-term follow up after ATR treated both operatively and non-operatively, patients
reported low levels of dysfunction and bother as recorded by the SMFA score dysfunction and
bother indices and also the category indices for daily activities and mobility, indicating low levels
of lower limb dysfunction and difficulty undertaking daily activities at long term follow up.
There was no perceptible change in SMFA indices between one year and long term follow up,
suggesting that patients can expect to maintain the generally good levels of function attained one
year after ATR in the longer term. Surgically treated patients did not report superior PROM
scores at any time point. Others have reported similar outcomes between surgically and non-

493318 and medium term® and these findings suggest that

operatively treated patients in the short
they can be expected to persist in the longer term and provide further evidence to support the
non-operative management of ATR.

Three other important novel findings of this study were the high rate of contralateral ruptures

sustained by patients in the years after their initial ATR (8%), the finding that short term

outcomes at one year were predictive of longer term outcomes at a mean of over 15 years after

201



injury and the high satisfaction rates with treated ATR reported by patients at long term follow
up.

Worse SMFA dysfunction index scores at one year after injury correlated with long-term
patient reported outcomes, suggesting that patients reporting poorer outcomes one year after
injury are more likely to continue to do so in the longer term and highlighting the importance of
early effective treatment of these injuries, since patients reporting poorer initial outcomes at one
year are unlikely to make significant improvements later on.

Significant correlations were also noted between patients’ general musculoskeletal (SMFA)
and Achilles tendon specific (ATRS) self-reported outcomes and health related quality of life,
suggesting that while most patients report good function at long term follow up, those patients
who did have persisting functional deficits due to their Achilles tendon were more likely to report
a poorer health related quality of life. Patient satisfaction and more recently other measures of
patient sentiment are relatively new outcomes of interest in the field of orthopaedics. This study
is the first to report on long term patient satisfaction, net promoter scores and friends and family
test outcomes in the field of ATR. The vast majority of patients in both surgical and non-
operative groups were satisfied with their treated Achilles tendon in the long term and stated that
they would have the same treatment again on the other side if it were required and recommend
similar treatment to friends and family if they had a similar injury. Both of these treatments
therefore appear to be acceptable to patients and associated with high levels of patient satisfaction
with the treated Achilles tendon.

Re-rupture is a well known and much feared complication of ATR, however there is little
awareness of the increased risk of contralateral rupture in patients with ATR. Most studies of
ATR involve relatively short periods of follow up and would therefore be unable to identify this

phenomenon, which effected 8% of patients at long term follow up.
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The study in Chapter 4 provides new insight into expected long term functional outcomes after
treatment for ATR. These findings are important both for patients, who will benefit from a better
understanding of their long term prognosis, as well as clinicians who must counsel patients
through treatment decisions in the early stages after injury. The findings indicate that surgical
management of ATR does not result in superior patient reported outcome at long term follow up
and indicate that the potential risks of surgery are not offset by improved outcomes in the longer
term. The hypothesis was therefore rejected.

The study in Chapter 5 follows on from that in Chapter 4. It aimed to compare the traditional
non-operative regime described in Chapter 4 and shown to give outcomes comparable to surgical
management in the long term, with a modern functional non-operative rehabilitation regime.
Given the above findings, which provide answers to some questions in one of the longest
standing debates in the sphere of ATR management (operative versus non-operative
management) and given recent worldwide trends towards both non-operative and functional
rehabilitation in the management of ATR in general, the next logical step is to directly compare
the traditional non-operative regime described in Chapter 4 with a more modern functional non-
operative regime, to determine whether a modern functional non-operative regime can provide
equivalent or superior outcomes to those experienced with the traditional non-operative regime,

32, 36,94, 105,127, 128, 131, 132, 223 .
3% 3694, 105,127,128, 131,132,223 4y wwards functional

thereby justifying the more recent tren
rehabilitation, which had been noted to lack a robust underlying evidence base.’® > 3" 3 There
were no prior direct comparisons of modern functional non-operative rehabilitation with
traditional immobilising non-operative rehabilitation.”

The aim of this prospective randomised trial was to compare patient reported outcomes after
traditional cast immobilisation with prolonged non-weight bearing (as described in Chapter 4)

with functional rehabilitation and early weight-bearing in a walking boot, for adult patients from

the general population, treated non-operatively for an ATR. Secondary aims included
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comparison of additional patient reported outcome measures (PROMs), clinical measurements of
outcome, return to work and driving and complication rates.

Functional non-operative rehabilitation after acute ATR was found to be a safe alternative to a
traditional immobilising non-operative regime with prolonged periods of non-weight bearing.
Equivalent outcomes were reported for both groups at or beyond one year post-injury. Multiple
early benefits were observed in the functionally rehabilitated group, including improved PROMs,
shorter time to return to driving (but not sport or work), improved ankle range of motion and less
calf circumference deficit but these did not persist at or beyond one year, where there was no
difference in outcomes observed between groups. Achilles specific function (as measured by the
ATRS) improved between six and twelve months after injury but a small persistent deficit
remained at one year after ATR. These findings are corroborated by the findings of others who
reported similar ATRS at these time points.®* Functional rehabilitation was associated with a
statistically significant higher incidence of minor skin complications. Re-rupture rates in the
functionally rehabilitated group were less than half those observed in the traditionally
rehabilitated group but these findings were just outside statistical significance. This is likely to
be because the study was underpowered to identify this phenomenon, which is a common feature
of prospective randomised studies in the field of ATR,”*°"'? where differences in re-rupture
rate are frequently only identified in pooled data from meta-analyses.’" ***

The findings of the study in Chapter 5 are in agreement with those reported in the UKSTAR
randomised study undertaken simultaneously.'”® Taken together, these studies suggest that there
is a likely early benefit to patients from weight bearing functional rehabilitation but that this does
not persist in the longer term. On the basis of these results, the use of this functional non-
operative treatment regime is recommended in preference to traditional cast immobilising non-

operative regimes as it has been shown to have early benefits and equivalent longer term

204



outcomes with the added convenience to patients of being able to weight bear from the early
stages of treatment.

Given the findings in Chapter 5 and the increasing prevalence of functional non-operative
rehabilitation in mainstream practice, a more detailed understanding of the underlying
physiological processes, clinical changes and patient reported outcome measures in the months
after ATR treated with functional non-operative rehabilitation is required. The study in Chapter 6
is the largest study to date reporting on pedobarographic parameters after ATR and is the first
report of static standing pedobarographic data. It was designed to give a holistic overview of
changes in these variables that occur in the months after ATR when patients undergo functional
non-operative rehabilitation.

The main aim of the study in Chapter 6 was to report peak plantar pressures and forces acting
on the feet during static stance as a forefoot to rearfoot ratio after ATR and to describe changes in
the FFRF ratios over time up to 9 months post-injury. Secondary outcomes included assessment
of patient reported outcomes, health related quality of life, clinically measured parameters and
self-reported pain scores, both at standardised time points and with respect to changes over time
in the months after Achilles tendon rupture. Other secondary outcomes included comparison of
measured parameters with a group of healthy control subjects, correlation of FFRF ratios with
patient reported outcome measures and health related quality of life and assessment of patient
sentiment after completing treatment for ATR with the functional non-operative rehabilitation
regime.

The most important finding of this study was a significant reduction in the forefoot to rearfoot
force and peak pressure ratios of the injured limb relative to the uninjured limb, occurring after
ATR treated using a modern functional non-operative regime. This indicates a significant
relative reduction in forefoot load and forefoot peak pressures in the injured limb. The ratio

gradually increases with time, indicating progressive re-loading of the forefoot with the passage
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of time but does not reach the level of either the uninjured limb or control limbs by nine months
after injury. Forefoot to rearfoot ratios correlated with general musculoskeletal (SMFA),
Achilles tendon specific (ATRS) and HRQoL (EQ-5D) PROMs, suggesting that altered loading
biomechanics with reduced forefoot loading are associated with worse patient perceived
outcomes. In addition, progressive changes in the loading patterns of the uninjured foot were
also noted in the months after injury. The clinical implications of changes occurring in the
uninjured foot after ATR merit further investigation and there are also important implications for
research design, where the uninjured foot is frequently assumed to be ‘normal’ and unaffected by
the injury and thus used as the only control in studies.

Similar reductions in clinical measures such as calf circumference to those reported in Chapter
5 were observed, corroborating the results. Muscle wasting, as measured by calf circumference,
was most marked at first assessment after boot removal and gradually improved thereafter.
Similarly, both the relative ATRA and ATLM, which are indirect measures of tendon elongation,
were of highest magnitude at the time of first follow up and gradually improved over time. None
of the above clinical measures had normalised relative to the uninjured leg or matched control
legs at last follow up 9 months after injury. Other authors have similarly reported persisting

365

deficits in calf circumference and tendon elongation after ATR.™ In keeping with the findings

in Chapter 5 and those of other authors,''% '**

PROMs exhibited progressive improvement with
the passage of time but had not reached pre-injury levels or those of matched control subjects 9
months after ATR. Ninety six percent of patients treated with the functional non-operative
regime stated that they were satisfied or very satisfied with their treated ATR 9 months after
injury. Satisfaction levels were similar to those reported at long-term follow up for traditional
non-operative management of ATR in Chapter 4, supporting the findings in Chapter 5 that

suggest similar ultimate outcomes after traditional and functional non-operative management.

The Net Promoter Score for functional non-operative management of ATR with the early weight
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bearing regime was higher than that reported in the long term for both traditional non-operative

and operative treatments (Chapter 4).

7.2 Summary of Main Novel Findings

Below is a summary in list form of the most important novel findings from the studies that
comprise this thesis:

e ATR occurs more frequently in those with lower levels of socioeconomic deprivation.
The circumstances and nature of ATR vary with SEDS.

e The largest reported series of ATRR permits detailed analysis of the circumstances and
features of ATRR. Regression analysis confirmed the independent effects of age, male
sex and traditional immobilising management of primary ATR on re-rupture risk.

e ATRR, like primary ATR, occurred more frequently in patients with lower levels of
socioeconomic deprivation.

e There is a small but significant incidence of late ATRR, occurring many years after the
primary injury, which was not previously recognised.

e Surgical treatment of ATR was not found to be give superior patient reported outcomes at
long term follow up.

e Patients generally reported low levels of dysfunction, good health related quality of life
and high levels of satisfaction with their treated Achilles tendon at long term follow up
after both surgical and non-operative treatment.

e Poor short term outcome at one year was predictive of persisting poor outcome at long
term follow up.

e At long term follow up, patient reported Achilles and musculoskeletal function correlated

with patient reported health related quality of life.
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A significant incidence (8%) of contralateral ATR was noted at long term follow up.
Together with the UKSTAR trial published in the same year, the study in Chapter 5
represents the only direct randomised controlled data to support the use of functional non-
operative management of ATR over traditional non-operative management of these
injuries with an immobilising cast.

This study provides evidence that functional rehabilitation is safe, giving equivalent
outcomes to traditional immobilising management at or beyond one year and that it also
appears to give superior early outcomes, albeit with a higher incidence of transient minor
skin complications.

The study in Chapter 6 demonstrated a significant reduction in the forefoot to rearfoot
force and peak pressure ratios of the injured limb relative to the uninjured limb, occurring
after ATR. Reduced FFRF force and pressure ratios were most marked at the first post-
injury follow up time point 2 months after ATR and improved with the passage of time
but remained significantly lower than those in the uninjured leg and those of healthy
control subjects throughout the study period.

Progressive changes in the FFRF force ratios were observed in the uninjured leg after
ATR and this finding has important implications on the use of the uninjured leg as the
sole control comparator in studies on ATR.

There was a direct correlation between ATRS score and both the EQ-5D Index and EQ-
5D VAS, showing that Achilles specific function is directly related to patient perceived
HRQoL.

There was a statistically significant correlation between FFRF force and peak pressure
ratios and all PROMs, demonstrating that abnormal loading patterns are associated with

poorer patient reported outcome.
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7.3 Future Research

The studies that comprise this thesis have given a better understanding of the epidemiology of
primary ATR, in particular from the novel perspective of socioeconomic deprivation status,
which has been shown to influence the incidence of a multitude of pathologies but whose role in
the incidence of ATR was previously unexplored. Further studies in this field should now seek
not only to confirm these findings, but to determine whether the enhanced understanding of
variation in the incidence of ATR can be used to develop targeted preventive tools for different
at-risk populations and subsequently test the efficacy of any such tools.

The study on ATRR represents the largest in the published literature in this field and provides
new insight into the epidemiology of these injuries, contrasting this with the much better known
features of primary ATR epidemiology. Several novel findings were reported, among them the
identification of a significant group of delayed re-ruptures occurring many years after the primary
injury. This has important implications for patients and clinicians and also for researchers
planning studies that utilise re-rupture as an end-point and where it was previously assumed that
re-rupture is exclusively an early complication of ATR. Further studies are required to determine
whether delayed re-ruptures differ from the typical early re-ruptures in both their nature and in
clinical outcomes. In addition, the study identified risk factors for ATRR at the time of primary
presentation and further studies should now seek to use this information to target higher risk
patients and explore whether the increased risk can be mitigated.

The clinical studies in Chapters 4, 5 and 6 advance current knowledge on the management of
ATR and seek to provide answers to questions that have dominated the debate around the
management of ATR for many years. In the first randomised controlled long term data
addressing the perennial debate on operative or non-operative management of these injuries,
surgical management with traditional rehabilitation was not shown to give superior outcomes to

non-operative management. Short term outcomes were shown to be predictive of long-term
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outcomes. Ifthe causes of short term dysfunction and poorer patient reported outcome can be
further defined through future studies, this may provide opportunities for targeted intervention to
attempt to remedy these in the hope of improving longer term outcomes after ATR. The study in
Chapter 5 sought to advance on the finding that surgery did not give superior long term outcomes
to traditional non-operative management, by comparing the traditional non-operative
management regime with a modern non-operative functional rehabilitation regime. This study,
together with that in Chapter 3, also provides data to support the recent trend towards increasing
mainstream use of functional rehabilitation programmes, which have been widely adopted in

recent years despite a reported lack of data to support their use. > ** 131133

The study in Chapter 6
subsequently sought to give a deeper understanding of the described functional non-operative
rehabilitation regime. Further studies should now aim to compare the described regime with
different iterations of functional rehabilitation regimes, to determine whether outcomes can be
further improved and to analyse the described regime in larger cohorts and over longer term

follow up to confirm the findings and determine whether and if so when, pedobarographic

parameters normalise after treatment for ATR using this regime.

7.4 Conclusions

ATR are common soft tissue injuries and occur more frequently in males and less
socioeconomically deprived individuals. ATR exhibit seasonal variation in incidence and a
bimodal age distribution. SEDS is also associated with variations in patient age, seasonality,
mechanism of injury and incidence of pre-operative symptomatic tendinopathy. Known trends
with respect to Achilles tendon re-rupture (e.g. male preponderance) were confirmed, while other
novel findings were described, including incidence of a small but significant number of late re-

ruptures, occurring years after the primary injury and an increased incidence of re-rupture in less
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socioeconomically deprived patients. Younger age and traditional immobilising cast treatment of

primary Achilles tendon rupture were independently associated with Achilles tendon re-rupture.

At long term follow up at a mean of 15.7 years, surgically treated patients did not report superior
SMFA scores to non-operatively treated patients. There was no demonstrable difference in assessed
outcomes across a range of PROMs or patient sentiment. The SMFA at one year after injury
predicted longer term outcomes and there was no significant change in SMFA score between one
year post-injury and long-term follow up. At long-term follow up there was a direct correlation
between Achilles specific and general musculoskeletal PROMs and HRQoL, indicating that any
persisting deficits in these areas impacted on HRQoL. There was a high incidence of contralateral
tendon rupture in the years after primary ATR.

Functional non-operative rehabilitation with early weight-bearing is a safe alternative to
traditional cast immobilisation. Multiple early benefits in clinical and PROM outcomes were noted
in the functionally rehabilitated group at early follow-up but none persisted at one year. There was a
higher incidence of minor skin complications in the functionally rehabilitated group. Re-rupture
rates in the traditionally rehabilitated group were double those in the walking boot group but this
finding was not statistically significant. On the basis of these results the use of this regime is
recommended in preference to traditional immobilising rehabilitation using a cast.

Patients undergoing functional rehabilitation demonstrated a significant reduction in forefoot to
rearfoot force and peak pressure ratios after injury. Over the ensuing months, FFRF ratios gradually
increased but did not match those of either controls or the uninjured foot at final follow up. The
uninjured foot also exhibited progressive forefoot loading in the months after injury. FFRF loading
ratios in the injured foot correlated with PROMs. Deficits of calf circumference, ATRA and ATLM

were most marked at boot removal and gradually reduced with time but did not normalise by the
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time of final follow-up. Despite this, patients generally reported high rates of satisfaction with their

functionally rehabilitated Achilles tendon.
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Appendix 1 - Supplementary Material for PROMs

The SMFA, ATRS, EQ-5D and satisfaction questionnaires are attached in the following pages.

The Net Promoter Score is calculated from question 3 in the Satisfaction questionnaires sheet.
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Appendix 1.1 - Short Musculoskeletal Function Assessment

(SMFA) Additional Information

The following formula is applied to calculate each index in the SMFA score:

Standardised |ndex - ((actualrawscore\- (lowest possibleraw score) ) X 100

possibleraw score range

The following questions are used for calculation of each index:
SMFA dysfunction index: questions 1-34

SMFA bother index: questions 35-46

SMFA dysfunction categories:

e Mobility: questions 1, 4, 6, 8, 12, 13, 19, 26, 28
e Daily activities: questions 3, 14, 15, 20, 21, 22, 23, 24, 25, 33
e Emotional: questions 7, 27, 29, 30, 31, 32, 34

e Arm & hand: questions 2, 5,9, 10, 11, 16, 17, 18
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Short Musculoskeletal Function Assessment (SMFA)

We are interested in finding out how you are managing with your previously injured ankle.
We would like to know about any problems you may be having with your daily activities
because of your previous injury.

Please answer each question by putting a tick in the box corresponding to the choice that
best describes you.

These questions are about how much difficulty you may be having this week with your daily
activities because of your previous injury.

Not at All A Little Moderately Very  Unable
Difficult Difficult Difficult Difficult To Do

1. How difficult 1s 1t for you to get 1] [ ] 3] 4] s[]

in or out of a low chair?

2. How dafficult 1s 1t for you to open medicine 1] 2] 3] 4] s[]
bottles or jars?
3. How difficult 1s 1t for you to shop for 1] 3[] 3] 4] s[]
groceries or other things?
4. How difficult 1s 1t for you to climb stairs? 1] 3[] 3] 4] s[]
5. How difficult 1s 1t for you to make a tight 1] [ ] 3] 4] 5[]
fist?
6. How difficult 1s 1t for you to get in or out 1] [ ] 3[] 4] 5[]
of the bathtub or shower?
7. How difficult 1s 1t for you to get 1] (] 3] 4] 5[]
comfortable to sleep?
8. How difficult 1s 1t for you to bend or kneel 1] [ ] 3] 4] 5[]
down?
9. How difficult 1s 1t for you to use buttons, 1] ] 3] 4] s[]
snaps. hooks or zippers?
10. How difficult 1s 1t for you to cut your 1] [] 3] 4] 5[]
own fingernails?
11. How difficult 1s 1t for you to 1] [ ] 3[] 4] 5[]
dress yourself?
12. How difficult 1s 1t for you to walk? 1] [ ] 3] 4] 5[]
13. How difficult 1s 1t for you to get moving 1] 2[] 3] 4] s[]
after you have been sitting or lying down?
14. How difficult 1s 1t for you to 1] 2[] 3] 4] s[]
go out by yourself?
15. How difficult 1s 1t for you to drive? 1] 3] 3] 4] s[]
16. How difficult 1s 1t for you to clean ID ZD 3[:] 4[] <D
yourself after going to the bathroom?
17. How difficult 1s 1t for you to tum knobs
or levers (for example. to open doors 1] o[ ] 3] 4] s[]
or to roll down car windows)?
18. How difficult 1s 1t for you to write or type? 1] 3] 3] 4] 5
19. How difficult 1s 1t for you to pivot? 1] 3] 3] 4] s[]
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Notat All ALittle Moderately Very  Unable
Difficult Difficult Difficult Difficult To Do

20. How difficult 1s it for you to do your usual
physical recreational activities, such as 1] 2] 3] 4]
bicycling. jogging or walking?

21. How difficult is it for you to do your usual
leisure activities, such as hobbies. crafts. 1] 2] 3] 4]
gardening, card playing or going out
with friends?

22. How much difficulty are you having with 1] 2] 30 4]
sexual activity?

23. How difficult 1s it for you to do light
housework or yard work, such as dusting,  1[_] ] 3] 4]
washing dishes or watering plants?

24. How difficult 1s it for you to do heavy
housework or yard work, such as washing  1[] 2] 3] 4]
floors, vacuuming or mowing lawns?

25. How difficult is it for you to do your
usual work, such as a paid job, housework  1[] 0 3] 4
or volunteer activities?

'IDI

'IDI

E]

'IDI

['lj

'IDI

These next questions ask how often you are experiencing problems this week because of
your injury.

None of A Littleof Some of Mostof All of
the Time the Time the Time the Time the Time

26. How often do you walk with a limp? 1] 2] 3] 0 s
27. How often do you avoid using your 1] 2] 30 O g
painful limb?
28. How often does your leg lock or 1] 2] 3] 0 s
give way?
29. How often do you have problems 1] 2] 3] 1 0
with concentration?
30. How often does doing too much in one 1] 2] 3] 1] s
day affect what you do the next day?
31. How often do you act irritable toward
those around you (for example, snapat  1[] 0 30 0 s
people, give sharp answers
or criticise easily)?
32. How often are you tired? 1] 2 3] 1 s
33. How often do you feel disabled? 1] 2 3] 0 d
34. How often do you feel angry
or frustrated that you have this injury?  1[] ] 3] 1 s0d
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These questions are about how much vou are bothered by problems you are having this
week because of vour injury.

Notat All A Little Moderately Very Extremely
Bothered Bothered Bothered Bothered Bothered

35. How much are you bothered by

problems using your hands, 1] 2] 3] ] s[]
arms or legs?
36. How much are you bothered by  1[] 2] 3] a] s[]

problems using your back?
37. How much are you bothered by

problems doing work around 1] 2] 3] 4] s[]
your home?

38. How much are you bothered by
problems with bathing. dressing, 1] 2] 3] 4] s[]

toileting or other personal care?
39. How much are you bothered by

problems with sleep and rest? 1] 2[] 3[] 4] 5[]
40. How much are you bothered by
problems with leisure or 1] 2[] 3[] 4] s[]

recreational activities?
41. How much are you bothered by

problems with your friends, 1] 2] 3] 4] s[]
family or other important people
in your life?
42. How much are you bothered by
problems with thinking, 1] 2] 3] 4] s[]

concentrating or remembering?
43. How much are you bothered by

problems adjusting or coping 1] 2[] 3] 4] 5[]
with your injury?
44. How much are you bothered by
problems doing your usual work? 1] 2] 3] 4] s[]
45. How much are you bothered by
problems with feeling dependent 1] 2] 3] 4] s[]
on others?
46. How much are you bothered by
problems with stiffness and pain? 1[_] 2] 3] 4] 5[]
FOR OFFICE USE ONLY:
DYSFUNCTION RAW SCORE DYSFUNCTION INDEX
BOTHER RAW SCORE BOTHER INDEX
SMFA RAW SCORE OVERALL SMFA SCORE
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Appendix 1.2 - Achilles Tendon Total Rupture Score (ATRS)

All questions refer to your limitations/difficulties related to your previously injured Achilles

tendon.

0 refers to major limitations (poor function). whilst 10 refers to no limitations (good

function). Please select ONE answer for each question.

Note that a higher number denotes a better outcome.

MAIJOR LIMITATION € = NO LIMITATION

1. Are you limited due to decreased strength 1n the calf/Achilles tendon/foot?

o 10 200 303 40 s e 700 s o] 1001

2. Are you limited due to fatigue in the calf/Achilles tendon/foot?

o 13O0 20 330 4O s se1 700 s o] 10

3. Are you limited due to stiffness in the calf/Achilles tendon/foot?

o 13O0 20 330 4O s e1 700 s o] 10

4. Are you limited due to pain in the calf/Achilles tendon/foot?

o] 130 20 330 4O s se1 700 s o] 10

5. Are you limited during activities of daily living?

o] 13O0 20 330 4O s se1 700 s o] 10

6. Are you limited when walking on uneven surfaces?

o] 13O0 20 30 4 s se1 700 s o] 10

7. Are you limited when walking quickly up the stairs or up a hill?

o] 13O0 20 300 4O s se1 700 s o] 10

8. Are you limited during activities that include running?

o] 130 20 300 4 s e1 700 s o] 10

9. Are you limited during activities that include jumping?

o] 13O0 20 300 4 s se[1 700 s o] 10

10. Are you limited in performing hard physical labour?
o] 10 200 300 4J s0J e 700 sJ o] 10

TOTAL
SCORE
(for office use
only)
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Appendix 1.3 - Foot and Ankle Questionnaire

Thank you for completing this questionnaire!

This questionnaire will help us to better understand your
general health and any problems related to bone and muscle
conditions.

Your completion of this questionnaire is completely voluntary
and your responses will be held in the strictest confidence.

Please answer every question. Some questions may look like
others, but each one is different.

There are no right or wrong answers. If you are not sure how
to answer a question, just give the best answer you can. You
can make comments in the margin. We do read all your
comments, so feel free to make as many as you wish.
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Instructions

Please answer the following questions for the foot/ankle being treated or followed up. If itis BOTH
feet/ankles, please answer the questions for your worse side. All questions are about how you have felt,
on average, during the past week. If you are being treated for an injury that happened less than one
week ago, please answer for the period since your injury.

1. During the_past week, how stiff was your foot/ankle? (Circle one response.)

1 Notatall 2 Mildly 3 Moderately 4 Very 5 Extremely
2. During the_past week, how swollen was your foot/ankle? (Circle one response.)

1 Not at all 2 Mildly 3 Moderately 4 Very 5 Extremely

During the_past week, please tell us about how painful your foot/ankle was during the following activities.
(Circle ONE response on each line that best describes your average ability.)

Not Mildly  Moderately Very Extremely Coulld pot do COuines fo

painful painful painful painful painful f oggg?‘l:(f: : ;in E’%ng;g
3. Walking on uneven surfaces? 1 2 3 4 5 6 7
4. Walking on flat surfaces? 1 2 3 4 5 6 7
5. Going up or down stairs? 1 2 3 4 5 6 7
6. Lying in bed at night? 1 2 3 4 5 6 7
During the past week, did your foot/ankle give way during the following activities.
(Circle ONE response on each line that best describes you for each activity level.)
Did not aive Partially gave Completely Could not do the Could not
Wa at%ll way, but | did gave way, activity because of do for other
Y not fall so that | fell foot/ankle giving way reasons
7. Strenuous activity, such as heavy
h & : 1 2 3 - 5

physical work, skiing, tennis?
8. Moderate activity, such as

moderate physical work, jogging, 1 2 3 4 5

running?
9. Light activity, such as walking, 1 5 3 4 5

house work, yard work?

10. Which of the following statements best describes your ability to get around most of the time during the past
week? (Circle one response.)

| did not need support or assistance at all.

| mostly walked without support or assistance.

| mostly used one cane or crutch to help me get around

| mostly used two canes, two crutches or a walker to help me get around.
| used a wheelchair.

| mostly used other supports or someone else had to help me get around.
| was unable to get around at all.

~N O O WON =
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11. How much trouble did you have with balance during the past week? (Circle one response.)
1 No trouble at all

A little bit of trouble

A moderate amount of trouble

Quite a bit of trouble

A great amount of trouble

| cannot balance on my feet at all

o0 bks WwN

12. How difficult was it for you to put on or take off socks/stockings during the past week? (Circle one response.)

1 Not at all difficult 2 A little bit difficult 3 Moderately difficult 4 Very difficult 5 Extremely difficult 6 Cannot do it at all

All questions are about how you have felt on average during the past week.

During the past week, please tell us about how painful your foot or ankle was when you were performing the
following activities. (Circle ONE response on each line that best describes your average ability.)

Could not do Could not do

No Mild Moderate Severe Extreme
: . ; ; . because of for other
pain pain pain pain pain foot/ankle pain reasons
13. Strenuous activity, such as
heavy physical work, skiing, 1 2 3 4 5 6 7
tennis
14. Moderate activity, such as
moderate physical work, 1 2 3 4 5 6 7
jogging, running
15. Light activity, such as
walking, house work, yard 1 2 3 4 5 6 7
work
16. Standing for an hour 1 2 3 ) 5 6 F 4
17. Standing for a few minutes 1 2 3 4 L 6 7

18. How much difficulty do you have walking on uneven surfaces (eg., small stones, rocks, sloping ground)?
(Circle one response.)

1 No difficulty

Mild difficulty

Moderate difficulty

Severe difficulty

Extreme difficulty

Cannot do because of foot/ankle
Cannot do for other reasons

~N o bk 0N
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What types of shoes can you wear comfortably?
(Circle one response on each line.)

Yes No Not applicable
19. Any women's shoe (including high heels) OR
\ . ] 1 2 3

any men's shoe (including fancy dress shoes)
20. Most women's dress shoes (except high 1 5 3

heels) OR most means dress shoes
21. Sneakers, walking, or casual shoes 1 2 3
22. Orthopaedic or prescription shoes 1 2 3
23. All shoes 1 2 3
24. How much did your foot or ankle problem interfere with your normal work, including work both outside the home

25.

and house work? (Circle one response.)
1Notatall 2 Alittle bit 3 Moderately 4 Quite abit 5 Extremely 6 Unable to work due to
foot and ankle problems
How much did your foot or ankle problem interfere with your life and your ability to do what you want?

(Circle one response.)

1 Not at all 2 A little bit 3 Moderately 4 Quite a bit 5 Extremely 6 It ruins everything
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Appendix 1.4 - EQ-5D Index and VAS Score Questionnaires

EQS5D

Under each heading, please tick the ONE box that best describes your health at present

MOBILITY

I have no problems in walking about

I have slight problems in walking about

I have moderate problems in walking about
I have severe problems in walking about

I am unable to walk about

Oooooo

SELF-CARE

I have no problems washing or dressing myself

I have slight problems washing or dressing myself

I have moderate problems washing or dressing myself
I have severe problems washing or dressing myself

I am unable to wash or dress myself

Oooooo

USUAL ACTIVITIES (eg. work. study. housework. family or leisure
activities)

I have no problems doing my usual activities

I have slight problems doing my usual activities

I have moderate problems doing my usual activities
I have severe problems doing my usual activities

I am unable to do my usual activities

Oooooo

PAIN/DISCOMFORT

I have no pain or discomfort

I have slight pain or discomfort

I have moderate pain or discomfort
I have severe pain or discomfort

I have extreme pain or discomfort

ooooao

ANXIETY/DEPRESSION

I am not anxious or depressed

I am slightly anxious or depressed

I am moderately anxious or depressed
I am severely anxious or depressed

I am extremely anxious or depressed

ooooo
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We would like to know how good or bad your health is at
present.

This scale is numbered from 0 to 100.

100 means the best health you can imagine.

0 means the worst health you can imagine.

Mark an X on the scale to indicate how your health is at
present.

Now, please write the number you marked on the scale in
the box below:

Your health =

The best heaith

you can imagine

|1111|1111|111111111I111111111|111111111|111111111|111111111|111111111|11|1[1111I1111|1111|111111111|
IIIII]IIII|11II]1IIIIIrrt]lrrtI1111]rr11|rv1r[r111|1111]1111|IITT]IITTITYIIIIIIIIIIII[IIIIIIIIII1IIT|

The worst health
you can imagine

28 8 8 8

5§ 8 &8 8 & 3o 8

8 & 8 & &

o
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Appendix 1.5 - Patient Satisfaction, Sentiment, NPS and FFT

Patients were asked to complete the below questionnaire to gauge satisfaction and sentiment.
The NPS and NHS FFT data was calculated from the third question

1. How satisfied are you with your treated Achilles tendon?

Neither Verv
Very Satisfied Satisfied Satisfied or Dissatisfied . 3
7 . Dissatisfied
Dissatisfied

[] L] [] [] L]

2. Would you have the same treatment again if it was required on the
other side?

Neither

Extemely .o}y likelynor Unlikely CXiemely — Don’t
Likely 7 4 7 unlikely know
unlikely

L] L] ] ] ] []

3. How likely are you to recommend this treatment to friends and family
if they needed similar care or treatment?

. ) Neither . ) .

Bxremely  oooe  fikelyoor  Unlikely ooy  Dont

Likely 7 g g unlikely know
unlikely

] L] L] L] ] ]
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The NPS was calculated from the third question - ‘How likely are you to recommend this
treatment to friends and family if they needed similar care or treatment?’

For calculation of the NPS, patients who said they would be ‘very likely’ to recommend their
treatment to others were considered ‘promoters’; those who stated they would be ‘likely’ to do so
were considered ‘passives’ and those who stated they ‘didn’t know’, were ‘unlikely’/’very

unlikely’ or were ‘neither likely nor unlikely’ to do so were considered ‘detractors’.

The following algorithm was then used to calculate the NPS:

NPS = { [Promoters (n)] — [Detractors (n)] ) x100
[Total Responders (n)]

The NHS FFT data was reported as the % patients who were likely/very likely to recommend

their treatment to others.
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Appendix 2 - Supplementary Material Chapter 2
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Appendix 2.1 - Geographic Map of Socioeconomic deprivation
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Appendix 2 Figure 1. Colour coded
socioeconomic deprivation status map of the
Lothians, using SIMD-16 data. Reference:

https://simd.scot/#/simd2016/BTTTFTT/9/-
4.0000/55.9000/

Last accessed on 05/06/2023.
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Appendix 2.2 - Seasonal Variation in Sporting and Non-Sporting

Injuries
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Appendix 2 Figure 2. Month of injury for sporting and non-sporting related ATR.

257



Appendix 3 - Supplementary Material Chapter 3

Appendix 3.1 - Receiver Operator Characteristic (ROC) Curve

for determination of age threshold for prediction of ATRR
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Appendix 3 Figure 1. Receiver operator characteristic curve for determination of age threshold for prediction of ATRR.
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Age Sensitivity 1-Specificity

40.5 0.722 0.512
41.5 0.684 0.463
42.5 0.657 0.439
43.5 0.642 0.439
445 0.619 0.439
45.5 0.591 0.366
46.5 0.564 0.293
47.5 0.530 0.220
48.5 0.499 0.195
49.5 0.476 0.171
50.5 0.449 0.171

Appendix 3 Table 1. Sensitivity and 1-Specificity data for ROC curve.
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Appendix 4 - Supplementary Material Chapter 4

Appendix 4.1 - Repeat Analysis of Outcomes Excluding Patients

who Sustained a Re-rupture

Analyses were repeated on the remaining 58 patients, after excluding the 6 patients who had
sustained a tendon re-rupture. There was no significant difference identified in any patient-
reported outcome measure (PROM) between operative and non-operatively treated groups at

long-term follow up (Appendix 4 Table 1).

. . Median non-
Median operative .
IQR) operative score
PROM score ( (IQR) p-value*
n=31 n=27
SMFA

dysfunction 1.56 (0.00 to 5.88) 1.47 (0.00t0 5.15)  0.291

2.08 (0.00 to
SMFA bother 12.50) 0(0.00t06.25)  0.116
ATRS 92 (85 to 100) 91 (78 to 100) 0.461

EQ-5D-5L index 0.84 (0.74 to 1.00) 1(0.84 to 1.00) 0.064

EQ-5D VAS 85 (70 to 95) 85 (80 to 95) 0.296

Appendix 4 Table 1. PROM scores for 58 patients treated for Achilles tendon rupture who did not sustain a re-rupture of their
tendon. * Mann Whitney U-test.
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Additionally, there was no significant difference identified in any of the SMFA dysfunction
categories between operatively and non-operatively treated groups at long-term follow up
(Appendix 4 Table 2) and no significant difference in satisfaction rates (Appendix 4, Figures la

and 1b) between treatment groups (p=0.255, Fisher’s exact test).

. . Median non-
Median operative operative score
SMFA Dlsablllty score (lQR) *
Category (IGR) p-value
n=31 n=27

Mobility 0 (0.00 to 8.33) 0 (0.00 to 5.56) 0.491
Daily activities 0 (0.00 to 5.00) 0 (0.00 to 5.00) 0.461

. 7.14 (0.00 to
Emotional 14.29) 3.57 (0.00 to 10.71) 0.157
Hand and arm 0 (0.00 to 0.00) 0 (0.00 to 0.00) 0.330

Appendix 4 Table 2. Median (IQR) SMFA disability category scores for patients treated operatively and non-operatively. *
Independent Samples Mann Whitney U-test.

B Very Satisfied

W Satisfied

Non-Operatively Treated Patients

Appendix 4 Figure 1a. Patient satisfaction with their non-operatively treated Achilles tendon.
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B Very Satisfied

M Satisfied
Neither Satisfied nor
Dissatisfied

M Dissatisfied

Very Dissatisfied

Operatively Treated Patients

Appendix 4 Figure 1b. Patient satisfaction with their operatively treated Achilles tendon.

Patients were also asked whether they would have the same treatment again if it was required

on the other side (Appendix 4 Table 3). Comparison of those who stated they were likely (i.e.

answered ‘extremely likely’ or ‘likely’) and those who were unlikely (i.e. ‘extremely unlikely’ or

‘unlikely’) to do so demonstrated no significant difference between treatment groups (p=0.75,

Fisher’s Exact Test).

Operative Non-Operative

Extremely Likely 18 17
Likely 7 7
Neither Likely nor 2 2
Unlikely

Unlikely 0 0
Extremely Unlikely 2 0
Don’t Know 2 1
Total Responses 31 27

Appendix 4 Table 3. Would you have the same treatment again if it were required on the opposite side?
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The net promoter score was 32 for patients treated operatively and 37 for patients treated non-
operatively. Under current NHS FFT reporting guidelines, 77.4% of patients would recommend
operative treatment and 6.5% would not, while 85.2% would recommend non-operative treatment
and none would not (Appendix 4 table 4). Comparison of those who stated they were likely (i.e.
those answering ‘extremely likely’ or ‘likely’) and those who were unlikely (i.e. ‘extremely
unlikely’ or ‘unlikely’) to recommend demonstrated no significant difference between treatment

groups (p = 0.276, Fisher’s exact test).

Operative Non-Operative

Extremely Likely 17 14
Likely 7 9
Neither Likely nor 3 3
Unlikely

Unlikely 0 0
Extremely Unlikely 2 0

Don’t Know 2 1

Total Responses 31 27

Appendix 4 Table 4. How likely are you to recommend this treatment to friends and family if they needed similar care or
treatment?
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Appendix 4.2 - REC Favourable Opinion

NHS!

Health Research Authority

East Midlands - Leicester Central Research Ethics Committee

The Old Chapel
Royal Standard Place
Nottingham
NG18FS
11 July 2017
Mr John Keating
Consultant Orthopaedic Surgeon
NHS Lothian
Royal Infirmary of Edinburgh
51, Little France Crescent
Edinburgh
EH16 4SA
Dear Mr Keating
Study title: Operative versus Non-Operative Treatment for Achilles
Tendon Rupture: Long Term Followup of Patients in a
Previous Randomised Controlled Trial.
REC reference: 17/EM/0256
Protocol number: AC17034
IRAS project ID: 224857

The Proportionate Review Sub-committee of the East Midlands - Leicester Central Research
Ethics Committee reviewed the above application on 07 July 2017.

We plan to publish your research summary wording for the above study on the HRA website,
together with your contact details. Publication will be no earlier than three months from the date
of this favourable opinion letter. The expectation is that this information will be published for all
studies that receive an ethical opinion but should you wish to provide a substitute contact point,
wish to make a request to defer, or require further information, please contact
hra.studyregistration@nhs.net outlining the reasons for your request. Under very limited
circumstances (e.g. for student research which has received an unfavourable opinion), it may be
possible to grant an exemption to the publication of the study.

Ethical opinion

On behalf of the Committee, the sub-committee gave a favourable ethical opinion of the above
research on the basis described in the application form, protocol and supporting documentation,
subject to the conditions specified below.

Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start of
the study.
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Management permission must be obtained from each host organisation prior to the start of the
study at the site concerned.

Management permission should be sought from all NHS organisations involved in the study in
accordance with NHS research governance arrangements. Each NHS organisation must
confirm through the signing of agreements and/or other documents that it has given permission
for the research to proceed (except where explicitly specified otherwise).

Guidance on applying for HRA Approval (England)/ NHS permission for research is available in
the Integrated Research Application System, www.hra.nhs.uk or at http//www.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites (“participant identification centre”), guidance should be sought
from the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations.

Registration of Clinical Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered
on a publically accessible database. This should be before the first participant is recruited but no
later than 6 weeks after recruitment of the first participant.

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but
for non-clinical tnals this is not currently mandatory.

If a sponsor wishes to request a deferral for study registration within the required timeframe,
they should contact hra.studyreqgistration@nhs.net. The expectation is that all clinical trials will
be registered, however, in exceptional circumstances non registration may be permissible with
prior agreement from the HRA. Guidance on where to register is provided on the HRA website.

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

Ethical review of research sites

The favourable opinion applies to all NHS sites taking part in the study, subject to management
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see
“Conditions of the favourable opinion”).

Approved documents

The documents reviewed and approved were:

Document Version Date
Covering letter on headed paper [Covering Letter] 1.0 23 June 2017
Participant information sheet (PIS) [Patient Information Sheet] 13 10 April 2017




REC Application Form [REC_Form_21062017] 21 June 2017
Research protocol or project proposal [Project Protocol v1.3] 13 09 April 2017
iuemmary CV for Chief Investigator (CI) [Chief Investigator CV (J 1.0 24 April 2017
atin:

Summg)r]y CV for student [Student CV (J Maempel)] 1.0 23 April 2017
Summary CV for supervisor (student research) [Student Supervisor (1.0 25 April 2017
CV (N Clement)]

Validated questionnaire [Questionnaire Booklet] 11

Membership of the Proportionate Review Sub-Committee

The members of the Sub-Committee who took part in the review are listed on the attached
sheet.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research
Ethics Committees in the UK.

After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments

Adding new sites and investigators
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

User Feedback

The Health Research Authority is continually striving to provide a high quality service to all
applicants and sponsors. You are invited to give your view of the service you have received and
the application procedure. If you wish to make your views known please use the feedback form
available on the HRA website:

http://www_hra.nhs.uk/about-the-hra/governance/quality-assurance/
HRA Training

We are pleased to welcome researchers and R&D staff at our training days — see details at
http://www_hra.nhs.uk/hra-training/

With the Committee’s best wishes for the success of this project.
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[ 17/EM/0256 Please quote this number on all correspondence |

Yours sincerely
ek
> . O™
PP-

Mr Ken Willis
Chair
Email: nrescommittee.eastmidlands-leicestercentral@nhs.net

Enclosures: List of names and professions of members who took part in the review

Copy to: Mr Kenneth Scott, NHS Lothian



East Midlands - Leicester Central Research Ethics Committee

Attendance at PRS Sub-Committee of the REC meeting on 07 July 2017

Committee Members:

Name Profession Present Notes

Dr Alan Cudworth Retired Senior Lecturer | Yes

Mr Michael Jones Medical Statistician Yes

Mr Ken Willis Medical Devices Yes Chair

Manager - retired
Also in attendance:

Name Position (or reason for attending)
Mrs Joanne O'Neil REC Assistant




Appendix 5 - Supplementary Material Chapter 5
Appendix 5.1 - Physiotherapy Regime

Patients in both groups followed similar physiotherapy regimes, but these were commenced at
different time-points. Patients treated in a cast began physiotherapy when the cast was
removed at the 10 week time-point, whereas those treated in a walking boot commenced
physiotherapy when the walking boot was discarded at the 8 week time-point. Further details
can be found in Appendix 6.1.

Physiotherapy progressed as follows:

Initial Physiotherapy (commencing at 8 weeks for boot patients and 10 weeks for cast
patients):

Patients were referred to supervised physiotherapy, with a focus on gait re-education,
maintaining quadriceps and hamstring function, strengthening all lower limb muscle groups,
increasing neuromuscular control and ankle range of motion. All patients were warned of
common complications, including their signs and symptoms. Isotonic and isometric
hamstring and quadriceps exercises were undertaken. Non-weight bearing active range of
motion ankle exercises were commenced. Concentric and eccentric heel raises were
commenced, through the available range (but eccentric load not allowed to exceed concentric
load). Full weight bearing stretching of the tendon was avoided. Balance exercises were
undertaken, commencing with single leg static exercises, then progressing as able. Slow
dorsiflexion stretching.

Physiotherapy was then progressed, building on the above exercises and focusing on

restoration of full tendon extensibility, with weight bearing calf stretches off a step and
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increase of strength through the full active range of motion. Continued eccentric calf
exercises, progressing to loads that exceeded concentric ability.

Late physiotherapy (24 weeks+):

Work towards restoration of full occupational and sporting function. Occupational and sport
specific rehabilitation, including return to running. Early plyometric training commenced
(e.g. skipping, double leg bounding), followed by progression of plyometric exercises.
Restoration of optimal calf strength with progressive concentric and eccentric exercises. Full
sports-specific training and end-stage sports rehabilitation. Aim for return to contact sports at

6 months.

Additional note: The original trial physiotherapy protocol envisaged commencement of early supervised range of
motion exercises below neutral position from 4 weeks and weaning of the boot between 6 and 8 weeks for boot
patients, however, during the trial, a slightly more conservative regime was adopted with all boot patients
remaining in the walking boot at all times for 8 weeks and then removing it abruptly. Physiotherapy and range

of motion exercises were commenced upon boot removal. This was notified to the trial sponsor and REC.
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Appendix 5.2 - REC Favourable Opinion

i South East Scotland Research N H
Lothian NHS Board ey ot
Waverley Gate H
2-4 Waterloo Place LOth'an
Edinburgh
EH13EG
Telephone 0131 538 9000
Fax 01314685 5789
www.nhslothian.scot.nhs.uk
Date 13 February 2013
Ms Leela Biant Your Ref
Consultant Orthopaedic Surgeon Our et
Lothian Universities Healthcare Trust Enquiries to: Sandra Wyliie
Royal Infirmary of Edinburgh Extension: 35679
51 Little France Crescent Direct Line: 0131485 5679
Edinburgh Email: Sandra.Wyllie@nhslothian.scot.nhs.uk
EH16 4SA
Dear Ms Biant
Study title: Functional outcomes after conservative management of
the acutely ruptured achilles tendon in the under 60 age
group. Arandomised controlled trial comparing
standard conservative management with accelerated
rehabilitation using a moonboot.
REC reference: 13/88/0002
Protocol number: Awaited
IRAS project ID: 89061

Thank you for your letter of 12 February 2013, responding to the Committee’s request for further
information on the above research and submitting revised documentation.

The further information was considered in correspondence by a sub-committee of the REC. A list
of the sub-committee members is attached.

We plan to publish your research summary wording for the above study on the NRES website,
together with your contact details, unless you expressly withhold permission to do so. Publication
will be no earlier than three months from the date of this favourable opinion letter. Should you wish
to provide a substitute contact point, require further information, or wish to withhold permission to
publish, please contact the Co-ordinator Mrs Sandra Wyllie,
Sandra.Wyllie@nhslothian.scot.nhs.uk.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the above
research on the basis described in the application form, protocol and supporting documentation as
revised, subject to the conditions specified below.

Ethical review of research sites

S, 2 Headquarters
O INVESTORS .-_e“W;.*‘ @ ’ m Waveriey Gate, 24 Waterloo Place, Ediburgh EH1 366
INPEOPLE "YY< I\ | liwes o Coan 1

Vinstanley
Interim Chief Executive Tim Davison
Lothian NHS Board is the common name of Lothian Heaith Board
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NHS sites

The favourable opinion applies to all NHS sites taking part in the study, subject to management
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see
"Conditions of the favourable opinion" below).

Non-NHS sites

The Committee has not yet been notified of the outcome of any site-specific assessment (SSA) for
the non-NHS research site(s) taking part in this study. The favourable opinion does not therefore
apply to any non-NHS site at present. We will write to you again as soon as one Research Ethics
Committee has notified the outcome of a SSA. In the meantime no study procedures should be
initiated at non-NHS sites.

Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met prior to the start of the
study:

* Replace the phrase “non-surgical accelerated rehabilitation programme” with a less
technical phrase.

* Although the PIS has been amended to “A summary of the resuits in lay terms will be freely
available for participants once they study is completed” it still does not state how they will
actually obtain the information. Will they be sent it, will it be available on a website etc?
Please detail.

Management permission or approval must be obtained from each host organisation prior to the
start of the study at the site concerned.

Management permission ("R&D approval”) should be sought from all NHS organisations involved
in the study in accordance with NHS research governance arrangements.

Guidance on applying for NHS permission for research is available in the Integrated Research
Application System or at http://www . rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites ("participant identification centre”), guidance should be sought from
the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of approvals from host organisations

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

You must notify the REC in writing once all conditions have been met (except for site

approvals from host organisations) and provide copies of any revised documentation with
updated version numbers. The REC will acknowledge receipt and provide a final list of the
approved documentation for the study, which can be made available to host organisations
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NHS
Lothian

to facilitate their permission for the study. Failure to provide the final versions to the REC
may cause delay in obtaining permissions.

Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document Version Date
GP/Consultant Information Sheets Version 1.2 |08 February 2013
Interview Schedules/Topic Guides Version 1 18 December 2012
Other: Data Collection Tool - Achilles Tendon Total Rupture Score

Other: Data Collection Tool - Foot and Ankle Outcome Score

(FAOS) Sheet

Other: Data Collection Tool - Short Musculoskeletal Function

Assessment

Other: Data Collection Tool Version 1.3

Participant Consent Form Version 1.3 |08 February 2013
Participant Information Sheet Version1.11 |08 February 2013
Protocol Version 1.12 |17 November 2012
REC application 20 December 2012
Response to Request for Further Information 12 February 2013

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research Ethics
Committees in the UK.

After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed guidance
on reporting requirements for studies with a favourable opinion, including:

* Notifying substantial amendments

e Adding new sites and investigators

* Notification of serious breaches of the protocol
* Progress and safety reports

* Notifying the end of the study

The NRES website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.
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Feedback

You are invited to give your view of the service that you have received from the National Research
Ethics Service and the application procedure. If you wish to make your views known please use
the feedback form available on the website.

Further information is available at National Research Ethics Service website > After Review

| 13/SS/0002 Please quote this number on all correspondence |

We are pleased to welcome researchers and R & D staff at our NRES committee members’
training days — see details at http//www.hra.nhs. uk/hra-training/

With the Committee’s best wishes for the success of this project.

Yours sincerely
/ W

pp
Dr Janet Andrews
Chair

Email:Sandra.Wyllie@nhslothian.scot.nhs.uk

Enclosures: List of names and professions of members
who were present at the meeting and those who submitted written
comments

“After ethical review — guidance for
researchers”

Copy to: Ms Karen Maitland, NHS Lothian Research & Development Office
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South East Scotland Research Ethics Committee 01

Attendance at Sub-Committee of the REC

Committee Members:

Name Profession Present | Notes
Mr Lindsay Murray Health & Safety Manager| Yes
Dr Kevin Smith Biochemist Yes

Also in attendance:

Name Position (or reason for attending)

Mrs Sandra Wyllie Committee Co-ordinator
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Appendix 6 - Supplementary Material Chapter 6
Appendix 6.1 - Physiotherapy Regime

ACHILLES TENDON PLANTAR PRESSURES STUDY
ACCELERATED REHABILITATION PATIENTS

Total time in boot - 8 weeks

Physiotherapy/Rehabilitation Guidelines

*Note: All timescales are relative to the date of initiation of treatment with

equinus plaster in A&E*

Boot Protocol
0-4 weeks. Patient is seen in A&E and placed into an equinus cast and referred to
clinic. At clinic, diagnosis is confirmed, eligibility for study confirmed against
inclusion/exclusion criteria and the patient is placed into an Ossur Rebound walking
boot with 3x 1cm heel raises (i.e. total 3cms).

e The boot is to be worn continuously including when in bed.

e WBAT / FWB once in boot - crutches for balance.

e Note: time spent in equinus backslab from A&E is included in this 4 week

period so for example, if a patient presents to clinic in an equinus cast 7 days

after review in A&E, they are placed into a boot with 3cm wedges for a further

3 weeks, totalling 4 weeks in full equinus.
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4-6 weeks (i.e. total time of 2 weeks) in Ossur Rebound walking boot with 1x1cm
Ossur heel raise and 1x0.5cm additional heel raise BENEATH the Ossur heel raise
(i.e. total of 1.5cms).

¢ The boot is worn continuously including when in bed.

¢ WBAT /FWB - crutches for balance.

6-8 weeks: 2 weeks Ossur Rebound walking boot with foot in neutral position.

e FWB.

Physiotherapy regime
0-8 weeks: No physiotherapy.
e Ensure patient is mobilising safely with crutches
o gait re-education
o FWB/WBAT
e Ensure patient is aware of common complications

o educate patient regarding signs & symptoms

8 weeks: Remove boot.
e Give Ankle Exercises Instruction & Leaflet
o NWB active plantar / dorsiflexion to neutral
o NWB active inversion / eversion below neutral

o Reinforce NO stretching

e Knee/Hip exercises with no ankle involvement (e.g. leg lifts from sitting, prone,

side-lying).

Precautions 8 - 12 weeks
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¢ Avoid Full weight bearing stretching of tendon
¢ Avoid using eccentric loads which exceed the concentric ability
e 8 weeks Onwards: Out of boot.
o Referto supervised physiotherapy
o Increase Range of Motion of the ankle
- active range of motion exercises for the ankle
- functional mobilisation
o Increase Strength
- concentric / eccentric heel raising through available range
(eccentric load = concentric load only)
- strengthen all lower limb muscle groups as indicated:
open / closed chain gluteal, hamstring & quadriceps exercises
o Increase Neuromuscular Control
- balance exercises — initially single leg static and progress as able
- dorsiflexion stretching, slowly.
- graduated resistance exercises
- open and closed kinetic chain as well as functional activities.
- proprioceptive and gait retraining.

o 10+ weeks: Continue to progress ROM, strength.

Precautions 12-24 weeks

¢ No Max Isokinetic testing until 24 weeks
¢ Restore full tendon extensibility

- weight bearing calf stretches off step
¢ Increase Strength Through Range

- continue to strengthen through full active range
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e Improve Eccentric capacity
- eccentric calf exercises with loads that exceed
concentric ability
24 weeks post injury +

e Restore Full Occupational & Sporting Function
- occupation and sport specific rehab including return to

running (when patient’s calf strength 80% or greater than
Involved)
- commence early plyometric training

e.g. skipping, double leg bounding (when patient’s calf strength 80%
or greater than uninvolved)

e Restore Optimal Calf Strength Concentrically & Eccentrically
- Isokinetic testing (NB expect strength deficit 0f15%)
Full Sports Specific training and Return to competitive Sport

- end stage sports specific rehabilitation
e Patients are expected to return to full function including contact sports at 6
months.

*Please contact the SORT-IT office in the Orthopaedic Outpatients Department at the Royal Infirmary
of Edinburgh on 01312423545 if you have any questions or queries about this physiotherapy regime*

Physiotherapy Guidelines following Lothian Physiotherapy Guidelines; Achilles Tendon Rupture — Surgical
Repair Version 3 updated 19/9/2013

279



Appendix 6.2 - Pain Visual Analogue Scales

DATE: _/ /| TIMEPOINT}
Foot Pain Scales

FOR YOUR INJURED FOOT:

How much pam do you have today m the followmg areas? Please mdicate the amount of pam on the scale
below with an ‘X", where 0 1s no pam and 10 is severe pam:
[ O-10 Numeric Pain Rating Scale
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FOR YOUR UNINJURED FOOT:

How much pam do you have today m the followmg areas? Please mdicate the amount of pam on the scale
below with an ‘X", where 0 is no pam and 10 is severe pam:

O-10 Numeric Pain Rating Scale
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Area C: Posterior heel region
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Appendix 6.3 - PROMs Data
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Appendix 6.3 Table 1. PROMs data for patients and controls at all time points.
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Appendix 6.4 - REC Favourable Opinion Letter

NHS!

Health Research Authority

South Central - Berkshire B Research Ethics Committee
Whitefriars

Level 3, Block B

Lewins Mead

Bristol

BS1 2NT

Telephone: 0207 104 8050

Please note: This is the
favourable opinion of the

REC only and does not allow
you to start your study at NHS
sites in England until you
receive HRA Approval

29 January 2019

Mr Nicholas Clement
Royal Infirmary of Edinburgh
51, Little France Crescent

Edinburgh

EH4 1NR

Dear Mr Clement

Study title: Plantar pressures after non-operative management of
Achilles tendon rupture

REC reference: 18/SC/0699

Protocol number: AC18128

IRAS project ID: 250756

Thank you for your letter of 28 January 2019, responding to the Proportionate Review
Sub-Committee’s request for changes to the documentation for the above study.

The revised documentation has been reviewed and approved by the sub-committee.

We plan to publish your research summary wording for the above study on the HRA website,
together with your contact details. Publication will be no earlier than three months from the date
of this favourable opinion letter. The expectation is that this information will be published for all
studies that receive an ethical opinion but should you wish to provide a substitute contact point,
wish to make a request to defer, or require further information, please contact please contact
hra.studyregistration@nhs.net outlining the reasons for your request.

A Research Ethics Committee establiched by the Health Research Authority
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Under very limited circumstances (e.g. for student research which has received an
unfavourable opinion), it may be possible to grant an exemption to the publication of the study.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the above
research on the basis described in the application form, protocol and supporting documentation
as revised.

Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start of
the study.

You should notify the REC once all conditions have been met (except for site approvals
from host organisations) and provide copies of any revised documentation with updated
version numbers. Revised documents should be submitted to the REC electronically
from IRAS. The REC will acknowledge receipt and provide a final list of the approved
documentation for the study, which you can make available to host organisations to
facilitate their permission for the study. Failure to provide the final versions to the REC
may cause delay in obtaining permissions.

Management permission must be obtained from each host organisation prior to the start of the
study at the site concerned.

Management permission should be sought from all NHS organisations involved in the study in
accordance with NHS research governance arrangements. Each NHS organisation must
confirm through the signing of agreements and/or other documents that it has given permission
for the research to proceed (except where explicitly specified otherwise).

Guidance on applying for HRA and HCRW Approval (England and Wales)/ NHS permission for
research is available in the Integrated Research Application System, at www.hra.nhs.uk or at

http:/fiwww.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is limited to identifying and referring potential
participants to research sites (“participant identification centre”), guidance should be sought
from the R&D office on the information it requires to give permission for this activity.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations.

Reqistration of Clinical Trials
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All clinical trials (defined as the first four categories on the IRAS filter page) must be registered
on a publically accessible database. This should be before the first participant is recruited but no
later than 6 weeks after recruitment of the first participant.

There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but
for non-clinical trials this is not currently mandatory.

If a sponsor wishes to request a deferral for study registration within the required timeframe,
they should contact hra.studyregistration@nhs.net. The expectation is that all clinical trials will
be registered, however, in exceptional circumstances non registration may be permissible with
prior agreement from the HRA. Guidance on where to register is provided on the HRA website.

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

Ethical review of research sites

The favourable opinion applies to all NHS sites taking part in the study, subject to management
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see
“Conditions of the favourable opinion™ above).

Approved documents

The documents reviewed and approved by the Committee are:

Document Version Date

Copies of advertisement matenals for research participants 1.0 25 November 2018
[Advertising Poster]

Covering letter on headed paper [Covering Letter] 06 December 2018
GP/consultant information sheets or letters [GP Information Sheet] |1.0 25 November 2018
Interview schedules or topic guides for participants [Patient 1.0 06 December 2018
Schedule]

IRAS Application Form [IRAS_Form_11122018] 11 December 2018
IRAS Application Form XML file [IRAS_Form_11122018] 11 December 2018
IRAS Checklist XML [Checklist_24122018] 24 December 2018
IRAS Checklist XML [Checklist_18012019] 18 January 2019
IRAS Checklist XML [Checklist_28012019] 28 January 2019
Non-validated questionnaire [Foot Pain Scores) 1.0 06 December 2018
Non-validated questionnaire [Satisfaction and Recommendation 1.0 06 December 2018
Questionnaires]

Other [Response to REC] N/A 11 January 2019
Participant consent form [Consent form) 1.1 09 January 2019
Participant consent form [Consent form) 1.1 09 January 2019
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Participant consent form [Consent form] 1.1 09 January 2019
Participant information sheet (PIS) [PIS] 1.1 09 January 2019
Participant information sheet (PIS) [PIS] 1.1 09 January 2019
Participant information sheet (PIS) [PIS] 11 09 January 2019
Research protocol or project proposal [Protocol v1.1] 1.1 09 January 2019
Research protocol or project proposal [Protocol v1.1] 1.1 09 January 2019
Summary CV for Chief Investigator (Cl) [Nick Clement CV] 25 November 2018
Summary CV for student [Julian Maempel CV] 25 December 2018
Summary, synopsis or diagram (flowchart) of protocol in non 1.0 06 December 2018
technical language [Protocol Flowchart]

Validated questionnaire [ATRS Questionnaire]

Validated questionnaire [EQ 5D Questionnaire]

Validated questionnaire [SMFA Questionnaire]

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research
Ethics Committees in the UK.

After ethical review

Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments

Adding new sites and investigators
Notification of serious breaches of the protocol
Progress and safety reports

Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

Feedback

You are invited to give your view of the service that you have received from the Research Ethics
Service and the application procedure. |f you wish to make your views known please use the
feedback form available on the HRA website:

http://iwww hra.nhs uk/about-the-hra/governance/quality-assurance

We are pleased to welcome researchers and R & D staff at our RES Committee members’
training days — see details at http://www_hra.nhs.uk/hra-training/

[ 18/SC/0699 Please quote this number on all correspondence |
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With the Committee’s best wishes for the success of this project.

Yours sincerely

PP
Miss Elena Villarreal
Vice-Chair
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Appendix 7 - Additional Supplementary Material

Appendix 7.1 Publications Arising from this Thesis

February 2023 - Socioeconomic deprivation status predicts both the incidence and nature of Achilles
tendon rupture. Maempel JF, Clement ND, Mackenzie SP, McCann C, White TO. Knee Surgery,
Sports, Traumatology, Arthroscopy Journal (official journal of the European Society of Sports,
Traumatology, Knee Surgery and Arthroscopy) 2023 Feb;31(2):691-700. PubMed ID: 36066575.

July 2022 - The Epidemiology of Achilles Tendon Re-Rupture and Associated Risk Factors: Male
gender, younger age and traditional immobilising rehabilitation are risk factors. Maempel JF, White
TO, Mackenzie SP, McCann C, Clement ND. Knee Surgery, Sports, Traumatology, Arthroscopy
Journal (official journal of the European Society of Sports, Traumatology, Knee Surgery and
Arthroscopy) 2022 Jul;30(7):2457-2469. PubMed ID: 35018477.

September 2020 — A randomised controlled trial comparing traditional plaster cast rehabilitation with
functional walking boot rehabilitation for acute Achilles tendon ruptures. Maempel JF, Clement ND,
Duckworth AD, Keenan OJ, White TO, Biant LC. American Journal of Sports Medicine. 2020
Sep;48(11):2755-2764. PMID: 32816521.

July 2020 — Operative repair of acute Achilles tendon rupture does not give superior patient reported
outcomes to non-operative management: results of a randomized controlled trial at a minimum of 13
years follow up. Maempel JF, Clement ND, Wickramasinghe NR, Duckworth AD, Keating JF. Bone
and Joint Journal. 2020 Jul;102-B(7):933-940. PMID: 32600149.
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Socioeconomic deprivation status predicts both the incidence
and nature of Achilles tendon rupture
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© The Authoris) under exclusive licence to European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2022

Abstract

Purpose The aim of this study was to describe the epidemiology of Achilles tendon rupture (ATR) and its relationship
with socioeconomic deprivation status (SEDS). The hypothesis was that ATR occurs more frequently in socioeconomically
deprived patients. Secondary aims were to determine variations in circumstances of injury between more and less deprived
patients.

Methods A 6-year retrospective review of consecutive patients presenting with ATR was undertaken. The health-board
population was defined using governmental population data and SEDS was defined using the Scottish Index of Multiple Dep-
rivation. The primary outcome was an epidemiological description and comparison of incidence in more and less deprived
cohorts. Secondary outcomes included reporting of the relationship between SEDS and patient and injury characteristics
with univariate and binary logistic regression analyses.

Results There were 783 patients (567 male; 216 female) with ATR. Mean incidence for adults (= 18 years) was 18.75/100,000
per year (range 16.56-23.57) and for all ages was 15.26/100,000 per year (range 13.51 to 19.07). Incidence in the least
deprived population quintiles (4th and 5th quintiles; 18.07 per 100.000/year) was higher than that in the most deprived
quintiles (1st and 2nd; 11.32/100,000 per year; OR 1.60, 95%CI 1.35-1.89: p<0.001).

When adjusting for confounding factors, least deprived patients were more likely to be> 50 years old (OR 1.97; 95%C1
1.24-3.12; p=0.004), to sustain ATR playing sports (OR 1.72, 95%CI 1.11-2.67; p=0.02) and in the spring (OR 1.65,
95%CI 1.01-2.70; p=0.045) and to give a history of preceding tendinitis (OR 4.04, 95%CI 1.49-10.95; p=0.006). They
were less likely to sustain low-energy injuries (OR 0.44, 95%CI 0.23-0.87; p=0.02) and to be obese (OR 0.25-0.41,
95%CI 0.07-0.90; p<0.03).

Condlusions The incidence of ATR was higher in less socioeconomically deprived populations and the hypothesis was
therefore rejected. Significant variations in patient and predisposing factors, mechanisms of injury and seasonality were
demonstrated between most and least deprived groups, suggesting that circumstances and nature of ATR may vary with
SEDS and these are not a homogenous group of injuries.

Level of Evidence Prognostic Study Level I1L

Keywords Achilles eendon - Tendon, - Rupture - Epidemiology - Socioeconomic deprivation

Abbreviations
ATR  Achilles tendon rupture
50 J.F. Masmypel SEDS  Socioeconomic deprivation status
julian.maempel @ doctors.org. uk LD Least deprived
! Department of Orthopaedics. Trauma and Sports Medici el e i
nt of Orthopaedics, icine, NHS  National health service
, :_'-" D:: :m""m :’d'ds" - REC  Regional ethics committee
aculty icine and Surgery, University of Malta NRS  National records of Scotland
e mesamme _ SIMD  Scottish index of multiple deprivation
Edinburgh Onhopdu. Royal Infirmary of Edinburgh, IQR Inter-quartile range
Edinburgh, United Kingdom FET  Fisher's exact test
¢ University of Edinburgh Medical School, Edinburgh,
United Kingdom
Published online: 06 September 2022 €) Springer
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ality with SEDE {Takls 7). Patlarts In ths Jeast deprived
jroup ware mors Hialy o ha aged > 5 yeo (DR 157,
SS%CT 1.24-3.11; pmD. 004, mare Hicdy to mstadn sport-
Teltad tafuring (O 1,72 (FIRCT 1.11-2.57; p=il03), and
Tewe Likedy to suffer 1ow-ansrgy injociss {OR 044, 03RCT
0.23-0.37) md alag lpsw likely to be chaes (p<0,03),
Spring tme injodes weare comomoner in te least daprined
Joop (DR 1,68, 35801 1.01-2.70; p=0047), n wes n1s-
oty of praceding endinits {p= 0.006; OR 404, $5%CT
149-10.585).

The nued dingesrbaivt dading of He peeeant thady wis & g
xiflcst wriwton in the inckience md natee of ATR. with
socirmerininle doparhvastize bkt Thils stody desivsutnides]
lHﬂIMdmdAmhpﬂmwﬂ.mmd
rejocted. In addition. SEDE hus baen shown to be nssockated
of injury, mnd sossondlity n patiaxts presenting with ATR,
mppoating thet the circosotsocos md nstore of ATE mey
vury with SEDS sixins. This is the first sindy Lo assods the
Tlaticeskip betwsan SRS mmd ATR.

Patdent denoographios 1n this stady were similar to those
Teported i ofer largs spldoriniogiond sindise, sggeeting
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A5 a Monthly cerwvenes of Achilies teslon Tepoes with mu-
sl colow coding Gw e whels colext. b Monthly chimce of
ATH iu reluiion o sockll deprivaiion ssius Boid ters psend be
LI colont sl spotind hars vepeesant the WD mbeort. © Ssaaona) Inct-
donce of AT in releiion to socisl degwrivetion wixiss. Sotil fers vep-
oat the LT cohant end spolind fsrs repessl de WITS colont

that the stody popalation W repiossotative of parwara] ATR
popalations oocoamiored alsowhere [16, 151 This lende am-
danne i the: Ardings and conld mgpest it thes sovel Bad-
ings reported in tds sody may siso xxicror thons slamrhere
howerar, this caanot be Enowt, wotl sadisg sssesaing the
relatiomaldp betwean SEDE md ATR ms repastad in athar
pograpihical ceyione Previoos stadion beore: rapsentad wids
varation in iecldencs of ATR [14, 23, 24, 36, 0] md the
mage. Extareatingly. sodies mparting 1 highe incldeoce of
ATE origimin legely in foxsdireria, in counicios thal scorm
vary highly ca soclosoaromic ndioes, even In comparison
o the Theited Einpeiom [1E]. This woukd sppoar o mopport
the Endfirg of higher tacidencs of ATR baitng seocised with
Lower beveln of deprivetion.

SEDS hai beem slxewn to lnfeeocs the epldemlology of
trenmwtic njorics [11, 13, 15, 42], wteoartiritie [31], mus-
caloairdatal [21, 411 and nes-orthopasdie [9] sandithons.
Howenr, the yaletinahly idantifier] with ATR is the ivwre
of that sess with peapect fo all te dbove, whers Innresting
Tarvula of cprivatiom arw nasoctatad with Higher oo of incl-
denos [9, 11,13, 15, 21,591, 41] Thia haa ireportant impll-
cutiona for the planning of clinizal services @ reswrs
allooation in relatics ta the poprlstion ssrved. k. la known
Tt Infiwidipaly with Lower Leynls of degrivntion soe moe
wothre xnd Turve Blghar ks of aparts participation [6, 22,
i), potyntislly pressposing hem m ATR. Differing activicy
prodled namy Gurradine coetribuots aigod Seatly o G e
1 the incd Jemen of ATH with BETHE,

‘The ke preponadecancs for ATE cheorved 1n thla and
other wodies [1, 16, 19, 24, 49] 4d oot vary with SED3
el uatieaky b e i e dtbrest oo thes disemegatiery 10
ATE acron difforent SES catvngorisg, There wis 4 notably
Tighar popoertion of peticsts > 50 years old io the 1D gheap
and thexe mey be mm asrocindon beltwern tonds owEnds
Teramand iiveddeaee of ATR io alder pationts [18, 19] wod
the dgher inckdencs of ATR b LD individusls. Seasonabity
s annthey iowron predicinr of ATR, xnd others have sins-
Iaddy repocted gher Incidence n rommoes mnd springy [B, 3],
The renscms for thes: disorcpencics oe ankecwn, bot mey
relarte to caciuin injory mechemisms [16], nciading sporting
prforsces [3], exkbibsting sl voristion, or nibor fac-
Tore, sooh s SEDS, wixich has, Jbr the St thos, baen shown
0 heve an axsocistion with meswslity. Howsver, sven aifter
adjosdng for mechankon of tajury and odbar conformdecs,

i MDDl LT DN ¥ depuiond (%) Lot g (%) O 3% CT) oo
i O] 12 eyt B e Amtmcn &1 of 199 (2L} 02 of b (208 L0 1.9 -
e i WY 2 o 195 (0T 309 of 460-Z2H) 117 0717 -
PoEiTe potiat o 40 of 196 (207 126 460 £17.4) 1A {0 1R R
[ o— o183 015 137 ol 480.200) 071 OS-150 208
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Tl Miexhaniers of injory Ser whals coleet mad B mwost md losst

putirsts, Pty fn the o most sogetvnd oatheral guistlice,

Ptivata In tho two kst deyelwod mctiom] quintfive. {Odhs ratio (D) ba rpuricd for the lowt dopriwol. ochort rolative i tho most scgrived oot

"Whals oubert owt Lomt degubwd®  DHL (P99CT) Pl
{nm 158 (nm£35)
St (AR MELI%) 253 (21%) L71 (L3-2400 30
Walking A {T1% 14 (FAR) 30 6% 23K {48170} =
L ooy wligy trig, wigesbiln, wekly e 6 (B.9%) 4 117R) 2 (7] L2 @000 e
wow, or sl frmn. ey vight
Pall > pncling bl gl 1700 1289 S C2%) [ 5T ) =
Opon Sfory % 4EIW) ImAam) 020 FL04-1.12) =
Al e 10-£1.59%) 1 [1.09) e E BO7 L3 279 =
Eomering {rom-pprxty) T 5%) TOTH) Ll 4 058 FLI9-1.45) -
Juraping (mon-sparts) 13{1:M%) 11159 SER) 125 D487 -
Damcleg, 51 {10%; 15 03%) £ (0%} L2 0.69 i L3W) =
Puniringfiiting heevy chisc H @6 Larit 11 (%} 125 04500 =
Simmnling cp Gom sttioplring 13{1.5%) 121%) 101 431 410G -
Sinira/uleps 414 11 5 19 (L) 441 D100 (17
By el ot E-Te ¥ Y] 421%) L2 6%} L35 @A) -
Otthar 15 2.1 401% 1010 0428 01278 =
Tonl m 159 40
TR Spubasea e Whilscilart  Mosldepve® Lotdieind UR(SC)  Faie
provay B (p=iy (S}
Bazem 14 5062  107@I%) L AMDPR RO
Rkt vy » NN EEAER 0P L4 R0ST
Gy clma 14 LT 10 (2% 191514 =
Bmicfmlifptsll 01 TR 11087 LRMN-1E] =
EomingTopgty 2 S(E2%) 1151 eI IS m
Rughy 1 SAR%) 12 (478 LARSAT) =
Crthar 2 FilLIN WA LN AODIEH m
Towl m m -]

SPuanin i fhs b 2wl deurtwrd s guinalion
Virtams 'n the e least Asprived natons! quiskise Cds rutio £33 n reperind thr the laast deprived
et salethon i i et dupcived colert

Mschanien of Injary dlsc vicled with SEDIE. Sporting
injuriss accrmind S the mjority of ATR, perticuby in
the LD gronp. Soclosconatido deprivatics 1n known to be
nnsociiad with raduced participation in sports snd phos-
oal sothvity [2, 22, 49] and taie workd soppart onr Andings.
B my T ;i repenn wity ATR, omibion mymy o medi-
cal xfftictions, i comnmensr 1o Jas deprived individual
o mlan gty they finding theot Swcideace of ATR in e
sindy popalation was lower i tht 1n some Somneting-
vian gufise, ¥incy Scandingyign opeliicor g knowa
o b purpencchilly mcti [43], Psdook spearts e oot eead

“texihook™ madhanizm of injory for ATE. While theao ware
e injorkes, o sccsmted e spproximaisly dos-
B the snmbar of ATR 1o this stody. Varkstions n the typs
of sparting activity sngaged in ot the Hme of injory wars
also observed betweon SEDS gronpdngs. with soocar belng
cmmnner sxwmg MWD individmls and ookt sporis being
commoker kywngsr LD individnals. T 1s knows that L
daysrivmd indivifionls s wome Kby 1o engegs in mio sports
ol resiovnal For thia ooy inciods cost ind Soovss 10 TedH-
Than [20], MIr indtvidusly v slun o Hioly 0 sostalo
Lowp-srerpy ATR, which b conl dent with higher Lovels of
vedemiary Hibetyla mporied bn this demogrpiric proup [43].

Thexer is Bitfls eddance. ta axpport [35] of refnes [28] &
Tinslr Tawrrsn, BT o] ¥ Incdemcy nff AT, Theee iy, home
e, i vl -ty bsinthtionn hetenea icresahng kvala
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The move deprhad praep i the millrsecs groos aed sl adjesied odda
mxting aee seporiad for the leest deprived proen relsibe ta e more
deprived groop. BT br chucbiad s e WO camgrrke for fhe e
poasa of thda snndal

of pocial wnd Incregeing BMI [4, 33] wnd ths
in Hlby to aocpladty Ehe doucroeied BMT 0 the MDD gpremg.
This may harve Loplications oo st cuicomes for AT
in deperhred petiatte, duce: bobh rgiosl sanpliostions [7]
] lnadeguacy of mkle plasier immobifisatdon [5] s com-
money 10 ohese pationis.

LI group patieais wors more Ukely o give a blsory of
teadatiitia o by ATH. Cotrrorecly, u bisbhwy of ifleitms
tocy rthropathy wea commoner In tw BT groop, alihough
i tren] o ek ebadiaticThy sigoecrthe it vo pegrivsiint aoal-
vels. Inflarrmatory srthropathiss are owowm & 0o IO
pommorly in e deprived individosis [1] ad heve slsc
bota Linkesd to ATR [35] Alkhough thess cased make op
moly u amall proporton of otel ATR, the Sndings do mg-
goat that there are algnl oot vacdstions In patient factors,

4 Spetoger

oo-marhddities, and precading syniptoms across SEDS
Foopings, which may sccooot for some of te Teriztion in
e dlvows cibaiwerwex] with SEIS.

Twiven toguther, thepe Andings poppest that The caoes of
ATR b sultifestrrial, with @ifereiced ideanthiod o ioochie
mlsm of Injry, seasooality, wd patlext factorns betwsn
st dntie] e chegariornd poiceor. Re-tuptors [35] st vearunss
Troboembobizn [29] ae feamd complications diec VTE,
ad heove becn msocisted with worse ootecmes [39, 44, ot
complication mies did oot vary with SEDTS.

Thin stody doos e liitaticss, cleding it rbmspoc-
thve xatore knd the poleotisl for type II acror when mmalys-
ing 3o ean comraon verinblen. Fo woditicm, it i poesibic
Thet patizote may heve developed camplioadons med oo
tremie] fir these cleewhore, resuléing in mn oeder estimstion
of complicetion ries.

Unlike registry or dutnbasc windica,
which are Hevited by the collection of only basls demo-
pmphic datu [14, 19, 21, 25, 3], this sndy promited xers
deindlod analysls of the ciroometanoed sarmonnding inhirles,
inclnifing tha mackerisn of infory, co-morbld conditicns,
adl preceding symptona, glving clindclane o cempreban-
uiva pletnms of the spidemisingy and clivizal fteres of
ATE o poprlsilon kevel. Parther research shonld sow sock.
W compam it potcomes snd b sy thy efficacy
of tadloced presmentive xnd wdnosdons] inkarventons soroes

Thase provrps, owing Tha reporiand woesl Infiurmation n rgst
Interveationy

This sindy is cHiwicalby melerraut, pines i docnoments. » smy
sordation betwesn socioacanmmia doprbrathon states wnd
ATR, wirich has importent impEcstloos for health wervice
planaing s coaonce. allocadion, taotivalry ke serkee-
onis deprivaton Bwor in knowe w0 axhiblt markoe] gao-
pmphic varition [14] Fortharmom, it hes provioasly bean
repocied et ATR e Segoenily isdagnosed ce mikeed oo
urvcanntactions [14, 400 wond chweride iz wons ofien teeocl-
stod with poor cotoomes and prossot & trestment challenge
o cliwiciz [16, 37]. A betier mndemtanding of the cpide-
mxiology mnd oetere of thees ixjaries will increass chmiclan
sweroxss mni reducy: the risk of miscd inforics. K shonkd
poomgt clindclams to conrlder this dagnosis in sltoations
wiwre it iy ot ptterwise b hos the pritvory diffee-
entlal disgnosls. For soonpls, ATR may not loomediately
‘e considerad in o petinst with & low-serpy noo-sporting
Injory, whtiol has beaa shown o be relatively common, pas-
ticalady in more sociecosmmizaity deprived putionts, in
this sndy. Simlincty, oldar individusle e pot traditionally
camsiders] o be typicsl ATR patiscts. Tha repcorting of &
‘binvodal ncldsswos with & seocsd peal in older patineis, move
rariced n 1w daprived ndividusls, thoulk) reiss rarse.
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amanng clindeden that ATE ars sot exchasively injories of the
yooug sdolt, & they am coemonly percalmd (o be.

Concluson

The ncddence of ATR was reluied (o SEDS, being igher
in pudisits with kower kneln of depirdvation. Portharinewe,
Agnificend vadntions in patient sod predleposing Dectors,
mechexioms of njury, and srescaslity wore dommstreted
batwesn mhore and Jess degrived patienia with scuie ATR,
mgecsting that the cirametaesy ol nebure of ATR xmy
vy with SEDS siatus mnd that thaee am not & bonsogancan
group of injarics.
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The epidemiology of Achilles tendon re-rupture and associated risk
factors: male gender, younger age and traditional immobilising
rehabilitation are risk factors
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Abstract

Purpose The aim of this study was to describe the cpidemiology of Achilles tendon re-rupture. Secondary aims were to
identify factors predisposing 1o increased Achilles tendon re-rupture risk, at the time of primary Achilles tendon rupture.
Methods A retrospective review of all patients with primary Achilles teadon rupture and Achilles tendon re-rupture was
undertakea. Two scparate databases were compiled: the first included all Achilles tendon re-rupturespresenting during the
study period and described epidemiology, mechanisms and nature of the re-rupture; the second was a case-control study
analysing differences between patients with primary Achilles tendon rupture during the study penod, who did, or did not,
20 on to develop re=rupture, with minimum review peried of 1.5 years,

Results Seven hundred and cighty-three patients (567 males, 216 females) attended with primary Achilles teadon rupture and
48 patients (41 males, 7 females) with Achilles tendon rescupture. Median ime to re=supture was 98 5 days (IQR §2-122.5),
but 8/48 re=ruptures occurred late (range 3 10 50 years) after primary Achilles tendon rupture. Males were affected more
commonly (OR =7.40, 95% CI 0.91-60.15; p=0.034). Mcan Achilles tendon re-rupture incidence was 0.94/100,000/ycar
for all ages and 1.16/100,000/year for adults (> 18 years). Age distnbution was bimodal for both primary Achilles tendon
rupture and re=cupture, peaking in the fifth decade, with secondary peaks in older age. Incidence of re=rupture was higher in
less socioeconomically deprived sub-populations (OR =2.01, 95%CI 1.01-3.97, p=0.04). The majority of re-ruptures were
low-energy injuries. Greater risk of re-rupture was noted for patients with primary rupture aged <45 years [adjusted odds
ratio (aOR) 1.96; p=0.037] and those treated with traditional cast immobilisation (aOR 2.20; p = 0.050).

Conclusion The epidemiology of Achilles tendon re-rupture is described and known trends (e.g. male predilection) are con-
firmed, while other novel findings are described, including incideace of a small but significant number of late re=cuptures,
occurring years after the primary injury and an increased incidence of re-rupture in less socioeconomically deprived patients.
Younger age and traditional immobilising cast treatment of primary Achilles tendon rupture were independently associated
with Achilles tendon re-rupture,

Level of evidence III.

Keywords Achilles teadon - Tendon - Rupture - Rosrupture
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Abbreviations
ATR  Achilles tendon rupture

ATRR  Achilles tendon re-rupture

FET  Fisher’s exact test

NHS  National Health Service

REC  Regional ethics committee

SEDS  Sociceconomic deprivation status
SIMD  Scottish Index of Multiple Deprivation
Introduction

Primary Achilles tendon ruptures (ATR) are common soft
tissue injuries and their incidence is rising [4, 13, 21].
Achilles tendon re-rupture (ATRR) is a much-feared and
widely discussed complication of primary ATR [26, 31, 45].
Despite the significant publicity given to ATRR, the rate
of which is widely reported in studies on ATR and whose
occurrence has been an outcome measure of multiple ran-
domised studies [19, 23] and meta-analyses [26, 31, 34] in
the field, studies detailing the epidemiology of ATRR are
lacking. This is in contrast to the epidemiology of primary
ATR, which is extensively documented and whose incidence
is known to have risen in recent decades [13, 21, 40]. This
is surprising, given that ATRR is by far the most frequently
reported complication of primary ATR [26, 31, 34] and that
itis also known 1o be associated with poorer patient reported
and functional outcomes and lower rates of return to sports
[27, 45] than uncomplicated primary ATR, while patients
who sustain ATRR are subjected to further treatment that
oftenrequires additional surgery and further prolonged peri-
ods of rehabilitation [25, 30, 45].

It is unclear which patients with primary ATR are
at increased risk of ATRR and only a few studies have
attempted to identify risk factors for ATRR [15, 17, 35,
44], with most of these unable to identify any [15, 17, 44],
Despite otherwise similar outcomes [10, 12, 24, 31], surgi-
cal repair may result in a small reduction in re-rupture rate,
although the relative risk reduction is small and often only
identifiable when results from individual studies are pooled

Table 1 Inclusion and exclusion criteria

into meta-analyses [31] and this potential benefit must be
weighed against the risk of potential surgical complications
[42]. Although it is believed that modern functional reha-
bilitation regimes for primary ATR may be associated with
lower levels of ATRR than traditional immobilising regimes,
the authors of a previous meta-analysis indicated a lack of
direct evidence in this regard [26). Subsequent randomised
controlled trials comparing traditional and functional reha-
bilitation have suggested trends towards higher re-rupture
rate with traditional immobilising techniques, but these were
not statistically significant [8, 22, 23]. A better understand-
ing of the risk factors for ATRR would allow higher risk
patients to be identified and counselled accordingly and any
modifiable risk factors identified may present opportunities
1o reduce the risk of ATRR.

The primary aim of this study was to describe the epi-
demiology of ATRR. The hypothesis was that males would
be more commonly affected than females. The secondary
aim of this study was to determine whether it is possible to
identify factors that predispose patients to increased risk of
ATRR at the time of primary ATR.

Materials and methods

This study was part of a departmentally approved service
review of ATR which was reviewed by the scientific officer
for the regional ethics committee (REC) who advised that
REC review was not necessary. A retrospective electronic
search of all health-board medical records was undertaken
to identify patients treated for primary ATR and ATRR
between 1st January 2011 and 31st December 2016. All
records in the health board are clectronically recorded and
were scarched for the following scarch terms: “Achilles”,
“tendoachilles™, “TA”, “rupture”, “tear”, “torn”. The search
returned 4521 records. Each was screened according to
the inclusion and exclusion criteria (Table 1), leaving 791
patients eligible for inclusion in this study. Records were
assessed up to the time of study, with a minimum review
period of 1.5 years after primary ATR. The nature and

Inclusion criteria

Exclusion criteria

Any Achilles tendon ruptuze (primary or re-rupture) within the period
01/01/22011-31/1272016

Rupture of any anatomic region of the Achilles tendon

Paticnts residing within the health-board geographical region as
defined by the Scottish Government National Records of Scotland
Small Area Population Estimate data zones (i.e. patients residing
within the 1083 data zones that make up the health-board catchment
area), even if they initially presented elsewhere and only returned to
the health board for ongoing care

Paticats residing out with the health-board geographical region

For part 2 only:

ePaticnts whose first presentation during the study period was with a
re-rupture

ePatients who initially presented to the health board with their primary
ATR but completed their treatment for this injury elsewhere

€ Springer
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Electronic search:

or "TA" or "rupture" or

"Achilles" or "tendoachilles"

n=791 |

"tear” or "torn" or "partial”
n=4521
— licate records, other diagnoses
Deo n=3705
Acute ATR between
01/01/2011 and 31/12/2016
=816
- Non-residents of healthboard
catchment area n=25

| b First presentation during study period
was a re-rupture o8
Part 1 = Primary injury treated elsewhere
n=791 after initial presentation to health-
board n=4
First presentation with Part 2
primary ATR n=783 =779
First presentation with First presentation with
ATRR n=8 primary ATR n=779
I |
ATRR ATRR
n=48 n=42

Fig. 1 Flow diagram for the study. Part 1 consists of 791 acutely pre-
senting ATR, including cight patieats whose first presentation during
the study persod was with 2 restuptuze and 783 who first presented
with a primary ATR. Of these 783, 40 developed a subsequent re-rup-
ture between January 2011 and December 2016. Thus, there were 48
ATRR in total, occurring between January 2011 and December 2016,
This data was used for epidemiclogical d:ccnpuunrelanngloATRR
during the study period and for companison of p of
thcl&ndennﬁedAm‘mhthoaeo{mmxyAﬂlmmm Part 2

ists of 779 pati g with acute primary ATR between

circumstances of primary ATR and ATRR were recorded.
ATR was diagnosed clinically, with ultrasound used at the
discretion of the treating physician if there was doubt as to
the diagnosis. Two separate databases were compiled from
this data (Fig. 1): the first, consisting of 791 entries, which
included any patient presenting with a rupture (either pri-
mary ATR or ATRR) between 2011 and 2016, for the epi-
demiological study of ATRR; the second database, consist-
ing of 779 entries, included only patients presenting with a
primary ATR during the study period and completing treat-
ment for this at the study institution and recorded re-ruptures

January 2011 and December 2016, who completed treatment for the
pmmrymjulynlbesmdymnmon In this group, there were 42
paticats with ATRR, comprising !hc 40 patients mentioned previ-
ously in part 1 and a further 2 5 who had p d with pri-
nury»\'l'RbefoteDecunbaZOM bmwhodcvclopedlnATRRdw-
ing the review period after Ist January 2017, This data was used to
compare varisbles &t primary ATR preseatation for patients who did
and did not go on to develop ATRR to determine whether any risk
factors for ATRR at the time of preseatation with primary ATR could
be sdentified

occurring at any subsequent time point (which thereby per-
mitted analysis of factors that might predict ATRR at the
time of presentation with primary ATR), with a minimum

ew period of 1.5 years from the date of primary injury.
Scasonality was defined according to the Northern Hemi-
sphere meteorological system.

Setting

The health board is the only authority overseeing deliv-
ery of regional healthcare services and there are no other

@ springe:
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National Health Service (NHS) providers in this region.
Emergency services are provided through three emergency
departments and one minor injuries unit; orthopaedic sur-
gery is performed at two locations and outpatient clinics
are based at five locations. There are two private hospitals
in the region, but none of these have an emergency depart-
ment and therefore acute p ions are d through
the NHS and should be sccurely identified by the scarch
algorithm employed.

Population definitions

The bealth=board population (total, gender specific and with

£ to age brackets) for cach year of study was deter-
mined using Scottish Government population data from the
National Records of Scotland, which issues annual mid-year
population estimates for each health board [28). Socioeco-
nomic deprivation status was determined using the Scottish
Index of Multiple Deprivation (SIMD-16), an ofhcial Scot-
tish government resource that takes into

regime (with immediate weight bearing in a walking boot
orthosis and progressive reduction of heel wedges such that
the foot was in neutral position by 6 weeks and the boot
removed at 8 weeks) as the standard treatment for primary
ATR. Surgical treatment, when petfonned was by opcn
means. For the purposes of statistical analysis,

type was defined as the first commenced definitive treatment
after the initial A&E treatment (A&E management usually
comprises an equinus backslab),

Statistical analysis

The annual incidence of ATRR per 100,000 was calculated
as the number of cases occurring between Ist Janvary and
31st December, divided by the health-board population (or
relevant population bracket), as defined in the government
mideycar population estimate for that yeas. The resulting (ig=
ure was multiplied by 100,000. The occurrence of ATRR was
reported in the most and least sociocconomically deprived

ment, income, crime, housing, health, education and aeccss
to services to assess and classify population sociocconomic
deprivation status (SEDS) across 6,500 data zones nation-
wide, Each data zone is ranked by SEDS and placed into
the appropriate quintile of the national population. SEDS
data are published for each data zone and the health-board
population serves a geographic region made up of 1083 data
zones. Data for these data zones were combined to deter-
mine the socioeconomic deprivation status characteristics
of the health-board population. SIMD data are pubhshcd

al biquintiles (40% bands) in the health-board popula-
tion, over the period of study, as described above,

Data parametricity in the ATR cohorts was assessed
using Kolmogorov-Smirnov testing. Non-parametric data
was compared using independent samples Mann-Whitney U
tests. Nominal variables were compared using Chi-squared
tests (or Fisher's Exact test if cell count was < 5 in any cell).
Binary logistic regression was undertaken to identify vari-
ables that were independently d with ATRR at the
time of primary ATR. Variables with a p value of £0.05
on initial analysis were included in the regression model.

quadrennially, unlike the mid-year popul est

and, therefore, for the ic deprivation analysis
only, the SIMD-16 health-board population data was used to
determine the size of more and less deprived components of
the health-board population, which were assumed to be static
during the period of study. Patients were matched to their
corresponding data zone using their postcode, and SEDS
data was available for all patients. They were categorised
into biquintiles, each comprising patients from data zones
in the most deprived 40% and least deprived 40% bands of
the national population.

Treatment of ATR

Non-operative management is routinely employed at the
study institution unless there are :peclﬁc indications for
surgery (e.g. delayed p orp quest), and
the period of study straddled a move fmm traditional immo-
bilising cast treatment (with 10 weeks of cast immobilisation
comprising 4 weeks in equinus and 4 weeks in semisequi=
nus, ight bearing, followed by 2 weeks in a neutral,
weight-bearing cast and thea a further 2 weeks with a shoe
heel raise) to a modern functional early weight-bearing

€ Springer

The threshold for age used in the regression analysis was
determined using a receiver operator characteristic curve
to identify the threshold value that predicted ATRR with
maximum combined sensitivity and specificity. A p value
of <0.05 was considered significant [6],

Results

Part 1 (primary outcome): epidemiology
of re-rupture of the Achilles tendon

Seven hundred and cighty-three patients (567 males, 72.4%;
216 females, 27.6%) residing in the health-board catchment
population presented with a primary ATR and 48 patients
(41 males, 85.4% and 7 females, 14.6%) with an ATRR
between January 2011 and December 2016. Median time
between primary ATR and ATRR was 99.5 days (IQR
82.25-130.75), although 8 ATRR (16.7%) occurred late,
between 3 and 50 years after the primary injury (Fig. 2).
Males (mean 6.83 cases per year, range 2-10; in an average
male population of 416,096) were affected more commonly
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Fig.3 Incidence of Achilles tendon re-rupture

than females (mean 1.17 cases per year, range 0-3; in an
average female population of 439,902; p = 0.034 FET;
OR =740, 95% C10.91-60.15).

Median age at the time of ATRR was 44 years (IQR
33-54) and there was a trend trend towards older age in
females (median age 47, IQR 42-66 vs 41, IQR 33-52;
p=0.10). Male preponderance for ATRR was more pro-
nounced than for primary ATR (p=0.048; OR =223, 95%
C10.99-5.05).

The mean incidence of ATRR over the study period
was 0.94/100,000 per year (range 0.45 to 1.17/100,000
per year) for all ages (Fig. 3) and 1.16/100,000 per year
(range 0.56-1.44/100,000 per year) for the adult population
(2 18 years). This compares to a mean incidence of primary
ATR of 15.26/100,000 per year (range 13.51 to 19.07) for
all ages and 18.75/100,000 per year (range 16.56-23.57) in
adults (> 18 years). Peak incidence of both primary ATR and
ATRR was in the fifth decade (Fig. 4a, b).

Incidence of ATRR was higher in the least socioeco-
nomically deprived population biquintile (33 cases in a
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Fig.4 a Mcan annual incidence of ATRR over the study period in the
bealth-board population by age bracket. b Mean annual incidence of
primary ATR over the study period in the health-board population by
age bracket

population of 425,254) compared to the most deprived
biguintile (11 of 294,239; OR=2.01, 95% CI 1.01-3.97,
p=0.04). ATRR occurred most frequently in summer
(Fig. 5a, b), but there was no statistically demonstrable
seasonal variation (p > 0.13; Appendix 1). The majority
of ATRR were low-cnergy injuries and two ATRR (4.2%)
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Fig$ a, b Incidence of primary ATR and ATRR by scason

Table 2 Mechanism of inpury for primary ATR and ATRR

Primary ATR ATRR

Spart 388 (49.6%) 3(6.3%)
Walking 55 (7.0%) 13Q27.1%)
Low energy: slip, trip, stubbing foor, 68 (R7%) 9 (18 8%)

stuble, ankle Laversion or fall from

standing height
Fall (> standing beight) 17 (22%) 1Q2.1%)
Open injury $(1%) 0(0%)
Blunt traums 10(13%) 1(2.1%)
Running (non-sports) 20(26%) 1(21%)
Jumping (non-sports) 13(1.7%) 1(2.1%)
Dancing S1(103%) 0(0%)
Pushing/lifting heavy objects 21 27%) 1Q1%)
Standing wp from sitting/lying 12(1.5%) 0(0%)
Stairs/steps 41 (52%) 5(104%)
No specific eveal/spoataseous 22 28%) 6(125%)
Physiotherapy/rehabilitation exercises N/A 2(4.2%)
Other 16 (2.0%) 4(8.3%)
Unknown 11 (14%) 1Q21%)
Total 783 48

occurred while undertaking primary ATR rehabilitation
exercises (Table 2).

£ Springer

Treatment of ATRR was surgical in 36 cases (75%), while
S patients (10.4%) were advised surgical management but
declined. Three patients were treated using the casting regime
and three with a walking boot regime; one patient was lost to
follow=up after radiological confirmation of re=rupture

A repeat analysis was undertaken, with ATRR defined
as re-rupture occurring <3 years from primary injury
(Appendix 2).

Part 2 (secondary outcomes): predictors
of re=rupture at the time of first presentation

Patient factors

Males presenting with primary ATR were more likely to
sustain ATRR than females (OR = 2.97, 95% CI 1.15-7.66,
p<0.001) and patients who went on to develop ATRR
were younger at first presentation than those who did not
(p =0.019); however, there were no other demographic
differences (Table 3) or other identifiable patient factors
(Table 4).

Mechanism and seasonality of injury

No mechanism (Table 5) or season (Table 6) of primary
ATR was shown to be associated with increased risk of
ATRR.

Primary ATR treatment

Immobilising cast treatment for pimary ATR was associated
with increased risk of ATRR (Table 7).

Regression model

Patients sustaining a primary ATR under the age of 45 years
and those treated with traditional cast immobilisation were
more likely to sustain ATRR (Table 8).

Discussion

This most important finding of this study was the descrip-
tion of the cpidemiology of ATRR. Risk factors for ATRR
arc also described. A male predilection for these injurics was
confirmed and the hypothesis accepted. An association with
younger age at the time of primary ATR, previously alluded
to in a single small study with four re-ruptures [36], was con-
firmed while other, novel findings were descnibed, including
the incidence of a small, but significant number of late ATRR,
occurring years after the primary injury and & greater inci-
dence of ATRR in paticats with lower levels of socioeconomic
deprivation. Mechanisms of injury are contrasted between
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Table 3 Bascline characteristics

for patients scconding to ATRR paticnts (n=42) (;Fu:;;.; ;mbml ATRR
re-rupture status for 779
paticots with primary ATR Gender <0.001*
v Loy pion e Male 37 (88.1%) 526 (71.4%)
for Table 3 underneath it, you Female S(119%) 211 (28.6%)
included all the symbols used Age (median, IQR) 41 (3247 48 (40-62) 0.019**
in the table to explain what they  Exhaicity
;‘;‘;}’: brgaiopatte White British 33 (78.6%) 625 (84.5%) ns!
Less m\‘.d near the sentence White other 4(9.5%) 36 (4.9%)
explaining their definitions**** Asian 0(0%) 8(L1%)
Black 0(0%) 10(14%)
Other 0 (0%) 5(0.6%)
Unksown 5(11.9%) 53 (72%)
BMI (median, IQR) 25.56 (23.72-28.42) 26.76 (24.26-30.59) ns*
SEDS n*
Mare deprived! 9(21.4%) 183 (24.8%)
Less deprived! 28 (66.7%) 431 (58.5%)

“Chi square test; **independent samples Mann-Whitney U test. "Fisher's exact test for proportion of
ewnuuho seli=dentified as White British (including Scottish) compared 10 all other known ethnicsties.
Most and least depeived groupings refer 1o patiests falling into quintiles 1 2nd 2 vs quintiles 4 and 5 of the
Scottish Index of Multiple Deprivation, respectively. Body mass index (BMI) was determined from height

and weight d d at the ¢} lable time point to primary ATR; this was known for 74.7% of
paticnts (n=S82/779)

Table4 Paticat factors at the Patients with sub- Patients without  Odds ratio (95% CI)  p value

time of primary ATR in patients 1 ATRR N ATRR

who did and did not go on o - -

develop ATRR Disbetes 0 61 1.06 (1.04-1.08) nst
Iaflammatocy arthropally 0 16 1.06 (1.04-1.08) st
Precoding Achilles teadinitis*® 0 56 0.94 (0.93-0.96) e
Fluoroquinolone use** 0 18 1.06 (1.04-1.08) ns*
Steroid use** 1 37 217(029-1624)  ms*

*Fisher's exact test. **Withun 6 wouths prior 1o prmary ATR

primary ATR and ATRR. Associations between ATRR risk
and male gender, younger age and traditional immobilising
cast treatment at the time of primary ATR were observed,
Epidemiological studies of ATRR are lacking, with only
one description of population-level incidence noted on lit-
crature review, in a study focussing primarily on comparison
of patient characteristics between patients who developed
either infection or & re-rupture after surgical repair of ATR
[33]. This is in contradistinction to the epidemiology of pri-
mary ATR, which is widely documented [13, 21, 40]. Previ-
ous epidemiological studies have shown that primary ATR
occurs more frequently in males [13, 21], but the only report
of male predilection to ATRR is based on comparisons of
ATRR relative o a primary ATR cohort [35] and there is no
population-level data in this regard. This study demonstrated
a male predilection both at population level (OR =7.40) and
also relative to primary ATR. Furthermore, age-specific

incidence is reported, which, similarly to primary ATR [21],
demonstrates a bimodal age-related incidence of ATRR,
with peak incidence i the fifth decade of hife

An onginal finding of the current study was the increased
incidence in those with lower levels of socioeconomic depri-
vation. These findings are the opposite of trends observed for
many traumatic injuries [5, 7, 9] and other musculoskeletal [16,
37,43] and medical [3] conditions, where increasing incidence

ATRR is generally thought to occur carly on in the
course of rehabilitation, usually within weeks of com-
pleting immobilisation [1, 11, 14, 15, 35, 36, 39, 44).
While this study found that the median time to ATRR was
14 weeks after primary injury and that most rescuptures
occurred early, it also found that 1 in 6 ATRR (8 of 48)
occurred years after the primary injury, ranging from over
3 years through to 50 years. Studies designed to follow

Q) springer
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Table 5 Mechanism of injury for the paimary Achilles teadon rupture in patieats who did and did not go on to develop ATRR ****Table § - the

OR (95%CT) for Open injury is missing: Please add in. The values are: 2.51 (0 30-20 85) ¢*=*

Whole cobort (n=779)  Puticals with subse-  Paticats without subse-  OR (95%CDH p value
quent ATRR (r=42) quent ATRR (n=737)
Sport 385 (49.4%) 27 (64.3%) 358 (48.6%) 1.85(097-3.54) ns*
Walking 55(1.1%) 1(24%) 54(13%) 030(004-225)  ns**
Low energy: slip, trip, stumble, ankle 68 (8.7%) 2(48%) 66 (9%) 050(0.12-2.12) ms**
inversion or (2l from standing height
Fall (> standing beight) 17 (22%) 1(24%) 16 (22%) 108 (0 14-836) s
Open injury 8(L.0%) 1(24%) 7(0.9%) 251 (030-2085) ns**
Blunt trauma 10(1.3%) 1Q24%) 9(1.2%) 1.94(024-15.71) ns**
Running (non-sports) 20 (2.6%) 2(48%) 18 24%) 197 (044-8.77)  ms**
Jumping (non-sports) 12 (1.5%) 0(0%) 12 (1.6%) 09409309  ns**
Dancing 81 (10.4%) 5(11.9%) 76 (103%) 1.16 (044 3.03) ns**
Pushing/lifting heavy objects 21 2.7%) 0(0%) 21 (28%) 094 (093-096) ns**
Standing wp from sitting/lying 12(1.5%) 0(0%) 12(16%) 094(093-09)  ns**
Staird/steps 41 (53%) 0(0%) 41 (5.6%) 094(093-096) ns**
No specific eveat 22 (2.8%) 1(24%) 21 (28%) 0.82(0.11-6.24) ms**
Other 16(21%) 1(24%) 15Q0%) L16(0.15-897)  ns**
Unknown 11(1.4%) 0(0%) 11 (1.5%) N/A N/A
Total 779 42 737
*Chi square test. **Fisher's exact test
Table Scasonality of primary Paticnts with subse-  Patients without subse-  Odds ratio (95% CT) P value
A.TR in patients who did and quent ATRR quent ATRR
did not go on 10 develop ATRR
Autuma 7(167%) 152 (20.7%) 0.77 (0.34-1.76) ns*
Winter 13 31%) 168 (22.8%) 1.52(0.77-2.98) ns®
Spring 10 (23.8%) 184 (25%) 0.94 (045-1.94) as®
Sumemer 12 (28.6%) 232 (31.5%) 087 (044-1.73) ns*
Total 42 736
*Chi square test
nph 7 Treatmeot regime foe Patients with  Patients without  Odds ratio (95%CTH  p valee
primary ATR in paticots who - )
did and did not go on to deve! o ks
Pt £ op ATRR ATRR
Immobilising cast treatment 34(6.7%) 470 (93.3%) 240(1.09-525) 0025
Functional walking boot rehabilitstion 6 (3.8%) 153 (96.2%) 0.63(0.26-1.53)  ns*
Surgical repair 2(38%) 50 (96.2%) 0.69(0.16-292)  ns**
Oeher 0 62 N/A N/A

Odds ratios and p values are for the treatment method relative to all other cases

“Chi square test. **Fisher's exact test

patients prospectively [8, 23, 29] or to retrospectively
review patients with primary ATR in recent years [15, 35,
36, would be unable to pick up on this phenomenon and
this is probably why it has not been previously recognised.
However it has potentially significant implications for
studics using re-ruptures as an ead point and for paticnts
sustaining an ATR, who should not assumc that they
are “in the clear” after navigating the early post-injury

& springer

rehabilitation peried uneventfully. It is possible that
some authors may consider re-ruptures occurring many
years after the primary injury as a new primary injury
and we have therefore also presented full epidemiologi=
cal results defining ATRR as a rupture occurring <3 years
after primary ATR (Appendix 2): similar demographic
trends were observed. Further study of ‘late” ATRR is
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Table 8 Adjusted odds ratios (95%CT) and p values for binary logistic

regr mode] for peed of ATRR at the time of primary ATR
Adjusted odds ratio (95%CT) p valoe

Age

>45 yeurs Reference

<48 years 1.96 (1.04-3.71) 0037
Sex

Female Reference

Male 258 (0.9%4-6.71) s

Cast immobilisation 2.20(1.0-4.85) 0050

warranted to detezrmine whether they differ in nature from
traditionally described “carly’ ATRR.

The majority of ATRRs were low-energy injuries, occur-
ring during the course of simple walking, navigating stairs
or even spontancously with no precipitating event. Only two
injuries were sustained during rehabilitation exercises. Reito
ct al. pondered whether the identification of individuals at
increased risk of re-rupture would allow for less vigorous
rehabilitation to reduce their risk of re-rupture, but ultimately
found, in keeping with this study, that most injuries were low-
energy injuries and questioned whether less vigorous rehabili-
tation regimes would have any bearing on these ATRR [35).

To date, only a small number of studies have attempted to
identify predictors of ATRR at the time of presentation with
aprimary ATR [15, 17, 35, 44] and most were unable to iden-
tify any risk factors [15, 17, 44]. This may be the result of type
II error due to relatively small numbers of ATRR in the stud-
jes. Male sex is a well-known risk factor for primary ATR [13,
21], but the nature of any association with ATRR has remained
poorly understood—it was found to predict ATRR in paticats
presenting with a primary ATR in one other study (albeit with-
out correction for confounding factors)[35]. but not in other stud-
ics [15, 36, 44). Part of this disparity is explained by the predis-
position of males for primary ATR; which is a pre-requisite for
subsequent ATRR, however even within the group of patients
with primary ATR, there was a trend towards increased inci-
dence of re-rupture in males, which was just outside statistical
significance (p =0.052), suggesting an additional predisposition
10 repeat rupture that is independent of that 1 primary ruptures,

Younger patients presenting with primary ATR were at
increased risk of subsequent re-rupture. One other study
reported a higher incidence of re-rupture in younger
patients, although this was based on a series of only four
ATRR, in a selected group of athletes undergoing surgi-
cal repair [36]. Another study was unable to demonstrate
an association between younger age and overall ATRR
risk, despite reporting a younger mean age in patients with
ATRR [35). In the current study, increased odds of ATRR
in younger paticats were confirmed, even after adjusting
for confounding factors,

There was no demonstrable association between scason of
primary ATR and ATRR risk. This is in contrast 10 the find=
ings of Saarensilta et al. [38], who reported that patients sus-
taining primary ATR in summer were more likely to develop
ATRR. The reasons for this discrepancy are unknown but
may relate to that analysis being based on a small series of
five re-ruptures which may therefore be prone to error, or the
authors' decision to use percentages in the place of actual re-
rupture numbers in that analysis, thereby increasing the cell
counts in the cross table analysis and the apparent statistical
power without increasing patieat numbers [38].

Re-rupture rate after functional non-operative rehabilitation
was 3.8%, which is in keeping with the published literature (26,
31] and it was similar to that for surgically treated cases, while
after traditional cast immobilisation, it was 6.7%. It is acknowl-
edged that inclusion of a small number of surgically treated
patients may result in some heterogeneity of the group under
study, however it appears that our expesience reflects that of
other units adopting predominantly non-operative management
of ATR, where small numbers of patients continue 1o undergo
surgery [1, 11, 14, 44). No difference was demonstrated between
operative and other regimes, although this may be related to the
small numbers of surgically treated patients in this study and the
relative ranity of ATRR. In fact, the majonity of studies similasly
show o difference in this regard, although pooling of data in
meta-analyses suggests that there is a small clinical difference
1n re-rupture rates in favour of surgery [31]. This study provides
evidence that traditional immobilising cast regimes are associ-
ated with higher re-rupture rates, even after adjusting for con-
should therefore be avoided. This is a behief that 1s widely beld
among the medical community and is said 10 have driven recent
trends towards functional rehabilitation [26, 41]; however, a pre-
vious meta-analysis lamented the paucity of direct evidence in
this regard [26]. Surveys have shown that management of ATR
often does not follow the evidence base (2] and that plaster cast
immobilisation continued to be employed by some practitioners
[20], even after the publication of high-quality studies favouring
functional rehabilitation [18, 29, 32, 41, 46).

Primary ATR is & pre-requisite for ATRR. Factors that appear
to influence incidence of ATRR may therefore be associated
directly with ATRR, or mediated indirectly, in part or in full,
through a propensity for the primary injury. SEDS appears to
be associated with ATRR risk in the general population, but was
not found to predict increased re-rupture risk in patients present-
ing with primary ATR and this effect may therelore be mediated
indirectly. Conversely, male sex appears to exert additive nisk
of re-rupture through direct and indirect means. Furthermore,
while some factors that are associated with ATRR are non-
modifiable (e g younger age at ume of prnmary injury), others
(e.g. choice of teatment regime) are potentially modifiable and
present opportunitics for intervention to reduce patients’ risk
of ATRR.

@) Springer
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This study does have limitations including its retrospective
nature and with this, the possibility of loss to follow-up. Despite
being a large series of ATRR, the potential for type II error
remains, particularly for less common variables, although this
would relate to secondary aims of the study and multiple statist-
cally significant relationships have nonetheless been sdentified.
Furthermore, as with all epidemiological studics, individuals who
did not seck medical care for their injuries or were misdiagnosed
will have been missed, as may have been others. The strengths
of the study design inchude reporting in two parts with different
scope. The first part was able to demonstrate important informa-
tion about ATRR epidemiology and in particular, late re-ruptures,
which would not otherwise be possible. As with all retrospec-
tive reviews, 2 minimum followsep tme had 10 be defined in the
second part of the study, although the minimum 1.5 year thresh-
old chosen is longer than that used in other studies on the topic
(15, 35). Additionally, most patients had a significantly longer
review period than the minimum period and data from part |
suggests that over 80% of ATRR would have occurred within
this minimum tmeframe, Targeted data collection in this study
permitted detailed analysis of all primary ATR and re-ruptures,
in contrast to some registry-based studics which are limited to the
demographic data collected in the registry and may be unable 10
diflerentiate between primary ATR and ATRR [13),

Conclusions

Appendix 2

For the purposes of this sub-analysis, only patients present-
ing with a second Achilles tendon rupture within 3 yeass of
their primary rupture (n=40) were considered to have re-
ruptures. All other presenters with ATR (n=791) were con-
sidered to have primary ruptures, The median time between
primary ATR and ATRR was 925 days (IQR 82-106).
Males (mean 6 cases per year, range 2-9; in an average male
population of 416,096) were affected more commonly than
females (mean 0.67 cases per year, range 0-3; in an average
female population of 439,902; p=0.063 FET, OR=6.34,
95% C10.76-52.69).

Median age at the ime of ATRR was 41 years (IQR
33-47). Male preponderance for ATRR was more pro-
nounced than for primary ATR (p=0.014; OR=3.43, 95%
CI 1.21-9.75). The mean incidence of ATRR over the study
period was 0,78/100,000 per year (range 0.34-1.05/100,000
per year) for all ages and 0.96/100,000 per year (range
0.42-1.30/100,000 per year) for the adult population
(> 18 years). This compares to a mean incidence of primary
ATR of 15.41/100,000 per year (range 13.63 to 19.18) for
all ages and 19.04/100,000 per year (range 16.86-23.71) in
adults (= 18 years). Peak incidence of both primary ATR
and ATRR was in the fifth decade (Appendix 2, Fig. 6a,

L)

The epidemiology of ATRR is described and the hypoth- 16 (@)
esis confirmed. Other novel indings are described, including 3 Z\
ncidence of a small but significant number of late ATRR, s / \
occurring years after the primary injury and increased inci- : [I /A\\\ —n
dence of ATRR in less socioeconomically deprived patients. 1s 17 AN »
Younger age and traditional immobilising cast treatment of ’ 1 A ——Femols
primary ATR were independently associated with ATRR. os
Traditional immobilising rehabilitation regimes should be ° ry -
avoided to reduce re-rupture risk. S g P
.
Appendix 1 ol ®
5 - //\\

See Table 9. 0
Table9 Actual incidence of ATRR per season compared to expected !” ]l/AL\\ —Prevary A1
incidence of ATRR in the absence of any seasonal variation *Chi . 17 A S) v
square test i :° e Prrvary Porvae ATR

Actual distri-  Expected distribution in the s

bution absence of seasomal variation oL \
Astma 8 12 nat ST e g g
Winter 8 12 st
Spring 13 12 ns* Fig.6 a Mcan annual incidence of ATRR over the study period in the
Summer 19 12 st bealth-board populstion by age bracket. b Mean annual incidence of
Total ol p primsry ATR over the study period in the heslth-board populstion by

age beach

£ springer
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Table 10 Actual incidence of ATRR per season compared to
expectad incidence of ATRR in the absence of any seasonal variation,
*Chi square test

Actual dis-  Expected distribution in the p valoe
tribation absence of scasonal variation
Autumn 7 10 ns*
Winter 7 10 n*
Spring 10 10 ns*
Summer 16 10 s
Total 40 40

Table 11 Mechanism of injury for primary ATR and ATRR
Primary ATR ATRR

Spont IRY(92%)  2(5%)
Walking 56 (7.08%) 12 (30%)
Low energy: slip, trip, stubbing foot, 70 (8.85%)  7(17.5%)

stumble, ankle inversion or fall from

standing height
Fall (> standing height) 17 2.15%) 1(25%)
Open injury 8(1.01%) 0(0%)
Blunt trsums 11 (1.39%) 0(0%)
Running (non-sports) 20 (2.53%) 1(25%)
Jumping (non-sports) 13(1.64%)  1(25%)
Dancing 81 (1024%) 0(0%)
Pushing/lifting heavy objects 21 (2.65%) 1(25%)
Standing up from sitting/lying 12(1.52%) 0%
Stairy/steps 41 (5.18%)  5(125%)
No specilic eveat/spoataneous 25(3.16%) 3(0.5%)
Physiotherapy/rehabilitaty i N/A 2(5%)
Other 16 (2.02%) 4(10%)
Unknown 11 (1.39%) 1(25%)
Total m™m 20

b). ****NOTE THE END OF THIS SENTECE ..ic. "6a,
b)." should be BEFORE Figure 6, with the beginning of the
sentence and not over here***

Incidence of ATRR was higher in the least sociceco-
nomically deprived population biquintile (26 cases in a
population of 425,254) compared to the most deprived
biguintile (10 of 294,239) but this finding did not reach
staustical significance after excluding late remruptures
(OR =1.74, 95%C1 0.84-3.60, p=0.13). ATRR occurred
most frequently during the summer, but there was no
statistically demonstrable seasonal vanation (p 2 0.15;
Appendix 2, Table ***NOTE that throughout this sece
tion, as above with figure 6, the end of the sentence link-
ing to the appropriate figure or table has been separated
and inserted after the relevant figure or table.*** 10).
The majority of ATRR were low-energy injuries and two

ATRR (5%) occurred while undertaking primary ATR
rehabilitation exercises (Appendix 2, Table 11).
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B FOOT & ANKLE
Operative repair of acute Achilles
tendon rupture does not give superior
patient-reported outcomes to
nonoperative management

RESULTS OF ARANDOMIZED CONTROLLED TRIAL AT A MINIMUM
OF 13 YEARS'FOLLOW-UP

Aims

The aim was to compare long-term patient-reported outcome measures (PROMs) after
operative and nonoperative treatment of acute Achilles tendon rupture in the context of
a randomized controlled trial.

Methods

PROM:s including the Short Musculoskeletal Function Assessment (SMFA), Achilles
Tendon Total Rupture Score (ATRS), EuroQol fivesdimension (EQs5D), satisfaction, net
promoter score and data regarding re-rupture, and venous thromboembolic rates were
collected for patients randomized to receive either operative or nonoperative treat-
ment for acute Achilles tendon rupture in a previous study. Of the 80 patients originally
randomized, 64 (33 treated surgically, 31 nonoperatively) patients were followed up at a
mean of 15.7 years (13.4 to 17.7).

Results

There was no statistically significant difference between operatively and nonoperatively
treated patients, in SMFA Dysfunction Index (median 1,56 (interquartille range (IQR) 0
to 5.51) vs 1.47 (IOR 0 to 5.15); p = 0.289), SMFA Bother Index (2.08 (IOR 0 to 12.50) vs
0.00 (IQR 0 to 6.25); p = 0.074), ATRS (94 (IQR 86 to 100) vs 95 (IQR 81 to 100); p = 0.313),
EQ-5D-5L (1 (IQR 0.75 to 1) vs 1 (IQR 0.84 to 1); p = 0.137) or EQ-5D health today visual
analogue score (85 (IQR 72,5 to 95) vs 85 (IQR 8 to 95); p = 0,367), There was no statis-
tically significant difference between operative and nonoperative groups in terms of
satisfaction (84% vs 100%; p = 0,119) or willingness to recommend treatment to friends
or family (79% vs 87%; p = 0,255), Four nonoperative patients and two in the operative
group sustained a re-rupture (p = 0.306).

Conclusion

Both patient groups reported good results at fongsterm followsup, The findings give no
evidence of superior long-term patient reported outcomes (as measured by the SMFA)
for surgical treatment over nonoperative treatment. There was no demonstrable differ-
ence in other patient reported outcome measures, satisfaction, or re-rupture rates at
long-term follow-up.

Cite this article: Bone Joint J 2020;102-B(7):933-940.
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Introduction

Acute Achilles tendon rupture (ATR) 1s a common
soft-tissue injury with a rising incidence.'* Good
outcomes are reported with operative and nonoper-
ative management and both have been advocated ™
Vanous randomized coatolled mals (RCT) have

compared operative and nonoperative manage-
ment *** with meta-analyses collating results *\’
However, these report short-term outcomes at one’*
or two*’ years. Proponents of surgery argue that it
may reduce risks of re-rupture” and give earlier and
greater restoration of calf muscle swength,’ while
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Table | Patient characteriztics.

At recruitment

Mean 39e, yrz (range) 412(27050) 305(21%058)

Cex (male:femaie) 2N 20

Treatment 3t randomization, n 3» a

At follow-up

Mean 39e, yrz (range) 500(37t075) 504(48t077)

Cex (male:femaie) 2n 238
modakty 33 3

ponoperative management has been linked to increased mtes
of skin issues.” Others state that surgery nisks complications,
mchding infection, wound problems, anaesthetic complications,
and sural perve injury. 4

ATR occurs most commonly in middle-agad individuals, '* who
are expected to remain physically active for many years after their
myury. It is therefore important to understand the long-term impk-
catons and outcomes of treatment. Despite this, there is a paucity
of long-term data from RCTS, with only one reporting medium-
tenn outcomes companng operative and nonoperative treatment
at mean follow-up of seven years,” while others have compared
outcomes with differing rehabilitation regimes after operative' or
ponoperative'’ management.

The primary aim of this study was to compare long-term
patent-reported outcomes after operative and nonoperative
weatment of acute ATR. The hypothesis was that surgical weat-
ment would result in improved patient-reported outcomes, as
measured by the Short Musculoskeletal Function Assessment
(SMFA) score.” compared with nonoperative management.
Secondary aims included a companson of Achilles Tendon
Total Rupture scores (ATRS).” health-related quality of life
(HRQoL), satisfaction and complication rates, and long-term
pet promoter scores(NPS)™ for each treatment modality.

Methods

Long-term follow-up of patients previously recruited into a
RCT’ companng operative and nonoperative management of
ATR was undertaken between September 2017 and July 2018.In
total, 80 patients (mean age 40.6 years; 21 to 59) were random-
zed to receive operative or nonoperative treatment for ATR
between 2000 and 2004. Exclusion cniteria were age > 60 years,
presentation more than ten days postinjury, systemic disease
mcluding rheumatoid arthritis, chronic renal failure, and steroid
treatment, or medication that could influence healing (Table I).
Randomization was through scaled envelope allocation at first
presentation to clinic.

When surgery was assigned. it was undertaken within seven
days of presentation to clinic and all patients underwent surgery
within 14 days of their injury, utiizing a posteromedial longi-
tudinal incision with double-stranded 1 PDS (Ethicon, Woleuw,
Belgium) core Kessler stitch supplemented by interrupted 1-0
Vicryl (Ethicon) circumferential sutures for the repair. The para-
tenon was sutured over the tendon repair using 2-0 Vicaryl and
the skin closed with interrupted 3-0 nylon sutures. Following
surgery. the imb was immobilised in a full equinus cast for four
weeks, then semi-equimus for two weeks. The cast was then
removed and weight-beanng commenced.

Follorw ue @Borc Joent]

Patients weated nonoperatively underwent ten weeks of
immobilization in a below-knee cast, positioned in equinus
(four weeks), then semi-equinus (four weeks), and neutral (two
weeks). Patients were non weight ing while in equinus and
semi-equinus and allowed partial weight-bearing in the neutral
cast.

Operatively treated patients received 2 single subcutaneous

20 mg dose of enoxaparin postoperatively. No other throm-
boprophylaxis was administered to patients in either group.
Following cast removal, both patient groups followed identical
physiotherapy regimes, as previously described ’
Loog-mm follow-up. Patients were asked to complete post-
al wires containing SMFA, ATRS, EwoQol fives
d.lmenslon fivealevel quauomumc (EQeSDWSL), and the EQ-
5D health today visual analogue scale (VAS).” Patients were
also asked three questions: how satisfied are you with your
treated Achilles tendon?; would you have the same treatment
again if it were required ca the opposite side?; and. how lLkely
are you to recommend this treatment to friends and family if
they needed similar care or treatment?

For the first question, possible answers were: very satisfied,
satisfied, ncither satisfied nor dissatisfied, dissatisfied, or very
dissatisfied; For the last two questions, patients could answer:
extremely likely, likely, neither likely nor unlikely, unlikely,
extremely unlikely, ordoutknaw

The SMFA s a patient reported outcome
measure (PROM).* Dysfunction and bother indices are calcu-
lated. Mobility, daily activities, emotional status, and arm/hand
category indices can also be calculated All indices are reported
on a scale between zero and 100, where lower scores represent
better function. It is valid, reliable, and responsive to change
and therefore suitable to clinically assess impact of treatment
in patients with musculoskeletal injury.” The ATRS is a ten-
question PROM., shown to be sensitive, valid, and reliable in
assessment of patients with Achilles tendon rupture. The ATRS
ranges from zero (most limitation due to Achilles tendon) to
100 (least Emitation).” The EQeSD=5SL index comprises five
domains (mobility, self-care, usual activities, pain and discom-
fort, and anxiety and depression) used to calculate an index
score ranging between -0.59 and +1. The EQ-5D health today
visual analogue scale (VAS) asks patients to rate their overall
health on a scale between zero (worst) and 100 (best).

The NPS is a single question metric focusing on likeliness of
an individual to recommend a good or service to others.™ Itis
widely used in industry and the original NHS England Friends
and Family test (FFT)* was modelled on it. Respondents are
classified as “promoters’, “passives’, or ‘detractors’. The NPS
is calculated by subtracting the number of ‘detractors’ from
‘promoters” and dividing the resulting value by the total number
of respondents. Patients who said they would be very likely to
recommend their treatment to friends and family were consid-
cred ‘promoters’; those who said ‘likely’ were considered
‘passives’ and all other S were idered ‘detractors’.

Patients who sustained a re-rupture were not excluded
from the long-term study and their results were analysed
on an intention to treat basis, according to their initial treat-
ment modality at randomization. A repeat analysis, excluding
patients sustaining re-ruptures, was undertaken and the results
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Patients with Achiles
1endon rupture (n = 156)

Desdned
participation in = 76)
Cperative trestrmant Nor=operst ve reatment

nw39) In=an

» Detlrad o Opted for surgery

surgery in=1) rwbare in=1)

12 month review 12 momh review

hed in«39

s Docoased in=1
bt LTFU e &)

¢ Decossed In~1)
et LTFU 0w )

Long term foBawip
n=3n

Long term ‘ollowup
n=31

Fig.1

CONSORT flow dagram Sustrating patient Sow through the study, Two
patients [one operative and one nonoperstive) were not reviewed 1 12
monthz, but compieted their azzigned treatment 32 per Protocol and
were subsequently induded in the fong<term followsup, LTFU, jost 1o
followsup,

are presented separately (see Supplementary Material: Anal-
ysis of outcomes excluding patients who sustained a tendon
re-rupture).

Of 80 patients originally randomized into the tnal, two with-

drew (Figure 1). In total, 64 (33 treated surgically: 31 nonop-
eratively) of the onginal cohort of 78 patients (82.1%) were
followed up at a mean of 15.7 years (13.4 to 17.7) while two
were deceased In addition 12 patients were lost to follow-up.
The mean age of patients at follow-up was 57.6 years (3710 77).
There was no significant difference in rates of loss to followsup
between operative and nonoperative cohorts (p = 0.405, Fish-
er’s exact test).
Statiztioal analyziz. The pnmary outcome measure was SMFA
dysfunction index. A minimum clinical important difference
(MCID) of seven points has been descnibed for this score.™
Using non-parametric power analysis with a SD of ten, 2 mini-
mum of 54 patients would be required to achieve power of 80%
with @t = 0,05, using a one=tailed analysis.

Non-panametric continuous data were compared using
Mann-Whitney U tests when unrelated and related-samples
Wilcoxon signed-rank test when related. Nominal vanables
were compared between groups using Fisher's exact test. One-
tailed analyses were used, with an assumed better outcome in
the surgical group, which could justify the potential risks asso-
ciated with surgery. Non-parametric variables were correlated
with Spcarman’s rank test. A p=value of < 0.05 was considered
significant. Power analysis was undertaken using G*Power v.
3 (Heinnch-Heine Universitat, Dusseldorf, Germany). Statis-
tical analysis was undertaken using SPSS v. 24 (Chicago. Illi-
rois, USA) and GraphPad Prism v. 8 (GraphPad Software, San
Diego, California, USA).
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s

Teble Il Patient reported cutcomes after Zurgical and noncperative
management of acute Achilles tendon rupture, Scores between 12 and
52 weeks were collected as part of the previous RCT.*

oR)

score (IOR)
12 weeks
il B (12731010.30) 10.00(10.13%0 20.45) 0173
SMFA Bother 10.00 (0.83 %0 10.83) 17.75(830 102073 0.108
10 weeks
CMFA 7.35(440%0 11.58) 8.45(5.00%0 15.07) 0085
Dyzfunction
CMFA Bother  8.30(2.03%0 14.00) 0.35(210 %0 1400) o3
26 weekz
TMFA . 250(150% 440) 3.70(0.74%05.00) 0300
Dyzfunction
CMFA Bother 4.17(000%0 0.25) 2.70(0.00 10 6.25) 040
52 weekz
TMFA . 0.00(0.00% 1.50) 1.48(0.00%0 3.08) .00
Dystunction
SMFA Bother 0.00(0.00%0 208) 0.00(0.0010 4.20) 07
Current Ztatus
TMFA 1.50(000%0 551) 1.47(0.00%0 5.15) 0280
Dyzfunction
CMFA Bother 2.08(0.00%0 1250) 0.00(0.00 %0 6.25) 007
ATRC 04(80 to 100) 95 (81 % 100) 0313
*Mane=-Whitney U test,

ATRE, Achille: Tendon Rupture Ccore: SMFA, Short Muzculoskeletal
Function Azzezzment.

Table M. F of patientz ing any degree of for

each dimension of the Furo-Ocd five-dimersion frive-level questionnsre

(EQ-SD-5L score,

Dimension Operative prvalue*
n=33) n=31)

Mobdiity 0220

No prodlemz 24 20

Problems - 5

Seit-care 0s1e

No prodlemz 2 n

Problems 1 °

Uzual Activity 0201

No prodlemz 25 7

Problems 8 4

Pain/Discomfort 0143

No prodlemz 7 21

Problems 10 10

Anxiety/Depression 0.557

No prodlemz 25 23

Problems 8 8

*Fizher's exact test.

Results

PROM:=. There was no statistically significant difference
in SMFA dysfunction and bother indices at any time point
(Table II). Additionally, at long term follow-up. there was no
statistically significant difference in SMFA dysfunction and
bother indices (Table II), SMFA categonies (Supplementary
Table i), or ATRS (Table 11). There was no significant differ-
ence in change in SMFA dysfunction index (p = 0.079, related
samples Wilcoxon signed-rank test) or SMFA bother index (p
= 0.130, related samples Wilcoxon signed-rank test) between
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Il Very satisfied

B Satisfied

I Neither satisfied nor dissatisfied
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Very dissatisfied

Fig. 2

Patient satisfaction with their treated Achiles

inal

Table IV, Would you have the same treatment again if it were required
on te opposite side?

atively treated and d) operatively treated patients.

Table V. How Feely are you to recommend this treatment to ‘riends
and tamity if they needed zimilar care or tretment”

— ni) Operative Nonoperative

Rezpoaze. - ¢ likety 18(54 7

Extremery likely 20(0061)  21(67.74) . (48 (san
202121 7 Likely 8(242 10(323)

Liely L (25 Neither likely noe unikery 3(0.0) 3(07)

Nener likety nor unikely 2(0.00) 2(0.45) Unkely ° "

Urliedy o ¢ Extremely uniibery 2(e0) °

Extvonnaly waiuty 2(e.00) o Don't know 216 132

Don't Inow 2(e.00) 13.3) Total rezponzes, n 33 n

Total rezponzez, n 3 n

one-year post-injury and long-term follow-up in the nonopera-
tive group. There was a statistically significant decline in SMFA
dysfunction (p = 0.001, related samples Wilcoxon signed-rank
t2st) and bother (p = 0.001, related samples Wilcoxon signed-
rank test) indices for operatively treatad patients between one-
year post-injury and long-term follow-up. although the magni-
tude of these changes was small.

There were significant correlations between one year SMFA
dysfunction index and long-term SMFA dysfunction (r = 0.45,
P < 0.001) and bother indices (Spearman’s r= 0.65, p < 0.001).
ATRS (Spearman’s r = -0.36, p = 0.007). and EQ-5D VAS
(Spearman’s r =-0.3, p = 0.024), while that with EQ-5D index
did not reach statistical significance (Spearman’s r = «0.23, p
= 0.083). Patients whose SMFA dysfunction index at one year
was m the worst quartile reported worse outcomes at long-term
follow-up across all PROMs (see Supplementary Material:

Follow ue @Bore Joent]

Relationship between one-year SMFA dysfunction index and
long-term outcomes).
HRQoL. Patients i both groups reported median EQ-5D-5L
Index scores of 1.0 (operative group IQR 0.75 to 1.00; nonoper-
ative group IQR 0.84 to 1.00; p = 0.137, Mann-Whitney U test)
and median EQ-5D health today VAS of 85 (IQR 72.5 t0 95 and
80 to0 95, respectively. p = 0.367. Mann-Whitney U test). There
were no statistically significant diflerences in the propoction of
patients reporting problems in any of the EQ-5D dimensions
between the groups (Table II).
Satizfaction. Ovenall, 59 patients (92.2%) indicated they were
satisfied, while two (3.1%) were not (Figures 2a and 2b). There
was no statistically significant difference in satisfaction rates
between the groups (p = 0.119, Fisher's exact test).
Companson of those who stated they were likely (1e.
answered ‘extremely likely” or ‘likely’) and those who were
unlikely (i.c. ‘extremely unlikely’ or ‘unlikely’) to agree to have
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COSD5L index

M L) Ll L] Ll L] &o Ll Ll L) Ll L) Ll L)
0 0 20 30 40 0 10 20 30 40 50 60
SMFEA dysfunction index SMFA bother index
2 b
Fo.3
$ rank dan ) EuroQol Svesd five-level questionnaire [EQ=5D-5L] index and a) Short Musculoskeletal Function
A (SMFA) gystunction (r = «0V527; p < 0,001) and b) SMFA bother indices at final followsup (r = «0J508; p < GO0
g
3 9
j: 5
i ]
3
< 204 . 204 o
0+ T T r T 04— T T T T 1 T
o0 10 20 30 40 0 10 20 30 a0 50 60
SMFA dysfunction index SMFA bother index
- b
Fo. &

S rank corrdat EuroQol fvesd five lovel (EQ5D-5L) haalth today visual analogue scalle [VAS) and a) Short
Musodoskeletal Function A (SMFA) aysh (r = <436, p < 0,001) and b) SMFA bother indices (7 = «0A37, p « W001) at final follovwups

the same treatment azain (Table IV) demonstrated no statisti-
cally significant difference between groups (p = 0.254, Fisher's
exact test).

NPS. The NPS was 33 for patients treated operatvely and 42
for those treated nonoperatively. Under current NHS FFT re-
porting guidelines,® 78.8% of patients (26 of 33) would recom-
mend operative treatment and 6.1% (2 of 33) would not, while
87.1% (27 of 31) would recommend nonoperative treatment
and none would not (Table V). Comparison of those who stated
they were likely and those who were unlikely to recommend

VOL. 102-K, No. 7, JULY 2020

their treatment demonstrated no statistically significant differ-
ence between groups (p = 0.255, Fisher's exact test).

HRQolL and muszoulozkeletal PROM=. Across both groups,
there was an association between self-reported HRQoL (meas-
ured by EQ-5D-5L Index and VAS) and self-reported musculo-
skeletal health, measured by SMFA dysfuncton (Figures 3a and
42) and bother (Figures 3b and 4b) indices and Achilles tendon
function, measured by ATRS (Figures 5a and 5b).
Complication=. There were two deep vein thromboses (both
nonoperative patients), three wound infections (in operative
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EQ-5D health today VAS
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ATRS ATRS
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Fig.5
Sp rank dation b #) EuroQol fivesdimension five-level [EQ-505L] index (r « 0434, p < 0001) and b) EQSDSSL heslth todsy visudl
andogue scabe [VAS) [r = 0,395, p = 0,001) and Achilles Tendon Totsl Rupture Score IATRS) at final follow-up,

patients), and six re-ruptures (four nonoperative, two opera-
tive patieats; p = 0.306, Fisher’s exact test), all of which oc-
cuwred within four months of injury. Re-ruptures were managed
surgically in five cases and nonoperatively in one, who had
previously undergone surgery. All six patients who sustained
a re=rupture were cither very satisfied (five) or satisfied (onc)
with their treated Achilles tendon at long-term follow-up. All
contacted patients were asked if they had sustained a venous
thromboembolism (VTE), re-rupture, or contralateral rupture.
No additional VTE or resruptures were identified, but five of 64
(7.81%) had sustained a contralateral ATR.

Additional analyses. Statistical analyses were repeated, ex-
cluding patients who sustained a re-rupture and are reported
separately (see Supplementary Material: Analysis of outcomes
excluding patients who sustained a tendon re-rupture). There
were no statistically significant differences demonstrated be-
tween groups in any of the PROMs, satisfaction rates, likeliness
to be willing to undergo similar treatment again, or to recom-
mend the treatment to others.

Discussion

This study demonstrated no statistically significant differences
in long-term outcomes after operative or nonoperative manage-
ment of ATR in a group of 64 patients from an inital random-
ized allocation of 80 patients, at a mean of 15.7 years (13.4 to
17.7) postinjury. Patients reported similar general musculoskel-
ctal PROMs, Achilles tendonmspecific scores, and HRQol.. This
may indicate that the potential risks of surgery are not offsct by
improved outcomes. There has been a trend away from surgical
treatment of ATR in recent years, spurred by reports of compa-
rable short-term outcomes after nonoperative management.'?
This study corroborates these reports in the longer-term,
providing further justification for nonoperative management.

Fallow us @Bonc Join]

SMFA scores were collected in the previous RCT,’ facili-
tating direct comparison with long-term outcomes. Patieats in
both groups reported low SMFA dysfunction and bother indices
one year post-injury. Nonoperatively treated patients exhibited
no change in median SMFA indices between one year and long-
term follow-up, while surgically treated patients exhibited a
small but statistically significant deterioration in both indices.
However, the change in SMFA dysfunction index was less than
the MCID.*' Therefore, neither group experienced any percep-
tible change in musculoskeletal function.

Worse SMFA dysfunction index scores at one year were
associated with inferior long-term PROMs (see Supplemen-
tary Material: Relationship between one-year SMFA dysfunc-
ton index and long-term outcomes), suggesting that patients
reporting poorer outcomes one year after injury are more likely
to coatinue to do so in the long-term.

The ATRS is a modem, injury=specific score.'” A system-
atic review concluded that it is valid and the most appropnate
PROM for evaluating ATR management.= Reporting of ATRS
facilitates comparison of outcomes with other recent studies.
Brorsson et al”’ compared operative and nonoperative manage-
ment, reporting similar medium-term ATRS (median score 96)
to our study and noted no change in functional status between
assessment two years post-injury and medium-term follow-up,
corroborating our finding that PROMs did not change appre-
ciably over time. Others report no difference at short<term
follow-up.** Our study demonstrates similar findings for the
first ime at long=term follow=up. Interestingly, reported AIRS
scores in our nonoperatively treated patients were higher than
those reported in an observatonal study of a more modem
functional rehabilitation regime ® A recent mets-analysis™
highlighted a lack of RCTs comparing traditional nonopera-
tive management with more recent functional rehabilitation
regimes and this is an area that requires further study. Better
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understanding of long-term outcomes attained with traditional
rehabilitation techniques will facilitate this companison, to
ensure that modern regimes meet or exceed standards set by
traditional regimes.

Both groups reported median EQ-5D index scores of 1, indi-
cating that the majority of patients reported excellent HRQoL.
While this may raise concemns of a ceiling effect, it has been
demonstrated that the EQ-5D-5L, unlke its predecessor
(EQ=5D=3L), does not sufler significantly from this phenom-
enon® There was no statistically significant difference in
HRQoL between groups.

Significant correlations were demonstrated between selfe
reported musculoskeletal (SMFA) and Achilles tendon (ATRS)
function with HRQoL at long-term follow-up, md:amgdm
although most patients report good outcomes, any remaining
functional deficits comrelate with a corresponding reduction
in HRQoL. Similar relationships have been reported in other
conditions (e.g. femoroacetabular impingement). >

The vast majority of patients were satisfied with longers
term outcomes, whether treated operatively or nonoperatively.
Although a slightly greater proportion of respondents expressed
satisfaction in the nonoperative group, this finding was not
statistically significant. Data pertaining to shortsterm satisfic-
tion after treatment for ATR is sparse, with one RCT showing
no difference’ and others favouring operative* or nonopena-
tive” management. There are no long-term reports of satisfac-
tion and it is unknown whether long-term satisfaction correlates
with short-term satisfaction.

Patients treated nonoperatively were slightly more likely
to consider the same treatment again and recommend similar
treatment to others, although these differences were not statis-
tically significant. Positive NPS are gencrally well regarded in
industry. Our reported NPS compared favourably with scores
for market leaders in non=medical ficlds,™ but were lower than
those for elective procedures.** However, traumatic injuries
differ to planned surgery and direct comparison may be inap-
propriate. The FFT is reported as the proportion of patients
who would recommend a service.’ Scores are affected by
multiple vanables and critics argue that results are dependent
on the precise method of data collection, facilitating compar-
ison of results within an institution but making companson
of FFT results between institutions problematic® A large
majority of patients in both groups would recommend their
treatment while only two (both surgically treated) would not.
Interestingly, self-reported satisfaction rates were slightly
higher than recommendation rates, indicating that some satis-
fied patients may not necessarily recommend their treatment
to others.

No additional re-ruptures were noted at long-term follow-up.
comroborating reports that re-rupture tends to occur early in
the recovery process.* There remained no statistically signif-
icant difference in rescupture rates between groups, Our study,
like other individual RCTs,** may be underpowered to detect
differences in re=rupture rates favouring surgery, which often
only become apparent upon pooling data in meta-analyses.*»
Our reported re-rupture rates are higher than those reported in
one recent meta-analysis,'® although pot dissimilar from those
reported in another” The reasons for this are unkrown, but may
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relate to the relatively small sample size or variation in which
studies were included in the meta-analyses.

The incidence of contralateral ATR at long-term follow-up
was almost 8%. This is significantly higher than the incidence
of ATR in the general population'? and slightly higher than ipsi-
lateral re-rupture rates in this study. Patients with ATR are at
increased risk of contralateral ATR ard this risk is similar or
higher than that of re-rupture, despite re-rupture being possibly
more well-known and feared.

This study has limitations, including relatively small size and
loss to follow-up. However, the minimum number of patients
identified in the power analysis was comfortably exceeded and
80% of patients enrolled in the original study were followed up,
indicating low rates of loss to follow-up in the context of long-
term follow-up. Lack of clinical functional assessment may
also be considerad a limitation. Although the outcome measures
used have been shown to be valid and reliable. they have not
been validated for such long length of follow-up.

At 2 mean of just under 16 years follow-up, patients treated
both operatvely and nonoperatively for acute ATR reported
good outcomes. Swrgically treated patients did not report supe-
nior SMFA scores to those treated nonoperatively. There was no
demonstreble difference in assessed outcomes across a range of
injury specific, general musculoskeletal and HRQol, PROMS, and
measures of patient satisfaction and sentiment.

2

Twitter
Follow the authorz @EdinburghTrauma
Follow A. D. Duckworth @DuckworthOrthEd

Take home message

- Surgical treatment for acute Achilles tendon rupture did not
mnlnammmmwwmm
compared to noncperative treatment.

Supplementary material
Additional analyses have been undertaken and are
E reported as supplementary matenal The individual
SMFA disability categories (mobility, dady activities,
emotional and hand and arm indices) are reported for the two
groups as a whole (n = 64) and no statistically significant differ-
ences were noted between the groups. Further amalyses were
undertaken on the whole group, demonstating a comelation
between SMFA dysfunction index at one year after injury and
longsterm outcomes, confirming that SMFA dysfunction index at
one year after mjury is predictive of Jong term outcomes and that
patients sconng poorly at one year are more likely to report poorer
mxxasnhgmbnowupmnyamnﬂ-
ysis, re-reporting the main results of the study for patients in both
whmmmmﬂamns
undertaken (n = 58) and there were no matenal changes to the
resulss previously reportad for the group as a whole.
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SUPPLEMENTARY MATERIAL 1

SMFA disability categories for all patients under-
going long-term follow-up

Analysis of individual Short Musculoskeletal Form Assessment
(SMFA) disability categories was undertaken for all patients
undergoing long-term follow-up. There was no significant
difference in any of the individual SMFA disability category
scores between patients treated operatively and patients treated
nonoperatively (Table 1).

Table i. Short Muzculozkeletal Functions A (SMFA) dizability
gory scores for pati d operatively and peratively
Category Median operative  Median nonoperative  p-value™
zoore (IOR) zoore (IQR)

n=33 =31
Mobility 000(0.00t0833)  0.00 (0.00 1o 5.56) 04n
Daily Activitez  0.00(0.00t0375)  0.00 (0.00 1o 2.50) 0455
Emotional 7.14(0.00t0 14.29) 357 (0.0010 10.71) 0.164
Hand and arm  0.00 (0.00t00.00)  0.00 (0.00 to 0.00) 0.225
*Mann-Whitney U tezt.
IQR, interquartile range.

Relationship between one-year SMFA dysfunction
index and long-term outcomes

Additional analysis was performed to determine whether there
1s an association between patient reported outcomes at one year
post-injury and longer-term PROMs. There was a statistcally
significant correlation between SMFA dysfunction index at
one year post-injury and all long-term PROMs, except Euro-
Qol five-dimension five-level questionnaire index (EQ-5D-5L),

where there was a nmamrowly insignificant tend (p = 0.083,
Spearman’s rank correlation; Figures a to e).
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One-year SMFA dysfunction index
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Correlation between one-year and long-term Short Muzculozkeletal
Function A (SMFA) dyzh index (Spearman’z r = 0.45,
p <0.001).
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Long-term SMFA bother index

One-year SMFA dysfunction index
Fg.b
Correlation between one-year Short Muzculozkeletal Function Azzezz-

ment (SMFA) dyzfunction index and long-term SMFA Bother Index.
Spearman’z r = 0.65, p <0.001.
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Coerelation | Short Muzculozkeletal Function A
ment (SMFA) dyzfunction index and long-term Achillez Tendon Total
Rupture Score (ATRS) (Spearman’z r = -0.36, p = 0.007).
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longer-term follow-up. SMFA dysfunction index scores were
available for 70 of the 78 patients in the onginal trial and for
all 64 patients with long-term follow-up reported in this study.
Overall, 57 patients had matched one-year and long-term dys-
function index scores. This test was performed on all patients
regardless of their re-rupture status.

Patents in the highest quartile at one year reported inferior
function across all PROMs at long-term follow-up and these
findings were statistically significant (Table 11).

Table ii. Long-term follow-up patientreported outcome measure
MWHMMWIMMWM
tion A (SMFA) dyzh index in the worst-performing
quartile compared to the rezt of the group. Median zcores are prezented
with interquartile range.

Long-term One- year SMFA One-year SMFA pvalue*
in highest quartile  in lowezt three
(QR) n=14 quartilez (IOR) n=43
SMFA dyzfunction 699(349101599) 074(0.0010294) <0.001
SMFA bother 1042(417t02396] 0.00(0.00t06.25) <0.001
ATRS 7450 (50.75 to0 92.50) 96 (89 to 100) 0.002
EQes0-51 index 0303 (0660 1.00) 1.00(0.84t01.000) 003
EQ-50 health 80 (75 10 90) 90 (80 t0 95) 0.046
today VAS
*Mann-Whitney U tezt.

MTS Achilles Tendon Toul Rupture Score; EQ6DL5L, EuroQol fivesdi-
five-level ire; EQ-5D, EuroQol five-dimension score;
IOR, interquartile range; VAS, vizual analogue zcale.

Analysis of outcomes excluding patients who
sustained a tendon re-rupture

Analyses were repeated on the remaining 58 patients, after
excluding patients who had sustained a tendon re-rupture.
There was no significant difference identified in any patient-re-
ported outcome measure (PROM) between operative and noa-
operatively treated groups (Table iii). Additionally, there was
no significant difference identified in any of the Short Muscu-
loskeletal Function Assessment (SMFA) disability categories
between operative and non-operatively treated groups (Table
1v). There was no significant difference in satisfaction rates

(Figures f and g) between treatment groups (p = 0.255, Fisher’s
exact test).
Table iii. outcome meazure (PROM) zcores for 58

Patient-reported
patients treated for Achilles tendon rupture who did not zuztain a
re-rupture of their tendon.

ment (SMFA] dysfunction index and long-term Euro-Qol fi
m&:ﬂlhdaywzduﬂe,aeak(v&)ﬁpem.v 0.30,
p=0.024).

Additionally, the long-terma PROM scores of patieats whose
SMFA dysfunction index at one year fell into the highest quartile
(i.e. most dysfunction as demonstrated by SMFA dysfunction
index) were compared to their counterparts in the lower three
quartles at one year (i.e. least dysfunction as demonstrated by
SMFA dysfunction index) to determine whether patients who
were performing more poorly at one year continued to do so at

PROM Median op Median nonoperative p-value™
zoore JQRI n =31 zoore IQR) n =27

SMFA dyzfunction 156(0.00t0588) 1470000515 0291
SMFA bother 208 (0.00to 12.50) 0(0.00t0 6.25) 0.116
ATRS 92 (85 to 100) 91 (78 to 100) 0.461
EQ-6D-5L index 08410.74t0 1.00) 1(084¢0 1.00) 0.064
EQ-SD VAS 85 (70 10 95) 85 (80 to 95) 0.296
*Mann-Whitney U tezt.

A!Rs Achilles Tendon Toul Rumm Score; EQ=ED=51, EuroQol five=di-
fivalovel 0; EQ5D VAS, FuroQof fivesgimansion
Vizual Analogue Scale; IOR, MWSWAMMI&
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SUPPLEMENTARY MATERIAL 3

Table iv. Short Muzculozkeletal Funcsion A

[SMFA) dizability

2

4,’,W.B‘ﬂ, 1 reated ively and

d
P A re-rup!

L

Category Median operative  Median nonoperative  pvalue™

zoore JQR) n=31 zoore (IQR) n=27

Mobility 0(0.00t0 8.33) 0(0.00 to 5.56)
Daily activitiez 0 (0.00 to 5.00) 0 (0.00 to 5.00
Emotional 7.14(0.00t0 14.29) 3.57 (0.00to 10.71)
Hand and arm 0 (0.00 to 0.00) 0 (0.00 to 0.00

0491
0451
0157
0.330

*Mann-Whitney U tezt.
IOR, interquartile range.

Patients were also asked whether they would have the same
treatment again if it was required on the other side (Table v).
Companson of those who stated they were likely (i.e. answered
‘extremely likely’ or ‘likely’) and those who were unlikely
(1.e. ‘extremely unlikely’ or ‘unlikely’) to do so demonstrated
no significant difference between treatment groups (p = 0.275,
Fisher’s exact test).

Table v. Would you have the zame treatment again if it were required on

o

Rezponzes, n

Extremely likely

Likely

Neither likely nor unlikely
Unlikely

Extremely unlikely

Don’t know

Total rezponzes

2 rnon i
Necocownwdd

©w

Patient zatizfaction with their ively

L |

d Achillez

I Very satisfied
B Satisfied
I Neither satisfied nor

e

Dissatisfield
Vory dissatisfied

n=1

THE BONE & JOINT JOURNAL

The net promoter score was 32 for patients treated opera-
tively and 37 for patients treated nonoperatively. Under cur-
rent NHS Friends and Family test (FFT) reporting guidelines,
77.4% of patients would recommend operative treatment and
6.5% would not, while 85 2% would recommend nonoperative
treatment and none would not (Table vi). Comparison of those
who stated they were likely (i.e. those answenng ‘extremely
Likely’ or ‘likely’) and those who were unlikely (i.e. ‘extremely
unlikely’ or ‘unlikely”) to recommend their treatment demon-
strated no significant difference between teatment groups
(p=0.276, Fisher’s exact test).

Table vi. How likely are you 1o d thiz to friendz and
family if they needed zimilar care or treatment?

Rezponze, n Operati Nonop

Extremely likely 17 14

Likely 7 9

Neither likely nor unlikely 3 3

Unlikely 0 0

Extremely unlikely 2 0

Don't know 2 1

Total rezponzes 31 27
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A Randomized Controlled Trial Comparing
Traditional Plaster Cast Rehabilitation

With Functional Walking Boot Rehabilitation
for Acute Achilles Tendon Ruptures

Julian F. Maempel,*'t MD, MSc, Nick D. Clement,® MBBS, MD, PhD,

Andrew D. Duckworth,¥' BSc (Hons), MBChB, MSc, PhD, |

Oisin J.F. Keenan,® BSc (Hons), MBChB, MAcadMed, Tim O. White,¥ MBChB, MD,
and Leela C. Biant,¥* BSc (Hons), MBBS, MSres, MFSTEd

Investigation performed at Edinburgh Orthopaedic Trauma, Royal Infirmary of Edinburgh,
Edinburgh, UK

Background: There has been a shift toward functional nonoperative rehabilitation in the treatment of Achilles tendon rupture
(ATR) despite a shortage of studes directly comparing nonoperative functional rehabilitation with traditional nonoperative
immobdzaton.

Purpose: To compare patient-reported outcome measures and functional outcomes for nenoperatively treated ATR with tradi-
tional cast immobilization or functional rehabilitation in a walking boot.

Study Design: Randomized controlled clinical trial; Level of evidence, 2.

Methods: In a single-center nonbinded study, 140 patients were randomzed to compare treatment for acute ATR in (1) an
Immobdzing cast in reducing degrees of equinus over a 10-week pernod with 8 weeks of nonweightbearing mobilization or {2)
a walking boot for 8 weeks with reducing equinus and immedate full weightbearing. Exclusion criteria were delayed presentation
>2 wooks after injury, tendon reruptures, and latex allergy. Analysis was undertaken on an intention-to-treat bas's.

Results: A total of 69 patients (median age, 41 years [interquartile range, 33-50.5 years]) were randomized to walking boot treat-
ment and 71 patients (41 [32-49]) to cast treatment. At 6 months, patients treated in a walking boot reported better Short Mus-
culoskeletal Function Assessment (SMFA) dysfunction index (6.62 [2.21-12.50] vs 10.66 [4.96-13.42]; P = .050), SMFA bother
Index (7.29 [2.08-14.58] vs 10.42 [5.73-19.27], P = .04), Achilles Tendon Total Rupture Score (71.5 [53.50-84.25) vs 54.0 [37-
76); P « .01), and Foot and Ankle Questionnaire core score (91 [81.89-97.55) vs 85 [78.25-92.09; P « .04). At 1 year, there
was no difference in SMFA dysfunction index (2.21 [0.74-5.88] vs 2.94 [1.47-6.62]; P = .25), SMFA bother index (2.08 (0-9.38]
vs 5.21 [0.52-11.98]; P = .25), Achilles Tencon Total Rupture Score (92 [72.50-96) vs 87.5 [66.0-94.75); P = .21), or Foot and Ankle
Questonnaire core score (97.75 [89.46-99.00] vs 95.50 [90.88-97.50); P = .18). Rerupture occurred in 5 and 11 patients (P = .075)
and venous thromboembolism in 2 and 3 patients (P = .67) in the boot and cast groups, respectively. Friteen patents in the boot
group but none in the cast group had skin problems (P < .001). Patients treated in a boot retumed to driving at a median 12 weeks
(vs 13 weeks for cast; P » 045), but there was no dfference in time 1o retum 1o work (P » 48).

Conclusion: Functional rehabilitation with early weightbearing is a safe alternative to traditonal immobilizing treatment for ATR,
giving better early functional outcomes, albeit with a higher incidence of transient minor skin complications.

Registration: NCT02598843 (ClinicalTrials.gov identfier).
Keywords: Achilles tendon; rupture; clinical assessment; ankle

Achilles tendon ruptures (ATRs) are common injuries, and the management, followed by prolonged periods of immobilization

incidence is rising."* Traditionally, when one is faced with without weightbearing in progressively reducing degroes of

an acute ATR, the choice is between operative or nonoperative equinus. ™™™ In recent years, good outcomes have been
reported with functional rehabilitation programs allomng
carly weightbearing, controlled motion exercises, or both®

The American J of S Medicine in the context of operative or nonoperative treatment.**

2020,48(11).2755-2764
DOK: 10.1177/0363546520944905 -
© 2020 The Autherls) **References 11, 12, 14, 18, 26, 31, 38, 39-41,
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There has been a trend toward increasing nonoperative
management of these injuries, despite some persistent geo-
graphical variation. ™% Thig trend may be driven by
reported good results with nonoperative management in
the context of functional rehabilitation.” However, studies
driving the advent of functionsa! rehabilitation programs
have tended to be in the context of operative treatment
for ATR® or have compared operative with nonoperative
management, but they have not directly assessed outcomes
of nonoperative management in the g’mcncc or absence of
functional rehabilitation, **#526.30.35.5941 Ono study under-
taken between 2001 and 2003 did compare nonoperative
functional weightbearing and traditional cast management
and reported no significant differences between groups,
although it was small and adopted a relatively long period
in the orthosis (12 weeks) for the functional group, with an
orthosis not commonly used in modern regimens.'' There
are minimal data comparing functional nonoperative reha-
bilitation with traditional nonoperative rehabilitation,
despite a clear drive toward the former in mainstream
practice,>**

The aim of this prospective randomized trial was to com-
pare patient-reported outcomes after traditional cast immobi-
lization with prolonged nonweightbearing versus functional
rehabilitation and early weightbearing in a walking boot
for adult patients from the general population who were trea-
ted nonoperatively for an ATR. Secondary aims included
comparison of additional patient-reported outcome measures
(PROMs3), clinical measurements of outcome, return to work
and driving, and complication rates.

METHODS

This was a prospective randomized nonblinded controlled
trial (ClinicalTrials.gov NCT02598843). The single-center
study was granted a favorable opinion by the South East
Scotland Research Ethics Committee 01. Walking boots
were provided without charge by Ossur, which was not
involved in any aspect of trial design, management, data
analysis, or reporting. Patients were eligible for inclusion
if they were aged between 16 and 60 years and had sus-
tained an acute ATR. Exclusion criteria were delayed pre-
sentation >2 weeks and presentation with a rerupture of
a previously injured Achilles tendon. Latex allergy was

The American Journal of Sports Medicine

added to the list of exclusion criteria in 2017 after notifica-
tion by the manufacturer that latex was present in the sole
of the walking boot. ATR was diagnosed clinically, with
ultrasound used only at the discretion of the clinician, if
in doubt. A total of 140 patients (Figure 1) were randomized
to receive traditional nonoperative management (n = 71) or
accelerated functional rehabilitation with a walking boot
(n = 69). Randomization was undertaken on a 1:1 basis by
a research assistant at first presentation to the orthopaedic
outpatient department per a computer-generated binary
sequence and sealed envelope allocation. Recruitment was
undertaken between November 2013 and May 2018 with
a pause for 9.5 months, when the boot suppliers ceased pro-
duction of the in-boot wedges of the required dimensions but
resumed once the wedges were available.
Patients were treated as follows.

Standard Nonoperative Pathway

The patient’s limb was placed into a complete below-knee
cast with the ankle in full equinus and he or she was
instructed to remain nonweightbearing on the affected
limb. After 4 weeks, patients underwent conversion into
a complete below-knee cast in a semiequinus position for
a further 4 weeks and were instructed to remain nonweight-
bearing. After this, the limb was placed into a cast with the
ankle in a plantigrade (neutral) position and the patient
was advised o fully bear weight in this. After 2 wecks,
the cast was removed; physical therapy was commenced
as described in Appendix A (available in the online version
of this article); and patients could fully bear weight in their
normal shoe wear with an internal 1.5-cm heel-raise shoe
insert for 2 weeks, after which the shoe insert was dis-
carded. Active plantarflexion commenced at 10 weeks.

Functional Nonoperative Pathway

The patient’s limb was placed into an Ossur Rebound
(Ossur hk) walking boot (worn continuously, including
when in bed) with a 3-cm internal heel raise and he or
she was advised to immediately bear full weight with the
aid of crutches for balance as needed. After 4 weeks, the
internal heel raise was reduced to 1.5 em for 2 weeks,
Patients then spent 2 weeks with the walking boot in
a plantigrade position with no internal heel raise. No range

“Address comespondance to Jullan F. Maempel, MD, MSc, Royal Princa Alfred Hospital, 50 Missenden Road, Camperdown, Sydney, NSW 2050,

*Manchester Orthopaedic Centre, Manchester University NHS Foundation Trust, Manchester, UK.

Submitted February 3, 2020; accapted May 16, 2020.

One or more of the authors has d the g potential fict of or source of funding: The Ossur Rebound walking boots used by
patents in the boot arm of the trial ware supplied frae of charge by Ossur. No monatary funding or other sponsorship was recaved from the company.
Ossur had no Involvement In the design, running, or analysis and reporting of the resuts of the tral and had no access to any data generated. Edinburgh
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boot (n = 69)
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+ Commenced allocated intervention (n = 69)
+ Converted from bool immobiization to cast
immobilization during course of treatment

(n=4)
Reviewed at 4 weeks (n=66)
Reviewed at 8 weeks (n=69)
Reviewed at 10 weeks (n=864)
Reviewed at 6 months {n=52)
PROMs at 6 months {n=52)
Reviewed at 1 year {n=53)
PROMs at 1 year (n=53)
Reviewed at final follow-up (n=64)
PROMS at final follow-up (n=865)
Deceased (n=0)

v

PROMs at 6 months (n=52)*
Clinical Measures at 6 months (n=52)
PROMs at 1 year (n=53)!
Clinical Measures at 1 year (n=53)
PROM:s a final follow-up (n=65)"
Clinical Measures at final follow-up (n = 64)

Allocated to traditional rehabilitation In plaster

casl (n=71)

« Commenced allocated intervention (n = 71)

+ Withdrew: immediate loss to follow-up (n = 5)

+ Converted from cast to boot during course of
treatment (n = 1)

_Rcvimd at 4 weeks (n = 65)
Reviewed at 8 weeks (n=65)
Reviewed at 10 weeks (n = 65)
Reviewed at 6 months (n = 50)
PROMSs at 6 months (n = 46)
Reviewed at 1 yoar (n=47)
PROMs at 1 year (n=48)
Reviewed at final folow-up (n=57)
PROMs at final follow-up (n = 58)
Deceased (n=0)

—PROMs al 6 months (n=48)"
Clinical Measures at 6 months (n = 50)™
PROMs at 1 year (n=48)
Clinical Measures at 1 yoar (n=47)
PROMs al final follow-up (n = 58)™
Clinical Measures at final folow-up (n = 56)

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram for the study. *Applies to all PROMs except
ATRS (n = 52 and n = 47), FAQ core (n = 53 and n = 45), and FAQ shoe (n = 41 and n = 32). **Except calf circumference and
pain score {n = 49). 'Except FAQ core (n = 53 and n = 45) and FAQ shoe (n = 40 and n = 41). ''Except FAQ core {n = 65 and
n = 55) and FAQ shoe (n = 48 and n = 50). ATRS, Achilles Tendon Total Rupture Score; FAQ, Foot and Ankle Questionnaire;
PROM, patient-reported outcome measure.

of motion exercises were undertaken while in the boot. The Patient Follow-up
boot was removed after 8 weeks, and physical therapy com-

menced upon removal of the boot, as described in Appendix
A (available online). Active plantarflexion was commenced

at 8 weeks.

The primary outcome measure was the Short Musculoskel-
etal Function Assessment (SMFA) score.”” Patients were

reviewed at their initial visit and then at 4, 6, 8, 10, 26,
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and >52 weeks from the date of injury. At each visit, data
regarding complications were recorded, including the inci-
dence of venous thromboembolism or tendon rerupture.
Patients were also asked questions pertaining to return
to specific activities, including driving and work. At 10,
26, and 52 weeks, additional clinical measurements were
taken, including calf circumference 11 em below the poste-
rior knee skin crease and active ankle plantar- and dorsi-
flexion range of motion, which were measured to the
nearest full degree with a goniometer. Patients were also
asked to indicate the subjective level of pain experienced
on a scale of 0 (no pain) to 10 (severe pain).

At initial review and at 6 and 12 months, patients were
additionally asked to complete validated PROMs—the
SMFA questionnaire,”” Achilles Tendon Total Rupture
Score®” (ATRS), and the Foot and Ankle Questionnaire
(FAQ)."” The SMFA is a 46-question PROM derived from
the longer Musculoskeletal Function Assessment.®” Dys-
function and bother indices were calculated. It is valid,
reliable, and responsive to change in status in patients
with musculoskeletal injury. It is therefore reported to be
suitable to clinically assess the effect of treatment in
patients with musculoskeletal injury.”” The ATRS is
a 10-question PROM that was shown to be sensitive, valid,
and reliable in assessment of patients with ATR. The
ATRS ranges from 0 (most disability attributed to Achilles
tendon) to 100 (least disability).*” No questionnaire had >2
missing questions; as such, any missing questions were
calculated as a score of 0, in keeping with the methodology
emplog;od by the authors who originally described this
score.”” The FAQ is a 25-question PROM developed by
the American Academy of Orthopaedic Surgeons to mea-
sure foot and ankle-related disability.'” Tt is reported as
core and shoe comfort scales.

Power Analysis

Power analysis was undertaken with G*Power software
(Department of Psychology; Universitit Diisseldorf) to
determine the number of recruits required. It was based
on the primary outcome measure (SMFA questionnaire),
for which a minimum clinically important difference of 7
points was previously described.” With a 2-tailed power
analysis and an SD of 10 points, a minimum of 110 patients
would be required at final follow-up to achieve power of 95%
with an « = .05, In total, 140 patients were recruited to
allow for potential loss to follow-up.

Statistical Analysis

Statistical analysis was undertaken on an intention-to-treat
basis. Data parametricity was assessed with Kolmogorov-
Smirnov testing. Nonparametric continuous data were
reported as median with interquartile range (IQR) and com-
pared with independent-samples Mann-Whitney U tests
when unrelated and with related-samples Wilcoxon signed
rank test when related. Parametric data were reported as
mean and standard deviation and compared with a 2-tailed
Student ¢ test when unrelated and with a paired Student
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t teat when related. Nominal variables were compared
between groups with a chi-square test, except if the
expected cell count was <5 in any cell, in which case a Fisher
exact test was used. Two-tailed analyses were undertaken.
A P value <.05 was considered significant.'’

RESULTS

A total of 140 patients (mean age, 41 years; range, 19-59
years) were recruited, and 123 (87.9%) were followed up
at the final time point at a median 385 days (IQR, 372-
419) after injury. Five patients crossed over between arms
of the study (4 converted from boot to cast treatment and
1 from cast to boot), and 5 patients (all randomized to the
cast group) withdrew from the study. The baseline demo-
graphic and PROM data for the 2 groups were well-matched
(Table 1). Median time to final follow-up for the final review
cohort was 393 days (IQR, 372.5-429.5; range, 360-1151) for
patients treated in the boot and 382 days (IQR, 372-406;
range, 357-1126) for patients treated in the cast (P = .32).

Patient-Reported Outcomes

There was a statistically significant difference at 6-month
follow-up for SMFA, ATRS, and FAQ core scores but no per-
sistent statistically significant differences in the SMFA or
any other PROM at 1 year or final follow-up (Table 2).

For patients in the boot and cast groups, there was a sta-
tistically significant improvement in both SMFA indices,
ATRS, and FAQ core scores between 6 months and final
follow-up (all P < .001), although changes in FAQ shoe
score were not statistically significant (P = 051 for boot
and P = 093 for cast). At final follow-up, a statistically sig-
nificant difference persisted in both groups for all PROMs
as compared with preinjury scores (P < .003), except for
FAQ shoe scores in the boot group (P = .08).

Patient Activities

In sum, 125 patients stated that they drove before their
injury, while 15 did not. At 1 year, driving status was
known for 116 of these patients (93%), of which 108 reported
that they could drive without difficulty, 3 could drive with
difficulty, and 4 were driving but whether they had any dif-
ficulty was unknown. One patient who drove preinjury indi-
cated an inability to drive. Time to return to driving was
known for 113 of the 116 patients whose driving status
was known at 1 year. Patients treated in a boot (n = 59)
returned to driving at a median 12 weeks (IQR, 10-14),
whereas those treated in a cast (n = 54) returned to driving
at a median 13 weeks (IQR, 11-16; P = .045).

A total of 130 patients were in paid employment at the
time of enrollment, and of these, employment status was
known at 1 year for 127 (97.7%). One patient retired and
did not return to work after injury, while 1 changed jobs
from a builder to a taxi driver as a result of the Achilles
tendon injury. The remaining 125 patients returned to

325



AJSM Vol. 48, No. 11, 2020

Achilles Tendon Rupture: Cast vs Walking Boot RCT 2759

TABLE 1
Baseline Demographics for Patients at Enrollment”

Rehabilitation, No. or Median (IQR)

Functional: Boot Standard: Cast P Value

Age, y 41 (33-50.5) 41(32-49) 29
Sex, malefemale 54:15 60:11 21
Side of injury, right:left 28:41 28:43 89
Dominant side injured 26 of 69 28 of 71 83
Body mass index 26.6 (23.8-20.5) 26.4 (24.3-28.9) 99
Preinjury PROMs

SMFA dysfunction index 0(0:1.47) 0(0-1.84) T4

SMFA bother index 0 (0-0) 0(0-2.08) 87

ATRS 100 (100-100) 100 (100-100) .99

FAQ core score 100 (100-100) 100 (100-100) 32

FAQ shoe score 100 (100-100) 100 (100-100) 07

“ATRS, Achilles Tendon Total Rupture Score; FAQ, Foot and Ankle Questionnaire; IQR, interquartile range, PROM, patient-reported out-

come measure;, SMFA, Short M loskeletal Function A

TABLE 2
Patient-Reported Functional Outcomes for Trial Patients”

Rehabilitation, Median (IQR)

Functional: Boot Standard: Cast P Value®
6 mo
SMPA dysfunction index 6.62 (2.21-12.50) 10.66 (4.96-13.42) 050
SMFA bother index 7.29 (2.08-14.58) 10.42 (5.73-19.27) .04
ATRS 71.5 (53.50-84.25) 54.0 (37-76) .01
FAQ core score 91 (81.89-97.55) 85 (78.25-92.09) 04
FAQ shoe score 100 (62.50-100) 87.5 (35-100) 10
ly
SMFA dysfunction index 2.21 (0.74-5.88) 2.94 (1.47-6.62) 25
SMFA bother index 2.08 (0-9.38) 6.21 (0.52-11.98) 25
ATRS 92 (72.50-96) 87.5 (66-94.75) 21
FAQ core score 97.75 (89.46-99) 95.50 (90.88-97.50) 18
FAQ shoe score 100 (81.25-100) 100 (63.33-100) 59
Final follow-up
SMFA dysfunction index 2.21 (0.37-6.25) 2.94 (0.74-7.35) a7
SMFA bother index 2.08 (0-9.38) 4.17 (0-13.02) 29
ATRS 92 (74-96) 88 (66-95.25) .20
FAQ core score 97.75 (90.38.99) 95.50 (91.25-98.75) 21
FAQ shoe score 100 (100-100) 100 (72.92-100) 52

“ATRS, Achilles Tendon Total Rupture Score; FAQ, Feol and Ankle Qu

etal Function Assessment.

*Independent-samples Mann-Whitney U test. Bold indicates P < .05.

S IQR, quartile range; SMFA, Short Musculoskel-

their previous jobs within 1 year of injury. Median time to
initial return to work was 4 weeks (IQR, 1-12; range, 0-40)
for patients treated in the boot and 2 weeks (IQR, 0-12;
range, 0-26) for patients treated in cast (P = .51), while
return to full duties at work was at a median 10 weeks
in both groups (IQR, 1-16 [range, 0-52] for boot group;
IQR, 0.88-14 [range, 0-30] for cast group; P = .48).

Clinical Measures

Calf Circumference. Calf circumference was signifi-
cantly less in the injured leg than uninjured leg at all
time points across both treatment groups (Table 3). The

percentage deficit in calf circumference between injured
and uninjured legs was greater in the cast group than
the boot group at 10 weeks after injury (5.8% vs 2.8%;
P < .001), but there was no significant difference at 6
months (P = .82), 1 year (P = .68), and final review (P =
.68). There was no statistically significant difference in
uninjured leg calf circumference between initial and final
measurements in the boot (P = .27) or cast group (P =
.58), while in the injured leg, there was a statistically sig-
nificant difference in calf circumference in the boot group
(P = .025) and cast group (P < .001); despite this, a signifi-
cant deficit in circumference persisted at final follow-up in
both groups.
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TABLE 3
Calf Circumference for Injured and Uninjured Legs”
Injured Uninjured Deficit, %

10 wk

Boot 37.00 (34.63-39.88) 38.76 (36-40.50) 2.80 (0.29-56.73)

Cast 36.50 (34-38.38) 39.00 (36-41) 5.80 (4.08-8.51)
6 mo

Boot 37.25 (35-40.38) 39.00 (36.13-41.78) 2.99 (1.33-5.02)

Cast 38.00 (36-40.50) 40.00 (37-42) 3.33 (1.23-5.76)
ly

Boot 37.00 (35.25-40.50) 39.19 (37-42) 244 (1.16-5.16)

Cast 38.00 (35.50-40) 39.00 (36-41) 2.38 (1.14-4.76)
Final follow-up

Boot 37.00 (36-40) 3886 (36.63-41) 2.47(0.27-5.10)

Cast 37.75 (35.63-40) 38.75 (36.50-40.93) 2.38 (0.28-4.57)

“The median (IQR) calf circumference (in centi ») was d 11 em below the popliteal crease. The deficit is reported as the

dian (IQR) percentage diffoerence in calf circumference between injured and uninjured legs. For each difference in median circumference

between injured and uninjured legs, P < 001 (Wilcoxon signed rank test).

TABLE 4
Ankle Range of Motion”
Injured Uninjured Deficit®
Plantarflexion Dorsiflexion Plantarflexion Dorsiflexion Plantarflexion Dorsiflexion

10 wk

Boot 35 (30-40) 5.6 (6-10) 40 (40-45) 10 (10-15) 6 (0-10) 51(0-10)

Cast 30 (20-30) 5 (0-5) 40 (35-50) 10 (10-15) 15 (10-20) 10 (6-10)
6 mo

Boot 43 (4045) 10 (5.50-15) 45 (40-50) 10 (10-15) 0100.5) 010.3.75)

Cast 40 (33.7545) 10 (5-14.25) 45 (40-50) 10 (10-15) 010.5) 010.5)
ly

Boot 40 (40-49) 10 (6.50-14.50) 45 (40-50) 10 (9-15) 010-2) 010-1)

Cast 40 (40-45) 10 (5-12) 41 (40-50) 10 (10-11) 010-5) 010-0)
Final follow-up

Boot 40 (40-47.25) 10 (6-14.75) 45 (40-50) 10 €10-15) 010-3.75) 010-3)

Cast 40 (35-45) 10 (10-10.75) 41 (40-50) 10 (10-14.25) 0(0-5) 01(0-0)

“Data are presented as median degrees (interquartile range).
*Deficit betwoen the injured and uninjured ankles.

Active Ankle Range of Motion. Deficits of plantarflexion
and dorsiflexion (Table 4) were observed between the
injured and uninjured limbs for patients in the boot and
cast groups at 10 weeks, but the deficit was greater in
the cast group for plantarflexion (P < .001) and dorsiflex-
ion (P = .001).

At 6 months (P < .001 for both), 1 year (P = .019 for boot
and P = .003 for cast), and final follow-up (P = .004 for boot
and P = .001 for cast), there were persistent but clinically
small deficits in plantarflexion in the boot and cast groups;
however, there was no significant difference in the magni-
tude of this deficit between groups (P > .38).

At 6 months, 1 year, and final follow-up, there was no
clinical difference in median range of dorsiflexion in both
groups.

Single- and Double-Heel Raise. There was no significant
difference in ability to undertake single- or double-heel
raise at 6 months, 1 year, or final follow-up (Table 5).

Pain. Most patients reported low levels of pain. There
was a small but significant difference in patient-reported
pain scores between the groups at 8 weeks but not at any
other time point (Table 6). At final follow-up, 17.2% (11
of 64) of the boot group and 31.6% (18 of 57) of the cast
group reported experiencing any degree of pain (P = ,064),

Complications

Reruptures. Of 125 patients whose status was known at
1 year, 16 had sustained a rerupture (12.8%) at a mean
13.99 = 3.34 weeks aller the initial injury, of which 11 of
60 (18.3%) were in a cast and 5 of 65 (7.7%) were in
a boot (risk ratio, 0.885; 95% CI, 0.770-1.017; P = .075).
All reruptures occurred within 21 weeks of the original
injury. Thirteen patients were treated surgically; 2 were
managed in a boot; and 1 had a concomitant deep vein
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TABLE 5
Proportion of Patients Able to Complete Heel Raise

Achilles Tendon Rupture: Cast vs Walking Boot RCT 2761

TABLE 6
Self-reported Pain Score for Patients”

Rehabilitation

Functional: Boot Standard: Cast P Value

Rehabilitation, Median (IQR)

Functional: Boot  Standard: Cast P Value®

6 mo
Double-heel raise 52 of 52 48 of 50 24"
Single-heel raise 32 of 52 35 of 50 37
ly
Double-heel raise 53 of 53 48 of 48
Singlo-heel raise 28 of 44 30 of 42 44"
Final follow-up
Double-heel raise 64 of 64 57 of 57
Single-heel raise 56 of 64 55 of 57 A0F

“Fisher exact test.
*Chi-square test.

thrombosis (DVT) and therefore underwent anticoagula-
tion and was managed nonoperatively. He went on to
heal with tendon elongation and underwent delayed sur-
gery for this.

Vi Thromboemboli Five patients (3 treated in
cast and 2 in boot; P = .67) developed symptomatic venous
thromboembolism at a median 7.28 weecks (IQR, 1.79-
11.79). Of these, 2 had an isolated DVT; 2 had a DVT
and pulmonary embolism confirmed on imaging studies;
and 1 had an isolated pulmonary embolism. All were man-
aged with anticoagulation (warfarin in 3 cases and rivarox-
aban in 2 cases).

Minor Skin Issues. Fifteen patients, all treated in the
boot arm of the trial, developed superficial skin break-
down, maceration, or localized blistering during the course
of treatment for their primary injury. Two patients were
converted to cast treatment on account of this, while the
remainder were treated with simple dressings. All skin
lesions healed uneventfully with no long-term sequelae.
No patients in the cast arm of the trial developed skin
lesions (P < .001).

DISCUSSION

This randomized controlled trial directly compares tradi-
tional immobilizing cast management with modern func-
tional rehabilitation and early weightbearing in a walking
boot for nonoperative management of acute ATR. Improved
early function was demonstrated for patients in the boot
group with regard to PROMs, time to return to driving,
ankle range of motion, and calf circamference. However,
none of these differences persisted at 1 year or beyond.
This study provides evidence that functional rehabilitation
is safe, giving equivalent outcomes to traditional immobiliz-
ing management at or beyond 1 year; it also appears to give
superior early outcomes, albeit with a higher incidence of
transient minor skin complications.
It has been postulated that the incr d use of P

erative management may be due to good outcomes reported
with functional rehabilitation,'®*? although there is a lack

1wk 01(0-2) 1(0-2) 22
8 wk 0 (0.0} 1(0-2.5) «<.001
10 wk 01(0-2) 0(0-1) 86
6 mo 0(0-1) 0(0-2) 07
1y 0(0-0) 0(0-1) 22
Final follow-up 010.0) 0(-1) 07

“IQR, interquartile range.
*Independent-eamples Mann-Whitney U test. Bold indicates
P < .05.

of evidence to support this claim.*** Similarly, a meta-
analysis comparing functional and traditional treatment
for ATR found that the trend toward functional manage-
ment was not supported by robust evidence, despite multi-
ple authors advocating such protocols.” The authors
suggested that functional operative and nonoperative
treatment protocols be distinguished from one another,
and they highlighted the need for randomized studies
that directly compare traditional and functional rehabilita-
tion.” If functional rehabilitation is to become and remain
the gold standard treatment for these injuries in modern
practice, where nonoperative management is increasingly
favored, then it must be shown to provide outcomes that
are at least equal to those obtained with traditional nonop-
erative management,

Patient-Reported Outcomes

This study comprised a variety of PROMs, including
injug-spcciﬁc," joint-specific,'” and general musculoskel-
etal”’ PROMs, thereby giving a broad overview of patient-
perceived outcome. Advocates of PROMs argue that they
represent patients’ subjective opinion of their outcome
and that this is important, as improvement in patients’
health status is the ultimate goal of most health
services.™™ There was a statistically significant difference
across the range of PROM scores used at 6-month follow-
up, with better scores consistently reported by patients
treated with functional rehabilitation. The minimal clini-
cally important difference for the ATRS has not been scien-
tifically defined, although some authors have suggested
a value of 10 points,® while the minimum detectable
change has been indicated to be 6.8 points." Differences
in ATRS demonstrated at 6-month follow-up comfortably
exceeded these, suggesting that patients experienced
a noticeable difference in Achilles tendon function after
treatment with these 2 techniques. However, although sta-
tistically significant, the difference in SMFA dysfunction
index was less than the previously reported minimal clini-
cally important difference for this score.®” Olsson et al,*
using a very similar functional rehabilitation regimen,
noted similar ATRS scores to our functionally rehabilitated
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group at 6 months (median, 73 points) and 12 months
(median, 90 points), as well as significant improvement
in ATRS between 6 and 12 months but with a persistent
deficit at final follow-up, thereby corroborating our results,
However, they did not compare this regimen with tradi-
tional nonoperative treatment.

These differences did not persist at final follow-up, indi-
cating that the benefits of accelerated functional rehabili-
tation are most obvious to patients earlier on in the
course of their recovery but that longer-term patient-
reported outcomes are similar. Both groups exhibited sig-
nificant improvements between 6G-month follow-up and
final follow-up, but their final scores remained lower
than their preinjury scores, indicating that some deficit
persists after these injuries; these findings are in agree-
ment with other studies of outcomes after ATR.**

Patient Activities

Patients treated with functional rehabilitation in a walking
boot returned to driving at a median 1 week earlier than
those treated in a cast. This is consistent with the shortened
period of immobilization in this group, which may facilitate
an carlier return to some routine activities, However, there
was no significant difference in the time to return to work
between the groups. A recent meta-analysis comparing
functional rehabilitation with immobilization also noted no
difference in time to return to work between the modali-
ties.** There are no randomized controlled comparisons of
return to work or driving with modern nonoperative func-
tional rehabilitation and traditional immobilization, but 1
small study’” did compare return to work after these, using
an old bracing system for functional rehabilitation. It found
no difference in time to return to work between the groups;
however, the convenience of early weightbearing has also
been acknowledged.'*

Clinical Measures of Outcome

Call circumference of the uninjured legs remained
unchanged throughout the period of study in both groups.
The deficit in injured leg calf circumference was greatest
at first measurement at 10 weeks after injury for both
groups and gradually diminished with the passage of
time; however, at final follow-up, there was a persistent
residual deficit. Other authors similarly reported that a def-
icit in calf circumference of the injured leg persists beyond 1
year after injury. ™ The observed deficit was greater in the
group managed with a cast at 10 weeks, suggesting that
patients who undergo functional rehabilitation and con-
tinue to weightbear throughout their course of treatment
loge less muscle bulk initially than those in a nonweight-
bearing cast. However, there was no persistent significant
difference  between  treatment groups at  longer-erm
follow-up, although a deficit between injured and uninjured
legs did persist in both groups. Use of the maximum calf cir-
cumference could have been a more standard measurement
methodology, although fixed point measures such as those
used in this study have also been described. Recent studies
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based on modern nonoperative early weightbearing func-
tional rehabilitation regimens'*' reported very similar find-
ings to ours, with a small but persistent deficit in calf
circumference noted at 1 to 2 years,' thereby corroborating
our results.

Similarly, patients in both groups exhibited a significant
deficit in plantar- and dorsiflexion range of motion as com-
pared with the uninjured limb at 10 weeks after injury, but
this deficit was greater in the cast group. With the passage
of time, patients in both groups demonstrated improvements
in range of motion, and there was no difference between the
groups at final follow-up. A majority of patients in both
groups regained a full range of dorsiflexion when compared
with their uninjured limb, but there was a small persistent
active plantarflexion deficit, possibly related to tendon
lengthening. These findings are in keeping with previously
reported outcomes after nonoperative management of ATR.'

Both groups noted low levels of pain after these injuries,
and these findings are consistent with studies by others,'*%*
There was a statistically significant difference in median
pain score between groups at 8-week follow-up in favor of
the functionally rehabilitated group, although this differ-
ence was clinically amall. At final follow-up, median pain
scores were 0 in both groups; however, almost one-third of
patients treated in a cast, as compared with almost one-fifth
who underwent functional rehabilitation, complained of
some degree of persisting pain. This indicates that although
most patients have good PROM scores and function,
a degree of persistent discomfort may persist in a notable
minority of patients. The proportion of patients who cited
some degree of persistent pain in the functionally rehabili-
tated group at final follow-up was virtually identical to
that in a noncomparative study on a functional rehabilita-
tion regimen allowing early weightbearing but not early
motion, thereby supporting our results.’®

All tested patients in both groups were able to complete
a double-heel raise at final follow-up; however, around
8.3% could not complete a single-heel raise on the injured
leg. There was no difference between groups. Deficits in
heel-raise ability are a recognized sequela of ATR.™

Complications

There was a trend toward a lower risk of rerupture in the
functionally rehabilitated group (P = .075). Rerupture
rates in the cast group were more than double those in
the functionally rehabilitated group, which may be a clini-
cally important finding despite not reaching statistical
significance. This may be due to the study being underpow-
ered to detect differences in rerupture rate and is a feature
of many randomized controlled trials in the field of ATR,
where differences in rerupture rate are oflen not detected
in individual studies®***' but become apparent when
data are pooled into meta-analyses.”* A post hoc power
calculation was performed according to the rerupture rates
observed between the groups, with an alpha of .05, which
confirmed that the current study was underpowered
(43%) to demonstrate a statistical difference in rerupture
rates; this may have resulted in a type II error. It has
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been postulated that functional rehabilitation may signifi-
cantly reduce the rate of tendon rerupture®; however, this
conclusion has been criticized, as it was not based on direct
comparison of rerupture rates in functional and traditional
rehabilitation regimens.” Our study facilitates direct com-
parison of these regimens. The rerupture rate in our func-
tionally rehabilitated group compares favorably with other
functional regimens, where rates range from 6.6% to
12% 4142439 glthough it is slightly higher than those in
some functional operative regimens.** All observed rerup-
tures occurred within 21 weeks of the injury, and this find-
ing is in keeping with reports that tendon rerupture tends
1o occur carly on in the process of recovery.'**

Minor skin issues were frequent in the group treated in
a walking boot. Other authors have noted similarly high
rates of minor skin issues when patients are treated in
a walking boot,”** while the authors of one recently pub-
lished functional rehabilitation program did not report on
these complications,’ although at an oral presentation on
their treatment protocol, they described a 10% incidence of
skin problems in their patients.®’ It is unclear whether
the skin issues are the result of treatment in a boot or early
weightbearing. It appears that they occur with increased
frequency in patients treated with early weightbearing
functional rehabilitation regimens, and clinicians and
patients should be aware of this. None of the patients who
developed these complications in our study had any long-
term sequelae, although in 2 cases the skin issues were sig-
nificant enough to warrant conversion to cast treatment.

Limitations

This study does have limitations. Some patients did not
attend their scheduled l-year review appointments on
time. However, results of those evaluated >3 months after
the 1-year mark were not included in the 1-year analysis
and are presented only in the final follow-up cohort, which
includes results from the last review at or beyond 1 year
after injury. There was no significant difference in time
to final follow-up between groups, suggesting that the
groups remained comparable at this time point. Lack of
muscle strength assessment based on a dynamometer
may also be considered a limitation. Although it was ini-
tially planned as the primary outcome measure for this
study, it could not be undertaken owing to logistical con-
straints. This study assessed only functional rehabilitation
with early weightbearing; it did not assess the effect of
combining this with early range of motion exercises com-
mencing at 4 weeks and weaning of the boot from 6 weeks,
as envisaged in the original protocol for our trial. The
authors of a recent meta-analysis stated that early weight-
bearing and early range of motion are both considered
functional rehabilitation treatment, and they suggested
that these be distinguished for analysis.® Lack of blinding
of physical therapists to the treatment modality may also
be considered a limitation, as it may have subconsciously
altered their confidence with progressing early exercises,
while inability to blind patients to their treatment method
may have caused assessment bias. Additionally, lack of 2-
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year follow-up in the study design and a higher amount of
logs to follow-up in the cast group (which may result in
bias) could be considered limitations. Strengths of the study
include a large and highly powered sample size and low
rates of loss to follow-up at the study endpoint.

CONCLUSION

After an ATR, functional rehabilitation with early weight-
bearing is a safe alternative to traditional cast immobiliza-
tion with prolonged periods of nonweightbearing. It is
associated with improved patient-reported outcomes in the
short term, but these do not persist at 1 year. It is also asso-
ciated with a higher incidence of minor skin complications
that had no long-term sequelae, but the rate of tendon
rerupture was less than half that in the traditionally reha-
bilitated group. Venous thromboembolism occurred in 3
patients in the cast and 2 patients in the boot. On the basis
of these results, we recommend the use of functional reha-
bilitation in preference to traditional cast immobilization.
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Appendix 7.2 Presentations Arising from this Thesis

June 2022 - The Epidemiology Of Achilles Tendon Re-Rupture And Associated Risk Factors. Oral
presentation. 23 EFORT (European Federation of National Associations of Orthopaedics and
Traumatology) Congress, Lisbon.

June 2022 - The Epidemiology Of Achilles Tendon Rupture And The Influence Of Socioeconomic
Deprivation Status. Poster presentation. 23 EFORT (European Federation of National Associations
of Orthopaedics and Traumatology) Congress, Lisbon.
e Awarded prize — best poster presentation in scientific topic group (Foot & Ankle
Trauma)

October 2021 — Traditional Immobilising Plaster Cast Management vs Functional Walking Boot
Rehabilitation for Achilles Tendon Rupture: A Randomised Controlled Trial. Oral presentation
(presenting author). AOTSM Annual Scientific Meeting 2021.

June 2019 - Risk Factors For Re-Rupture After A First Time Rupture Of The Achilles Tendon. Oral
presentation. 20" EFORT International Conference, Lisbon.
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Appendix 7.3 EFORT Certificate: Best Poster Presentation
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Certificate of Special Mention

The European Federation of National Associations of Orthopaedics and

Traumatology certifies that

Julian Maempel (United Kingdom)

contributed with the oral presentation of the poster entitled

The Epidemiology Of Achilles Tendon Rupture And The Influence Of

Socioeconomic Deprivation Status

Julian Maempel , Nick Clement , Sam Mackenzie , Conor McCann , Tim White

which was selected out of its scientific topic group as the
best poster presentation onsite during our 23rd
EFORT Annual Congress held in Lisbon, Portugal
from 22 to 24 June 2022,

Sohs Mtric >4 4
' 4 )
Soren Overgaard U Felander-Tsal
EFORT Chair Science Commiice EFORT Prasident 2021-2022
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Dear Dr Zammit Maempel

Transfer of Studies to Ph.D. Degree
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